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ONE ‘of -the most iriteresting and significant developments to have: emerged
in recéni yeats from the discussion of the nature of the “Phillips Curve” has
centred around the role of expectations in the inflationary process. Quite apart
from the importarice of this issue for the theory, of inflation the debate on the role.
of expectations has great significance for economic policy at the monient since it.
calls into ‘question: the long:run stability. of the inflation/ unemployment trade-off
relation, The purpose of this paper.is to-review the. most important contributions:
to the expectations debate, to present them'in a coherent and accessible form pay-
ing particular attention to the adaptive expectations;hypothesis which has been
extensively used in the. llterature on the subject! ey e e vnen s L

- The acceptance of the existence.of a-stable Phillips curve relationship:as a matter
of emplrlcal fact. has obvious, and w1de—rangmg ;policy.implications. The relation-,
ship describes the effective constraint which aniy govérnment faces when its.policy.
objectives.consist;; intef;alia}-of full-employment and the elimination of inflation:
It presents in, the clearest: possible light,the stark inconsistency of a “policy which
aims.at. dnvmg unemployment down to its absolute floor while, at the same tlme,
attempting to eradicate inflation. “Low”” unemployment is bought at the price of
a positive rate ofinflation ; therate of inflition can-be reduced: to.zero, only,by a
policy designed to raise the level of unemploymerit. The Government rust face
up;to the set of policy alternatives indicated by, the trade-off relationship and any
attempt-to obtam,an 1unemployment—mﬂatlon mix.such as-the one indicated by,
point 4'in- dlagram 1 can-only be interpreted as,unrealistic, wishful thinking. The
only, set:of points;which répresent a feasible choice between unemployment (N)
and inflation (I) are points such as B, C and D.

Aok e ey O R S I TR TRUNNP I o U
Even if the. trade—olf relation iis accepted, as anaaccurate descrlptlon of the c con-
straint ‘which a government faces in planmng for . Jow’; inflation and “low’’
unemployment :several questions remain unanswered leen the.many | combma—
tions, of unemployment and. 1nﬂat1on actually., feasible, which, comb1nat10n will
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the government in fact sclect= An answer to thlS questlon Wlll be- attempted in
section 1 -of this paper. K - :

‘Of more fundamental importance is the question: Dos the trade—off relation,
in fact, exist as a stable relationship over time ot will it shift under ‘cértain circum-
stances? Many twriters on the subject of inflation believe that the trade-off relation
is only a short-run set of policy. alternatives open‘to the government; that if a

rarticular combination of unemployment and inflation is selected and is such that
2 certain amount of unanticipated inflation occurs, then considerations of economic
rationality would set forces in"motion Wthh would:cause'the trade-off to shift
over time: This is what we shall call the “expectations hypothesrs advanced by
Friedman [1], Phelps [2, 2a] and others; it is clearly of vital importance’ for
government policy towards - unemployment and inflation.; The theoretical
1mphcat10ns ofintroducing expectations into amodel of inflation will beexamined
in séctions 2 and 3 of this paper. © * - LN RN

The question’ of the long run stability of the trade-off relation can only bc
answered by the application of empirical methods to the available data. In section
4 of this paper, recent econometric work on'the expectations hypothesis is cited
and evaluated.-The main ¢onclusion of this section is that, although expectations
play an important role in the process of inflation, the case for the extreme expecta-
tions hypothesis (viz. that no long run trade-off ex1sts) cannot be maintained.

3 . . N |

Section 1: The Optzmal Combination of Unemployment and Inﬂatton

The underlying assumption of this section of the paper is that there éxists a
stable long run trade-off relation bétween inflation and unemployment, the latter
being 'a' proxy variable for the pressure of aggregate demand. That is t say, we
assume thatif the government were to choose any point on the trade-off relation;
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combining a given rate of inflation and a given percentage rate of unemployment,-
then this policy combination will remain feasible over a considerable ‘period-of
time; the trade-off relation will show no tendency to shift bodily with the passage
of time. If this assumption can be shown to be cozrect, we will-see below that
standard static utility. maximisation techniquesimay be applied to"the problem
of finding the optimal inflation-unemployment mix.- - . » * coore Do

Consider 4 social utility function indicating the way- in. which social utility
(evaluated by political decision-makers) is affected by differing combinations.of
unemployment and inflation. The dependence.of social utility (U) upon the rate
of inflation and the unemployment rate may be expressed symbolically as follows:
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The problem of finding the optimum unemployment-inflation mix may be
solved by classical maximisation techniques. The government mustselect a certain
combination of inflation and unemployment, (I,N), which will maximise ¢(I,N)
subject to thesingle constraintI = (fN). A diagrammatic interpretation, analogous
to the indifference curve analysis of elementary consumer theory, is given below
(re Lipsey (3)). ' -
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The'curves AA’, BB’ and DD’ are the concave indifference curveé, generated by
the social utility function U = ¢(I,N). It is evident that those indifference curves
situated near the origin indicate the enjoyment of a higher level of social utility

than those situated at a greater distance from the origin. It is assumed that the
economic decision-makers will aim at arriving at the lowest possible indifference
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curvey i.::that indifference curve situated:nearest to: the or1g1n (furthest to ithe
Csotth-west”). 1. o p v v L e e P e e e
- The first-order condition for a welfare optimum requires: thit the combination
of unemployment and inflation actually selected by economic decision-makers
should-be stich:that the marginal rate of substitution bétween unemployment and
inflation should be equal to the ,slope of the trade-off constraint. As can be seen
from: diagram 2;-this condition is fulfilledat point Z; at point Z, the constraint
is;tangential to.the lowest attainablé social: indifference curve:BB': Further study’
of the!same:diagram imakes it-clear-that social welfare is' maximised when un=
employment is. N and inflation is I} Lipsey. terms N and I the “acceptable un-
employment rate” and the ¢ acceptable rate of inflation” respectively. Bearing in
mind that the unemployment rate'is amenable to considerable manipulation by
the monetary and fiscal policies of the economic authorities, a rational government
will: aim :at.adjusting the- overall:pressure of demand .in’ ‘the ¢ economy to such a
level as is consistent with-an unemployment rate IN; a rate of inflation * will bé a
necessary. consequence of suchfdn \unemployment rate 1f we assume 2-“‘demand-
pullu 1nterpretatlon of the'trade-off relation..n© 7 * e o L0 o
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Sectton 20 The Stabzllty of the Trade-off Relation i 1
Following upon the initial enthusiasm which greeted the largely empmcal work
of Phillips [3], Lipsey [4] et al., there hasarisen agrowing scepticism concerning
the long run properties of the trade-off relation. While conceding that a'govern-
ment may be able to use the policy instruments at its disposal to arrlve at an
unemployment-inflation mix such as the one indicated in diagram 2, many writers
(Friedman [1], Phelps [2], Cagan [5], etc.) contend thatsucha pollcy combmauon
can only be maintained in the short run. In the medium and long rur {, forces will
be at work which will have the ultimate result of maklng pointZ a non—optxmal
(and infeasible) policy choice. Crucial to this objection to astable ‘trade-off relation
is the role that expectations play in determining the currént raté of 1nﬂatlon
The concept of the “natural” rate of unemployment plays a large ‘part in
Fnedman s attack on the stablllty ofalong run unemployment-lnﬂatxon ‘relation.
“At any moment of time”, writes Friedmat, “‘there,i§ some level of unemploy—
ment which has the property thatitis consxsteﬂt with equilibrium in the structure
of real wage rates.” This equilibrium lével'is.térined by.Friedman the'“natural
rate of unemployment”. If this rate of unefaployment were to be maintained over
a per1od(o'f*tlme”‘real “Wape rates could be,_expected\to rise in’ line ‘with labour
productivity. If, as a result of goveriiment' econothic policy, the actual un-
employment rate was to fall below the natural unemployment rate, there would
be®...an excess demand for labour which will produce upward pressure on real
wage rates, Similarly there'would-be ardownward: pressure 6ii real 'wage rates if
theractual raté of unemployment were to exceed the natural rate. Friedman goes
to.greatipains: fopointiout. the dissimilarity. between his-analysis and that of
Phillips. Whereas Phillips™ original contribution to:the study of wage inflation
‘was-couched entirely instermis of money:wage:rates; Friedman believes that the
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-central subject of study should-be the behaviour.or real wage rates at various s levels
of unemployment. On'the other. hand; an examnination of -how ‘money wage
rates: rcspond to varying levels-of aggregate demand may niot be too mrsleadmg
when the. “average’'i rate of change*of prices+has remained fairly constant over
a substantial period of time; m such ‘a situation:. therens‘noﬁtendency for the
anticipated rate.of price increasé.to change appreciably. In'contrast, in'situations
where the anticipated: rate of price. increase varies :conslderably, thetrade-off
relation will be ill-defined., i evas -y i oo e b v e
:Much of Friedman’s analysrs refers to-the stablhty of the Phllhps curve (which,
it will be remembered; attempts to demonstrate'an association between the Tate
of change of money wage'fates andithe unemployment rate). Exposrtlon will-be
greatly simplified without changing the crux of the argument if we switch to the
trade-off relation I = f(N) in which; once: agaln' the variable on-the lefthand
side of the equation is the rate of change of prices.The trade-off relation which we
have tised up to this.point helps gteatlyin. followmg Friédman’s chain'cf feasoning.
Fundamental to Friedman’s objection to the éxisténice of a stable trade-off relation
is the: notion -that, for.each anticipated -rate-of inflation; there - corresponds:a
particular trade-off relation; the hrglger the anticipated rate of inflation; the further
to the north-dast will be the trade-off relation. In the example we-use below, We
will assume that prices Have béen stable over'along perio of time. 'We assumie
the unemployment rate is at a level which-will perpetuate this stablhty i prices.

This unemployment rate is the natural rate and.is labelled N*. " .vop v e
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Since price stability is presumed to have exrsted fora con51derable penod in the
past, it would be natural to expect that the anticipated fate of price increase would
be zero. More will be said later in this paper about the exact formatior of expecta-
tions .in such-models of inflation ; suffice it-to say at this point thatFriedman assigns
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an -all-important role to past experience of price inflation in determining the
-anticipated or expected rate of price inflation. For example, if the rate of inflation
- has been s per cent per annum-over a long period in the past, then such models
usually assume that the anticipated rate of inflation will be somewhere in the
region of 5 per cent per annum. . , _

Returning to diagram 3, it is now assumed that the government decides that
its target rate of unemployment is to be Ny, N; <N*, and that it takes the appro-
priate monetary and fiscal action to achieve this desired unemployment rate. The
“market” unemployment rate of N; will then be below the “natural” rate.
Initially prices will rise and there will be a decline in the real wage rate despite the
fact that the higher level of labour demand indicated by an unemployment rate
of N, would lead workers to expect a rise in real wage rates. But this situation will

.not last for long. “Employees will start to reckon on rising prices of the things
they buy and to demand higher nominal wages for the future”. Real wages will
start to rise to their initial level, or perhaps higher. If a rate of inflation of p per
cent, were to persist as’a result ofP the unemployment-inflation choice of the
government (see section 1), such a rate of inflation would be taken into account
in all contracts fixing nominal factor prices. Once this positive rate of inflation is
fully anticipated by all the parties involved in the fixing of nominal contracts, the
rate of inflation will rise; and once the rate of inflation has risen, anticipations of
inflation will be revised in an upward' direction. Hence an unemployment rate
of N, will give rise to an initial unanticipated rate of inflation of p per cent; but
once this rate of inflation becomes fully anticipated by being incorporated into
all nominal contracts, the resultant rate of inflation will be higher still. The out-
come of such an attempt to peg unemployment at a level below its natural rate
can only be bought, according to Friedman, at the price of an"accelqrating rate
of inflation. The trade-off relation only exists in' the short run’ when inflation is
unanticipated; in such a situation it may be possible to peg unémployment at Nj.
In the longer run such a policy will result in an accelerating rate of inflation.

Friedman states this conclusion in the following terms:.“. .. there is always a
temporary trade-off between inflation and unemployment; there is no permanent
trade-off. The temporary trade-off comes not from. inflation per se. but from
unanticipated inflation, which generally means, from a rising rate of inflation.
The widespread belief that there is a permanent trade-off is a sophisticated version
of the confusion between “high” and “rising” that we all recognise in simpler
forms. A rising rate of inflation may reduce unemployment, a high rate will not.”
At the root of this conclusion.is thatftraditional»»qeo—classical‘-'belief that the
conﬁgurifiaﬁ of real quantitiesin an economy—*. .".'the real rate of interest, the
rate of unemployment, the level of real national income, the real quantity of
money, the rate of growth of real national income or the rate of growth of the
real quantity of money’’—is determined independently of the rate of price inflation’
once this rate of inflation has come to be fully anticipated. . : X
~ In order to providea framework for a discussion on the econometric work on

-~ this “expectations hypothesis”, it is necessary to translate Friedman’s analysis into-
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a form'more amenable to empirical scrutiny. The existence of a permanent trade-
off between unemployment and: inflation implies-that: I = ¢(Z) where Z is a
vector of real variables which could conceivably have an'effect on I; for example,
Z could include such variables as the rate of increase of import prices, the rate of
increase of labour productivity etc. For expositional simplicity it will be assumed
that these other factors exert a negligible influence.on the rate of inflation and
that the two dimensional trade-off telation represented by I = f(IN) describes the
fundamental process of inflation. This isthe extreme. position of those who
believe in a permanent trade-off. o

On the other hand, the extreme expectatlons hypothesis implies the followmg
relationship:

" T=fNybs e 50 @)

“where % is the expected or anticipated rate of mﬂatmn Rearrangmg equatlon (3)
w1ll make the expectations hypothe31s clearer '

. - e
0 .- L - :
f

P . I—x'=.f(N)"' - ’ | B (4)

The curreht rate of mﬂatxon can be divided mto two parts: that part which is
fully anticipated: x; and that part which is unanticipated: I—x, i.e., the left hand
side of equation (4) The expectations hypothesis states that only unant1c1pated
inflation will vary with' the unemployment rate. A'further implication of this
- hypothesis is that the only situation in which inflation is fully anticipated is when
unemploymeit is ’at its natural rate. The/natural rate of unemployment may be
found very easily (in théory at least); when inflation is fully anticipated, I = x so
that the natural rate of unemployment if found by evaluating the root of f(N (N ) O.

But 'the idea of an| acceleratmg rate of lnﬂatlon cannot be deduced from the
Nforegomg analysxs It depends upon an assumpuon concerning the formation: of
expectations whxch is 1mp11c1t in Frledman s account.. The current expected rate
of inflation, x, is, supposed to, depend systematlcally ‘upon the actual rates of
mﬂatlon experlenced in the past Symbohcally thls may be written:

- .f‘/‘“ 1 1.1 b i . .!'.. [ L o,
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o The exact,mansier in thch the expected rate;of inflation depends upon past
rates of iiflation needs o ‘be spelt out in greater detail. Since expectatioris are
unobservable,and unquantifiable in their. own tight, a priori restrictions must be
imposed upon the formation of such’a viriable a5 x. One.convenient and, there-
fore, common way of describing the emetgence of expectations is that of “adap-
tive expectations”. The adaptive;expectations model states that the expected rate
of inflation in period ¢ is 2 weighted average of all past rates of inflation. The
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1
-weights are selectéd in:such-a wiy .thatigreater 41mportance tisdttaclied” to- more
srecently. experienced rates.of inflation; more specifically; Livy; T3 Ii'ss etc., are
-assigned the respective weights (1 ¢);(x=¢); ¢2(1—¢) etcl; ‘where Plisgreater
“than or; equal'to zero-but less than one;:a weighting system which-folldws this
pattern is n6rmally, described asibeing- onéiof’ geometncally decreas1ngawe1ghts
'since the coefficients of the distributed lag’ equatlon (6)below décline in geomietric
progression. (The adaptive expectations mbdel’ therefore:postulatés that ‘expecta-

-tions are formed;according ito the following scheme R Ll LV U R
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The. assumption that ,satisfied that property., that, o<y <1.is. 1mportant on two
accounts: fitstly it ensures that expressxon (6) has. a finite limit,i.c."that:the
geometric progression converges; secondly it produces the econonncally meaning-
ful result that the more distant is. the rate, ofp inflation, the less is the 1mportance
‘attached to it. : ‘

It can be easily verified that the adaptlve cxpectations. model described .in

et v M !1!;-1:);«'
equatlon (6) is equlvalent o, the' followrng statement?, ! .
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“This descr1pt1on of How e expectauons evolve is extensxvel“ wadil the the'o)ry of

inflation (re Cagan (51 and Slow {7]) 4nd will be' dlscussed farther iri Sectlon 4
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I it can‘bé aistimed; ‘48 the adaptlve exf ectatlons‘ model p tulates that thie
“currefit’ expected rate ‘of 'iniflation’ depen H systematlcally, upon past rates of
inflation, “and reacts  most sensmvely to the ‘host. recently expenenced r_qte ‘of
‘inflation; ‘the notion’ of an acceleratmg raté of mﬂatlon becoriies’ <:lea1reri When
the'attial Fate of inflation excéeds'the expected raté of 1nﬂatlon in 4 givei ‘p’e'riod '
a higher expected rate” of inflation Will be généfated in"thé’ subsequent period,
leading to a higher actual rate of inflation in this period. Since there is no tendency
for the unanticipated-part of inflation -to- vanish over time'if the’government
pursues a policy of maintaining unemployment at a level below its natural rate,
there will always'be a tendency. for expectations t6-be tevised upwards‘in 4 vain
attempt to catch up with:the actual rate of inflations It is this contintious upward
révision inthe expected rate of:inflation ‘which. .produces the acceleration in thie
actual rate of inflation. ‘The only:situation in"which such revision will not océur
1s, when. unemployment isjatts natural'rate. . 77 TR Y SW s LD A0
...From the foregoifig:discussion it is cléar that. thehatural rate ‘of unemployment
is"compatible with-any: zate of lanticipated price inflation: w.owxoq v pongred d
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DIAGRAM 4 -

In dlagram 4, three temporary trade-off relatlons are drawn. Curve I refers,to a
situation in which the expected rate of inflation is 5 per cent; curve IL.to oné in
which the expected rate of inflation is o per cent and curve III Tefers to a situation
in which the expected rate of price.deflation is § per cent. - . .-
For the sake of example consider curve I. The actual rite of inflation Wlll only
equal the expected rate when unemployment is at its natural rate N*. In this case
there will be no tendency for the rate of inflation to accelerate since there.is no
necessity for expectations to be revised upwards. On the other hand if the govern=
ment aimed -at keeping unemployment down to.a level N, the rate of inflation
would be 7 per cent per annum, 2 per cent higher than anticipated. Expectations
will be revised upwards so that the whole trade-off relation ‘will drift upwards.
The upward displacement of the trade-off-relation will continue so long. as the
unemployment rate falls short of N*. The same.applies, mutatis mutandis, to 2
situation in which the expected rate of iriflation is 1n1t1a11y zero (as along curve II)

or initially negative (as along curve III). ER
The fundamental relation underlying the extreme cxpectatlons hypothes1s is
equatioh (3) which states, once again, that TN S ..

I, i o S L -
. : I= f( )+x. I 3 (3)

. L .

It is essentlal that x should enter equatlon (3) with a coeﬁcwnt of umty If it
could be demonstrated that the coefficierit of x is significantly. different from
unity, then a permanent trade-off relation could bé said to exist. Suppose the
coefficient of x were 6 and assume that the rate of 1nﬂat10n is fully ant1c1pated The
revised version of equation (3) would:then be:

G
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I=f(N)+6x , (8)
Since we have assumed that the current rate of mﬁauon 1s fully anticipated, it
follows that I = x. In such a situation, a permanent tgade—off relation would
emerge, as is indicated by equation (9).

; / ]
, / '
_ [N , S
I= 1_6,o§'6<1{f ) . (9)
% ;" 14 ’

Equation (9) has important implications for the exisfence of a stable trade-off
relation. For an arbitrarily selected ;level of unemployment, any dlvcrgence

between the actual and expected rates of inflation will disappeéar over time and

the eventual rate of inflation will bef (N) 4Hence it is not only the natural rate of

uncmployment that is capable- of sustalmng a constant rate of infldtion; any
ositive rate of unemn mployment will: eventually prodiice aconstant rate of mﬂauon
which may, of course, be positive or negatlve 1nﬂat10n) -

Two nnportant questions of empirical fact remain to be answered. The first is
the speéd of reaction of the expectations v wvariable x to recently experienced: rates
of inflation. If the rateiof inflifion ‘were to take'a dramatic turn in an upward
direction, how: quickly would the-complete upward revision in the expectations
variable be accomplished: An answer to this question will depend upon the exact
value: of 4 'ini"equation(6)! If ¢ is near zero, only the most recently experiénced
rates-of: 1nﬁat10n will count and complete revision-will be rapid. In contrast, if ¢
is" nearer ‘unity, temporally stemote rates “ofinflation will be assigned greater
importance and: theprocess of\complete tevision will be very slow indeed. This
question “has: w1de—rang1ng 1mphcat10nsffor ecoriomic:policy. If-a government is
certain that expectatlons takéta’long time-to be rewsedP either upwards or down-
watds, it may. ‘beable to behave asifapermanent trade-off between unemployment
aid inflation existed::We teturnito’ this' questlon ‘it Section 4 of this chapter.

& The'second questlonfto “beanswered relatés to the precise value of . A valie
of 9 .whichturns;outto’be not significantly. different” from-unity will constitite
strong evidence in favour of the extreme: expectationis hypothe51s A value of &
which'is niot significantly different from zero is evidence'in favour of the extreme
version of the permanent trade-off hypothesisisrs 7 . st 1 ¢ e

Such a value (i.e. one which is not s1gmﬁcantly different from zero) will 1mply
the existence of widespread “motiey-illusion” and many writers on the subject
subscribe to the belief that whereas such a Phenomenon may be poss1ble in the
shott. riin, it cannot prevail inithe long ftun. {Tsmust admit to the view?’, writes
Cagan [6],“ithatinthe long run-there'is-no’ money 111usxon and that the coefﬁcu:nt
of price: expectau@ns wvatiables should:add up torumty "“This a priori conviction
seems to be:quite’ pervasxve in many of Fnedman s wrltmgs Professor Tobin [8]
has subjected this conviction to extensivé criticisin'- j T-must:confess-to' a strong

3]
f
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sense of déja vu,” he writes, “The current:debate strikes me as the Keynes—classics
debate of the 1930's removed thirty years and one time derivative.” According
to Tobin, “The Phillips curve idea 1s-a-reincarnation in dynamic guise of the
original Keynesian idea of irrational “money illusion’ in ‘the supply -of labour.”

The extent of such money illusion will be mdlcated by the magmtude of the
parameter. .. . . vt L9 S . .

-
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Section 3: The Impltcatzons of the Expectattons Hypothesrs fo: Opttmal Employment
oov ., overTime. .

. T

“In SCCthll 1 we examined the procedure by Whlch a govemment Would seléct
the optimum combination of unemployment and’ inflation onthé assumptlon that
thé trade-off relation was stable.in the Jlong run. This assumption has beén
questloned by ‘the advocates of the’ expectations hypothesis and we éxaminéd
their viewsin’ Séction 2. It will have become apparent by now, however, that
a theory which postulates that the trade-off relation is shifting continually (unless
unemployment is kept at its “natural” level) will adopt a fundamentally different
approach to the problem of an optimal unemployment-inflation mix from that
presented in Section 1. In that section, the standard techniques of statical utility
maximisation can be validly applied to arrive at an optimal combination of
unemployment and inflation which, on the assumption of an unchanging utility
function, can’be maintained forever. Such techniques cannot be applied to situations
in which thé telation is continually shifting due to the selection of particular
rates of inflation. The problem of intertemporal optimisation assumes an all-
important role and techniques appropriate to the solIt)mon of this problem must
be called wpon. .. .« ¥

The first attempt at framlng the problem in terms of intertemporal optimisation
was contained in 4 celebrated ‘article by Edmund Phelps [2] and the analysis
presented below is a simplification of his pioneering contribution. Parts 1 to 4 will
set out the basic ingredients of Phelps’s analysis; part s will state the nature of the
problem of intertemporal optimisation in terms of these ingredients; and in
part 6 an attempt will bé made-at solvmg this problem and at denvmg an optimal
rule concemmg the utlhtx\ maxmusmg level. o£ demand.

. R N
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1. The Quasi—Phillips Curve . \\\ B

Phelps starts off with a concept, w1th WthhIWC are by now familiar—the
Phillips curve—but presents it in a‘new; light. Instead of concentrating upon
the relationship between the rate of change of money wage rates and the unem-
ployment rate, as Phillips and others have done, he focuses attention on the
relationship between the rate:of change of prices and the level of capacity utilisa-
tion, y; the latter being inversely. correlatéd .withthe unemployment rate: In this
‘guise, ithe strict.expectationsthypothesis. becomes L '
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o I=fy)+x A )
Certain restrictions are imposed-upon -the variation in f(y): (i) f'(y)>o which
means that the higher thelevel of capacity utilisation; the greater is the unantici-
pated rate of inflation for a.given x. (i) f”(y)>0 which is the counterpart of a
convex Phillips curve where g”(N)>o. (iii) the upper bound of y is y, which is
* determined by considerations of population and labour supply; moreover,
lim f(y) = 0. (iv) » is some minimal level of y “. . . such that output will only
y- ' " ' :
be ﬁrge enough to permit production of the programmed investment, leaving
no employed resources for the production ofp consumption goods.” The f(y)
relationship has another interesting feature; when I = x, f(y) = 0 and y = y*,
Le. f(y*) = 05 y* will be recognised as that level of capacity utilisation which
will entail a level of unemployment equal to the natural rate of unemployment.
These restrictions and properties, are illustrated in diagram s below. ’ '

.
I

'

P DIAGRAM § .

: LT I
i ;
N L R Y ] 2 .
LA ¥ ; ~ §
R EPI 3 i
3 N hd
[
[
t, . "t 5 ;
Lot . |
. Lo |
1 tid ¢3 ” " . : i
‘ g3 i |
* M - | *
L4 T P : |
H
|
. ' (37
/ |y
I : !
R i
.. e IT |- !
. '
L TR . . e b (AA .L L3 . y ’
M I
P N . e h B e R

- T R L .

. - . - v
'

Three hypothetical quasi-Phillips curves are shown in diagram s each. correspond-
ing to a different expected rate- of inflation. Curve I corresponds to a dpositivc—:
expected rate of inflation (x;>0); curve II.corresponds to.a zero expected rate of
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inflation (x, = 0); and curve III' corfesponds to a negative expected rate of
inflation (x3<0). ) 5

The statical utility maximising utilisation ratio is y, when-&t="xj, y, when
x=x, and y, when x = x,. In‘general the statical optimal utilisation ratio will be
assumed to be a decreasing function of the expected rate of inflation. We shall
assume that the initial anticipated rate of inflation, x, is a datum so that we may
refer to a single statical optimal utilisation ratio y. * :

B

;
2. The Adaptive Expectations Mechanism ,
We have already &iicountered “this nétiofl in"Section, 2 56 that little further
explanatxon is necessary, except to rewrite equation (7) in contmuous form

x = - = a(l-x)

| a({f(y)—i—x}——x) by equation (10)

e =GO ()
Hence, the rate of change of the expected rate of,inflation, x, is an mcreasxng
function of the utilisation ratio (G'(y)>0) and the rate of acceleratlon increases
as y increases (G”(y)>0). Moreover, when y = 75 Gly) = o, ie. when the

expected and actual rates of inflation are equal there is no tendency for 1nd1v1duals
to revise thelr expectatlons in either dlrectlon

.

I

It

3. The Utility Functzon C o o s

Phelps starts out with a utility function which at ﬁrst sight may appear to have
little relevance to the problem discussed in Section 1. At-any point of time, utility
is assumed to depend upon two variables: (i) the level ofp capacity utilisation,
y, and (u) the money rate of interest, i. In symbols this dependence may be
written: .

T & A

o ()

The exact nature of the dependence of Uony and i needs to be spelt out in- greater
detail before further analySIS of the optlmlsatlon can take place

(i) The Relationship between U and y.

The fundamental dependence of U on y is best 111ustrated by assuming that the
money rate of interest does not vary and by constructing the following diagram.

+
i S
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It is assumed that there are two basic de51derata entering any utility function—
consumption and leisure. As y rises, conisimption rises and undue incursions into
the community’s leisure time are not made so that the utility is rising as y rises
inthis range (in other words the marginal utility of utilisation is positive in this
range). As y increases stlll further however , greater demands will be made upon
Jeisure” time. Beyond"a eertam pomt ¥°-in_the above dlagram the dlsutlhty
‘associated With Thcirsibns made upon’ lelsure time by hlgher ¥ will outwelgh
“increased utlhty(from hlgher consumption. TS the tight of y° 7%, higher. consumptlon
"is" not 'worth the sactifice ‘of leisure’ requlred to' obtain“it.t As full ‘capadity is
approached, incursions on leisure-become intolérable 'so that as y approaches’y,
the ¢(i,y) ;- const, CUTVE tends to minus infinity. Similarly as y falls towards u, the
reductions in consumption become more and more alarming asy apptoaches p,

-the @i,p) i~ const.CULVe - tends ;to : minus, mﬁnlty These assumptions -account for
the shape of theicurve in: d1agram 6.7 (i}

v
"’;.' t."f"lle. e e e

1
H

ot ‘“i\; [)pr»])})l,. . 'l\l f"'l.-*'?.‘y" L ey . "\1 b R
'(u) "The Relarzomth bétiveens Urdgnd i - w2 0 i e

We can examine the dependence of U on i in a similar manner. Assume tha

the utilisation ratio is constant and exammc the variation in U consequent upon
‘variation in 1. v

- L

If i varies within the range 0< i<f, no diminution in utility will occur asa result
vof either:an increase or a-decrease ini. Ohcé i rises beyond-a certain interest rate ,
however, further.iricreases in.i will bring about a reduction in ‘the level of utlhty
since it will pay to economise on the holding of cash balances by more frequent
visits to the Eank etc. Such attempts to cconomlse on the holding of transactions

. 1. The*existence of ‘mvoluntary unemployment 1mphcs that ‘the equlhbrlum unhsatxon‘ level
¥swill hot céincide with 9°: Iithe diagram it is assumed that y*<y®: -3+ 17

Lo P R

3
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balances will produce dlsutllltylfor the Holder of stich balancés’by"r ducmg his
leisure time.CAs'i -approaches,, hich Phelps calls thie-barter’ pomt the ‘motétary
“systemi biéaks "down since- the holdmg ‘of - any ‘trinsactiofs Balarices ‘becomes
prohibitively expensive. If i</, full ltqmdtty is said to exist, © /il 2 b0

4: The Real and Money  Rates; qf Interest ST P

{

The money rate of interest, i, is equal to the teal rate of interest, r, plus the
expected rate of inflation, x, i.e. i = r+x. The real rate of interest is assumed to
vary dlrectly with the level ‘of capacity dtilisition so that r = r(y). Clearly
r(y)>o and ’ (y)>o a mmphfymg but not a crucjal assumption is that r"(y) >o.

oy ouotend s v, .\’f Jirstoigglis - '3 ";l\lfeel’l?

Hence 1f1 = r(y -};x it U —x¢{f(y)+x,y} = ( ,}’) Uon el oy m(13)
o las : s dee gjer

The' expected rate of 1nﬂat1on which is Just sufficient ‘to perrmt full llqmd1ty
at i = i, given the level of capacity utilisation, is denoted by %. % satisfies the
relation = r(y)+2% for a glven y. The greater is ¥, thé staller the expected rate
of inflation wh1ch is consistent with full liquidity. Weé may therefore write
£ = %(y) where £’ (y)<o Of particular interest in subséqiient analysis is that value
of x at which théfe is full Tiquidity (i = ) and equlhbnum (y = y*); this value
of x is denoted by 2( *).

SR PPN L TR S S IRl IR G LI IR ELIY ’.,:fr-.a«;r. audl

1=

5 The Problem to be Solved‘m 61 (1) et e A Y c6 s o
The dynanuc problem to be solved consists of the makimisation of soc1al Welfare
-over time. It irivolves the discovery. of an'optimal time:patli for y(¢)(or »( £)): Social
welfire,, W, is the sum.of future utilities from'.t.= 0 onwards.-This must.be
maximised . subject’ to equation (1)’ and ther 1n1t1a11,cond1tlon that .‘X( 5)- —1x(,
Stated more formally the problem is one of maximising. s« e (D,

.
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| W=f‘ Uleg)dt .. o 0 (14)
; o ) [N IS "
i subject sod—x(: b( )m o ' | (1)
. d Lede Y

i s

: ’/’ and x(0) = x, ‘ ' (x3)

2]

Throughout the remammg analysis we shall assume that the initial expected rate
of inflation; x5, exceeds-2(y*): We shall se€ later that £(y*) is the asymptotlcally
optimal expected rate of inflation. '

6. The Solution of the Problem

First of all the simplifying convention is imposed that the level of utlhty Wthh
corresponds to an expected rate of inflation of £(y*) and arate of utilisation of y*
be set equal to' zero, i.e. U(®(y*), y*) = o. This means that appropriate units of
utility. measurement are chosen so as to make \U(£(y*);y*) equal to zero. .

.Since # = G(y) and G is a- monotomcally increasing function- of y, we' may

wnte y= G- 1{z). Substituting i into cquation (13 the following functlonal remains
to be maxmused N -

. . - * 1
.h‘g.‘ . s ‘ A

W = f V(x,%)dt = J V(x,-G)dfw L (16)
0 o ‘ . S
. . = subj‘ect to x(o) = X, !. B . . (IS)

"This is one of the sunplest problems encountered in the calculus of variations and
thesolution has been well known to economists since the Ramsey—Keynes problem
of optlmal savmgs was posed The necessary condmon for a maximum is that

.gu

' _*I:‘»V(x,G) GVG(x, G =0 . - W)
T VG v ;
PR ,or X .
; T TG VG(x G) Where VG("C G) = aG . s

This. optimal condition must be met at all points in time from ¢ = o onwards.
The value of G which satisfies equation (17) at 2 point in time is the optlmal rate
-of change of the expected rate of inflation and is labelled G;. :
r+, Tt will:be-useful to illustrate graphically the ¥(x,G) relation. Sitice we assume
that the expccted rate of inflation is initially constant at'%,, we may invoke the

restrictions placed on'the. utlhty funcuon ¢( ,y) and deduce that the shape of the
|46 ) functlon is as follows.: .+ “* - e .
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V{X,G} T DIAGR{&M 8
A

V(X]_, G}

-

Vix,.G)

b, o

Suppose now- that the expected rfate of inflation fell to x,: the level of utility is
approached for all Gy i.e. the curve will have shifted upwards. This upward drift
will continue until the curve reaches its limiting position which coincides with
the curve V(x(y*),G) which, due to our felicitous choice of units, passes through
the origin. The curve will cease to drift once x = £(y*) since full liquidity will
have been reached and no increase in utility will be achieved by a further fall in
the expected rate of inflation. We are now in a position to interpret the optimality
rule set out in (17) in terms of diagram 9 below. . - UL

. i ’ : . v '
At a point in time, the optimal value of G (and hence of y) is found by drawing
a line AO through theorigin-in such a way that it is tangential to thé V(x,,G)
curve. Denote the point of tangency -by the symbol 4. At ¢, the slope of the
V%, G)s
. G
This optimality condition is thus satisfied at point #. It follows that the optimal
rate of decrease of the expected rate of ihflation is G,, which is found by drawing
a vertical line from ¢ to the G(y) axis. Noting' that the optimal rule at time
t = o requires a negative G(y), we deduce that initially a government must follow
a policy-of underutilisation so as to drivei down the expected rate of inflation. = -

V(x0,G) function viz. Ve(%0,G), is equal to the slope of the tangent,
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Having located the‘initially optimal G, we must examine how the Sptimal value
of G changes, if at all, with the passage ‘of time. As we said previously, a decline
in the expected: rate fof inflation will shift the V(x,G) curve bodily upwards. The
continuing upward drift of this curve to its limiting position V(%(y*),G) implies
that as time passes, the point of tangency will be drifting in a north-casterly
direction and will ultimately coincide:with the origin. The asymptotically optimal
-expected rate, of mﬂatlon is ﬁ(y*) and once this expected: rate (of inflation is
cstablished; it will remain, opt1ma1 forever. (smce as boroo’, G = 0 becomesithe
,optn’nal rate of change of the éxpected rate of. 1nﬂat10n)
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for s Hiwr il vl g oo b L e s v
1 We'hdve seeri how the optlmal rulé giveniiti equation (17) states that; when the
initial expected rate of inflation exceeds'%(y*); the govérnment should undertake
a policy of underutilisation. Following such a policy, the government would have
to"push the unémiploymient tate above its natural level; even though:(as we- “hate
assumed) the'statically optlmalfunemployment rate'may be below theé natural
 faten This “is ‘llustrated ‘1™ the’ more 'familiar, Phillips "curve dlagram -which
<follows.

The natural rate of unemployment is N* and the’ unemployment tate which is
‘statistically optimal,lon the:assumption that the expected rate of inflation is g,

«isiN. -The ‘optimal rule states. that-uhef loyment sﬁould be pushed above. N* in
.otder to'lower the- expected. rate’ of inflation-afid -gradually: sh1ft the temporary
.tradéxoff: relation. from-position I to:position. II: Mofeover;-once thé process of
shifting - the ttade-off relation downwirds his beencset.in. motion; demand- and
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employment can be steadily expanded so that in the limit, the unemployment rate
will approach N* and the expected rate of inflation will fall to £(y*).

It will:also be notéd 'that; starting’ with “anl excesswely high* expected rate of
“inflation, a unique expected rate of inflatiorl'i§ Optimal in the limit viz! (y )! This
conclusion does not squate with the static’ approach set St 1n‘d1agram 41in i which

. . - A Ki i
any expected rate of 1nﬂat10n can yleld an opt1m1'1 1. “, S e
PR R A R LN s 31-1 "y .J,T‘:_ aogr o 1‘ e n

s, ' : ”/. O L AP E YT JOMU LI PN S KT A

,Sectzon 4: Empzrtcal Ewdence on the Expectations. Hypotheszs GROn e L.

The first attempt at testing empiricilly the Frledman—Phelps expectation hypo-
thesis was undertaken by Brechling :[o]: He miakes iisé of the particular. prediction
of this hypothesis which states that when unemployitient is below its iatural rate,

“inflation will be accelerating; that when unemployment:is at its natural fate, there
will be a steady, fully anticipated rate of inflation} and that when unemployment
is abowe its natufal raté, inflation' will.be deceleratmg This:prediction:implies the
existence of some sort of loop-around-the. short run_trade-off relation ‘which-is
shown in diagram 11. 1 % TR A TR UL B

. To start with itis assumed that therc s a posmve anticipated rate’ ‘of inflation 1, i
In accordance with the expectations hypothesis, we deduce that.at all points to
the left of N* the natural unemployment ‘rate, i>O; .that at all points to the
right of N*, i< O; and- that when the unemployment rate equals. N*, I.= O and
I =1, Moreover it is assumed that the initial unémployrment rate is.N;; so that
the observed inflation-unemployment’ combination .corresponds: to. point A-in
the diagram. Brechling now imposes-arbitrary limits: upon the:variation- of jthe
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‘unemployment rate. He makes the simplifying but,expendable assumption that
.the unemployment rate varies smoothly. between a lower limit N, andP an upper
Jimit N; (which for the sake of convenience coincides with the initial unemploy-
‘ment rate). If N* falls within the interval (N, N;), then the expectations hypo-
thesis will predict that clockwise loops will occur around the f(IN) relation. To
illustrate how this phenomenon arises, we have assumed that the unemployment
rate has just risen to its upper limit N, and that from now on the government will
undertakie-over a period-of time such policies as will bring the unemployment
rate down to its lower limit N,. Since N;>N*, there will be a tendency for the
rate of'inflation to fall as N falls from N, to N*; this tendency will be arrested
when N reaches N*; and it will be reversed (i.e. inflation will accelerate) as N
:rises beyond N*. The nearer the unemployment rate is pushed towards N, the
faster the rate of inflation"accelerates. If we make the additional assumption that
.once :N, isreached the government will undertake the appropriate measures
‘needed to drive N steadily upwards towards N,, the opposite process will occur:
the rate of inflation will tend to decelerate. When point D is reached, the rate of
inflation will have reached its maximum and will start falling as the unemploy-
-ment rate is raised towards N,. It is clearly an implication of the expectations
‘hypothesis that. if such smooth variations in unemployment were actually to
occur, then clockwise loops of the sort described would develop even in the short
run, provided; of course, that N* is less than N, and greater than N, (an alternative
test being appropriate when' this proviso.cannot be met).  °
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As a test for this hypothesis using American data, Brechling assumes that
N, = 3 per cent, that N, = 9 per cent and that there is a smooth cycle between
these two limits. Using his own trade-off equation to predict the variation in the
rate of inflation which would be produced by the smooth cycle of unemployment
between its two limits, he discovered that the loops so generated rotated in an
anticlockwise direction, which is contrary to the prediction of the expectation
hypothesis. As further support for his contention, Brechling points to numerous
econometric studies which discovered that when the rate of change of unemploy-
ment was included as an additional explanatory variable in regression equations,
it in general entered with a negative coefficient. That is, it was generally found
that when unemployment is falling, the rate of inflation is higher than when it is
rising. This phenomenon produces . anticlockwise loops and lends support to
Brechling’s tentative refutation of the expectations hypothesis.

Following upon the work of Brechling, a more searching econometric study
was undertaken by Professor Solow [7]. Although his data referred to both
British and American-experience, the author himself placed greater trust, for a
variety of reasons, in the results for thp»American economy and these will be
subjected to closer scrutiny in this section. . ' - S

The fundamental relationship which he attempts to test directly is an equation
similar to equation (8) of Section 2; in that equation all other real variables apart
from the unemployment rate were assumed, for expositional purposes, to exert
an insignificant influence upon the rate'of inflation. Such an approach is highly
suspect, however, when one attempts to construct a realistic econometric model
of the process of price inflation; many more real variables will have to be included
before the model can be considered as even a plausible approximation to reality.
This may be overcome by rewriting equation (8) in the following way:

- f@es . )
. ¥ ¢ o y ~ N
where Z isa vector of real variables: The components of the Z vector are somewhat
different in Solow’s study from those included in other studies of the trade-off
relation. ' C - e e Ce
For a measure of aggregate demand, Solow prefers to use a measure of capacity
utilisation rather than.the overall.unemployment rate; moreover, his measure of
capacity utilisation is highly non-linear and is a transformation of,the capacity
utilisation index published by the Wharton School at the .University of
Pennsylvania. | | S, P o
Solow- also attempts to separate, out, the distinct effects of variations in the
money wage rate from variations in labour productivity: since the rate of change
of unit labour cost, #l, is equal to the rate of change of money wage rates, w;
plus the reciprocal of the rate of change of output per man,’r, a theory which
states that an increasein unit labour cost'arising from an incréase in money wage
rates will have the same effect on prices as an increase in unit labour costs arising
from a fall in output per man will not require any breakdown of the unit labour
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cost' variable—the tate of ‘cHange: of unit labour cost-as ‘a. single’ independent
variable will account satisfactorily for both effects. Since ulc = w+-r, this approach
is tantamount to assuming that if w and'r were to be included as separate explana-
tory variables 'in a trade-offtequation they. would have identical coefficients.
Solow resists such an assumption and allows the coefficients of w and r to be freely
detérmined in the estimation.process: . w0l Tl !

- Two'dummy, variablés are also included. The first one, K is desighed to allow
for the effect of the Korean War upon the processof i price formation, The second,
Gyis designed to-catch the effects of the informal incoines policy which had been
- in operation since 1962 N S ;

Equatxon (10) may now be rewnttcn in exphmt linear form: . S

I 4 ao-l—a1w+a2r+a3F+a4NCU+a5K+a6G+a7 - ‘(II)'.

F is a modified index showing the effect of farm prices on the rate of changé of

private domestic nonfarm business prices (I),:NCU is the non-linear index .of
capacity: utilisationsand 4, is the coefficient 8. which-we mentioned previoisly.
The only problemleft to be tackled is.the selection of a'suitable-price expecta-
tions variable. In his first attempt at constructing’such a variable Solow. made use
of the adaptlve expectatlons model mentloned in Section 2 of this chapter whercby

- . L
ST . - .;,‘vlif e ht e

»xi, = ( '/J) 2‘!” lI:— K v"'l'.‘.i‘ :A_ N - f(6)

. KX ~ - o NPT o v ¢ o

o
We know nothmg about t,b exccpt that'it is greater than or equal to zero and less
than or equal to unity so that," ‘depending upon the value of § selected, theré arc
an infinite numbér of expectitions series compatlble withi' (6). One way around
this problem is to plck a-finite’ number of § speciméri values of ¥ and construct a
price expectations series for each specxﬁc value of . This is the approach adopted
by Solow..He allows ¢ to assume eleven' partlcular values 00, 0'1, 02, ... 00,
1°0 and examines the performance of each series so generated. In general the
higher the value of # the better ‘the'statistical fit; the' best fit is btained for a
value-of unity for ‘. “THere are, howeveér, teasons to believe that-a value of ¥
around 0+4 or o5 is nearer the mark Due to the construction of the I, indéx as
a four quarter chinge-iii the’ pr1ce index, -2 value of ¢ &r 1mp11es that the x
Tariable is simply® eqiial ‘to I ) *Which- has* tliree’ quartefs in c¢ominon with Iy
On-the other hand‘inost; of the i’r’nprovement infit'has already becn achievéd: by
the tifney = 0+4. Moreovet,fat this valiae of ¢, a; and ay “Uvi seeim to ‘make mote
sense for small or intermediate values of ™. (in Solow’s notation.) Solow plumps
for a valite of i of 64 Which implies an equation of the followmg type N
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_Itis clear that the coefficient 6:(a; ini equation (11)) is significaritly different from
unity. Moreover § remains 51gn1ﬁcantly different from unity for all values of 4
selected for the x seties. If this is So'ther it constituites strong evidence in favour
of the notion that a permanent trade—oﬁ‘» surface does in fact exist even though
expectations of inflation do play an ‘important . role in deterrrunmg the actual
rate of inflation. Furthermore, if any confidence can be'placed.in a value of § of.
around 0-4 it implies that the revision of expectatlons tall:es a long time to occur.
In conclusion’Solow states: “Whatever' may be ttue “6f. Latin-American-size
inflations or even smaller perfectly steady inflations, tinder cotiditions that really
matter——lrregular price increases with an order of magmtude of a few percent a
year—there is a trade-off between the speed of price increase and the real state of
the economy. It is less favorable in the long run than it is at first. It may not be

‘permanent’; but it is long enough for me.’

The emplrlcal research of Brechling and Solow outlined above would appear
to point to the conclusion that a permanent trade-off between inflation and
unemployment (or some other measure of aggregate demand) does in fact exist.
The work of Brechling draws out certain qualitative implications of the expecta-
tions hypothesm which, on the basis of the evidence cited, fail to be met in reality.
Solow’s approach is more direct in that he attempts to estimate the values of the
parameters 8 and . He deduces that i is probably around o+4, which implies that
complete adjustment to a new higher rate of inflation will probably be quite
prolonged. More important still, he estimates that the value of 6 is significantly
different from unity which constitutes a refutation of the strict expectations
hypothesis. Further research clearly needs to be carried out in this field and the
last word has by no means been said so far in the debate. Ant1c1pat1ng many of the
future studies on the subject, Professor Tobin [8] predicts that ““. .. sooner or
later an econometric study will surely enough produce the maglc number one
for the price coefficient . . .”. Not a very hopeful note to end a paper with.

Trinity College, Dublin.
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