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1 Introduction

Risks and high volatility in foreign exchange markets lead also to additional

risk for national economies because a lot of their transactions are involved in

foreign exchange. Academics and the popular press often claim that these

risks are caused by destabilizing speculators relying on trends in financial

prices who move exchange rates away from their fundamental values. In

this context the following proposition is often heard:

Transaction taxes stabilize the exchange rate because they harm noise traders

more than traders who rely on economic fundamentals.

The analysis of this proposition can be conducted by analyzing if

(i) the number of non-fundamental equilibria is reduced through the cur-

rency transaction tax,

(ii) during the out of equilibrium dynamics the market is dominated by

stabilizing traders, while noise traders are crowded out.

For this purpose we generalized the nonlinear exchange rate model by De-

Grauwe and Grimaldi (2006) for currency transaction taxes. This Brock-

Hommes-style model1 assumes two types of traders: a stabilizing funda-

mental based trader type and a destabilizing trend chasing one. Traders are

allowed to change their trading rule according to the past success of their

trading strategy. Therefore the market can be dominated by one group of

traders for some time periods. We analyze the out-of equilibrium dynamics

of the model using impulse response analysis by shocking the system such

that the exchange rate deviates from the fundamental steady state so that

we can study its way of convergence back to this equilibrium. For the study

1See Brock and Hommes (1997) for a description of this model class.
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of the possible reduction of speculative equilibria through currency trans-

action taxes we rely on numerical bifurcation analysis where we plot the

equilibria emerging from the model against varying values of the tax rate.

Similar models of this area of research are those used in Westerhoff (2003)

and Ehrenstein, Westerhoff and Stauffer (2003) who also study the effective-

ness of currency transaction taxes. Westerhoff (2003) finds that small trans-

action taxes reduce exchange rate volatility while high transaction taxes

increase the volatility. In his study this is due to the fact that low tax rates

crowd out destabilizing traders while high tax rates crowd out stabilizing

traders.

The following results emerge. After a shock hits the system in the baseline

simulation without taxes the exchange rate and the population fractions

of traders converged back to their fundamental steady state values. After

the impulse the exchange rate overshoots but a then a trend reversal occurs

with a convergence back to the fundamental equilibrium. After the shock hit

the system the number of fundamental based traders rise sharply to 100%,

while after the trend reversal trend chasing traders dominated the market.

Because this dominance occurs after the trend reversal back to the funda-

mental value these traders do not lead to a destabilization. Variations of the

currency transaction tax rate reveal that a positive tax rate helps the sys-

tem to converge faster to the steady state. The bifurcation analysis reveals

that the model displays a fundamental equilibrium and multiple specula-

tive equilibria. We find out that a transaction tax larger than 2% leads to

diminishing speculative equilibria, such that the fundamental steady-state

is the only remaining equilibrium. A sensitivity analysis shows that this

result is robust for a wide range of values of the behavioral parameters of

the model. A stochastic simulation of the model shows that it is able to pro-
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duce realistic exchange rate time series which makes is usable for economic

policy analysis.

The remainder of the paper is structured as follows. The next section in-

troduces the economic model. Section three contains the solution to this

model, while section four contains the numerical analysis of the proposition

above with the help of the model. Section five concludes.

2 The Model’s Building Blocks

The model used for economic policy analysis in this paper is a generalized

version of the model developed by DeGrauwe and Grimaldi (2006) by cur-

rency transaction taxes. If the transaction tax rate is zero then our model

collapses to their model. This nonlinear exchange rate model consists of the

following building blocks:

(i) agents’ optimal portfolio decision within a mean-variance utility

framework,

(ii) agents’ forecasts of the future exchange rate based upon simple rules

of thumb,

(iii) evaluation of these trading rules based upon a comparison of their

risk-adjusted profitability,

(iv) a policy maker who sets the transaction tax rate.

In the next subsections we will describe these building blocks in more detail.
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2.1 Demand and Supply of Foreign Assets

Our financial market is populated by agents with the identification number

1, ..., i − 1, i, i + 1, ..., N . We assume agents to be heterogeneous in their

expectations about their future wealth W i
t+1 and the future risk of their

wealth. The individual agent’s preferences towards risk can be represented

by the following utility function displaying constant absolute risk aversion

U(W i
t+1) = Ei

t(W
i
t+1)−

1

2
µV ari

t(W
i
t+1), (1)

where µ is the coefficient of absolute risk aversion, Ei
t(W

i
t+1) is agent i’s con-

ditional expectation of his future wealth, while V ari
t(W

i
t+1) is his portfolio

variance.

The evolution of the individual trader’s wealth is specified as follows

W i
t+1 = (1 + r∗)(1− τ)st+1di,t + (1 + r)(W i

t − stdi,t), (2)

where r and r∗ are the domestic and foreign interest rates which are assumed

to be constant over time, while st is the exchange rate between the domestic

and foreign country, di,t is the trader’s holdings of foreign assets held at time

t, while τ is the transaction tax rate which will be levied if the agent wants

to invest into foreign assets. Thus, (1 + r∗)(1 − τ)st+1di,t represents the

value of the foreign portfolio denominated in domestic currency at time

t+1, while (1+r)(W i
t −stdi,t) represents the value of the domestic portfolio

at time t + 1.

By maximizing equation (1) with respect to the budget constraint (2) we

get the following demand function for foreign assets as the solution to this

portfolio allocation problem:
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di,t =
(1 + r∗)(1− τ)Ei

t(st+1)− (1 + r)st

µσ2
i,t

, (3)

where

σ2
i,t = (1 + r∗)2(1− τ)2V ari

t(st+1). (4)

Thus, the demand for foreign assets rises, if the foreign interest rate r∗ rises

or if the domestic interest rate r falls. It also rises if the future exchange

rate is expected to rise. The demand will decrease if the risk of the future

exchange rate is expected to rise or if the transaction tax rate τ rises.

The market demand for foreign assets Dt is the sum over all N individual

demands
N∑

i=1

ni,tdi,t = Dt, (5)

where ni,t is the number of agents of type i.

Following DeGrauwe and Grimaldi (2006) the market supply for foreign

assets Xt is assumed to be exogenous and determined by the net current

account and by the sales and purchases of foreign currency by the domestic

and foreign central banks. Market equilibrium is given if market demand

equals market supply

Xt = Dt. (6)

The market clearing exchange rate can be calculated by substituting the

optimal holdings for foreign currency into the market equilibrium equation

Xt =
N∑

i=1

ni,t ·
(1 + r∗)(1− τ)Ei

t(st+1)− (1 + r)st

µσ2
i,t

(7)

and solving for the exchange rate st. This we will do by dividing both sides
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by
∑N

i=1 ni,t, while rearranging yields

µXt∑N
i=1 ni,t

=
N∑

i=1

ni,t∑N
i=1 ni,t

·
{

(1 + r∗)(1− τ)
Ei

t(st+1)

σ2
i,t

− (1 + r)st

σ2
i,t

}
. (8)

By defining

wi,t =
ni,t∑N
j=1 nj,t

(9)

as the percentage fraction of agents using trading rule i at time t and rear-

ranging we get

(1 + r)st

N∑

i=1

wi,t

σ2
i,t

= (1 + r∗)(1− τ)
N∑

i=1

wi,t

σ2
i,t

Ei
t(st+1)−

µXt∑N
i=1 ni,t

. (10)

By defining

Ωt =
µ

(1 + r∗)
∑N

i=1 ni,t

(11)

and rearranging again we get the market clearing exchange rate at time t

st =

(
1 + r∗

1 + r

)
1

∑N
i=1

wi,t

σ2
i,t

[
N∑

i=1

wi,t
(1− τ)Ei

t(st+1)

σ2
i,t

− ΩtXt

]
. (12)

From this equation we get the information that the equilibrium exchange

rate depends on the exogenous supply of foreign assets Xt, the domestic and

foreign interest rates and the weighted sum of the traders’ forecasts of the

future exchange rate which are characterized by behavioral heterogeneity.

In the following subsection we will model these behavioral heterogeneity in

more detail.
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2.2 Forecasting Models and Trading Rules

Following the literature of heterogeneous agents model of financial markets2

we assume that the market is populated by two types of traders3. The first

group of traders is called fundamental traders or arbitrageurs in the litera-

ture. This trader types searches for assets which are over- or undervalued

with respect to a fundamental value. Let us denote this fundamental ex-

change rate by s∗t and the difference between the realized exchange rate and

the fundamental exchange rate st − s∗t as the misalignment.

The arbitrageurs’ forecasting rule expects the exchange rate to rise, if the

realized exchange rate is smaller than the fundamental exchange rate and

he expects the exchange rate to fall back to its fundamental value if the real-

ized exchange rate lies above its fundamental value. Thus the arbitrageurs’

forecasting rule can be specified as follows

Ef
t (∆st+1) = −ψ(st−1 − s∗t−1), (13)

where ∆st+1 = st+1 − st. Thus, this trader type assumes that ψ·100% of

the misalignment will be corrected by the future exchange rate change.

Following DeGrauwe and Grimaldi (2006) we assume that fundamental

traders behave differently depending on whether the exchange rate lies

within or outside a transaction cost band of width C. This changes their

2See Brock and Hommes (1997), Chiarella and He (2002) and Westerhoff (2003) to get
an overview over this model class.

3This assumption is based on the empirical finding of Taylor and Allen (1992) who con-
ducted a survey at the London Foreign Exchange about the trading rules of traders.
See also Menkhoff (1997) for a similar study.
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forecasting model to

Ef
t (∆st+1) =






−φ(st−1 − s∗t−1), |st−1 − s∗t−1| > C;

0, |st−1 − s∗t−1| < C.
(14)

Thus, if the exchange rate lies outside the transaction cost band, arbi-

trageurs believe the misalignment to be corrected by the future exchange

rate change, while they believe that the exchange rate will not change if

it lies within the transaction cost band. The rationale behind this is that

arbitrage will not function within the transaction cost band. So there will

be no mechanism to correct the misalignment.

The chartist traders or technical traders how they are often denoted in the

literature bet on lasting trends in the exchange rate. Thus, this trader type

computes a moving average of past exchange rate changes and extrapolates

them into the future, where the degree of extrapolation is given by the

parameter β

Ec
t (∆st+1) = β

T∑

i=1

αi∆st+i. (15)

If we plug these forecasting models into the demand functions for foreign

currency developed in the former section, we can derive the following trading

rules. The arbitrageurs’ trading rule will be

df,t =
(1 + r∗)(1− τ)(st − φ(st−1 − s∗t−1))− (1 + r)st

µσ2
i,t

, (16)

while the technical trading rule will be

dc,t =
(1 + r∗)(1− τ)(st + β

∑T
i=1 αi∆st+i)− (1 + r)st

µσ2
i,t

. (17)

Thus, fundamental based traders purchase or sell currency, when a misalign-
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ment arises, while technical traders purchase or sell currency when trends in

the exchange rate arise. The first trading strategy stabilizes the exchange

rate, while the second one destabilizes by amplifying trends.

In the next subsection we will elaborate on the agents’ portfolio risk evalu-

ation which is also characterized by behavioral heterogeneity.

2.3 Risk Evaluation

Following DeGrauwe and Grimaldi (2006) agents evaluate their portfolio

risk by a weighted average of squared past forecast errors

σ2
i,t+1 =

∞∑

k=1

θk

(
Ei

t−k(st−k+1)− st−k+1

)2
. (18)

The weights can be computed as θk = θ(1 − θ)k. Following these authors

arbitrageurs take the deviation of the market exchange rate from the fun-

damental value into account in addition to the forecast error. This changes

the arbitrageurs’ risk evaluation to

σ2
f,t+1 =

∑∞
k=1 θk

(
Ef

t−k(st−k+1)− st−k+1

)2

1 + (st − s∗t )2
(19)

So if the misalignment st−s∗t increases arbitrageurs become more confident

that the exchange rate will convert back to the fundamental value, thus

their risk perception declines. If the market displays higher volatility risk

averse traders reduce their demand for foreign currency, while they increase

it if the market is in a period of low volatility.

Now we finished the agents’ portfolio decision problem and the involved

components forecasting rules and risk evaluation. What remains is to intro-
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duce an evolutionary mechanism that tells us which trading rule the agent

prefers most. This problem will be tackled in the next subsection.

2.4 Evaluation of Trading Rules

The evaluation of the two trading rules follows the idea of Brock and

Hommes (1997) who claim to use discrete choice probabilities to compute

the fraction of agents using a particular trading rule. Following DeGrauwe

and Grimaldi (2006) the chartist weight is calculated as

wc,t =
exp

{
γπ′c,t−1

}

exp
{
γπ′c,t−1

}
+ exp i

¯
g{γπ′f,t−1

} , (20)

where π′c,t is the risk-adjusted realized profit of the technical trading rule,

where the parameter γ can be interpreted as the intensity of choice, which

measures how strong agents react to changes in their profits. The risk-

adjusted profits are calculated as follows

π′i,t−1 = πi,t−1 − µσ2
i,t−1, (21)

where πi,t−1 is agent i’s realized past profit, µ is his degree of risk-aversion,

while σ2
i,t−1 measures his portfolio risk.

Analogue, the fundamental trader’ forecasting rule can be calculated in a

similar way

wf,t =
exp

{
γπ′f,t

}

exp
{
γπ′c,t

}
+ exp

{
γπ′f,t

} . (22)

In a similar way the realized profits of fundamental based trading are cal-
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culated as

πi,t =
(
st(1+r∗)(1−τ)−st−1(1+r)

)
sign

{
Ei

t−2(st−1(1+r∗)(1−τ)−st−2(1+r))
}
,

(23)

where

sign(x) =






1, for x > 0;

0, for x = 0;

−1, for x < 0.

(24)

From this equation we can infer that the transaction tax rate not only has

an effect on the traders’ demand for foreign currency by also has a direct

effect on the evaluation and choice of trading rules. Thus, a high transaction

tax may agents’ prevent to use a trading rule which might be very profitable

with no tax levied.

These are the building blocks the model consists of. The next section will

present the solution to this model and the calculation of the model’s equi-

libria.

3 Solution of the Model

For solving the model we can restrict it without loss of generality to a

simpler one. In this section we calculate the model’s equilibria and check if

the transaction tax changes them. The most interesting point to analyze is

if the currency transaction tax changes the fundamental steady-state. After

solving for the fundamental steady-state we are prepared for a detailed

analysis of the policy effects of the transaction tax which will be done in

the chapter thereafter.
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3.1 A Simplified Version of the Model

Following DeGrauwe and Grimaldi (2006) we use a simplified version of

the model presented in order to get some analytical results. We simplify

the model by assuming zero transaction cost in the goods market C = 0.

Interest rates in the domestic and foreign country can be normalized to

zero r = r∗ = 0, while also the fundamental interest rate is assumed to be

constant in time and normalized to zero s∗t = 0 without loss of generality.

Moreover, we restrict our analysis on only two types of traders: chartists

and fundamental based traders.

The assumptions above simplify the market clearing exchange rate to

st =
wc,t/σ2

c,t

(wc,t/σ2
c,t) + (wf,t/σ2

f,t)
(1− τ)Ec

t st+1 (25)

+
wf,t/σ2

f,t

(wc,t/σ2
c,t) + (wf,t/σ2

f,t)
(1− τ)Ef

t st+1

By defining

Θf,t :=
wf,t/σ2

f,t

(wf,t/σ2
f,t) + (wc,t/σ2

c,t)

(26)

and

Θc,t :=
wc,t/σ2

c,t

(wf,t/σ2
f,t) + (wc,t/σ2

c,t)
(27)

as the new population fractions of agents and assuming the following sim-

plified forecasting rules for chartists

Ec
t st+1 = st + β(st−1 − st−2) (28)

and arbitrageurs

Ef
t st+1 = (1− ψ)st−1 (29)
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we can simplify the closed form solution for the market clearing exchange

rate to

st = (1− τ)
(
st−1 + Θc,tβ(st−1 − st−2)−Θf,tψst−1

)
. (30)

This equation can be interpreted as follows. In econometric language

the exchange rate equation consists of two parts: an autoregressive part

Θc,tβ(st−1 − st−2) and a mean-reverting part −Θf,tψst−1. If the weight of

the autoregressive part Θc,t is large then the exchange rate will diverge

from its fundamental value which we normalized to zero. This is the case

if the number of trend-chasing traders is large compared to the fundamen-

tal traders. If the weight of the mean-reverting part Θf,t is large then the

exchange rate will be close to its fundamental value. This is the case if

if the number of fundamental traders is large compared to the number of

chartist traders. This fundamental traders have a stabilizing effect on the

exchange rate while chartist traders have a destabilizing effect. If a tax

levied on foreign exchange transactions should stabilize the exchange rate

these effects have to be taken into account. If the tax harms fundamental

traders more than chartist traders the effect of the transaction tax might

be destabilizing, while it might be stabilizing if it harms technical trading

rules and favors fundamental-based trading rules.

Under these simplifying assumptions chartists’ risk perception collapses to

σ2
c,t = (1− θ)σ2

c,t−1 + θ
(
Ec

t−2(st−1)− st−1

)2 (31)

= (1− θ)σ2
c,t−1 + θ

(
(1 + β)xt−1 − βzt−1 − st−1

)2
, (32)
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while the arbitrageurs’ risk perception simplifies to

σ2
f,t = (1− θ)σ2

f,t−1 +
θ
(
Ef

t−2(st−1)− st−1

)2

1 + (st−1)2
(33)

= (1− θ)σ2
f,t−1 +

θ
(
(1− ψ)xt−1 − st−1

)2

1 + (st−1)2
, (34)

where ut, xt and zt are defined as

ut := st−1 (35)

xt := ut−1 (36)

zt := xt−1. (37)

The fundamental traders’ realized profits simplify to

πf,t−1 =
(
st−1(1− τ)− st−2

)
sign

{
Ef

t−2(st−1(1− τ))− st−2

}
(38)

=
(
st−1(1− τ)− ut−1

)
sign

{
(1− φ)xt−1(1− τ)− ut−1

}
,

while the technical traders’ profits simplify to

πc,t−1 =
(
st−1(1− τ)− st−2

)
sign

{
Ec

t−2(st−1(1− τ))− st−2

}
(39)

=
(
st−1(1− τ)− ut−1

)
sign

{
(xt−1 + β(xt−1 − zt−1)(1− τ)− ut−1

}
.
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Thus, the dynamical system can be expressed as

st = (1− τ)[1 + β −Θf,t(ψ + β)]st−1 − (1−Θf,tβ)ut−1 (40)

ut = st−1

xt = ut−1

zt = xt−1

σ2
c,t = (1− θ)σ2

c,t−1 + θ
(
(1 + β)xt−1 − βzt−1 − st−1

)2

σ2
f,t = (1− θ)σ2

f,t−1 + θ
[(1− ψ)xt−1 − st−1]2

1 + (st−1)2

Θf,t =
wf,t/σ2

f,t

(wf,t/σ2
f,t) + (wc,t/σ2

c,t)

wf,t =
exp{γ(πf,t−1 − µσ2

f,t−1)}
exp{γ(πf,t−1 − µσ2

f,t−1)} + exp{γ(πc,t−1 − µσ2
c,t−1)}

πf,t−1 = (st−1(1− τ)− ut−1)sign
{
(1− ψ)xt−1(1− τ)− ut−1

}

πc,t−1 = (st−1(1− τ)− ut−1)sign
{
(xt−1 + β(xt−1zt−1))(1− τ)− ut−1

}

In the following subsection we will use these equations to calculate the

model’s fundamental steady-state. Moreover, these equations can be used

later on for the numerical analysis of the model.

3.2 The Fundamental Steady-State

For the system to be in the steady-state all variables should remain constant

in time. Thus, the following condition has to be fulfilled

(
st−1, ut−1, xt−1, zt−1, σ

2
f,t−1,σ

2
c,t−1

)
=

(
st, ut, xt, zt,σ

2
f,t,σ

2
c,t

)
(41)

=
(
s, u, x, z, σ2

f ,σ
2
c

)
.
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This means, that in the steady-state all variables are constant and equal to

their long-run equilibrium values s, u, x, z, σ2
f , and σ2

c .

In line with DeGrauwe and Grimaldi’s (2006) model there is a unique fun-

damental steady-state where

(
s, u, x, z, σ2

f ,σ
2
c

)
=

(
0, 0, 0, 0, 0, 0

)
. (42)

One property of this steady-state is that

wc =
1

2
, wf =

1

2
,πc = 0,πf = 0. (43)

Thus, in the steady-state 50% of all traders are fundamental value traders,

50% are chartists, and all profits are zero because there are no arbitrage

opportunities left. Moreover, it can be seen that changes in the transaction

tax rate τ have no influence on the fundamental steady-state of the system.

The economic interpretation of this is that transaction taxes do not change

the long-run average returns on holding foreign currency. They only change

the transitory out-of-equilibrium behavior of the model.

Because in DeGrauwe and Grimaldi’s (2006) model, which is a special case

of our model, one is not able to perform a local stability analysis based on

the eigenvalues of the Jacobian matrix evaluated at the steady-state, we

are also not able do this for our model. The reason is that the nonlinear

map is not differentiable at the steady-state. Therefore, we have to rely on

numerical methods to analyze the properties of the model and to conduct

the economic policy analysis. This we will do in the following section.
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4 Numerical Analysis

In this part we check the behavior of the model by numerical simulations.

At first we analyze how the deterministic skeleton of the model behaves

after the model is shocked by a deviation of the exchange rate from the

fundamental steady-state. The behavior of the fundamental steady-state

and the speculative steady states will be analyzed later on using bifurcation

analysis. After that we study the behavior of a stochastic simulation of the

model.

4.1 Impulse Response Analysis

The deterministic skeleton of the model is given by the equations given

above, while the fundamental steady state is given by

(
s, u, x, z, σ2

f ,σ
2
c

)
=

(
0, 0, 0, 0, 0, 0

)
(44)

and displays the following property

wc =
1

2
, wf =

1

2
,πc = 0,πf = 0. (45)

We shock the system by introducing a deviation of the exchange rate from

this steady-state and study how the systems trajectories return back to this

equilibrium. With the help of this impulse response analysis we can get

information about the stability of the system and about the time length

of disequilibria. Our research strategy is to perform a baseline simulation

without transaction taxes and to compare its result to simulations with

different transaction tax rates. The following figures represent impulse re-
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sponse series from the models variables after the model is shocked by a

deviation of the exchange rate from the fundamental steady state. Thus,

all impulse responses a measured in deviations from the steady-state which

is given by the red brocken lines.
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Fig. 1: Impulse Responses of the Exchange Rate

The impulse responses in the upper subfigure represent the baseline case with a transaction
tax rate τ = 0%, while the impulse responses lower subfigure are based on transaction tax
rates τ = 3%. The remaining parameter values are ψ = 0.5, β = 0.5, θ = 0.5, γ = 1,
and µ = 1.

This first subfigure of Fig. 1 shows us the hump-shaped response of the

exchange rate to a disturbance to the system. As we can see, after the shock

the exchange rate overshoots for 2.5 degrees of measure while trend reversal

occurs after that. The exchange rate then returns back to its steady-state

after 25 periods of time. The subfigure below shows the same response

as a thin line and the response of the exchange rate after the same shock
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but under a transaction tax of 3% represented by the thick line. As we can

inspect, the overshooting is much smaller and convergence to the equilibrium

is faster. In this simulation the fundamental steady-state is reached after

15 periods.

The following figure shows the response of the population of stabilizing

fundamental traders after the same shock.
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Fig. 2: Impulse Responses of the Population of Fundamental Traders

The impulse responses in the upper subfigure represent the baseline case with a transaction
tax rate τ = 0%, while the impulse responses lower subfigure are based on transaction tax
rates τ = 3%. The remaining parameter values are ψ = 0.5, β = 0.5, θ = 0.5, γ = 1,
and µ = 1.

Again, the subfigure above represents the baseline case with no transaction

tax levied on sells and purchases of foreign currency, while the subfigures

below represent the responses of the population of stabilizing fundamental

traders under transaction tax rates of 3% and 5%. The dotted red line at 1/2

represents the population fraction when the system is in the fundamental



Markus Demary - Currency Transaction Taxes 20

equilibrium. When the system is shocked the population of fundamentalist

traders is rising to 100%, because the initialized deviation from steady-state

rises their demand for foreign currency. Thus, they are trading against this

deviation. This stabilizes the exchange rate as we saw in the figure before.

The exchange rate is converging back to its fundamental value. After ten

periods of dominance in the market their number is decreasing sharply to

a value below its steady-state value of 1/2. This means that now a period

of dominance of chartist traders begins. Because fundamental traders are

trading against the misalignment this creates a trend of the exchange rate

towards its fundamental value. This rises the chartists’ demand for foreign

currency. After 26 periods the population fractions are back at their steady-

state value where they remain. Under a transaction tax rate of 3% we reach

a faster convergence of the exchange rate towards its fundamental steady-

state as we saw in the figure before. This faster convergence corresponds

with the following finding. Under a 3% transaction tax rate the decline of

the fundamental traders’ population is much more abrupt and also larger.

This you can see by comparing the thick and the thin line where the thin line

represents the baseline case. Thus, under a positive transaction tax rate the

number of chartist traders rises much more after the fundamental traders

purchases of domestic currency leads to a trend reversal back to the steady-

state. Because the trend is much stronger than in the baseline case, more

trend chasers rise their demand for foreign currency. This reaction leads

to the fact, that the convergence of the exchange rate and the convergence

of the population towards their steady-state values is much faster under a

positive tax rate. Thus, the currency transaction tax uses the chartists’

trend chasing behavior in a positive way to stabilize the exchange rate.

Thus, with the help of the impulse response analysis we could show that



Markus Demary - Currency Transaction Taxes 21

the system near the steady state is stable but that transaction taxes help

to eliminate misalignments much faster. Our findings verify the proposition

that transaction taxes stabilize the exchange rate by crowding out trend

chasing traders in favor of stabilizing fundamental based traders, because

the dominance of fundamental based trades stabilizes the exchange rate.

But we also find that after fundamentalist trades lead to a reversal of the

trend towards the fundamental value chartist traders do not harm the sys-

tem anymore but help to reach a faster convergence. Remind that these

results are only valid if we start from the fundamental steady state and

when the shocks are small. If a shock is large enough the exchange rate can

also converge to one of the numerous speculative equilibria.

After this local analysis of the behavior near the steady state the following

part analyzes the qualitative properties of the model by analyzing how the

number of speculative equilibria changes under a variation of the transaction

tax rate.

4.2 Sensitivity Analysis via Bifurcation Diagrams

In this section we analyze how the model changes its qualitative results

due to parameter variations with the help of bifurcation diagrams. In this

diagrams we plot the fundamental and speculative steady-states against

different parameter values, where we will put most weight on our policy

variable which is the transaction tax rate. Remind, that this section does

not analyze the dynamics of the system but only the occurrence of equilibria

under different parameter values.

The simulation tool we use for our analysis of equilibria is the bifurcation

diagram in which equilibria are plotted against values of the parameter of
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interest. In our case this will be the behavioral parameters of fundamental

and trend chasing traders and our policy variable the currency transaction

tax rate. We construct these diagrams by Monte-Carlo simulation tech-

niques. The simulation consists of the following steps

(i) we draw a starting value for the exchange rate s0 from a probability

distribution,

(ii) then we simulate the deterministic part of the model until the steady-

state is reached,

(iii) we save this equilibrium value,

(iv) steps (i) to (iii) are repeated several times in order to calculate all

equilibria of the model,

(v) we save all equilibrium values for the parameter value we have used,

(vi) we repeat steps (i) to (v) for different values of the parameter we want

to analyze,

(vii) we plot equilibria against parameter values.

Fig. 3 shows a bifurcation diagram where the model’s equilibria are plotted

against our policy variable, the currency transaction tax rate. Again, the

fundamental equilibrium is normalized to zero.

As you can see the baseline case without transaction taxes is given at the

left of the x-axis of this diagram, where the transaction tax rate is zero. For

this parameter value a lot of equilibria emerge. Because this is a stochastic

simulation only those equilibria are plotted which occur most frequently.

This means the fundamental steady state is not reached, because the spec-

ulative equilibria occur more frequently. These speculative equilibria are

distributed in a range of ±0.5 around the fundamental steady state. When
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Fig. 3: Bifurcation Analysis: Change of the Transaction Tax Rate

This figure plots the models equilibria for different values of the transaction tax rate. The
remaining parameter values are ψ = 0.5, β = 0.5, θ = 0.5, γ = 1, and µ = 1.

we rise the transaction tax rate this range gets symmetrically smaller and

the number of speculative equilibria is declining. For a transaction tax rate

of 2% the fundamental steady-state is the only equilibrium point of the

model. Thus, in this case, our system will converge back to the fundamen-

tal equilibrium after a shock which leads to a temporary disequilibrium.

Remind that for tax rates smaller than 2% the system can also rest in an

speculative equilibrium after a shock. The result of this analysis is that pos-

itive transaction taxes larger than 2% lead to a stabilization of the system

by reducing the number of speculative equilibria to zero.

Figure ?? shows a bifurcation diagram at the point, where the transaction

tax is 2% but where we vary the fundamentalist forecasting parameter φ

between zero and one in order to robust how robust our results above are.

From this figure we can infer that our results are robust for a wide range

of fundamentalist error correction parameters. For all parameter values in

the interval ]0, 1] we have only the fundamental equilibrium despite the case
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Fig. 4: Bifurcation Analysis: Change of the Fundamentalist Forecasting
Parameter

This figure plots the models equilibria for different values of the fundamentalist forecast-
ing parameter φ. The remaining parameter values are τ = 0.02, β = 0.5, θ = 0.5, γ = 1,
and µ = 1.

φ = 0, where fundamentalist expect the exchange rate to follow a random

walk. In this special case we again get multiple equilibria.

In Figure ?? we use the bifurcation diagram at τ = 2% but we vary the

technical traders trend extrapolation parameter β here in order to check the

robustness of our results above.

From this figure we can infer that our findings are also robust for a wide

range of values of the chartists’ extrapolation parameter β. For values

of this parameter between 0.1 and 1 the fundamental equilibrium is the

only possible equilibrium point while for values between 0 and 0.1 we have

multiple equilibria although the transaction tax is 2%.
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Fig. 5: Bifurcation Analysis: Change of the Technical Traders Trend
Extrapolation Parameter

This figure plots the models equilibria for different values of the chartist forecasting pa-
rameter β. The remaining parameter values are τ = 0.02, φ = 0.5, θ = 0.5, γ = 1, and
µ = 1.

4.3 Stochastic Simulation

Following DeGrauwe and Grimaldi (2006) in line with authors like Brock

and Hommes (1997), Chiarella and He (2002) and Westerhoff (2003) we

assume the fundamental exchange rate to follow a random walk

s∗t = s∗t−1 + εt, (46)

where εt is a normally distributed mean zero random variable. In contrast

to the deterministic case, were we set the fundamental exchange rate to

zero, here we have to put it into the system of equations.
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In this case the market clearing exchange rate equation will be extended to

st = (1− τ)
[
Θc,t(st−1 + β(st−1 − st−2)) + Θf,t(st−1 − ψ(st−1 − s∗t−1))

]

= (1− τ)
[
st−1 + Θc,t(β(st−1 − st−2)) + Θf,t(−ψ(st−1 − s∗t−1))

]
(47)

= (1− τ)
[
(1 + β −Θf,t(ψ + β))st−1 − (1−Θf,t)βut−1 + Θf,tψs∗t−1)

]
.

Moreover we have to change the risk evaluation of the fundamental traders

to

σ2
f,t = (1− θ)σ2

f,t−1 + θ
[(1− ψ)xt−1 + ψs∗t−3 − st−1]2

1 + (st−1 − s∗t−1)
2

. (48)

In the case of stochastic fundamental values, the realized profits of funda-

mentalists change to

πf,t−1 = (st−1(1− τ)− ut−1)sign[((1− ψ)xt−1 + ψs∗t−3)(1− τ)− ut−1].

(49)
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Fig. 6: Stochastic Simulation of the Model

The model is simulated with a transaction tax rate τ = 0%. The remaining parameter
values are ψ = 0.2, β = 0.8, θ = 0.6, γ = 1, and µ = 1. The standard deviation of the
fundamental shock is σ = 1. Red lines represent fundamental equilibrium values.

From the stochastic simulation in Fig. 6 we can see that the model is able

to reproduce realistic time series behavior of the exchange rate because it

follows a random walk like behavior which looks similar than empirical time

series. As you can see the exchange rate displays periods where it deviates
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from its fundamental variable and periods where it is attracted from its

fundamental value. As we have seen before, this corresponds to periods

where the market is either dominated by trend chasing traders or dominated

by fundamental based traders as can be inferred from the subfigure at the

bottom and as explained the section before. The exchange rate returns do

not really display volatility clustering like in empirical return time series.

This is not problematic because we do not want to reproduce all stylized

facts4 but our aim was to conduct economic policy analysis. All in all, the

model is able to reproduce some features of empirical exchange rate time

series which makes it usable for economic policy analysis.

A conclusion for this section is that the currency transaction tax rate is able

to stabilize the exchange rate by leading to a faster elimination of temporary

disequilibria after small shocks and near the steady-state. Remind that the

exchange rate can also switch to a speculative equilibrium if the shock is

large enough. Moreover, we found out that the tax is able to reduce the

number of speculative equilibria to zero. Thus, the currency transaction

tax might be an effective policy tool for stabilizing exchange rates.

5 Conclusion

In this study we wanted to analyze the following proposition:

Transaction taxes stabilize the exchange rate because they harm noise traders

more than traders who rely on economic fundamentals

which is often part of academic research and also often to be read in the

popular press. From this proposition we get the following points to analyze
4For a model that reproduces all stylized facts of financial time series see Lux and

Marchesi (2000).
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(i) the number of non-fundamental equilibria is reduced through the cur-

rency transaction tax,

(ii) during the out of equilibrium dynamics the market is dominated by

stabilizing traders, while noise traders are crowded out.

For this purpose we generalized the nonlinear exchange rate model by De-

Grauwe and Grimaldi (2005) for currency transaction taxes. This Brock-

Hommes-style model assumes two types of traders: a stabilizing fundamen-

tal based trader type and a destabilizing trend chasing one. Traders are

allowed to change their trading rule according to the past success of their

trading strategy. Therefore the market can be dominated by one group of

traders for some time periods. We analyze the out-of equilibrium dynamics

of the model using impulse response analysis by shocking the system such

that the exchange rate deviates from the fundamental steady state and stud-

ied its convergence back to this equilibrium. For the study of the possible

reduction of speculative equilibria through transaction taxes we relied on

numerical bifurcation analysis where we plot the equilibria emerging from

the model against varying parameter values. The parameter we were most

interested in was our policy variable.

The following results emerged. After a shock to the system the exchange

rate and the population fractions of traders converged back to their funda-

mental steady state values. After the impulse the exchange rate overshot

but the a trend reversal occurred with a convergence back to the fundamen-

tal equilibrium. After the shock the number of fundamental based traders

rise sharply to 100%, after the trend reversal trend chasing traders dom-

inated the market. Because this domination was after the trend reversal

back to the fundamental value these traders did not lead to a destabiliza-
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tion. Summing up this point we found that a positive transaction tax helped

the system to converge faster to the steady state. The bifurcation analysis

revealed that the model displays a fundamental equilibrium and multiple

speculative equilibria. A transaction tax larger than 2% leads to dimin-

ishing speculative equilibria, so that the fundamental steady-state is the

only remaining equilibrium. A sensitivity analysis showed that this result

is robust for a wide range of values of the model’s behavioral parameters.

A stochastic simulation of the model shows that it is able to produce re-

alistic exchange rate time series which makes is usable for economic policy

analysis.

Summing up, the model shows that stabilization policy is not necessary

after small shocks because the system is stable near the fundamental equi-

librium. But positive transaction taxes help to eliminate misalignments

faster. Moreover, the model shows that positive transaction taxes are nec-

essary if shocks are large because then the economy might stuck in one of the

multiple speculative equilibria. Our second result was that these equilibria

can be eliminated if the transaction tax is high enough.

Future research should find out how large these shocks are and how often

speculative equilibria are reached. This should give us more hints about the

necessity of currency transaction taxes.

References

[1] Brock, W. and C. Hommes (1997), "A Rational Route to Random-

ness" Econometrica, Vol. 65, 1059-1095.

[2] Chiarella, C. and T. He (2002), "An Adaptive Model on Asset



Markus Demary - Currency Transaction Taxes 31

Pricing and Wealth Dynamics with Heterogeneous Trading Strategies,"

Computing in Economics and Finance, Vol. 135, Society for Compu-

tational Economics.

[3] DeGrauwe, P. and M. Grimaldi (2006), "Exchange Rate Puzzles:

A Tale of Switching Attractors", European Economic Review, Vol. 50,

1-33.

[4] Lux, T. and M. Marchesi (2000), "Volatility Clustering in Finan-

cial Markets: A Micro-Simulation of Interacting Agents", Journal of

Theoretical and Applied Finance, Vol. 3, 675-702.

[5] Menkhoff, L. (1997), "Examining the Use of Technical Currency

Analysis", International Journal of Finance and Economics, Vol. 2,

307-318.

[6] Taylor, M. and H. Allen (1992), "The Use of Technical Analysis

in the Foreign Exchange Market", Journal of International Money and

Finance, Vol. 11, 304-314.

[7] Westerhoff, F. (2003), "Heterogeneous Traders and the Tobin

Tax", Journal of Evolutionary Economics, Vol. 13, 53-70.



!
!"#$%&'()*)+#,(,+#%+,(

(

  

 List of other working papers: 

2007 

1. Timur Yusupov and Thomas Lux, The Efficient Market Hypothesis through the Eyes of an 
Artificial Technical Analyst: An Application of a New Chartist Methodology to High-Frequency 
Stock Market Data, WP07-13 

2. Liu Ruipeng, Di Matteo and Thomas Lux, True and Apparent Scaling: The Proximity of the 
Markov- Switching Multifractal Model to Long-Range Dependence, WP07-12 

3. Thomas Lux, Rational Forecasts or Social Opinion Dynamics? Identification of Interaction 
Effects in a Business Climate Survey, WP07-11 

4. Thomas Lux, Collective Opinion Formation in a Business Climate Survey, WP07-10 
5. Thomas Lux, Application of Statistical Physics in Finance and Economics, WP07-09 
6. Reiner Franke, A Prototype Model of Speculative Dynamics With Position-Based Trading, 

WP07-08 
7. Reiner Franke, Estimation of a Microfounded Herding Model On German Survey 

Expectations, WP07-07 
8. Cees Diks and Pietro Dindo, Informational differences and learning in an asset market with 

boundedly rational agents, WP07-06 
9. Markus Demary, Who Do Currency Transaction Taxes Harm More: Short-Term Speculators 

or Long-Term Investors?, WP07-05 
10. Markus Demary, A Heterogenous Agents Model Usable for the Analysis of Currency 

Transaction Taxes, WP07-04 
11. Mikhail Anufriev and Pietro Dindo, Equilibrium Return and Agents' Survival in a Multiperiod 

Asset Market: Analytic Support of a Simulation Model, WP07-03 
12. Simone Alfarano and Michael Milakovic, Should Network Structure Matter in Agent-Based 

Finance?, WP07-02 
13. Simone Alfarano and Reiner Franke, A Simple Asymmetric Herding Model to Distinguish 

Between Stock and Foreign Exchange Markets, WP07-01 

2006 

1. Roman Kozhan, Multiple Priors and No-Transaction Region, WP06-24 
2. Martin Ellison, Lucio Sarno and Jouko Vilmunen, Caution and Activism? Monetary Policy 

Strategies in an Open Economy, WP06-23 
3. Matteo Marsili and Giacomo Raffaelli, Risk bubbles and market instability, WP06-22 
4. Mark Salmon and Christoph Schleicher, Pricing Multivariate Currency Options with Copulas, 

WP06-21 
5. Thomas Lux and Taisei Kaizoji, Forecasting Volatility and Volume in the Tokyo Stock Market: 

Long Memory, Fractality and Regime Switching, WP06-20 
6. Thomas Lux, The Markov-Switching Multifractal Model of Asset Returns: GMM Estimation 

and Linear Forecasting of Volatility, WP06-19 
7. Peter Heemeijer, Cars Hommes, Joep Sonnemans and Jan Tuinstra, Price Stability and 

Volatility in Markets with Positive and Negative Expectations Feedback: An Experimental 
Investigation, WP06-18 

8. Giacomo Raffaelli and Matteo Marsili, Dynamic instability in a phenomenological model of 
correlated assets, WP06-17 

9. Ginestra Bianconi and Matteo Marsili, Effects of degree correlations on the loop structure of 
scale free networks, WP06-16 

10. Pietro Dindo and Jan Tuinstra, A Behavioral Model for Participation Games with Negative 
Feedback, WP06-15 

11. Ceek Diks and Florian Wagener, A weak bifucation theory for discrete time stochastic 
dynamical systems, WP06-14 

12. Markus Demary, Transaction Taxes, Traders’ Behavior and Exchange Rate Risks, WP06-13 



13. Andrea De Martino and Matteo Marsili, Statistical mechanics of socio-economic systems with 
heterogeneous agents, WP06-12 

14. William Brock, Cars Hommes and Florian Wagener, More hedging instruments may 
destabilize markets, WP06-11 

15. Ginwestra Bianconi and Roberto Mulet, On the flexibility of complex systems, WP06-10 
16. Ginwestra Bianconi and Matteo Marsili, Effect of degree correlations on the loop structure of 

scale-free networks, WP06-09 
17. Ginwestra Bianconi, Tobias Galla and Matteo Marsili, Effects of Tobin Taxes in Minority Game 

Markets, WP06-08 
18. Ginwestra Bianconi, Andrea De Martino, Felipe Ferreira and Matteo Marsili, Multi-asset 

minority games, WP06-07 
19. Ba Chu, John Knight and Stephen Satchell, Optimal Investment and Asymmetric Risk for a 

Large Portfolio: A Large Deviations Approach, WP06-06 
20. Ba Chu and Soosung Hwang, The Asymptotic Properties of AR(1) Process with the 

Occasionally Changing AR Coefficient, WP06-05 
21. Ba Chu and Soosung Hwang, An Asymptotics of Stationary and Nonstationary AR(1) 

Processes with Multiple Structural Breaks in Mean, WP06-04 
22. Ba Chu, Optimal Long Term Investment in a Jump Diffusion Setting: A Large Deviation 

Approach, WP06-03 
23. Mikhail Anufriev and Gulio Bottazzi, Price and Wealth Dynamics in a Speculative Market with 

Generic Procedurally Rational Traders, WP06-02 
24. Simonae Alfarano, Thomas Lux and Florian Wagner, Empirical Validation of Stochastic 

Models of Interacting Agents: A “Maximally Skewed” Noise Trader Model?, WP06-01 

2005 

1. Shaun Bond and Soosung Hwang, Smoothing, Nonsynchronous Appraisal and Cross-
Sectional Aggreagation in Real Estate Price Indices, WP05-17 

2. Mark Salmon, Gordon Gemmill and Soosung Hwang, Performance Measurement with Loss 
Aversion, WP05-16 

3. Philippe Curty and Matteo Marsili, Phase coexistence in a forecasting game, WP05-15 
4. Matthew Hurd, Mark Salmon and Christoph Schleicher, Using Copulas to Construct Bivariate 

Foreign Exchange Distributions with an Application to the Sterling Exchange Rate Index 
(Revised), WP05-14 

5. Lucio Sarno, Daniel Thornton and Giorgio Valente, The Empirical Failure of the Expectations 
Hypothesis of the Term Structure of Bond Yields, WP05-13 

6. Lucio Sarno, Ashoka Mody and Mark Taylor, A Cross-Country Financial Accelorator: Evidence 
from North America and Europe, WP05-12 

7. Lucio Sarno, Towards a Solution to the Puzzles in Exchange Rate Economics: Where Do We 
Stand?, WP05-11 

8. James Hodder and Jens Carsten Jackwerth, Incentive Contracts and Hedge Fund 
Management, WP05-10 

9. James Hodder and Jens Carsten Jackwerth, Employee Stock Options: Much More Valuable 
Than You Thought, WP05-09 

10. Gordon Gemmill, Soosung Hwang and Mark Salmon, Performance Measurement with Loss 
Aversion, WP05-08 

11. George Constantinides, Jens Carsten Jackwerth and Stylianos Perrakis, Mispricing of S&P 
500 Index Options, WP05-07 

12. Elisa Luciano and Wim Schoutens, A Multivariate Jump-Driven Financial Asset Model, WP05-
06 

13. Cees Diks and Florian Wagener, Equivalence and bifurcations of finite order stochastic 
processes, WP05-05 

14. Devraj Basu and Alexander Stremme, CAY Revisited: Can Optimal Scaling Resurrect the 
(C)CAPM?, WP05-04 

15. Ginwestra Bianconi and Matteo Marsili, Emergence of large cliques in random scale-free 
networks, WP05-03 

16. Simone Alfarano, Thomas Lux and Friedrich Wagner, Time-Variation of Higher Moments in a 
Financial Market with Heterogeneous Agents: An Analytical Approach, WP05-02 

17. Abhay Abhayankar, Devraj Basu and Alexander Stremme, Portfolio Efficiency and Discount 
Factor Bounds with Conditioning Information: A Unified Approach, WP05-01 



2004 

1. Xiaohong Chen, Yanqin Fan and Andrew Patton, Simple Tests for Models of Dependence 
Between Multiple Financial Time Series, with Applications to U.S. Equity Returns and 
Exchange Rates, WP04-19 

2. Valentina Corradi and Walter Distaso, Testing for One-Factor Models versus Stochastic 
Volatility Models, WP04-18 

3. Valentina Corradi and Walter Distaso, Estimating and Testing Sochastic Volatility Models 
using Realized Measures, WP04-17 

4. Valentina Corradi and Norman Swanson, Predictive Density Accuracy Tests, WP04-16 
5. Roel Oomen, Properties of Bias Corrected Realized Variance Under Alternative Sampling 

Schemes, WP04-15 
6. Roel Oomen, Properties of Realized Variance for a Pure Jump Process:  Calendar Time 

Sampling versus Business Time Sampling, WP04-14 
7. Richard Clarida, Lucio Sarno, Mark Taylor and Giorgio Valente, The Role of Asymmetries and 

Regime Shifts in the Term Structure of Interest Rates, WP04-13 
8. Lucio Sarno, Daniel Thornton and Giorgio Valente, Federal Funds Rate Prediction, WP04-12 
9. Lucio Sarno and Giorgio Valente, Modeling and Forecasting Stock Returns:  Exploiting the 

Futures Market, Regime Shifts and International Spillovers, WP04-11 
10. Lucio Sarno and Giorgio Valente, Empirical Exchange Rate Models and Currency Risk:  Some 

Evidence from Density Forecasts, WP04-10 
11. Ilias Tsiakas, Periodic Stochastic Volatility and Fat Tails, WP04-09 
12. Ilias Tsiakas, Is Seasonal Heteroscedasticity Real?  An International Perspective, WP04-08 
13. Damin Challet, Andrea De Martino, Matteo Marsili and Isaac Castillo, Minority games with 

finite score memory, WP04-07 
14. Basel Awartani, Valentina Corradi and Walter Distaso, Testing and Modelling Market 

Microstructure Effects with an Application to the Dow Jones Industrial Average, WP04-06 
15. Andrew Patton and Allan Timmermann, Properties of Optimal Forecasts under Asymmetric 

Loss and Nonlinearity, WP04-05 
16. Andrew Patton, Modelling Asymmetric Exchange Rate Dependence, WP04-04 
17. Alessio Sancetta, Decoupling and Convergence to Independence with Applications to 

Functional Limit Theorems, WP04-03 
18. Alessio Sancetta, Copula Based Monte Carlo Integration in Financial Problems, WP04-02 
19. Abhay Abhayankar, Lucio Sarno and Giorgio Valente, Exchange Rates and Fundamentals:  

Evidence on the Economic Value of Predictability, WP04-01 

2002 

1. Paolo Zaffaroni, Gaussian inference on Certain Long-Range Dependent Volatility Models, 
WP02-12 

2. Paolo Zaffaroni, Aggregation and Memory of Models of Changing Volatility, WP02-11 
3. Jerry Coakley, Ana-Maria Fuertes and Andrew Wood, Reinterpreting the Real Exchange Rate 

- Yield Diffential Nexus, WP02-10 
4. Gordon Gemmill and Dylan Thomas , Noise Training, Costly Arbitrage and Asset Prices: 

evidence from closed-end funds, WP02-09 
5. Gordon Gemmill, Testing Merton's Model for Credit Spreads on Zero-Coupon Bonds, WP02-

08 
6. George Christodoulakis and Steve Satchell, On th Evolution of Global Style Factors in the 

MSCI Universe of Assets, WP02-07 
7. George Christodoulakis, Sharp Style Analysis in the MSCI Sector Portfolios: A Monte Caro 

Integration Approach, WP02-06 
8. George Christodoulakis, Generating Composite Volatility Forecasts with Random Factor 

Betas, WP02-05 
9. Claudia Riveiro and Nick Webber, Valuing Path Dependent Options in the Variance-Gamma 

Model by Monte Carlo with a Gamma Bridge, WP02-04 
10. Christian Pedersen and Soosung Hwang, On Empirical Risk Measurement with Asymmetric 

Returns Data, WP02-03 
11. Roy Batchelor and Ismail Orgakcioglu, Event-related GARCH: the impact of stock dividends 

in Turkey, WP02-02 



12. George Albanis and Roy Batchelor, Combining Heterogeneous Classifiers for Stock Selection, 
WP02-01 

2001 

1. Soosung Hwang and Steve Satchell , GARCH Model with Cross-sectional Volatility; GARCHX 
Models, WP01-16 

2. Soosung Hwang and Steve Satchell, Tracking Error: Ex-Ante versus Ex-Post Measures, 
WP01-15 

3. Soosung Hwang and Steve Satchell, The Asset Allocation Decision in a Loss Aversion World, 
WP01-14 

4. Soosung Hwang and Mark Salmon, An Analysis of Performance Measures Using Copulae, 
WP01-13 

5. Soosung Hwang and Mark Salmon, A New Measure of Herding and Empirical Evidence, 
WP01-12 

6. Richard Lewin and Steve Satchell, The Derivation of New Model of Equity Duration, WP01-
11 

7. Massimiliano Marcellino and Mark Salmon, Robust Decision Theory and the Lucas Critique, 
WP01-10 

8. Jerry Coakley, Ana-Maria Fuertes and Maria-Teresa Perez, Numerical Issues in Threshold 
Autoregressive Modelling of Time Series, WP01-09 

9. Jerry Coakley, Ana-Maria Fuertes and Ron Smith, Small Sample Properties of Panel Time-
series Estimators with I(1) Errors, WP01-08 

10. Jerry Coakley and Ana-Maria Fuertes, The Felsdtein-Horioka Puzzle is Not as Bad as You 
Think, WP01-07 

11. Jerry Coakley and Ana-Maria Fuertes, Rethinking the Forward Premium Puzzle in a Non-
linear Framework, WP01-06 

12. George Christodoulakis, Co-Volatility and Correlation Clustering: A Multivariate Correlated 
ARCH Framework, WP01-05 

13. Frank Critchley, Paul Marriott and Mark Salmon, On Preferred Point Geometry in Statistics, 
WP01-04 

14. Eric Bouyé and Nicolas Gaussel and Mark Salmon, Investigating Dynamic Dependence Using 
Copulae, WP01-03 

15. Eric Bouyé, Multivariate Extremes at Work for Portfolio Risk Measurement, WP01-02 
16. Erick Bouyé, Vado Durrleman, Ashkan Nikeghbali, Gael Riboulet and Thierry Roncalli, 

Copulas: an Open Field for Risk Management, WP01-01 

2000 

1. Soosung Hwang and Steve Satchell , Valuing Information Using Utility Functions, WP00-06   
2. Soosung Hwang, Properties of Cross-sectional Volatility, WP00-05  
3. Soosung Hwang and Steve Satchell, Calculating the Miss-specification in Beta from Using a 

Proxy for the Market Portfolio, WP00-04  
4. Laun Middleton and Stephen Satchell, Deriving the APT when the Number of Factors is 

Unknown, WP00-03  
5. George A. Christodoulakis and Steve Satchell, Evolving Systems of Financial Returns:  Auto-

Regressive Conditional Beta, WP00-02  
6. Christian S. Pedersen and Stephen Satchell, Evaluating the Performance of Nearest 

Neighbour Algorithms when Forecasting US Industry Returns, WP00-01  

1999 

1. Yin-Wong Cheung, Menzie Chinn and Ian Marsh, How do UK-Based Foreign Exchange 
Dealers Think Their Market Operates?, WP99-21 

2. Soosung Hwang, John Knight and Stephen Satchell, Forecasting Volatility using LINEX Loss 
Functions, WP99-20 

3. Soosung Hwang and Steve Satchell, Improved Testing for the Efficiency of Asset Pricing 
Theories in Linear Factor Models, WP99-19 

4. Soosung Hwang and Stephen Satchell, The Disappearance of Style in the US Equity Market, 
WP99-18 



5. Soosung Hwang and Stephen Satchell, Modelling Emerging Market Risk Premia Using Higher 
Moments, WP99-17 

6. Soosung Hwang and Stephen Satchell, Market Risk and the Concept of Fundamental 
Volatility:  Measuring Volatility Across Asset and Derivative Markets and Testing for the 
Impact of Derivatives Markets on Financial Markets, WP99-16 

7. Soosung Hwang, The Effects of Systematic Sampling and Temporal Aggregation on Discrete 
Time Long Memory Processes and their Finite Sample Properties, WP99-15 

8. Ronald MacDonald and Ian Marsh, Currency Spillovers and Tri-Polarity:  a Simultaneous 
Model of the US Dollar, German Mark and Japanese Yen, WP99-14 

9. Robert Hillman, Forecasting Inflation with a Non-linear Output Gap Model, WP99-13 
10. Robert Hillman and Mark Salmon , From Market Micro-structure to Macro Fundamentals:  is 

there Predictability in the Dollar-Deutsche Mark Exchange Rate?, WP99-12 
11. Renzo Avesani, Giampiero Gallo and Mark Salmon, On the Evolution of Credibility and 

Flexible Exchange Rate Target Zones, WP99-11 
12. Paul Marriott and Mark Salmon, An Introduction to Differential Geometry in Econometrics, 

WP99-10 
13. Mark Dixon, Anthony Ledford and Paul Marriott, Finite Sample Inference for Extreme Value 

Distributions, WP99-09 
14. Ian Marsh and David Power, A Panel-Based Investigation into the Relationship Between 

Stock Prices and Dividends, WP99-08 
15. Ian Marsh, An Analysis of the Performance of European Foreign Exchange Forecasters, 

WP99-07 
16. Frank Critchley, Paul Marriott and Mark Salmon, An Elementary Account of Amari's Expected 

Geometry, WP99-06 
17. Demos Tambakis and Anne-Sophie Van Royen, Bootstrap Predictability of Daily Exchange 

Rates in ARMA Models, WP99-05 
18. Christopher Neely and Paul Weller, Technical Analysis and Central Bank Intervention, WP99-

04 
19. Christopher Neely and Paul Weller, Predictability in International Asset Returns: A Re-

examination, WP99-03 
20. Christopher Neely and Paul Weller, Intraday Technical Trading in the Foreign Exchange 

Market, WP99-02 
21. Anthony Hall, Soosung Hwang and Stephen Satchell, Using Bayesian Variable Selection 

Methods to Choose Style Factors in Global Stock Return Models, WP99-01 

1998 

1. Soosung Hwang and Stephen Satchell, Implied Volatility Forecasting:  A Compaison of 
Different Procedures Including Fractionally Integrated Models with Applications to UK Equity 
Options, WP98-05 

2. Roy Batchelor and David Peel, Rationality Testing under Asymmetric Loss, WP98-04 
3. Roy Batchelor, Forecasting T-Bill Yields: Accuracy versus Profitability, WP98-03 
4. Adam Kurpiel and Thierry Roncalli , Option Hedging with Stochastic Volatility, WP98-02 
5. Adam Kurpiel and Thierry Roncalli, Hopscotch Methods for Two State Financial Models, 

WP98-01 


