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Monetary Information 

KENT P. KIMBROUGH* 

Department of F~conomics, Duke University, Durham N C  27707, USA  

This paper develops a model of a small open economy in which the presence 
of local deviations from purchasing power parity give rise to differential 
information. It is assumed that the monetary authorities are committed to 
buy and sell foreign exchange in order to support an exchange-rate policy 
rule. It is demonstrated that exchange-rate policy can influence the 
distribution of real output (i) if agents possess incomplete and differential 
information and (ii) if they have contemporaneous money supply (or balance 
of payments) information. It is also shown that exchange-rate policy can be 
effective because of its ability to influence the information content of 
available monetary data. The argument is turned around and used to support 
the frequent release of monetary data. 

Policymakers frequently recommend devaluation as a cure for recession. 1 The 
notion is that a devaluation switches aggregate demand from foreign to domestic 
goods by making foreign goods relatively more expensive. Given some slack in the 
economy, this increase in aggregate demand will be met by an expansion of real 
output and employment rather than by domestic price inflation. This policy 
prescription, in conjunction with doses of expenditure reducing policy as needed, is 
supported in the economics literature by Meade (1951), by popular textbook 
adaptations of Mundell's (1963) model (see, for example, Dornbusch and Fischer, 
1981), and by Boyer (1978). 2 However, the ability of devaluation, or more, 
generally of exchange-rate policy, to influence real output and employment has 
recently been called into question in much the same way that the effectiveness of 
monetary policy was called into question by Sargent and Wallace (1975) and others. 
Models employing the by now familiar rational expectations aggregate supply 
function, such as Weber (1981), Chan (1982), and Kimbrough (1982, 1983), have all 
shown that the systematic element of exchange-rate policy does not influence the 
distribution of real output. That is, from the standpoint of  stabilizing real output 
one exchange-rate rule is as good as any other. This result is also implicit in recent 
work by Leiderman (1979) and Turnovsky (1981) on (rigidly) fixed exchange-rate 
regimes. 
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The purpose of this paper is to outline conditions under which exchange-rate 
policy can be effective in influencing the distribution of real output even in the 
presence of a rational-expectations aggregate supply function. The model used to 
derive these results is an open-economy version of the model presented by Barro 
(1980) in which agents trade in local goods markets and in an economy-wide asset 
market. Purchasing power parity is assumed to hold at the aggregate level, but there 
are local deviations which give rise to diverse information) It is demonstrated that 
(i) if agents possess incomplete and differential information and (ii) if they have 
contemporaneous information on the money supply (or balance of payments), 
exchange-rate policy can influence the distribution of real output. It is further 
demonstrated that exchange-rate policy is effective in this instance because it can 
alter the information content of the money supply (which is an endogenous variable 
because of the monetary authorities' commitment to buy and sell foreign exchange 
in order to support their exchange-rate rule). This result is similar in spirit to those 
presented by Weiss (1980, 1982) and King (1982) who have recently shown that 
monetary policy can alter the distribution of real output by altering the information 
content of market prices. 4 However, note that in this case policy gains leverage 
through its impact on the information content of an observed quantity variable (the 
money supply) rather than through a price variable (the relative price of money 
being set by an exchange-rate rule). 

The remainder of the paper is organized as follows. Section I outlines the model. 
In Section I1 the case of full current information is examined while in Section III the 
case of incomplete current information is discussed. In Section III it is assumed that 
agents observe a monetary aggregate that provides noisy information about the 
current money supply. The information extraction problem facing agents is 
&scussed, and the exchange-rate policy effectiveness results mentioned previously 
are derived. Concluding remarks are presented in Section IV. 

I. T h e  M o d e l  

IA.  Setup 

The country under consideration is assumed to be small in both goods and asset 
markets. Agents are located in spatially separated markets indexed by the letter Z. 
One good is produced and consumed each period and there is no trade in goods 
across markets during a period. The distinguishing feature of each local market is 
that the agents residing there choose a fore!gn trading partner at the start of each 
period. Because different local markets have different foreign trading partners, and 
because the foreign country is also assumed to be composed of a collection of 
spatially separated markets, realized commodity prices differ from market to market 
as described by 

(1 )  Pt(z) = S~+P*(Z) 

and 

(2 )  P*(<) = P,*+<, 

where P,(Z) is the (natural logarithm of the) local commodity price in market Z, St is 
the (natural logarithm of the) exchange rate defined as the domestic currency price 
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of foreign exchange, P* (Z) is the (natural logarithm of the) foreign currency price 
of goods in market Z'S trading partner, P,* is the average of this price across all 
markets (later referred to as the economy-wide foreign price), and Zt is a random 
variable that is normally and independently distributed with mean zero and 
v a r i a n c e  0 -2 Since the home country is small, domestic agents take the distribution Z" 
of foreign prices as given. Combining (1 )  and (2 )  it can be shown that 

P, (z )  = s , +  P*  + 

which implies that the economy-wide average of local commodity prices (the price 
level) is 

P, = S~+ P* 

Therefore, purchasing power parity holds at the aggregate level, but there are local 
deviations reflected by Z,. For simplicity, it is also assumed that the economy-wide 
foreign price varies over time according to 

( 3 )  P* = P*_l+v, 

where the innovation v, is normally and independently distributed with mean zero 
and variance 0"~ 2. 

The (natural logarithm of the) supply of real output in market Z,Y~(Z), depends 
positively on the relative price of current goods in terms of future goods, or the real 
rate of  return, perceived by agents in market Z, rt(z), as given by 

(4 )  Yt(Z) = ~r,(z)+ut; r,(z) = P * ( Z ) - • P * ,  +i* 

where the aggregate supply shock, ut, is normally and independently distributed 
with mean zero and variance 0"~ and i* is the nominal interest rate on foreign bonds, s 
The relative price term can be explained as follows: A sale this period allows agents 
to accumulate P* (Z) plus the nominal rate of  return on the foreign bond by period 
t + l ,  while a sale next period is expected to yield 27<P'1 which is the expected 
future foreign price conditioned on the information available to agents in market Z.6 
Comparison of  these yields results in the relative price term <,(Z)= 
P* ( Z ) - - • P * I  +i*. When the relative price of current goods in terms of future 
goods increases, agents substitute future for current leisure and thus increase their 
current labor supply. This results in an increase in real output as shown by (4) .  7 

Turning to the asset side of  the model, it is assumed that agents hold two 
assets--domestic money and foreign bonds. These assets are traded m an 
economy-wide market as in Barro (1980), and for this reason agents in all markets 
observe the exchange rate and the foreign nominal interest rate. The (natural 
logarithm of the) aggregate demand for money, Me, depends on the economy-wide 
levels of  local commodity prices, real output, and the perceived opportunity cost of 
holding money which are given by P~,yl, and g. The money demand function is 
assumed to take the form 

M, = Pt+49 y , - 2 i ,  

The opportunity cost of holding money, as perceived by agents in market Z, is the 
foreign nominal interest rate plus the expected rate of depreciation of the domestic 
currency, Ez St+ I -- S,. s Averaging across markets this implies that 

it = i* +(EJ ,+I- -S: )  
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where EzS,+~ is the economy-wide average of local expectations concerning next 
period's exchange rate. Using this in the preceding expression, it follows that the 
demand for money at time t is 

(5>  = 

Finally, it is assumed that policymakers have decided not to allow the domestic 
currency to float freely, but instead have decided to intervene in the foreign 
exchange market so that the exchange rate follows some prearranged policy rule. 
For simplicity, the exchange rate is assumed to be set according to the rule 9 

(6> S, = S,_~+p~v,_l+p,,u,_, 

where p~ is a policy parameter capturing the extent to which exchange-rate 
adjustments are used to offset (p,, < 0) or reinforce the impact of previous 
economy-wide foreign price shocks on domestic prices, and p~ measures the extent 
to which the exchange rate is adjusted in response to previous aggregate supply 
shocks. This policy rule can easily be generalized to allow for more complicated 
feedback from prior events to the exchange rate without altering any of the 
conclusions concerning the effects of exchange-rate policy on the distribution of 
real output that emerge from the paper. ~° 

IB. Equilibrium 

Because the monetary authorities are committed to buy and sell foreign exchange in 
order to support the exchange-rate rule (6}, the money supply is an endogenous 
variable that adjusts, through the balance of payments, to maintain asset market 
equilibrium. In addition to the money supply, the model also determines 
equilibrium values for local commodity prices, relative prices, and real output in the 
following manner: Using (1 >-(3> and the definition of the relative price variable it 
can be shown that in equilibrium 

(7> r,(z ) = i* +Z,+(v,--Ezv, ) 

Using this in (4> yields 

( 8 }  j , (<)  = 

as the equilibrium level of real output in market Z. Substituting (2}, (3}, and (6> 
into (1} it can be seen that 

(9> P, (Z) = S,_1 + p,,v,_~ + p,,u,_~ + P* ,  + v,+ Z* 

Then, averaging (8> and (9} across all markets and substituting the resulting 
expressions in (5>, it can be seen that the money supply must satisfy 

(10> Me = S,_l+p,.v,_,+puu,_,+P,*_,+(~--~)i*+(l+~o~)v,  

where use has also been made of the fact that (6} implies 

EzS,+I = S,+pvE~v,+p,,E~u, 

Expressions (7} (10} characterize the economy's equilibrium. As in all rational- 
expectations models, the properties of this equilibrium depend crucially on the 
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information that agents possess at the time they form their expectations. The 
following sections consider alternative specifications of agents' information sets 
and their implications for the effectiveness of exchange-rate policy. 

II. Full  Current Information 

The case of full current information, while not likely to characterize reality, serves 
as a benchmark for measuring the fluctuations in real output and employment over 
the course of the business cycle that result from imperfect information. 

When agents possess full current information Ezvl=vt and /3zu,=ut, and it 
follows immediately from ( ] 0 )  that the full current information value of the money 
supply (denoted by a tilde) is 

(11)  ~ l  = M°+(1-AOv)v,+((a-2P~)u,  

where 

M o = S,_l+pvV,_~+p,,u,_l+P*l+(dp~--2)i* 

is that part of the current period's money supply that can be predicted solely on the 
basis of the information available to agents at the end of period t - 1 .  In addition, it 
follows from (7 )  and ( 8 )  that under the assumption of full current information 

6(Z) = i *+z ,  

and 

(12)  3~(Z) = °~(i*+z,)+u, 

A fully perceived positive shock to local commodity prices (Zt > 0) leads agents in 
market Z to increase their real output relative to the aggregate level,ff,----~i*+u,. 
The reason for this is that agents are aware that the real rate of return in their market 
is unusually high, its 'normal' level being t~ = i*, and they wish to take advantage of 
this opportunity. 

Expressions (11 )  and (12)  reveal two important insights into the workings of 
exchange-rate policy. First, it is apparent from (11)  that exchange-rate policy, and 
in particular the choice of the policy parameters p, and p~, can influence the full 
current information value of the money supply, and by implication the balance of 
payments. For instance, by setting p,.=1/2 and p~=~b/k, the (full current 
information) balance of payments could be made perfectly predictable since 
37/t=B/t0 in this case. In a model with a more elaborate asset structure, if the 
policymakers objective function attached weight to minimizing the costs of holding 
international reserves, this might be a force working to push the optimal values of 
p, and p~ toward 1/J. and (0/2, as the more predictable the balance of payments the 
smaller the level of reserves that are likely to be necessary to support the exchange 
rate. Second, as can be seen from (12) ,  exchange-rate policy cannot influence the 
full current information value of real output. Therefore, the benchmark against 
which fluctuations in real output over the course of the business cycle are measured 
in Section III is unaffected by the particular exchange rate rule adopted by 
policymakers. 

III. Incomplete  Information 

In general, agents will not act on the basis of  full current information, but will have 
to base their current period supply and demand decisions on incomplete 
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information. At a minimum the information that agents have at their disposal 
includes the market prices of the goods and assets they buy and sell. These prices 
include their local commodity price Pt(Z), the exchange rate S,, and the nominal 
interest rate on foreign bonds i , .u  Following King (1981) it is also assumed that 
agents observe a monetary aggregate which conveys noisy information about the 
current money supply. The remainder of this section outlines the information 
extraction problem confronting agents and examines the role of exchange-rate 
policy. The key feature of the model that accounts for the policy implications that 
are discussed in this section is that the observed monetary aggregate is an 
endogenous variable that reflects market conditions, and as such conveys useful 
information to agents. 

I[A.  Expectations Formation 

As can be seen from the presentation of the model in Section I, in order to make 
their current period supply and demand decisions agents must form conditional 
expectations of the current shocks to aggregate supply and to economy-wide 
foreign prices, u, and v,. Although they have at their disposal three market prices, in 
the simple framework used here only one of them, the local commodity price, yields 
any information about current economic conditions. The reason for this is that the 
exchange rate, being fixed according to the feedback rule (6) ,  does not respond to 
current market conditions and hence yields no information on the current state of 
the economy. That is, when the exchange rate is set by policy, rather than 
determined by market forces, its information content is nil. 12 In addition, the 
simplifying assumption that the foreign nominal interest rate is constant obviously 
implies that it also fails to provide useful information. 13 

The knowledge agents in market Z possess of market prices amounts to 
knowledge of the linear combination of shocks given by 

Pe(z ) -S I -P*_I  = v,+zl 

In addition to this agents are assumed to observe a monetary aggregate, ~/t, which 
contains information about the current money supply as specified by 

M, = M , +  x,  

The random variable xt is assumed to be normally and independently distributed 
with mean zero and variance 0 -2, and is intended to capture the measurement error 
of the observed monetary aggregate. The actual money supply is still given by 
(10).  In conjunction with the preceding expression this implies that the 
information conveyed to agents by the observed monetary aggregate is given by 

(13) ~ , - M ,  ° = (l+¢a~)~,+?>.a+x,-(6~+Zp.)E~v,-.tp,,E~u; 

Therefore, agents' expectations of the current period economy-wide foreign price 
shock and the current period aggregate supply shock are given by 

(14) E<vt = al(veq-Z,)q-a2(H,.vt-F H,,ut-F Iq,~x,) 

and 

( i s )  &,,t = a, (~,+Z,)+a~(H,,v,+Hou,+Hxx,) 
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where the information content of the observed monetary aggregate has been 
written as 

(165 /VI,- M ° = H,v ,+ H,u ,+ H~x,  

and the H ' s  are (as yet) undetermined coefficients. Rational expectations requires 
that when (14>-(16> are substituted into (135 the resulting expression holds as an 
Identity. Thus rational expectations requires that 14 

(17> H,, : 

(185 Ha= 

1+43o~-( ~o~ + )~p,,)al-~p,,bl 

1 --k(~o~+2p,)a2+,~ps, b2 

1 +(  ~ o ~ - ~ p v ) a 2 - H ~ p u b  2 

and 

(195  Hx = 
1 +(~g+,~p,,)a2+)~p~b2 

As shown in the appendix, the solutions for the regression coefficients in (145 
and (155 are 's 

(20)  a, = 0-2(He~0-i+H20-e)/A; a2 = Hv0-z,,cr2/A 
' Z 

bl = - HvH,0-i0-i/A; b2 = Hu0-2.(0-2 q-0-~)/A 

A - -  2 20-2 20-2 H 2 2 0-2 20-2 20-2 - where -0-<(H,, , , + H  i ,,+ x0"x)+ ~(H~ , , + H  i x)~0. As an equilibrium 
condition it must be true that market expectations are formed in the same manner as 
individual expectations since all agents are alike (except for being located in 
different markets). This equilibrium condition can be imposed by taking account of 
the dependence of the H 's  on market expectations. Formally this requires 
substituting (175 (195 into the solutions for the regression coefficients given by 
(205, and then solving for closed-form solutions for them (i.e., for the a's and the 
b's). However, as shown in the appendix, this leads to fifth order polynomials in the 
regression coefficients, and such complex polynomials are not readily solved. 
Fortunately though, much can be said about the model's implications for 
exchange-rate policy without obtaining a closed-form solution for the model. 

I1B. Implications 

Using (14} in (85 and recalling (125, it can be shown that 

( 2 1 )  y t ( z ) - - f l t ( Z  ) ~- o { [ ( 1 - - a l - - a 2 H v ) p t - - a 2 H u ~ l t - - a l z t - - a 2 H x x t ]  

From the solutions for the a's given by (20> it can be seen that 

(i) 0 ~ 1--al--a2H,, x< 1 and 0 ~< al ~ 1 

(ii) alq-a2Hv = al = 0 when 0 -2 ----- 0 

2 0 (iii) al-ka2H,. = al = 1 when 0"~ ~- 

As can be seen from (215, real output responds 'too much' to economy-wide (or 
aggregate) foreign price shocks and 'not enough' to local (or relative) shocks. In 
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interpreting this result it is helpful to note that since agents observe the linear 
combination of  shocks given by 

P*(z ) - -S , - -P*_  1 = v,+Z, 

expectational consistency requires that 

E<v,+ E~Z, = v,+ z, 

or that 

v,-E~v, = & < , - < ,  

Therefore, when there is a positive shock to economy-wide foreign prices agents 
underestimate the magnitude of this shock and thus expectational consistency 
implies that they also overestimate the magnitude of the local shock. Hence agents 
perceive the real rate of  return in their market to be higher than it in fact turns out to 
be, and they thus increase their supply of real output  more than they would if they 
were fully informed. Similarly, in response to a positive local shock (Z,> 0), agents 
perceive the real rate of  return in their market to be lower than it turns out to be, and 
hence they fail to increase real output  as much as they would if they knew the true 
source of  the shock. In the extreme cases where o-~ = 0 or 0"2~ = 0, real output  is always 
at its full current information level since agents are no longer uncertain about the 
source of  a change in local commodity prices5 s Additionally, it can also be seen that 
when the measurement error of the observed monetary aggregate is extremely large 
and unpredictable, i.e., when ~ - +  o0, (21)  reduces to 

( 2 1 ' )  j t  (<) - j ,  (<) = (1 - v , -  

where 
0-2 2 0-2 = <) 

It can easily be demonstrated that this is the expression for the deviation of  real 
output  from its full current information value that would have been obtained had it 
been assumed that agents did not observe the monetary aggregate 37/,. This makes 
intuitive sense since observing a totally noisy signal fails to provide any useful 
information. 

Perhaps the most significant feature of  (21)  is that it implies that exchange-rate 
policy can influence the distribution of  real output. This follows from the fact that 
the choices of the policy parameters pv and p~ will, in general, affect the coefficients 
of the current period shocks in (21)  through their dependence on the a's and the 
b's. 17 In fact, the following proposition can easily be demonstrated to be true: 

Exchange-rate policy exerts real effects, and in particular influences the 
distribution of real output, (i) if agents possess incomplete and differential 
information and (ii) if agents have contemporaneous information on the 
money supply (or balance of payments). 

That the effectiveness of  exchange-rate policy requires that agents have (useful) 
contemporaneous money supply information is readily apparent from ( 2 1 ' )  since 
the policy parameters Pv and p,, do not appear on the right-hand side of  that 
expression. This suggests, and indeed it is the case, that exchange-rate policy 
influences the distributiQn of  real output by altering the information content of  the 
observed monetary aggregate, 3)/,. More will be said about this shortly. 

To see that incomplete and differential information is required for exchange-rate 
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policy to be effective, consider the case where 0"2z=0. In this case the differential 
information aspects of the model disappear and, although agents still have 
incomplete information, TM real output is always equal to its full current information 
value. Since full current information real output is not affected by exchange-rate 
policy it follows that exchange-rate policy cannot influence the distribution of real 
output unless agents have incomplete and differential information--incomplete 
information alone is not enough. 

Insight into the mechanism through which exchange-rate policy attains 
effectiveness can be gained by examining expression (13} which describes the 
information content of the observed monetary aggregate. For convenience (13} is 
repeated below and is broken down into two components: 

(13} ~lT/~_M0 = ( l + 4 ~ ) v ~ + q ~ u , + x , _ ( q ~ + 2 p ~ . ) G v , _ ~ . p ~ G u  , 

aggregate shocks market expectations 
component component 

If agents in all markets have the same information then 

Gv,  = Gv ,  and G u ,  : Gu , ,  

and the information conveyed to agents by the observed monetary aggregate 
consists solely of the aggregate shocks component of (13}. Therefore, exchange- 
rate policy cannot influence the information at agents disposal in any way, nor can it 
influence the accuracy of their forecasts. Now, it can easily be seen from (8} and 
(12} that 

(22} Y,(Z) - - 5 ( Z )  = °~(v,--Ezv,) 

from which it follows that unless exchange-rate policy can influence the accuracy of 
agents' forecasts it cannot influence the distribution of real output. Therefore, when 
agents in all markets have the same information exchange-rate policy will be 
ineffective. However, when agents have differential information they will be 
uncertain about the market expectations component of (13}. Exchange-rate policy 
can, in this instance, influence the information content of the observed monetary 
aggregate because of its ability to affect the market expectations component of (13} 

both directly and indirectly (through the dependence of/~zv, and/~zu~ on p~ and p~), 
and can thus influence the distribution of real output. 19 This result is an open 
economy extension of results derived in the closed economy context by Weiss 
(1980, 1982) and King (1982). As in those papers, the key to the result is that agents 
with incomplete and differential information are trading in a common market (in 
this case an economy-wide asset market), and they observe a variable in this market 
(in this case the monetary aggregate ~/t) that reflects economy-wide average 
expectations. 

Finally, subtracting (11} from (10} and using (14} and (15} it can be shown 
that 

M,--M~ = [ ( ~oo~q-2pv)(1--a,--aeir-/,.)--d.p~(blq-b2H,,) ]v, 
-- [( ~do~q-2Ov)a2H~--,~p,,(1 --baH,,)] ut-- [( ~o~ q- ~O,.)aeq-,~p~b2 ] H~x,  

Little can be said about how the three economy-wide shocks affect the distribution 
of the money supply (or balance of payments) without obtaining a closed-form 
solution to the model. However, three general points can be made. First, 
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exchange-rate policy can influence the distribution of the money supply. This 
should come as no surprise since both the exchange rate and the money supply are 
nominal variables. Second, the money supply (or balance of payments) can be 
stabilized at its full current information value by setting Pv=-~b0¢/2 and pu=-0. 2° 
Third, local shocks do not influence the money supply (balance of payments) except 
to the extent that they affect expectations (through the a's, b's, and/3r's). This 
follows from the fact that the money supply adjusts through the balance of 
payments to equilibrate the asset market, and since the asset market is economy 
wide local shocks simply 'washout'. 

IV. Conc lus ion  

This paper has developed a model of a small open economy in which the presence of 
local deviations from purchasing power parity give rise to differential information. 
It was assumed that policymakers eschewed allowing the exchange rate to float 
freely, choosing instead to fix the exchange rate according to a feedback rule. It was 
demonstrated that only if agents possess incomplete and differential information, 
and only if they also have contemporaneous (but perhaps noisy) information on the 
money supply (or balance of payments), will exchange-rate policy be able to 
influence the distribution of real output. This exchange-rate policy effectiveness 
proposition is related to the monetary policy effectiveness results recently proposed 
by Weiss (1'980, 1982) and King (1982) and extended to the open economy by 
Kimbrough (1983). It differs, however, in that the variable whose information 
content policy alters, and through which it attains effectiveness is a quantity 
variable rather than a market price. 

In light of these results, and without empirical work, one's assessment of the 
usefulness of exchange-rate policy as a tool of stabilization policy depends on one's 
beliefs about the accuracy and availability of contemporaneous money supply 
information. However, the results of the paper can also be used to provide a 
two-pronged argument in favor of providing frequent and accurate monetary 
data. 21 First, it is well known that central banks often attempt to conceal their 
foreign exchange market operations from the public. It is usually argued that this is 
necessary in order to maintain an orderly market for foreign exchange (i.e., to 
prevent runs on a particular currency, etc.). However, if agents do not observe 
other monetary aggregates this may prevent exchange-rate policy from being an 
effective tool of stabilization policy. By releasing reliable information on their 
foreign exchange market operations (or other monetary data) at regular intervals 
the central bank may, therefore, open up a channel through which exchange-rate 
policy may establish itself as an independent instrument for combating the business 
cycle. Second, even if exchange-rate policy is poorly concmved (in the sense that 
policy parameters like p~ and p, are not chosen wisely or that it is erratic), frequent 
disclosure of reliable monetary data will help to reduce the severity of the business 
cycle in a small open economy. This follows from the fact that with more 
information at their disposal agents will be able to more accurately assess the state of 
the economy, and hence deviations of real output from its full current information 
value over the course of the business cycle will be reduced when more, rather than 
less, monetary information is made available. 22 Thus public ava,lability of monetary 
data can be supported in terms of its ability to dampen fluctuations in real output 
and employment simply by virtue of being made available, and on the grounds that 
it may add another weapon to the policymaker's arsenal. Since the former argument 
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is independen t  o f  one ' s  view as to whe the r  or  no t  pu t t ing  another  ins t rument  at 
po l icymakers  disposal is likely to help matters (i.e., to  help reduce the ampl i tude  o f  
the business cycle), the case for  releasing reliable mone ta ry  data at f requent  intervals 
appears to be a s t rong one. 23 

Appendix 
This appendix outlines the procedure used to obtain the solutions for the regression 
coefficients al, a2, ba, and b2 that are given by (20)  of  the text. As noted in the text, these are 
not closed form solutions, so this appendix also sketches the steps involved in obtaining 
such solutions. 

Conceptually, one can view agents as using their knowledge of  the structure and past 
history of  the economy to run the regressions 

/2* = a l (Pt-Jr- Z')  -1- a2 ( lr~Iz' Pt-]- H u  lg, -]- H a  x ,  ) -]- gv, 

and 

u, = bl (pt+ Zt ) + be ( Iqvv,+ Iqvutnt- H x x t  )-l-gut 

where E~gvt=Ezgm=O. From these regressions the variances of  the forecast errors g,.~ and g,, 
can be shown to be 

(23)> & g 2 = ( ] _ a l _ a  2 H v  ) 2 (T2_l_ a2 002 ~_ a2 t . H  2 002_L H 2 002 ~ 
, v ~ 1 z ~ 2k u u ~ x x] 

and 

(24)> EZE2u! = ( 1 - b 2  H u ) 2  002u-}-(bl-l-beHv)2 ff~-}-b~002 q-a~H2002 x 

From (23)  it can be seen that the first-order conditions for minimizing the variance of  the 
forecast errors associated with predicting v! (i.e., the orthogonality conditions) are 

~ E z e ~ t  (1  - -a l - -a2I- Iv)002- t -a100 2 0 
~al  " < 

(25)  

and 

(26)> ~Ezg'2' -- -- Hv(1- -a l - -a2  H,.)00~-~-a2(f~,2, 00~ q- H 2  002) = 0 
c~a2 

Similarly, from (24)  it can be shown that the orthogonality conditions for the ut regression 
are 

(27)  BE< g*2'~ 
- ( b l + b 2 ~ ) 0 0 ~ + b 1 0 0 ~  : 0 

~ b l  
and 

(285 ~l~Zg2~t - -  H u ( 1 - b 2 H u ) G ~ - ~  Hv(bl -[ -b2Hv)002-Jub2H2a002 = 0 
6qb2 . . 

The orthogonality conditions (25)  and (26)  can be solved for al and a2 while (27)  and 
(28)  can be solved for bl and b2. The solutions are those presented in (20)  of  the text. 

The solutions given by (20)  are not in closed form but, as discussed in the text, 
closed-form soluuons can in principle be obtained by imposing the equilibrium condition 
that the H ' s  be given by ( 1 7 ) - ( 1 9 ) .  To illustrate how this would work, consider how a 
closed-form solution for al could be obtained. To begin, the expression for al given by (20)  
can be rewritten as 

(295 a l  A = 002(H20024-H2¢T2)  
ls k II I I -  X X I  

Using the definition of  A in (29) ,  substituting for the H ' s  from ( 1 7 ) - ( 1 9 ) ,  and 
multiplying both sides of  the resulting expression by [1 +(qb~+2p,,)a2+2p~b2] 2 yields 

(30)  a l { [ l q - 4 ) ° ~ - - ( 4 ° ~ - } - ~ P v ) a l - - ~ ' P H b l ] 2 ° 2 ° 2 " q - ( ° 2 - f - 0 0 2 ) ( 4 ) 2 a 2 + 0 0 ~ ) } x  x = 0 0 2 ( 4 2  o- u2 _1_ ax2 ) 
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N o w ,  using the expressions for at and bt g iven  by ( 2 0 )  it can be seen that 

bl/al = -- I~vI~,etT~/ ( I-I2u t72u-~ H,2 G 2 ) 

Using the definitions o f  the H's  given  by ( 1 7 ) - ( 1 9 5  in this expression, a bit of  
manipula t ion yields 

- ~ ( l  +~oOa2al+(o( #act+*Lp,.)a~a~ 
( 3 1 )  b, = 

Subst i tut ing this for b~ in ( 3 0 ) ,  and mul t ip lying th rough  by [( ~ 2+ ~p~al) tr2, + ~ ]  2, it can 
be shown that 
( 3 2 )  al{[ld-4)o~-(~q-,~pv)al]'[(#)2q-,~p,,a,)tT#q-g2]q-,~p,,~82[(lq-#)~)a, 

, % + % ]  0 _ ( ¢ ~ + ~ p ~ ) a 2 ] } ~ ¢ ~ + ( ¢ 2 ¢ ~ + ¢ ~ ) [ ( a , _ ~ ) ¢ ~ + a , ¢ 2 ] . [ ( ¢ e + ; ~ p ~ a ~ )  ~ ~ 2 =  

Inspect ion reveals that this is a f i f th-order polynomial  in a> The  solution(s) for at can then 
be used in ( 3 1 )  to find the solution(s) for bl. Then,  wi th  these solutions in hand, the above  
procedure  can be repeated to find solutions for a2 and b2. 

N o t e s  

1. This is the reason that has been given for recent devaluations by countrms as &verse as Botswana, 
Chile, and France. It is also the reason cited for the wave of competinve devaluations that swept 
the United States and Western Europe during the Great Depression. 

2. Boyer's paper actually suggests that formgn exchange market intervention, and by ~mplication 
exchange-rate policy, can be used to stabdlze real output. Krugman and Taylor (1978) have 
recently argued that by redismbuting income from labor to capital (whmh has a lower marginal 
propensity to spend) a devaluation is likely to be contractionary. They argue that policymakers 
should be aware of this possibility, and should stand ready to accompany devaluation with 
expenditure increasing rather than expenditure reducing policms. However, their ~-nessage is m 
truth the same as m the works cited in the text--devaluations have real effects. 

3. This assumpnon is not, of course, intended to describe reahty but to exphcitly introduce a 
rationale for the existence of imperfect information that is at the heart of much of the literature on 
the new classical macroeconomics (see Barro, 1981 for a survey of this hterature). This framework 
has recently been used by Harris and Purvis (1981) to examine the efficiency of the foreign 
exchange market, and by Kimbrough (1983) to study the role of monetary policy in an open 
economy and the stability of real output under alternative exchange rate regimes. 

4. Klmbrough (1983) has extended this result to the open economy. He shows that when the 
exchange rate is flexible and agents possess incomplete and differential Information, monetary 
policy can influence the &stribution of real output by altering the information content of the 
exchange rate. 

5. The nominal interest rate on foreign bonds is taken to be constant for simplicity. This assumption 
does, however, imply that unperceived changes in vt are assooated with real interest rate changes 
abroad. 

6. At a minimum this informanon consists of their local commodity price, the exchange rate, the 
foreign nominal interest rate, and a knowledge of the structure of the economy and its past 
history. Note that agents can calculate the current local foreign price, Pt*(Z), from their 
knowledge of Pt(Z) and St. 

7. This type of output supply function has its roots in Lucas and Rapping (1969). 
8. This provides an alternanve way of writing the relative price term. Letting 

it(z)=i*+(EzS,+l--St) be the opportumty cost of holding money as perceived by agents in 
market Z, it can be shown using (1 )  and (2 )  that rt(z)=Pt(z)-EzPt+l+it(z).  

9. No random term is included m (6)  because agents would know it through their observation of 
the exchange rate. 

10. The main substantive features of the exchange-rate rule (6 )  Is that it implicitly assumes that 
policymakers do not have superior information (relanve to private agents). If they &d then the 
conclusions of Section III would be modified along well known lines. See Sargent and Wallace 
(1975) and Barro (1981) for &scussions of this point. 



KENT P. KIMBROUGH 345 

11. As noted earlier, this knowledge allows agents to deduce their local formgn price, P*(Z). 
Therefore, explicitly including this price m agents' information sets would be redundant. 

12. This point has been stressed by Kimbrough (1982, 1983) where it is shown that the difference in 
the information content of the exchange rate is one of the key distinctions between fixed and 
flexible exchange-rate regimes. 

13. If  this assumption were relaxed this would no longer be the case. In general, the foreign nominal 
interest rate and economy-wide shocks to formgn prices will be correlated so that knowledge of 
the former will be useful in forming expectations about the latter. Modifying the model in this way 
would alter the details but not the substance of the analysis that follows. 

14. An interesting feature of ( t 4 )  and ( 1 5 )  is that one of the regressors, f-Ivvt-J-Hulttq-Hxxt, 
depends on the regression coefficients (the a's and the b's) as can be seen from ( 1 7 ) - ( 1 9 ) ,  and it 
would seem to be necessary to take this endogeneity into account in solving the information 
extracuon problem confronting agents. The reason for the endogeneity of the regressor 
H,.vt+ l-l~ut+Hxx, is that it reflects the information content of the observed monetary aggregate 
which, as shown by (13 )  and noted earlier, depends on market expectations. Since market 
expectations are simply an average of in&vidual expectations, the informauon content of the 
observed monetary aggregate is determined along with the solution to the informauon extracnon 
problem confronting agents. (This problem, the endogeneity of one of the pieces of information 
used by agents to make forecasts, is implicat in the models of Barro (1980), Weiss (1980, 1982), 
King (1982), and Kimbrough (1983), and appears to be a characteristic of rational expectations 
models with differential information.) However, in competitive equihbrmm with many agents 
making forecasts, the endogeneity of the regressor f-t~.vt+H, ut+Hxxt  wilt not  be taken into 
account, Any one agent in choosing his a's and b's (i.e., in forming his expectations) will treat 
market expectations as if they were given. That  is, each agent acts like a price taker, an 
'expectations taker' if you will, since changes m his own a's and b's given everyone elses will exert 
no influence on market expectanons (which are simply an average of individual expectations). 
Therefore, each agent will treat the information content of the observed monetary aggregate as 
being given to him by the market, and hence will ignore the endogeneity of the regressor 
Hvv,+H~ue+H~xt in (14 )  and (15) .  . .  

15. Note that these forecasts are not the best possible forecasts of vt and u, in the econometric sense 
because there is a sort of externality present since the orthogonality conditions do not take 
account of the endogeneity of the regressor H~.v,+H,&+Hxxf. However, gzven the competitive 
structure of the market in which agents are operating these solutions yield the best possible forecasts an 
individual agent can make and are fully consistent with rational expectations. The equilibrium of 
this, and many other rational expectations models, is thus a Nash equilibrium. 

16. This follows from the fact that Pt ( z ) - -S t - - lD t*_ l=Vtq -Z  * s o  that when one of the two shocks is 
absent local commo&ty price movements reveal with certainty the magnitude of the other shock. 

17. It can be seen from (32 )  that p,, and p, will affect al. Similar results hold for a2, bt, and b2. 
18. When 0"2---=0 there are still three shocks present (&, ve, and x,) and they cannot all be inferred 

accuratel'y from the two pieces of information agents possess, P, ( Z ) -  St---P*_I = v, and _/17/,--M °. 
19. Because exchange-rate policy works by in essence altering the information at agents' &sposal, it 

follows that to be effecuve it must be able to influence the informauon content of some variable 
that agents observe at the time they make their supply and demand decisions. In the present setup 
that variable is the observed monetary aggregate, but m other models other variables could 
conceivably play the same role. For example, If a nontraded good were introduced into the model 
and if its demand were made to depend on real cash balances, then exchange-rate policy could 
possibly influence the distribution of real output by altering the information content of the market 
price of nontraded goods. 

20. As can be seen from (13)  these choices for the policy parameters also Imply that the observed 
monetary aggregate contains information only on the aggregate shocks component, 
(1 + qS~)ve+ q~&+ x,. Whether or not these values of the policy parameters will be optimal from 
the standpoint of stabilizing real output is another quesuon. 

21. This point has recently been argued by Havrilesky (1982). 
22. This can be seen from a straightforward application of the recursive prolection formula wath 

agents first viewed as using the mformauon conveyed by market prices and then updaung using 
the addiuonal information conveyed by the observed monetary aggregate. When a reliable 
monetary aggregate is m fact observed, agents' forecasts ofvt will be more accurate and, as can be 
seen from (22) ,  this will reduce the variance of real output about its full current information 
value. See Sargent (1979) for a discussion of the recursive prolection formula. 
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23. It should be noted that the small country assumption may be crucial for this result because it 
guarantees that the information content of prices is not altered by the release of monetary 
information. It would be interesting to see whether or not this result extends to cases where the 
information content of prices is affected by the release of monetary information. 
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