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tax on the foreign exchange market volume trading.  The econometric esfimations suggest
that the forex frading volume could be significantly reduced by a Tobin fax. Nevertheless,
elasticities are heferogeneous with respect fo the currency pairs: the largest elasficities are
the euro/dollar and sferling/dollar currency pairs that are also the most traded exchange
parities.  The values of the estimates are lower when the SURE (Seemingly Unrelated
Regression Equations) estimator is used than when the panel estimation is implemented.
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1. INTRODUCTION

In 1972, during his Janeway lectures at Princeton University, Tobin first proposed to tax
all spot transactions in the foreign exchange market. According fo him, the tax would be
assessed on each conversion of domestic currency info any foreign currency at a low level
fax rate [1% in 1972). Although the wel-known Tobin tax was again suggested by Tobin in
1974 and 1978, this proposition was not greeted with enthusiasm by the community of the
economists until 1990’s. Consequently, the so called Tobin tax has experienced a chaotic
existence. Due fo the multiplication of financial crises (Mexico, East Asian, Argenting,
Russia...] and of its solidarity relevance, the Tax became indeed surprisingly popular.

Nowadays, lots of new global taxes have been proposed (Carbon and environmental taxes,
airline fickets tax...], but the Tobin tax is still in minds. For its supporters, this measure presents
several advantages, such as increasing national monefary autonomy, reducing noisily short
term flows leading to exchange rate instability, and raising revenues for multilateral projects.
However, those effects have been more often ideclogically analyzed and there are only few
academic studies, despite the major and seminal contribution of Hag Kaul and Grunberg
(1996). The theorefical and analytical studies are reduced fo the models of Frankel (1996)
whose background is the noise trading approach,” Bird and Rajan (2001) who extended
the Frankel's framework, Bosco & Santoro (2004) and Eichner & Wagener (2005) who
suggested a mean variance approach of the Tobin tax effects on the Forex.

At the same fime, a lot of reports have been carried out by ministries (French, 2000; Belgian,
2007; Finnish, 2001; German, 2002) and institutional (European Parliament, 2000;
OECD; 2002). A lot of studies produced various estimates of potential revenues from a
Tobin tax (the most discussed question about this fopic, see Felix and Sau, 1996; Spahn,
2002; or Nissanke, 2003). Nevertheless, they suffer from numerous drawbacks: notably
the impact of a Tobin tax on the volume frading (that is the tax base) is not precisely taken
info account.

All'in all, there is finally a lack of academic and notably empirical studies about the Tobin
fax as bought fo the fore by the OECD (2002, p.194) because there is “a lack of empirical
evidence on the sensitivity of frading volumes with respect fo the spreads”, by Aliber et al.
(2003, p.1] for whom “the empirical evidence on the effect of fransactions tax volatility price
is rare” and by Eichner and Wagener (2005, p.11) for whom “theorefical considerations
provide liftle guidance |...) the true effects of a Tobin tax can only be assessed empirically”.

The aim of this paper is fo propose an econometric framework in order to estimate those
effects and to fulfil the lack of empirical studies about the Tobin fax fopic. Indeed, it would be
useful to quantify how the forex trading volume would decrease due to a currency transaction
fax. This esfimation is also very inferesting in order fo investigate the effect of such a tax

2. See Frankel and Froot (1990), De Long ef al. (1990) and Jeanne and Rose (2002) for a noise trading approach
from the foreign exchange market.



Francis Bismans & Olivier Damette / Economie internationale 115 (2008), p. 193212

on the exchange rate volatility.* More precisely, our aim is to combine non stationary fime
series and panel data cointegration procedures in order fo estimate the so called "Tobin tax
elasticity”.

The article is organised as follows: section 2 describes the data set and some methodological
issues; section 3 exposes the results of fime series cointegration; section 4 deals with the
SURE estimates of the data; section 5 looks af panel data estimations (using the most recent
panel unit root tests with cross section dependence| and section ¢ concludes.

2. DATA AND METHODOLOGY

Given that the currency fransaction tax does not exist, we have fo use a proxy to take it into
account.  In accordance with the traders, we assume that the Tobin tax implementation is
equivalent fo a rise in the transactions costs i.e. that currency fransaction tax has the same
effect as an increase in fransactions costs. The Tobin fax literature has reached a consensus
on this issue. In the foreign exchange market, transactions costs are reflected in observed
bid-ask spreads. The spreads are the source of profits for Forex intermediaries and are
currently at a very low level (see Spahn, 2002) for currently observed spreads reports). Even
a Tobin fax of 0.05% is above the highest realized spreads in the Euro/dollar inferbank
market.

Therefore, in order fo estimate the impact of a currency fransaction tax on the frading volume,
we estimate the relationship between the volume (V] and the bid-ask spread (s]. Our baseline
model is the following one:

In{v), = constant + Eln(s),+ Bln(other variables) + error, =1, ..., T (1)
where Tis the time dimension and £ denotes the elasticity.

To run this esfimation, we need data for all the variables quoted above.  The most important
feature of the foreign exchange market is that it is decentralized and opaque. Consequently,
fimes series on actual frading volume and prices are very difficult to obtain (for instance Aliber
and al., 2003, used futures data as a proxy because those data are fraded on a centralized
market). Nevertheless, we use an original data set with the support of Reuters from Reuters
Dealing 3000, which is an electronic platform used by inferbank traders and the most
popular foreign exchange market information providers with Electronic Broking System (EBS).
Thus in this paper, we are working with real data of the foreign exchange market which is
an improvement compared to the few existing databases (which used futures data or Reuters
fick frequency as a proxy for trading volume).*

3. As explained by Haberer (2004), there are two effects on exchange rate volatility when imposing a Tobin tax.
The tax reduces excessive volatility in highly speculative markets with high trading volume when the fax rafe is small.
In illiquid forex markets however, the tax might raise the volafility. Therefore, it is very important fo evaluate the
liquidity level of the market after infroducing a Tobin fax.

4. See Hartmann [1998] for a survey considering the different existing databases about the foreign exchange
market.
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Our data set consists of intraday fime series over the sample period from November, 24,
2004 to November, 25, 2004 for four currency pairs: dollar/euro ([EUR/US$ hereafter],
dollar/yen (JPY/US$ hereafter] dollar/sterling (GBS /US$ hereafter) and dollar/Canadian
(CAD$/US$ hereafter).” The sample period shows the foreign exchange market working in
a steady period (there was not minor or major crisis during the sample period, which ensures
some stability in the data). Note that in terms of currency composition of forex fumover in
2004,° the dollar/euro (28%), dollar/yen (17%) and the dollar/sterling (14%) are the most
fraded currency pairs.  Those three currency pairs account for near 60% of the tfofal frading
volume of the foreign exchange market. The dollar/Canadian is a minor currency pair, the
sixth most fraded (4%) and will be a mean of controlling the results. All in all, our data set is
quite representative of the whole forex market.

For each currency pair, we obtain the following variables so transformed:

- the accumulative traded volume of payments in a currency pair, defined in billions of
current US dollars (volume):

- the foreign exchange market volume for each minute (volume2);
the quoted bid price, recorded for each minute (bidl;

- the quoted ask price, recorded for each minute (ask|;
the spread between ask and bid (spread).

Given our series, our baseline model (1] can be rewritten as (2]. Hence, the equilibrium
Tobin tax elasticity coefficient for the three currency pairs can be obtained by the following
log linear model estimation:

Lvolume, = B, + B, lask, = B, lspread, + v, i=1, ... N, t=1, ..., T (2

where [ denotes the base elogarithmic function. Therefore B, can be directly interpreted as
an elasficity coefficient and we expect it to be negative.

3. TIME SERIES ANALYSIS

Since our panel data set is very specific ([N=4, T=1493|, we fest first for the existence of
a coinfegration relationship for each cross section, that is each currency pair, in the time
dimension only. At first, we fest for the non stationarity of the series with the usual fime
series unit roof fests, i.e. Augmented Dickey Fuller [ADF, 1979), Dickey-Fuller Generalized
least Squares [DF-GLS, 1996), Kwiatkovski-Phillips-Schmidt-Shin (KPSS, 1992), and Elliot
Rothenberg Stock PointOptimal (ERS, 1996) tests.” Note that both Dickey Fuller tests are
based on 30 lags, because we think that a large number of lags [i.e. only 30 minufes here] is

5. There is no parficular reason to study this specific data and exclusively the four currency pairs mentioned above
but these are the only data over the same fime period we have after crossing the different currency pairs of our
dofabase.

6. Note that the last tumover by currency pair [published by the BIS in 2007) is near of 2004: 27%, 13%, 12%
and 4% respectively.

7. As those usual tests are nowadays wellknown, it is not relevant to develop them here.
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necessary fo take info account the presence of some high order autocorrelation in our series.®
Nevertheless, in order to check the robustness of our unit root test results to this economic
insight, we perform besides the KPSS test (where stationarity is the null hypothesis) and the
ERS test [which is more powerful than the DF tests and has been found to dominate other unit
root tests under cerfain condifions| by choosing the automatic lags selection with the Akaike
criferion. All the results are reported in TaBlE 1.

Table 1 - Results from unit root tests

E:irrrse"cy Variables DFA DF_GLS KPSS ERS
Lvol —2.11(0.23) ***  —1.07***  150%**  7.46[25)***
EUR Lspread —275(0.06)**  -1.78**  232%**  §.88***(27)
Lask —2.16(0.21)***  0.42%**  376%**  40.94*** [5)
Lvol “244(0.13)FF%  —0.52%**  0.66**  56.54*** (30)
GBE Lspread —275(0.06)**  -0.50***  170***  44.10*** (25]
Lask —275(0.06)**  0.57***  300***  60.59*** (3)
Lvol ~1.41(0.15)*** -4.60 1.66%**  587%%% (60)
CADS Lspread  -0.05 (0.66)* ** -6.21 1.51%%*  2.91** (18]
Lask -3.98(0.02] ~0.80%**  1.98***  ]2.81*** (7]
Lvol ~2.64 (1.00]*** 2.37%* 1.16% %% 6.64%** (30)
JPY Lspread ~12.511(0.00) ~6.57 1.00%**  6.75%** (29)
Lask ~1.69 (0.43)***  —0.34***  ]83*** 10.89*** (17|

Notes: Lag length is set to 30 in the DFA [with intercept] test and in the DF_GLS. No fime frend is included in
the model specification considering the charts of our series.

[.) are pvalues with regards 1o the DFA and lags (according to Akaike criferion) with regards to ERS.

¥*x %% % indicate unit root at 1%, 5%, 10% significance respectively.

Overall, Dickey Fuller unit root stafisfics for the three variables imply not rejecting the null
hypothesis of unit root in the EUR/US$ and GBS /US$ series at 1%. Each variable has a unit
root and is thus infegrated of order one I(1). It is however less obvious for the CAD$,/US$
and JPY/US$ currency pairs (maybe the autocorrelation would be higher for the Canadian
and Japanese currency pairs than for the others). For the CAD$,/US$, ADF results indicate
that all variables except Lask are level stationary, but DF-GLS outcomes show that only Lask
has a unit root. The results are nonetheless clearcut considering KPSS and ERS tests since dll
the variables have a unit root.

Since all the series are | {1), we now investigate the presence of one or more cointegration
relationshipls]. Indeed, since Granger (1983) and Engle and Granger (1987), it is well
known that if two or more series are infegrated of the same order d, they are said fo be
coinfegrated if it exisfs a linear combination befween these series which is sfationary. The

8. Selecting the lags according fo the Akaike criterion leads fo very close results fo those obtained with 30 lags.
This suggests an absence of specification error in the unit root tests in ferms of selection of the lag length.
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Engle and Granger procedure s limited to the investigation of the existence of only one
chosen equilibrium relationship between our variables. Nevertheless, it is possible that a
number of k-1 relationships exist between k variables, that is volume, spread and ask in our
model.

Using the Johansen (1988) methodology, we test for the existence of the exact number
of cointegrafing relationships in a multivariate VAR (Vector AutoRegressive] model.  We
conclude that there exists one possible cointegrating relation for the EUR/US$ and the
JPY/US$ currency pairs at 1% level but two coinfegrating relations for the GBS /US$ and the
CAD$/US$ currency pairs (Trace and Eigenvalue tests reproduced in Ta8ie 2a). For instance,
the model (3) provides estimates of the cointegrating relationship relating to the EUR/US$
currency pair.” It is known that the cointegrating vector is not identified unless we impose
some arbitrary normalization. The equation (3] reports estimates of the cointegrating vector
relating fo the EUR/US$ currency pair based on the normalization of the Lvolume variable.
This equation shows that the normalized cointegrating coefficients have the expected sign
(the Lspread coefficient is negativel:

Lvolume2 + 11.48 Lspread = 54.93 Lask + 108.57 =0 (3)
Consequently, the coinfegrating relationship (3] is in line with the model (2). The Engle and
Granger method is then performed fo test the null hypothesis of no coinfegration against the

alternative of stationary residuals. In this way, our baseline model is the model (2] with time
dimension only. Tasies 2 present the outcomes of the Engle and Granger methodology.

Table 2a - Results from Johansen cointegration tests

Hypotheses EUR/US$ GBP/US$ CAD/US$ JPY/US$
HO HI* HI A A A A A AL Ao AL
r=0 =0 =1 4830 4084 6586 06586 7438 3958 5550 4394
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
r<l r>2 =2 728 622 2072 2072 3440 2939 11.57 11.0I
(0.29) (0.31) (0.00) (0.00) (0.00) (0.00) (0.07) (0.05)
r<?2  r23 r=3 1.06 1.06 1.77 .77 540 497 055 055

(0.35) (0.35) (0.21) (0.21) (0.48) (0.51) (0.52) (0.52)

Notes: pvalue in parentheses [.J; * for Trace Test and ** for Max Test.
lag length is set to 16 in EUR/USS, JPY/US$ and GBP/US$ tests, 3 in CAD/USS. lag order is selected by
AIC (Akaike], SC (Schwarz), HQ (Hannan-Quinn), FPE (Final Predictor Error) and R (Likelihood Ratio) criteria.

9. To save place, we do not show here all the cointegrating relationships for all the currency pairs.
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Table 2b - Estimation and residuals with Engle and Granger methodology

Constant Lask Lspread Cointegration test

Coeff.  pvalue  Coeff.  pvalue  Coeff.  pvalve Stat. pvalue

EUR/USS 12644  0.000 -487.53 0.000  -0.61 0.000 -3.638  0.003
CBP/US$ -78.01 0001 10937 0002 -0.55 0000 -4.317  0.000
CAD/US$ -87.16  0.000 -482.17 0.000 -0.30 0000 -5578  0.000
JPY/US$  437.06  0.002 -94.815  0.00] -0.79  0.000 1.902 0987

The last column of Ta8ie 2b [ADF) shows that all pvalues are close fo zero with the exclusion
of the last line, i.e. the residuals are stationary for each currency pair except the JPY/US$
currency pair. For this reason, there is one cointegration relationship for each currency pair
quoted above. Moreover, several results can be derived from the TaiE 2a:

- as expected, the coefficient value associated fo the Lspread variable is negative for the
four exchange parities: the logarithm of trading volume is decreasing in the logarithm of
spread,

- the lask coefficient in the sterling regression is surprisingly positive. This result may be
explained by the coefficient value instability after implementing the CUSUM (Cumulative
Sums of the Recursive Residuals) statistic;

- the coefficients for both EUR and GBP currency pairs are significant and very close to
each other: =0.61 and -0.55. Therefore, an increase of 1% in transactions costs lead to
a decrease of <0.61% and -0.55% of the Euro/dollar and of the Sterling/dollar volume
frading respectively;

- lastly, as we could expect, the elasticity value for the Canadian dollar is lower than for the
other currency pairs. We can explain this result by the low frading volume of this currency
pair in the overall foreign exchange market trading volume. This type of transactions
would be less sensitive fo a one or two basis points (0.01% to 0.02%) currency transaction
fax.

To check the robusiness of those different results, we performed some other regressions fo
address if the results are sensitive to changes in the esfimation. To this order, we conducfed
a linear regression version of the model (2) to check the coefficient signs (Lspread is always
negative and significant at 1%) and we recomputed especially the logarithmic model (1) over
two different subsets of the overall data set (we separated the sample to the 825" value, i.e.
when moving from first fo second market day in the database). The values of the Lspread
coefficients were slightly modified but were very close to each other over the two samples of
time period (for instance, the Lspread values about the GBP/US$ were —0.55 and -0.53

respectively).

Finally, we assess the possibility of multicollinearity among Lspread and Lask by performing
the Variance Inflation Factor (VIF) and the Tolerance tests. The square root of the VIF indicates
how much larger the standard error is, compared to what it would be if the studied variable
(Lspread or Lask) was uncorrelated with the other variable of the model (2). As outlined by
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the VIF values (1.04 for EUR/US$, 1.03 for GBS,/US$, 1.00 and 1.00 for CAD$/US$
and JPY/US$ respectively) for Lask and Lspread), it is clear-cut that there is no mulitcollinearity
among Lspread and lask.

4, TaEe SURE ESTIMATOR

The estimations in 128l 1 were based on the assumption that the error terms in the equations
are independent. The intuition behind this hypothesis is that the behaviour of the fraders is not
the same across exchange rate currency pairs: the elasticities are therefore heferogeneous as
outlined in the preceding section. However there is eventually a relation among exchange
parities (denoted i and |}, because traders react the same way to some news (macro and
financial) for different currency pairs, so that the perturbations are likely to be correlated.
Moreover all of the currency pairs are expressed in dollars.

This kind of correlation is precisely a contemporaneous one. Formally we have:
Cov (u

Adding such confemporaneous correlation into the model infroduces additional information
which is not incorporated when we estimate the four equations by OLS. Thus, it is possible fo
obtain a better estimator than the OLS estimator [section 3) by viewing equations as parts of
a system. When the disturbances in a specific equation are confemporaneously correlated
with the disturbances in other equations, such systems are known — see Zellner [1962] - as
seemingly unrelated regression equations (SURE].

ul=0#0, i#]
it U

it !

In our example, each equation may be writien on the form:

y,=X B, +u m=1,..,4,

where y_and u_ are Tx1 the matrices X of order Tx3 and B, is a 3x 1 vecior of
parameters.

FX=diag (X,, ..., X,),u=(u,..,u)ondB=I(B, .. 6 B, denote the sysem of four
equations in stacked form as:

y=XB+u. (4)
If the errors are contemporaneously correlated, the covariance matrix V in (4] is no longer
diagonal. In fact, the correlations between the errors may be characterized by writing:

E(u,,,u,r):cr,./., ij=1,...,4, i#]

However, all non-contemporaneous disturbances are independent so that £ [u, u)=0, for all
t#s.

Consequently, the matrix V of order 4T x 4T in (4] is given by:
V=Eud)=2®1,, (5)

where X = (o) is @ 4 x 4 matrix and ® denotes the fensor product.
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Zellner's SURE estimator of B in (4) is got by feasible generalized least squares:
B o= (XVIX)'XV Ty (6)
=(X[Z7'®1L)X)'X[Z'®1 )y,
with £ a consistent estimator of X.

Tagle 3 gives the values for Zellner's estimation procedure. All the coefficients are significant
at 1% except for the Lspread variable in the JPY/US$ relationship. Moreover, the Lspread
coefficients are generally of the correct negative sign. Comparison of the OLS cointegration
results (section 2) and SURE results indicates that there is o general improvement in the
efficiency of the esfimates, evidenced by decreases in the pvalues of all variables. The
elasticities coefficients are smaller in the SURE equations.  Unlike OLS regressions, the
coefficient of the GBE/US$ Ispread is slightly greater than the EUR/US$ coefficient.
In line with previous results, the coefficients of GBE/US$ and EUR/US$ Lspread are
very close to each other and the coefficient of the CAD$/US$.  Lspread is still smaller
in the SURE esfimation. Nevertheless, the gap between the most fraded currency pairs
and the CAD$/US$ is narrower when the SURE estimator is used. As a consequence,
elasticities are the lowest when the confemporaneous correlations are taken into account.

Table 3 - Results of SURE estimations

Constant Lask Lspread
Coeff. p-value Coeff. p-value Coeff. p-value
EUR/US$ 109.85 0.000 -419.39 0.000 -0.33 0.000
GBP/US$ 155.55 0.000 -257.79 0.000 -0.36 0.000
CAD/US$ -96.50 0.000 541.62 0.000 -0.23 0.001
JPY/US$ Q47.39 0.000 -205.30 0.000 -0.08 0.145

5. TPANEL DATA ANALYSIS

We next turn o the panel methodology.  First, we test for the presence of a unit root in our
series. Panel unit root tests proposed by Levin ef al. (2002) and Im et al. (2003) are the most
used fesfs in panel studies. However, the socalled first generation unit root fests (they assume
cross sectional independence) are shown to be inconsistent in the presence of cross sectfional
dependence, because they suffer from severe size distortions (O'Connel, 1998; Philips and
Sul, 2003; Banerjee et al., 2005). As exchange rafes are correlated, the series in our
panel (i.e. currency pairs) are likely to be pairwise correlated. We thus fest the cross section
dependence in our panel data and we use the socalled second generation unit root tests.
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5.1. Cross section dependence in panel data

Pesaran (2004) proposed a fest for error cross section dependence which is an extension of
the Breush and Pagan’s test'® (1980, see Peasaran, 2004). It is only valid for N relatively
small and T sufficiently large. The residuals of the ADF regressions (3] are used to compute
the following lagrange Multiplier (LM test:

CD,, =TZ.Z p; (7)
In equation (7), ;/)\,,/. is the pair-wise correlation of residuals coefficient that is:
5 - ZT/Q e
SEESE

where e, is the ordinary least squares esfimate of the residuals u,, in the ADF regression.
Note that under the null hypothesis of no cross section dependence, the CD,,, sfatisfic is
asymptocally distributed as Chisquared with N (N = 1) / 2 degrees of freedom.

Recognizing the shortcomings of the Breush Pagan's M fest when N is large, Pesaran
proposed a simple alternative which is based on the pairwise correlation coefficients and

not on their squared one:
CD= 3

oe ( ] °
where CDis [.1.N (0,1).
When Nis relatively small with respect to T, as in our panel, the Breush-Pagan test has good
sample size properties. Nevertheless the Pesaran CD test is also performed for comparison.
Tagle 4 reveals that the null hypothesis of no cross section dependence is rejected at 1% and
5% respectively. There is thus clearly strong dependence in our data. There are several
potential origins for cross section dependence in the currency pairs’ panel: one or more
unobserved common facfors, one or more observed common factors or a general form of
cross sectional dependence. This result is undeniably not surprising, because, as mentioned
earlier, all parities are expressed in relation fo the dollar. In oddition, there are many cross
dependence factors which explain correlation between the exchange rates: economic policies
disseminated by the Federal Reserve Bank or the European Central Bank (like the interest rates
level) or economic indicators like the performance of the US economy (in November 2004
here). It is well known that some events or decisions from a country (notably the US| impact

in a unexpected sense the other countries. Furthermore, the market psychology influences the
frading and the traders react together fo the same news or rumours.

Mz

10. "Breush and Pagan proposed a Lagrange Multiplier (M) statistic for festing the null hypothesis of zero equation
error correlations” (Pesaran, 2004).
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Table 4 - Test for cross section dependence

Empirical values Critical values (5%)
CD,, statistic 11.30 7.81
CD statistic -3.21 -1.96

Note: frend and infercept and 60 lags are included.

5.2. Testing for unit root using second generation panel unit root tests

From the preceding tests outcomes, we note the presence of cross section dependence in our
currency pairs.  Thus, the second generation Panel Unit Root Tests (PURT hereafter) must be
used in order fo fest for the order of our series. The literature on modelling of cross section
dependence in panels is sfill developing (for recent surveys of this expanding literature,
see Gutierrez, 2003; Hurlin and Mignon, 2005; Gegenbach, Palm and Urbain, 2006;
Breitung and Pesaran, 2006; Baltagi and Pesaran 2007).

Three different panel fests allowing cross section dependence among the currency pairs
are applied fo our sample: Pesaran (2005, published in 2007), Moon and Perron {2004
and Bai and Ng (2004]. These approaches make the assumption that the cross sectional
dependence is induced by one or more common factors that vary along the time dimension,
but are invariant across panel units."" Tasie 5 displays the results of those tests.

Considering the results of both CIPS and P: test stafistics, we conclude that all of our series are
1), apart from LVol. Nevertheless, Moon and Perron tests indicate that all our variables are
1) at 5% significance. Gegenbach, Palm and Urbain (2006) proposed a skefched approach
of the different PURT: the pooled CIPS fest has better power properties than the individual CAPS
fests not reproduced here), but the Moon and Perron tests (£, and f; | are more powerful than
Pesaran CIPS tests. This analysis is in line with Gutierrez (2003) who considers that Moon and
Perron tests show good size and power for different values of T.and N. Consequently, we
conclude that in an overall perspective, all of our series are [(1). Therefore, using in the next
secfion the panel cointegration methods is warranted in our view.

Table 5 - Pooled panel unit root tests

Tests Pesaran Moon and Perron (MP) Bai and Ng (BN)
Statistics CIPS t t Fe

Lvol -3.36(0.01) 0.1710.57) 0.10(0.54) 3.55(0.00]
Lspread -2.74(0.09) -36.43(0.14) 32.86(0.14) 0.67(0.25)
Lask -2.76(0.08) -1.420.08)  -1.40(0.08) -0.96(0.83)

Notes: 2 common factors, 60 lags and intercept are included in MP and BN fests.
P-values are listed between |.).

11. These recent tests have not yet been implemented in the usual econometric software like RATS, Eviews, SAS.
However, it is possible to compute the second generation panel unit roof fests using Matlab 7.1 The results of our
panel unit root tests are presented in TABLE 4.
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5.3. Testing for cointegration

We test for the existence of a coinfegration relationship between Lvol, lask and Lspread in our
model (2). There are several panel cointegration tests: the single equations tests of Pedroni
(1999, 2004) and Kao (1999) and the sysfems fests developed by Larsson, Lyhagen and
Lothgren (2001). I this analysis, the test sfatistics of Pedroni are selected, because Gutierrez
(2003) showed that these statistics have the best power among all the cointegration tests
when the time dimension (7) is very high. Briefly, the single equations methods of Pedroni are
panel extensions of the Engle and Granger [1987) method developed in section 2. In other
words, the idea for the residual-based tests of Pedroni is to test for the existence of a unit root
in the residuals of the spurious regression.

According fo Pedroni (1999, 2004, the data generating processes (DGP) is:
y=a+xB+u, N=12234, T=1,. 1493, 9)

where x and B, are k x 1 vectors with k = 2 because there are two regressors lask and
Lspread in our model. Besides, y, denotes Lvol and a, is a fixed effect.

There are two different classes of stafistics suggested by Pedroni (see fable 1, 1999) among
the seven stafistics he proposed: four stafistics are based on the within dimension (panel fests
or within) and three on the between dimension (group mean fests or between). Al these
fests are based on the null hypothesis of no cointegration and unlike Kao [1999), some
heferogeneily is infroduced under the alfernative hypothesis. Thus, there exists a coinfegration
relationship for each currency pair and this relationship is not necessarily the same for each
currency pair.

The null hypothesis of no cointegration is given by HO: p,=1, where p is the firstorder serial
correlation coefficient of the residuals. The alternative hypothesis of stationary residuals (u,
in the equation (5)) in the panel tests is H1:p.= p<1, that is p is identical for i =1, ..., N.
The group sfatistics are based on cross-section averages of individual estimators of p. and
they are specified against the alternative: H1:p,<1. Therefore, the group statistics are more
general since they allow for heferogeneous coefficients under H1.

Tagle 6 points fo the outcomes of the seven statistics proposed by Pedroni (1999, 2004).
It is shown that the null hypothesis is rejected at 5% except for Z ;. It is not a problem
for many reasons: on the one hand, the null hypothesis of no cointegration is rejected for
six of the considered statistics; on the other hand, Karaman Orsal (2008) argued with the
help of Monte Carlo simulations that the panelt test statistic {27 ;) has the best size and
size-adjusted power properties among all the Pedroni sfafisfics. In accordance to Gutierrez
(2003] the group p statisfic (ZPN,W) has the best power properties and in accordance fo
Wagner and Hlouskova [2007), the two fests of Pedroni applying the ADF principle perform

test (27, and Z%, ;) are the first choice.
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Table 6 - Panel cointegration tests

Dimension Statistic Standardized values
Within 2t 1.207 (0.114)
Znr ~3.903 (0.000)
Zr -10.336 (0.000)
Zyr ~5.873(0.000)
Between Z -2.062 (0.020)
2 ~12.948(0.000)
s ~7.95 (0.000)

Note: Pedroni fests were computed using Rats code [PANCOINT].
P-values are in parentheses.

5.4. Estimating panel cointegration vector
Finally, we estimate the impact of the currency transaction tax via B,

lvol = B, + B, lask, + B, lspread, + o+ v,, i=1,....,N, t=1,...,T, (10)
where a is a deferministic intercept for each currency pair i.

To obtain panel coinfegrated estimates is not an easy task because the asymptotic properties
of the estimators and the corresponding statisfical tests are different from those of fime series
cointegration models. Indeed, equation (10] can be first estimated by ordinary least squares.
(In this case, the esfimator Within is used.) But in finite samples OLS esfimator and tstafistic
are biased. Therefore Phillips and Moon (1999) and Pedroni (2000) proposed a fully
modified OLS estimator (FMOLS); Kao and Chiang (2000)'? suggested a different approach
based on the panel dynamic ordinary least squares [DOLS] estimator developed by Stock
and Watson (1993) and Saikkonen [1991). These authors investigated, with Monte Carlo
simulations, the finite sample properties of the OLS, FMOLS, and DOLS estimators.  Their
conclusions are the following ones:
- the OLS esfimator presents a bias in finite samples; the OLS estimator, though superconsistent,
would not be optimal for inference in this case;
- the FMOLS estimator does not improve over the OLS estimator in general;
- the DOLS estimator performs well in estimating cointegrated panel regressions.

Consequently we will use DOLS to estimate the model [10). What is peculiar to the DOLS
estimator is that it includes lags and leads of the first difference to the sef of coinfegrating
regressors in order fo taken account the possible correlation of the error term. The DOLS
estimates of the model (10 are reported in TaglE 7.

12. See also Mark and Sul (2003).
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Table 7 - DOLS Fixed effects model estimation results

Variable Coefficient Standard error t statistic p-value
Constant 201.026 22.952 8.758 0.000
Lask -147.648 16.176 -Q.127 0.000
Lspread -0.612 0.053 -11.428 0.000

3 -~ 52 B palue
N=4 NT=597?2 R’=0.26 F=235.83 Istat F1=0.000

Note: the choice of the correct lags and leads selection frequency is based on the Schwarz Bayesian
information criferion as suggested by Westerlund (2005).

We derived several commentaries from the TABIE 7.
i) All regression coefficients are non null and thus significant.

ii) The constant value is positive, that is the foreign exchange frading volume s positive
(201.026) whatever the spread and ask values. In addition, the fixed effects are —168.23,
-186.15, =117.03 and 477.50 respectively. Once more, the yen currency pair leads fo
the more devious result. Considering the overall constant, it could be inferred that the effects
of Lspread and lask variables on the volume frading are less pronounced regarding the yen
fransactions.

jii) All the coefficients have the expected signs: an increase of the ask price or an increase
in the spread has a negative impact on the foreign exchange volume for all currency pairs.
Therefore, an increase of the fransactions costs due fo the fax infroduction unambiguously
leads to a decrease of the trading volume.

iv) The effects of ask price variations are stronger than spread variations.  This finding is
consistent with the foreign exchange market activity without Tobin tax, because the taxation
is not the key decision variable for the fraders.

v] Finally, the sharp value of the currency fransaction tax elasficity is =0.61; in other words,
an increase of 1% of the spread is corresponding o a decrease of more than half of the
forex operations. This overall elasticity is higher (in absolute value) than the SURE elasticities
outlined in the preceding section. This result is quite relevant because, considering the whole
of the forex market, there are less opportunities of circumventing the fax and consequently the
endogenous decreasing effect of the tax on the volume trading is more pronounced than in
the preceding partial esfimations.

We ensure fo the robustness of our DOLS panel results by finally conducting some specification
tests all based on the [R (Likelihood Ratio).

As outlined in the Ta8E 8, the model [10) is quite robust. Indeed, the sfatistics values strongly
reject the null hypothesis that the Lask, Lspread variables and fixed effects are redundant.
Furthermore, the test statistic of omitted variable rejects the null that Lask and Lspread are
jointly irrelevant; Lbid is not an omitted variable in the model (10).
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Table 8 - Specification tests

Redundant variable Omitted variable Fixed effects

Lask Lspread Lbid o

[R Stat pvalue (R Stat pvalue (R Stat pvalue [R Stat pvalue
76.25 0.000  208.87  0.000 8.124 0.004  1408.99  0.000

T A= 0= 0y

6. CONCLUDING REMARKS

This paper is the first attempt to estimate the influence of a currency fransaction tax on the
foreign exchange market volume trading.  The econometric estimations suggest that the forex
frading volume could be significantly reduced by the Tobin fax. Nevertheless, the values
obtained for the elasticites are heterogeneous with respect to the currency pairs and lead
fo some effects that are more pronounced than Frankel's previsions, but less marked than
assessed in the institutional reports (French, Belgian, German reports). As we might expect,
the most fraded currency pairs are also the most traded exchange parities. Moreover, the
elasticities values are the lowest when the SURE estimator is used, but the highest when the
panel estimation is implemented.

We can first discuss the interprefation of those results in two ways. This significant decrease
in the volume trading is good news for the Tobin tax advocates, who think that foreign
exchange market fransactions are largely of speculative nature. In this respect, our result
would mean that the Tobin tax could curb the speculative frading volume as they expected.

In the opposite direction, it is a bad result for its opponents, since a high decreasing volume
could have dangerous consequences for hedging and liquidity trades. In this way, a high
rate Tobin Tox could destroy the existing market structure and the information efficiency of the
market prices.

Finally, toking our results as a sfarting point, we can produce a new estimation (that is more
accurate than the exisfing ones) of the potential revenues of such a Tobin fax. In this way,
we assume that all major frading sites would agree to collect the tax. According to the last
BIS survey data (BIS, 2007), global average daily net tumnover, i.e. the global tax base was
US$1880 billion. In accordance with Nissanke (2003) and the many official reports (French,
Belgian, German...), it is also assumed that 10% and 20% of fofal turnover respectively are
deducted from the tax base as non taxed trades and tax evasion. Furthermore, our estimates
are based on the assumption that spreads are very low: 0.01-0.02% as suggested by
Spahn (2002) and by our data set. Assuming that tax rates would be set at the very most to
0.02%, the currency transaction tax presents a potential of generating a maximum of US$40
billion for global multilateral projects.

To conclude this article, we suggest a sef of extensions, which would improve the decline and
the revenues estimates. Our results rely indeed on simplifying the assumption that all trades
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in the same currency pair have the same elasticity. The analysis would be further enriched if
we could obtain more defails about each realized transaction (liquidity trade or speculative

frade, interbank liquidity trade or speculative hedge funds trade...). Because the foreign
exchange market is very opaque, the achievement of this desirable extension will be a very
difficult task.

FB &O.D."

13. We are very grateful to Claude Dieboli, Berirand Koebel, Phu Nguyen Van, Jacques Raynauld, Jimmy Lopez
and two anonymous referees for helpful comments. An earlier version of this paper has benefited from comments

of participants from GDR Monetary and Banking (2005), Journées de I'AFSE [2006), SCSE (2008 and SMYE
(2008).
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