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Abstract

This paper offers a dynamic model of the foreign exchange market where some investors
in the market are more informed than others. By adjusting the proportion of informed
investors in the market, it is shown that the disconnect between macroeconomic variables
and the exchange rate is sensitive to the amount of asymmetric information in the market. A
surprising finding is that this disconnect is bigger when the proportion of informed investors
in the market is smaller.
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1 Introduction

The disconnect between macroeconomic fundamentals and the exchange rate has been well-
established in the exchange rate literature. A notable demonstration of this disconnect by Flood
and Rose (1995) shows that volatility of variables such as money and output does not appear
to be significantly different during regimes of fixed and floating exchange rates. A theoretical
explanation for this disconnect has been offered by Bacchetta and van Wincoop (2006) and they
demonstrate how information dispersion can cause rational confusion among investors, which
then magnifies the disconnect between macroeconomic fundamentals and the exchange rate.

In this short paper, I build upon the explanation by Bacchetta and van Wincoop (2006) and
show that the disconnect between macroeconomic variables and the exchange rate is sensitive to
the amount of asymmetric information in the market. By controlling the proportion of investors
who receive noisy private signals about future macroeconomic fundamentals on top of the public
signals that all investors receive, I can adjust the level of information dispersion in the model.
This additional control allows me to demonstrate that the response, as well as persistence, of
equilibrium exchange rate to fundamental and non-fundamental shocks is quite different for vary-
ing levels of asymmetric information in the market. The findings also suggest that strengthening
the connection between macroeconomic fundamentals and the exchange rate might be possible
by increasing the proportion of investors holding more information in the market.

Recently, with the availability of customer order flow data, many researchers have shown
that the impact of order flow on the equilibrium exchange rate depends on the type of customers
initiating the order!. These findings, coupled with the finding that dealers offer smaller spreads
to informed customers as shown in Osler, et al. (2010), suggest that differing levels of impact of
customer orders on the equilibrium exchange rate might be due to different levels of information
they possess. This empirical finding is represented in the model of this paper through 1) the
noisy public signal every investor receives and 2) the noisy private signal only a proportion of

investors receive. The idea to control for the proportion of investors receiving the private signal

'Marsh and O’Rourke (2005), Bjonnes, et al. (2004, 2005), Onur (2008) and Fan and Lyons (2003) are only a

few. See Evans and Rime (2010) for a more detailed list of empirical papers in the field.



is motivated by an interesting paper by Marsh and O’Rourke (2005), where for different currency
pairs, they measure the probability of a dealer trading with an informed investor who might have
more information about the future of the exchange rate than dealers do. Authors offer a measure
called PIN (probability of informed trading) for six different currency pairs and for four different
customer categories and find that the probability of a dealer trading with an informed investor
can be as low as 10 percent for certain currency and customer groups, whereas as high as over
60 percent for others. Even within the same customer groups, they report a gap of almost 20
percentage points from one currency pair to another. These findings are good indication that
a theoretical model that allows for varying levels of asymmetric information in the market is
needed in the literature. In that regard, I extend the theoretical model by Onur (2008) into
a dynamic setting a la Bacchetta and Van Wincoop (2006) to provide this needed theoretical
model.

The rest of the paper is arranged as follows. Section 2 lays out the basic model. Section 3

outlines the solution to the model. Section 4 offers results and analysis and section 5 concludes.

2 Theoretical Model

The setup of the model follows from Onur (2008). It is a two-country monetary model of exchange
rate determination with money market equilibrium, purchasing power parity and interest rate
parity assumed.

There is a continuum of investors in both countries and they are distributed on the [0, 1]
interval. I assume a myopic agent setup where agents live for two periods and make only one
investment decision. Investors are identical in the sense that they have the same utility function
and they know that exchange rate depends on the expectations of future fundamentals. Investors
in both countries can invest in money of their own country, bonds of the home country for a
return of 7;, bonds of the foreign country for a return of i}, and in some type of production
with a fixed return. This production is assumed to depend on the exchange rate as well as
on real money holdings of investor 4, u¢. Thus, the production function is written as f (ui) =

Kkisprr — pt (In(pi) — 1) /o, for a > 0. The coefficient «} is the exchange rate exposure variable.



Investor ¢ will want to hedge himself, and this hedge against non-asset income will add to the
demand in the foreign exchange market. An investor’s hedge demand changes every period and
it is known by the investor himself only.

Investor ¢ maximizes his expected discounted future utility conditional on information known

at t, F{, and his budget constraint. The maximization problem can be written as

max —FE, [e‘”ciﬂ |Ftl] (1)

subject to ¢j,; = (L4 igw, + (se01 — s + 4y — i) By — gy + [ (1)

where w! is wealth at the start of period ¢, B} is the amount invested in foreign bonds, and
Si+1 — St + 9y — 44 is the log-linearized excess return on investing in foreign bonds. Investor i

chooses the optimal amount of foreign bonds to hold and the first order condition becomes

se = E'(spn1) — i + 17 — o7, (B + ), (2)
where 07, = var(sy11) is the conditional variance of next period’s exchange rate and b} is the
hedge demand due to the exchange rate exposure of non-asset income, bi = xi. I write the
interest differential in terms of the exchange rate and fundamentals to obtain i, — i} = i(st — fi),
where the fundamentals are defined as f; = (m; —m})?.

Investor i’s foreign bond demand can be written as

Ei($t+1) — Sty — i _ bi’ (3)

2
YOt

Hedging demand emerging from the exchange rate exposure variable is assumed to be com-

B =

posed of an average term and an idiosyncratic term, bi = b; + ¢i. The average hedging demand
is unobservable to any of the investors but they know the autoregressive process it follows,
b = pybi_1 + €2, where €2 ~ N(0, 02).

Applying this market equilibrium condition to (3) yields

2Note that m; and i; are logs of money supply and interest rate respectively.



Et(8t+1) — St = ’L.t — Z: + ’)/th'f, (4)

where E, is the average expectation across all investors. Using equation (4) and the definition

of fundamentals, the equilibrium exchange rate is given by

oo k
Q —k
= E — 2. b 5
St 2 (l—l—a) t (ft+k QY04 t+k)> (5)

where Ef are expectations of order k > 1, defined as Ef (St41) = fol E! <Ef - (st+k_1)> di with

—1 — —=0
Ey(s141) = Ei(si41) and Ey(s;) = s,

2.1 Information Structure

As well as observing all past and current values of fundamentals, investors also observe signals
regarding future fundamentals. All investors in the market receive a noisy public signal about
the future value of fundamentals. Asymmetric information arises from the fact that a proportion
of investors also receive a noisy private signal about the future value of fundamentals in addition
to the public signal received by every investor. I use w to denote the proportion of investors
who receive just the public signal. Throughout the paper, I choose to call them “uninformed”
investors for tractability reasons. The remaining proportion of investors, 1 — w, are classified as
“informed” investors. Note that changing the ratio of informed investors to uninformed investors
in the economy is equivalent to choosing how much private information exists in the market?.

I Assume that the fundamentals in the economy are governed by the process
fe=D(L)el, &l ~N(0,0%), (6)

where D(L) = dl + dQL + d3L2 + ...
I also assume the noisy public signal received by all investors to be denoted by z; and the

noisy private signal received by informed investor ¢ to be denoted by vi. These signals carry

3 When w = 1, every investor in the economy is receiving only the public signal so all are uninformed, and

when w = 0, every investors is receiving both of the signals so all of them are informed.



information about the value of the fundamental 7" periods ahead, f;,7. In the economy, let the

noisy public signal be structured in the following manner:

2 = for+wy where

wi = pwi,+e & ~N(0,02) (7)

The public signal is composed of two components, the actual value of future fundamentals
and a persistent term, w;. I assume that this persistent term follows an autoregressive process
with p, < 1.* The error term, &7, is independent from the value of future fundamentals and it
is unknown to investors at time ¢. In this setup, public signal does not reveal the exact value
of future fundamentals to the investors. On the other hand, the structure of the noisy private

signal is:

Vy = fr + ) e’ ~ N(0,02), (8)

where error term of the signal being independent from w; and other investors’ signals. Due to
the law of large numbers, I assume the average signal received by informed investors to be uy,

1
namely fl_w vidi = uy.

2.2 The Equilibrium Exchange Rate

I adopt a solution method suggested by Townsend (1983) and successfully applied to an exchange
rate model by Bacchetta and Van Wincoop (2006). The solution method realizes that the
equilibrium exchange rate and its components can be represented by a combination of current
and past shocks to the economy. Realizing that f, = D(L)e! and b, = G(L)e!; where D(L) =
dy + doL + d3L?... and G(L) = 1 + p,L + p?L? + ... where L is the lag operator, equation (5)
can be represented in terms of current and past innovations. The next step is to conjecture a

representation for the equilibrium exchange rate in terms of current and past innovations and

4The fact that z; has a persistent term permits the public signal to be written in terms of its current and past

innovations when conjecturing the equilibrium exchange rate.



then use the method of undetermined coefficients solution technique to solve for the equilibrium
values of the coefficients. The conjectured exchange rate depends on shocks to observable and

unobservable fundamentals:

sy = A(L)el, 7 + B(L)e! + C(L)e; 9)

where A(L), B(L), and C(L) are infinite order polynomials in L. Only a portion of these

innovations are unknown to the investor. At time ¢, investors observe today’s fundamentals as

well as innovations from previous periods. That means values of ¢/ between ¢ + 1 and ¢ + T are

unknown to the investor. Investors also do not observe the non-fundamental shocks, €°, between

t and t — T, as well as the public information shocks, €%, between ¢ and ¢t —T. Non-fundamental
and public shocks before time t — T" are known by the investors.

Detailed solution of method of undetermined coefficients involves using equation (9) and the
distinct information structure of two types of investors in the market to compute E, (s¢41) and
o?. Once they are written in terms of innovations, I match their coefficients with the initial
conjecture to find the equilibrium exchange rate. Note that both of the terms E, (s¢41) and o2

depend on the amount of asymmetric information in the market, w.

3 SOLUTION TO THE MODEL

This section outlines the solution to the model. Note that in the model, the equilibrium exchange
rate depends on the true value of future fundamentals T' periods ahead. Accordingly, today’s
signals reveal the true value of fundamentals and non-fundamentals from 7' periods ago. As
a result, expectations of future fundamentals at time ¢ are affected by signals from previous
periods.

In the conjectured exchange rate in equation (9), the exchange rate is written in terms
of observed and unobserved innovations. Using the conjectured exchange rate, first E; (s,41)
and o2 are written in the same manner. Following equation (9), s;; is represented as s;;; =
A(L)e! w1 +B(L)ey,  +C(L)ef, | and following Bacchetta and Van Wincoop (2006) closely, the

same equality can be re-written as:



_ f b z /
Str1 = £L18t+T+1 + b1€t+1 + 015t+1 + S fE

-~

unobservables

+ A" (L) 5{ + B (L)et_p+C* (L) &i_r

-~

observables (10)

[ f f b b z z
where &, = <5t+T, ey €313 Ly ooy Ef—T4 10 €L ...,ethH) denotes the vector of unobservables and

© = (ag,as,...,ari1,b9,bs,....bry1, 2, ¢3, ..., cry1) is the vector of coefficients matching those
unobservables. The polynomials corresponding to the observables part of equation (10) are
represented as:

A* (L) = (apq2 +arssL + ..)

B*(L) = (bry2 + brysL + ...)

C* (L) = (ery2 + crisL + ...)

Thus, the expected value of tomorrow’s exchange rate is written as:

Ej (s+1) = O'E} (§,) + A" (L) el + B* (L) e)_¢ + C* (L) &} ¢ (11)

and

0 = var (si1) = ajoy + bioy + cio? + O'var (§,) © (12)

The next step is to estimate E! (¢,) and var (§,) as functions of past innovations for the two

different kinds of investors in the market.

3.1 Conditional Expectations for Informed Investors

The first step is to create a new vector of observables that carry only the information
that is new to the investor. I subtract the known components from the observables s;, v!, and
2 to define new variables s}, vi*, and z;. The vector of these unknown variables would be
Y = (S5, 871y o Sy s UV oo Vi 10 20 251y s 2y ) - Y vector provides information

on the vector of unobservables &,. Realizing that

8



sf = a15{+T + a25{+T71 +...+ aTng + b1l +boet |+ ...+ brel p+crEF ot . FerEl g
v = d15{+T + d25{+T_1 + ...+ dT5{+1 + e and
2 =diel i+ dosl oy o+ drel +f - pEi Pl s+

everything can be represented in a more compact format:

Y= H'S +u, (13)

where w} = (0,...,0,&/, ..., e 1,0, ...,0) .
Realize that the unconditional means of ¢, and w! are zero and let their unconditional vari-
ances be P and R respectively®.

Following Townsend (1983), the conditional expectation can be written as:

Ei (&) = MY/

~ ~ —1
where M = PH [H’PH + R} (14)

and the conditional variance of &,, P = var (§,), is given by P = P— MH'P.

3.2 Conditional Expectations for Less-informed Investors

Following the same steps, first I define the new information vector. I keep the general
notation the same but use a different superscript for these investors.

Let YV, = (sf,sj_l, ey Sty REs 21 ...,z;‘_TH) be the new information vector for unin-
formed investors. Less-informed investors use only the public signal and the exchange rate to
provide information on the vector of unobservables &,. These signals are demonstrated as:

st = el ptasel o+ Farely F el Fbogl  + o dbrel g+ g +eog | o Fereiy

and 2 = diel, g+ dogl, o o dpel FeFdpei +pRei o, F

Thus, the known component is written as’:

® Appendix A shows how H, P and R are represented in matrix format.
6Matrix notation for H* can be found in appendix A.



Y;tu - ngta (15)

and the conditional expectation is written as:

Et(gt) = MuY;u

~ ~ —1
where M" = PH" [H“’PH“} , (16)

and P is again the unconditional variance of &,. The conditional variance of &,, P* = var (&), is

given by P* = P — M“H"P.

3.3 Tracing Out the Solution

First, I derive o2 by substituting var (£,) into equation (12). The next step is to write average
expectation of tomorrow’s exchange rate in terms of innovations. This is done by combining
equations (13) and (14) for informed investors and (15) and (16) for uninformed investors. The

resulting representation becomes:

Ei(str1) = (1-w)O'MHE + w0 M"H"S,

+A* (LYel + B*(L)eb_, + C* (L) &7, (17)

and I use the expressions of E; (s,41) and ¢ to solve a fixed point problem by equating these
equations to the conjectured exchange rate. This yields the solutions for coefficients of A(L),
B(L) and C(L) polynomials” and hence a representation for the equilibrium exchange rate in
terms of innovations. This representation allows for the impulse response functions and the

analysis presented in the next section.

TA description of the solution for the coefficients can be found in appendix B.

10



4 Analysis and Results

4.1 Impulse Response Functions

Figures 1 through 4 show the dynamic impact of one-standard-deviation shock on the exchange
rate for different levels of asymmetric information in the market. The shocks are innovations to
future fundamentals, innovations to aggregate hedge demand (which represent changes in non-
fundamentals) and innovations to public signal. To be able to derive direct comparison with
Bacchetta and Van Wincoop (2006), I follow their parameterization and set standard deviations
of all shocks to 0.01 except for that of public shock, which is 0.08. Other parameters used are
T =8, a = 10,7 = 500 and p, = 0.8. Note that the model presented in Bacchetta and Van
Wincoop (2006) allow only for the analysis of cases where w is equal to 0 and 1. This model also
allows for analysis when w is between 0 and 1.

When each shock is analyzed separately, it is clear that the instantaneous response of the
exchange rate to public shocks is highest in figure 4, when 90 percent of investors are receiving
only public signal and only the remaining 10 percent are receiving both the public and the private
signal. Naturally, magnitude of this response is lowest for figure 1 when w = 0.1. This magnitude
increases as w Increases.

When the instantaneous response of the exchange rate to future fundamental shocks is an-
alyzed, figure 1 depicts the case with the biggest response. This is true because there is more
information about future fundamentals in the market due to very high proportion of the investors
receiving both public and private signals. The response decreases as w increases.

A more surprising result is the instantaneous response of the exchange rate to the change
in non-fundamentals (b-shocks). It is obvious in figures 1 through 4 that impact of b-shocks is
substantial in all four cases. The impact increases as w increases since less information about
future fundamentals causes a bigger (rational) confusion. When compared to the findings of
Bacchetta and Van Wincoop (2006), this postulates that every investor in the market does not
need to receive a private signal to create high magnitudes of disconnect. Actually, a small amount

of private information in the market is enough to cause the biggest instantaneous response of

11



Figure 1: Impulse Response Function (w=0.1)
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exchange rates to non-fundamental shocks.

Impulse response functions also show that as w increases, persistence of the non-fundamental
shocks increases as well. This means that when only 10 percent of investors are informed,
confusion due to non-fundamentals lasts the longest in the economy. As a result, that is also
the case when a shock to future fundamentals take the slowest path while converging to its true

level.

5 Concluding Remarks

In this paper, I extend the results of Bacchetta and Van Wincoop (2006) by introducing a mech-
anism that allows the researcher to change the proportion of informed-to-uninformed investors
in the market. This is achieved by allowing every investor in the model to receive a noisy public
signal about future fundamentals but only a proportion of investors receiving their own noisy
private signal on top the public signal they receive. The main findings are that as there is a

higher proportion of informed investors in the market, the effect of a shock to future fundamen-
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Figure 2: Impulse Response Function (w=0.3)

0.012

0.010 /./-/./.___._-/'—'—'*
0.008

0.006 M
0.004 //. \
0.002 // \\

0-000 T T T T T T T
1 2 3 4 5 6 7 8 9 10 M 12
‘—-—f-shock —a—b-shock —e— z-shock ‘
Figure 3: Impulse Response Function (w=0.6)
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Figure 4: Impulse Response Function (w=0.9)
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tals on the exchange rate is higher. Also, the effect of a non-fundamental shock on the exchange
rate is relatively high in the model as long as there is asymmetric information (due to rational
confusion). Surprisingly, a shock to non-fundamentals has the biggest effect on the exchange rate
when the proportion of informed investors in the market is the smallest (10 percent). In other
words, rational confusion is the biggest when the amount of aggregate information about future
fundamentals in the economy is the lowest®.

This paper offers a general model to match different foreign exchange markets with different
levels of PIN measures, as presented in Marsh and O’Rourke (2005). It also suggests that
while the disconnect between macro fundamentals and the exchange rate arises from information
asymmetry, the magnitude of this disconnect can differ from one currency market to another.
Results also show that only a small proportion of informed investors is all needed to create the
disconnect in any market. In conclusion, if one wanted to strengthen the connection between

exchange rates and macroeconomic fundamentals in any foreign exchange market, increasing the

8Note that this confusion is at its lowest level when no investor receives a private signal, as shown in Bacchetta,

and Van Wincoop (2006). There is very little disconnect in the economy in that situation.
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proportion of investors holding more information (maybe through information disclosure) might

be a good idea.
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A Appendix A

Matrices H and H* and the unconditional variances of £, and w (]S and R respectively) are as

follows. )
ap as . ar bl b2 . bT Cci1 Co . CT
0 a; . ar—1 0 bl . bT,1 0 ct . Cr—1
0 0 ayq 0 0 b1 0 0 C1
d do . dp O O . O 0 O . O
e 0O d . dp—x 0 O . 0O O O . O
0 O d 0 0 0 0 O 0
dl d2 dT 0 O 0 1 P ,Oz_l
0 d1 dT_1 0 0 0 0 1 03_2
o 0. d4 0 0. 0 0 0 . 1
L -3TX3T
ap as . ar b1 bQ . bT c1 Co . CT
0 a . ar—1 0 b1 . bT—l 0 ciT . Cr—1
0 0 ay 0 0 bl 0 0 &1
H* =
di dy dr 0 0 0 1 p, . pit
0 dy . dp—y 0 0 0 0 1 . pl2
o 0. d4 00 . 0 0 0 . 1
L < 2TX3T
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B Appendix B

There is need to solve only finite amount of coefficients since for lags T and greater, coefficients

can be derived from each other using the following equations:

ar+1+4s =
bT+s+1 =

CT414s =

1+« 1
rys — _ds
(6%

1+« 2 T+s—1

bris +70°p,

1
ra forall s > 1

CT+s

The method I use to find the conjectured coefficients is to assume starting values for them,

solve the equilibrium exchange rate equation using those starting values and use the newly

found values as new starting values and keep iterating and solving the equilibrium exchange rate

equation until little or no change in the values is realized.
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