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Abstract

This paper tries to clarify the question of whether foreign exchange market interventions
conducted by the Bank of Japan are important for the dollar-yen exchange rate in the long
run. Our strategy relies on a re-examination of the empirical performance of a monetary
exchange rate model. This is basically not a new topic; however, we put our focus on two new
questions. Firstly, does the consideration of periods of massive interventions in the foreign
exchange market help to uncover a potential long-run relationship between the exchange rate
and its fundamentals? Secondly, do Forex interventions support the adjustment towards a
long-run equilibrium value? Our overall results suggest that taking periods of interventions
into account within a monetary model does improve the goodness of fit of an identified long-
run relationship to a significant degree. Furthermore, Forex interventions increase the speed
of adjustment towards long-run equilibrium in some periods, particularly in periods of
coordinated forex interventions. Our results indicate that only coordinated interventions seem
to stabilize the dollar-yen exchange rate in a long-run perspective. This is a novel contribution
to the literature.

JEL-Classification: E44, F31, G12

Keywords:  Structural exchange rate models, cointegration, intervention analysis
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1. Introduction

The dollar-yen exchange rate has been the subject of controversy for more than thirty years.
Since the breakdown of Bretton-Woods, the Japanese authorities have intervened more
heavily in the foreign exchange rate market than those in any other industrialized country.
Although it is recognized that the Bank of Japan has generally followed a strategy of “leaning
against the wind” to minimize exchange rate movements, some authors have claimed that
the early Japanese policy is biased towards limiting yen appreciation (Hutchinson, 1984). In
July 2001, the Japanese Ministry of Finance published its daily intervention data going back
to 1991.1 Since then, many researchers have focused on three different issues: the effects of
interventions on the exchange rate level, its impact on exchange rate volatility and the moti-
vation for monetary authorities to intervene (Hoshikawa, 2008). As will be illustrated below,
the present study analyzes the impact of interventions from a new perspective, departing
from the first-mentioned strand of the literature and focusing on the long run. Hence, we will

briefly describe the literature with regard to this topic before describing our specific contribu-

L2
tion.

The question of whether interventions are effective in influencing the level of the exchange
rate has been discussed controversial. However, Sarno and Taylor (2001) claim that the lit-
erature delivers more evidence in favor of effectiveness in foreign exchange interventions in
general. This is also true for Japan, although the evidence remains mixed. Some results

suggest that interventions undertaken by the Japanese authorities have been effective

(Dominguez, 2006; Taylor, 2005; Reitz and Taylor, 2012).3 The findings of Fatum and
Hutchinson (2005) provide evidence that even sterilized interventions by the Japanese au-
thorities do influence the exchange rate. However, their effectiveness seems to depend on
the horizon under observation in the sense that the impact of interventions disappears at

longer horizons (Fratzscher, 2009b). Fratzscher (2009b) argues that the credibility of authori-

T
The Foreign Exchange and Foreign Trade Law stipulates that the “Minister of Finance shall endeavor to stabi-
lize the external value of the yen through foreign exchange trading and other measures” (Article 7.3). Moreover,
“the Minister of Finance is legally authorized to conduct intervention as a means to achieve foreign exchange
rate stability. The Bank of Japan, as the agent of the Minister of Finance, executes foreign exchange interven-
tion. See Volz, and Fujimura (2011) for a detailed discussion.

2 With regard to exchange market interventions and their impact on volatility, from a theoretical point of view cred-
ible Central Bank interventions, especially when they are coordinated, should reduce exchange rate volatility.
The opposite should be true for non-credible arrangements (Frenkel et al., 2005; Dominguez, 1998). However,
the results regarding this issue are not clear-cut. For studies related to this issue see Dominguez and Frankel
(1993), Frenkel et al. (2005), Watanabe and Harada (2006) and Schnabl and Hillebrand (2008), among others.

’ Taylor (2005) applies a Markov switching approach to the yen-dollar exchange rate over the period between
April 1992 and December 2003. His results suggest that interventions are effective, as they increase the proba-
bility of real exchange rate stability. Reitz and Taylor (2012) utilize a smooth transition GARCH model for the pe-
riod 1980 to 2004, which allows for non-linearities in the adjustment process.



ties plays a major role in the success of forex market interventions. Furthermore, as Taylor

(2005) shows, effectiveness seems to be increase with the degree of misalignment.

In general, one aim of interventions is to achieve exchange rate stability at a level that is
broadly consistent with fundamentals (Sarno and Taylor, 2001). This view is consistent with
the fact that the Japanese authorities seem to intervene when the exchange rate has ex-
ceeded specific targets (Ito and Yabu, 2007). By estimating reaction functions, Ito (2003)
identifies several possible aims of interventions and concludes that actions undertaken in the
exchange market by the Japanese authorities were effective between June 1995 and March
2001, while this was not the case from April 1991 to May 1995. From this setting, the findings
of Ito and Yabu (2007) suggest that Japanese interventions indeed followed a pattern of
“leaning against the wind”, as large changes seem to cause contrary interventions. This im-

plies that the BoJ had a target value in mind.

This paper contributes to this debate by focusing on a question which has mostly been ne-
glected in the empirical literature: the importance of interventions in a long-run perspective. If
Japanese exchange rate policy has followed a strategy of leaning against the wind and
aimed at restricting non-fundamental exchange rate fluctuations, which are also based on a
long-run exchange rate target, the following question arises: Is there any influence on the
long-run link between the exchange rate and fundamentals which stems from interventions in
the foreign exchange market? To be more precise: do periods of massive interventions need
to be accounted for when modeling the long-run relationships between the exchange rate

and fundamentals? This is the central question we address in this study.

If interventions are important in the long-run, accounting for these periods should not only
help disentangle the link between the exchange rate and fundamentals. The adjustment to-
wards the equilibrium path should also be faster in these periods. Interventions usually occur
when the exchange rate has roughly departed from its long-run level. Given that monetary
authorities have private information about the fundamental level of the exchange rate, inter-
vention periods can be used to proxy periods in which the exchange rate does not follow its
fundamental path. By not taking this influence into account, the long-run relationship found
empirically, as long as one can be identified, is severely biased. In addition, if interventions
are successful and do limit the influence of noise traders by pushing exchange rates back to
their fundamental values, this would tend to support a mean reverting behavior in the ex-
change rate which, in turn, would correspond to a break in the adjustment coefficients (see,
e.g., Altavilla and De Grauwe, 2010, for the main argument). In this spirit, Juselius and Mac-

Donald (2004) analyze parity relations between the United States and Japan. They argue



that the cumulative impact of monetary intervention shocks is likely to describe an additional

stochastic trend.

When focusing on the long-run relationship between the exchange rate and fundamentals,

we obviously disregard features that are important in the context of exchange rate interven-

tions such as the impact on volatility or instability issues regarding parameters.4 However,
these shortcomings are justified on the grounds that our research topic is novel and we are
aiming to model a stable long-run relationship by taking interventions into account. From a
policy point of view, the question of whether periods of massive interventions have had an
impact on the cointegrating relationship between the exchange rate and fundamentals is also
important, since the impact of interventions on long-run relationships may also be interpreted

as a measure of effectiveness.

To put our topics of investigation under closer scrutiny, Section 2 proceeds with a theoretical
consideration of interventions in structurally reduced exchange rate models and we identify

regimes of heavy interventions undertaken by the Japanese authorities in the dollar-yen

market.” In Section 3 we apply the cointegrated VAR approach of Johansen and Juselius to
assess whether these periods should be accounted for in the cointegration vector and inves-
tigate whether the speed of adjustment that we find towards the long-run equilibrium is faster

during periods of interventions. Section 4 concludes.

2. Economic methodology
2.1 Foreign exchange market interventions in theory

Four cases can be distinguished with regard to the characterization of interventions. Inter-
ventions may be carried out in a sterilized or unsterilized fashion and may or may not be
made publicly available. Furthermore, it is possible that market participants actually perceive
interventions when no actual interventions have occurred or if policymakers deliver an oral
statement without actually intervening. With respect to the transmission of interventions,
three channels can be identified. The portfolio balance effect arises when interventions
change the relative supply of domestic to foreign assets which are assumed to be non-
perfect substitutes. If interventions are successfully sterilized (with respect to money supply)

such an effect continues to hold in contrast to the case of perfect substitutes. The signaling

4 . ) N . A . . .
Beckmann et al. (2011) do, indeed, find significant parameter instability in cointegration regressions among the
dollar-yen exchange rate and fundamentals.

As described in section 3, including intervention periods of the Fed turned out to insignificant within our frame-
work.



channel arises from the fact that policymakers provide market participants with new infor-
mation, for example with respect to the future policy path, in cases of interventions. This
mechanism might also be important in the case of sterilized interventions (Sarno and Taylor,
2001; Fatum, 2009). The coordination channel stems from a micro-based model. The idea
here is that in a heterogeneous agent framework it is difficult for fundamental traders to make
use of deviations in the exchange rate from a fundamental value because their trade horizon
may not be sufficient to exploit arbitrage opportunities. This can be understood as a coordi-
nation failure. If the market sees the Central Bank as an agent with superior information, the
announcement of interventions effectively acts as a coordinating signal to fundamental trad-
ers. In addition, the relative profits of agents are changed such that the arbitrageurs enter the
market, which in turn supports the return of the exchange rate to a level consistent with fun-
damentals (Reitz and Taylor, 2008, 2012; Sarno and Taylor, 2001; Fratzscher, 2008). By def-
inition, transmission through the signaling and coordination channels does not occur when

participants are unaware of interventions and when no oral statements have been made.

In general, the decision in favor of interventions might be based on the belief in a specific
fundamental value. Almekinder and Eijffinger (1996) and Ito and Yabu (2007) support this
view with the help of reaction functions derived from a theoretical framework which consists
of cost-minimizing behavior by the monetary authorities while taking a target exchange rate
into account. Beine et al. (2009), for instance, use past exchange rate variations in a similar
fashion as a measure of misalignment of the exchange rate from a fundamental value and as

an empirical measure of interventions.

Non-fundamental impacts on the exchange rate typically lead to a deviation from an ex-
change rate target defined in terms of a long-run equilibrium between the exchange rate and
its fundamentals. Arbitrageurs usually bring the exchange rate back to its fundamental value
so that the equilibrium is preserved. However, arbitrage cannot be achieved if the trading
horizon of the arbitrageurs is shorter than that of the noise traders. In addition, it may be ra-
tional to follow a trend to generate excess returns. In such a case, the adjustment process
usually linked with arbitrage is abandoned and the exchange rate shows slow or no self-
adjusting behavior. As a consequence, the Central Bank decides to intervene if the exchange
rate has deviated to a specific extent (x) from its target level that can be interpreted as a

fundamental value (Equation (1)):

INT, = g[S, , -S[,| for |s,,-S],[>« (1)



The threshold term x in Equation (1) may well reflect the policy costs mentioned by Ito and
Yabu (2007).6 Interventions (INT ) are therefore related to periods of massive deviations in

the exchange rate from its fundamental value. The coefficient ¢ captures the intensity with

which the Central Bank reacts to deviations from the target level.’

Long periods of deviations from the fundamental value do not only affect the adjustment to-
wards long-run equilibrium between the exchange rate and its fundamentals. The long-run
relationship itself can also be distorted. The reason for this is that the “true” link between the
exchange rate and its fundamentals is lost. The only way to obtain the long-run equilibrium in
an empirical investigation is to take explicit account of the non-fundamental impact. A com-
mon solution to the problem of quantifying such periods is to include dummy variables in the
long-run relationship. The following considerations motivate this proceeding. If non-

fundamental factors are at work, the exchange rate consists of the fundamental part and the

deviations from the fundamental path, with the latter summarized in Z,:
S, =S +Z =X +Z, =X +2" +Z. 2

Deviations from the equilibrium path can further be split into a non-fundamental part Ztnf and

a fundamental part th (Equation (2)). The latter can be understood as those deviations
which will be removed by arbitrageurs (even when they are non-fundamentally initiated).
From Equation (1) we can derive that interventions (INT,) occur in cases of deviations from
a target so that Z,, and in particular Z" , as non-fundamental deviations, can be linked to

the degree of interventions (neglecting, for simplicity, a threshold, as in Eqg. (1)). Assuming
that interventions in terms of purchases or sales of the domestic currency take place, and we

are interested only in capturing the baseline effect, we can divide the periods of deviations
from the fundamental value up into periods in which interventions occur (ZI'NT"‘ with INT —Kk
denoting the k-th period of interventions) and periods without interventions, summarized in
Z " such that Z, :(Zt”“T’l,...,Zt'NT’k,ZtNo’INT ) The term ZM™™ takes the value 0

when interventions occur. In doing so, we are able to relate specific periods of interventions

to deviations in the exchange rate from the fundamental value.

6., . o .
It is assumed that the target exchange rate coincides with the fundamental exchange rates.

7 ..
In contrast to Ito and Yabu (2007), we draw on the absolute deviations from the target value because we are not
interested in the direction of interventions at this point.



ZmTk INT, ATy gare SUSTpng) INT, = 0 with k=1 K (3)
0 otherwise

where 1(T

estart ST STk_end) is an indicator function that takes the value one for the defined

period and zero otherwise. Without knowing the exact degree of interventions we can build a
variable Itk that is able to capture the Kk -th period of interventions, such that

t

1 for zZ™N™ x0 4
k
! {0 for Z:NT—kzo fOI’k:l,_,_,K.

t

All periods of interventions covered by the intervention dummies can be summarized in the
vector I, . With its help, Eq. (2) can be rewritten, so that

S, =B X, +5'l, +U, (5)

arises, where ¢ is a vector of weighting coefficients and u, comprises all deviations from
the fundamental value while no interventions occur. Equation (5) can be directly compared
with Equation (2). The term u, reflects the process th and the intervention part o'l, the

non-fundamental impact which is assumed to be known by the policy maker. Now, there are
two possible outcomes which may indicate successful interventions. The first is that the Kk -th
parameter o in Eq. (5) is zero. Knowing that interventions have occurred, this could imply
that the interventions are entirely successful because the long-run equilibrium is preserved.
The second possibility is that the K -th coefficient ¢ in Eq. (5) shows the direction of the de-
viation from the target value while the deviation itself, i.e. the equilibrium error, shrinks. Such
an outcome indicates that the Central Bank has correctly identified non-fundamental devia-
tions from a fundamental value. Owing to the fact that insignificance may also be due to non-
successful interventions, we focus on significant intervention periods when evaluating our

empirical results.
2.2 Modeling the long run

In order to identify a possible fundamental value of the exchange rate, it is necessary to con-
sider an economic theory. In the literature concerned with interaction models between fun-
damentals-based traders and noise traders, purchasing power parity is often seen as the
baseline model (Frenkel et al., 2005; De Grauwe and Grimaldi, 2006; Reitz and Taylor, 2008,
2012). Sometimes, the fundamental value is based on a model which contains only money
supply and real income with unit elasticities (following for instance Mark, 1995). We base our

theoretical considerations on a reduced form of the exchange rate determination model that



stems from the class of monetary models. We feel legitimized to argue that the Central Bank
evaluates the fundamental value of the exchange with the help of a broader set of fundamen-
tals. The basic form of the monetary model in log form can be written as (Frenkel, 1976;
Frankel, 1979; MacDonald and Taylor, 1994):

Sy=u+Am =B =By + By + Bl - By i, )
where u is a constant, m represents the money supply, y real income and i the interest rates;

f stands for foreign variables. A rise in the exchange rate S corresponds to a depreciation in
the domestic currency. By using the monetary model as presented in Equation (6) it is as-
sumed that the real exchange rate is constant in the long run. However, in reality this is gener-
ally not true. Moreover, the PPP is usually constructed using the consumer price index, which
starts from the assumption that it holds for a mixture of traded and non-traded goods. Strictly
speaking, the PPP is a concept for traded goods, so the prices of traded goods must be taken
into account (Dornbusch, 1976). Assuming that PPP holds for tradable goods and the domes-
tic price level is an average of non-traded and traded goods, we can rewrite Equation (6) to

add to our model the ratios of (domestic and foreign) tradable prices to non-tradable prices:

t t)f
S; = u+pm _ﬂlf mtf =BV, +ﬂ2f ytf + B, — 3f itf + B, 7, _,B4f ”tf +ﬂ5{ ;);t]_ﬁsf % (7
t t

with 7z as the inflation rate, which serves as a measure of inflation expectations. The last two
terms, namely the two ratios of traded to non-traded goods (domestic and foreign), reflect the
real exchange rate. The domestic currency appreciates when the price of tradables increas-
es relative to that of non-tradables. Consequently, our model is able to respond to productivi-

ty differentials between countries, i.e. the well-known Harrod-Balassa-Samuelson effect (Har-

rod, 1939; Balassa 1964; Samuelson 1964).8

A reduced form of the model, as given in Equations (5) and (7), is usually estimated imposing
a priori restrictions on the coefficients. Quite frequently, it is assumed that the domestic and
foreign coefficients are identical for domestic and foreign variables. However, in order to start
our analysis as unrestrictive as possible, we remove these restrictions. This method is gen-
erally supported by the fact that coefficients that are restricted to being equal for each varia-
ble typically tend to result in biased coefficients (Haynes and Stone, 1981). With regard to

the topic of our investigation, removing these restrictions is also important, since the tradi-

° Wu and Hu (2009) emphasize the importance of the Harrod-Balassa-Samuelson effect when modeling devia-
tions from purchasing power parity using an ESTAR model.

-O-



tional monetary model assumes that domestic and foreign assets are perfect substitutes for
each other. Consequently, the portfolio effect of interventions does not occur in such set-

tings. By means of relaxing the symmetry restriction regarding interest rates, we therefore al-

so relax the assumption that domestic and foreign bonds are perfectly interchangeable.9
Hence, the model we employ contains elements of the portfolio balance approach of Branson

(2977), which is preferable in work if risk premia are important.

2.3 Definition of periods of massive foreignh exchange market interventions in Japan

Interventions in the dollar-yen market have occurred frequently in the free-floating era. An in-
teresting question is whether time periods with exceptional magnitudes of interventions can
be identified. In the following, we will describe six prominent cases. As official data are only
available from 1991, most analyses up to this point are based on changes in the official for-
eign reserves as a proxy for interventions, and on the evaluation of press articles. Basically,
both indicators can be applied to our topic because we are interested in periods of heavy in-
terventions. Since we do not necessarily need to specify the exact amounts in the cointegra-
tion analysis, we make use of these reported intervention periods. We will account for the
identified periods in our cointegration analysis by using intervention dummies, which we can
specify without this knowledge. Moreover, such a procedure is adequate because we are
working with monthly data rather than daily data. For the period 1993 to 2000, Galati et al.
(2005) compare Reuters reports on interventions with the actual amounts of interventions.
Since their results suggest that the probability that interventions had actually been undertak-
en if they were reported by Reuters was 0.84, they conclude that these reports quite precise-
ly match interventions actually undertaken (Galati et al., 2005). As we will describe later, we

will in addition rely on changes in the foreign exchange reserves.

Figure 1 shows the nominal yen-dollar exchange rate in conjunction with the identified peri-
ods of interventions which we will describe in this section. It can be seen that the yen-dollar

exchange rate has fluctuated remarkably, especially during the 1980s.
-Figure 1 about here-

After the breakdown of Bretton Woods in 1973, the yen started to depreciate after a short
spell of appreciation as a result of speculative capital flowing out of the country. Consequent-

ly, the monetary authorities in Japan began to sell dollars. The yen stabilized at around 300

9
Goldberg (2000) argues that a rejection of the symmetry restriction relating to the interest rate differential is ei-
ther linked to imperfect capital mobility or provides evidence in favor of the approach of imperfect knowledge
over rational expectation.

-10-



yen per dollar in 1974. Our investigation begins in 1976, when Japanese policy switched in
the direction of moderating the appreciation of the yen, while in general limiting the amount of
interventions (Takagi, 1991). This pattern changed on different occasions when the yen ap-
preciated heavily. This was especially true in the period from October 1977 until the end of
1978. In November 1977, the amount of interventions came to around 32 percent of the trade
volume in the foreign exchange market. In March 1978 it had gone up to 44 percent (Komiya
and Suda, 1983; Takagi, 1991). From November 1978, the Bank of Japan joined the Fed, the
Deutsche Bundesbank and the Swiss National Bank in a coordinated attempt at selling yen
to dampen its appreciation. Japan’s exchange rate policy changed again at the beginning of
1979, when the yen started a spell of depreciation. It follows that the purpose of these inter-
ventions was to support the currency. These efforts were particularly intensified in the spring
and autumn of 1979 (Takagi, 1991). However, accounting for the fact that the amount of in-
terventions slowed down after the spring, we have decided to end our first intervention period
(11) in April 1979, with the beginning specified as October 1977.

From 1981 onwards, the frequency of interventions by the Japanese authorities shrank. This
is an indication that Japanese exchange rate policy was biased towards preventing yen ap-
preciation, as the authorities did little to prevent the massive yen depreciation against the
dollar. However, the Plaza Agreement held in New York on 22 September 1985 initiated a
series of coordinated interventions after the participants stated that “exchange rates should
better reflect fundamental economic conditions.” The Group of Five reached an agreement to
conduct simultaneous sales up to 18 billion dollars (Obstfeld, 1990) in order to weaken the
dollar. As a result, the Fed supported the BoJ in stabilizing the dollar-yen exchange rate.
When the yen appreciated to 200 yen/dollar, the aim of Japan’s exchange rate policy be-
came to stabilize the yen instead of allowing it to appreciate. Consequently, from March
1986, the Japanese began purchasing dollars (Takagi, 1991). During May of the same year,
the members of the Tokyo summit again committed themselves to market interventions. The
participants of the Louvre Accord also expressed the will to maintain nominal exchange rates
near existing levels (Obstfeld, 1990). Large interventions also occurred from immediately af-
ter the stock market crash of October 1987 through to December. In particular, the period af-
ter the Plaza Agreement is often regarded as an example of successful interventions in the
foreign exchange market. The credibility of the statements, the degree of international coor-

dination and the fact that market participants indeed assessed the dollar as undervalued are

-11-



identified as possible reasons for this. Accordingly, our second period (I12) runs from Sep-

tember 1985 to until January 1088.° "

Between April 1989 and April 1990 the Fed intervened in the dollar-yen market without a

support of the BoJ. This is the reason why we label this period Fed intervention period

(Ifed).”

Although the yen experienced a period of appreciation from 1991, it seems that the Japa-
nese did not intervene significantly to stop this development. For the rest of the decade the
yen remained remarkably strong, considering that the Japanese economy suffered from de-
flation and weak real economic growth (Schnabl and Hillebrand, 2003). According to
Fratzscher (2008), oral interventions favored a weaker yen after it appreciated to above 120
yen/dollar in 1993. While a stronger yen was briefly supported in 1998, public statements af-
terwards again expressed the view that it should depreciate. As already mentioned, data on
actual Japanese foreign interventions have been published since April 1991. For the period
up to 2004, Hoshikawa (2008) distinguishes between a period of low frequency interventions,
from June 1995 to December 2002, and high frequency interventions, from April 1991 to May
1995 and from January 2003 up to 2004 respectively. Ito and Yabu (2007) argue that the
change in 1995, which corresponds to a structural break in their reaction function, is attribut-
able to the appointment of Dr. Sakakibara as director of the International Finance Bureau of
the Ministry of Finance in June of that year. Concerning the yen/dollar interventions, three
periods of huge amounts of interventions can be observed during the nineties and will be ac-
counted for in the following. The third period (I3) goes from May 1991 to August 1992 and is
characterized by frequent interventions of small magnitude; while the fourth period (14), from
April 1993 until January 1996, is also characterized by frequent interventions of small magni-
tude.” During this period, the Fed also intervened in the dollar-yen market to some extent.
The fifth period from January 1999 until January 2000 (15) is characterized by huge but low-

frequency interventions. Again, most interventions during the 1990s were aimed at lowering

10 . . . . . .
The Fed also intervened in the dollar-yen market in late 1988. Nearly all of these interventions occurred in No-
vember 1988. This is the reason why we do not extend the second period to include the Fed interventions.

11
During this period, interventions were qualitatively different. While the Plaza Agreement was aimed at prevent-
ing the appreciation of the US dollar, i.e. US dollar sales occurred, the Louvre Accord should stop the initiated
countermovement by US dollar purchases. Since we are not interested in the direction of the intervention, we
treat both periods as one period.

12 . . . . . - .
As will be seen in Section 3.2, this period has no statistical significance.

13
Since the BoJ also intervened at the beginning of 1996, we decide to end this intervention period in January
1996.
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the appreciation of the yen, which suggests that Japan was seeking to weaken its currency
(Morel and Teiletche, 2004).

Confronted with deflation, conventional monetary policy lost its effectiveness after the Central
Bank cut the overnight interest rate to almost zero percent and the real interest rate re-
mained positive. The exchange rate policy therefore became even more important in stop-
ping the downward spiral of deflation by stimulating demand over a lowering of the value of
the yen. As a result, massive dollar-supporting interventions took place between 2001 and
2004. The Bank of Japan sold 35 trillion yen in exchange for dollars between January 2003
and March 2004 (Fatum and Hutchinson, 2005). Accordingly, our sixth period runs from Sep-
tember 2001 until March 2004 (16).

Since that time the Japanese authorities have rarely intervened (Fratzscher, 2008). Even
when the yen started to fall heavily against the dollar in 2005, they did little to stop the trend
by intervening in the currency market. This is another hint that the Japanese intervention pol-
icy is indeed biased toward preventing the yen appreciating. The Bank of Japan did, howev-
er, intervene in September 2010 and again in March 2011. Nevertheless, these activities

cannot be seen as periods of massive interventions, for which reason we omit them.
3. Data and empirical results of the cointegrated VAR approach
3.1 Data

We work with monthly data taken between January 1976 and December 2007, although the
BoJ did also intervene in later periods. We have not accounted for the time period thereafter
because our main aim is to focus on periods of interventions lasting several months, i.e. look-

ing at the role of interventions in a long-run perspective. The BoJ (officially) intervened after

our chosen end only on two days: 15 September 2010 and 18 March 2011." Consequently,
these interventions do not match our definition. Furthermore, we decide to include only the
period until the financial crisis emerged, although the last intervention period ended on 16

March 2004. The reason for this is that in the course of the financial crisis remarkable swings

14
Both dates are related to specific events. The first date must be seen in conjunction with the sovereign debt cri-
sis in several EU member states against the background of dampening flight-to-safety impacts on the exchange
rate. In March 2011, the BoJ intervened after a devastating natural disaster.
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in exchange rates could be observed (Fratzscher, 2009a). Since these developments can

potentially affect the estimation of the long-run relationship, we stop at the end of 2007."°

For money supply we opt for the monetary aggregate M1. Real income is proxied by the in-
dustrial production index. In our model we include two different price measures. On the one
hand we include the rate of inflation that is calculated based on the consumer price index
(CPI). On the other, as suggested by Wolff (1987), we make use of a relative price measure
which is the price ratio of tradable to non-tradable goods.16 Regarding the short-term interest
rates, we decide on using money market rates with a maturity of three months. As usual, ex-
change rates, money supply and real income are expressed in logarithms. All series are sea-
sonally adjusted and are taken from international financial statistics from the International

Monetary Fund.

We start our empirical investigation with the application of a battery of well-known unit root

tests to our data. The results suggest that all series should be treated as non-stationary and

integrated of order one (I(1)).17 Consequently, we should apply cointegration methods to ana-

lyze the link between exchange rates and fundamentals.
3.2 The cointegrated VAR approach: econometric methodology

In general, the concept of cointegration refers to linear combinations of non-stationary varia-
bles which result in stationary equilibrium errors. As a result, the linear combination(s) can be
interpreted as a long-run relationship(s). There are different ways of testing for cointegration
among a couple of variables. In the following, we apply the multivariate test by Johansen

(1988), which draws upon the following vector autoregression representation (VAR):
AX =af' X +TAX  +..+ [ AX [, + DD, + ¢, t=1..T and k=1..q9 (8)

The non-stationary behavior is accounted for by a reduced rank restriction of the long-run

matrix I, which can be fragmented into two matrices ¢ and g such that I[1=¢f'. The
term S gives the coefficients of the variables for the r long-run relation(s) while « contains

the adjustment coefficients describing the reaction of each variable to disequilibria from the

15 . . . .
Of course, we estimated models with longer periods and there are several hints of structural breaks after 2007.
However, our fourth cointegration vector (see below) seems to be stable. The complete estimation results are
available upon request.

1 The price of tradable goods is proxied by the producer price index, while the consumer price index serves as a
proxy for the basket of non-tradables.

v We conducted the ADF, the Phillips Peron and the KPPs test. The results are available upon request.
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r long-run relations given by the r x1vector g'X, ;. The term I',AX, , describes the short-
run dynamics of the model using p dependent variables (Juselius, 2006). The deterministic
components are given by the (p><1) vector ®D,, while g, describes an independent and
identically distributed error term. In the present case, the expression u includes the constant

term and ®D, dummies to account for outliers in the residuals.

In the case of persistent deviations from the long-run equilibrium relationship with specific
variables as the driving forces behind this development, the omission of these forces would
lead to biased cointegration coefficients. The reason behind this bias is straightforward as we

show in the following.
The true regression model should be
S, =B X, +Z +& =X, +6'1, +s, ()

where ¢, is a white noise error term. The regression model from which the investigation

starts is
S, =B "X, +e. (10)

The relationship between the omitted variable and the X, variables can be described with

the help of the familiar “auxiliary” regression as
2" =681, =AX, +n,, (11)

where 7, is a white noise error term. Inserting Eq. (11) in Eq. (9) and rewriting this expres-

sion yields
St=(p"+/1')xt+77t+gt. 12)

Equation (12) is the underlying model when Eq. (10) is estimated. An estimation based on
Equation (10), although Eq. (9) is true, generates the familiar omitted variable bias. Conse-

quently, it holds that
LB =P +Ay (13)
and

g =1, +E. (14)
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By neglecting the non-fundamental variable the estimated cointegration vector is biased and

does not reflect the “true” parameters. What is more, the biased estimated cointegration co-

efficients also produce biased adjustment coefficients, because IT=a f  holds. In addition,

the finding of cointegration itself is affected by Equation (14).18 Cointegration requires the er-

ror series 7, to be stationary. This is the case when the potentially omitted variable is either

stationary or linked to the non-stationary fundamentals in the long run, as can be seen from
Equation (11). Taken this as given, the omission of relevant deviations from the target value

of the exchange rate produces a biased cointegration vector.

Bearing these arguments in mind, we can take deviations from the long-run relationship into

account by rewriting the cointegration space based on Eqg. (8). The long-run ITX, matrix can

be split up as 11 = &B'it, where )Zt also contains the dummies for the intervention periods

that are considered significant according to exclusion tests later on. We restrict these com-
ponents to lying in the cointegration space. In the following, we will not focus on the short-run

view in our model, as our aim is to investigate the long-run importance of interventions.
3.2.1 Prior analysis: determination of the rank and exclusion tests

We now proceed with the determination of the rank, that is, determining the number of sta-
tionary long-run relationships. The intervention periods identified in Subsection 2.3 enter as
dummy variables when we specify them as shifts in the cointegration vector. They are
marked as I1, 12, 13, 14, 15 and 16, respectively. To identify the number of cointegrating rela-
tions r we rely on the trace test developed by Johansen (1988). Owing to the large numbers
of variables under observation and to the fact that the inclusion of exogenous shift dummies
may alter the results of the trace test, we have simulated the asymptotic distribution by apply-
ing Monte Carlo simulations. The simulations were carried out for random walks with a length

of 400 months and 2500 iterations. The results are presented in Table 1.
Table 1 about here

The hypothesis of a rank of four can clearly be rejected at the 1% level, according to the test
statistic, while a rank of five is marginally not rejected at the 5% level. A rank of six cannot be
rejected. Since the choice of rank is important and the results are not clear-cut, we have also

considered recursive estimates of the rank tests, which are available upon request. Altogeth-

8 _ . . N . . . . .
This is a very simplified explanation of the problem in cointegration regressions because we merely draw on a
single equation framework although we are using a multivariate one. Our aim here is to highlight the general
problem of omitted variables in a cointegration framework.
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er, the results suggest that a rank of 5 seems to be an adequate choice, although the results
are inconclusive to some extent. For this reason, as a robustness check, we have estimated
our model additionally for a rank of 6. The results, which are available upon request, did not
change the findings to a significant degree. We therefore proceed in the following by describ-
ing the results for a rank of 5. Turning to some diagnostics, Table 2 shows that the hypothe-

sis of no autocorrelation cannot be rejected for the first four lags at all conventional levels.
Table 2 about here

In the next step, we run exclusion likelihood ratio tests to analyze whether the intervention

dummies should be included in our model (Juselius and MacDonald, 2004).19 A joint LR-
exclusion test for all intervention periods rejects the hypothesis that all periods should be ex-
cluded from our model, with a test statistic of 399.732 at the 1% level. From this finding we
proceed by testing for the significance of each intervention period to achieve an adequate
model structure based on a general-to-specific approach. We present the results in Table
3.20

Table 3 about here

The findings suggest that none of the intervention periods should be excluded from our mod-
el at least at the 10% level. However, for the last two periods during the nineties (14 and 15)
the hypothesis of exclusion is only rejected at the 10% level. This result is not surprising,
since the literature is sharply divided with regard to the efficiency of interventions during the
nineties (Sarno and Taylor, 2001). When identifying the cointegrating vectors as described in
the next section, further tests suggested that 14 gained significance after 15 was omitted from
the cointegrating space. We therefore exclude 15 only for the final estimations. A re-
estimation of rank and autocorrelation tests for our reduced model without 15 still suggests
that a rank of five is the adequate choice with the hypothesis of five long-run relationships not
being rejected at the 5% level and autocorrelation still firmly rejected. The results are pre-

sented in the three columns on the right-hand side in Table 1 and Table 2.

10 As mentioned in Section 2.3, we also considered intervention periods of the Fed. According to the results of ex-
clusion tests, the additional period that we labeled Fed intervention period (from April 1989 until March 1990)
should not be included in the cointegrating space. For this reason, we omit this period.

* The lag-length of the model is based on tests for autocorrelation and the ARCH effect. The corresponding re-
sults for the ARCH effect are available upon request. According to Rahbek et al. (2002), the results we gain in
the following are still robust under the remaining ARCH-effects. Because of the high skewness and kurtosis of
some variables, dummies have been included in some cases. While excess kurtosis does not introduce a signif-
icant bias to the cointegration estimation results, the results are sensitive to excess skewness (Juselius, 2006;
Juselius and MacDonald, 2004). After introducing dummy variables into the system, the rejection of the assump-
tion of normality is due to excess kurtosis, so that our results are still reliable. Jarque-Bera statistics for each
variable and dates of the dummies introduced are also available upon request.
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3.2.2 Hypothesis testing and identification of the long-run structure

After we have determined the rank, the Johansen approach provides the maximum likelihood
estimates of the unrestricted cointegrating relations. In order to achieve interpretable eco-
nomic relationships for the long-run structure, in cases of a rank greater than one it is neces-

sary to implement restrictions on £ that at least just identify it because the cointegration vec-

tors are otherwise not unique. By having an economic model at hand, further restrictions can
also be implemented so that the model becomes over-identified. The hypothesis tests are

based on a likelihood ratio procedure described in Johansen and Juselius (1992, 1994).

Although we are primarily interested in the link between the exchange rate and its fundamen-
tals, we have to specify all five cointegration vectors. In so doing, it is required that we have
further reasonable economic relations at hand. In restricting the exchange rate and the vari-
ables of the other economies to zero we aim at specifying two vectors to represent the do-
mestic economies of Japan (relation 1) and the United States (relation 2) respectively. The
Japanese money supply turned out to be insignificant so we removed it from relation 1. The
third vector links the exchange rate to prices. Consequently, we originally included the rates
of inflation and the ratio of tradable to non-tradable goods. However, only U.S. inflation and
the Japanese price ratio turned out to be significant. To model the relationship between the
exchange rate and the remaining fundamentals, we follow the monetary model as described
and include interest rates, money supply, income of both countries and the exchange rate in-
to the fourth vector. Restrictions of the fifth vector were guided by the significance of the co-

efficients. The resulting relations are presented in Table 4.
Table 4 about here

The implied restrictions are accepted with a very high p-value of 0.414. As the focus of our
analysis is on the exchange rate, we do not extensively discuss the results of the first and
second relations corresponding to the domestic economies of Japan and the United States
and the fifth relation. The empirical findings for the exchange rate do appear raher promising.
Money supply and interest rates enter with the correct sign in the fourth relation for both
economies. This is also true for US inflation and the Japanese price ratio in the third relation.
However, both US and Japanese income series turn out to be significant but enter with the
wrong sign in relation four. This might mean that, owing to business cycle linkages, the effect
of income on the exchange rate does not work via the money demand channel. This argu-
ment seems to be plausible because direct price effects do not enter the long-run relation-

ship. Interestingly, the symmetry restriction with respect to money is also valid in the fourth
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vector. In addition, the corresponding coefficients can be restricted to having the same mag-
nitude as the coefficient for the nominal exchange, namely a value of one. This is a strong
result which relates to the original version of the monetary model (Frankel, 1979). Applying
zero restrictions to the intervention periods in the third and/or fourth long-run relationships
results in a breakdown of the long-run relationships, since the resulting restrictions are re-
jected. Hence, evidence of the monetary approach in the form described above is only pro-

vided if the intervention periods are included.

Next, referring to the adjustment coefficients for the restricted model, we tackle the question
of whether the exchange rate adjusts to deviations from the established long-run relations.

These coefficients are more closely examined in Table 5.
Table 5 about here

The results show that the exchange rate adjusts to the fourth relationship, which includes
money, interest rates and income, as well as to the third long-run relationship, which includes

prices and inflation.

The results show that the intervention periods are important in the relations referring to the
exchange rate. For the third relation, all intervention periods except 11 gain significance for
the exchange rate/price relation, while the first two periods are important for the relationship
between the exchange rate and the remaining fundamentals. This is consistent with the view
that the exchange rates deviated remarkably from their fundamental values during the 1980s.
To some extent, we could argue that interventions during that time seem to have been justi-
fied because their inclusion in a time series model supports the finding of a theory-consistent
relationship between the exchange rate and its fundamentals. In contrast, all other interven-
tion periods are not relevant to the fourth relation, which means that the long-run link be-
tween exchange rate and its fundamentals can be found without taking additional effects into

account.

Our results, are broadly robust with respect to different specifications. As already described,
we estimated the model with different cointegration ranks and also with different ends of the
sample. It turns out that vectors three and four are relatively robust regarding the coefficient,
the signs and the included dummies. However, the constitution of the other cointegration

vectors partly changes.

Overall, the results of this section suggest that fundamentals play an important role in ex-

change rate movements when intervention periods are included.
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3.2.3 Additional adjustment effects in periods of interventions

Since we assume that the Central Bank has knowledge of a misalignment in the exchange
when it intervenes, we must conclude that it has a fundamental link between exchange rate
and fundamentals in mind. Insignificant dummy variables in our estimated long-run relation-
ship could be an indication that Central Bank interventions have been successful. The rea-
son for this is that the Central Bank intervenes when there is a misalignment, and when we
cannot find ex post any misalignments in long-run data the interventions might be seen as
being successful. However, if the dummies are significant, there is indeed an indication of a
misalignment that could not be completely removed. A clearer hint at successful interven-
tions should be that the adjustment towards the long-run equilibrium is enhanced during pe-

riods of interventions. Consequently, the adjustment coefficient in Eqg. (14) might be greater.

In order to check whether the adjustment towards the long-run relationship is greater during
periods of interventions, we re-estimate the VECM in a slightly extended form. We keep all
error correction terms as obtained (except dummies) but modify the exchange rate equation
of the VECM in the sense that we allow for changes in the adjustment parameter during each
period of interventions. These changes depend on the magnitude of the interventions in each
intervention period, i.e. we interrelate each error correction term with the volume of interven-
tions. From this point of view, we are able to evaluate the additional adjustment effects dur-
ing each period that stem from the strength of the intervention behavior. Hence, the ex-

change rate equation in the VECM becomes

5 5 3 3
AXS =+ & ECT  +> D o ECT, ylnt, ,+ D A°X  +Y E°Z + D, +¢
i=1 i=1 i=0

i=1 m=1,2,3,4,5,6

(15)
while all other equations remain unchanged. The term ¢; in Eq. (15) denotes the adjustment

coefficient in the i-th error correction term. The variables Int capture the intervention vol-

m,t-1

S

ume during each m-th intervention period.21 The terms A° and =° are matrices of coeffi-

cients regarding the lagged endogenous variables X, ; and exogenous variables Z, ;.

Dummy variables are captured by D, and ys is an intercept. In contrast to the estimation of

the long-run relationship, we include the fifth intervention period again. Concerning the modi-

21 . . . . . .
Since we do not have intervention volumes before 1991 we proxy them with the help of changes in foreign ex-
change reserves. We expect that changes due to true interventions should be greater than valuation effects.
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fied exchange rate equation, the results from the re-estimated VECM are presented in Table

6, where we focus solely on the cointegration vectors three and four.

Table 6 about here

In accordance with the maximum likelihood estimates, the dollar-yen exchange rate adjusts
significantly to equilibrium errors of the third and fourth error correction term. The fourth error
correction term reflects the long-run relationship of the exchange rate with its fundamentals
(stemming from the monetary model). Based upon conventional significance levels, it turns
out that the adjustment is faster in the second and fourth intervention period as compared to
the overall effect for both the third and the fourth term. From these results, it seems that Cen-
tral Bank interventions have partly improved the adjustment towards its equilibrium path.
Since we relate intervention volumes to changes in the adjustment coefficient, we are able to
deliver evidence that interventions provide the reasons for our results. Interestingly, this is
true for both error correction terms. Hence, interventions increase the adjustment speed to-
wards both long-run empirical relationships between exchange rates and fundamentals at the
same time. However, the effects in both periods differ with respect to their economic im-
portance. Although the effects are statistically significant in both periods, the adjustment
speed is only increased remarkably in the second intervention period. From this point of
view, this can only be seen as an indication of successful interventions in a long-run perspec-
tive. Furthermore, during the first, third, fifth, and sixth intervention periods no additional ef-
fect can be identified empirically. It is worth mentioning that the two periods with additional
effects are associated with longer lasting interventions (see, again, Table 1). In addition, the
second period is characterized by coordinated interventions, as described in Section 2.3.
This is consistent with the literature, which states that coordinated interventions made known

to the public are more likely to succeed (Beine et al., 2009; Fratzscher, 2009b).

Our results indicate that interventions have not been efficient in terms of reinforcing the self-
adjusting behavior of the exchange rate in every period. This is in line with further approach-

es, we applied. We also experimented with smooth transition models in which interventions

enter the transition variable.22 However, the results give no clear evidence of the smooth
transition types of non-linearity with monthly data. The reason for this might be that those pe-

riods are very heterogeneous, and smooth transition adjustments taking interventions into

. . 23
account can only be measured using daily data.

2 We estimated a STR-VECM in which the transition function was very similar to Reitz and Taylor (2008).

z See, for example, Reitz and Taylor (2012) for the dollar-yen exchange rate.
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4. Conclusion

In this paper we have conducted an empirical examination of the relevance of periods of in-
terventions in the dollar-yen exchange rate for the long-run relationship. From this we can
draw some major conclusions. Our findings clearly suggest that one needs to account for pe-
riods of massive interventions when modeling the long-run relationship between exchange
rates and fundamentals. The intervention periods identified are important when modeling the
long-run link between exchange rates and fundamentals. Long-run coefficients as well as ad-
justment coefficients are in line with theory. In addition, we can show that the volume of the
interventions sometimes interacts with the adjustment to the long-run value. It can be stated
that interventions support the adjustment in some periods. Economically relevant effects
seem only to exist in periods of coordinated interventions. These results suggest that coordi-
nated interventions had an influence on the link between the dollar-yen exchange rate and its

monetary fundamentals.

Insofar as the judgment of efficiency with regard to interventions is concerned, our results do
not yield clear-cut answers concerning the question of whether such interventions are suc-
cessful in achieving a specific level in the exchange rate. What we can say, however, is that
in the Japanese case interventions helped stabilize a long-term relationship between funda-
mentals and the dollar-yen exchange rate in periods of widely accepted misalignments. The
fact that significant intervention periods can be related to coordinated interventions (second
period) support the literature that coordinated interventions that are made known to the pub-

lic are more likely to succeed (e.g. Beine et al., 2009; Fratzscher, 2009b).

With regard to the different intervention channels, it seems therefore reasonable to assume
that the signaling and the coordination channels are important in the long run. The reason for
this is that oral statements or interventions made publicly available and which are in line with
the stance of monetary policy give market participants a guideline when it comes to building
expectations. If, for example, the authorities state that they are willing to bring the exchange
rate back to its fundamental value, as was done in the Plaza Agreement, market participants
may also pay more attention to these factors. However, our results do not provide a general
general justification of interventions. From a general point of view, it seems that central
banks will struggle when trying to influence a floating exchange rate in a single-handedly ap-
proach. An interesting question which is currently under investigation by the authors is
whether an empirically established fundamental value is useful in explaining the intervention

behavior of the BOJ in a policy function framework based on daily exchange rates.
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Tables

Table 1: Rank test of the model including interventions

Including 11, 12, 13, 14, 15, 16 Including 11, 12, 13, 14, 16
PT T Ejg.value Trace P-Value Eig.Value  Trace P-Value
11 0 0.304*** 700.977 0.000 0.300*** 675.217 0.000
10 1 0.274*** 563.104 0.000 0.267*** 539.427 0.000
9 2 0.244*** 441.370 0.000 0.243*** 421.529 0.000
8 3 0.200*** 335.276 0.000 0.197*** 315.919 0.000
7 4 0.152%** 250.657 0.003 0.144*** 232.427 0.006
6 5 0.141** 187.922 0.042 0.134** 173.383 0.052
5 6 0.095 129.979 0.290 0.097 118.655 0.326
4 7 0.091 91.854 0.433 0.085 80.028 0.597
3 8 0.068 55.730 0.725 0.060 46.225 0.854
2 9 0.048 28.840 0.859 0.033 22.830 0.938
1 10 0.026 10.103 0.913 0.026 10.088 0.829

Note: The table shows Johansen’s (1988, 1991) cointegration test. The term r denotes the coin-
tegration rank and p the number of variables. Eig.Value are the Eigenvalues and Trace refer to
the trace statistic. The p-values denoted correspond to a simulation with T = 400 and 2500 repli-
cations. The terms I1, 12, I3, 14, I5 and 16 refer to the intervention periods specified in the text. *
denotes statistical significance at the 10% level, ** at the 5% level and *** at the 1% level.

Table 2: Tests for autocorrelation

Including 11, 12, 13, 14, 15, 16 Including 11, 12, 13, 14, 16
LM(1): 72(121)  117.466 [0.574] 115.356 [0.628]
LM(2): 72(121)  137.362 [0.147] 136.363 [0.161]
LM(3): 72(121) 135714 [0.170] 141.146 [0.102]
LM(4): 72(121)  119.947 [0.510] 122 696 [0.440]

Note: The table shows Lagrange multiplier tests on autocorrelation up to lag p (LM(p)). LM tests are
distributed as »2 with degrees of freedom in parentheses. The terms 11, 12, I3, 14, 15 and 16 refer to
the intervention periods specified in the text. P-values are in brackets.

-27-



Table 3: Exclusion tests for the model including the intervention I1, 12, 13, 14, 15,

and 16

r DGF 5% C.V. 11 12 13 14 15 16

4 4 9.488 11.934**  20.865***  16.439*** 7.095 7.011 14.711%*
[0.018] [0.000] [0.002] [0.131] [0.135] [0.005]

5 5 11.070 15.874*%*  21.856***  16.502*** 9.848* 10.019* 14.726**
[0.007] [0.001] [0.006] [0.080] [0.075] [0.012]

6 6 12502  23.847** 20082+ 10.747**  16.128*  13.014*  18.678**
[0.001] [0.000] [0.003] [0.013] [0.043] [0.005]

Note: The table reports likelihood ratio tests on variable exclusion, i.e. whether the variable en-
ters the cointegration vector for the model including interventions. The terms 11, 12, 13, 14, 15 and
16 refer to the intervention periods specified in the text. P-values are in brackets. * denotes statis-
tical significance at the 10% level, ** at the 5% level and *** at the 1% level. DGF denotes de-

grees of freedom and C.V. are the critical values.
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Table 4: Restricted cointegration vectors

s m m% y ¥ i i n n” w /" (" 11 12 13 14 16 TREND
Cl1 -0.009*** -0.009*** 1 -0.450*** -0.070***  -0.000***
(-13.300) (-13.300) (-9.357) (-5.596)  (-4.155)
Cl2 0.169*** 0.708*** -0.017 1 -0.098**  _0.002***
(6.670) (12.046) (-15.718) (-5.159)  (-9.282)
CI3 1 7.732**  -3,780*** 0.242***  0.338***  0.230*** -0.216***
(9.046)  (-20.837) (5.329)  (4.704)  (6.411)  (-3.511)
cl4a 1 -1 1 -0.223  1.897**  0.059***  -0.059*** 0.433**  (.281***
(-1.545) (16.329) (7.830)  (-7.830) (6.291)  (6.306)
CclIs -0.342%*  .0.012%**  37.976%* 1 -15.502%%%  -1.221%**  0.065*** -0.049%*+ -2.714%% _0,011%**
(-13.421) (-10.414) (326.761) (-8.423)  (-13.225) (6.281) (-5.385) (-5.632)  (-4.141)

Test of restricted model:  »?(31) =32.057 [0.414].

Note: The table provides the estimates of each cointegration vector (C/) with t-statistics in parentheses. * denotes statistical significance at the 10% level, ** at the 5% level
and *** at the 1% level. The last row shows the likelihood ratio test for over-identifying restrictions with p-values in bracket. The LR test is distributed as y2 with p degrees

of freedom ;(z(p). The variable S denotes the exchange rate, m money supply, y real income, i short-term interest rates, 1 rates of inflation and p the prices of tradables
(f) and non-tradables (nf). The term US refer to the USA and j to Japan.
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Table 5: Adjustment coefficients for the restricted model

a, a, a3 a, as

As 8.435% 0.054 -0.055%** -0.033%** -0.218*
(-1.980) (0.695) (-3.721) (-2.724) (-1.945)

am’ 1.587 0.004 -0.003 0.007* -0.041
(-1.282) (0.166) (-0.591) (-1.849) (-1.265)

am% -0.169 0.022 0.002 0.004* 0.003
(-0.232) (1.674) (0.991) (1.874) (0.131)

Ay 2.394 0.063* -0.018%** 0.005 -0.067
(1.290 (1.846) (-2.755) (0.926) (-1.364)

Ay -0.462 -0.013 -0.009%** 0.004 0.013
(-0.481) (-0.741) (-2.742) (-1.540) (0.525)

A% 52.945 6.946%+* -0.462%%* -0.377%** -1.586
(1.281) (9.208) (-3.250) (-3.186) (-1.456)
A -118.242%* -1.484* 0.063 -0.304%** 3.156%**
(-3.208) (-2.205) (0.500) (-2.874) (-3.248)
An”® 1.613%* 0.034*** -0.006*** 0.001 -0.043%%*
(3.078) (-3.506) (-3.316) (0.836) (-3.090)
Ar’ -2.676%%* -0.011 0.007*** -0.007*** 0.070%**
(-4.062) (-0.904) (3.124) (-3.537) (4.013)
Alp' /p™) 2.393%x* 0.035** 0.004* -0.003 -0.064%+*
(3.099) (-2.512) (-1.672) (-1.335) (-3.126)
Alp' /p™) -4.657** 0.010 0.010%** -0.018%** 0.121%**
(-4.969) (0.603) (3.058) (-6.856) (-4.897)

Note: The table reports the adjustment coefficients towards the long-run equilibrium for the restricted
model. The columns ¢, contain the adjustment coefficients with respect to the k-th error correction
term specified in Table 4 and the corresponding t-values, which are in parentheses. The variable S de-
notes the exchange rate, m money supply, y real income, i short-term interest rates, mr rates of inflation
and p the prices of tradables (f) and non-tradables (nt). The term US refer to the USA and j to Japan.
The term A refers to first differences. * denotes statistical significance at the 10% level, ** at the 5%
level and *** at the 1% level.
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Table 6: Adjustment effects on the JPY/USD exchange rate during periods of interven-
tion

o, o, <11 o x12 a; <13 a, x14 a, %15 a, x16

ECT; -0.021* 0.190  -0.906**  2.44x10%° -3.26x107**  -6.34x107"* -3.68x10"°
(-1.816)  (0.649)  (-5.677) (0.914) (-1.963) (-1.647) (-0.818)

ECT, -0.038***  -0.013  -0.366** -5.32x10%° -575x10°*  1.97x10%  -1.03x10%
(-3.471)  (-0.082)  (-2.178) (-1.185) (-2.369) (0.631) (-1.109)

Note: The table reports estimation results from a near VECM carried out by a seemingly unrelated regression
approach with HAC standard errors. The VECM is extended with respect to the JPY/USD exchange rate equation
at which the superscript S hints:

5 5 3 3
s S —_
AXE =p®+) a ECT,  +>. D o ECT yl g+ Y A X +) BE°Z +D, +¢ .The
i=1 i=1 m=1,2,3,4,6 i=1 i=0

term ¢; denotes the adjustment coefficient on the i-th error correction term (ECT ). An indicator function for the

m-th intervention period is given by | . . The terms AS and E° are matrices of coefficients regarding the lagged

endogenous variables X, ; and exogenous variables Z, ;- Dummy variables are captured by D, and ,* is an in-

tercept. t-values are in parentheses. *, ** and *** denote significance at the 10%, 5% and 1% levels. The terms I1,
12,13, 14, 15 and 16 refer to the intervention periods specified in the text.

Figures

Figure 1: Path of the Yen-Dollar exchange rate between 1975 and 2007 and periods of
massive foreign exchange intervention by the Bank of Japan
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Note: The graph shows the development of the Yen/USD exchange rate between January 1976 and December
2007 in conjunction with periods of massive intervention (shaded areas) as defined in the main text.
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