
Journal of International Economics 26 (1990) 267-290. Ncrth-Holland 

Reuven GLICK 
Federal Reserve Bank of San Francisco, San Francisco, CA 94105, CSA 

Clas WIHLBORG 

Gothenburg School of Economics and Universit; of Southern California, Lss Angeles, 
CA 90089, USA 

Received November 1987, revised version received September 1989 

We analyze how the real exchange rate effects of monetary and real shocks depend on the 
exchange rate regime within a two-country rational expectations model with confusion about 
money and real shocks. The model demonstrates that the real exchange rate effect of 
unanticipated monetary shocks is negatively related to the variance of the domestically-created 
money supp?y growth, and that the effects of increasing domestic money variance on the real 
exchange rate are less under a’ fixed rate regime than undtr a flexible rate regime. 

1. Introduction 

Rational expectations models of monetary policy suggest that the real 
effects of unanticipated monetary disturbances decrease as the relative 
variance of monetary shocks increases [see, for example, Lucas (1972, 1975) 
and Barro (1980)]. Lucas (1973), Kormendi and guire (19841, and Fry and 
Lilien (1986) have found support for this hypo is in tests of the relation 
between the variance of monetary shocks and the effects of such shocks on 
real output across countries. 

One problem with such cross-country tests is that they neglect the possible 
role of-differences in exchange rate regimes across count es. Kimbrough 
(1984), for example, shows that the degree to which an una icipated money 
supply change is perceived by agents, and therefore the output effect of a 
money shock, depend on the exchange rate regime. Under a flexible excha 
rate regime, exchange rate movements, in combination with other price 

*Earlier versions of this paper were presented at the ASSA-NAEFA meetings in New Orleans, 
30 December 1986 and at the WEA meetings in Vancouver, 8 My 1987. e are appreciative of 
comments by Paul Evans, Peter Kretzmer, and Robert Owens, and tw anonymous referees. 
The views presented in this paper are those of the authors sloca and ~5 no! Teflect those of the 
Federal Reserve Bank of San Francisco or the Poard of Governors of t’ - Federal 
System. 

2% 11996/90/$3.50 &j 199(s, Elsevier Science hshers 
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changes associated with a particular disturbance, help agents infer the nature 
of disturbances. Under a fixed rate regime, agents essentially lose the foreign 
exchange market as an information source, unless central banks reveal the 
extent of their foreign exchange market intervention. 

In this paper we analyze theoretically how the real effects of monetary 
shocks depend on the exchange rate regime. These effects depend on the 
ability of agents to infer the source of disturbances under different regimes, 
as well as on the degree to which disturbances within different countries are 
contained or diffused by exchange rate adjustment. We are particularly 
interested in deriving propositions concerning the relationship between the 
variances of domestic and foreign unanticipated money shocks and the real 
exchange rate effects of monetary policy under both flexible and fixed 
exchange rates. Our emphasis on real exchange rate effects, rather than on 
output effects, stems from several factors. First, the behavior of the real 
exchange rate under flexible exchange rates is a major policy concern due to 
its impact on output as well as on trade flows. Secondly, for future empirical 
work it may be advantageous to analyze monetary influences on a real price 
variable such as the real exchange rate, instead of output, since the latter 
effects may be more intractable due to adjustment lags. Moreover, in our 
framework, results regarding real exchange rate effects can be translated 
directly into output effects. 

We formulate a two-country rational expectations model of real exchange 
rate determination based on the assumption that economic agents possess 
imperfect information about money supply growth and real demand and 
supply conditions. Within this model we illustrate how the degree of 
confusion and the magnitude of the real exchange rate effects of disturbances 
depend on the exchange rate regime. We abstract from other possible causes 
of real exchange rate adjustment to monetary disturbances such as slow price 
adjustment.’ 

The assumption of imperfect information has also been employed in 
international macroeconomics models by Bhandari (1982), Kimbrough (1983, 
1984), Koh ( 1984), Flood and Hodrick (1985a, 1985b), Glick and Wihlborg 
(1986), and Glick (1986). Except for the work of Kimbrough, however, these 
models generally analyze the nature of adjustment under flexible exchange 
rates only. Our model addresses the fixed exchange rate case as well. In 
contrast to Kimbrough, our two-country framework enables analysis of the 
role of foreign as well as domestic disturbances. 

The organization of the paper is as follows. In section 2 we develop a two- 
country model of goods market equilibrium in which the real exchange rate 
and the real interest rate are A. Nn to depend on real demand and cost 
disturbances and on expectations about the future real exchange rate. In 

‘See, for example, Dornbusch [ 376), Qbstfeld (198S), and Wihlborg and Antoncic (1986). 



R. Glick and C. Wihlborg, Monetary shocks 269 

section 3 we model money markets in the two countries under flexible 
exchange rates and show how both monetary and real disturbances may 
influence the real exchange rate. Agents’ perceptions of each period’s shock 
depend on ‘signals’ obtained by observing current goods and asset market 
prices and conditions. The nature of the signals provided by money markets 
depends importantly on the exchange rate regime. In section 4 we discuss the 
distinction between fixed and flexible exchange rates and model the money 
markets under fixed exchange rates. We compare the magnitude of adjust- 
ment of the real exchange rate to different disturbances with that under the 
flexible rate regime. In this section we also ask whether Kimbrough’s (1984) 
result that a fixed exchange rate regime is informationally inferior to a 
flexible regime can be extended to a two-country model. Propositions are 
derived concerning the real exchange rate effects of monetary disturbances in 
both countries and for differences in adjustment across exchange rate 
regimes. Section 5 discusses extensions to the basic model. In section 6 we 
present conclusions. 

2. Real exchange rate determination in goods markets 

This section formulates a two-country model of the adjustment of the real 
exchange rate and real interest rates to demand and cost disturbances in the 
two countries. In the notation below all lower case variables other than 
interest rates are natural logarithms. 

The two economies produce distinct outputs. Aggregate output supply in 
the domestic country yf depends positively on the domestic real interest rate 
rl and negatively on an unobservable random cost disturbance c,.~ A similar 
relationship (in which the foreign counterparts of domestic symbols are 
marked by asterisks) governs the aggregate supply of foreign output: 

(1) 

c, = PCC, - 1+ 5,) c,* = p;c;_ 1+ e,*,. (2) 

The specification of supply in (1) as a function of the real interest rate 
reflects the intertemporal decision of producers concerning how much of 
their product to supply in the current period and how much to supply in the 
future.3 The domestic (foreign) cost disturbance consists of a serially- 

21t is implicitly assumed that agents know the distribution functions of all random variables 
as well as the structural parameters of the economies of the two countries, but cannot observe 
aggregate quantities, such as output. Thus, individual observations of quantity variables are 
idiosyncratic and completely uninformative about aggregate cost and other disturbances 
introduced below. 

3Work empl y g o in this specification includes Barro (1980), Bhandari (1982), Kimbrough (1984), 
and Glick ( 1986). 
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correlated term and a current (white-noise) shock term, E,, (6:). This 
disturbance can be associated with exogenous factor cost increlPses or adverse 
productivity movements. 

Aggregate demand for the domestic (foreign) country’s e utput depends 
negatively on the domestic (foreign) real interest rate, negatively (positively) 
on the real exchange rate qt, defined as the price of domestic olutput in terms 
of foreign goods, and positively on a random disturbance term dt (@): 

(3) 

dt = Pddt - 1+ Edt, 

The domestic (foreign) demand disturbance term is unobservable and 
serially correlated with a white-noise shock term &dt (&It). It may be 
interpreted as representing the effect on demand for locally-produced output 
of autonomous private or fiscal spending arising either domestically or 
abroad. For simplicity, we have ignored direct income interactions between 
the demands for output in the two regions. We relax this assumption in 
section 5. 

Let st denote the nominal exchange rate, defined as the foreign curency 
price of domestic currency, and let Pt (pF> denote the domestic-money 
(foreign-money) price of domestic (foreign) output. Then the real exchange 
rate qt is defined as: 

4t=%+Pt-P,*. 

Denoting the home ,and 
real interest rates’ are: 

(5) 

foreign nominal interest by it and i:, respectively, 

. 
rt = 1, - (EP t t+rPt)9 

’ * rf=1, - (EP t ,“+rPf% (6) 

where Et denotes expectations formed at time t.4 
Assuming risk neuts;;ility and perfect capital mobility, equilibrium in the 

. international bond m&&t requires that the domestic 
equals the foreign nominal interest rate if minus 
appreciation of the domestic currency (which may 
exchange rate regime): 

nominal interest fate it 
the expected nominal 
be zero under a fixed 

. 
I, = 2, ‘*-(Qt. 1 --St)- (7) 

4Defining the real interest rate in terms of the price of locally-produced output as opposed to 
a weighted avqfage of domestic and foreign output prices does not affect results. The same 
assumption is matained below in the definition of the real balance deflator in the money 
market. 
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A direct consequence of this nominal interest parity condition and the 
definitions of the real interest rates and the real exchange rate is the 
following real interest parity condition: 

*- r, = rt @q t t+l-%)* (8) 

The goods market equilibrium conditions in the two countries may be 
used to derive semi-reduced-form equilibrium expressions for the real 
exchange rate and the domestic real interest rate by setting yt=yS and 
Yt Sd= rlrs yt , substituting for r 11: d,, dr, c,, and cr with (8), (4), and (2), 
respectively, and solving jointly for qt and I-~: 

%=~0+w44,+1 - H,(p;df- 1 + ~2~ + p,“c,“_ 1 + ecs,) 

where 

K()= (b,-a,)(Qf+b~+bf)+(b$--as)b, 
H4 

9 

. 

K =bzM+W K b2 
1 

H4 ’ 

K (af+br+b,*) 

2=H4’ 3= H4 ’ 

Ho= (bo - a,)(@ + &I -4b8 -4h + h ) 

H4 
9 

H = ta: + b,)(a’: + b?) 
1 

H (at+b?) 

H4 ’ 3=H4’ 

H4=(al +b,)(aT + br + bz) + b,(af + bf). 

Assuming b. xzo and b: XJ& all coefficients (except possibly 
positive and depend on the a and b parameters of the demar.; and 
expressions. 

Expression (9) states that the current real exchan 
(negatively) on current and lagged domestic (foreign) de 
shocks, and positively on th cted future re 
an increase in domestic de 
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pressure in the domestic goods market. This induces a relative price shift in 
favor of domestic goods, i.e. a real appreciation of the domestic currency. An 
expected real appreciation, i.e. an expected increase in the future relative 
price of domestic goods, implies a lower domestic real interest rate. This 
creates excess demand pressure by inducing lower current supply and higher 
current demand for domestic output. Consequently, a real current domestic 
currency appreciation is necessary to reduce current demand. Note also that 
the domestic real interest rate depends positively on both domestic and 
foreign real disturbances. As has been noted by others [e.g. Obstfeld (1985)], 
flexible exchange rates do not insulate a country’s real interest rate (and 
correspondingly, its Gutput level) from foreign shocks. 

Observe from (9) and (10) that qt,rt, and, because disturbances are serially 
correlated, E,q, + 1 as well, depend on domestic and foreign additive compo- 
sites of the unobservable current disturbances, d,+c, and &t cf. Assuming 
that (i) at any time t agents can observe the current market prices rt and qt, 

(ii) they know the magnitudes of all lagged disturbances, & 1, ct _ 1, df!. 1, and 
c,*_ 1, and (iii) they form expectations identically from homogeneous infor- 
mation sets, observation of the goods markets equilibrium conditions 
provides agents with two excess demand signals, SB1 =E,,, + &ct and Sz = 
e,*, +& which are composites of the underlying current shock components of 
the disturbances.’ As long as the serial correlation coefficients for demand 
and cost disturbances are unequal (pd #po pz #p,“), agents have an incentive 
to distinguish among current demand and cost shocks in order to better infer 
the serially correlated component of future disturbances. 

We conclude this section by noting that the effects of disturbances on the 
real exchange rate can be translated directly into output effects. The 
aggregate supply equation (1) implies that output depends on real interest 
rate and actual (local) cost conditions. From (lo), the real interest rate in 
turn depends on the actual realizations of real disturbances and the expected 
real exchange rate. Thus the real output as well as real exchange rate effects 
of confusion about disturbances is transmitted through the impact of this 
confusion on the expected real exchange rate. We show in the next two 
sections how money markets, first under flexible exchange rates and subse- 
quently under fixed exchange rates, provide additional signals about current 
real disturbances to the real exchange rate. 

ets an ge rates 

We assume that in each country money demand depends positively on 
local output and the local price level and negatively on the local nominal 

‘Note that even if the real price variables q and r are not directly observable, q’ can be 
discerned from the observation of the nominal variables, s, p, and p*; while t can be determined 
from i through (6) with knowledge of price expectations which are identical for all agents. 
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interest rate. Under flexible exchange rates, money market equilibrium 
requires that the locally-created money supply in each country, m, and m:, 
equals money demand: 

m,=pt+~2yt-alit, mr=pf+a$yt*-ufi,*. (11) 

m, (mf) is assumed unobservable and determined exogenously as the sum of 
a serially-correlated term and a white-noise term: 

m, = Pm4 - 1 +hlt9 ml*=pgm,*_ 1 +Ez,. (12) 

Recall that the nominal price variables p, s, and p* are definitionally linked 
by the real exchange rate 4 according to eq. (5). The money market 
equilibrium conditions in the two countries can be used to solve for any two 
among these three variables. Solving for p and s, the domestic money market 
equilibrium condition, together with (3), (4), and (6), can be used to derive 
the following expression for the domestic price level? 

+alEtPt+l --%(Pt+l4-1 +&ft)n (13) 

while the foreign money market condition, together with (3)-(8), provides the 
following expression for the nominal exchange rate: 

st( 1+ a:) = pzm,“_ 1 + e$ - (1 +ar)p,-alf6$ +(aZbf +af)rt 

The above two expressions yield the money market signals S,, =cmt - 6t2&& 
and S$ =&z, - a~& respectively, which are composites of local real demand 
and money supply shocks. 

To determine the equilibrium adjustment of the real exchange rate, recall 
that 4 depends on current real disturbances and on expectations of the future 
value of 4 from (9) and that the serially correlated nature of disturbances 
implies that these expectations depend on current disturbances as well. 

%Iote that (3) is used to substitute for yI and y,*. This implicitly assumes that money demand 
depends on goods demand and leads to the result below that the money market signals depend 
on real demand disturbances. Using (1) instead would cause these signals to depend on real cost 
disturbances. The final results are independent of which assumption is made. 
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Accordingly, we postulate the following reduced-form equilibrium relation 
between the real exchange rate and current and lagged disturbances: 

where 4 is the long-run average real exchange rate and the B coeficienis, 
indicating the sensitivity of q to current and lagged disturbances, depend on 
the structural parameters of the system in a manner described below. (It is 
shown below that the lagged money coefficients, B, and B$ are both zero.) 
Solutions for the other endogenous variables - r, p, and s - can be 
postulated in an analogous manner. E,q,+ 1 in (9) is obtained by forming 
expectations of the forward-dated equivalent of (15). 

Agents’ expectations of the shocks in period t are conditional on the 
information set containing the four signals S,, S$ S,, and SE. 
expectations can be computed from projections on the signals:’ 

a;+a,t 

L 

--a& 0 0 -1 -ui$r; 0i+Ut;a,2 0 0 
X 1 

0 0 0z2+dr2 t2 
C -a2=d 

0 0 * *A - a2Cid Cam +af2a,*2 m 

Solving further yields: 

Et&m, =Emt - Ct2 6d&& - 6C&C, -i- !&?C , 
a2 1 

These 

Wa) 

‘The matrix expression for conditional expectations is based upon the well-known Bayesian 
formula for conditional expectations. In the expression the first matrix on the right-hand side 
contains the covariances of the disturbances and signals, and the second matrix is the inverse of 
the variance-covariance matrix of signals. Alternatively, the conditional expectations can be 
computed from the projection folnula for expectations of a given disturbance E,, formed 
conditionally on an information sei consisting of the signals S, and s2,, where a, may be a set of 
other signals [see Sargent (1979, pp. 208-209)]. 
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E& = e; - 0”E” 
e,*&,*,-e,*&z+J= , 6 1 

275 

(1w 

MC) 

( w 

fJ2a2 edz ; m, e,=“:“f *m=u~~~~f, 
A A 

a*20*2 
0$=?, 

tJ$2cr*2 
*pd*’ *g= 

uf2a,*2dr2 C 

A* ’ 

A-~~~;+o~~J~+oL~cT~~~ - 
m c 2 d c, A*=a~2at2+a~2~2+~T2bd*2~Z, 

e,+e,+e,= 1, e;+e:+eg= 1, 050i, 0i*r 1, 

and the o2 denote the absolute variance of individual shocks. Expressions 
(16a)-(l6f) relate the conditional expectations of current shocks to their 
actual realizations. The 8 ((!I*) parameters, representing the relative variances 
of individual domestic (foreign) shocks, reflect the noisiness of market 
conditions and hence the degree of confusion by agents about the shocks 
they cannot directly observe. Thus, for example, & indicates that confusion 
about real domestic demand disturbances is high when the variances of 
domestic cost and money shocks are relatively large since, in that case, 
market conditions primarily reflect fluctuations due to c 
disturbances, and reveal relatively little about de 
perceptions of domestic disturbances depend o 
and not on foreign conditions in this particular 
under flexible exchange rates t 
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to distinguish between domestic and foreign shocks. Thus, under flexible 
rates confusion about domestic shocks is insulated from further confusion 
due to foreign shocks. In the extension presented in section 5 these results 
are modified when additional interactions between the goods markets are 
considered. 

IA the absence of any confusion about current shocks, the 8 and 8” 
parameters equal zero. In general, confusion will exist and agents will not 
fully perceive all shocks. Expression (16b), for example, says that, with 
imperfect information, expectations of real domestic demand shocks depend 
on domestic money (and cost) shocks. More specifically, positive money 
shocks result in lower expectations of demand shocks. The effect of a given 
money shock on perceptions of real demand disturbances is magnified the 
smaller are the relative variances of money disturbances (the greater is 0,). 
Expectations of cost and money shocks may be interpreted similarly. 

To solve explicitly for the B coefficients in (15), first use (16a)-(16f) in the 
expectation of its forward-dated equivalent to form E,q,+ 1 and then substi- 
tute the resulting expression in (9). Rearranging and equating coefficients 
term by term with (15) results in the expressions in table 1. 

In either the case of perfect information, characterized when the relative 
confusion parameters, 0 and 8*, are equal to zero, or the case when the serial 
correlation of real demand and cost disturbances are equal (implying 
R,= R,, Rz = RT), the real exchange rate depends only on real demand and 
cost shocks, and not on current or lagged money shocks 
(B,,,=B~=&,=B~= 0). In the case of imtperfect information and serial 
correlation differences, current domestic and foreign money supply shocks 
will influence the real exchange rate. Lagged money disturbances have no 
effect since it has been assumed that agents know all past disturbances with a 
one-period lag. 

Note that the sign of the exchange rate response depends on the relative 
magnitudes of demand and cost serial-correlation parameters. If domestic 
demand disturbances persist more (less) strongly than cost disturbances, then 
R, - R, > 0 ( Rd- R, < 0) and a positive domestic money supply shock causes a 
real domestic currency depreciation (appreciation). It should also be noted 
that if Rd- R, and Rj - Rf have the same sign, then domestic and foreign 
money supply shocks affect the real exchange rate in opposite directions. 

The possibility that a positive domestic monetary shock may cause a real 
domestic currency appreciation may seem surprising, but the explanation can 
be found in the nature of each country’s goods and money market signals. 
Assume, for example, that a money shock occurs which causes an under- 
estimate of the current demand shock (E&d,). Because the goods market 
signal reflects the sum of real demand and cost shocks, any underestimate of 
the demand shock implies a corresponding overestimate of the cost shock. 
The effect of these misperceptions on the current exchange rate, working 
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Table 1 
Real exchange rate response coefficients - flexible exchange rate. 

q,=d+B,m,-,+B,d, 

+ s”a*&;t + &SE* 
C C? 

q=H,/(l -If,)>0 

B,,,=O, Bd = H3 Rd > 0, B,=H,R,>O 

B:=O, B;= -H,R,SaO, B:= -H,R,*<O 

E = y -B,(R,- R,)H3H, >O d 

B”& = e!wFR,S~H2Hl>() 

a! 
< 

&j*=-y+@(R;-R:)H,H,<O 

-8,S(R,*-R,*)H,H,<O 

Rd=A 
l-Hlpd' 

R,=A 
1 -HIP,’ 

R$= pd* 
1 -HI&’ 

RpL 
1 -HIP: 

through expectations on the future exchange rate, depends on the relative 
persistence of shocks. If cost shocks persist more strongly, then the effect on 
real exchange rate expectations of the overestimate of the cost shock 
dominates that of the underestimate of the demand shock. As a result, a 
domestic real appreciation is expected, and the real interest rate falls. This 
induces an excess demand for domestic goods and consequently a current 
appreciation of the domestic currency.* 

Most importantly, note that the larger is af (a:‘) and hence the smaller is 

*In empirical studies of monetary innovations under flexible rates, such as that of Engel and 
Frankel (1984), it has been observed that an unanticipated increase in the money supply causes 
a real interest rate increase and an appreciation of the domestic currency. In our model, a real 
interest rate increase occurs in combination with a real and nominal depreciation after a 
monetary shock if the serial correlation of demand disturbances exceeds that of cost distur- 
bance*;. On the other hand, a real appreciation occurs in combination with a fall in the real 
interest rate under the reverse condition noted in the text. Engel and Frankel explain their 
results within a sticky-price model by assuming expectations of a reversal of monetary policy. 
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&,, (8:) and the confusion about domestic (foreign) money 
less the absolute response of t e real exchange rate to 
money supply shocks, Em (F$), given the variance of real 
for reasons noted above, the response of 4 to 8, (E:) is 
(0 ) 

9 
m* 

supply shocks, the . 

domestic (foreign) 
shocks. Moreover, 
independent of 0: 

These results are summarized by the following proposition: 

Proposition I. Under flexible exchange rates, the absolute magnitude of the 
adjustment of the real exchange rate to an unanticipated domestic (foreign) 
money supply shock is (a) decreasing in the variance of the domestic (foreign) 
money supply shock, given the variawe of real shocks, and (b) independent of 
the variance of the foreign (domestic) money supply shock. 

In section 5 we show that the latter part of this proposition is modified if 
additional interactions exist among the goods markets. We conclude this 
section by noting that the response of 4 to current real domestic and foreign 
shocks also depends on the degree cf confusion about these shocks and on 
the serial correlation parameters, as discussed above. 

4, Money markets and equilibrium under fixed exchange rates 

In this section we assume that monetary authorities fix or manage the 
nominal exchange rate, and analyze the real effects of unanticipated mon- 
etary and real shocks. We focus on the perfectly fixed exchange rate case in 
the formal analysis, but it may be generalized to any regime under which the 
central bank intervenes according to a rule involving only observable 
variables. Under these conditions, the exchange rate does not contain 
information about unobservable disturbances, and central bank intervention 
is equivalent to a fixed exchange rate regime in terms of informativeness.10 

Under fixed exchange rates, a distinction must be made between changes 
in the money supply that are due to local credit (m,,mF) and to international 
reserve movements associated with foreign exchange intervention (and also 

e money multiplier, which is ignored here). We continue to assume that 
the local components of the money supplies follow the exogenous processes 
described in (12). The international reserves component of the money supply 

‘Note that a It ho g u h confusion about disturbances in each country (Ei,Ef) is independent of 
disturbances in the other, the real interest rate and output levels in each country are not 
insulated frobm monetary disturbances in the other since, as table 1 shows, q depends on E:. 
Intuitively, the real exchange rate depends on foreign, as well as domestic, shocks. 

‘OThis presumes also that agents know the parameters of the intervention rule followed by 
monetary authorities, and information is homogeneous among agents. This last assumption 
contrasts our model with the analysis of, for example, Flood and Hodrick (1985a), who assume 
heterogeneous information among agents. In their model, ‘asset-market specialists’, but not 
‘goods-market specialists’, know all current disturbances. 
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responds endogenously to disturbances to foreign as well as domestic money 
supply and demand. This implies that the equilibrium conditions (13) and 
(14) are no longer independent, and hence that they do not p--ovide 
independent money market signals. Rather there is a single world money 
signal obtained from the world money market equilibrium con 

This discussion implies that the distinguishing criterion between flexible 
and fixed regimes is not the degree of flexibility of the exchange rate per se, 
but the extent to which there are unperceived international reserve move- 
ments. In the absence of fully announced intervention actions, agents lack the 
ability to separate out the effects of foreign conditions on the market-clearing 
variables they can observe.’ ’ In our model it is assumed that reserve 
movements are observed with a one-period lag and the (nominal) exchange 
rate is perfectly fixed. 

The world money supply consists of the sum of international reserve 
holdings (assumed denominated in domestic currency) and of the locally- 
created money supplies in the two countries, implying that the log of the 
world money supply can be expressed in the following way: 

m,“=[w,(l -w2)+wW-w~)]X~+wlwtmt+w~w~m~, (17) 

where my and x7 are (the logs of) total world money and international 
reserves, respectively; w1 and wr denote the share of world money held in 
each country, w1 + wf = 1; and w2 and wg denote the share of locally-created 
money in the money supply held in each country.12 The (fixed) nominal level 
of the exchange rate is normalized to 1, implying s =O. Both the locally- 
created money supplies, m, and m,*, and international reserves are unobserv- 
able in the current period. 

The equilibrium condition in the world money market is: 

mr=wl(P,+~,Y, -&it)+ wf(p,*+uzy,*-ufi,*). (18) 

For simplicity, it is assumed that there is no growth in total international 

“Flood and Hodrick (1985a) show that if monetary authorities determine the money supply 
in relation to the level of international reserves and if they announce current foreign exchange 
intervention, rendering this vrriable observable to private agents, then, as in our model, the 
information content of the money market signal (gr, in their model) is identical to that under a 
free float. 

12Specifically: w1 =(M+X)/Mw, w’:=(M*+X*)/M”, w2= M/(X+ M) and wf=M*(X*+M*), 
where capital letters denote levels in natural units of their lower case analogues. 
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reserves, i.e. 3~: =0.13 Expressions (17) and (18) together with (3)--(8) and (12) 
then yield the following relation for the domestic price level: 

+(l--a%f+bf))q, 

Under the usual knowledge assumptions, (19) yields the money ma:‘:et 
signal S,, = w,( WOE,, - a2Edr) + wr( WOE:, - a:&,*,). Note that SM is a weighted 
average of the domestic and foreign market signals that were obtained under 
flexible exchange rates. As long as the serial correlations of money supply 
and demand disturbances differ between the two countries, then there is 
value to agents in being able to distinguish between the country of origin of 
disturbances. 

Analogously to the flexible rate case, agents’ expectations of the current 
shocks, conditional on the signals Ss, St, and SM, can be determined by 
solving: 

= 

X 

-0 WI w24l 0- 

d - wla2ai 0 

0: 0 0 

0 wTw;az2 0 

0 + $ *2 $2 
-wla2*d Od 

-0 0 azFz - 

_ 9 9 

0 * * $2 - w1 a2ad _ 

’ 3Note that with x,W- -0, (17) and (18) imply that w,(~~m,-m~)=w~(m:~-w2~n~), i.e. an 
excess supply of locally-created money in the domestic country equals the excess demand for 
money abroad, where rn:’ and tid denote the demand for money domesticaily and abroad, 

he excess supply of money domestically corresponds to an international reserve 
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which implies: 

281 

E p Pmt =Emr--e2y* t&q,,-tI&,+ !fLS 
e2 1 - YEmr 

(204 
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In addition to the 8’ parameters, which have the same interpretation as the 0 
parameters in ( 16a)--( 16f), (20a)--(20f) contain y parameters representing 
relative world confusion about local-money shocks. For example, y* reflects 
the degree of world confusion about foreign money shocks. y* (y) is 
decreasing in the variance of foreign (domestic) unanticipated money and 

in other variances. 
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Tn contrast to the flexible rate case, perceptions of domestic shocks depend 

on foreign as well as on domestic shocks because agents cannot distinguish 

between domestic and foreign money shocks. Under fixed exchange rates, 
local confusion is not insulated from confusion about foreign disturbances. 
Note also that the eflects of a given domestic (foreign) money supply shock 
on perceptions of domestic real demand and costs shocks is magnified the 
greater is world confusion about foreign (domestic) money, i.e. the greater is 
Y’ (I+* 

The real exchange rate response coefficients under a fixed rate regime can 
be determined by substituting (20a)-(20f) in the implicit expression for 
IQ,+ 1, inserting the resulting expression in (9), and comparing coefIicient 
terms with (15). The resulting expression’s coefficients, denoted with prime 
signs to distinguish them from those for the flexible regime, are presented in 
table 2. Note that the coefficients for lagged disturbances are the same as in 
the flexible rate case. 

A number of interesting differences between the fixed and flexible exchange 
rate cases may be seen by a comparison of tables 1 and 2. A comparison of 
coefficients for money shocks shows that &!’ = B~(w~w~)/(w, w,) and Bz = 
wzr*(@~/0,)Z3~+ ~~(w~/wT)~(~~‘/e~)~~. The fixed exchange rate adjustment 
coefficients are weighted averages of those under flexible rates. 

These expressions point to four factors that differentially influence real 
exchange rate adjustment under fixed and floating rates. First, the degree of 
local confusion about money shocks is relatively less under fixed rates, since 
t&/0,,,< 1 and 0:/6X c 1. These ratios approach unity as the share of 
international reserves in each country’s money supply falls (i.e. as w2 and wz 
tend to 1). Second, under flexible rates, with the symmetry assumptions, 
H2 = H3 and Rd- R,= R$ - R,*, domestic and foreign money shocks influence 
q in opposite directions while under fixed rates the shocks affect 4 in the 
same direction. Third, since the effect of a money shock on the real exchange 
rate under fixed rates is a werghted average of those under flexible rates, for 
a given level of world money confusion (y, y*) the real exchange rate effect of 
a monetary shock is gener&y smalL;r under fixed rates than under flexible 
rates. The reason is that a rnoiq shock’s origin is unknown under fixed 
rates and confused with both domestic and foreign real shocks which have 
opposite effects on the real exchange rate. Fourth, under fixed rates the 
world integration of moqey markets diversifies confusion about money (since 
y < i, y* c 1) and in turn reduces the exchange rate effect of money shocks in 
each country. 

For comparison with Proposition 1, we investigate how exchange rate 
adjustment depends on money supply variances. Observe that the absolute 
magnitude of the response of the real exchange rate to a money supply of 
given origin depends under sym nditions on Y 
absolute value of which is decrcasi variance of the locally-create 
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Table 2 

Real exchange rate response coeflicients - fixed exchange rate. 
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money supply in either country (a:, a:‘). Under flexible rates, the response of 
q to domestic money shocks was seen to be independent of the variance of 
foreign money supply shocks. 

This discussion can be summarized in the following proposition for the 
fixed exchange rate case: 

“reposition 2. a Under fixed exchange rates, the absolute magnitude of the 
adjustment of the real exchange ra te to an unanticipated locaLdomestic (local- 
foreign) money supply shock is (a) generally smaller than under flexible rates, 
(b) decreasing in the variance of both domestic and foreign money supply 
shocks, given the variance of real shocks, and (c) is less sensitive to changes in 
the local-domestic (local-foreign) money suppr’y variawe than under flexible 
exchange rates. 
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We conclude this section by turning to Kimbough’s argument that a fixed 
rate regime is ‘less informative” than a flexible regime about monetary and 
real disturbances. In Kfmbrough’s small-country model, ‘less informative’ is 
interpreted to mean that the variance of output around its full information 
equilibrium level, i.e. the level prevailing when all current shocks are known, 
is larger under a fixed exchange rate regime than with flexible exchange rates. 
In our model, ‘informativeness’ in Kimbrough’s sense can be measured by 
the variance in the real exchange rate that is attributable to unanticipated 
disturbances. 

To examine the relative variability of the real exchange rate under different 
regimes, we denote by O& the variance of the real exchange rate attributable 
to domestic and foreign unanticipated money shocks under flexible rates. 
Expression (15), together with the assumption cri = cz2, imply: 

The analogous expression under fixed rates (o$) is: 

Under the symmetry conditions above, G$ is less than &,. This impli- 
cation of a fixed exchange rate regime seemingly contradicts Kimbrough’s 
argument that flexible exchange rates are more informative. However, the 
discussion above refers to relative exchange rate variability attributable only 
to unanticipated money shocks; it does not take account of the exchange rate 
regime on the variability that is conditional on unanticipated real shocks. In 
fact, from inspection of the relevant coeficients in tables 1 and 2 it can be 
shown that exchange rate variability attributable to real shocks is larger 
under fixed rates since those in the fixed rate case involve more terms. 
Moreover, by somewhat tedious manipulations, it can be shown that under a 
fixed exchange rate regime the variance of real exchange rate (and of output) 
attributable to all unanticipated disturbances, real as well as monetary, is 
larger than under flexible rates. This implies that Kimbrough’s result holds in 
our two=cauntry model as well.14 

The implications of our analysis also accord partially with the literature on 
optimal exchange rate intervention which generally argues that a fixed rate 
regime is more advantageous when money shocks dominate real shocks.’ 5 In 

14The proof can be obtained from the authors upo ~2 request. Flood and Hodrick (1986) show 
that the conditional variance of the real exchange rate may be more or less under flexible rates. 

1 ‘See for example 
(1989). ’ 

, Boyer (1978), Henderson (1979), Daniel (19851, and Glick and Hutchison . 
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our framework, fixed rates are more informative about monetary shocks and 
less informative about real shocks. Moreover, since an increase in the relative 
variance of money shocks tends to reduce confusion about the effects of 
money shocks, fixed rates are informationally less inferior as money shocks 
become more dominant. 

5. Extensions 

In this section we discuss possible extensions to the model. We focus on 
the analysis of whether Propositions 1 and 2 generalize to a case in which 
the goods and money market signals in each country are less insulated from 
the effects of confusion about disturbances in the other. We do this by 
introducing foreign demand disturbances directly into each country’s aggre- 
gate demand equation (3). Thereafter, we briefly discuss other possible 
extensions. 

The direct demand interactions are introduced into eqs. (3) by adding the 
terms b3df and b$d,, respectively. The b3 and b$ parameters, 0s b3 s 1 and 
05 b3 5 1, reflect the extent to which foreign aggregate demand disturbances - 
affect local aggregate demand in each country. To facilitate a solution, we 
define h, =d, + b3d,* aEd h,*=dr+ b!d, as composites of the domestic and 
foreign demand shocks in &e two countries. 

It is straightforward to observe that in solving for (9) and (10) and 
subsequently ( 13) and ( 14) for the flexible case arid ( 19) for the fixed case, h, 
appears in place of d, and h: in place of d:, *espectively. It follows that the 
goods market signals become SBI =&ht + e,, and S:t =s;il, +s,S,, while, in the 
flexible rate case, the money market signals are S,, =e,, -TV&,,, and Szl = 
&* mt -a!& and in the fixed rate case S~t=w1(w2&,t-a2&,,l)+ w~(w~E+I+$). 

The projection system for computing conditional expectations in the 
flexible rate case is now: 

a,z 0 0 0 

X 
- u2a; ai + a;o; - a2a:h 

ath - a2ai!h 0,*2+a*2 
C 

u2a!ath 
* 12 

-a2% 

-s,t 
s 1 
-1 s;; ’ 

szt 
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where Cov(Eh,&h*)~a~~=bfba2+bfa,2. Note that the variance-covariance 
matrix of signals is no longer block diagonal. The exchange rate projection 
system for thz fixed rate case is not presented since it is affected in an 
analogous manner. 

Skipping the tedious details, it can be shown under the symmetry 
R, = R$ -RF and H3 = H2, for flexible rates, B& equals: 

- [(~:2+a~2~2)(ahza;r2-(ah*h)2)+~2~~2(6jT-bh*h)]a~~~(Rh- R,)H,H, 

b2Ql 
9 

(23) 

and for fixed rates, Bg equals: 

where 

and 4, _6*, g and A*‘, a.re redefined by replacing C: and a$” by oit and t~,*~, 
respectively. Note that in the absence of direct income interactions, o& =0, 
and the above expressions reduce to the corresponding expressions in tables 
1 and 2 under the same symmetry assumptions. 

It is straightforward to establish that Proposition l(a) still holds. Under 
flexible exchange rates, &, depends on ~ri through the denominator Sz in 
(23), which in turn is a positive function of ai. Proposition l(b), however, 
needs to be modified because with direct income interactions, flexible 
exchange rates do not insulate the response of the exchange rate to domestic 
money shocks from confusion about foreign disturbances. It can be estab- 
lished that the larger is cr,, *2 the larger is the absolute response of the real 
exchange rate to domestic ‘Lnoney supply shocks? Intuitively, an increase in 
Cam increases confusion about the foreign real demand shock entering the 
dimestic goods and money market signals and hence about domestic money 
shock. The relative role of ai as a source of confusion about real shocks is 
correspondingly reduced. 

“In establishing this result and those below, we assume that al > a:), and at2 > o,*,. 
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In the fixed rate case, Bg depends on sk and az2 through the denominator 
Q’ alone. Since Q’ is a positive function of cri and crz2, it follows that 
Proposition 2(b) is unchanged: the absolute response of the real exchange 
rate to an unanticipated local-domestic (local-foreign) money supply shock is 
decreasing in the variance of both domestic and foreign money supply 
shocks. 

Finally, we consider Propositions 2(a) and 2(c) which assert that the 
sensitivity of the coefficient of real exchange rate adjustment to domestic 
money shocks is less under fixed rates and the effect of increasing domestic 
(or foreign) money variance is smaller under fixed than under flexible 
exchange rates. While not immediately obvious, it can be shown that these 
results do indeed generalize under the assumptions made above of symmetry 
and shifts in real domestic demand having a stronger impact on the demand 
for domestic goods than on demand for foreign goods (i.e. b3 and b$ < 1). 

Another possible extension of the model is to relax the assumption of 
flexible prices in the determination of aggregate output. Many models 
attribute the real eflects of monetary disturbances t,rf wage or price rigidity. 
To the extent that the price rigidity embeddeti in contr-z, Y is based on 
relative confusion about underlying disturbances, the degrea of this price 
rigidity may itself be a function of the relative variances of monetary and real 
disturbances along the lines of our analysis. 

Allowing for international capital immobility would create additional 
channels through which monetary policy could have real effects. With such 
an extension, an additional source of disturbances - relative bond supplies - 
and an additional signal - the interest differential - would exist under both 
fixed and flexible exchange rates. 

Another direction in which the analysis could be extended would be to 
introduce heterogeneous information sets among agents, as in Flood and 
Hodrick (1985a), or by endogenizing the tnformation set, as in Glick and 
Wihlborg (1986). 

onclusions 

In this paper we compare the real exchange rate effects of monetary (as 
well as real) disturbances under fixed and flexible nominal exchange rate 
regimes. Under reasonable conditions, the real exchange rate (and output) 
effects of monetary disturbances are larger under a flexible than under a fixed 
rate regime. The effects of increasing domestic money variance on real 
exchange rate adjustment are less with fixed than with flexible rates. Under a 
fixed exchange rate regime, without full or partial insulation of domestic 
money markets from confusion about foreign disturbances, shocks are more 
diversified and local money shocks are less likely to be attributed to real 
shocks. 
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Following Kimbrough (1984), we argue that a fixed exchange rate regime 
is less ‘informative’ than a flexible rate regime in the sense that the variance 
of the real exchange rate (and output) attributable to all unanticipated 
shocks is larger under a fixed regime. Nevertheless, the conditional variance 
attributable to monetary shocks is smaller with fixed rates under reasonable 
assumptions. It is because the conditional variance of the real exchange rate 
attributable to real shocks is larger with fixed rates that a fixed rate regime is 
less informative over all. Consequently, a fixed rate regime is relatively less 
informationally inferior as the relative variance of money increases. 
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