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International macroeconomic adjustment to money supply, 
aggregate espendlture, and relative demand disturbances is analyzed 
within a framework which emphasizes the role of information. 

Agents are unable to directly observe disturbances and ma): become 
fully informed about disturbances only by purchasing information. 
We analyze how relative price and exchange rate adjustment depends 
on the variances of the underlying disturbances while taking into 
account the incentive to acquire information. We also discuss the 
conditions which are necessary to preclude a free-rider problem 
whereby uninformed agents are able to extract from observation of 
financial market conditions the exact information of the information 
buyers. 

Macroeconomic adjustment to real and financial disturbances generally 
depends on the expectation of agents about these disturbances. Consequently, 
the extent to which agents are able to acquire information about different 
disturbances at the time their expectations are formed is an important factor 
influencing the sensitivity of macro variables to disturbances. For esample, 
when agents are confused about the relative magnitudes of monetary and 
expenditure shocks to the economy, purely monetary shocks can influence real 
output decisions. The information structure of the economy, i.e., the 
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information sets of agents, is thus an important determinant of macroeconomic 
equilibrium. 

The information sets of individual agents in turn depend on the ability of 
agents to extract information about underlying market disturbances from 
observation of market conditions and, if possible, by the purchase of 
information from information suppliers. In this paper we formulate an 
international macroeconomic model which highlights the role of endogenous 
information acquisition bv agents. This model illustrates how the information 
structure of the economv influences the adjustment of such variables as the 
eschange rate and the relative domestic price to various disturbances, as uell as 
how the nature of adjustment influences the incentive to purchase information. 

Our framework builds on two strands of literature. As in much of rhe recent 
macroeconomic literature, our model is characterized by the property that 
agents are unable to directlv observe or infer from market conditions the exact 
magnitude of current aggregate disturbances. Phelps (1970) and Lucas (1972, 

1973, 1975) first utilized this assumption in their ‘island’ models of closed- 
economy macroeconomic adjustment. Grossman and Weiss (1982) formulated 
a closed-economy macro model in which agents, though situated on islands, 
could partially infer information about disturbances from observation of 

interest rates in the domestic financial market. 
In the international literature, work involving island models includes papers 

by Bhandari (1982), Flood and hlarion (1982), Kimbrough (19S3, 198-l), 
Stockman and Koh (1984), Engle and Flood (1985), Aizenman and Frenkel 
(1985), and Flood and Hodrick (1985a, 1985b). Only Bhandari (1982) and 
Flood and Hodrick (1985a), however, capture the role of financial markets in 

revealing information to agents. In Bhandari’s paper it is assumed that while 
agents may observe the interest and exchange rates, they cannot observe 
current goods market prices. In Flood and Hodrick it is assumed thar agents in 

the financial market possess superior information about current disturbances 
which is partially revealed to others through the interest and eschange rates. In 

contrast to these papers, we do not assume that the asymmetrv in the 
information sets of individual agents is esogenously given. Rather, in our 
model agents may observe prices in both the goods and financial markets and 
their information sets are endogenously determined from the decision about 
whether or not to purchase information about the disturbances they cannot 
directly observe or fully infer from market conditions. 

Another strand of literature on which we build relates to the economics of 
information markets. Grossman and Stiglitz (1980) consider the implications 
of allowing agents to purchase information in a financial asset-pricing model. 
They argue that ‘informationally efficient’ markets in which asset prices reveal 
all available information are inconsistent with an incentive to purchase 
information from information suppliers. Glick and Wihlborg (1985) analyze 
the purchase of information in an industry model of a goods market in which 
firms cannot directly distinguish between firm-specific and aggregate cost 
disturbances at the time production decisions are made. They shou- that a free- 
rider problem can arise with the consequence that the information market 
exists only under specific conditions. Admati and Pfleiderer (1985) 
demonstrate that a monopolistic information supplier may have to 
‘contaminate’ the information it sells in order for the information market not to 
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break down. We discuss in this paper how macroeconomic adjustment depends 
on the informational efficiency of financial markets and whether the existence 
of information suppliers depends on a similar argument. 

Our analysis has a bearing on the circumstances surrounding the existence of 
and demand for forecast advisory services, as for eschange rates. In our 
framework an advisory service can be interpreted as an information supplier, if 
through the forecasts it sells it contributes information that otherwise would 
not be available to agents. We show that a demand for the services of such an 
information supplier/advisory service will exist if the supplier has a superior 
ability to assess the disturbances affecting macroeconomic equilibrium and if 
the free-rider problem alluded to above can be avoided. 

The plan of the paper is as follows. In Section I we obtain equilibrium 
conditions for the domestic goods, money, and bond markets of a small open 
economy. In this section we assume that a given share of agents in the economy 
are ‘informed’ about all current real and financial disturbances, while the 
remaining share are ‘uninformed.’ We derive quasi-reduced form espressions 
for the relative price of the domestic good and for the eschange rate in terms of 
current disturbances and the perception errors of the uninformed about these 
disturbances. In Section II we analyze how the espectations of the uninformed 
and thus their perception errors depend on their ability to partially infer from 
observation of market conditions information about the underlying 
disturbances. 

The equilibrium share of agents acquiring information by purchase and 
thereby becoming ‘informed’ is determined in Section III. In Section I\’ we 
discuss how relative price and eschange rate adjustment depend on parameters 
influencing the share of firms choosing to become informed. These parameters 
include the relative variances of disturbances, absolute variances, and the 
variance of a financial market error reflecting the informativeness of financial 
market conditions about others’ espectations. In Section \’ we discuss factors 
that may explain why financial markets are not fully informative. Section i’I 
summarizes the results of our analysis. 

I. An Open-Economy Model of Goods and Asset Markets 

Equilibrium in domestic goods and asset markets is based on the behavior of a 
large number of rational agents acting as producers in the domestic goods 
market and as international arbitrageurs, borrowers, and lenders in the 
financial market. In Section 1.A we specify supply and demand equations for 
domestic output and develop a quasi-reduced form for the relative price (and 
implicitly production) of the domestic good. In Section 1.B asset market 
conditions are specified, and a quasi-reduced form expression for the nominal 
exchange rate (and implicitly the domestic interest rate) is derived. The 
espressions derived in this section are quasi-reduced forms in the sense that 
they are stated partially in terms of perception errors of disturbances. These 

errors are not truly esogenous but depend on the disturbances themselves. 
At the time agents make production or arbitrage decisions their information 

sets contain current market prices, including the relative price of domestic 
output, the eschange rate, and the domestic interest rate. All agents also know 
the values of any lagged disturbances to the economy. However, agents possess _ 
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asymmetric information about current disturbances. Specifically, it is assumed 
that a subset of agents possesses full information about all current disturbances 

Agents u-ith such full information are termed ‘informed.’ All remaining 
agents-referred to as ‘uninformed’-lack complete information. Throughout 
this section (and Section II as well) we treat the share of informed agents as 
esogenously given. Specifically, we assume that of the large number of agents 
in the economy, n, a given number, m, of them, 1 G nz< w, or equivalentlv the 

share i (=m/n), are informed. 

I. A. Goods Alurket 

The supply of domestic output is determined from the rational, espected 
profit-masimizing behavior of agents acting as producers. All agents operate 
with identical quadratic cost functions. The production process is assumed to 
take one period, implying output produced in one period is not sold until the 
nest. Thus, assuming price taking behavior, each agent i determines its level of 

output at time t-l, JJ:_,, by masimizing E:_,ll;, the espected discounted 
revenue of the sale of this output in period t net of production costs in period 
t-1: 

Cl> E;_,l-I: = E:_,[dR,_v:_, -k,,.y:_, -Q:_,)‘?(2k:)]v 

k, k,, > 0, i = 1 . . . n, 

where R: is the relative price of domestic output, defined as the domestic price 
of output divided by the price level (which is a function of the domestic 
currency prices of domestic and foreign goods); 6 is the real discount factor 
0<6<1; and E;_, denotes the mathematical espectation conditional on 
information available to agent i at time t- 1. I This information includes all 
market prices determined at t- 1, disturbances in previous periods, and, if the 
agent is informed, current disturbances at time t - 1. 

Note that production costs of the individual agent depend on the total 
number of agents n. This implies that individual marginal costs, k, +nz:_, ‘k, 
are increasing in aggregate output and reflect the presumed esistence of an 

economy-wide scarce factor of production. Aggregate production is 
accordingly independent of the number of firms. Note also that our 
specification neglects variations in either individual or aggregate cost 
conditions. These considerations are addressed in Glick and K’ihlborg (1985). 

The first-order condition that the discounted expected price equals marginal 
production costs implies 

(2) _I%, = (k/n)(bE:_, R, --kc,), i= 1 . ..n 

or, in aggregate, 

<3> I;-, = &:_I = k(bE,!,R,-ko), 
/=, 

where E,:, denotes average mathematical espectations at time t- 1. 
Output produced in period t- 1 is sold in period t. Aggregate demand for 

the domestic good in period t, Y,“, is given by2 

<Q 1’; = (b,, - R, + L‘;; +&,,,)/D, b, b,, c ’ 0, 
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where S, is real aggregate expenditure bv agents on all goods, and E,,: is a 
random relative demand disturbance with a white-noise distribution, 

i&ii_ ~Y(O,G$). While there are no foreign elements explicitly in this demand 

espression, the constant 6, and the demand disturbance term, cl,,, may be 
interpreted as including foreign influences. It is also assumed that the foreign 
relative price sensitivity of demand for domestic output by foreigners is equal 

to that of domestic agents given by the parameter b. 
Aggregate real expenditures are represented as a linear function of current 

aggregate output, the relative price, and a serially-correlated expenditure 

disturbance term:3 

<5> 

where 

S; = 1; +hR, +w,, h > 0, 

(6) It’, = P,fi’/-, f&“,,/ 1 2 p,, 2 0, 

and Ed,, is white noise, El,,: w LY(O, oL), and is uncorrelated with E,,,. 
Equilibrium in the domestic goods market requires that output produced in 

period t-l and supplied in period t equals aggregate demand in period t: 

Ii-1 = 1’:. This condition together with (3), (4), (5), and (6) imply 

(7) R, = [O,, -DkbE,!, R,+dkE;‘R,,, +~&,,,+&c,., 

+v2w,_, +(b--c)&,ll(l -ch) 

Thus the relative price in period t depends on average expectations in periods 
t- 1 and t of the sales price in the respective following period (Et.‘, R,, and 
E,‘R,+,), on current expenditure and demand disturbances (E,,, and cd,:), and on 
the lagged expenditure disturbance (We_,). 

We turn next to discussing how expectations by informed and uninformed 
agents depend on their individual information about market disturbances. At 
time t- 1 informed agents (i=l . . . m) know Ed,,_, and&,,_, , while at time t they 
know E”,., and E,,,. Uninformed agents (i=m+ 1 . . . n) lack this knowledge and 
must infer the value of current disturbances as best they can by estracting 
information from observable market conditions at the time their espec- 
tations are formed. We defer until the following section the solution to 
this information inference problem. Instead we now derive a quasi-reduced 
form expression for the relative price in terms of the current and lagged values 
of disturbances and of the ‘perception errors’ of the uninformed about current 
disturbances. 

More specifically, denote by Ey and Ej the mathematical expectations at any 
time t of the uninformed and informed, respectively. (Note that within each set 
of agents all agents are identical and need not be indexed by i.) Denote the 
perception errors of the uninformed at time t about expenditure and demand 
disturbances (by definition informed agents have no perception errors) as 

We posit the following expression for the relative price in terms of 
- _- 
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disturbances and perception errors: 

( 10) Rr = R+B,,a,,_, +A.,E~,: + B~;E,, +B:, A&J,,_, 

+ B:: AE,~ 1 + B:! AC,:, 

where I? is the long-run average relative price and the B, coefficients depend on 
the structural parameters ofthe svstem in a manner described below.’ Note that 
the price espectations of both uninformed and informed agents, when formed 
rationally, must be consistent with this equilibrium. In the case of the 
uninformed (8) and (10) imply 

(11) E.::, R, = R + B,, EL, u’:_ / 
- 

= R +B,:l~,:_: --B,, A&a,!_,, 

since the expected perception error of all uninformed agents as well as the 
expected level ofall future unserially correlated disturbances are zero. The fully 
informed firms know all current disturbances and can infer the perception 
errors of the uninformed agents. Thus 

(12) E:_, R, = R + B., ~i’t_, +B:, A&a,,_, 

E”R , ,+, and EjR,., are obtained by forward dating <ll) and (12) 

respectively. Average price espectations in any period can be expressed as a 
weighted average of the expectations of informed and uninformed agents: 

(13) E;!,R,=iEI_,R,+(l--i)Ej_,R;, 

where i =m/n is the share of informed agents in the economy. 
Using the method of undetermined coefficients the values of the B, 

coefficients can then be found by substituting (1 l)-( 13) and their forward- 
dated equivalents in (7) and comparing the resulting expression (presented in 
Appendix I) with (10). Th ese values and their algebraic signs are given in 
Table 1. The corresponding coefficients for domestic output in period t (not 
shown) can be obtained by combining these results with <2> and (13). The 
coefficient signs in Table 1 assume c’b< 1, i.e., an increase in aggregate 
expenditures due either to an output or relative price increase leads to a less 
than proportional increase in aggregate domestic demand (the marginal 
propensity to import is positive), and 1 -r6> 0, i.e., the substitution effect of 

a relative price change dominates the income effect. 
Interpretation of the coefficients reported in Table 1 is intuitive. Observe 

first that if all agents are informed (j. = 1) then perception errors have no effect 
on the equilibrium price (or output). The coefficients B,,, B,,, and Bsj may thus 
be interpreted as the full information responses to expenditure and demand 
disturbances. The positive signs of the coefficients B,, and B,, indicate that the 
relative price of domestic output increases in response to a positive expenditure 
disturbance (Ed,?) and a demand shift in favor of domestic goods (Ed,:). Similarly, 
if expenditure disturbances are positively serially correlated (p, > 0) output 
increases in response to past disturbances (w,_,). 

If some agents are uninformed (j. < 1) and pW> 0, a positive espenditure 
perception error in period t- 1 (AE,,~_, > 0) - an nnderrstimate of the expen- 
diture disturbance-causes a larger price increase in period t. The reason is 
that because of the seriallv correlated nature of such disturbances the 
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T.IBLE 1. Quasi-reduced form adjustment coefficients for the relative domestic price. 

RI = R+B,+_, + B,?E ,,,: + BrsE,,: + B:, AE~,:_, + B:, A&,,., + B:, AEci./ 

R = constant 

B,, = 
CP” 

-> 0 
1 -ch+k6(b-cp.) 

B 
r2 

=r(l +k6Br,) > o 

1-d - 

B,, = -!- > 0 
l-cd 

B;, = 
Ok&l -i.)B,, , o 

1 - ch + bkbi. 

B:, = 
-ckb(l --i.)B,, 

1 - ch + bkdi. 
<o 

B;, =O 

underestimation implies a lower average expected price for period t and 
therefore a dampening of the level of output produced and available for sale 
in period t. The overall price response is thus in excess of the full 
information adjustment. In contrast, an underestimate of expenditures in 
period t (A&,,,> 0) implies a smaller price response in period t compared to the 
full information case. Intuitively, the underestimate implies a lower average 
expected price for period t + 1. The resulting reduction of production in period 
t reduces the level of expenditures and hence demand in period t. Note that 
misperceptions of demand disturbances (AE~,,) have no effect on price or output 
since, without any serial correlation in these disturbances, knowledge of them 
is of no additional value to agents when forming expectations of the future 
price level. Serial correlation in demand could be easily introduced but without 
providing much further insight. 

Note also that in our specification only real espenditure or demand 
disturbances affect the relative price. Current and lagged monetar) 
disturbances, which are introduced in the next section when asset markets are 
discussed, affect the goods market only to the extent that they enter into the 
perception errors of real disturbances. 

Lastly, observe that the B:, and B:, coefficients for perception errors are not 
linear in the share of informed firms. Therefore, as in Haltiwanger and 
Waldman (1985), either relatively informed or relatively uninformed agents 
have a disproportionately large effect on market adjustment. It can be seen in 
our model that, as i. goes from zero to one and more agents are informed, the 
coefficients for perception errors decrease in absolute magnitude at a 
decreasing rate. Therefore, informed firms have a disproportionately large 
effect on adjustment.5 The disproportionate eiiect of informed agents is a 
result of their adjustment of their own price expectations and output levels in 
response to the effects of the misperception errors of the uninformed. Alore _ _- 
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particularly, as equation (12) indicates, the informed raise their expectations of 

the relative price when the uninformed underproduce because of an 

underestimation of positive expenditure disturbances. 

I.B. _-lssrt Xlrzrkrts 

The asset sector of the economy consists of a money market equilibrium 

condition, an international bond market equilibrium condition determining 

the domestic interest rate, and a money supply rule. 

The money market equilibrium condition is espressed as 

(14) 

where 

(15) p.# -dp: + (1 -a)(p: +J,), OG a< 1, 

and LV, is the nominal money supply; p,, is the overall price level; p,! is the 

domestic currency price of domestic output; pi is the foreign currency price of 

foreign output; and .r, is the nominal eschange rate espressed as the domestic 

currency price of foreign exchange; all in log terms. S, is the level ofaggregate 

expenditures, as before; and i: is the domestic interest rate. Equation (15) 

espresses the price level as a weighted average of the domestic currency price 

of domestic and foreign output. Assuming foreign output is available in 

infinitely elastic supply,p’ map be set to zero. Sote that since the relative price 

R of domestic goods can be espressed as 1 +p” -,b by approximation, use of 

( 15) implies 

(16) PI-CR,- 1) (1 -0) N+S. 

Sote also that the (log of the) real exchange rate (p’ +s--p,‘) is negativel! 

related to R. 

Equilibrium in the international financial market is characterized by risk- 

neutrality of market participants. It is assumed that only informed agents 

participate in arbitrage and speculative activities. Uninformed firms know that 

their information is inferior, and, therefore, their speculation against the 

market cannot be profitable. Equilibrium in the international financial market 

is given by the following uncovered arbitrage relationship:fi 

<IT> i, = ii +E:s,+, -f,++EJ,l 

We have introduced a (white-noise) error term E,,,, Cl,, - S(0, o,!>) in (I-). Khile 

this term may be interpreted as capturing the effects of transaction costs in 

imperfect markets, in our framework it reflects a lack of perfect knowledge by 

the uninformed about the exact nature of informed agents’ exchange rate 

expectations, as given by (24) below. This error term plays a crucial role in our 

analysis since its variance determines the ‘informativeness’ of financial markets 

about informed agents’ expectations of the exchange rate. We discuss potential 

sources of this error term’s esistence in Section \‘. 

The supply of money is determined esogenously as a serially-correlated 

disturbance around a long-run level of i 

<18> m, = &+v,, 



where 

(19) 
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c’, = P,L’:-, +c,,,, 0 < p,. < 1, 8,,: 5 iV(O,Gf,), 
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and Ed,! is uncorrelated with other disturbances. 
Substitution of(5) and (6) and< lG)-( 19) in (13) and rearranging in terms 

of 5 gives 

(20) nl + +G+(l -+J)K,--pr;+~E:s,+, --BP., II’:_ I 

u-here the foreign interest rate has been assumed constant and set equal to zero. 
.\s in the goods market \ve derive a quasi-reduced expression for the exchange 
rate in terms of current and lagged disturbances and the perception errors of 
the uninformed. Specifically, u-e conjecture the expression 

where the uninformed perception errors 
market disturbances are defined as 

(22) Aq, =E?,, - 

(33) AC,., =E,., - 

about money supply and financial 

Rational expectations oi the exchange rate by the informed agents \vhich are 
consistent with the foreard-dated equivalent of (21) are given bh 

(24) E’,J,_, = T+B,,w, +B,,tt, +B,‘, AE :,., +B,‘, AE,.,, 

= ?+B,, P.~I’,-I +B,,E,,., +B,,P,~,-I +B,+E,., 

+ Br’, kc., + BI, Ah,, 

using <6), (l(J), and (22). 
As shown in Appendix I, the values of the B, coefficient in terms of the 

previously determined B, coefficients can be obtained by using (3), (lo), (12>, 
and (24>, and comparing with (21). These coefficients and their signs are 
reported in Table 2. Corresponding coefficients for the domestic interest rate 
(not shown) can be obtained by combining these results with (17) and (24). 

We first discuss the coefficients B,,-B,,, which represent the full information 
response (i.e., i. =l) of the exchange rate to current and lagged disturbances. 
The domestic currency appreciates (s falls) in response to a current espenditure 
(E,,,) and increases to a relative demand shift for domestic goods (Ed,,). It also 
increases in response to lagged expenditure disturbances (w,_,) if these 
disturbances are positively correlated over time (since pU.> 0 implies Br, > 0). 
Intuitively, such disturbances, by inducing a higher relative price and 
production of the domestic good, in turn raise money demand. A currency 
appreciation offsets the escess money demand pressure by lowering the overall 

- -- 
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T.IBLE 2. Quasi-reduced form adjustment coefficients for the eschangs rate. 

5: - - i+Bi,r_, + 5.21-:&,, + B,&, +Bj,l’:-, + B,J”r., + B,,>E .: 

+ B,‘, Aa+, + LI>‘? As”,, + B:; Ai-:,j.i + B:, A;:,. .,_-I + B,‘j A&a.: 

-I- BA, A.i: .I. 

i = constant 

B,, = -B,,[((l -a)l’a)+B(l +kSb)/4 < ,) 
_ 

1 +;(I -P,) 

B 

.1 

= -B,,[((l -a)i’a)+B,!cl-75, < n 

I+; 

B;; = 
- 5,: [(( 1 - a)/01 +Pl,I < o 

I+; 

B,, = 
P. 

> 0 
1 +?(I -P,) 

1 
R, = >O 

1 +?(I -P,.) 

B,, =+> 0 
.1 

i 

B, = -B,,[((l -cz)ja)+/~h]bSk(l -;.) < o 
II 

(I +;*)(l -CI!JfIIkSi) 

B_, = B,,[((l -cz);a)+P,‘c]c.kii(l -;.) 
12 

(1 +y)(l -ril,+bw.) 

;H;, , o 
+- 

l+;,< 

Bj;; = r, 

B:, = 0 

B,Fj = 0 

B:,, = 0 

price level. For symmetric reasons current and lagged positive money supply 
disturbances (r!_, ,E,,~) create escess money supply pressure and cause the 
domestic currency to depreciate. 

The remaining coefficients (BJ’-B~;,) represent the additional effect on the 
exchange rate of misperceived disturbances. Note first that the eschange rate is 
unaffected by misperceptions of a relative demand shift (Aad,/), or of lagged and 
current money supply disturbances (A.E~,,_,, AC,,,). The reason is that these 
misperceptions in themselves do not affect espectations of the future relative 
price nor of the exchange rate and hence have no influence on money demand. 
However, an underestimation of expenditures in period t- 1 (As,,,_, > 0) 
dampens the currency appreciation, while a similar misperception in period 
/(A&-,,> 0) has an ambiguous effect. 

This completes the derivation of the quasi-reduced expressions for the goods _ 
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and asset markets. The full reduced forms for the relative price and the 
eschange rate are derived in the following section by determining how the 

perception errors of the uninformed depend on their ability to infer 
information about current disturbances from observable market conditions. 

II. Information Inference and Market Equilibrium 

In this section we first derive explicit solutions for the misperceptions of 
uninformed agents based on their available information. This information, as 
we discuss below, includes signals provided by observable market conditions 
about directly unobservable (to them) current disturbances. Ke then 
determine full reduced-form equilibrium expressions for the relative domestic 
price and the eschange rate. 

In any given period t, the information set of all agents, including that of the 
uninformed, contains the following directly observable market prices: R,, the 
relative price of domestic output; J,, the (log of the) exchange rate; and i,, the 

domestic interest rate. In addition, their information sets are assumed to 
include all lagged disturbances, as well as the structural parameters of all 
behavioral equations, the moments of all distribution functions, and the share 
of informed agents, i. Note also that knowledge of _r and R implies through 
(16) knowledge of the price level, p. Current aggregate output, expenditure 
quan.tities, and the money supply are not observable. 

With the above information set, the market clearing conditions in the 
money, financial, and goods market at any time t provide to the uninformed the 
following three composite signals about underlying current disturbances: 

(i) a money market signal:’ 

05) z:’ = Ep,, 41 +JW&, +B:,))E,8., 

(ii) a financial market signal:8 

(26) 

<27) 

Z: = (B,, +B:,)E,,,+B,,E,.,,+E,,, 
(iii) a goods market signal:9 

Z: = [Q +6k@,, +B,‘,))&,.,+&‘,,,]/(l -4 

To proceed we nest analyze the perception errors influencing the 
equilibrium relative price (and implicitly output) and the exchange rate (and 
implicitly the interest rate). From (10) and Table 1 recall that the quasi-reduced 
expression for the relative price depends on current and lagged perception 
errors of the expenditure disturbance, AE~,, and AE~,,_, , but not on the demand 
disturbance, AE~,, (since B,Y3 =O). To derive explicit solutions for these errors it 
is necessary to evaluate the underlying conditional expectations, E:w, and 

-K,JV,_,. 
As described in Appendis II, evaluation of this espectation based on the 

information set whichincludes all variables and parameters given above, and in 
particular the signals Z”, ZB and Zc results in the following expression: 

(28) E:E Y.1 = [1 -We,]% - cc1 -~J~,~d/P’l~“,, 

_+[(I -w%/~“]E,.,+[(~ -w(wm., 



(70) 

(30) 

(31) 

(39 /s’ E /I(1 +cik:i(B,, +B:,)) > 0 

(33) P” = (B,, + B,‘, +P’B,,) 

The term 0,. is the variance ofthe money supply disturbance (E?,,) relative to a 

weighted sum of the variances of the money supply and expenditure 

disturbances (F.,,). Ke shall refer to gi as the ‘relative money variance.’ The 

term 0, is the variance of the financial market error term (E,,,) relative to a 

weighted sum of the variances ofthe financial market error and the expenditure 

disturbance. We refer to 0, as the ‘relative financial error variance.’ Theo, term, 

the ‘relative demand variance’, is the variance of the relative demand 

disturbance (E,,,!) relative to a weighted sum of the relative demand disturbance 

and the expenditure disturbance.*0 

It is interesting to point out here the role of the variances of money supply 

and financial market disturbances and their implications for the abilitv of the 

uninformed to infer the magnitude of the current espenditure disturbance. In 

the case that there are no money supply disturbances, i.?., Ed,, =a:,. =O, (29) and 

(30) imply0, =O,U, = 1 , and (I,, = 1, and consequently (28) implies E!.E,,. =i:?,!. 

Thus xvhen there are no money supply disturbances, the uninformed can 

perfectly infer the current espenditure disturbance. Intuitively, the observable 

money market signal, Z”, when it contains no noise from money supply shocks, 

fully reveals the espenditure disturbance (see (25)). Once the expenditure 

disturbance is revealed the financial market signal, Z”, can be decomposed to 

yield full knowledge of the financial market error, and the goods market signal 

Z’, reveals the relative demand disturbance. Note from (28) that, in general, 

the uninformed underestimate any positive expenditure disturbance (since 

0 <0,&O,), and partially attribute any particular money disturbance to a fall in 

espenditures. 

Consider the other estreme case in which there are no errors in international 

financial markets, i.r., E ,,1 =Gz, =O. In this case, (30) implies 8, =0, and (28), in 

turn E’E 3 : U.I =E !A .I 9 since the three signals jointly permit revelation of the mane) 

market disturbance, the relative demand disturbance, and the espenditure 

disturbance. 

The results above emphasize the importance of noisiness in financial market 

signals if such signals are not to reveal costlessly to the uninformed full 

information about disturbances which they cannot observe directly. For 

without such noisiness the uninformed have no incentive to purchase 

information about these disturbances. In the following section we return to 

this issue when we analyze the determinants of the decision to purchase 
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information and how the circumstances \ve have just discussed influence the 
existence of an equilibrium. 

To touch on an issue which we shall also consider at greater length in Section 
III, it is interesting to esamine how the informativeness of the two signals 

about espenditure disturbances might influence the incentive to purchase 
information. In the absence of money supply variations (E~,,=GEZ=O), the 
money market signal freely reveals full knowledge of&,,.: and no incentive to 
purchase information about this disturbance should arise. An examination of 
expression (25) indicates that this result does not depend on the existing share 
of informed agents in the economy. 

However, in the absence of financial market errors (E,,: =o:, =0) a free-rider 
problem arises in the market for information purchase and no agent will 
purchase information. To understand \vhy this is so consider the case nhen no 

one is initially informed. Then ZB in (27) conveys no information. Since 
the current espenditure disturbance cannot be perfectly inferred from the 
money market and goods market signals, an incentive to purchase such 
information exists. But as soon as one agent chooses to purchase this 
information then Z”, which directly reflects this information, will permit all 
remaining agents to costlessly know what E> f is. .A11 agents thus have an 
incentive to free ride on the decision by others to purchase information. Thus, 
a financial market imperfection or an inability by the uninformed to determine 
how the informed form expectations is necessary to prevent Z’ from perfectl! 
revealing knowledge about E,,,, if an information market is to exist. 

Noting that the signals Z”, ZB and Z” imply consistency constraints on 
espectations of expenditure, money, interest rate, and financial market 
disturbances, it is straightforward at this point to use (25), (26), (2-), and 
(28) to obtain 

(34) E:.E~,, = -B’O,B,.B,c n., + [ 1 - (1 -&.)@,]e,, 

+ WB’W 4Pd1h + I(1 -6JB ~~l~‘L; 

(35) 

(36) 

E:‘E,., = p”e,0,e,E,., + [(8~Bxl -e,.)e,e,]eP.r 

+ [1 -(I -o,)ed]E,.i - K~~~WW -0]&,, 

E:G., = - [(~~‘~P)(~h-e,e,.e~)]&.,, + 1~9(1 -exe,]&,.., 

- KCPXBPVV --O,)ed]E;., 

- [ch -@fl%., 

It is also straightforward to show that in the absence of either money supply or 
interest rate disturbances EYE,,,, =E,.,, Ef’&,,, =E:,:, and E:E,,, =Ed,), assuming 
some agents are informed. 

We now proceed to derive the full equilibrium expressions for the relative 
price and eschange rate by using (S), (22>, <23>, <28), and (34) to substitute 
in (10) and (21): 

(37) R, = R + B,,w,_ 1 + Brz~u,, + B,jEd,, 

+ fWe,,_, + &‘A., + Wci .,_-I + Wci, + W,.,_, 

+R%,,+fW ,.,_ t +X,&w _ 
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(38) J: = ?+ Bj,lv:_, + B.~L,: +BjiEdt +B,,~lt_, +B,jEp,t 

+ Brc>&,.i + B%,,,-, + B%,.i + B,:&,t.,-, + B3d.l 

+ B);E~,:_, + W,.., + B>?;.:_, + Bk;,, 

where coefficients without an asterisk (*) are the full information coefficients 
found in Tables 1 and 2, while coefficients with an asterisk represent the 
‘escess adjustment’ that results from imperfect information. These coefficients 
are presented in Table 3.” 

Table 3 enables us to analyze the additional (positive or negative) response to 
disturbances induced when there is asymmetric information among agents 
about current disturbances. To repeat what nas concluded earlier, Lvith full 
information among all agents (j.= l), and the same serial correlation 

assumptions as above, the relative price rises in response to a current or lagged 
expenditure disturbance and to a demand disturbance (since B,,, B,,, B,,> 0). 
With full information, the relative price is unaffected by money or financial 
market disturbances. lz If agents possess asymmetric information (O<i. < l), 
however, the o\-era11 response to espenditure disturbances differs from the full 
information response. hIoreover, we see that money and financial market 
disturbances, because they affect the expectations of the uninformed, also enter 
into the determination of the equilibrium relative price. 

More specifically, from Table 3 B$ < 0 and Bz > 0 imply that, relative to the 
full information case, the price first undershoots and then overshoots in 
response to a current espenditure shock if expenditure shocks are positiveI> 
seriallv correlated. Intuitively, in the period the disturbance first occurs, the 
uninformed underestimate its magnitude (since AE~,,,> 0, as seen by substituting 
(28) in (8) and b o serving that the coefficienr of the terms involving E,,,~ is 
positive). Consequently, they infer serially-correlated expenditure and sales 

price levels in the following period which are lower than in the full information 
case. The resulting reduction ofcurrent production implies lower expenditures 
and demand in the current period and lower sales in the follouing. Since 
without full information, the uninformed confuse espenditure and asset 
market disturbances, for similar reasons the relative price first falls and then 
rises in response to a money supply disturbance (since B: < 0, B1;> 0). 

It is also interesting to investigate the adjustment of the eschange rate. Here 
u-e are particularlv interested in understanding the circumstances under which 
the eschange rate may overshoot in response to monetary disturbances. As 
discussed in Section I, with full information (j. =l) the domestic current) 
depreciates in response to a current or lagged money supply increase (since 
B>,> 0, B,j > 0). With asymmetric information (O<i < I), the additional effect 
of a current money supply increase (B,i) is ambiguous. The money supply 
disturbance itself is underestimated (A&,.,,> 0, as seen by substituting (34) in 
(22)), and is partially interpreted as a fall in espenditures, implying in turn an 
underestimate of the actual level of espenditures as well (AE,,> 0, as seen b> 
substituting (28) in (8)). R ecall though that money supply misperceptions of 
the uninformed have no affect on the eschange rate (B{> =O), since they do not 
affect espectations of the relative price or of the eschange rate itself. (Note that 
to the extent the money supply disturbance also contributes to misperceptions 
about E,,, and Ed,,, these additional misperceptions will also have no effect on the 

_ 
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T,IBLE 3,. Full reduced-form adjustment coefficients for the relative domestic price. 

R, k R+B,,wv,_, +B,?E.,:+B,,&~.,+B,:&.,,_, +B,+~E,.:+B+~LI 

+ B;E~,; + BI;&,.,,_ 1 + BTjEc,, + BT,E~.~- I + B:)‘z.t 

where E, B,,, B,?, and B,, are as given in Table 1. 

Bf, = B,‘2tIrOr0, = 
--c&l -;.)B,$,.o,o, 

1 -cl, + l&i. 
<o 

8: = -(B;,fl,:(/?‘c))(l -0,) < 0 

B:; = -(B;2fi,(/J’~))(1 -fj,) > 0 

Bj; = (B;, $‘)(l --dL,)o,e, L=- 0 

Bji, = (B;2 $“)(l -eJd,e, < 0 

Bf, = -(B;, !/?“)(l -o,)o,, < 0 ifp”> 0 

B1;, = -(B;: :fi”)(l -o,)o, > 0 if/?” > 0 

T.IBLE 3b. Full reduced-form adjustment coefficients for the exchange rate 

J, =?+BI,l~,,-, +B,ZE,,,,+B,;E~:+B,IE,~.,-, +B;jEc,,+B,<sEz.t 

+ B,:E,,,~_, f B,:E;,,, + B:E‘/_, + B,Gti., + B,:E,.,,- I + Wr,, 

+ B,:E,,,_ , + BZEr,: 

where 7, B,,, Bi2, B,,, B,,, B,j, and Bi, are as given in Table 2. 

B; = B;,t?,.f?,f?, < 0 

B; = B,:z6tf?t~, 5 0 

B: = -(B,‘,&(/?‘c))(l -0,) > 0 

B; = -(B;$,“(B’r))(l -6,) 3 0 

Br, = (B,‘, /fi’)(l -d,.)e,o, < 0 

B,: = (B:2/II(/?‘))(l -o,.)ti,m,p 0 

B; = -(B;, //?“)(l -o,)o, > 0 

B,:, = -(B,‘,/b”)(l -~,)~, 2 0 

exchange rate since B,:, =B,‘- ~0.) The effect of the expenditure underestimate 
(BC’,), however, is ambiguous. On the one hand, it implies lower future demand 
and induces lower current production, current aggregate expenditures, and a 
dampening in the relative price rise of domestic output. This causes the 
domestic currency to depreciate (J to rise) by more to the money supply increase 
than in the full information case. On the other hand, the underestimate also 
implies a smaller expected depreciation and hence a lower interest rate in the 

_ _- 
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bond market. The resulting increase in the demand for monev c.luses the 

domestic currency to depreciate b>:Ie.rs than in the full informaticjn case. Thus 

the exchange rate overshoots its tull information equilibrium response to .I 

monev supply disturbance only if this latter effect is relativelv small. 

The effect in the folloaini period of a money supply .disturbnnce is 

unambiguous (B: < (1). Xgain both the expenditure and money supply 

increases are underestimated. But the monev supplv underestimate has no 

effect on the exchange rate in rhe following period (8,‘, =O). The expenditure 

misperception, hotvever, unambiguously causes a dampening of the eschanse 

rate depreciation in the folloning period. Intuitively, the corresponding 

expenditure underestimate in period /-- 1 implies a louver expected relatil-e 

price for period t, loner production in t- 1, and consequently lo\l.er 

expenditure and demand in period t- I. The lower level of supply in period f 

generates a higher relative price of domestic output and accordinyl!. .I 

dampening in the depreciation that \\rould otheruise occur. Thus u.hile 

Dornbush-like (1976) overshooting of the eschange rate (as \vell as of the 

relative price offoreQ<,l goods) mar_ occur in the same period as a rnc)ne!. suppi! 

disturbance, the exchange rate undershoots in the follo\vin,y period.‘” 

Consequently, confusion about the current money supplv changes leads to 

greater variability in the exchange rate. 

Eschangc rate’ overshootin 3 to a current money supplv increase accords 

nith the results of Flood and Hodrick (1085b) and Engel .and Flood (1985). 

These authors assume that goods prices and output are set in response to 

perceived disturbances at the besinning of each period and are stick\- until the 

end of the period. It is this stickiness in prices that causes the exchange rate to 

overshoot. In our model, the supplv of output is fixed from the previous period 

due to a technological production iag, Lvhile the price in each period adiusrs in 

response not just to espected disturbances, but in response to unexpected 

disturbances as nell. Thus prices are not sticky. Overshooting results from the 

existence of asymmetric information and the confusion on the part of some 

agents about the magnitude of disturbances. 

Adjustment to other disturbances can be explained in a similar manner. 

Without going into specifics, we note that although misperceptions of relative 

demand disturbances do not affect the relative price directly (B,*; =O), they ma! 

indirectly cause excess adjustment by creating confusion and misperceptions 

about other disturbances. 

III. Information Purchase and Market Equilibrium 

We turn now to the determination of the information market equilibrium, i.r., 

the equilibrium share of informed agents i. It is assumed that the supply of 

information about current disturbances is provided by an outside advisory 

service or information gatherer at a cost to the purchaser. For simplicity, we 

also assume that the information sold each period is made available before the 

production and arbitrage decisions for that period are determined.’ 

There are different ways of specifying the nature of the information supplied 

by the advisory service. The simplest specification is that the service possesses 

full knowledge of all current disturbances -E,,,, Ed,,, E,,,, and E,,, -and sells this 
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information as a package. This presumes that the service has equal ability in 

evaluating goods market and asset market disturbances. 

;\ perhaps more realistic specification posits that the service has a 

comparative advantage in evaluating only one particular type of disturbance. 

Assume, for esample, that the service has ,I comparative advantage in 

evaluating the espenditure disturbance E,,,. Is information about this one 

disturbance sufficient to allow an agent to become informed about all other 

current disturbances as well? Yes, for the discussion in Section II implies that 

any additional information about a particular disturbance enables the agent 

receiving this information to infer the remaining disturbances from the rest of 

his information set. The combination of a new signal with those alread) 

contained in the information set (Z,“, Z”, Z’,) permits the revelation of the 

disturbances individually if the new signal represents a different composite of 

the disturbances. K’e assume for simplicity that a-hat information suppliers 

sell contains information only about the expenditure disturbance. 

One remaining issue concerns whether the service sells knowledge of the 

espenditure disturbance directly or indirectly in the form of a signal containing 

this knowledge. For esample, a service with a comparative advantage in 

evaluating espenditure disturbances Ed,, may choose not to sell knowledge of 

F,,: directlv bu t rather to sell a signal such as an eschange rate forecast that 

reflects this kno\vledge. There are reasons to argue that, in fact, an advisor\ 

service will prefer to sell a signal like an esch.lnge rate forecast in order to 

overcome a free-rider problem. We discuss this issue in Section 1’. 

We treat the supply side of the information purchase decision as simply as 

possible and assume that each agent can acquire information at a fised cost s 

from an esternal supply source that enables the agent to become fully informed 

about all disturbances.*4 

The equilibrium share of informed agents, denoted by i.*, is determined 

when no uninformed agent can increase its espected production profits b> 

purchasing information.‘” Define E;~I,~! as the output-optimized level of 

espected discounted revenue of firm i, condition.11 on information available to 

agent i at the time production decisions in period t are made. Formally, the 

espression for Et,nj_, ma)- be obtained by inserting the espression for the 

optimal output level 4’1 given by (2) into the (for\vard-dated) espected 

discounted revenue espression E:n:+, gil-en by (1). Rearranging gil-es the 

following quadratic formula: 

<w E:n:_, = $~E;R,,_, 4)'. 

At the time production decisions are made E:,n;_, = Eln;,, for the informed 

agents, i=l . ..m. and E:fIj+, = E,“‘n:+, for the uninformed agents, 

i=m+l... n. Prior to the purchase of information about current disturbances, 

all agents possess the same information set. Denote the corresponding 

espectation operator by E,. 

The incentive to purchase information can be written as the difference 

between the espected profits of being informed and remaining uninformed: 

(40) TeE,[E;W;+, -E;i=Ij_, -s], 
- 
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lvhere s is the fised cost of purchasing information.‘” Csing (11) .lnd (12) 
fornard-dated for the espected price in L+ 1 in (39), expression (40) reduces 
to 

ahere 

-7 

7 = s (B,, + B;,)%:;,, -s, 

is the variance of espenditure perception errors. Appendix III describes hoa 
(41) is derived and Appendix II shows ho\v(-l7) is obtained. Observ-e that this 
variance depends on all relative variances as well as the absolute levels of all 
variances. The latter effect is captured by a change in a,‘, while holding o,, o,, 
and 0, constant. 

Expression (41) for the incentive to purchase information is identical across 

agents and across periods. This incentive depends on the variance of 

expenditure perception errors, the share of informed agents (since B,‘: and &, 
depend on j.), the cost of information, and the structural parameters of the 
system.li Current or past disturbances do not enter into this expression, since 

at the time the information purchase decision is made they do not differentiali> 
affect the expected profits to being informed or uninformed. 

Equilibrium occurs for O<i.*< 1, when 7=0; for i*=O when 7<0; and 
for i.* =l, when T> 0. Disregarding the effects of i. on o:..,, which can be 
considered secondary,‘” and assuming an interior solution for i, xve find b! 
setting T=O, and substituting in from Table 1 for B,‘:19 

(43) i* = (l/D)[B,,(l -cb+DkG)(o&,,,W ~u.Y)“]-(l -rb)/(Ddk) 

The equilibrium share of informed agents is clearly decreasing in the cost of 
information (x) and increasing in the price adjustment response to espenditure 
disturbances (B,,) and in the variance of the espenditure perception error 

(G:,,~). Th’ q ‘l’b IS e UI I rium share is constant over time as long as the structural 
parameters of the system, the distribution functions, and the cost of 
information are unchanged. 

From espressions (42) and (43) we can discern how the share of informed 
agents depends on the individual disturbance variances underlying ai,. . Note 
that as a result of the fixed cost of purchasing information, o:,, must attain 
a minimum level (given the levels of all other parameters) before anv agent has 
an incentive to purchase information. Thus if any of the relative or absolute 
variance levels in <43) is equal to zero, then ai., =0 and _*=O. 

IV. Macroeconomic Adjustment with Endogenous Information Purchase 

In Sections I and II we analyzed relative price and exchange rate adjustment to 
disturbances while assuming the economy share of informed agents was 
esogenous. We saw in Section II that the perception errors of the uninformed 
depended in part on the variances of these disturbances. From Table 3 it can be 
seen that increases in the relative money or demand variance (e,,e,) as well as 
increases in the relative financial market error (6,) magniyy the escess response of 
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the relative price and exchange rate to espenditure disturbances. Increases in 

the relative expenditure (decreases in relative money) or relative demand 
variance as well as in the relative financial market error magnify the excess 
response to money supply disturbances. In Section III we observed that 

increases in these same variances also induce the purchase of information. 
Inspection of the espressions for the coefficients of adjustment in Table 3 
indicates that this generally dampens the degree of change. Thus when 
information purchase is endogenous the relative variance of disturbances may 
have opposing effects on the magnitude of the excess adjustment response. 

The excess adjustment coefficients which ue are interested in analyzing 
further are particularly those associated with espenditure and money supply 

disturbances-B,+, , B,*,, BT,, BTj. Since these coefficients generally depend on 
disturbance variances in the same manner, we shall focus on the coefficient BT,, 
which represents the escess adjustment response to lagged espenditure 
disturbances, as a representative example. 

Observe first that (41) implies for T=l! 

(44) B;, = (2ns/(W)) J/D&. -B,, 

Substituting in the definition of B?; in Table 3 gives 

(45) B1; = B:,O,.O,O,, 

= [(2Kt/(ks2))’ ? -oJ3,,]8,.0,0,b,,, 

where the definition ofoiEW by (42) has been used. The value of B: given by 
is e me 

84”,>’ d f d 
only for parameter values such that O<i < 1, i.e., such that 0:“) 

and 8, are sufficiently large for information purchase to occur but not 
laige’enough for all firms to become informed. 

Consider an increase in the espenditure variance (o>:“,), while holding relative 
variances constant. Such a shift implies an equiproportionate increase in the 

variance levels of all individual disturbances. It is easily seen that dB: l&EU < 0. 
In other words, as the variances of all disturbances increase in proportion such 
that relative variances remain constant, the ‘escess’ adjustment coefficient B); 
decreases. This result can be understood by observing that only relative 
variances affect the escess adjustment coefficient directly, while the variance 
levels affect information purchase as well. In the limit, with all variances 
increasing proportionately, all firms choose to become informed and all escess 
adjustment coefficients become zero. 

We turn lastly to the effects on excess adjustment of the relative variances of 
disturbances, focusing on 8,, the relative financial market error variance. We 
determine first the value ofe, when the variance of the financial market error is 
not sufficiently large for information purchase to occur (i. =O) because of the 
fixed cost of information. Note that 8, given by (30) is not defined when i. = 0. 
In the absence of any information purchase, the financial market signal (Z”) 
possesses no information content about espenditure disturbances, and depends 
only on E,. Since it can be shown that the denominator of 0, is equal to the 
variance of Z’, which in this instance equals a,?,, 0, then takes on the value of 1. 



2-G 

FICC.RE 1. Excess adjustment as :I function oftI, 

,iccordingly, nith i =I) and 0, = 1, the expression for the degree of esccss 

adjustment in Table 3 reduces to B,; =/),&:ciR.iO.I),~ (1 -ch). 

For increasing levels ofo, (holding 0,. and 0,; constant), Lvhen II arrains the 

threshold level II at which at least one agent becomes informed, the financial _ 
market then conveys information to the uninformed, and the degree of excess 
adjustment (Bz) falls discretely. Thus, at the threshold level of the financial 

market error variance, escess adjustment is sr~lnll~r than in the abscncc of anl 

such variance. This is illustrated in Figure 1. As o( increases further, the 

financial market becomes less informative, B: increases to a (possibly global) 

maximum, whereafter the greater inducement to purchase information causes 

B1; to decline.“O Xs increases in 0; cause 2 to approach one, all agents become 

informed and B: approaches zero. 

V. The Source of Financial Market Errors 

Throughout this paper we have emphasized that observable market conditions 

must not be perfectly informative if an incentive to purchase information is to 

esist. This point accords with Grossman and Stiglitz’s argument (1980) that 

informationally efficient prices are incompatible with the existence of 

information acquisition. In our model in the absence of an error (E.) in the 

equilibrium condition for international financial markets ((l->), the 

information market is subject to a free-rider problem. As shown in Section II, 

without this error an incentive for purchasing information exists, but as soon 

as a single agent does so, all remaining agents become costlessly informed. 

Thus no agent would be willing to pay for information.21 
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hlanv observers of international financial markets would argue that 
equilibrium in international financial markets holds without anv deviation. We 
now briefly motivate whv observable financial market conditions mav not 
esactly reveal the information of the relatively well-informed agents, even 
when markets adiust instantaneouslv and there are no transaction costs.‘?‘? 

Rational espectations models usually rely on the assumption that all agents 
know the exact rules by which others form expectations. Financial market 
errors may arise from the lack of perfect knowledge about such rules. In our 
particular model the general goal of the uninformed when observing financial 
conditions is to infer the expectations of the informed about the future 
exchange rate (Eis,,,), and it has been assumed that the uninformed base their 
inferences on knowledge of the rule (24) by which the informed agents form 
their expectations. The uninformed may in fact lack perfect knowledge about 
this rule and hence about the coefficients of adjustment in the financial market 
signal. Thus the financial market error may capture this kind of imperfect 
knowledge in a crude way. 

It is also possible that the uninformed are unable to distinguish betxveen the 
effects in the market of informed agents and of monetary authorities nho may 
intervene to an unknown ertent. Consequently, the uninformed agents may be 
confused about the estent to which the financial market reflects the 
expectations of relativelv well-informed private agents or the activities of 
monetary authorities. 

Another possibility is that the information supplier in fact introduces 
confusion into the financial market in order to overcome free-rider problems 
and to create a demand for its services (compare Admati and Ptleiderer, 1985). 
It may do so by itself participating in international financial markets in an 
unpredictable manner. Alternatively, as we have suggested, it may sell an 
exchange rate forecast without directly specifying to the potential purchaser 
the particular knowledge upon which it is based. Khile those who do purchase 
the forecast will then be provided with information about the specific 
knowledge of the service, those who remain uninformed would be unable to 
discern the extent to which the espectations of the informed (revealed through 
market signals) are based on their knowledge of either the espenditure. money, 
or relative demand disturbance. 

VI. Summary 

We have developed a macroeconomic model of relative price and exchange rate 
adjustment in which there is demand for costly information about market 
disturbances which cannot be inferred perfectly by agents from market signals. 
When all agents are fully informed about current disturbances, our results 
conform to standard macroeconomic theory: the relative price of domestic 
goods increases in response to a current or lagged espenditure shock, or to a 
demand shock. The relative price is not affected by money disturbances or 
financial market errors, since under full information, agents can distinguish 
between real and financial shocks. The domestic currency appreciates in 
response to espenditure and domestic demand disturbances and depreciates in 
response to current or lagged money supply increases. When some agents are 



2-8 [nfbrmu~io~z .-lcquisitrorr and Fimncial ,!lrlrkrts 

not fully informed, we find that relative price and eschange rate adjustment in 

escess of the full information case generally occurs in response to current 

expenditure, money supply, and relative demand shocks. We interpret the 
escess adjustment to current money supply disturbances as a form of 
Dornbusch-type overshooting. The excess adjustment is reversed in the period 
after the money-shock, however, under our specific assumptions about 

positive serial correlation of expenditure and money disturbances. 

Even when all agents are not fully informed about current disturbances, 
equilibrium was seen to depend on the abilitv of uninformed agents to infer 
what thev could about these disturbances, however imperfectly, from 
observable market signals. The informativeness of market signals depended on 
the relative variances of the underlying disturbances. An incentive to purchase 
information exists as long as the market signals alone do not fully reveal to 
those yet uninformed all the information about current disturbances they 
would like to obtain. The presence of an error in the international financial 
market equilibrium condition was seen to be crucial for overcoming a potential 
free-rider problem in the information market. \Ye interpret this error as arising 
either from a market imperfection or lack of knowledge by the uninformed 
about the espectation formation of relatively informed agents with the 
consequence that the financial market does not f~11lv reveal the espectations of 
those acquiring costly information. The incentive to purchase information that 
esists under these circumstances increases with the variance ofall disturbances, 
and the relative variance of different shocks. 

The ‘escess’ adjustment relative to full information adjustment decreases 
when the variances of al/ disturbances increase proportionately. If there is 
sufficient variance in espenditure, money, and relative demand disturbances 
and the cost of information is not prohibitive, then escess adjustment in 
response to money and espenditure disturbances is relatively small \vhen the 
signal from international financial markets contains sufficient noise for the 
free-rider problem in information markets to be just barely overcome. If all 
variances become sufficiently large, all agents are induced to acquire 
information and there is no escess adjustment. 

Our analysis should not be seen as normative in the sense that noise should 
be introduced in financial markets in order to create incentives for information 
acquisition. Information acquisition is, costly and the larger the number of 

firms acquiring information, the higher is the social cost. In a welfare analysis 
increased costs of information acquisition must be traded off against the 
potential social gains of basing macroeconomic adjustment on improved 
information. 

Appendix I 

In this appendis we describe the derivation of the quasi-reduced form coefficients of 

relative price and eschange rate adjustment in equations (10) and <21> presented in 
Tables 1 and 2. 

The relative price coefficients are obtained by first noting that <ll>-(13) imply 

E;“,R, = R+B,,w,_, +(;.B:, -_(I --i)B,,) AE ,,.,_ I _ 
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Substituting in (7). and the forward-dated equivalent for El’ R,_, and rearranging 
gives 

R,(l -rh) = [O,, -h(b-c)k(k,,-di?] +[B,,dk(rp, -b)+c~,,]u’,_, 

+ [t+c6A:B,,]E.,! +Ed., 

-[bbk(i.B:, -(I -i.)B,,)l AE~,:_, +[&k(i.B:, -(1 --i.)B,,)] AE~,, 

Dividing through by 1 -rh and comparing the coefticients with those in espression 
(10) permits solution for the values of the B, coefficients in Table 1. 

The eschange rate coefficients are obtained by substituting in(20) for I;, R,, E:J,+,, 
and E:R:+, by (3), (lo), (24). and (12), respectively, and obtaining 

s,(l +y) = [m+(l -~)/~+Bk(~:,,-6R)+;~i-~~] 

+~B,,P.. -xB,, -Pk&, B,, -BP,@-, 

+ [?Bi, - pB,z -WB,, -81~ ., 

--?Br~ci., +[~,.(l +;‘B,,)lu,-, +[I +;‘B,,l&,.,t +;‘E,,, 

-?B;, ALE,,,_, +[y(iB:, -?B:, -pkb(j.B;, +(l -j.)B,,)] AC,,,, 

+ YB:, AL 

where ?=/?A +(l -CZ)/LZ. Dividing through by 1 f;‘, comparing coefficients with those 
in expression (21), and using the previously obtained B, coefficients vields the values 

of B, coefficients presented in Table 2. 

Appendix II 

Expression (2S> for EL’&,,, conditional on the three signals 

(23 Z.” = 8 1.1 -P(l +rW.(B,, +B:,)&,.,, 

(26) ZR = [(B,, + B:, )L,, + B,,&r.tI +E,,,, and 

(27) z” = [c(l +rW.(B,, +B:,))E,., f&&]/(1 --L-h) 

is obtained by using the following formula for information extraction: 

E'[E~IZ.", Z', Z"] = EL'[c,I Z."] 

+E'[(E~ - E'[E,.IZ-"])I(Z'- ECIZRIZ."])] 

+ EL'[(&* - E"[q,jZ.", Z"])l(Z" - E'[Z"jZ.", Z"])], 

where t subscripts have been suppressed. The relatively tedious details of derivation 
can be obtained from the authors upon request. Sote that expressions (28) and (8) 
imply 

AE, = E,- E'[&,IZ.", zB, Zc] 

= &,.e,.e,8d+&,; (14,)e,e,-&, & (1 -e,y3, 

In deriving (28) it is useful to observe the following. Expression (30) for 8, is a 
- _- 



H, = 
G,t 

@“)‘o;Gj, +(fl” p’)‘(l -d,)bJr +a,‘, 

Espression (31) for u, is a simplified form of 

0, = 
6 

(cfi’,ifl)‘[@!+7;~, +(t -6,)‘@j; ‘(p’)‘+(l -O>)%7,/(/?“)‘] +G;li 

u-here /j” and fi” are defined by (32) and <33), and it should be noted that 

(1 -u,.)fJ,!L, ,(p’y = u,.G,!O from (29) 

(1 -&)CT;‘.. ‘(p”)’ = O,G,‘, from (30) 

To derive (32) note first that 

air, = o;(o;efa,f” +(l:/,?‘)‘(l -o,)‘ofGf, +(li’p”)‘(l -t?,)‘Gj,) 

f(l -u,)?(ll~(a’r.))2G,~~ 

Lsing(29),(30), and<31) the term within brackets can be expressed solely in terms of 
a,‘. Further simplification gives (-12). 

Appendix III 

To obtain (11) note that inserting <12) and (1 1) for\vard-dated individually into (39) 

Rives: 

E;‘n; = (6E;‘R,_, - k,,)’ = (@R+A.,jj,II,,_: +B,,E.,,-B,, AC,.. 

Since expected disturbances and perception errors are zero: 

2n 

0 

-- k: E,E;n; = (6(~+B,,p,,nf,_,)-kk,,)L+d’BS,a~,, +6’(B:,)‘a; 

+2d’B.,B:, CO~~[&>,., AF,J 

,) -k,,)’ 

2n (- 1 k E,Ej--n: = (6(rT+B,,p”1r,,_,)-k,,)‘+6’BS,o~,, +d’(B,,)‘Gi,, 

-2d”(B,,)’ COV[E”,, AE,,,] 

With rational expectations COY[E~,, A.E~,,] =a&, Thus the difference between the above 

two expressions reduces to 

Lvhich implies <41> in the test. 

Notes 

I. One mav argue that the discount factor depends on the productivity ofcapital as ~vell as the 
stochastic strwture of the economy. We treat this factor as a constant, however, and do not 
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consider investment decisions Lvhich xvould otherxvise be iniluenced bv and influence the 

discount rate. 

2. Note that it is also possible to express domestic dem.lnd .B a functlun of the real interest rate 

as in Kimbrough (1983, 1984). Doing so in our more complex frJme\vork over11 

complicates the analysis. 

3. r\ similar linear expression for aggregate expenditures 1s used in Flood and Hodrick (198% 

and 1983b). These authors argue that the expenditure disturbance term should be negative 

serially correlated. This would affect the direction of some of our results. 

4. Sore that current disturbances and perception errors h.lx-e mean values of zero. 
5. In the terminology of Haltiwanger and Waldman such markets are characterized bi 

congestion, as opposed to synergy, among agents. 

6. Note that if covered interest parity holds the forward exchange premium equals the interest 

rate differential which in turn, according to (17>. also equals Eli,,, -J, +E,,,. The forward 

premium and the interest rate differential thus proride the same information about average 

exchange rate expectations of informed agents. Future markets in commodities uould 

similarly not add an independent source of information since future prices for commodities 

and foreign exchange would depend on expectations .Ibout the same disturbances. 

7. Equation (25) is obtained by first expanding expression (5> for S/ by for\r;ard-dating and 

inserting (3) for I;, forward-dating (I I) and (12). and substituting for E,‘R,_,. Equation 

(6) is used for IJ’~, and (8) for ALE,,,,. Substitution of the resultin~c expression into (1-L) then 

reveals Z.” given knowledge of c,_ p,. R;. f; E’R ,_,, E”F ,V N’,-_l. 1,. 1 I , and i. 
8. Equation (26) is obtained by first inserting (24) for E~Y._, in (I-). Subst%ting (8) for AE~,,, 

then reveals Z” given knowledge of L’,_ 1. .lnd FL.&. . 

9. Equation (27) is obtained by first using (13) to substitute f6: kii, R, and E;‘R,_, in (7). 
,, i1’,_1, /(. _. 

Using (I 1) and (12) to substitute for EiL, R, and Ei_, R!. and their forxv.lrd-dated 

equivalents, respectively, and, in turn, (8) for AE~ __; and LIE,,! then reveals Z” given 
knowledge of P_,, w,_,, E,C:,R E’.R,_,F~,_ and Et&, 

IO. Kate that the \veights in each of ties: relative v:‘rinnce trrfl;: are not purely exogenous but 

depend on adjustment coefficients and in some c~scs on other relative variances. The 

denominator of oz is the variance of ZH and the denominator of oL is the variance of Z.“. 

Il. Note that the coefficients R+, Rf,, R: and B$ for Ed,:_, and Ed,:_; appear in (3-) .lnd (38) 

since these lagged disturbances enter into the perception errors of expenditure disturbances 

in period t- I. 

2. If domestic expenditures \vere posited as a function of the real or nominal interest r.,te, asset 

market disturbances might affect the relative price ex-en under full information. 

3. Treating disturbances as serially correlated for more than one period would cause the 

overshooting phenomenon to persist for a correspondingly longer period. Incorporating 

inventories into the analysis would also magnify the persistence of disturbances. (See Flood 

and Hodrick, 1985a, 1985b.) 

14. It should be noted that in equilibrium this cost of information will equal the cost of 

transferring the information among agents, unless contracts between the external supplier 

and the original purchasers can be made that prohibit such transfers. 

15. While agents can also potentially make profits by actin p as arbitrayeurs as long as E, is non- c 
zero, we assume that they are unable to exploit these profits. IfE, is a market inefficiency due 

to transactions costs, this assumption is reasonable. In Section 1’ xe note other reasons why 

E, may be non-zero even in the absence of arbitrage opportunities for the informed. 

16. We do not discuss how information market equilibrium is reached, though the equilibrium 

presumes that each firm knows the share ofall firms purchasing information simultaneously. 

Ye may interpret the cost of purchasing information as the cost to individual firms of 

gathering and analyzing information on their own. In this case equilibrium presumes 

knowledge of the share of firms with this gathering and analyzing capability. 

17. L’ariances ‘matter’ even though agents are risk-neutral because expected net revenue is 
quadratic. The number of firms affects the incentive to acquire information, since profits 

depend on industry cost conditions. In Darby (19-6) the incentive to buy information 

depends on the size of the firm. We assume that all firms are of equal size. 

18. Though i affects a&.. through its effects on 8,. t),, Od. and p’, it is convenient to treat these 

relative variance terms as exogenous. Taking them into account would not change our 
qualitative effects. 

19. The equilibrium thus dete_rmined_is stable since Tis decreasing in i.. To see this note that 6iEU. 



2nd 

are both decrr.lsing in i. 

20. From (44) 

21. Xote that the existence of the free-rider problem does not rrqu~re that th(lse .quiring 

inform.~tion become informed about all disturbnnces. If, for ez.lmple, .~n .Iddition.lI 

disturbance in, say, money demand is introduced, then those \vho cnn bu)- Inform.ltion oni> 

IIbout a single disturbance, such as espcnditures AS \ve have assumed. will not become full\ 

informed about remaining disturbances. None the less, the free-rider problem would exist in 

the absence of ;I financial market error since whatever additional information rhea obtain 

becomes revealed through financial markets to the uninformed. 

22. The existence of .I risk premium is not sufficient tO resolve the free-rider pr~lblem, since 

when there is imperfect substitutibility among bond markets. the different interest rates are 
separate mnrkrt signnls. Thus, there is both nn Additional unobservable disturbance (the risk 

premium) and an addlrional signal. 
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