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Abstract
We investigate whether foreign exchange intervention volume matters for the exchange rate
effects of intervention. Our investigation employs daily data on Japanese interventions from
April 1991 to April 2012 and time-series estimations, non-temporal threshold analysis, as
well as binary choice models. We find that intervention volume matters for the effects of
intervention, but only to the extent that the exchange rate effect per intervention unit is
magnified in a linear sense by the larger intervention amount. This is a policy-relevant
finding that also adds to our understanding of how intervention works.
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1. Introduction

We investigate whether foreign exchange intervention volume matters for the exchange rate
effects of intervention." Our investigation employs two decades of daily data on Japanese
interventions as well as time-series estimations, non-temporal threshold analysis, and binary
choice models.? Whether intervention volume matters is an issue of interest to authorities with a
mandate to intervene as knowledge regarding the volume effects of intervention is necessary to
make an informed decision regarding the amount with which to intervene. It is also an issue of
academic interest since an understanding of the influence of intervention volume on the
exchange rate effect of intervention may shed light on how intervention works. We find that
intervention volume matters for the effects of intervention, but only to the extent that the
exchange rate effect per intervention unit is magnified in a linear sense by the larger intervention
amount.

The existing empirical evidence regarding the extent to which intervention volume
matters is mixed. Dominguez and Frankel (1993) show that central bank market presence rather
than intervention volume can at times fully explain the exchange rate effects of intervention,
thereby implying that intervention volume may not matter at all. Other studies find that only
large interventions are effective while smaller interventions are ineffective or even
counterproductive, thereby implying that the exchange rate effects of intervention volume are
non-linear and discontinuous (e.g. Beine and Szafarz, forthcoming, and Fatum and Hutchison,

2006).

! This is a particularly topical issue in light of the recent Japanese interventions of unprecedented proportions where
three of the four largest daily interventions over the past two decades have occurred since Japan unexpectedly
resumed an active intervention policy in September 2010. Notably, on 31 October 2011 the Japanese monetary
authorities sold JPY in the USD/JPY market in the amount of more than USD 100 billion. By far, the volume of this
intervention operation exceeds any other intervention on record.

2 Humpage (2003), Neely (2005), and Sarno and Taylor (2001) provide surveys of the intervention literature. Beine
et al. (2007), Chen et al. (2009), Fatum and Hutchison (2006), Ito (2003, 2005), Iwata and Wu (2008), Kim and
Sheen (2006), Marsh (2011) and others study the effects of intervention in the USD/JPY market.



Typically, the relative importance of large interventions is assessed by imposing
arbitrary volume thresholds to define large interventions. In the context of time-series studies,
the exchange rate models include large-volume intervention dummies or separate variables for
larger and smaller interventions. In the context of event studies, the exchange rate effects of
intervention are assessed separately across sub-samples of larger and smaller interventions.
These approaches are problematic for two reasons. First, since intervention volume tends to
increase over time, testing the relevance of the arbitrary volume threshold really amounts to a
test of whether more recent interventions are more effective on average than interventions
carried out a longer time ago.® Second, a more fundamental concern is the fact that the threshold
is imposed rather than identified and the results may thus depend on the chosen threshold.

The contribution of our paper is to bring clarity to the unresolved issue of whether
intervention volume matters. We do so by analyzing daily data on Japanese interventions
spanning the two decades from April 1991 to April 2012. First, we use time-series techniques
(GARCH models) to address whether intervention volume matters at all or if central bank
presence alone can explain the associated day-to-day changes in the level of the USD/JPY spot
rate. We then follow the standard approach of the intervention literature and test whether larger
interventions are associated with different exchange rate effects by imposing a reasonable but
nevertheless arbitrary volume threshold. While this part of our analysis is subject to the
aforementioned criticism regarding arbitrariness in the choice of threshold, we carry out the
investigation by testing sample-specific intervention volume thresholds across previously
identified sub-samples, thereby ensuring that the thresholds are not effectively postulated time-

series breakpoints. We also test for continuous non-linearities within the context of our time-

% In the context of Japanese interventions, where Ito (2003) and others have found intervention to be ineffective until
the mid-1990s, this seems a particular concern.



series framework. To address the fundamental concern regarding the arbitrariness of the imposed
volume threshold we employ the non-temporal breakpoint analysis proposed by Hansen (2000).
Doing so allows us to formally test whether intervention volume thresholds are present in our
data without having to assume what such threshold levels might be.

Other studies suggest that intervention volume is not the only possible determinant for
whether or not an intervention operation is effective in influencing the daily exchange rate
change in a manner consistent with the intervention (e.g. Humpage 1999). We thus complement
our time-series estimations of volume effects and volume thresholds with a broader assessment
of whether intervention volume along with other possible intervention characteristics such as
intervention frequency, market awareness of intervention, and coordination of intervention
across central banks, influence the success of intervention.

Our time-series results show that intervention volume matters to the extent that larger
interventions are associated with larger exchange rate movements. However, our results also
show that larger interventions are no more effective than smaller interventions in an exchange
rate effect per unit of intervention sense. Our threshold analysis finds no indication of systematic
structural breaks associated with intervention volume. Our logit model estimations show that
intervention volume is the best predictor of intervention success, consistent with the beliefs of
central bankers.*

There is a mapping from intervention volume to how intervention works. If intervention
volume is unimportant and the exchange rate effect of intervention stems solely from the central
bank being present in the foreign exchange market, the effects of intervention cannot be

explained by the portfolio-balance channel since this intervention transmission channel implies

* Neely (2008) reports that 17 of the 22 central bankers responding to his survey agree or strongly agree that larger
interventions increase the probability of a successful intervention.



that the effects of interventions are linear in volume at least during time-periods where the
exchange rate risk premium is constant. Consequently, if intervention volume is unimportant,
intervention works through other channels such as the signaling channel or the coordination
channel.” For the same reason, if intervention volume matters for the exchange rate effect of
intervention but the effects of intervention are non-linear in intervention volume, the effects of
intervention cannot be fully explained by the portfolio-balance channel. By contrast, only if the
effects of intervention are linear in intervention volume are the effects consistent with the
portfolio-balance channel.

Overall, our results show that intervention volume matters, but only to the extent that the
exchange rate effect per intervention unit is magnified in a linear sense by the larger intervention
amount. Since intervention volume matters and non-linearities are absent, our results seem
consistent with the portfolio-balance channel.

The rest of the paper is organized as follows. Section 2 summarizes the data. Section 3

details the empirical methods. Section 4 presents the results. Section 5 concludes.

® The portfolio balance channel relies on foreign and domestic assets (bonds) being imperfect substitutes in which
case the intervention induced change in the relative supplies of these assets is accompanied by a corresponding
change in relative asset returns in order for investors to be willing to hold both foreign and domestic assets. The
portfolio balance channel then suggests that the change in relative asset returns, in the absence of changes in relative
nominal interest rates, is generated by an adjustment of the current exchange rate. The signaling channel hypothesis
suggests that by carrying out intervention the central bank informs the market, or sends a signal, about its future
policy intentions. The coordination channel pertains to a situation of substantial exchange rate misalignment and
coordination failure to the extent that individual market participants are hesitant to risk betting on a reversal of the
exchange rate towards its equilibrium. In such a situation the coordination channel proposes that detected or publicly
announced intervention can take on a coordinating role that organizes fundamentalist traders to enter the market at
the same time, thereby causing the exchange rate to adjust. For additional details on transmission channels see, for
example, Sarno and Taylor (2001).



2. Data
The intervention data consist of official daily volumes of all intervention operations carried out
by the Japanese and US monetary authorities in the USD/JPY foreign exchange market between
1 April 1991 and 25 April 2012.°

Table 1 provides intervention data summary statistics for the full sample period as well as
separately across three sub-samples (the identification of sub-samples is discussed in detail in
Section 4). The first column of Table 1 shows that during the two decades under study
intervention in the USD/JPY market occurred on a total of 352 days. For the full sample period,
the daily intervention amount ranges from USD 1 million to USD 103 billion, and the average
intervention amount is USD 2.4 billion. Columns two through four show that the average
intervention amount and frequency vary dramatically across the three sub-samples. During the
first four years under study, the average intervention amount across 165 intervention days is
close to USD 0.5 billion. Between May 1995 and March 2004, intervention occurred on 179 days
in the average amount of USD 3.0 billion. During the last sub-sample, the September 2010 to
April 2012 period, intervention is carried out on eight days in the average amount of USD 26
billion.

All interventions under study are either unilateral Japanese interventions or coordinated
in the sense that both Japan and the US are intervening in the USD/JPY market on the same day
and in the same direction. The second-last row of Table 1 reports the number of coordinated

intervention days across the full sample and across the sub-samples. As the row shows, a total of

® See Bordo, Humpage, and Schwartz (2011) and Ito (2005), respectively, for descriptions of the US and the
Japanese institutional framework for intervention.



23 intervention days are coordinated, and 22 of these coordinated interventions occur during the
first two sub-samples.’

The last row of Table 1 shows the number of detected intervention days, i.e. interventions
that occur on a day when there is a rumor of intervention on the newswire. The full April 1991 to
April 2012 sample encompasses a total of 214 detected interventions, amounting to roughly 60%
of the interventions in the sample.®

The daily exchange rate data consist of New York close USD/JPY spot market quotes
obtained from Global Financial Data (GFD).’ Exchange rate summary statistics are detailed in
Table 2. The first row of this table shows that over the course of the two decades under study the
USD depreciated from 0.00713 USD/JPY at the start of the sample to 0.01229 USD/JPY at the
end of the sample, a total USD depreciation against the JPY of 72%.

The analysis controls for macro surprises of Japanese news regarding CPl, GDP,
industrial production, trade balance, unemployment and US news regarding CPI, GDP, industrial
production, trade balance, non-farm payroll employment, and monetary policy. For each of these
news variables, the surprise is measured as the difference between the official announcement and
the result of surveys of expectations of the announcement conducted by Bloomberg during the
days preceding the announcement. The official value of a news variable is announced once a
month, or at a lower frequency. The news control variables capture the associated surprise

element on announcement dates, thus these variables are non-zero only on announcement dates

" The only coordinated USD/JPY intervention day for more than a decade occurred in March 2011 in response to the
sudden JPY appreciation following the 9.0 earthquake in Japan on 11 March 2011. This particular coordinated
intervention driven by very unusual circumstances is described in detail in Neely (2011).

® The Factiva search engine and a comprehensive combination of various English language search words (e.g. Bank
of Japan, intervention etc.) are used to find the days with a rumor of intervention. Detected intervention is
sometimes referred to as “public intervention”, while undetected intervention is sometimes referred to as “secret
intervention”. For additional details regarding detected versus undetected interventions in the USD/JPY market see
Beine and Bernal (2007), Fatum (2010), and Kim and Le (2010).

® See Ito (2003) for a detailed explanation regarding the necessity of using New York close quotes in daily data
studies of intervention in USD/JPY market.



and only when the announcement differs from market expectations. Macro news data summary

statistics are available from the authors upon request.

3. Empirical Analysis

The empirical analysis consists of three parts. The first part of the analysis follows Baillie and
Bollerslev (1989) and others in estimating time-series regression models of the daily change in
the USD/JPY exchange rate with GARCH residuals. The objective of these estimations is to
assess if the exchange rate effects of intervention can be explained by central bank market
presence alone, if the exchange rate effect of large interventions defined as mean (absolute)
intervention volume plus one standard deviation are different from those of smaller
interventions, and if the exchange rate effects of interventions are better captured by inclusion of
a quadratic intervention term. The estimated models are described by the following general

GARCH(p,q) specification:

(1)  As,=a+bAs,_, +b,INTVOL, +b,INTINDIC, +b,LTMSTD, +b.SIGNQ, + CZ, + ¢,

(2) & ~N (0, ht)

q p
B  h=a,+Y a;eii+Y Bih
j=1 j=1

where a is a constant; As, is the first-difference in the log of the spot USD/JPY exchange rate;

INTVOL; is official intervention volume (millions of USD); INTINDIC; is a signed indicator
variable that takes on the value one on days with intervention purchases of USD, minus one on

days with intervention sales of USD, and zero otherwise; LTMSTD; is a sample-specific



interaction variable (“slope shifter””) containing interventions (millions of USD) larger than the
mean absolute intervention volume plus one standard deviation (millions of USD); SIGNQ is an
interaction variable containing squared interventions (millions of USD) multiplied by
INTINDIC;; C is the coefficient vector associated with the control variables contained in Z;. The
control variable matrix Z; contains the surprise component of the macro news described in
Section 2.1° Equation (2) states that the error term is normally distributed with zero mean and

time-dependant (conditional) variance h,. Equation (3) shows that the variance depends on the

squared error of the past g periods (the ARCH terms) and the conditional variance of the past p
periods. 2
The second part of the analysis employs a threshold analysis proposed by Hansen (2000)

to assess if intervention volume matters without imposing any priors in regards to what might

constitute large volume intervention. The estimated equations take the following form:

(4)  As, =a,, +b,As,, +b,, INTVOL, + &, if ABSINTVOL, <y

(5)  As, =a,, +b,,As,, +b,,INTVOL, + &, if ABSINTVOL, > y

1% The four intervention variables are, of course, all positively correlated. Consequently, we do not estimate the full
conditional mean equation with all four intervention variables included simultaneously. Instead, our baseline
estimation follows Ito (2003) and includes only the intervention variable INTVOL..

1 Consistent with Fatum and Scholnick (2006) and other daily data studies of the USD/JPY exchange rate we find
the GARCH(1,1) specification to provide the best and most parsimonious data fit.

12 Endogeneity is generally a major concern in studies of the exchange rate effects of intervention (and we do
attempt to formally address this concern in our robustness section). However, as long as any simultaneity bias is
reasonably uniform across the interventions under study, endogeneity is a limited concern when the objective is to
assess the relative importance of different intervention volumes rather than to obtain precise estimates of the
exchange rate effects of intervention.



where ABSINTVOL; is the absolute value of INTVOL;, and y is a threshold value to be
estimated by the maximand of the likelihood ratio statistics over all permissible threshold
values.®* The testing procedure is similar to the standard temporal parameter change test for
unknown breakpoint (e.g. Andrews 1993). However, instead of analyzing a temporally-ordered
data set, we sort the data according to the absolute value of the variable INTVOL;. This sorting
procedure makes the absolute value of INTVOL; the trending variable and, consequently, the
asymptotic distribution of the standard temporal change-point test is not reliable. Therefore, our
threshold test results are based on the p-values computed by the asymptotically correct bootstrap
procedure proposed by Hansen (2000).*4*°

The third part of the analysis provides an assessment of whether intervention volume and
other possible intervention characteristics such as intervention frequency, market awareness of
intervention, and coordination of intervention across central banks determine the success of
intervention. To do so we follow Humpage (1999) in estimating binary choice models of success
of intervention using the aforementioned possible success determinants as explanatory variables
in conjunction with the two definitions of what constitutes an intervention success proposed by

Fatum and Hutchison (2003). The first definition of success is denoted the direction criterion. It

labels an intervention a success if either {INTVOL; > 0 and As,< 0 or INTVOL; < 0 and As, >

13 The parameter v is assumed to be within the bounded set [0.001N, 0.999N] where N denotes the sample size.

4 Ordering the data as described ignores potential serial correlations in the errors thus the computed standard errors
may be under-estimated. To address this concern we include in our regression models lags of the dependent variable
as additional explanatory variables. To make sure that the residuals of the final regression do not exhibit serial
correlations, we first estimate the threshold parameter and the coefficients estimates to obtain the residuals. We then
re-order the residuals temporally and perform the test for serial correlations using the re-ordered residuals. As it
turns out, including only the first lag of the dependent variable is sufficient to ensure that the errors are free of serial
correlation. The GARCH character of the residuals is accounted for using the heteroskedasticity robust standard
errors of White (1980).

> As noted earlier, endogeneity is a limited concern when assessing the relative importance of different intervention
volumes. In the specific context of our threshold analysis, it is additionally reassuring that Perron and Yamamoto
(2011) show that a SupWald test and, by implication, a SupLR test can detect parameter instability in OLS models
even in the presence of endogeneity.
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0}. The second definition of success is denoted the smoothing criterion. It labels an intervention

a success if either {intervention is a success according to the direction criterion} or {absAs, <
abs As,_, }.™ Separately applying these two success criteria to each intervention day in our sample

produces two binary variables that facilitate the estimation of the following logit models:

(6) D, =a,+b,,As, , +b,, ABSINTVOL, +b_,DSLI, +b,,DETECT, + b, COORD, + &,

(7) S, =ag +bgAs,_, + by, ABSINTVOL | +b,DSLI, +b,, DETECT, + b, COORD, + &

where D (S)) takes on the value one when intervention is a success according to the direction
(smoothing) criterion and zero otherwise; ABSINTVOL, is the absolute value of intervention
(millions of USD); DSLLI, is a continuous variable that counts the number of business days since
the last intervention occurred; DETECT, is an indicator variable that takes on the value one when
an intervention day coincides with a same-day rumor of intervention and zero otherwise;
COORD; is an indicator variable that takes on the value one when both Japan and the US are
intervening in the USD/JPY market on the same day and in the same direction and zero

otherwise.

4. Results
Our starting point is to estimate the time-series model described in Equations (1) through (3)

across the full April 1991 to April 2012 sample with only the constant, the first lag of the daily

16 As noted by Fatum and Hutchison (2003), both success criteria are problematic if intervention is “leaning with the
wind”, i.e. if intervention sales (purchases) of USD occur when the, in our context, previous-day exchange rate
change is a USD depreciation (appreciation). We address this concern with a robustness check that excludes leaning
with the wind interventions.
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exchange rate change, intervention volume, and the macro control variables included in the
conditional mean model. This is our baseline model. The first column of Table 3 reports the
results. The column shows the intervention volume variable is highly significant and of the
correct sign, i.e. an intervention purchase (sale) of USD is, on average, systematically associated
with a same-day appreciation (depreciation) of the USD vis-a-vis the JPY."’

Before we proceed, we need to take into account the possibility of structural breaks. The
fact that 6 ¥ years of no intervention occurred between March 2004 (when what Taylor 2006
and others refer to as the “great intervention” ended abruptly) and September 2010 (when Japan
suddenly resumed an active intervention policy against the backdrop of the current global
financial crisis) suggests that interventions that occurred since 2010 should be considered
separately.’® To consider the possibility of parameter instability over the 1991 to 2004 time-
period we employ the Bai and Perron (1998) structural change test for multiple unknown
breakpoints.’®?° We first consider the possibility of a single break. The testing procedure
identifies 05 May 1995 as a structural break with 99% significance (SupF=13.98)." Next, we
carry out the sequential testing procedure to address whether additional breaks are present. We
first test the possibility of one break against two breaks. The test statistic associated with the

possibility of two breaks is only marginally significant (SupF(2|1)=8.38). The two break dates

" The first lag of the daily exchange rate is insignificant in all estimations, as are most of the macro control
variables. This is not surprising in our context of daily frequency exchange rate modeling. For brevity, we thus do
not report the coefficient estimates associated with the lagged exchange rate change and the macro controls.

8 Fawley and Juvenal (2010) discuss in detail the 15 September 2010 intervention that constitutes the return of
Japan to an active intervention policy.

9 We estimate the previously described baseline model and test the null hypothesis of the intervention volume
coefficient estimate being time-independent versus the alternative of structural changes in said coefficient estimate
across all permissible break points. To perform the tests, heteroskedasticity and autocorrelation consistent variance
(HAC) are used with Andrews (1991) data dependent method with quadratic spectral kernel and bandwidth chosen
by AR(1) approximation. Consistent with the literature standard we set the truncation parameter that defines the
permissible break dates to 0.15.

0 It is not meaningful to apply the Bai and Perron (1998) test for multiple breaks to the full April 1991 to April 2012
sample since the 2010 to 2011 interventions would occur after any reasonable break date, e.g. a break date of 0.15.

2! This breakpoint date is largely consistent with Ito (2003) who imposes 21 June 1995, when Mr. Sakakibara took
office as Vice Minister for International Affairs at the Japanese Ministry of Finance, as a structural break date.
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are identified as 08 May 1995 and 26 September 2001.* The test statistics associated with
additional breaks are not significant. In sum, we find strong evidence of a single break in early
May 1995 while the evidence to support the presence of a second break in September 2001 is
much weaker.

Columns three through five of Table 3 display the results of estimating the baseline
model separately across the previously identified sub-samples.?® The third column shows that
intervention was not effective in influencing the same-day exchange rate change during the 1991
to 1995 period (the intervention volume variable is significant but of the wrong sign).?* The
fourth column shows that intervention during the 1995 to 2004 period was effective on average
(the intervention volume variable is significant and of the correct sign).? The fifth column shows
that the coefficient estimate associated with the most recent interventions is also highly
significant and of the correct sign, indicating that these recent intervention sales of JPY were

systematically associated with a JPY depreciation.

4.1  Time Series Analysis of Intervention Volume Effects

As a preliminary assessment of the extent to which intervention volume matters we first test if
the estimated exchange rate effect per intervention unit since September 2010 is different than
the average effect per intervention unit during the earlier periods of relatively smaller

intervention volumes. To do so we employ coefficient restriction t-tests.”® Specifically, we

%2 These dates are identified by the dynamic programming procedure described in Bai and Perron (1998). The date
of the first of two breaks does not necessarily coincide with the date identified by the single break test.

2% We consider the possibility of the September 2001 breakpoint in our robustness section.

** The 1991 to 1995 ineffectiveness result is also found in Ito (2003).

% The 1995 to 2004 effectiveness result is consistent with Fatum (2010), Fatum and Hutchison (2006), lwata and
Wu (2008) and others.

% The t-statistic for the null of symmetry across two estimations is given by the coefficient estimate difference
divided by the square root of the sum of the squared standard deviations. For additional details see, for example,
Anderson et al. (2010).
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compare the September 2010 to April 2012 intervention volume coefficient estimate separately
to the 1991 to 2004, 1991 to 1995, and 1995 to 2004 intervention volume coefficient estimates
reported in columns two through four of Table 3. The bottom rows of the fifth column of Table 3
reports the t-stats and shows that only when comparing to the 1991 to 1995 period (where
intervention is ineffective and the intervention volume coefficient estimate is of the wrong sign)
can we statistically reject equality of coefficients. In other words, the estimated per intervention
unit effect of the recent interventions appears no different than the one associated with
interventions carried out between 1995 and 2004, despite the fact that the average daily
intervention amount during the most recent sub-sample is more than 8 times larger than that of
the 1995 to 2004 sub-sample.

To assess whether intervention central bank presence alone can explain the same-day
exchange rate effects of intervention we re-estimate Equations (1) through (3) after including the
intervention indicator variable in the conditional mean expression of our baseline model. The
results are reported in Table 4. The first column shows that for the 1991 to 1995 sample, both the
intervention volume variable and the intervention indicator variable coefficient estimates are of
the wrong sign, and only the former variable is significant. For the 1995 to 2004 estimations, the
second column shows that the intervention volume variable is highly significant and of the
correct sign (consistent with the baseline estimation) while the indicator variable is highly
insignificant and of the wrong sign. Clearly, these results imply that central bank presence alone
cannot explain the exchange rate effects of intervention.

As noted earlier, the existing intervention literature addresses whether larger-volume
interventions influence the exchange rate differently and in a non-linear sense by testing the

statistical significance of large-volume thresholds. In this section we follow this literature by
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estimating Equations (1) through (3) with the constant, the first lag of the daily exchange rate
change, the intervention volume and the large-volume intervention indicator variables, and the
macro control variables included in the conditional mean model. Table 5 reports the results. As
the two columns show, the (sample-specific) large-volume intervention indicator variable is
insignificant in both estimations. This finding suggests the exchange rate effect per intervention
unit (i.e. per USD spent on intervention purchases of JPY) associated with large-volume
interventions is no different than the exchange rate effect per intervention unit of smaller
interventions.

The previous finding does not imply that intervention volume does not matter. Rather, it
suggests that the exchange rate effects of intervention can be described as linear in intervention
volume. To further investigate if the exchange rate effects of intervention are properly captured
by the linear intervention volume variable we add to the baseline model the previously defined
interaction variable containing (signed) squared interventions. The estimation results with
squared intervention volumes included are displayed in Table 6. As the table shows, the
quadratic intervention term is insignificant in both sub-samples, thus we find no evidence that

the exchange rate effects of intervention should be described by inclusion of a quadratic term.

4.2 Threshold Analysis of Intervention VVolume Effects

We now turn to the results of the threshold analysis proposed by Hansen (2000) and described by
Equations 4 and 5. Table 7 displays the results. The first column reports the results pertaining to
the 1 April 1991 to 4 May 1995 sample. The first rows show that the coefficient estimates
associated with small and large interventions are both of the wrong sign (consistent with the

previously discussed results of the time-series analysis of the 1991 to 1995 sub-sample). The
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95% confidence intervals are wide and overlapping, implying that the small and large
intervention coefficient estimates are not significantly different. The threshold analysis indicates
that the most likely intervention volume threshold value for this sub-sample is (absolute) USD
200.7 million, i.e. this is the sample-specific absolute intervention value demarcation point that
defines small versus large interventions. The associated SupLR test statistic is 10.10 and, with a
p-value of 0.112, this most likely volume threshold is not significant at conventional levels.

The second column shows the results of the threshold analysis of the 5 May 1995 to 31
March 2004 sub-sample. The coefficient estimates associated with small and large interventions
are both correctly signed and significant at 90% and 95%, respectively (consistent with the
previously discussed results of the time-series analysis of the 1991 to 1995 sub-sample). Again,
the 95% confidence intervals are overlapping to the extent that the small and large intervention
coefficient estimates are statistically indistinguishable. The most likely intervention volume
threshold value is (absolute) USD 1,400.93 million. This most likely threshold is highly
insignificant with a SupLR test statistic of 5.20 and associated p-value of 0.632.

The fact that none of the most likely intervention volume thresholds identified by the
Hansen (2000) procedure is significant provides strong evidence that the exchange rate effect per
intervention unit is largely constant and does not vary in a systematic fashion with intervention
volume. This evidence is particularly compelling because, unlike no previous study of the
volume effect of intervention, our threshold analysis does not rely on any priors regarding what

constitutes a large or a small intervention.?’

2" 1t is important to point out that while all our findings strongly suggest that the exchange rate effects of
intervention can be described as linear in intervention volume, there is nevertheless substantial variation across the
exchange rate effects associated with individual intervention operations. To illustrate, each of the four most recent
Japanese intervention episodes are all associated with coinciding JPY depreciations vis-a-vis the USD in the fairly
narrow range of 2.2 to 3.1%, yet the intervention volume of these episodes range from sales of USD 8.6 billion to
sales of USD 116.3 billion.
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4.3  Binary Choice Model Analysis of Determinants of Intervention Success

We complement the investigation of volume effects with a broader assessment of which
intervention characteristics, including intervention volume, determine the success of intervention
by estimating the logit models described in Equations (6) and (7). Table (8) shows the results of
the estimations pertaining to the direction criterion of success (Equation 6).

The first column shows that none of the intervention characteristics seem to influence the
probability of success during the 1991 to 1995 period. This is unsurprising considering that the
findings of our times-series analysis, as well as other studies, suggest that intervention during
this period was generally ineffective. The second column shows that for the 1995 to 2004 sub-
sample the intervention volume variable is a highly significant determinant of success, i.e. the
larger the intervention volume, the higher the probability of intervention success. The
intervention frequency variable, as measured by the number of business days since the last
intervention (DSLI), is positive, thereby indicating that less frequent interventions are more
likely to be successful. However, the frequency variable is insignificant at conventional levels.
The variable capturing whether or not the market is aware of the intervention (DETECT) is
highly insignificant. All coordinated interventions during the 1995 to 2004 sample are successful
according to the direction criterion and, therefore, not included in the estimations.?

The estimations employing the smoothing criterion of success support identical
conclusions. Table 9 displays the results. Intervention volume is, again, the only significant
success determinant, and only for the 1995 to 2004 sample. Almost all coordinated interventions
during the 1995 to 2004 sample are successful according to the smoothing criterion and,

therefore, not included in the estimations.

% All coordinated interventions during the 1995 to 2004 sample occur before 1999.
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Overall, the results of this section confirm that intervention volume matters for the
probability of intervention success. Furthermore, since coordinated intervention is perfectly
correlated with intervention success according to the direction criterion and near-perfectly
correlated with intervention success according to the smoothing criterion, coordination of
intervention is also confirmed as a determinant for intervention success. While there is some
indication that intervention frequency might play a role as well, no intervention characteristics
other than volume and coordination significantly influence the probability of intervention

SUCCESS.

4.4  Robustness

In order to check the robustness of our results we redo the analysis using different sub-sample
demarcation points, formally address the inherent issue of endogeneity, account for the fact that
average turnover in the USD/JPY foreign exchange market has more than doubled during the
two decades under study, and redo the logit model analysis on a sub-set of leaning against the
wind operations only.”

First, we redo the entire analysis using the marginally significant second breakpoint
identified by the Bai and Perron (1998) test at 26 September 2001. The findings stemming from
analyzing the resulting three sub-samples are qualitatively identical to those previously
discussed.

Second, we redo the entire analysis using residuals from intervention reaction function
estimations as proxy measures of unexpected interventions that we use to replace actual

intervention in order to reduce simultaneity bias of the coefficient estimates. Doing so follows

% Estimation results pertaining to the robustness section are available from the authors upon request.

18



Humpage (1999) and others, and has become standard in daily data intervention studies.*® Not
surprisingly, given that we expect endogeneity to be a limited concern in the context of assessing
the relative importance of different intervention volumes, attempting to address the inherent
issue of endogeneity renders all conclusions completely unchanged.

Third, we very crudely address the fact that average turnover in the USD/JPY foreign
exchange market has more than doubled during the two decades under study and, as a result, one
unit of intervention in absolute terms in, say, 1991, is relative to market depth smaller than one
unit of intervention in absolute terms in, say, 2004. For each sub-sample we redo the analysis
after measuring the daily intervention volume relative to the sample-specific average daily
turnover in the USD/JPY spot market as reported by the BIS.** We find that our results do not
change from this sample-specific scaling of the intervention volume variable.*

Fourth, we redo the logit model analysis on a sub-set of leaning against the wind
operations only in order to address the previously mention concern that both the direction and the
smoothing criteria for successful intervention are problematic if intervention is “leaning with the
wind. The logit model analysis of the sub-set of only leaning against the wind interventions yield
qualitatively identical results as those described in the previous section with the minor exception
that the frequency variable (DSLI) becomes marginally significant (at the 90% level) when the

direction criterion is applied.

%0 See Fatum (2010) for details of this procedure and a discussion of its shortcomings. See Beine et al. (2009) and Ito
and Yabu (2007) for recent studies focusing on the intervention reaction function of the Japanese monetary
authorities.

8 According to the 1995, 2004, and 2010 BIS Triennial Central Bank Survey of Foreign Exchange and Derivatives
Market Activity (statistical annex tables E.2), average daily USD/JPY spot market turnover was USD 87,661 million
in 1995, USD 103,626 million in 2004, and USD 183,108 million in 2010. These statistics are used to measure the
daily intervention volume relative to the sample-specific average daily turnover across the 1991 to 1995, 1995 to
2004, and 2010 to 2012 samples, respectively.

% Clearly, this robustness check does not address the limitation that this and other intervention studies do not
measure daily intervention volume relative to daily market depth. Unfortunately, it is not possibly to do so because
daily data on market turnover does not exist.
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7. Conclusion

We investigate whether foreign exchange intervention volume matters for the exchange rate
effects of intervention. Our investigation employs daily data on Japanese interventions spanning
from April 1991 to April 2012 and various estimation techniques. Whether intervention volume
matters is an issue of interest to authorities with a mandate to intervene as knowledge regarding
the volume effects of intervention is necessary to make an informed decision regarding the
amount with which to intervene. It is also an issue of academic interest since an understanding of
the influence of intervention volume on the exchange rate effect of intervention may shed light
on how intervention works.

Using time-series models of the day-to-day exchange rate change we first compare the
explanatory power of intervention volume variables versus intervention indicator variables and
show that intervention volume matters. We follow the existing intervention literature and
estimate exchange rate time-series models with large-volume intervention indicator (slope-
shifter) variables included. Our results show that large-volume interventions are no more
effective than smaller interventions in an exchange rate effect per unit of intervention sense. We
test for continuous non-linear intervention volume effects by including in our time-series models
quadratic intervention terms and find no significant evidence of such volume effects.

A major shortcoming of the traditional approach used for assessing whether intervention
volume matters is that tests evolve around arbitrarily imposed intervention volume thresholds.
We address this fundamental concern by employing non-temporal breakpoint analysis. Doing so
allows us to formally test whether intervention volume thresholds are present in our data without
having to assume what such threshold levels might be. Our results suggest that no systematic

structural breaks associated with intervention volume exist.
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We complement our time-series estimations and our non-temporal threshold analysis with
a broader assessment of whether intervention volume along with other possible intervention
characteristics, such as intervention frequency, market awareness of intervention, and
coordination of intervention across central banks, influence the success of intervention. Our
binary choice model estimations suggest that larger intervention volume and coordination both
increase the probability of intervention success.

Our main finding is that intervention volume matters but only to the extent that the
exchange rate effect per intervention unit is magnified in a linear sense by the larger intervention
amount. This is of practical importance to the authorities in charge of deciding whether to
intervene and in which amount. It is also a finding that adds to our understanding of how
intervention works. Since intervention volume matters and non-linearities are absent, the

exchange rate effects of intervention seem consistent with portfolio-balance effects.
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Table 1

Official Intervention in the USD/JPY Market April 1991 to April 2012

1 Apr 1991 to 1 Apr 1991 to 5 May 1995 to 1 Sep 2010 to

25 Apr 2012 4 May 1995 31 Mar 2004 25 Apr 2012
Total Intervention Days 352 165 179 8
Cumulated Amount 830,674 82,082 541,669 206,923
Average Daily Amount 2,360 497 3,026 25,865
Maximum Daily Amount 103,265 3,901 20,317 103,265
Minimum Daily Amount 1 25 1 2,598
Standard Deviation 6,806 502 3,204 36,487
Average Daily Amount
Relative to Average Daily
USD/JPY Spot Market
Turnover - 0.57% 2.92% 14.13%
Coordinated Intervention Days 23 17 5 1
Detected Intervention Days 214 96 110 8
NOTES:
€)] Daily Japanese intervention data obtained from the Japanese Ministry of Finance data bank. Daily US

intervention data obtained from the Federal Reserve Bank of St. Louis data bank (FRED)

(b)
days only

All amounts are in millions of USD. Average Daily Amount and Standard Deviation refer to intervention

(© According to the 1995, 2004, and 2010 BIS Triennial Central Bank Survey of Foreign Exchange and
Derivatives Market Activity (statistical annex tables E.2) average daily USD/JPY spot market turnover was
USD 87,661 million in 1995, USD 103,626 million in 2004, and USD 183,108 million in 2010. These
statistics are used to calculate the average intervention to market turnover numbers across the 1991 to 1995,

1995 to 2004, and 2010 to 2012 samples,

http://www.bis.org.
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respectively. The BIS statistics are available at
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Table 2

The USD/JPY Rate April 1991 to April 2012

1Apr1991to | 1Apr1991to | 5May1995to | 1 Sep 2010 to

25 Apr 2012 4 May 1995 31 Mar 2004 25 Apr 2012
Start of Period 0.00713 0.00713 0.01190 0.01184
End of Period 0.01229 0.01196 0.00959 0.01229
Percent Change 72.37 67.74 -19.41 3.80
Mean 0.00919 0.00887 0.00869 0.01244
Max 0.01319 0.01233 0.01207 0.01319
Min 0.00680 0.00705 0.00680 0.01165
Standard Deviation 0.00131 0.00115 0.00086 0.00042

NOTES:

(@) Data Source: Global Financial Data (New York close daily quotes)
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TABLE 3 The USD/JPY Exchange Rate and Intervention: Intervention Volume
GARCH Models
Daily Data
1 Apr 1991 to 1 Apr 1991 to 1 Apr 1991 to 5 May 1995 to 1 Sep 2010 to
25 Apr 2012 31 Mar 2004 4 May 1995 31 Mar 2004 25 Apr 2012
Constant 0.017* 0.017 0.027 0.005 0.054**
(0.009) (0.011) (0.018) (0.014) (0.026)
INTVOL -0.358*** -0.504*** 3.250*** -0.538*** -0.340***
(0.050) (0.123) (1.072) (0.121) (0.042)
Variance Equation
Constant 0.007*** 0.011*** 0.029* 0.006*** 0.037
(0.002) (0.004) (0.017) (0.002) (0.006)
ARCH(-1) 0.043%** 0.049%*** 0.063** 0.038*** 0.022
(0.008) (0.011) (0.028) (0.011) (0.015)
GARCH(-1) 0.942%** 0.928*** 0.860*** 0.949*** 0.976***
(0.010) (0.016) (0.060) (0.013) (0.020)
Observations 5292 3339 1036 2303 334
R-squared 0.012 0.007 0.026 0.012 0.181
S.E. of regression 0.688 0.691 0.616 0.717 0.519
Durbin-Watson 1.985 1.922 2.054 1.893 2.102
F-Stat [64.272]*** [25.364]*** [28.191]*** [29.894]*** [74.141]***
Structural Breaks
SupF(1/1) - [13.98]*** - - -
OBS 1037=5 May
1995
SupF(2|1) - [8.38]* - - -
OBS 1040=8 May
1995
OBS 2687=26 Sep
2001
INTVOL
Coefficient
Restriction Test
b22010-2012 - b21991-2004 _ _ 1.265
b22010-2012 - b21991-1995 _ _ 3.346***
b22010-2012 - b21995-2004 _ _ 1.519

NOTES:

(@) * Denotes significance at 90%, ** Denotes significance at 95%, *** Denotes significance at 99%
(b) Standard Errors (S.E.) in () below the point estimates; test statistics in [ ]

(c) GARCH estimations are defined in Equations (1) (2) and (3) in the text

(d) The dependent variable (As) is the first difference of the log of the daily USD/JPY spot exchange rate
(e) The independent variable INTVOL is the daily intervention volume in millions of USD; a positive (negative) amount denotes a purchase
(sale) of USD against a sale (purchase) of JPY
() The INTVOL coefficient estimates and associated standard errors are multiplied by 10* for readability
(g) The breakpoint test follows the dynamic programming procedure of Bai and Perron (1998). Heteroskedasticity and autocorrelation
consistent variance are used with Andrews (1991) data dependent method with quadratic spectral kernel and bandwidth chosen by AR(1)

approximation

(h) The INTVOL coefficient restriction test is a t-test as defined in the text
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TABLE 4 The USD/JPY Exchange Rate and Intervention: Intervention Indicator

GARCH Models

Daily Data
1 Apr 1991 to 5 May1995 to
4 May 1995 31 Mar 2004
Constant 0.025 0.007
(0.018) (0.016)
INTVOL 0.322** -0.689***
(0.152) (0.195)
INTINDIC 0.051 0.089
(0.081) (0.650)
Variance
Equation
Constant 0.027* 0.006**
(0.016) (0.003)
ARCH(-1) 0.063** 0.037***
(0.028) (0.011)
GARCH(-1) 0.861*** 0.950%**
(0.060) (0.013)
Observations 1036 2303
R-squared 0.027 0.013
S.E. of regression 0.616 0.720
Durbin-Watson 2.054 1.909
F-Stat [14.373]*** [14.947]***
NOTES:
(@) * Denotes significance at 90%, ** Denotes significance at 95%, *** Denotes significance at 99%.
(b) Standard Errors (S.E.) in () below the point estimates; test statistics in [ ].
(c) GARCH estimations are defined in Equations (1) (2) and (3) in the text.
(d) The dependent variable (As) is the first difference of the log of the daily USD/JPY spot exchange rate.
(e) The independent variable INTINDIC is a signed indicator variable that takes on the value 1 on days with

intervention purchases of USD against JPY sales, -1 on days with intervention sales of USD against JPY
purchases, and 0 otherwise.
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TABLE 5 The USD/JPY Exchange Rate and Intervention: Large-Volume Intervention

GARCH Models

Daily Data
1 Apr 1991 to 5 May 1995 to
4 May 1995 31 Mar 2004
Constant 0.027 0.005
(0.018) (0.014)
INTVOL 3.430** -0.511***
(1.461) (0.144)
LTMSTD9195 -0.049 -
(0.304)
LTMSTD9504 - -0.043
(0.183)
Variance
Equation
Constant 0.029* 0.006**
(0.016) (0.003)
ARCH(-1) 0.063** 0.038***
(0.028) (0.011)
GARCH(-1) 0.861*** 0.949%**
(0.060) (0.013)
Observations 1036 2303
R-squared 0.026 0.012
S.E. of regression 0.616 0.717
Durbin-Watson 2.052 1.893
F-Stat [14.294]*** [15.015]***
NOTES:
(@) * Denotes significance at 90%, ** Denotes significance at 95%, *** Denotes significance at 99%

(b)
©
(d)
®

®

Standard Errors (S.E.) in () below the point estimates; test statistics in [ ]

GARCH estimations are defined in Equations (1) (2) and (3) in the text

The dependent variable (As) is the first difference of the log of the daily USD/JPY spot exchange rate

The independent variable INTVOL is the daily intervention volume in millions of USD; a positive (negative)
amount denotes a purchase (sale) of USD against a sale (purchase) of JPY; the independent variables
LTMSTD9195, LTMSTD9598, and LTMSTD9904 are sample specific interaction variables that equal
INTVOL when the absolute value of INTVOL is larger than the sample specific mean absolute intervention
volume plus one standard deviation and 0 otherwise. Sample specific mean absolute intervention volumes
and standard deviations are reported in Table 1
INTVOL and the intervention volume interaction variable coefficient estimates and associated standard
errors are multiplied by 10* for readability
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TABLE 6 The USD/JPY Exchange Rate and Intervention: Signed Quadratic Intervention Volume

GARCH Models

Daily Data
1 Apr 1991 to 5 May 1995 to
4 May 1995 31 Mar 2004
Constant 0.030* -0.004
(0.018) (0.015)
INTVOL 2.012 -0.373
(1.613) (0.247)
SIGNQ 0.744 -0.018
(0.944) (0.022)
Variance Equation
Constant 0.029* 0.006**
(0.017) (0.003)
ARCH(-1) 0.063** 0.038***
(0.028) (0.011)
GARCH(-1) 0.859*** 0.950***
(0.060) (0.013)
Observations 1036 2303
R-squared 0.028 0.012
S.E. of regression 0.616 0.716
Durbin-Watson 2.047 1.896
F-Stat [15.123]*** [14.945]%**

NOTES:

(@) * Denotes significance at 90%, ** Denotes significance at 95%, *** Denotes significance at 99%

(b) Standard Errors (S.E.) in () below the point estimates; test statistics in [ ]

(c) GARCH estimations are defined in Equations (1) (2) and (3) in the text

(d) The dependent variable (As) is the first difference of the log of the daily USD/JPY spot exchange rate

(e) The independent variable INTVOL is the daily intervention volume in millions of USD; a positive (negative)
amount denotes a purchase (sale) of USD against a sale (purchase) of JPY; the independent variable
SIGNQ is INTVOL squared multiplied by the sign of INTVOL

() The INTVOL coefficient estimates and associated standard errors are multiplied by 10* and the SIGNQ
coefficient estimate is multiplied by 10 for readability
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TABLE 7 The USD/JPY Exchange Rate and Intervention: Threshold Analysis

OLS-HAC Models

Daily Data

1 Apr 1991 to 5 May 1995 to

4 May 1995 31 Mar 2004
COEFFICIENTS
INTVOL SMALL 4.981 -0.810*
(Icl, 95% CI) -9.392 -1.713
(ucl, 95% ClI) 15.627 0.079
INTVOL LARGE 4.004 -0.913**
(Icl, 95% CI) -3.555 -1.820
(ucl, 95% ClI) 12.844 -0.016
CONSTANT SMALL 0.028 0.005
(Icl, 95% CI) -0.023 -0.027
(ucl, 95% ClI) 0.069 0.038
CONSTANT LARGE 0.003 0.206
(Icl, 95% CI) -1.535 -0.497
(ucl, 95% CI) 1.241 0.778
FULL SAMPLE
SupLR 10.10 5.20
(bootstrap p-value) 0.112 0.632
Threshold INTVOL 200.70 1400.93
(Icl, 95% CI) 0.00 0.00
(ucl, 95% CI) 1000.00 3832.67
Observations 1036 2303
Sum of squared errors 389.9 1177.8
Residual variance 0.379 0.513
R-squared (joint) 0.028 0.017
Heteroskedasticity test 0.001 0.906
Durbin-Watson 0.700 0.629
SMALL INTERVENTION
SAMPLE
Observations 931 2196
Sum of squared errors 3225 1130.9
Residual variance 0.348 0.516
R-squared 0.003 0.006
LARGE INTERVENTION
SAMPLE
Observations 105 106
Sum of squared errors 67.4 46.9
Residual variance 0.661 0.456
R-squared 0.069 0.156
NOTES:

(a) For the coefficient estimates, the standard errors are in (). Tests and confidence intervals are evaluated using
heteroskedasticity robust standard errors of White (1980)

(b) The bootstrap of the SupLR test is based on 1,000 replications

(c) Heteroskedasticity test reports p-values of the null of no heteroskedasticity

(d) Durbin-Watson test results are p-values of the null of no first-order serial correlations in the temporally re-ordered
residuals

(e) The dependent variable (As) is the first difference of the log of the daily USD/JPY spot exchange rate

(f) The independent variable INTVOL is the daily intervention volume in millions of USD; a positive (negative)
amount denotes a purchase (sale) of USD against a sale (purchase) of JPY

(9) The INTVOL coefficient estimates and associated confidence limits are multiplied by 10 for readability
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TABLE 8

The USD/JPY Exchange Rate and Intervention: Determinants of Direction Success

LOGIT Models
Daily Data
Intervention Days Only

1 Apr 1991 to 5 May 1995 to
4 May 1995 31 Mar 2004
Constant -0.527** -0.750%**
(0.257) (0.278)
ABSINTVOL -2.432 2.012%**
(3.824) (0.547)
DSLI 0.002 0.010
(0.009) (0.008)
DETECT -0.098 0.239
(0.456) (0.323)
COORD 0.806 -
(0.565)
Observations 165 179
Direction Successes 59 92
McFadden R-squared 0.010 0.081
S.E. of regression 0.483 0.479
H-L Stat 7.722 5.436
LR-Stat [2.199] [20.163]***
NOTES:

(@) * Denotes significance at 90%, ** Denotes significance at 95%, *** Denotes significance at 99%

(b) Standard Errors (S.E.) in () below the point estimates; test statistics in [ ]
(c) Logit estimations are defined in Equation (5)in the text

(d) The dependent variable (D) is a discrete variable that takes on the value one when intervention is a success
according to the direction criterion and zero otherwise. The direction criterion is defined in the text
(e) The independent variable ABSINTVOL is absolute value of INTVOL, DSLI is a count variable that counts the
number of business days since the last intervention; DETECT is an indicator variable that takes on the value
one on days with a rumor of intervention; COORD is an indicator variable that takes on the value 1 on days
when the US monetary authorities intervene in the USD/JPY market
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TABLE 9

The USD/JPY Exchange Rate and Intervention: Determinants of Smoothing Success

LOGIT Models
Daily Data
Intervention Days Only
1 Apr 1991 to 5 May 1995 to
4 May 1995 31 Mar 2004
Constant 0.532** 0.005
(0.250) (0.288)
ABSINTVOL -5.541 20.002***
(3.544) (6.451)
DSLI 0.004 0.058
(0.008) (0.038)
DETECT -0.067 -0.043
(0.342) (0.345)
COORD 0.817 -
(0.604)
Observations 165 179
Smoothing Successes 96 120
McFadden R-squared 0.017 0.097
S.E. of regression 0.495 0.452
H-L Stat 17.401 11.188
LR-Stat [3.924] [22.092]***
NOTES:

(@) * Denotes significance at 90%, ** Denotes significance at 95%, *** Denotes significance at 99%

(b) Standard Errors (S.E.) in () below the point estimates; test statistics in [ ]

(c) The Logit model estimations are defined in Equation (61) in the text

(d) The dependent variable (S) is a discrete variable that takes on the value one when intervention is a success
according to the smoothing criterion and zero otherwise. The smoothing criterion is defined in the text

(e) The independent variable ABSINTVOL is absolute value of INTVOL, DSLI is a count variable that counts the
number of business days since the last intervention; DETECT is an indicator variable that takes on the value
one on days with a rumor of intervention; COORD is an indicator variable that takes on the value 1 on days
when the US monetary authorities intervene in the USD/JPY market
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