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1 Introduction

A central puzzle in international macroeconomics over the last 20 years is that real exchange rates
are volatile and persistent. Furthermore, as Flood and Rose (1995) have elegantly documented, the
exchange rate seems to “have a life of its own”, being disconnected from other macroeconomic vari-
ables. For example, Mussa (1986), Baxter and Stockman (1989) and Flood and Rose (1995) have all
found that both nominal and real exchange rates are highly volatile, especially when compared to the
macroeconomic fundamentals, such as relative price level, consumption and outputs. Exchange rate
volatility also varies substantially over time. Obstfeld and Rogoff (2000) state this kind of “exceed-
ingly weak relationship between the exchange rate and virtually any macroeconomic aggregates” as

the “exchange rate disconnect puzzle”.

This irregularity casts doubts on the traditional monetary macroeconomic model of exchange rates,
which assumes that purchasing power parity (PPP) holds. With PPP, the “expenditure-switching”
effect of exchange rate changes will lead to substitution between domestically-produced goods and
internationally-produced goods. It implies that the exchange rate volatility will be transferred to
macroeconomic fundamentals. Nevertheless, empirical evidence ! indicates that nominal exchange
rate changes are not fully passed through to goods prices. Motivated by this evidence, Betts and
Devereux (1996, 2000) introduced local currency pricing into the baseline Reduxz model developed by
Obstfeld and Rogoff (1995). They assume that firms can charge different prices for the same goods in
home and foreign markets and that the prices are sticky in each country in terms of the local currency.

This allows the real exchange rate to fluctuate, and delinks the home and foreign price levels.

Although the new open economy macroeconomic models with sticky prices, imperfect competi-
tion and local currency pricing can generate volatile exchange rate movements, they typically predict
a strong counterfactual relationship between the real exchange rate and relative consumption 2. A
monetary shock simultaneously raises domestic consumption (by more than it raises foreign consump-
tion) and creates a (temporary) depreciation of home currency. Consequently, these models almost
generically predict a strong positive correlation between depreciation and relative consumption, which

is not observed empirically. 3

!See Engel (1993, 1999) and Parsley and Wei (2001) for details.
2See, for example, Chari, Kehoe and McGrattan (2002).
3Benigno and Thoenissen (2003) report the correlation between bilateral exchange rate and bilateral relative

consumption for seven countries (Canada, France, West Germany, Italy, Japan, U.K. and U.S.) for the periods

starting from 1970 until 2002. The cross-correlation varies between —0.45 and 0.42.



One explanation for this discrepancy might lie in the fact that the nominal exchange rate is also an
asset price, and therefore will be inevitably affected by imperfections in the financial markets. These
imperfections may include herd behavior, momentum investing and noise traders. Working together
with sticky prices, these are all important reasons to explain why the real exchange rate persistently
deviates from the level predicted by the fundamentals-based models. A large body of evidence has
documented deviations from rational expectations in the foreign exchange markets *. Evans and
Lyons (2002) show that most of the short-run exchange rate volatility is related to order flow, which
also reflects the heterogeneity in investors’ expectations. Although financial economists care about
high frequency data, while international macroeconomists focus more on low frequency data, it is still
surprising how little the microstructure of real world foreign exchange markets has been considered

in the macroeconomic theory of exchange rates.

This raises another question: if exchange rate volatility is caused by erroneous beliefs and could
be reduced without incurring costs due to other macroeconomic volatilities, then floating exchange
rates may be too volatile and costly from a welfare point of view. However, it is impossible to make
any policy recommendations in the absence of a welfare-based model which can explain exchange rate

volatility and its relationship with macroeconomic fundamentals.

Therefore, our paper intends to propose a new approach to study exchange rates, that combines
the macroeconomic model of exchange rates and the microstructure approach of foreign exchange
markets. This approach is implemented within a specific model, where noise traders are introduced
into the new open economy macroeconomic framework. The combination is helpful for understanding
the behavior of exchange rates and their relationship with macroeconomic fundamentals better. It
also gives more rigorous microeconomic foundations to the “noise trader” approach and enriches the
new open economy macroeconomic framework with a more realistic setting of the microstructure of
foreign exchange market. In addition, it provides a well-defined framework for policy evaluations,

especially for those policies that are designed to control non-fundamental volatilities.

We adapt the overlapping-generation noise trader model of De Long et al. (1990). Two types
of foreign exchange traders are introduced into the general equilibrium framework. One type is the
“rational /informed trader”, which has rational expectations about future investment returns, while

the other type cannot forecast the future returns correctly and is called the “noise trader”.

The results from the model show that when the number of noise traders increases, so does the

“See Frankel and Froot (1987,1990), Chinn and Frankel(1994), Taylor and Allen (1992) and Cheung and
Wong (1998) for details.



exchange rate volatility. Nevertheless, the volatilities of macroeconomic fundamentals (except for
the net foreign assets) are completely independent of the noise component on the foreign exchange
market. Moreover, since in this model nominal and real exchange rate fluctuations can be generated
by the erroneous belief of noise traders, our model does not predict a strong comovement of exchange
rates and fundamentals. Therefore, the “exchange rate disconnect puzzle” may be explained by the

approach described in this paper.

The basic intuition behind our results is as follows. The heterogeneity in beliefs among foreign
exchange traders creates the basis for trading volume and deviations from the uncovered interest
parity. Arbitrage does not eliminate the effect of noise here because noise itself creates risk: short-
horizon investors must bear the risk that they may be required to liquidate their positions at a time
when asset prices are pushed even further away (by noise traders) from the fundamental values than
when investment was made. Therefore, exchange rates can diverge significantly from the fundamental

values. The greater the number of noise traders, the more volatile will be the exchange rates.

Nevertheless, why is the exchange rate volatility not transferred to macroeconomic fundamentals?
Normally, there are two channels through which the exchange rate affects the macroeconomic variables:
the expenditure-switching effect and the wealth effect (through firms’ profits). Under the assumption
of local currency pricing, the expenditure-switching effect is eliminated as the relative price of home
and foreign goods does not change. Although the wealth effect still exists, it turns out to be quite
small quantitatively. This is because the wealth effect of exchange rate change is spread out over
current and future periods through intertemporal consumption smoothing, and so tends to be very

small.

Many economists have suggested that increasing the trading cost on the foreign exchange market
might reduce the exchange rate volatility. To understand the effect of this kind of exchange rate
policies, the size of the noise component is endogenized by introducing a heterogenous entry cost for
noise traders. Only noise traders having entry costs that are sufficiently low will choose to enter the
foreign exchange market. We find that given the number of noise traders, increasing the entry cost
will reduce the exchange rate volatility. We also analyze the ‘Tobin tax’ type of exchange rate policy
suggested by Tobin (1978) and Eichengreen, Tobin and Wyplosz (1995) in an extension of the baseline
model. We find that a Tobin tax will decrease the exchange rate volatility, however, the impact of
a Tobin tax on exchange rate volatility depends crucially on the structure of the foreign exchange

market and the interaction of the Tobin tax with other trading costs.

The microstructure of the exchange rate market in this paper follows the noise trader literature,



especially the work of Jeanne and Rose (2002), which also focuses on the relationship between exchange
rate volatility and noise traders. However, the macroeconomic part of their model is a simple monetary
model of exchange rates with PPP. Neither nominal rigidities nor pricing to market is considered.
Moreover, intertemporal optimizing agents and profit maximizing firms are not considered in their
model. This implies that most channels through which the exchange rate affects macroeconomic
fundamentals are overlooked. Another feature of their model is that it is a partial equilibrium model

without explicit welfare specifications for households, so rigorous policy evaluation is impossible.

This paper is also closely related to the new open economy macroeconomic literature. The paper
that is closest, in spirit, to our analysis of exchange rate disconnect puzzle is Devereux and Engel
(2002). They stated that the key ingredients to explain the exchange rate disconnect puzzle include:
local currency pricing to eliminate the expenditure-switching effect, a special structure of international
pricing and product distribution to minimize the wealth effect, incomplete international financial
markets, and stochastic deviations from the uncovered interest parity. The analysis in this paper differs
in the following aspects. First, more microeconomic foundations of noise traders are explored. Both
noise traders and rational traders in our model are risk averse and utility maximizing agents, therefore,
policy analysis is possible in our model. Second, we show that, the wealth effect of exchange rate
changes may be quite small, quantitatively, in an infinite horizon model. Therefore, the exchange rate
disconnect puzzle can be explained even without a specific assumption of production and distribution

structure to remove wealth effects.

This paper is organized as follows. In Section 2, we construct a model that embeds noise traders
into a new open economy macroeconomic framework. Both the exogenous entry and endogenous entry
specifications are explored. In Section 3 features of the solution to the model are discussed. Section
4 gives the results of the model. Section 5 extends the baseline model to analyze the implications of

Tobin tax. The paper concludes with a brief summary and suggestions for subsequent research.

2 The model

The world economy consists of two countries, denominated by home and foreign. Each country
specializes in the production of a composite traded good. Variables in the foreign country are denoted
by an asterisk. In addition, a subscript h denotes a variable originating from the home country; a

subscript f denotes a variable used in the foreign country.



This model is analogous to most new open economy macroeconomic models except for the foreign
exchange market. Each country is populated by a large number of atomistic households, a continuum
of firms that set prices in advance, and a government (a combined fiscal and monetary authority).
However, we assume that home and foreign households can only trade nominal bonds denominated
in their domestic currency. Although home households cannot access the international bond market,
the foreign exchange traders can carry out the international bond trading to maximize their utility.
Thus, besides the infinitely lived household, a second type of representative agent is introduced into
the model, namely, the foreign exchange trader, who lives in an overlapping-generation demographic
structure. Hereafter, a superscript H denotes households and a superscript T stands for traders. In

the foreign country, only one type of representative agent is present; the foreign household.?

Since this kind of model has been well covered in previous papers, here we will just briefly sketch
out its main elements and emphasize those parts that make our model different from others; the

foreign exchange market.

2.1 Households, Firms and Government

Households The lifetime expected utility of the home representative household is:

> CcH)l=r 1 M€ n
E, 0| (G =t -1 gy 2.1
{820 [ ()t &)
Subject to
PtCtI—I + Bt-‘rl + Mt = WtLt + Ht + Mt—l + Tt + Bt(l + ’I”t) (22)

where CH is the time ¢ composite consumption of home households, composed by a continuum of
home goods and foreign goods; both are of measure 1. Let C} denote the composite consumption
of traders, then C¥ + CH = Cy, where C; is the composite consumption of the home country and is
given by: .

I 4-17 71

Ci= |wiChy +(1-w)7C] (2.3)

SHere we assume that there are only foreign exchange traders in the home country. The model could be
easily extended to the case where there are foreign exchange traders in both countries. This might affect the
welfare implication of traders, but the main results in this paper will not change. This is because we solve the
model by log-linearizing around a non-stochastic steady state with zero net foreign assets. See Appendix D.1

for details.



0 o
where Croo = (Jy Cral0) T di) ", Cpo = (Jy Crali) ™), and the weight w € (0,1) deter-
mines the home representative agent’s bias for the domestic composite good. Note that 6 is the
elasticity of substitution between individual home(or foreign) goods and ~ is the elasticity of substi-

tution across home and foreign composite goods.

P; is a consumption based price index for period ¢, which is defined by:

1
P = [WP,;W +(1- w)PJ};V] o (2.4)

1 1
Where Ph,t = (fol Phqt(i)l_edl.) e and Pf,t = (fol Pf,t(j)l_edj) e .

In each period every household is endowed with one unit of time, which is divided between leisure
and work. His income is derived from the labor income W; L, profits from domestic goods producers
(which is assumed to be owned by domestic households) II;, interest received on domestic bonds

B;(1+ r;) and lump-sum government transfer T;.

Solving the household’s problem, the optimal money demand schedule can be derived as:

() -

P, N S
t 1+7i41

The optimal labor supply decision is characterized by:

Wi
Ly=—""*__ 2.6
77 t Pt(ct[{)p ( )
Finally, the household’s intertemporal consumption stream is chosen such that
ciy P 1
BE, @) B (2.7)

(Cg:Ikl)p P11+ 7ri

The optimality conditions of the foreign households are entirely analogous, except that foreign
household’s consumption is denoted by C}, as there is only one type of representative agent in the

foreign country.

Firms We assume firms have linear technologies, for each home good i:

yt(l) = Lt(i) (2~8)

It is also assumed that, due to high costs of arbitrage for consumers, each individual monopolist

can price discriminate across countries. Furthermore, as in Betts and Devereux (1996) and Chari,



Kehoe and McGrattan (2002), we assume local currency pricing: firms set prices (separately) in the
currencies of buyers. Finally, prices are assumed to be set one period in advance and cannot be revised
until the following period. That is, the home monopolist sets P, (i) and Py (i) optimally at the end

of period t — 1, and these prices cannot be changed during time ¢.

Appendix A gives the details of the optimal pricing policies of firms. The firms will just set the
price so that it equals to a mark-up over the expected marginal cost and a risk premium term arising
from the covariance of the firm’s profits with the marginal utility of consumption. The following
equations give the prices of the representative home and foreign goods sold in home and foreign

markets, respectively.
0 Ei 1 [D:W:CY]

P, = 2.9

"1 B [DCY] (29)
0 E,_,[D,W,Cf]

P, = 2.1

h.t 0—1 Et—l [DtStCt*} ( 0)
0 E;,[D;W;C,

Pri= g 1] Lt d (2.11)
E; [?ict}
X 0 E,_, [DiW;Cy

Py = 1 DI G (2.12)

0—1 Ei1[DiCf]

where D; and D} denote the pricing kernels households used to value date ¢ profits. Because all home

firms are assumed to be owned by the domestic households, it follows that in equilibrium D, is the

intertemporal marginal rate of substitution in consumption between time ¢t — 1 and t:
D, = 5 (Cff)~" P

(CL)—r P

Dy is defined analogously. S; is the nominal exchange rate at time ¢.

(2.13)

Government The home government issues the local currency, has no expenditures, and runs

a balanced budget every period. The nominal transfer is then given by:
T, = My — My (2.14)
The stochastic process that describes the evolution of the domestic money supply is:
M = M (2.15)

IOg(Mt) = E/Mt (216)

where ¢,,; ~ N (0, agu) is a normally distributed random variable. The stochastic process of money
supply in the foreign country is entirely analogous. Also, the home monetary shock and the foreign

monetary shock are assumed to be independently distributed, that is, Cov(e,, €},) = 0.

7



2.2 Foreign Exchange Market

2.2.1 Foreign Exchange Traders

Following closely the work of De Long et al. (1990) and Jeanne and Rose (2002), the foreign exchange
traders are modelled as overlapping generations of investors who decide how many one-period foreign
nominal bonds to buy in the first period of their lives. Traders have the same taste, but differ in their
abilities to trade in the foreign bond market. Some of them are able to form accurate expectations on
risk and returns, while others have noisy expectation about future returns. The former are referred as
the “rational trader” and the latter as the “noise traders”. Hereafter, the informed trader is denoted

by a superscript I and the noise trader is denoted by a superscript N.

Two specifications of the model are developed. In the first specification, the number of incumbent
noise traders is exogenously determined. In the second one, the traders have to pay a fixed entry
cost to trade on the foreign exchange market. The introduction of an entry cost helps to endogenize
the noise component of the market. This makes the policy analysis possible as policy makers can
affect the composition of traders through the entry cost. In this paper, we focus on the effect of the
exchange rate policy on noise traders, so it is assumed that only noise traders need to pay a positive

entry cost, which can be affected by policy makers.

In the foreign exchange market, at each period, a generation of foreign exchange traders is born.
The continuum of the traders is indexed by ¢ € [0,1]. Assuming that in each generation of traders,

Ny of them are rational traders, and 1 — N are noise traders. The timing of the model is illustrated

in Figure 1.
Figure 1: Timing of Model
t t+1
Action 1 Action 2 Action 3

Action 1: Time t foreign exchange trader ¢ is born; Time ¢ shocks and nominal interest rates are

revealed; The time ¢ born trader ¢ decides if he should enter the foreign bond market.



Action 2: He decides the number of foreign currency bonds Bj , (i) to purchase based on his
expectation about future exchange rate Sy11. To finance his purchase, he borrows Bj; ,,,(i)S; from

the home bond market.

Action 3: Time ¢ 4 1 exchange rate S;;1 is revealed, so the return of his investment in terms
of home currency is realized, which equals St+lBZ,t 4+1(8)(L +77,,). He pays back the principle and

interest of his borrowing(B;kL,t_H(i)St(l +741)), gets the excess return, consumes, and dies.

Let ¢! denote the dummy variable characterizing the market-entry condition of period ¢ born
foreign exchange trader i. If ¢! = 0, trader i will not enter the foreign bond market and if ¢! = 1, he
will enter. At the beginning of period ¢, trader ¢ will enter the market as long as the expected utility

of entering the market is higher than that of not entering:

E{(U | ¢} =1) > E{(U; | ¢} = 0) (2.17)

A foreign exchange trader who has entered the foreign bond market maximizes a mean-variance

utility function:

i . a i .
max Ey (Cgrl(z)) — fVart(CtTJrl(z)) (2.18)
Bi (@) 2
Subject to
PGy = By ()L + i) Seq1 — Bir 1 (1)Se(1 + 141)] = Pegaci (2.19)

where By , +1(7) denotes the amount of one-period foreign currency bonds held by trader 4 from time
t to time t + 1, a is the absolute risk aversion coefficient, the cost ¢; reflects the costs associated with

entering the foreign bond market for trader i.

The entry costs may include tax, information costs for investment in the foreign bond market, and
other costs when investing abroad.® To formalize this heterogeneity, here we follow the specification
used by Jeanne and Rose (2002). Rational traders are assumed to have a larger stock of knowledge
about the economy and thus, do not need to invest in the acquisition of information. Their entry
costs are therefore zero. For noise traders, they do not have a natural ability to acquire and process

the information about the economy and therefore have to pay an entry cost that is greater than zero.

Although the preferences of the noise traders are the same, the noise traders are assumed to be

distinguished from each other by their entry costs. Without loss of generality, the noise traders are

SThese costs may be modelled in many ways. In this paper, the entry costs are assumed to be resource-

consuming in the sense that it consumes the composite consumption good.



indexed by increasing entry costs:

Cc; = C{ ! } for i€ [O, 1-— N[] (2.20)

where « > 0 is the curvature parameter and ¢ is the parameter characterizing the scale or level of
the entry cost of the noise traders. Thus, the noise trader at the left end of the continuum (¢ near 0)
tends to have a lower entry cost and the noise trader towards the right end of the continuum (¢ near

1 — Ny) has a higher entry cost.

2.2.2 Optimal demand for foreign bond

Once the traders have decided to enter the market, the optimal demand for foreign bonds of each type

of traders can be derived. Substituting Equation 2.19 into Equation 5.1, gives:

max FEy

;‘t+1(l) Pt+1

7 i B;,t+1(i)
B St(]. + Tt—l—l)pt—&-l —Ci| — *Va’f‘t 7525(1 + rt+1)pt+1 — C; (221)

where

Sl +riy) 1] (2.22)

Pt+1 = { So(1F 7o)

is the excess return.

We now discuss the information structure of traders. Specifically, we make the following assump-
tions about the subjective distribution over p;y;. The rational traders can predict p;y; correctly 7;

while the noise traders cannot predict the future excess return correctly. That is, for informed traders:

EtI[PtJrl] = Ei[pt41] (2.23)

Var{[pi] = Varpe1] (2.24)

For noise traders, following the work of De Long et al. (1990), we assume:

EN [pr11] = Etlpra] + vt (2.25)
Vary [pea] = Varpe] (2.26)
Var(vi) = \Var(sy) where A € (0, 4+00) (2.27)

"In other words, for rational traders, the subjective distributions of p;;1 are the same as the objective

distributions.
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where v; is assumed to be i.7.d and normally distributed with zero mean. A\ can be considered as a
parameter characterizing the relative magnitude of noise traders’ erroneous beliefs to exchange rate

volatility.

From Equations 2.25 and 2.23, compared to the rational trader’s expectation, the noise traders’
expectation of p;y; based on time ¢ information is biased from the true conditional expectation by
a random error. Nevertheless, noise traders can correctly forecast the conditional variance of the
exchange rate. From Equation 2.27, another assumption is that the unconditional variance of v; is
proportional to the unconditional variance of the exchange rate itself. This assumption helps to tie

down the scale of the volatility of noise traders’ erroneous beliefs.®

From Equation 2.21, the optimal bond holding of trader ¢ can be solved, which is given by:

, Ef[pit1]
B, (i) = ¢ (2.28)
h,t+1 a%jrl(l + Tt+1)Va’l"t [pt+1]
Therefore, for each informed trader:
* Ey [Pt+1]
Bl — (2.29)
h,t+1 apiil (1 =+ ’I“t+1)VCLT‘t [pt-i—l]
For every noise trader:
E 1]
N,* t+1
B = t (2.30)

a%(l + rey1)Varpeia]

Obviously, the lower the expected excess return, the higher the excess return volatility and the
risk coefficient, the less bond traders (both rational traders and noise traders) will hold. Thus, the
traders account for risk when taking positions on assets. At the margin, the return from enlarging
one’s position in an asset that is mispriced (the expected excess return) is offset by the additional

price risk (the volatility of excess return) that must be borne.

Having derived the optimal demand for foreign bonds of each type of traders, we can analyze the

equilibrium condition of the foreign bond market.

8The logic behind this assumption is that the bias in noise traders’ expectation must be related to the
volatility of the exchange rate itself, otherwise noise traders might expect the future exchange rate to be

volatile even under a fixed exchange rate regime.

11



2.2.3 Equilibrium condition of the foreign exchange market

Analysis with no entry costs We first analyze a simple case where ¢ = 0. Thus, all the
noise traders will enter the market and the noise component of the market is exogenously determined

by the number of existing noise traders on the market.

In each period ¢, 1 — Ny noise traders are present on the foreign bond market. Then, the aggregate

demand for foreign bonds by foreign exchange traders of the home country can be denoted as:

* I,% N, %
Bpin = NiBpi +(1—Ni)B,

Ser1(1+7744)

B[St —1] v N 2a)
CLP;S_L (1 + TtJrl)V(LTt (thrl)

Sep1(1+71744) } Sy
>k |——= 1| +(1—-Npvg—a 1+7r Var B} =0 2.32
t Si(1+ Tt+1) ( )Vt Prs ( t+1) t(p+1) ht+1 ( )

First Part
Second Part

Endogenous entry of noise traders We now endogenize the composition of traders who

enter the market in each period by introducing positive entry costs for noise traders.

The entry decision for informed traders is trivial. They bear no entry cost and always enter the
foreign bonds market in equilibrium. A noise trader, however, enters if and only if Equation 2.17 is

satisfied. As shown in Appendix B, for trader 4, this condition takes the form:
ci < GBY (2.33)
where GB}Y can be considered as the gross benefit of entry for noise traders and is given by:

GBZV _ [EtN(PtH)]Z

= 2.34
2aVary(pi41) ( )

The gross benefit of entry can be interpreted intuitively. For noise traders, it increases with the
expected excess return and decreases with the conditional time t + 1 exchange rate volatility. Note
that in our general equilibrium setting, both terms are functions of the number of incumbent noise

traders.

Let ¢; = GBY be the cut-off value of entry cost. From Equation 2.33, for noise trader i

if ¢; <cf, pl=1 (2.35)

12



if ¢;>cf, pi=0 (2.36)

The number of incumbent noise traders n; is then given by:

= (9)" = (G N 247

2aVars(pri1

Apparently, the number of active noise traders on the market increases with the square of the
expected excess return and the number of existing noise traders, and decreases with the entry cost,
the risk aversion coefficient a, and the excess return volatility. The economic intuition behind Equa-
tion 2.37 is as follows. The presence of more active noise traders creates a higher expected excess
return and incentives for other noise traders to enter the market, however, the extra volatility brought
about by their entry will reduce the gross benefit of entry for noise traders. In equilibrium, the two

effects balance and no more noise traders will enter.

Substituting Equation 2.37 into B}, ;4 = NIB}IL’;_1 +ntBiLV;:1, we derive the equilibrium condition

of the foreign bond market when the entry decision of traders is endogenized:

1

S (1+ 77 (%y(l_Nl)“t Si(1
' M B 1}+ T —a ! —Ertf) Vary(pes1)Bh 41 =
¢ tr Nr+ (%’) "(1-Nr) P [NI + (%) C- Nf)]
First Part

Second Part

(2.38)

Equations 2.32 and 2.38 represent the interest parity conditions in this economy. Note that the
uncovered interest parity does not hold in this model. The last two terms in Equations 2.32 and
Equation 2.38 show the deviation from the uncovered interest parity when noise traders are present
in the market. This deviation consists of two parts: the expectation error of the noise traders, and

the risk premium term, since the foreign exchange traders are risk averse.

In our model, as in De Long et al. (1990), the noise traders can “create their own space”: the
uncertainty of the noise traders’ expectations over the future exchange rate increases the risk borne
by informed traders engaged in arbitrage against noise traders. The aversion to this risk will severely
limit arbitrage, especially in an overlapping-generation framework. Short-horizon investors must bear
the risk that they may be required to liquidate their positions at a time when asset prices are pushed
even further away (by noise traders) from the fundamental values than when the investment was
made. Therefore, as shown in Section 3, exchange rate can diverge significantly from the fundamental

values.
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2.3 Equilibrium Condition

Equilibrium for this economy is a collection of 26 sequences (P;, P}, Py, ., Py Pra, Py, Cy,Cr.CcH Cy,
Cht, Chys Crp, Cf 4y Sesre, vy Dy, Di, Wy, Wi, By, Bf, By 4, Ly, L) satisfying 26 equilibrium condi-
tions. They include the six household optimality conditions (Equations 2.5, 2.6, 2.7 and their foreign
counterparts), the definition of the price indexes (Equation 2.4 and its foreign analogy), the definition
of the pricing kernel (Equation 2.13 and its foreign analogy), the interest parity conditions (Equa-
tion 2.32 or Equation 2.38), the four individual demand equations, the four pricing conditions, and

the four market clearing conditions for the bonds and goods markets:

Bit1 = 8 Bji 41 Yt (2.39)
Bf +Bj,=0 (2.40)
Ly =Chy+Cj, (2.41)
Li =Cpy + Chy (2.42)

Finally, the budget constraint of the foreign exchange traders. For the exogenous entry specifica-
tion;
ROy = B ((L+77)Se — By, 1St—1(1 + 1) (2.43)

while for the endogenous entry specification:

PCl = [By (14 77)S = Byy (Sia(L+70)] = P Y e (2.44)
=0

And the home country aggregate consumption equation:

c, = cH4cor Exogenous Entry (2.45)
cH 4ol + Z ci Endogenous Entry (2.46)
=0

Ci

Then the above two equations, the budget constraints of the home households 2.2, Equation 2.39 and
its one-period lag can be combined to get the national budget constraint of the home country:

PtCt = WtLt + Ht + StB;;t(]- + 7‘:) — StB;;tJrl (247)

where

Ph, t - * P;;t 7 *
(Pt —Wy) : Ce+ (P St — Wh) . Cy
P, P,

I, =w (2.48)

t
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3 Model Solution

The model can be solved by log-linearization around a non-stochastic, symmetric steady state (as
described in Appendix C), where net foreign assets are zero, all prices are equal, and the exchange rate
is unity. Given the log-linearized system, the deviations of the exchange rate and the macroeconomic
variables from their ¢ — 1 expectations are solved in terms of exogenous money supply shocks and
the expectation error shocks. Appendix D describes the complete solution of the model. Here, the

important and intuitive features of the solution are outlined.

Hereafter, 7y = log(X;) —log(X), where X is the non-stochastic steady state value of variable X;.

3.1 Log-linearization

Appendix D.1 gives the complete log-linearized system. Here just the economic intuition of the log-

linearized price indexes and the parity conditions (Equations 2.32 and 2.38) are discussed.

Price Indexes From the log-linearization of the pricing equation of firms, we may find that

the firms will set prices equal to the anticipated marginal costs:
Pht = Ei_1[wy], p}";,t = E,_1[w] — Er—1[$4] (3.1)

Pii = Ealwi]+ Eia[$i], pj, = Eafwy] (3:2)

Together, these equations give the price index for the home and foreign country:

Br = = (B[] + By [wf] + Bi_1[54)) (3.3)

P =

N = N =

(Er 1] = B [$1] + B [wy)) (3.4)

Equations 3.3 and 3.4 establish that in an expected sense, PPP holds. This is not surprising, as

the prices can fully adjust to all shocks after one period.

Parity Equations Since the non-linearities of the interest parity equations are important for

understanding the dynamics of the economy, especially for the exchange rate, the variance term and
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expectation error term will be kept through second-order approximation when the parity equations

are log-linearized. The detailed derivation is given in Appendix D.1.

Linearizing the interest parity condition for the exogenous entry specification (2.32) gives

R R . 147)S . .
§y = Ey(si41) — B(drigr —drj ) + (1 — Np)vy — a%\/am[stﬂ]ch’tH (3.5)

where dX; = X; — X.

Linearizing the interest parity condition for the endogenous entry specification (2.38) gives:

. R " 1 1+4+7)S
§; = Ey(si41) — B(drigr — driy ) + —ngv — ag

N, BN, Vary[sii1]dBy 144 (3.6)

where n;, the number of incumbent noise traders is given by”:

_ABi(si1) = S — Bldri, —dri) + o} (1= Ny)
N 2aVars(siy1) ¢

g

Similar to Equations 2.32 and 2.38, Equations 3.5 and 3.6 show that the biased expectation of noise
traders causes a stochastic deviation from uncovered interest rate parity. This deviation is composed
of two parts: the noise traders’ expectation errors and a risk premium term. The former, as discussed
intensively by Devereux and Engel (2002), is different from the traditional risk premium term that
arises from the risk aversion of households. It captures the fluctuations in the exchange rate due to
the variation of noise traders’ misperceptions. As one would expect, the greater the number of noise
traders, the greater is the impact of the noise traders’ expectation error on the exchange rate. For
example, when a positive expectation error shock occurs, the noise trader will have a higher demand
for foreign bonds and foreign currency, which leads to a domestic currency depreciation. Therefore,

this term tends to increase exchange rate volatility.

In contrast to Devereux and Engel (2002), there is also a risk premium term in the parity condition
because of the assumption that traders are risk averse. Intuitively, when exchange rate volatility
increases, traders would not hold the foreign bonds unless compensated for bearing the extra risk.
Consequently, the price of the foreign currency (risky asset) should fall. Thus, the risk aversion of

traders (both informed traders and noise traders) will tend to reduce exchange rate volatility.

9Hereafter, the curvature parameter of entry costs a is set to be equal to 1. The model can be easily

extended to the case where @ > 1 or 0 < o < 1, and the main results will not change.
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Solve for T'— 1 Expectations Taking a linear approximation of the budget constraint of

home household!?, using the pricing indexes (Equations 3.3 and 3.4), the relationship between ¢é; and

cll, and the fact that (as will hold in equilibrium) in an expected sense, any initial change in net

foreign assets is persistent, gives:

Bra(cl — &) = Bor (YCL) 1 (1= ) By (1 — wf — $0) + == (% — 1)aB (3.8)
t—1(Ct t) = Lt—1 c V) Lr—1(We t t PC'j3 t .
Use 7 = % — 1 and the fact that % =0, we get:
i b ey 2T
Ei (i —¢) =10 —v)EBi1 (W —wf — §;) + ==dBy (3.9)

PC

Equation 3.9 shows that the relative home consumption increases in changes of the initial net foreign
assets position and decreases in the expected terms of trade, as long as the elasticity of substitution

between home and foreign composite goods <y is greater than 1.

From the linear approximation of the goods market clearing conditions (Equations 2.41 and 2.42),
and the labor supply equation 2.6 and its foreign equivalent, using price indexes (Equations 3.3 and

3.4), and taking expectations at t — 1, gives:

Ey 1(cH —¢)) (3.10)

Etfl(UA)t - U;;:k - §t) - 1 +pw7

Equations 3.10 and 3.9 give a relationship between the initial net foreign assets and the expected

relative consumption: )
5 - o1
Erq(cH — &)= =22 ~4B, (3.11)
o

(A=y)p
149y *

increase in the home relative consumption.

where ¢ = 1 — An increase in the home country’s net foreign assets leads to an expected

Finally, hereafter, we assume that the elasticity of the money demand ¢ = 1. '2 In equilibrium,

given the random walk assumption of money supply process and the log money utility function, a

0 After the home money market equilibrium condition M; = M,;_1 + T; and the profit condition 2.48 are
imposed.

"This is because the traders’ income is derived from the product of the net foreign assets (B} ¢+1) and the
excess return (ps+1). At the steady state, both the net foreign assets and the excess return are equal to zero.
If we log-linearize the budget constraint of the traders (Equation 2.19) around the steady state, dCr will be

a product of two small deviations from zero, and tends to be very small. See Appendix D.1 for details.
12 An estimate of the consumption elasticity of the demand for money(equal to % in the model) is very close

to unity, as reported by Mankiw and Summers(1986).
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very convenient property is that the nominal interest rate will be constant. This is because, if the log
of the money stock follows a random walk, so does the log of the term P,(C/?)?. Using this fact and
pricing indexes (Equations 3.3 and 3.4), from the linear approximation of the money demand function

and its foreign equivalent we could get:
By 1(my —m;) = pEra(cff — &) + Eia(5) (3.12)

Therefore, in an expected sense, the exchange rate is consistent with the standard monetary model.

3.2 Model 1: Exogenous Entry

Response of Exchange rates to Money shocks Hereafter, let x4, = /4y, — Er_1(x¢y;),
7 > 0 denote the deviation of a variable from its date ¢t — 1 expectation. Then, the log-linearized home

household’s budget constraint minus its t — 1 expectation gives:

- 5 2 5
CfI - C;: + ﬁdBt-‘rl = S~t (313)

. PC
By = 7[5} — (cff = ¢})] (3.14)

The right-hand side of Equation 3.13 represents the relative wealth effect of an unanticipated shock
to the exchange rate through firms’ profits. This relative wealth increase will then be spread between

an increase in relative home consumption and net foreign assets accumulation.

Using Equation 3.11 (updated to period ¢ + 1) and Equation 3.14, we may establish that :

T ~* g 7 *~ -~
(cH —¢cf)+ ;Et(cﬁl — ) = S (3.15)
This equation gives a relationship between current relative consumption, expected period t+ 1 relative

consumption, and the unanticipated shock to the exchange rate. It represents the constraints on these

three variables implied by the intertemporal current account.

Then, substituting the log-linearized intertemporal optimality equations into the interest parity

condition, we may obtain the consumption-based interest parity condition:

pEi(ciir — &) + Ey(pi — ) = pEi(cyy — ¢f) + Ev(piq — pf)

. . 1+7)S . .
+Et(8t+1) — S + (1 - N])’Ut - a%V&rt[st_s_l]ch’tH (316)
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where the left-hand side is the domestic nominal interest rate and the first two terms on the right-hand
side represent the foreign nominal interest rate. Using the price indexes (Equations 3.3 and 3.4) and
subtracting Equation 3.16 from its ¢ — 1 expectation, we may to get the relationship between current
relative consumption and anticipated future relative consumption. Appendix D.2 gives the detailed

derivation.

~ - S - 1 1+7)S . -
Buefiy — i) = (& = &) - 21— (1= Mo+ o van s JaB] ) @)

In this equation, expected consumption growth in the home country decreases in response to an
unanticipated exchange rate depreciation, since this generates an unanticipated real depreciation, and
therefore reduces the home country’s real interest rate. From Equation 3.16, a positive shock to
foreign exchange traders’ expectations of the future exchange rate will increase the home real interest
rate and lead to an increase in expected consumption growth of the home country. The last term in
Equations 3.16 and 3.17, which denotes a risk premium term due to the risk-aversion of the foreign
exchange traders, tends to reduce the real interest rate. Therefore, it has a negative effect on the

expected home relative consumption growth.

Finally, the relation between relative money supply and relative consumption can be derived from

the money demand equations'? :

vy —my = plell — ) (3.18)

Putting Equations 3.18, 3.15, 3.17 and 3.14 together, we can get a system of equilibrium
conditions that characterizes {$;, é; — cék, dByi11}. We may solve for the deviation of the exchange rate
from its ¢t — 1 expectation ($;) in terms of the exogenous money shock and expectation error of the
noise traders. The details of derivation is given in Appendix D.2.

_ _ . 14+
$¢ = (my — mj)

1

+ %Vart(sfﬂ) N o
p+Z+oVary(sii1)  p+Z+oVard(sii)

T

(1 - Np)o, (3.19)

Q| =la

where __
a(l +7)SC
¢ f— 72

=11 Q

(3.20)

From Equation 3.19, the conditional mean: E;(s;31) and the variance of the future exchange
rate deviation: Vary(s;11) may be solved. Since §; is linear in my, 7752‘ and v; and the monetary

shocks and expectation error shocks are normally distributed with zero mean and constant variance,

3Notice that 1i; = ,,,¢, and m} = e}t~ We use m; and m; for notational convenience.
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Ei(si11) = E(six1) = 0, Vary(si31) = Var(siy1) = constant = Vi, and V; is determined by the

following implicit function:

(1+:+ﬁ%)2
Vi = . 5 Var(m:) + Var(m;")] (3.21)
[ R _ 2
1 <p+:+¢%) (1= Np)2A
If the noise traders are risk neutral, then a = 0, which implies ¢ = % = 0. Then when N; = 0,

Equation 3.21 becomes:
(1+ 2)2(Var(my) + Var(m;*))

(0 + )21 = (7z)%A

which is exactly the same as Equation 3.20 from Devereux and Engel(2002).14

‘/s:

(3.22)

Therefore, the coefficient ¢ is associated with the risk-aversion of traders. The higher the risk
aversion coefficient, the lower will be the exchange rate volatility. For both types of traders, their

aversion to risk prevents exchange rate volatility from increasing too much. To see this, it can be

1+24+2v,

2
m_a%) on the right-hand side of Equation 3.21 is

shown that as long as p > 1, the numerator <
- 2
decreasing in V5 and the denominator 1 — (m) (1 — N7)2) is increasing in V.

Can the exchange rate display ‘excess volatility’ in this model? When p = 1, the coefficient of
(my — n:L;*) is exactly 1 in Equation 3.19. Therefore, with no noise traders, the exchange rate volatility
will be equal to that of the fundamentals. If noise traders are present on the market, the exchange

rate volatility may be much higher than the fundamental volatility, even when p = 1.

Volatilities of macroeconomic fundamentals Now we will find out the response of the
macroeconomic fundamentals such as consumption, labor and wage to the exogenous monetary shocks
and expectation error shocks. From the log-linearized goods market clearing condition, labor supply
condition and the money demand condition, we can derive the functions that characterize the response

of macroeconomic fundamentals to these shocks.

Wy = Q%(mt +my) + iy (3.23)
- 1 -

4 Notice that no distributors are present in our model.
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= ¢ =-m; (3.25)
From the above equations:
Vm«@):xawai):;%vamﬁu) (3.26)
Var(in) = (2 + 12Var(ie) + (=) Var(my) (3.27)
2p 2p
Var(iy) = (%)Q(Var(mt) + Var(m)) (3.28)

In other words, the volatilities of the macroeconomic fundamentals are only decided by the volatility
of the relative monetary shock and the values of the parameters, but not by the volatility of the
expectation error and the number of incumbent noise traders in the market.
Finally, from Equations 3.14 and 3.18, the net foreign assets are given by:
. PC . 1, _ ~
dBt_;,_l = T[St — ;(mt — m;‘)] (329)

Therefore, the volatility of the net foreign assets will be affected by the number of incumbent noise

traders.

3.3 Model 2: Endogenous Entry

The endogenous entry case is similar to the exogenous entry case except for the interest parity equation.

Substituting the log-linearized intertemporal optimality conditions into the endogenous interest

parity condition (Equation 3.6), we may get the consumption-based interest parity condition:

pEi(ciyr — &) + Ei(piyr — ) = pEi(ciyy — ) + Eo(piyy — pf)

R .1 (1+7)S R .
+Et(8t+1) — S¢ + E’nﬂ)t — apiNIVart[stH]ch’tH (330)

Using the price indexes, we may find a condition analogous to Equation 3.17:

- - o~ L1 1+7)8S . ;
Et(Cﬁl — Ct+l) = (CtI{ — Ct) — *[St — Entvt + a%‘/an[swl]d}?m”l] (331)
where 1°
Ey(si51) — § 2(1-N
ne — {Ei(se11) st + vt ( . 1) (3.32)
2aVary(si31) c

Here we use the fact that nominal interest rate are constant and §; = §;, — Ei_1(8¢).
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Equations 3.18, 3.15, 3.14 and Equations 3.31, 3.32 give the solution of the endogenous entry

model, and the derivation is entirely analogous to Equation 3.19 :

5 = (i _M*)1+%+%V%(8{+1) . g {Bi(sin) =&+ o) (L= Np)
¢ i Yo+ 2+ ¢'Vard(siyr)  p+ 2+ Vard(sii) 2aVary(si31) Nie
(3.33)
where a \5C
,  all+7 o
= — 3.34
¢ 2N7 T ( )

As shown in Appendix F, the process of §; can be simulated, then we may establish that Var:(s;31) =
Var(siy1) = constant = V; and Fy(si31) = E(si11) = constant = Es. By the numerical undeter-

mined coefficient method described in Appendix F, we can solve for §;, Vs and Ej.

Analogous to the exogenous entry case, when p = 1 and no noise traders are present (N; = 1),
§; = (m; —m7), exchange rate volatility will be identical to that of the fundamental. When there are
noise traders in the foreign exchange market, the exchange rate may diverge significantly from the

fundamental values.

The expression for net foreign assets, consumption, labor, and wage are exactly the same as in

the exogenous case.

4 Results

Equations 3.19 and 3.33 are too complicated to be solved analytically, so the numerical undetermined

coefficient method (as described in Appendix F) are used to solve for §;, Vi and Ej.

Table 1 gives the parameter values that are used in the numerical simulation. We choose 8 = 0.94,
which produces a steady state real interest rate of six percent, about the average long-run real return
on stocks. The parameters 1 and 1 are set so that the elasticity of labor supply is 1 and the time
devoted to work is one quarter of the total time in the steady state. The business cycle literature
has a wide range of estimates for the curvature parameter p. Chari, Kehoe, and McGratten(2002)
set p = b to generate a high volatility of the real exchange rate. In our model, a high exchange rate
volatility can be obtained without high risk aversion of households, so it is set to equal 2. For the
final goods technology parameters, the elasticity of substitution between domestic produced goods 6

is set to 11 following Betts and Devereux(2000). This gives a wage-price mark-up of about 1.1, which
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is consistent with the finding of Basu and Fernald(1994). The elasticity of substitution between home
goods and foreign goods 7 is set to be 1.5, following Chari, Kehoe, and McGratten(2002) and Backus,
Kehoe, and Kydland(1994). Note that, other parameters, such as the money supply process, number
of informed traders on the market, and entry costs, are not fully calibrated as the purpose of this

paper is just qualitative analysis.

TABLE 1

Parameter Values

Ezxogenous Case

Preferences 8=094 p=2e=1,n=582,¢y=1
Final goods technology f=11,v=15,w=05

p) =002 = O’?z =0.01
Foreign exchange traders ¢=0, Ny € [0,1], A\=1,1.5

Steady State Values Mss = P =1, Mgg = M7, =2

Endogenous Case®

Money Growth Process corr(e,, e

Foreign exchange traders ¢ >0, Ny € [0,1], A=1.5

“Other parameters in the endogenous case are the same as in the exogenous case.

4.1 Exogenous Case

First the exogenous entry case is solved. Tables 2 and 3 illustrate the results of the simulations, for
different values of A. The first ten rows show the changes in the volatilities of the exchange rate and
the net foreign assets when the number of noise traders increases from 0 to 1. The last three rows
report the volatilities of the macroeconomic fundamental variables, given the calibrated parameter

values.

From Tables 2 and 3, three important findings are: First, the exchange rate volatility increases
when the number of noise traders increases, while the volatilities of macroeconomic fundamentals
remain constant. Moreover, the exchange rate volatility is much higher than that of the macroeconomic
fundamentals. Second, from the functional form of §;, listed in the first column of Tables 2 and 3, the
impact of fundamental monetary shocks on the exchange rate (coefficient of 171, or m}) decreases in
the number of noise traders. Meanwhile, the effect of expectation error on exchange rate (coefficient
of v;) increases when more noise traders are present on the market. Third, the exchange rate volatility

is higher when the magnification coefficient A increases.
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Therefore, the critical implication is that ‘disconnection’ does exist between the exchange rate
and the macroeconomic fundamentals in this model. Thus, the presence of noise traders in the foreign
exchange market, combined with local currency pricing, generates a degree of exchange rate volatility
that may be much higher than that of the underlying fundamental shocks. In other words, the

“exchange rate disconnect puzzle” may be explained by the approach suggested in this paper.

To understand intuitively why the disconnect puzzle can be solved in such a model, we may
examine the case without noise traders. Obviously, the presence of local currency pricing tends to
remove the expenditure-switching or substitution effects of exchange rate movements. Nevertheless,
with just local currency pricing, the dynamic model will not generate a highly volatile exchange rate
and the disconnection, as an exchange rate shock also affects the home real interest rates through the

interest rate parity condition.

Rewriting Equation 3.17 by omitting the expectation error and the risk premium term, gives:

PE(cthy — ciy) = plef’ — ;) = 5 (4.1)

Together with Equation 3.15,

O 5 - -
(cff =)+ ;Et(cg-l —Ciy1) =St

Equation 4.1 illustrates why exchange rate volatility is limited without noise traders. When a depre-
ciation of home currency occurs, the domestic currency value of foreign sales will increase, giving rise
to an increase in home wealth. Equation 3.15 indicates that this positive wealth effect increases both

current and future relative consumption in the home country.

Meanwhile, as an arbitrage condition, the interest parity condition (Equation 4.1) implies that a
depreciation of home currency today will reduce the relative real interest rate in the home country
and change the path of consumption, so that the current home consumption will increase, relative to
the expected future consumption (holding foreign consumption constant). If the change in exchange
rate is large and a disconnection between consumption and exchange rate is needed (i.e., the change
in current consumption has to be small), the only possible way suggested by Equation 4.1 is for
the expected future consumption to drop a lot. Nevertheless, Equation 3.15 implies that the future
relative consumption of the home country should increase when a depreciation of home currency
occurs. Therefore, with no noise traders, the only way to explain the difference between the exchange
rate volatility and the fundamental volatility is by introducing a high value of p, which is exactly the
mechanism emphasized by Chari, Kehoe, and McGratten(2002).
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When the noise traders are introduced into the interest parity condition, we can see from Equation
3.17 that now a large increase of exchange rate and a small change in current consumption do not
necessarily imply a large drop of expected future consumption, because the presence of the expectation
errors and the risk premium term of noise traders also drive wedges between the home and foreign

real interest rates. This could be called the “level effects” created by the noise traders.

The presence of noise traders also creates a “volatility effect”, which is due to the assumption that
the volatility of v; itself is proportional to the exchange rate volatility. This assumption “magnifies”
the response of the exchange rate to the expectation error of noise traders. When the nominal exchange
rate volatility increases, so does the expectation error volatility, which further increases the exchange
rate volatility until the system reaches an equilibrium where Var(v;) = AVar(s;).'® Thus, \ is the
parameter characterizing this magnification effect. The higher A, the higher is the exchange rate

volatility.

Therefore, volatile exchange rates can be obtained in this model. Still, why is the high volatility

not transferred to other macroeconomic variables (except for the net foreign assets)?

Normally, there are two channels through which the exchange rate affects other macroeconomic
variables: expenditure-switching effects and wealth effects. We assume local currency pricing stickiness
in this model, that is, the firm can set prices separately in the currencies of buyers and the prices are
sticky. Since the prices of the import goods are sticky in terms of the local currency, the relative price
of home-produced goods to foreign-produced goods will remain unchanged when the exchange rate

changes. Therefore, the expenditure-switching channel is completely shut down in the present model.
17

With regard to the wealth effect, from Equation 3.15, the increase in wealth that comes from an
unexpected depreciation will be spread between an increase in relative home consumption and the net
foreign assets accumulation. From Equation 3.18, however, the increase in relative home consumption

is limited by the relative money shocks due to the real balance effect. Therefore, the net foreign assets

'6Please refer to Appendix E for the method used in the simulation to make Var(v:) = AVar(s;).
"In another paper, the assumption of local currency pricing is relaxed and the baseline model is analyzed

under producer currency pricing or a mixture of local currency pricing and producer currency pricing (i.e.,
the exchange rate pass-through is between 0 and 1). As expected, with positive exchange rate pass-through,
the volatilities of macroeconomic fundamentals (consumption, labor and wage) depend on the exchange rate
volatility. The higher the exchange rate pass-through, the higher is the correlation between exchange rate

volatility and the fundamental volatilities.
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will absorb most of the wealth increase. This is actually shown in Tables 2 and 3, when the volatility
of the nominal exchange rate increases, so does the volatility of the net foreign assets. Nevertheless,
the magnitude of the volatility of the net foreign asset and the expected future relative consumption
are small quantitatively, especially when compared to that of the exchange rate. That implies the

wealth effect is also small quantitatively. From Equation 3.15,

Et(CEH - C?:rl) =

[$e = (cff = <})) (4.2)

Q=

It can be seen that the volatility of the change in expected future consumption is quantitatively
small because g is small given reasonable parameter values. '® The economic intuition is that the
consumption-smoothing behavior of infinitely lived households limits the wealth effect in this model.
When a shock occurs that leads to an exchange rate depreciation occurs, the households increase their
holdings of net foreign assets. This increase will be spread over many future periods because the
households want to smooth their future consumption. The increase in the expected consumption of

the next period is then quite small. Therefore, the more risk averse the households (the higher p), the

A=y)p

bigger will be 0 =1 — 10y

(suppose that v > 1), and the smaller will be the wealth effect.

Moreover, in the monetary model of exchange rate without noise traders, the monetary shocks lead

to movements in both macroeconomic fundamentals and exchange rates, as shown by the following

equations:!?
N P
t:p+%(mt—mt) (4.3)
H e L, "k
¢ —cf =—(my —my) (4.4)

Therefore, it generically predicts a strong comovement and a high and positive correlation between
the exchange rate and relative consumption.?? From empirical evidence, however, there is no clear
path in the observed cross-correlation. Chari, Kehoe and McGrattan (2002) find that this correlation
is negative for U.S. and Europe while it ranges between small and positive to somewhat negative for

other country pairs.

Nevertheless, in our model, since exchange rate movements can be generated by the expectation
error shocks, our model does not predict a strong comovement of the exchange rate and relative

consumption. The functional form of §; (listed in the first column of Tables 2 and 3) shows that

8For current calibration, - = % = 0.0429. Recall that 0 =1 — (11;12?’ so as long as the elasticity of

substitution between home and foreign goods  is greater then 1, o is greater than 1. Thus,~ < 0.06.

19With no traders on the foreign exchange market, Equation 3.19 could be rewritten as Equation 4.3.
20For example, in Chari, Kehoe and McGrattan (2002) the correlation is equal to 1.
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the exchange rate can move even when the realization of the fundamentals shocks are equal to zero.
Further more, as shown by the last column of Tables 3, the cross-correlation between the exchange
rate and relative consumption decreases when more noise traders are present on the foreign exchange
market. Intuitively, this is because the introduction of noise traders generate deviations from the
uncovered interest parity condition and thus breaks the link between the real exchange rate and

relative consumption. Thus, we may get a small and positive correlation in our model.

4.2 Endogenous Entry

The exogenous entry specification gives important implications for the model, however, a natural
question to ask is what can the monetary authorities do to get rid of the excess volatility in the
nominal exchange rate? In this section, we consider ways to endogenize the entry of noise traders,

which will help to evaluate the implications of policies that target the non-fundamental risk.

Table 4 illustrates the simulation result of the endogenous entry specification: First, the exchange
rate disconnection still holds in this specification. Second, given the number of noise traders on the
market: 1— Ny, increasing the entry cost ¢ (within a reasonable domain of ¢) will reduce the exchange

rate volatility.

The first finding is not surprising. In Equation 3.31, as in Equation 3.17, the presence of noise
traders generates a wedge between home and foreign real interest rates. This wedge, by analogy, is also
composed of two parts, the expectation error of incumbent noise traders and the risk premium term.
The only difference is that now the number of incumbent noise traders is endogenously decided, and as
is the expectation error part. Nevertheless, this does not alter any of the results from the theoretical
analysis in Section 4.1. This wedge creates the “level effects” and the “volatility effects”, which, in
turn, imply a degree of exchange rate volatility that is much higher than the fundamental volatility.
Meanwhile, the expenditure-switching effect is eliminated because of the LCP pricing behavior. The
wealth effect is quantitatively small because of the households’ consumption smoothing behavior in
an infinite horizon model. Therefore, the exchange rate volatility will not be transferred to the

macroeconomic fundamentals except for the net foreign assets.

The second finding is very interesting and has important policy implications. Although the model
is complicated and can only be solved numerically, this result is quite intuitive. The higher the
entry cost, the fewer noise traders will enter the market and therefore fewer noise components will be

present. Thus, it shows that the exchange rate policies that aim at eliminating the non-fundamental
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risk can be justified theoretically. It also suggests possible approaches that could be taken by the
monetary authorities to reduce the excess exchange rate volatility, to discourage the entrance of noise
traders by increasing the entry cost or to “educate” the market to reduce the number of noise traders
on the foreign exchange market. Furthermore, monetary authorities could reduce this kind of excess
exchange rate volatility by commitments to low exchange rate volatility. In this way, the volatility
of expectation error of noise traders will be reduced, as would the exchange rate volatility. A self-

contained equilibrium with low exchange rate volatility would then be established.

Finally, the noise traders in our paper are risk-averse. Therefore, they have two counter-acting
roles. On one hand, their presence creates risk, but on the other hand, their presence lowers the risk
because they are risk-averse. To better understand their roles, we change the value of the coefficient of
absolute risk aversion a to study the relationship between traders’ risk aversion and the exchange rate
volatility. Table 5 gives the results of that experiment for both specifications. As expected, the higher
the value of a (the more risk averse are the noise traders), the lower is the exchange rate volatility.
Obviously, the risk aversion of the noise traders helps to keep exchange rate volatility from increasing

without a limit.

5 An Extension - Tobin Tax

Tobin (1978) and Eichengreen, Tobin and Wyplosz (1995) suggested that an international transaction
tax on purchases and sales of foreign exchange would be one way to “throw sand in the wheels of
super-efficient financial vehicles”. They argue that a transaction tax might diminish excess volatility.

Even a small transaction tax would deter the fast round trip into a foreign money market. 2!

A Tobin tax is different from the entry cost we analyzed in the benchmark model. First, it is a
common cost for both rational and noise traders. Second, it is not a fixed cost, but increases with
the amount of foreign currency bond traded. In this extension, the benchmark model is extended to
include a transaction tax for analyzing the implication of the Tobin tax on exchange rate volatility in

our model.

2L A small transaction tax would be a negligible consideration in long-term portfolios or direct investments
in other economies. Relative to ordinary commercial and transportation costs, it would be too small to have

much effect on commodity trade.
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When a transaction tax is imposed, the trader i’s problem can be written as:?2

max | E{(Cf} (1) - 5Vari(Cl (1) (5.1)

*
By 41,0

Subject to?3

* 2
Bh,t+1(z)

PGy = By () (L +7741) 81 — B 11 (0)Se(1 + re41)] — Pryaci — Pt 5

(5.2)

where 7 is the rate of the transaction tax on foreign bond trading. Solving the traders’ problem,

Ei[pe1]

By, = o (5:3)
7 S(trn T a%frl(l + rip1)Vary piga)
BN = E} [pri1] -
hit+l = Pir : .
Sty tops (Lt r)Vardp]

From Equations 5.2 and 5.4, it can be seen that the introduction of a Tobin tax reduces the bond
trading of both types of traders. This is quite intuitive, as foreign exchange traders will tend to trade

less foreign currency bonds when there is a tax on transactions.

When there are only transaction costs, as shown in Appendix G, traders will always choose to enter
the market. This is because the transaction cost is convex in the bonds traded, the traders can always
choose to hold a small amount of foreign bonds and get a positive expected utility, regardless of how
large is 7. Therefore, similar to the benchmark model, two cases are analyzed in this extension. In the
exogenous entry case, we focus on the transaction cost only. In the endogenous entry case, we assume
that noise traders have to pay two costs to trade in the foreign exchange market: the transaction cost
and a fixed information cost as in previous sections. Nevertheless, the informed traders only need to
pay a Tobin tax. The analysis of the second case will help in better understanding the role of the

Tobin tax in the economy.

Using Equations 5.3 and 5.4, we could get the interest parity condition when there exists a

transaction tax in the foreign exchange market. For the exogenous entry case:

X X PrdB; 1+7)8 X .
St = Et(8t+1) — ﬂ(th+1 — d’l"t+1) + (1 - NI)Ut — 5(1 jv;‘;l — a( p ) Vart[st+1]ch7t+1 (55)

*The transaction cost could not be modelled as linear in Bj; ,, (i), because this would imply that trader i

will gain when selling foreign bonds. Thus, we assume a convex transaction cost.
23We assume that the Tobin tax is a real tax and is resource-consuming in the sense that it consumes the

composite consumption good.
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When the noise traders must pay both the transaction cost and the fixed information cost, the

gross benefit of entry for noise traders can be derived:

GB = (BN (pe41)]?
Py ]2

- QaVaTt(thrl) + 27—[5}(1+n+1)

From Equation 5.6, it can be seen that the Tobin tax reduces the gross benefit of entry for noise
traders. Therefore, increasing the transaction cost will deter the noise traders from entering the

market. Given that, we could get the interest parity condition for the endogenous entry case:

1 PrdB;, (1+7)S
5t = Ei(si41) — B(dregr — dry NS+ n Y
S = Bu(sein) = Bldrees = driga) + o = e ms — Oy

Vary(siy1ldBy 1 (5.7)

where n;, the number of incumbent noise traders is given by:

AEB(sih) — S — B(driyy —drigr) + vi}? (1 — Np)

ny = dnt ~ R D2
2aVary(sit1) + %T C

(5.8)

Analogous to Equations 3.5 and 3.6, Equations 5.5 and 5.7 give the deviation from the uncovered
interest parity. This deviation is composed of three parts. Besides the expectation error term and the
risk premium term, there is an extra term that comes from the transaction tax. Even in the absence
of noise traders, this term still exists. As emphasized by Eichengreen, Tobin and Wyplosz (1995), this

term creates room in the interest parity condition and expands the autonomy of monetary policies.

To find out if the introduction of the Tobin tax will reduce excess exchange rate volatility, we solve
the extended model by the approach described in Section 3.24 Then, the solution of the exogenous

entry model is given by:

1+ 24 2Var(si) + 57
St = (Mg —my) T = o+ a ¥
p+Z+oVary(si) +€m p+ Z+Vari(sia) +E7

=19

(1— Ny (5.9)

24The only equation that has been changed besides the interest parity condition is the home country aggre-

gate consumption equation, which now becomes:

c, = clf+cef+ 7B, 111 Exogenous Entry
nt

c, = clf+cf+ TBh 441 + Zci Endogenous Entry
i=0

Once we log-linearize the above equations around the steady state, the log-linearized equations remain un-

changed.
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where

a(l+7)SC o PC o
— e = — = 5.10
¢ 2 7 ¢ 25(1+7) 7 ( )
From Equation 5.9 we can solve for the exchange rate volatility V:
(1+‘;+fjvs+§r>2
P ZHPVateir - -
Vs = Var(m;) + Var(m;™)] (5.11)

a

2
B S S — N2
L <p+:+¢vs+§r> (1= Np)2A

It can easily be shown that if the other variables are kept constant, the numerator on the right-hand
side of Equation 5.11 decreases in 7, the rate of transaction tax, while the denominator increases in
7. Since Equation 5.11 is an implicit function of Vi, we solve it numerically to get the relationship
between V; and 7, which is given in Table 6. It can be seen that the higher the rate of the transaction

tax, the lower is the exchange rate volatility.

Intuitively, this is because the introduction of the transaction tax reduces the bond trading. In our
model, when an exchange rate change occurs, the real balance effect prevents the current consumption
from increasing/decreasing more than the changes in the relative real money supply, so the bond
holding of households will absorb most of the wealth effect caused by the exchange rate change. If
the bond trading is deterred by the transaction tax, in equilibrium, the exchange rate volatility must

decrease.

For the endogenous entry model, the solution may be derived analogously using Equation 5.7:

-1+ 2 +%Va7‘t(st;1)+%7' g 1
o / ~ / + ~ % NtV (5.12)
pt g+ Var(sia) +87  p+2 + o' Vard(sip) + S Ny

¢ = (my —my)

{Et(stjrl) — S~t + Ut}2 (1 — N[)

) _ : (5.13)
‘ 2aVar(siy1) + %T
, _a(l+7)SCo ' re_o
a147)5C R 5.14
¢ 2N T ¢ 2N;S(1+7) 7 o

Solving Equation 5.12 numerically by the approach described in Appendix F, we find that exchange
rate volatility also decreases in the transaction tax, as in the exogenous case. The results are given in
Table 6.

25The derivation of Equation 5.13 is analogous to that of Equation 3.32.

31



In the endogenous entry case, the transaction cost reduces the exchange rate volatility through
two channels. First, as in the exogenous case, it reduces the bond trading of both types of traders,
which in turn decreases the exchange rate volatility. Second, as shown by Equation 5.6, the Tobin tax
reduces the gross benefit of entry for noise traders, which consequently reduces the noise component
of the foreign exchange market. Therefore, the mechanism through which the transaction cost affects
the exchange rate volatility is different when the noise component on the market is endogenously
determined. The effect of the Tobin tax will thus be different as well. This can be seen from Table 6,
for the same level of increase in 7, the decrease in the exchange rate volatility in the endogenous entry
case is larger than that in the exogenous entry case. This finding has important policy implications.
It shows that the impact of a Tobin tax on exchange rate volatility depends crucially on the structure

of the foreign exchange market and the interaction of the Tobin tax with other trading costs.

6 Conclusions and Subsequent Research

In this paper we present a model of exchange rate determination which combines the new open econ-
omy macroeconomics approach and the noise trader approach for exchange rate behavior. This model
emphasizes the interaction of the macroeconomic fundamentals of exchange rate and the microstruc-
ture channel through which exchange rates are determined. The latter is often ignored by conventional
macroeconomic research on exchange rate and the literature on policy evaluation. Therefore, our work

has important implications for understanding exchange rate behavior and exchange rate policies.

Two important and promising findings from this model are: 1. Models that take both the macroe-
conomic and microeconomic factors of exchange rate determination into consideration can explain the
“exchange rate disconnect puzzle”. 2. The exchange rate volatility caused by irrational market behav-
ior or non-fundamental shocks could be controlled by exchange rate policies. We analyze two kinds
of policies. One focuses on the entry cost of noise traders, while the other is a ‘Tobin tax’ type of
exchange rate policy. We find that both policies can reduce the exchange rate volatility, however,
the effect of a Tobin tax on exchange rate volatility depends crucially on the structure of the foreign

exchange market and the interaction of the Tobin tax with other trading costs.

Thus, subsequent research should focus on the policy implication of this model. What kind of
exchange rate regime is better when non-fundamental shocks to the exchange rates are present —
flexible or fixed? If the real exchange rate volatility is primarily affected by non-fundamental factors

and most exchange rate volatility is useless, then would the fixed exchange rate regime or a single
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currency area be better than the flexible exchange regime? The presentation of explicit utility and
the profit maximization problem in our model could provide an answer to these questions based on

rigorous analysis.

This model could also be used to evaluate the welfare implications of exchange rate policies such as
the Tobin tax or other policies that discourage the entry of noise traders. These policies are discussed
widely, but due to the lack of a welfare-based model which can explain exchange rate volatility and
its relationship with macroeconomic fundamentals, they have not been evaluated on a welfare basis.
The new open economy macroeconomic framework of our model provides a rigorous context for the

welfare analysis of these policies.

Although this model could help to explain the exchange rate disconnect puzzle, it is still not a fully
developed model that could be used to explain all empirical features of exchange rate. To explain the
persistence of the real exchange rate, more persistent price setting or ‘sticky’ information of traders
would be needed. For example, the information structure of the noise traders could be changed so

that the expectation error is more persistent.

Another interesting direction for future research would be the empirical implications suggested
by this model. We have developed testable hypothesis about the nature of exchange rate volatility
and exchange rate disconnect. The higher the degree of local currency pricing, the greater is the
disconnection between exchange rate and macroeconomic fundamentals. Also, our model implies the
following prediction about the foreign exchange market: The deviations from uncovered interest parity
will be greater and the trading volume of foreign exchange will be higher, when more noise traders

are present on the market.
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APPENDIX

A Optimal Pricing Schedule of Firms

All goods are imperfect substitutes in consumption, so each individual firm has some market power
determined by the parameter 6. Taking prices for all individual goods as given, the optimal demand
function of the consumer for each individual good can be derived, which implies that in each period

the consumer allocates a given level of total consumption among the differentiated goods.

o= (5) () e
== () ()

The price setting problem of monopolist ¢ is to maximize expected profit conditional on ¢ — 1

information, by choosing Py (i) and Py (i). That is, firm i solves

max Etfl {Dt[Ph’t(i)Ch’t(i) + StP}t,t(l)C}it(l) - WtLt]} (A].?)

Py (i), P}, (0)

subject to

Lyi(i) = Ch (i) + Cj, 4(4) (A.18)

and the downward-sloping demand functions for Cj (i) and C;;’t(i), as in Equation A.15 and the
foreign analogue. Note that P ;(i) and Py (i) are denoted in the home and foreign currency, respec-

tively.

The optimal price setting schedules of firm ¢ are:

0 Ei 1 [DWiAp 4

P (1) = A.19
h,t( ) 0—1 Etfl [DtAth] ( )

) o Fi1 DAL
Py (i) = 5— (A.20)

E;_ [DtStAZ’t}

where ~
Pl - * * P* N *
Api = (Pny)’ (;) Cy Ay = (P’ (;ﬁ) ¢y (A.21)
t t
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Analogously, we could derive the pricing setting equations for the intermediate goods producer j

in the foreign country:
0 By [DiW{ Ay]

Pra(j) = - (A.22)
0-1 g, {%Af,t}
g B |piwiag]
EBiy [Dpa,]
where 5
P - * * Py - *
Api = (Pf,t)e ( ]_f,t> Cy Ay = (Pf,t)9 ( ]i;t) Cy (A.24)
t t

Using the fact that all prices are preset at time ¢ — 1 and applying symmetry, we can derive
Equations 2.9 -2.12.

B Entry Condition of Noise Traders

This appendix derives the entry condition (Equation 2.35) for noise traders to enter the foreign bond

market. The noise trader ¢ will enter the foreign bond market if and only if:

E{(U} | ¢, =1) = E{(U}] | ¢, = 0) (B.1)

If trader ¢ does not enter the market, his expected utility is given by:
Ei(Uf | ¢ =0)=0 (B.2)

While if he enters, it is given by:

T , [ B 1)S(1+r [ B 0)Si(1+r
EZ(UZ | QO; _ 1) _ E; maX. {E; |: h,t—‘rl( ) t( t+1)pt+1 _ Ci:| _ gVa?“z [ h,t+1( ) t( t+1)pt+1:| }
Z,t+1(l Pt+1 2 Pt+1
(B.3)
Substituting the optimal demand for foreign bonds of noise traders, B}, ; (i) = " Ptsil (ji[ff)*‘;]art oD

into the above equation, we may establish that B.1 is equivalent to:

EN [perilprer EN [prsalpesa

. . a
=1« E! c;| — =Var} >0 B.4
& ! [ aVary[pii1] } 27 [ aVar[pi11] } (B4)

40



By the property of noise traders’ subjective expectation of p;11, Equation B.4 can be rewritten

as:
i (Eiv[/)tJrl])Q (EtN [Pt+1])2
=l |—r—"""~—¢i| - ———F"Var >0 B.5
vt aVari[piy1] 2a(Var[ps+1])? tlpal (B-5)
or: EN 9
pr=1<=¢ < 1B (ps)l” (B.6)

2aVar:(pey1)

C A Symmetric Steady State

In a non-stochastic steady state, all shocks are equal to zero. Hereafter, steady state values are marked

by overbars.

As the consumption is constant at the steady state, the steady state world interest rate r is tied

down by the intertemporal optimality equation (Equation 2.7):
1-p

F=r*= —— C.1

3 (C.1)
From the pricing equation, at the steady state, all the prices are equal and steady state exchange rate
S = 1. Then the steady state excess return p = SS—((llt_T;)) —1=0. From Equation 2.29, we will have 26
B;(i)=0 VYic[0,1] (C.2)

The economic intuition behind C.2 is that traders are not going to hold foreign bonds because they
know that the excess return will be zero, and thus no trade takes place. The only way that no trade

will occur in equilibrium is for the uncovered interest parity to hold.
Therefore, from the bond market clearing condition, net foreign assets are zero.
B=B=0 (C.3)

The steady state values of other variables are straight forward. Since B = 0, a closed-form solution

exists for the steady state, in which the countries have identical outputs, consumption and real money

holdings:
_ e A e 977 Tt
L= _C_C_(a_l) (C.4)
M_ M- (C Y
o (16) (©5)

26Note that since v; = 0, only rational traders are present on the market.
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D Model Solution

The full model can be described by the 26 equilibrium conditions listed in Section 2.3. To solve the

model, we take a log-linearization around the initial non-stochastic steady state described in Appendix

C. Given the log-linearized system, the deviations of the exchange rate and the macroeconomic vari-

ables from their ¢ — 1 expectations are solved in terms of exogenous money supply shocks and the

expectation error shocks.

D.1 Log-linearized System

Money demand function

s_s P By
my — Pt ect e Tt+1

Labor supply function
Wi = by + pefl + py

Euler equations

—fBdrig1 = pef! — pEiefl | + b — Epia

Home household budget constraint (w = %

s gr Loy Loe e
Dt + Cfi = §(Ph,t + Ch,t) + i(ph’t + ¢y T $t) + ==

Pricing Equations

Ph,t = Ep_1[y] P;‘;t = By 1[wy] — Ey1[s¢]

Price Indexes (w = %)

Dt = §pﬁ7t +

L.
L

Individual Goods Demand

Dit = Ei 1 [wi] + Ei_1[$1]

wi = Yly + pc; +p;

- ﬁdrfﬂ = pc; — PEtCZZH +p; — Etpf+1

1 1
spciB ~ patPin

N 1 : 1
Pi = 5Pps t+ 5

2 p?,t
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Market Clearing Conditions

dBt+1 == ‘gdB;:,t—&-l (Dg)
1 1. R S
lt = §Ch’t + §ch,t lt = §Cf,t —+ §cf,t (D].O)

Home Country Aggregate Consumption (for both exogenous entry and endogenous entry cases)

G o=cll + dgtT (D.11)
Budget Constraints of Traders
Exogenous Entry Case:
The budget constraint of foreign exchange traders is given by:
PGy = (L4 7f00)Sepr = (L4 7641)81] = Biy 196 (1 + 7441)pega (D.12)

Linearizing the above equation around B} = 0 and p = 0 gives dC’;‘Cr1 =0.
Endogenous Case:

The budget constraint of foreign exchange traders is given by

PiaClyy = By (L4770 — (L4 7041) 8] = Per e = By 1 Si(L+meg)prss — Pen »_ci
1=0 1=0

(D.13)

Linearizing the above equation around Bj =0, p =0 and 71 = 0 gives dC{,; = 0.

Interest Parity Conditions

e

Before linearizing the interest parity equation, an approximation 27 is used to rewrite the excess

return in log-terms:

S (1+77yy)
St(]. + 7"t+1)

Seri(1+784q)

Pt+1 = St(l +7‘t+1)

—1lxIn [ ] =51 +In(1 477 ) —s; —In(1+r4q1) (D.14)

Exogenous Case: Using D.14, Equation 2.32 can be rewritten as:

* S,
st = Ei(se1) + In(1+riyy) —In(1 + reqq) + (1= Npjog — aPtj-l

(I +ri1)Vary(sir1) By 441 (D.15)

2TIf ¢ is small enough, then In(1 + €) ~ ¢. This approximation of the excess return is widely used in the

finance literature.
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Linearizing the above equation around the steady state, but using the second-order approximation
to approximate the variance term (as the second order terms are important for understanding the

dynamics of the model), we have

. . « 1+7)S . N
St = Et(8t+1) — 5(d’l"t+1 — d’l’t+1) + (1 — N[)/Ut — a%Vart[stJrl]ch’Hl (D].G)
Endogenous Entry Case:
Using D.14, Equation 2.38 can be rewritten as:

B, St(1+7141)

« ¢ h,t+1°t t+1
=F In(1 —In(1 — — : 1% D.17
st = Ey(se1) + In(1+ i) —In(1+reg) + Nyt Pt (N7 +10) ar¢[ser]  (D.17)

Linearizing above equation around the steady state, but using the second-order approximation to

approximate N;int v¢ and the variance term, we have
. . . 1 1+7)8 . .
St = Et(8t+1) — ﬁ(drt+1 — d’l”t+1) + — NtV — a(fi)Vart[stjq]ch t+1 (DlS)
Ny PNy ’
where?®
I {E[s1] = se +In(1+7f ) —In(1 4+ 7rq) + v 21— N;
’ 2aVar:[se41] ¢
 AB(si) — $i — Bldriyy — drig) + v} (1 Np) (D.20)
2aVary(siy1) & ’
Money supply processes
Miy1 = My + € mi, =mi+eh, (D.21)

where €7, , ~ N(O,O‘?L) and €, ¢+ ~ N(0, ogu).

D.2 Derivation of Equations

Derivation of Equations 3.17 and 3.31 From the log-linearized intertemporal optimality

conditions D.3, we have:

p(el = &) = pEy(el ) — ¢fo)) + Er($0) — Eu(si01) = —B(dresr — drpyy) (D.22)

ZNote that at the steady state S = 1. Here we also use the fact that approximating In(14r;, ;) —In(147s1)

around the steady state gives:

In(1+ 7)) — In(1+rep) = —B(dri s — driga) (D.19)
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Equation D.22 minus its datet — 1 expectation gives:
¢i) = pEu(cthy — cia) — Br(sin) = —B(dres — drfy) (D.23)

plef —
Taking t — 1 expectation of Equation D.16 and using the fact that at F;_;(v¢) = 0,29, give:
R . . 1+7)S . .
Et_l(st) = Et—l(st—i-l) — ﬁEt_l(d’l“H_l — d?“tJrl) - G(T)V@T[St—&-l}Et—l[chJJrl] (D24)
(D.25)

Equation D.16 minus Equation D.24 gives:
~ +7)S - ~
Ei(si31) — (1= Np)vg + a——= ) Var[sia]dBj oy

—B(dri — driy,) = §

Equation D.23 and D.25 give Equation 3.17.
The only difference is that when deriving the

The derivation of Equation 3.31 is analogous.
analogy of D.24, we conjecture that F;_;(nsv;) = constant’. Since this term only affects the level of

exchange rate and we are interested in the exchange rate volatility, it could be assumed to equal 0.

Derivation of Equations 3.19 and 3.33 To derive Equation 3.19, first substituting Equa-

tion 3.17 into Equation 3.15
o 14+ 2)§ — 2 (1 — Ny)yv, + 2808 oy 16 1 1dBF
(CtI_I o C;) _ [( pT) t p’l‘( I) tl - . P pT t[ t-‘rl] h’tJrl] (D26)
(D.27)

Substituting D.26 into 3.18,
p o, .
= I+ —)s — —
[( p

_ ~ o a(
= 1_N LR
T = Z pr r( rvn+ P pr

Note that from Equations 3.14 and 3.18, dBy,1 =
a(l+7)S5C o - -
( ) n fVart(stH)]st

dByyy = SdB;; ., = dB;, ., we could get:
_ ~ a(l+7)SC o . pr+o
— * 1 =
(g —mj)[1 + 5 oo +7) Vary(sei1)] [ = 5 .
g
— 1-N D.28
prad vt (D.28)

Rewriting Equation D.28 gives Equation 3.19. The derivation of Equation 3.33 is entirely analo-

gous.

29 At this stage, we conjecture that Varg [st%1] = Var¢[six1] = constant = V. This conjecture is verified in

Section 3.2.
30From 3.32 and the functional form of §; (Equation F.1), our conjecture can be easily verified.
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E The simulation of Var(v;) = AVar(s;)

First, for a given distribution of fundamentals, Lo(e, ¢, sz,t), the variance of the exchange rate when

2

the expectation errors of the noise traders are zero can be calculated. It can denoted as o .

Then, we assume that the stochastic expectation error v; is given by:
vy = [ Ao (E.1)

where ¢; is a random variable which satisfies the following three conditions:3!

Cov(ey,ept) = Cov(er,ey,4) =0 o =1 (E.2)

Equation E.1 implies o7 = AoZ,. Given E.1, and the distribution of fundamentals Lo(e. 1, €}, ;), the

2 2

variance of exchange rate: o can be computed. Let it be denoted as o5, .

2 2
Compare o, and o, if

o —o? <, e—0 E.3
0%

S1l —

The procedure stops at this point, otherwise, we will redefine the stochastic process of v; as:

Ve = 1/}\0’315t (E4)

Notice that now o2 = )\Jfl. Using E.4 and Lo(eu,€),), unconditional exchange rate volatility

could be computed again and would be called 052. If |U§1 — 0§2| < ¢ and € — 0, the procedure

stops here, otherwise, the procedure described above will be repeated to get U?S, cen aﬁn, Ugnﬂ until
2 2
Sn+1 - Usn S €

F Numerical Undetermined Coefficient Method

This section gives details for the undetermined coefficient method used to solve for the functional form

of §; in Equation 3.33.
First, guess a functional form for §;:

~ ~ 92 ~ ~
~ ~ ~ 2 2 ~ ~
St = ap + a1my + aomi + azvp + agm” + asm; + agu; + armgvp + agmivg + agmgm; (F.1)

31 Cov(eue,ve) = Cov(e}, 4, vi) must be equal to zero, as v, is some noise and should not have any fundamental

content.
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*

Given that, we could get E;(s;/y1) and Var(s{11) easily. Using the facts that m; = ¢, ¢, m} = €t

and Cov(e,t, €, 4) = 0, and that v, is noise and should not have any fundamental content, gives:
Cov(my, m?) = Cov(rig, v;) = Cov(ms,vy) =0 (F.2)

Therefore,
Ei(si31) = 0440?M + oq;a?z + ago? (F.3)
To get the conditional variance of the exchange rate, the properties of the normally distributed

variables 32 and the fact that the three random variables are independent are used.

Vari(sit) = &2Var(myg) + a2Var(m?) + a2Var(v) + a3Var(m?) + ongar(n%Z‘Q)
2Var(v?) + a2Var(mv;) + a2Var(miv) + ag(mym?) + Covariance terms

2 2

— 2 2 2. 2 2 4
= ajo,, + 30, + azvo; + 2040

2 4
o + 2&5052’

+2a0t + a%aguag + agagz o2 + a%a?ﬂ ng (F.5)
That is, Vari(si31) = Var(si31) = constant = Vy and Ei(s;31) = E(si31) = constant = E,. Using
the parameterized E, and V; from Equations F.3 and F.5, we might solve for s; from Equation 3.33
given any exogenous shocks my, TrNL;* and vy;. To test if our initial guess is a good guess, we can do
simulations and regress the §; we get from above process on 1, m; and v. If the coefficients (a/s)
are close enough to the initial guess, the process is stopped. Otherwise, the above procedure will
be repeated. This method is actually an undetermined coefficient method, and is also known as the

“parameterized estimation approach” in numerical methods.

G Entry Condition of Traders with Tobin Tax

When the traders only need to pay transaction cost to trade in the foreign exchange market, trader 4

will enter the market if and only if:

E{(U} | ¢} =1) > E{(U] | ¢ =0) =0 (G.1)

32Notice that, if z; is normally distributed with variance o2, then

El(z:)*] = (2k — 1)(02)" E[(z)*™] =0 where k=1,2,--- n (F.4)
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Or

] | Bhier1 ()51 +7e41) B '] _ay . {B; 141 (0)Se(1 +7e41) }
E max < E} : —r7——| — =Var} : >0
' {B;m(i) { ! Py P 2 P Priy P
(G.2)
Substituting Bz’; 1= P Ei[pr+1] into the above equation, it can be shown

S
m+aﬁ(l+rt+l)vart [PH»I]

that Equation G.2 is equivalent to:
Pt+17' St

St(l —|— T‘t) |:
2 +a
¢ { Py Se(1+7441) Py

(1+ Tt+1)VC”“t(Pt+1)] T aVart(ptH)[St(lW]z}

where : )
¢ = [E¢(pe+1)] >0 (G.4)

PiyT -
2 [St(l-:;wﬂ + apiil (1 + Tt+1)vart(pt+1)}

It can be shown that the terms in the big bracket of Equation G.3 are equal to:

1 2
T+ [M] Vary(pis1) >0 (G.5)
Py

Therefore, regardless of how large is the rate of Tobin tax (7), the traders will always enter the
foreign bond market. This is because the transaction cost is convex in the bond traded, the trader

can always choose to hold a small amount of foreign bonds and get a positive expected utility.

When the noise traders has to pay two costs to trade on the foreign exchange market, for noise

trader i, he will enter the market if and only if:

; | Bh t+1(i)St(1 +7e41) B, t+1(i)2 a ; [BZ t+1(i)St(1 +7e41) ]
E} max E} : —7—— —¢;| — =Var! : >0
t {B;’i,t+1(i) { t Prs Pt+1 B 9 t Pt t+1
(G.6)
Following the steps in Appendix B, we could get the following entry condition for noise trader i:
) EN 2
pr=l¢ < B (pr1)] TR GB (G.7)
2aVa7‘t(pt+1) =+ QT[m]
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