ISSN 0265-8003

MONETARY POLICY AND THE INFORMATIONAL IMPLICATIONS OF THE
PHILLIPS CORVE IN AN OPEN ECONOMY

George Alogoskouils

Discussion Paper No. 183
June 1987

Centre for Economic Poliey Research
6 Duke of York Street
London SW1Y 6LA

Tel: 01 930 2963

This Discussion Paper 1s issued under the ausplces of
the Centre's vesearch programme in International
Macroeconcmlies. Any opinions expressed here are those
of the author(s) and net those of the Centre Ffor
Economic Policy Ressarch. Research disseminated by CEPR
may include views on pollcy, but the Centre itsell
takes no institutional policy positions.

The Centre for Economic Policy Research was established
in 1983 as a private educational charity, to promote
independent analysis and public discussion of open
economies and the relations among them. It 1s pluralist
and non-partisan, bringing economic research to bear on
the analysis of medium- and long-run pelicy guestions.
Institutional <{core} finance for the Centre has been
provided through majlor grants from the Economlc and
Soelal Research Council, the Levernulme Trust, the
Esmee Fairbairn Trust and the Banxk of England; these
organisations do not gilve prilor review %o the Centre’s
publications, nor do they necessarily endorse the views
expressed therein.

These Discussion Papers coften represent preliminary or
incomplete work, circulated to encourage discussion and
comment. Oitation and use of such a paper should take
aceount of its provisional character.



CEPR Discussion Paper No. 183
June 1687

ABSTRACT

In this paper I examine optimal monetary pollcy and the
informational implications of the Phillips curve in a stochastic
model of & small open economy. It is assumed that the economy
produces doth traded and non-traded goods, that capital mobiiity
18 perfect and that the economy faces a variety of unanticipated
Sransitory disturbances to demand, supply and the Foreign sector.
It is also assumed that wages are not only indexed to the price
level, but also respond to the state of the labour market. If the
authorities nave only imperfect information about current
disturbances, this gives independent Iinformational content to
wages, over and above the information conveyed by other aggregate
prices. The optimal policy 1n this model involves not only
intervention in the foreign exchange market but also
accommodation of wage growth, as the exchange rate and wages are
only partially correlated signals about the unobserved
disturbances.
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KON-TECHNICAL SUMMARY

The appropriate form of stabilization polley is probably one af
the most important policy questions facing both academic
economists and policy-makers. Debates over stabilizatlion policy
focus on hoth the cobjectlves of policy and the appropriate model.
An important class of models of aggregate [luctuations assumes
that the labour market fails to adjust adeguately to disturbances
and thus becomes the maln source of the distortions usually
associated with the business cycle. This of course was the main
message of Keynes's General Theory, and is s£ill the main
difference between followers of the Keynesian and Classicail
traditions.

A number of recent papers have focused on stabllization polley 1n
stochastlc open economy models and its dependence on the exchange
rate regime, the extent of wage indexation, and the information
set currently available to the monetary authorities. The
rramework that these models use to characterize wage adjustment
is usually that associated with Gray's 1976 papsr, whicn assumed
that nominal wages are negotiated 1n advance of the realization
of the current disturbances, with a view of ensuring expecied
labour market equilibrium. Ex-post wages are only partially
indexed to the price level, in which case there is scope for a
stabilization policy rule involving feedback. It is alsc assumed
that the information set currently avallable to the monetary
authorities consists of full inowledge about past (but not
current) disturbances and the current aggregate prices in the
economy {(which may or may not e a sufficient statistic Tor the
eurrent disturbances). If prlces are not a sufficlent statlistle,
then the monebary policy rule must be conditioned on all price
variables with informational content, since pollcy cannot be
directly conditioned on the disturbances themselves.

This paper is concerned with the design of stavilization policy
in a small open economy. The discussion is conducted within the
framework of a theoretieal, stochastic model of an economy
progucing both internationally traded and non-traded goods, and
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in which international capital mobility 1s perfect but wage
adjustment is slugglish. On the demand side, I assume that the
demand for money depends positively on the price level and
ocutput, and negatively on the domestic interest rate. I assume
that uncovered interest parity holds, so that the domestie
interest rate 1s egual to the world interest rate, minus the rate
of expected exchange rate depreciations. Finally, relative
purchasing power parity 1s assumed to hold for the traded goods
sector. The change in the domestic prices of traded goods is
egual to current exchange rate depreciations plus the world rate
of inflation for traded goods.

In the traded-goods sector I assume that there are decreasing
returns to employment and that the product market 1s competitive.
Labour demand iz a negative function of the real wage, and a
posltive function of productivity (supply) disturbances. The
non~-traded good is assumed to be g service, produced under
constant returns to scale. The price of the non-traded good 1s
then proportional to the wage, and the latter 1s assumed to be
equal 1n the two sectors. There is & notional labour supply
curve, In whieh supply responds positively to translitory
increases in wages. Wages are assumed to adJust as postulated by
a Phililips—type relaticnship: they are partially indexed to
domestlec inflation, and negatively related to the rate of
unemployment.

This paper thus departs from previous analyses by replacing the
Gray-type wage-adjustment assumption with a more conventional
Phillips-type wage equation. There is overwhelming empirical
evidence for most OECD economies that nominal wages respond not
only to current inflation surprises but also to current
unemployment.

The model can explzin a number of styllzed facts about ageregate
fluctuations 1n open economies. The disturbances that disrupt
eguilibrium in the model are assumed to be of a transitory
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nature. The paper considers the effects of supply disturbances,
autonomous wage push, money-demand disturbances and dlsturbances
in world prices and interest rates. Because of the slugglsh
nature of wage adjustment, such disturbances cause real varlables
to deviate from their equiliprium paths, defined as the path
where the labour market clears.

it is assumed that the objective of stablilization policy should
be to minimize the deviations of real variables from equilibrium.
The bulk of the paper is devoted to a discussion of the nature of
the appropriate reactions of monetary policy to the varlous
disturbances, both when the authorities have complete information
concerning the disturbances affecting the economy and when they
de not.

Under full information, perfect stabilization can be achleved
through "first-best” policies. Money-demand shocks should be
fully accommodated: this neutralizes the effects of the shocks on
domestlc inflation and hence any possible sffects they might have
on employment and output through changes in real wages. Optimal
monetary policy should be tightened in response to increases in
world interest rates or inflation. The optimal reaction
coefficients are equal to the interest rate semi-elasticity of
money demand. An op$imal menetary policy under full information
would accommodate “wage push': this tends to increase real wages
and s¢ a monebtary accommodation which allows inflation to rise
will help restore real wages o their equiliibrium value.

Finally, supply shocks are accommodated only $c the extent that
they cause a real wage increase which is higher than the
equilibrium increase. Again monetary accommodation serves the
purpose of reducing real wages, by lncreasing price inflation.

Cne common c¢riticlsm of such first-best policies 1is that they may
not be feasible, mainly because the monetary authorities do not
possess full information about the dilsturbances affecting the
economy. Thus, I also examine the case where the monetary
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authorities only observe current aggregate prices instead of the
disturbances Sthemselves., It turns cut that prices do not capture
fully all the informatlon concernlng the disturbances: they are
not sufficient statistics For these disturbances and the
authoritles nave a genulne inference problem.

The "second-best® policy 1s for the authorlties to react to worid
interest rates and inflation in the same manner as in the first-
best policy, and also to react to those prices that have
independent infTormatlional content, namely the exchange rate and
wages. This policy involves an optimal degree of exchange market
intervention and an optimal degree of wage accommodation. The
optimal second-best policy can also be expressed in terms of
accommedation of inflation in the traded-goods sector,; and
accommodation {or non-accommodation) of real wage growth. This
is because these pairs of variables contaln Iinformatlion asouf the
unobservable money-demand, preoductivity and wage-push
disturbances. The nature of the second-best poliecy can be
understood if one views the monetary authorlties as first
calculating the best estimates of the current values of the three
uncbserved disturbances (l.e. supply, money-demand and wage-push)
based on their cbservations on wages and the exchange rate. The
authorities then calculate thelr response to these estimated
disturbances as suggested by first-best policy considerations.
Because the estimates, although optimal, are not perfect, the
resulting policy is second-best.

The main implication of the Phillips~type wage adjustment 1s that
current nominal wages convey information concerning the
disfurbances, over and above the informationzl content of the
exchange rate. Optimal stabilization policy therefore involves
not only exchange market lnterventlion, dut also an optimal degree
of wage accommodation (or non-accommodation for Lhat maiter}).
Thus the paper provides a ratlonale for wage accommodation in
addition to exchange market intervention. In contrast to the
models based on the Gray framework, wage accommodation is not a
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substitute for exchange markeb intervention, but a complement.
Both are required as part of the second-best optimal monetary

policy under imperfect information.
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1. Introduction.

The appropriate form of stabilization policy is probably ome of the most
wmpertant policy guestions facing both mcademic economists and policymakers.

As 1n all 1intelligent discussions about cconomic policy, disagreements
focus on the appropriate model and the objgectives of policy. An important
class of models of aggregate fluctuations assumes thet the labour market fails
to edjust adequately to the verious disturbances, and thus becomes the main
source and propagating mechenism of the distortions usually asscciated with
the business cycle. This of course was the main message of HKeynes® deneral
Theory, and 1s still the main difference between followers of the keynesien
and classical traditions.

A number of recent papers have focused on stabilization policy 1n
stochastic open economy models, and its dependence om the exchange rate
regime, the extent of wage 1indexation, and the information set currently
available te the menetary authorities.!®

The main set of assumptions that these models use to characterize wege
adjustment 1s the framework usually associrated with Gray's 1976 paper. IL 1is
assumed that pominal wages are negotiated in advance of the realizetion of the
current disturbances, with a view of ensuring expected labour market
equilibrium, and thet ex post they are only partially indexed to the price
level. 1t 15 alse usually asswsed that indexation 1s non oplimal, in which

case there is scope for s feedback stabilization policy rule. As for commodity
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and assel markets, it 15 usually assumed thei prices can Jump to equilibrate
them. Finally, il 15 assumed 1n many cases that the information set currently
available to the monetary authorities consists of fall knowledge about past
disturbances, and the vector of current aggregete prices in the economy, which
may or may not be o sufficient statistic for current disturbances. If it is
not a sufficient statistic, then the monetary policy rule is conditioned on
all price variables with informeticnal content, as it cannot bhe directly
conditioned on the disturbances themselves.

This paper differs from the previous ones in this strand of the
literature, 1in that it complements the Gray-type wage adjustment assumption,
with & more conventional Phillips—tvpe wage adjustment assumption. There is
overwhelming empirical evidence for most OECD economies, that nominal wages
respond not only to current 1inflation surprises, but aisoc to current
unemployment (see for evample Brumo and Sachs (1985) and Grubb {1988)). 1In
addition, this is an assumption that has been used in many deterministic
meECroeconomic pelicy models (see Buiter and Miller (1981) for example},. In
this paper 1 explore its implications for the optimal design of stabilization
policy 1n a stechastic model of the type described above, where the vector of
current prices observed by the monetsry suthorities is not s sufficient
statistic for the ¢urrent disturbences.

The main implication of the aforementioned extension of the wage
adjustment assumption 18 that current pominal wages have informational
content, over and sbove the informatienal content of the exchange rate. The
significance of this for optimal stabilizatien policy 1s that 1n addition to

exchenge markei intervention, the munetary policy rule involves an optimel



Page 3

degree of wage accommodation {or non-accommodation for that matter). Thus,
this paper provides a rationale for wage accommedation in addition to exchange
market intervention. In contrast to the models based on the Gray framewerk
(see for example Aizenman and Frenkel {1985, 1988)), wage acccemodntion 1s not
a substitute for exchange market intervention, but a complement. Both are
required as part of the second-best optimsl monetary policy under umperfect
information.

The model studied in this paper is one of an open economy which produces
both tradable and non-tradeble goods and which faces perfect capital mobility.
It is a Tawrly geperal Mundell-Fleming structure, as it allows for the
simultaneous occurrence of a number of shocks, and it can account for many of
the stylized facts sbout aggregate fluctuations ip small open economies. For
example, 1t can account Tor positive output—inflation tradeoffs, the pesitive
correlation between nominal and real exchange rates and nominal and real wages
and the negative correlation between real wages and unemployment. On the other
hand it allows for either positive or negative correletions between output and
resl wagea, or output and competitiveness, as these correlations depend on the
relative variences of demand and supply shocks. The structure studied 1is
sufficiently rich to account for the aforementicned phenomena, but also
sufficiently simple to allow for the model to be solved analytically, and for
stabilization policy to be examined in the manner known te us from welfare
economics. This simplicity stems from the assumptaion, comgon  to
wacroeconcmics, that growth and fluctuations can be analyzed independently.
This is formalized in the context of this paper by assuming that all

disturbances are transitory, that they do not affect the long-run evolution of
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the economy. and that the only adjustment costs that exist are those related
to wege adjustment. These assumptions, especially the Iantter, ensure that the
only source of aggregate distortions in this model is the labour market, and
sugdest, ms 1n Aizeoman and Frenkel (1985, 1986), a simple and intuitive
measure of the welfare loss of aggregate fluctuations.?

The rest of the paper 1s organized as follows: In section 2 I present the
model. Its structure and predictions are highlighted for flexible exchange
rates, and a completely pessive monetary policy. The nature of the welfare
losses is also illustrated im this section. In sections 3 and 4 T analyze
optimal policy, both under full information {first-best}, and under imperfect
information {second-best}. Conclusiops and suggestions for future research are

sunmarized in the last section.

2. The Model.

In what follows I shall treat all varisbles as percentage deviations from
their eguilibrium levels in the shsence of stochastic shocks.?®

The economy is assumed to consist of two sectors. the one producing
internationally traded commodities, and the other non—~traded.

The deviation of the output of tradasbles from non-stochastic equilibrium
18 given by,*

yT = HET o ; 0<m<l {1}

where ¢ is employment, m the elasticity of output with respect to emnLoyment,
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and p a transitory shock to the preduction function. It i1s sssumed that p ~
NI{O, r%).
i{ f_“)

Under profit meximization, the deviation in the demand for iabour in the

tradables sector is,
€T = wA(wpr) + Al : A = af{l-m} {2}

where w 5 the nominal wage, pT the price of tradebles 1in domestic currency
units, and o the elasticity of substitution between labour and capital. The
capital stock 1s assumed fixed.

In the nen—tradables sector, it 1s assumed that output is proporiional to

empioyment .,
y = € {3

Thus, demsnd for labour 1s independent of the wage. 1 assume that,

e~ Nico, r2)

where EN 15 & transitory shock to employment in the N sector.
From (3), the price of tradmbles adjusts in the seme proportion as the

economy wide nominal wage.
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Assume that 1in equilibrium the proportion of tradables in output,

employment and consumpltion is v, Then,

y = vyT + (1—u}yN (5
ez vel v (1-pre (6)
p=uwpl + (B-pt N

(5), (6} and (7} give us the short rup deviations of aggregate output,
employment and the price level.
I further assume a short run lebour supply function for the whole

economy. Labour supply 1% modelled ss a positive function of the reas wage,

2 = &{w-p} = eu{w~pT) H e > 0 (B)

where e 18 the elasticity of lshour supply with respect to transitory changes
in the reai wage.

The wnext assumption asbout wage adjustment 15 a very crucial one.
Following a long tradition in macroeconemics, I shall assume that wages are
negotieted in edvance of the realization of the stochastic shocks 1n order to
ensure expected lobour market equilibrium. Ex post however, they are only
partially indexed to the price level, and they respond only partially to
excess supply in the ismbour market. The asssumption 1is & generalization of the

framework of Gray (19768), to allow for unemployment to affect wage adjustment.
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Firms determine employment ex pest, and thus, the iabour supply (B) is only
"notional”. The wage adjusiment equation is

w = gp - ;{tsme} 1 ; = epT - q(es—e) EN (S

where ¢ 1s the degree of wage indexation to the price level, 7 the
responsiveness of nominal weges to unemployment, and w 8 wage shock,

distributed normally with zero mean and congtant variance. From (5),

8 = ou/{1-6(1v)), g = n/1-0(1-)}. w = w/il-6(1-v})

i, as @ 1. Thus, @,

Patits

From the properties of w, w ~ NI{0, r;). Clearly, @

A

the indexat:on parameter to the price of itradables, 1% smaller than unity if o
1s smaller than unity, end equal to zero (one) as é 15 equal to zere (onad.
(8) 15 a sufficiently general labour market asdjustment equatiun, that
encompasses most of the cases considered in the literature. If #=1 and n=0,
then we have real wage rigidity, with neither inflation, not unemployment
affecting real wages, as indexation is full and unconditional. If 6=0 and n=0,
we have nominal wage rigidity, with neither infiation nor unemp [oyment
affecting nominal wages, but with inflation affecting real wages (sec Sachs
{1980) among others). With 0¢8< 1. n=0, we heve the framework of Aizenman and
Frenkel (19B5), where wages are indexed to the price level bul do not respond
te unemployment independently. As 7 + o, we appreach to continuous lsbour
market equilibrium, with wages being sufficiently flexible, fo guarantee

equatity of Ilabour demand and supply (see Alogoshoufis (1983) and Aizenman
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(1986} ). With 0r<1 and 0<g, as will be assumed in this paper, we have a short
run Phillips curve, a relationship thal has been shown to hold for most OECEH
econcmles (see Bruno and Sachs (1985} and Grubb (1986), among others).,

We pext turn to the demand side. There i1s a demand for money function,

given by,
m=p+y-ai+k ()

where & is e stochmstic independent shock to money demand, k~NI(0,r§}. a 13
the interest rate semi—elasticity of money demand, and 1 is the (deviation in

the) domestic interest rate. 1 is determined by uncovered inlerest parity.
1= p+s (117

where s® 1s the expected rate of future depreciation of the exchenge rate, and
P 1s a sh 7k to the world interest rate. p~NI{0,r§). Since gll shocks to the
economy are transitory, the expected rate of future depreciation 1s equal to

minus the rate of current depreciation, 1.e.
1=p-3 {11}
where s 1s the current rate of deprecistion.

We Tfinally assume that perfect commodity arbitrage ensures that

purchasing power parity holds for iradeble goods, i.e,
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o= s+ x (12}

where ¥ 18 a tramsitory shockt to the foreign currency price of tradeble puods.
X-NI(0,r2).

The model described by {1) to (12} can be used to determine Lhe values of
the endogenous variables y, p, 1, W, pT, €. u=¢"-¢ and one of the pair (s, m},
in terms of the shocks and the structural perameters. Usnder fixed exchange
rates s=0 and the model determines m., whereas under flexible exchange rates s
1s endogenous and m can be controlled by the monetary aunthorities.
Competitiveness in this model 1s defined as the relative price of tradebles to
pon—%radables, 1.e pT~w.

In order to illustrate the properties of the model under fTlexible
exchange rates, I shell assume that the money stock innovation 1s exogenous,
and that it follows a white poise process. This 13 equivalent %o a

nen~contingent monetary policy rule.
m~ NI{O, v3)
m

Te solve the meodel let us define excess lsbour supply, 1.e unemployment.

From (2), (3), {6} and (8),

u = %2 5 pletat(wopl) - vhu ~ {1-ret (13)

From (9), (12} and (13), we can substitute out unemployment, and express

the product wage es a function of the exchange rate, the world price of
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tradables, productivity, and emplovment and wage determipetion shocks. We get,

T, _ ]
Wep o= wp(5+x) + wﬁp tw,E {14}

where the respective elasticities are defiped as:
wp=(i*9}/[1+rfv(e.+A)1 < 1, w;:_rm/f,l-l-r;u(eﬂ)i. vy s (1ev) /[ Thprierad |,
ﬂg=l/§l+qv{e+a}l.

From (1), (2}, (3}, (5), (12) and (14} we can define an aggregate supply

function,

y= yp(x-*sl ryp .v,jéN -y (158)

where yp=unawp, yy=u[1 + nA(lmwy);. ¥g= 1 -l + nAwe}. ¥, TUmAN
Since yp 1s unambiguously pesitive for #<1, output supply 1s positively
related to exchange rute depreciations, because the latter cause a reduction
in the product wage.
Before turning to the demand side, let us define deviations in the price

level in terms of the various supply shocks, and the exchange rate. Frem (7},

(9} and {13},

p=p(stx) +p +p£N+pw {18)
P WH TP A )

where pp = i - wp(l—u), pp = (l—u%wp‘ B, = {I~w_, B, = (l—u)gﬂ,

£

Turning to the demand side, from (10), {11) and {16}, we can cbiain an
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expression for aggregate demand:
yem-px-pp-pe -pw+ap k- (pras an
Bt T BT Pe W P

The aggregate demand schedule is negatively related (o exchange rate
depreciations, as exchange rate deprecistions cause an increase in the price
level, which depresses real money balances, and a decrease in the domestic
nominal interest rate, which boosts the demand for real money balances. For
the money market to cquilibrate, output must go down to more than counieract
the incresse in money demand caused by lower 1nterest rates, asnd make the
lower real money stock willingly held.

The equilibrium exchange rate depreciation 1is determined by Lhe
intersection of the aggregate supply schedule {15}, and the agdregate demand
schedule (17). From these two schedules, the reduced form equatien {or the

exchange rale 1s given by,
I ~ _ _ B N
s = 7 {m k + ap (Yp“'Pp)x (y“+pp)y (yp4mp )87 + [y P M0 } (18}

The remaining endogenous varisbles are easily determined, by substituting
(1B} 1in the PPP condition for tradables, in the uncovered interest parity
condition, in the wage equation, the unempionyment equation, the employvment
equation, and the ocutput equation. It s easy to show thel unanlicipated
shocks in the money supply cause exchange rate deprecimtions and iaflation,

reduce real wages and unemploymeni, 1ncrease outpat and employment, and
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increase compeliliveness. Shocks to money demand have the opposite effects.
Shocks in world inflation, cause nominal sppreciations, inflation, real wage
and unemployment reductions, increases in outpult and employment, and increased
competitiveness. World interest rate shocks heve similar effects., only that
they are associated with nomina! exchenge rate deprecistions. Supply shocks
cause nominal exchange rate appreciations, falls in the price level, real wage
increases snd unemployment reductions, incresses in employment and output, but
reductions 1n competitiveness.it 1s alse easy ton demonstrate that there 15 a
pusitive correlation between nominal and real exchange rates, a positive
correlatron between output and inflation, and a negative association between
upnemploynent and real wages.

The question npaturelly arises: What 1s the welfare cost of aggregate
fluctuations in the context of this model? An appeslling messure of the
welfare cost has been proposed by Aizenman and Frenkel (18985, 1886). They
propose and demenstrate that the welfare cost can be measured by the less of
producers’ and consumers’ surpius, induced by being sway from labour market
equilibrium. Given that the distortion in this model arises in the labour
market because of incomplete wage adjustment, a sensible objective for the
monetary suthority would be to try to mipimize the welfare loss associated
with the perceived discrepancy between equilfbrium, and acfual employment,
given lhe realization of the shocks. In order to compute the welfare loss, we
need to multiply this discrepancy by ome half of the difference between the
demand and the supply real wages at the actuai employment level. Thxs
procedure amounts to a computation of the ares of ihe iriangle representing

the welfare cost in terms of the loss of consumers’ and producers’' surplus.
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Using (2), (6} and (8), we can determine stochastic equilibrium

(deviations in) emplovment, as,

PR {i-vj N
E—E+A(Ay+ S ) (19

This has to be compared with (deviations in} actual emplovment.

T N T

e =vet + (1vje’ = cal wpi- g 1 o+ (Led (20)

From (19) and (20},

N (21

P fwpt) 3 A gy
e-¢ = vA{ ~(w-p') + el [+ (1 v)&+ae
From the demand for, and supply of labour, the demand and supply wages al the
actual employment ievel can be written as:

T

- (e—8)/uAn + {w-p} (22a)

(w-pT)d

(e~23/ve + (w-pl) (226

i

T
twp )
from (21), (22a) and (22b), the welfarc loss 13 given by

i o201 1
i (8-8) [ ;Z + =

vy ] (26"

It 1s clear from {26'}, that once we omit the irrelevant copstants, WINIMLZ NG

the expected welfare loss amounts to minimizing,
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- a2 - —fr Ty 4 A Lyt _gl 12
B =8l (-7 ] = B { wal-twp ) + qud + (Lwigfne 1904 (263

where A is the information set of the monetary authorities,
3. Optimel Monetary Policy Under Perfect and Imperfect Informstion.

In order to snalyze optimal policy, we have to specify the information
set of the monetary authorities. Our main objective 1s to analyze optimal
policy under imperfect information. However, in order to eppreciate the nature
of this second-best problem, it is useful to know the form of the first-best
reactions of monetary policy to the various disturbances. Since the welfare
objective 1s quadratic in the disturbances, the optimel monetary policy rule

will be linear. Let us assume it is of the following form:
m=—mk}{—mxx—mpp—m!f—me£~muw 27)

where the m.s are parameters to be determined by minmimizing the welfare loss

function {26).

Substituting (27} for m in {18} we end up with the following reduced form

exchange rate equation:

—— [ - { 1+mk)k - (yp+pp+mx}x + fa—mp)p - (ylu+pp+my}y

N
- Ayt tm e + (y +p -m o Juw ] zs)
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From {28) and (12}, pT s determined by:

oT oL

y_+p X H

o [— (ltm )k + (aom)x + (am)p - (y,4p, v Ju

N
— Avptptm, e + (y +p -m e ] (29)

From {28), (14} and {(21), the deviation between actual anrd equilibrium

employment 1s given by:

s o= _UA - ”
e = 7 +pp+° { wp(1+ﬁk)k + wp(a mx)x + wp(a mp)p ]
W W
S - S R S . S
vALS g w(yu+py+m“)+wy prwy VAL e Y tPy iy e, = Dot e
PP BP
"
+ pA[yP+?P:E(yw+pu—mw}—wwju } £71(})

Substituting (30) in the expected welfare loss functivm (26), and minimizing
the resulting expression with respect to the B8, We end up with the following

optimal monetary policy parameters.

mo=-1 {31a;

m = a {31b}

mp :a {31c)

m, = = (v,4,) - Y—*’inf (W, - 250 (31d)
¥ _+p_ta

m, o (Ye*‘Pe) - """;;—— { WB - m:;? H {31e}
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m o= ysp - BB (315}

L 1s straightforward to show thet under full infermation, the welfare
foss can be fully eliminated by monetary policy. We are in a first best
situation, and the ampact of Iisbour market rigiditzes such as imperfect
indexation or insufficient response of wages to unemployment can be
neutralized by monetary policy.

What are the properties of the first-best optimal policy?

First, monetary policy must fully accommodate shocks to momey demand, in
order te neutrslize their impact on the domestic price of tradsbles, and hence
the real wege, which is the only channel through which they affect the welfare
loss.

Secend, wmonetary policy must counteract shochs in the world price of
tradables and the world interest rate, in such a way, as to meutralize their
mmpact en the commodity market, end hence the domestic price of tradebles, and
the real wage. The reaction elasticity 1s equal to the interest rate
semi—elastzcity of money demand, beceuse both of these disturbances operate
through the interest parity condifion.

The conditions for supply shocks and wage shocks have more to them,
Unlike the other shocks which affect the real wage, and hence the welfare
loss, only indirectly through the domestic price of tradables, supply and wage
shocks also have a direct effect on the real wage. In addition, supply shocks
like 4 and EN also affect the equilibrium real wage, necessitating an

adjustment in real wages if there is to be no distortion. Neither demand and
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external shocks, nor the wage shock necessitate such an adjustment. Thus,
mopetary policy must counteract wage shocks to ihe extent that they directly
disrupt the commodity market (yb+ﬂa}' but must also accommodate their direct
influence on the real wage. This is becsuse accommodation increases mnflatzon
and hence reduces real wages to their eguilibrium value. Similar, if more
complicated considerations arise with respset to the supply shocks., The extra
complication arises because such shocks necessitate an adjustment in real
wages. Menetary policy should neutralize their direct mnd indirect disruptive
influence on real wages, but only to the extent that = change 1n real wages 1s
different from the equilibrium change. This differsnee between lheir direct
effects on actual and eguilibrium wages is given by hL-A/{5+A} and
w@m(lﬁv}/(u(e+a)) respectively. In the case of a wage setting disturbance, we
need only be concerned about W, @s such s shock does not affect the
equilibrium real wage.

Having the nature of first best monetary policy 1n mind, we can move on
te examine second best monetary policy. Under imperfect information the first
best will no longer be attainable, but the menelary anthorities will still
have the same objective. I shall assume, along with the rest of this
literature, that what is currently observable by the monetary authorities is
the whole wvector of current prices in the economy. No current aggregate
quaniities are directly observed.

Thus, the authorities have to infer the currenl state of the economy from
the vector { 1. s. x, P Py pT. w j. It turns out that this vector 1s nol g
sufficient statistic for the curremt state. In addition, because of the

definition of the aggregate price level, uncovered interest parity and
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purchasing power parity for tradables, the informational content of thas
vector 1s the seme as that of the vector { s, x, Py W ). Given the
observations of the exogenous x and p, and assuming m = § in (18), the
informational conlent of exchenge rate depreciations s 1a equal to,

- W - N
Ig= k= Aytp ju = (y*p, )€ + (v, +p o

Given x, p and s, the extra informational content of w (see {14)) is,

N
= + 4
IH wyy wef wmu
No other price has exira informational content.
Thus, we cen specify a monetary policy rule that reacts to world price
and 1intereat rate shocks, but alse to current nominal exchange rate
depreciations and nominal wage changes. as, given these, no other price has

extra informational content. The monetary policy rule will take the following

form:
B = -ms - oW mxx - mpp (321
where m_ is the exchange market intervention elasticity, - m is the wage

accompodation elasticity, and mx. mﬁJ are defined as before. Substituting (32)
for m 1n (18}, we end up with the following reduced form exchange rate

equation:
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= 1 o e -
EEEATRE R EEAT { o Bpteprm iy hmx + (am e = (4 b Ju

N
- {YE+P€+D1"W8)€ + (Vu"% m v e ] (33)

Substituting {33} in the real wage equation {14), mnd the resulting equation
in the labour market disequilibrium equation {21}, the welfare loss measure
(26) 13 given by:

B _ayz2 uA® 2 2 Y332 o Y242
E[(ee);A] E;{wp{rk+(u+msmx) ?'x+(amp) rpé

"

=]
[

v, o
Dlerat! T Te

— Ay yzez o4y -
+ wpyy e tm )+ By, - o2 ) T Ty, rptm, )+ 2w,

+ [ w(y+p-mw ) - 2w 1

z KER]
PR e ww ta u} fan

where T = 3y +p tobm +(1-w_im .
SP Pp s { i

The policy pavameters that minimize (34) are the following:

mp =a (35a)
m’< =&+ o, (35}
L - e,
mo= s e {35¢)
3
oh’
= - + = - ‘o
o (YP+Fp+d} w‘”s B, {:15d)}

where:
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S Tz oz (36a)
WwWW S8 S5W
£~y oy~
SWWH W Sk
- W S 36b
s £ x -Ef (36b)
wW S5 swW
and
- F 202 -4 2.2
z'ss =l {y‘u+py} ry + {y8+p£} it (yw«?pu) Ta o 1.8 the variance of the

informational content of the exchange rate;

= wiTR 4 dr? 4 el

z 1 , 1.e the variance of the informastional content of
Wr [EArS e e ww

the wage;

Eog— z _ z z
Zow © (Y;.z+ py)wyry {y£+ pp v, Ty * (vt p W v . 1.e the covariance of the
informational content of the exchange rate and the wage:

= - E a 2
L= lA/(e*'\)](Yy'FPpJTF [(le/(V(éﬂ))?(Ye‘rpe)Te . i.e the covariance
between the equilibrium wage and the 1nformalional content of the exchange
rate;

- a _ z ; "
I [»\/(F-MHWJH + {(1 v)/(w(e+a)) w73 . 1.e the covarience between the

equilibriup wage and the informationel content of actual wages.

The expressions for m.o and mx are essentially the same as in the firat
best policy. The additional dependence of mx on o, the exchange intervention
parameter, 1s easily explained. Since & change in x affects the welfare loss
through pT = g+x, to the extent that x also affects s and triggers exchange
maritet intervention, this must also taken into account.

The expressions for the wage accommodetion and exchange market

intervention parameters are more difficult to interpret as they stand. It
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would perhaps be easier if we went through the steps involved i1n deriving
them.

To understand their derivation pote that Lhe authorities have a dual
problem. First, they have to get the best estimate of the equilibrium reai
wage. Second, they want to use meonetary policy to minimize the deviations of
the nctual real wage from the perceived equilibriwm real wage (look ot
equation (26)).

Assuming that the aulborities have rational expectations, their best
estimete of the equilibrium real wage, because of normelity, 1s given by the
regression of egquilibrium renl wages on the informational contents of actual

wages and the exchange rate.
Biwpl) =6 1 +o 1
' Wow s s
where @w and ¢s are defined as in equations (36a), {36b).

Using (34), {33) and the definitioms of the :nformetiona} content of

wages and the exchange rate, the actual real Wage 15 equal to,

E 3

T__p - -
Wep = z [ {a—mp)p + {a a:x+ms)x + IS mwlw] + Iw

Thus, deviations of the actual peal wage from the equilibrium real wage are

given by,

b - Bty = - L 0 . _ _ - -
wWep E{w-p’) = = [ wp(a mpjp wp(a mx+ms)x + (E¢$ wP)IEI +



Page 22
+ (E(l—éw)+mwwp}lw ]

Perceived deviations will be zero if mpﬂav mkﬁa+ms, and if, E#s = w_, and

B(l—#wJ:ﬂmwa. These conditions are equivalent Lo {35a}~(35d).

4. Interpretatron end Numericsl Analysis of the Second-Best Policy.

The exchange market intervention parasmeter is very similer to that of
Aizenman and Fremkel (1885). The main differences i1n my case arise because of
the independent informational content of wages, which make B, and ‘w different
from zero. Thus, I shell avord extensive discussion of the properties of the
exchenge market intervention parameter. As in Aizenman and Frenkel, there is a
relationship between wage indexation and optimal exchange market intervention,
and this can be discovered by substituting for yp, pp and wp n (35d). If wage
indexation 1s optimal (8* say)., then any arbitrary degree of exchange market
intervention would do. However, in my case, there 1s still & need for
independent reactions of monetary policy to wage changes.

To interpret the optimal policy somewhat differently, let me use (32) and

{35a)~{35d) to rewrite it as,

® 1

W
= - - + +p 4 — +; +
m ap — ax + { A ;. ax)

W

{w—8-x}
5

it 13 easy (although tedious}! to show that éw > 0 and és < @, in which

case the coefficient of s¥x is upambiguously positive. Thus, the first
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characteristic of the second best policy is monetary accommodation of
inflation in the iradables sector. The accommodation coefficient will be
higher the higher the elasticity of neominsl income with respect to prices
(yb+Pp)' the higher the elasticity of real wages with respect to tradables
prices (wp} and the hagher the interest rate semi-elasticity of money demand
fa}.

The second 1interesting question relates Lo the sign and magnitude of
monetary policy reacltions to changes im real wages (mw). The sign will depend
on whether ¢, 18 greater or less than unity. In gemeral, it is not pussible to
determine the sign of e, for all configurations of parameters. Furthermore,
the partial derivatives of n, with respect to the various deep parameters are
not easy te establish analytically. Thus, n Figure {, 1 present numerical
evaluations of the relationship hetwesp m and & range of velues of Lhe
elaslicity of substitution between labour and capital (o), the degree of
openess (v}, the clasticity of lsbour supply {e), and the Phillips curve
coefficient (#). In each case, the rest of the parameters are as in the basic
calculation reported in the note to Figure I. and the variances of the various
disturbances are assumed equal and have been normalized to unity. For the
elasticity of lebour supply and the degree of openness the relations are
monotopic¢ 1n the relevant ramge. Thus, the greater the degree of openness and
the greater the elasticity of labour supply, the more monetary policy should
react to wage inflation. This is because, with a more elastic supply curve for
labour, the excess burden from a given chenge in wages 1s higher. On the other
hand, the more open the economy, the higher the optimal m. This is mainly

because of my assumption that demand for labour in the non~tradable sector is
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independent of the wage, In the simulation presented, optimal monetary policy
could even accormodate chenges in real wages, for sufficiently closed
economies., As cen be geen from the simulations there is a relative
insensitivity of the wage reaction coefficient m, to the elasticity of
substitution o and the Phillips curve coefficient.

It s worth emphesizing the finding that W eppears to be pesitive 1n
most cases. This hes a simple intuitive explanation. When wages go up, this is
partiy a signal that equilibrium wages have gone up. Thus, monetary policy, by
reacting negatively to wage inflation, reduces price inflation, and thus
wcreases real wages even further, Gtowards the best estimate of the
equilibrimm wage that the nonetary euthorities can obtain from their

wncomplete information,

5. Conclusigns.

In this paper I have exemined optimal monetary policy and the
informational implications of the Phillips curve using s model of a small open
economy. The main difference from the existing literature arises when one
exsmines second-best policy under imperfect information. The existence of a
pegative relation between 1nflation and unemployment gives independent
informeticnal content to wage inflation, over and above the rnformational
content of other prices such as the exchange rate,

The second best poliey involves both exchange market intervention {as in
the series of papers by Aizenman and Frepkel), and monetary reacticns to wage

inflation. In a numerical simulation, for plausible parameter values. it turng
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out that monetary policy should counteract wage 1nfTlation. This 1s bercause
wage inflation is positively correlated with changes in the equilibrium real
wage, and monetary contractions serve to increase actual real wages, by

causing prices ic be lower from what they would have been otherwise.
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Appendix 1.

The Production Fumction and Labour Demend,

Assume that output in the tradebles sector i1s produced according to the
following CES production function:

S 1o x:

1, = exp('pt){ébt “+ (1-aig, ° } o (A1)

where m ~ NI{ O, ?; )}, o 18 the elasticity of substitution, and & the
distribution parameter.
Profit maximization implies that the marginal revenue product of labour

will be equal to the wage. In this cese,

Y W
{exp(yt)J (1‘0’/05( if )1/0 n ?E (AZ)
t

where Wt 15 the nominal wage, and Pt the price of tradsbles.

From {4l). taking the Tirst-order Taylor expansion of Iog(Yt),

Iog(YtJ = constant + nioght + {I—H}logﬂt +p {A3)
_i=
oL, e

where 7 = < 1, and bars denote equilibrium values.

1o i-o

= -
[éLt + (1-8)E, ]
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Assuming Kt = § always, taking deviations from log¥, logLl, and dropping

Lhe time subscripts, (A3) is transformed Lo,
¥ =nuE 4+ u (A1)

where yT = loth—Iog?t, ET = logl—togl. (Ad} is equivalent ko (1) 1in the
main text.

From (A2}, talking logarithms and deviations from log¥, logL, logW, and
iogP,

T_o_ e, T W
£ = i_ﬂ(wp)i‘l_ﬂy {A5)

(45) is equivalent to equation (2) in the text.



Footnotesg,

* The author would like to thank pariicipants at XESEM 86 for comments on a
previous incarnation of this paper. The support of the ESHC under grant no.
B00232164 13 also gratefully acknowledged.

1. Most of the features of this extensive literature are subsumed 1in the
recent popers of Aizenmsn and Fremkel (1985, 1988), and some of the papers

in Bhandari (1986}. These papers also provide additicnal references.

Z. Simplicity of course has its price. Thus, although one can gain important
insights frem simple models, one cannot avoid numerical and quantitative

techniques to corroborate such insights.

3. This 18 8 copvenient sxmplifying assumption, often employed in short-run
macro models. It allows us to focus on the properties of a stochastic
stationary state, for which the current values of transitory shocks do not
affect expectations about future values of shocks. See Aizeuman and Frenkel

(1985, 1986), and the references therein, for other applications.

4. In the appendix, it 1s shown how equations (1) and (2) can be derived

from a CES technology, and the assumption of profit meximizing firms.
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Figure i

Wage Accommodation Coefficients for

Alternative Parameter Values
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Notes: The values for the basic runms were
n=4{¢.75, o = 0.29, e = 0,20, v = {.80, n o= 2, = (.70, a = 3.00
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Ti = Ti = T; =T = For these values, ¢, = 0.18, ¢ = -0.36,
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