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This paper investigates the effects of monetary policy
announcements at the zero lower bound using Japanese data
from 1998 to 2013. I find that the effect of expansionary mon-
etary policy shocks is directly passed on to corporate bond
yields, notably for high-grade corporate bond yields. However,
the magnitude of estimated pass-through to stock prices and
the exchange rate is substantially smaller than in the United
States, and not statistically significant in most cases.
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1. Introduction

The effect of unconventional monetary policy at the zero lower
bound (ZLB), which includes forward guidance and asset purchases,
has been a centerpiece of the debate in macro finance since many
advanced economies reached the ZLB after the financial crisis of
2008. Since the crisis, a number of important contributions have
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been made regarding this topic However, the analysis in the litera-
ture primarily focuses on the U.S. economy after the crisis, which is
restricted by a short sample, and researchers are not sure about the
effect of unconventional monetary policy in a different environment.

In this paper, I study the effects of unconventional monetary pol-
icy in Japan, which has experienced a substantially longer period at
the ZLB, from 1995 to the presentE Specifically, I use the method of
identification through heteroskedasticity, which was originally pro-
posed by Rigobon (2003) and Rigobon and Sack (2003, 2004) and
has been widely used in the recent literatureE to estimate the pass-
through of monetary policy shocks. Identification is based on the
assumption that the variance of monetary policy shocks is par-
ticularly high on important announcement days, whereas nothing
unusual happens to other shocks on these days.

To assess the stimulative effect of monetary policy on aggregate
demand, I focus on the pass-through of monetary policy shocks to
three financial assets, which are of interest to central banks: cor-
porate bonds, stocks, and the exchange rate. First, I study the
pass-through to corporate bond yields, because the reduction in the
borrowing cost of firms is a key channel through which monetary
policy could stimulate aggregate demand. Second, I analyze the pass-
through to stock prices, which is relevant because the response of
stock prices could increase consumption through the wealth effect.
Finally, I evaluate the pass-through to the exchange rate, through
which aggregate demand can be boosted via the trade balance.

The results show that there is a stark contrast between the pass-
through to corporate bond yields and the pass-through to stock
prices and the exchange rate. For corporate bond yields, there is a
statistically significant and about one-to-one pass-through, notably

'For example, see D’Amico and King (2013), Gagnon et al. (2011), Krish-
namurthy and Vissing-Jorgensen (2011), and Wright (2012) for the Federal
Reserve’s large-scale asset purchase (LSAP) programs, and see Joyce et al. (2012)
for the Bank of England’s asset purchases. For more comprehensive review, see
Bernanke (2012). For the comparison across advanced economies, see Rogers,
Scotti, and Wright (2014).

2Figure 1 shows the comparison between policy rates in Japan and the United
States.

3For example, see Gilchrist and Zakrajsek (2013) and Raskin (2013).
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Figure 1. BOJ’s Overnight Policy Rate and Federal
Reserve’s Federal Funds Rate from 1985 to 2013
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for high-grade corporate bond yields. On the other hand, the pass-
through to stock prices and the exchange rate is not statistically
significant in most cases. However, these estimates in Japan are
markedly different from the estimates in the United States based
on the data from 2008 to the present. While I find one-to-one pass-
through to corporate bond yields in the United States, which is
broadly similar to Japan, the U.S. pass-through to stock prices and
the exchange rate is statistically significant, and its magnitude is
substantially larger than that of Japan.

In addition, I use a simple event study to analyze the effects
of announcements in 2013, to show that these announcements have
substantial effects even on stock prices. The announcements in 2013
are associated with the regime change of the Bank of Japan’s (BOJ)
monetary policy to commit to the 2 percent inflation target by 2015.
Unlike the previous announcements, these announcements had sub-
stantial effects, not only on corporate bonds but also on stock prices.
This difference may be due to the different nature of the BOJ’s com-
mitment after 2013; the commitment is open ended and the BOJ
announces that it will do whatever it takes to achieve the target.
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Lastly, I provide several robustness checks, to which the main
results are generally robust. First, I analyze the pass-through to
other financial assets: (i) real estate investment trusts (REITs),
(ii) credit default swaps (CDSs), and (iii) the exchange rate of the
OECD and Asian economies. Second, I estimate the pass-through
based on a more selected set of announcements. Third, I consider
subsamples focusing on different programs: 2001-06, 2006-10, and
2010-13. Fourth, I provide the analysis based on the principal com-
ponent of government bond yields with different maturities. Last, 1
use alternative sets of non-announcement days.

The remainder of the paper is organized as follows: section 2
describes the methodology used in the paper, section 3 explains the
data and background of Japanese monetary policy, section 4 presents
the results, and section 5 concludes.

2. Method

This section describes an analytical framework to estimate the pass-
through of monetary policy shocks to various financial assets. Based
on the standard setup of two simultaneous equations, I present a
simple event study and the framework of identification through het-
eroskedasticity.

2.1 Setup

Consider the system of two simultaneous equations between the
change in the interest rate and the growth rate of the asset price,
Aiy and As;. The notation follows Rigobon and Sack (2004):

Aiy = BAs; + 7 Xy + &, (1)
Ast = OtA’it + (SXt + N, (2)

where X is a common exogenous shock that simultaneously affects
both the interest rate and the asset price, ¢; is a monetary policy
shock, and 7, is a shock to the asset price.

In this system, I primarily focus on estimating the parameter «
because it indicates how much monetary policy shocks affect asset
prices through the changes in the interest rate. However, the OLS
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estimate of the pass-through, «, is biased since both variables, Ai,
and As;, are simultaneously determined in the systemE

2.2 FEvent Study

An event study is a simple way to estimate the pass-through using a
directly measured monetary policy surprise. By picking the impor-
tant announcements and regarding them as a complete surprise, we
can use the corresponding changes in the asset prices to estimate the
effect of monetary policy shocks. Gagnon et al. (2011) directly mea-
sured the effect of the Federal Reserve’s large-scale asset purchases
(LSAPs) by assuming that the announcements about the LSAP were
complete surprises, and added up the changes on the announcement
days. Though the event study is based on the strong assumption that
no other material news came within the announcement window, it
can provide useful benchmark results.

2.3 ldentification through Heteroskedasticity

To obtain a consistent estimate of the pass-through under weaker
assumptions, we employ a scheme called identification through
heteroskedasticity, proposed by Rigobon (2003) and Rigobon and
Sack (2003, 2004). Essentially, it uses the shift of the variances
of endogenous variables between the announcement days and non-
announcement days as instruments for the identification.

I introduce some notation and assumptions to describe this
scheme of identification. First, I denote a subset of the policy
announcement days as A and a subset of the non-announcement
days as AfH Second, I denote the number of announcement days and
non-announcement days as T4 and Tz, and thus the total number of
days as T' = T4 +7T 3. Finally, I assume that the variance of monetary
policy shocks is larger on the announcement days than on the non-
announcement days, but the variances of other shocks are the same
across these two sets of days. Under this assumption, the difference

4For the derivation of the OLS estimate and its bias, see the appendix.

SUnlike Rigobon and Sack (2004), all business days that do not belong to A
are treated as the non-announcement days. To make this point clear, I denote a
subset of the non-announcement days as A. The results using alternative sets of
the non-announcement days are presented in section 4.4.5.
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of the conditional variance-covariance matrixes in these two sets of
days, €24 and € z, only depends on the variance of monetary policy
shocks. Specifically, we can compute the difference of the variances,
AQ, as follows:

U?|A“’§\A 1 «
AQEQA—QA—(l_aﬁ)z(a a2>’ (3>

2 _ are the conditional variances of monetary pol-

elA
icy shocks on the |announcemen‘c days and the non-announcement
days, respectivelyﬁ This is because the effect of other shocks cancels
out by taking the difference between the announcement days and
non-announcement days.

As discussed in Rigobon and Sack (2004), o can be estimated
by using A€ as the instruments for identification. To formalize the
instruments, we first define endogenous variables. Let Aig and Asy
be T4 x 1 vectors of variables on the announcement days, and Aijz
and Asjz be Tz x 1 vectors of variables on the non-announcement
days. Then, we can combine these two vectors into T' x 1 vectors of
endogenous variables:

2
where T2A and o

Ai=[Aiy, Aig], (4)
As=[Asy, Aszl. (5)

Given these endogenous variables, Ai and As, instruments are
constructed by normalizing with the number of days in each sub-
set of days and by flipping the signs of the variables on the non-
announcement days:

LA L aig] (6)
zi = | —Aly, —=Aiz| ,

A

1 1 !
Zs = [TAASA, _T'AASA] . (7)

It is easy to see that z; and zg are relevant and valid instruments
to identify the pass-through in equation (2). First, these instruments

SFor the derivation, see the appendix.
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are correlated with the endogenous variables as long as the variances
on the announcement days and non-announcement days are differ-
ent. On the other hand, these instruments are uncorrelated with the
shocks to the asset prices as presented in equation (S)E

In this paper, I use the orthogonality of both instruments as the
moment conditions for GMM estimation. Though I can estimate the
pass-through by IV estimation using just one instrument, as imple-
mented in Rigobon and Sack (2004), GMM estimation should pro-
vide more efficient estimates. The moment conditions are described
as follows:

Elfi(@)] =0, (8)

where

ft(a) = Z; - ey,
Zt — [Zi,ta Zs,t]/v
€ = ASt — OéAZt

The GMM estimate of a can be obtained by solving the minimum
distance problem:

aguy = arg min fr(a)' W fr(a), 9)
«

where fr(a) = Z;‘;l fi(a) and W is an appropriate 2 x 2 weight-
ing matrix. I use the two-step GMM for the estimation, in which I
first use the identity matrix as a weighting matrix to solve the min-
imization problem, and then use the inverse of estimated variance-
covariance matrix of the moment conditions in the first step as a
weighting matrix in the second step. Inference for the GMM estima-
tion is based on heteroskedasticity-robust standard errors.

3. Data and Background

This section describes the data and background to show that there
is enough variation to identify the pass-through of monetary pol-
icy shocks. After describing the data, I provide a brief summary of

"For the proof of the orthogonality, see the appendix.
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Japanese monetary policy. Then, I explain the selection of impor-
tant announcements and provide a statistical analysis showing that
the selection is valid in terms of identification.

3.1 Data

I estimate the pass-through of monetary policy shocks to three finan-
cial assets: (i) corporate bond yields, (ii) stock prices, and (iii) the
exchange rate. The analysis is based on daily data from April 1998
to December 2013, all of which are obtained from Bloomberg.

The details of the series are described as follows:

(i) Japanese government bond (JGB) yield: generic yield with a
maturity of five, ten, and twenty years;

(ii) Corporate bond yield: the Bloomberg Fair Value (BFV)
indexes of AA and BBB corporate bond yields for the indus-
trial sector, with a maturity of five and ten years

(iii) Stock prices: Nikkei 225;

(iv) Exchange rates: spot exchange rates of the U.S. dollar, mea-
sured by the Japanese yen.

I compute the daily changes in levels for the JGB and corporate
bond yields, and the continuously compounding rate of daily change
for stock prices and the exchange rate. The data between March 11
and March 18, 2011 are excluded from the analysis to eliminate the
effect of the earthquake in March 2011.

3.2 Brief Summary of Japanese Monetary Policy

The BOJ’s overnight interest rate has been reduced to nearly zero for
approximately two decades, and three different programs of uncon-
ventional monetary policies have been implemented. Table 1 sum-
marizes the timeline of the important events in Japanese monetary
policy, and figure 2 shows the volume of monetary base

8The AA index and the BBB index are available from June 8, 1999 and Jan-
uary 30, 2003, respectively. The BBB index with a maturity of ten years is not
available from February 6, 2012.

9For more comprehensive accounts of the BOJ’s monetary policy, see Ito and
Mishkin (2006) and Ueda (2012a).
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Table 1. Timeline of BOJ’s Monetary Policy

Policy
Date Event Rate (%) | Governor
4/14/1995 1.0 Matsushita
9/8/1995 0.5
4/1/1998 Revised BOJ Act came 0.5 Hayami
into effect
2 / 12 / 1999 0
8/11/2000 0.25
3/19/2001 Quantitative easing (QE) 0
launched
3/9/2006 QE terminated 0 Fukui
7/14/2006 0.25
2/21/2007 0.5
10/31/2008 0.3 Shirakawa,
12/19/2008 | JGB purchase increased 0
10/5/2010 Comprehensive monetary 0
easing (CME) launched
4/4/2013 CME terminated, and 0 Kuroda
quantitative and
qualitative monetary
easing (QQME) launched

The first program was called “quantitative easing” (QE) and
was implemented from March 2001 to March 2006 under Governors
Hayami and Fukui. Under the QE program, the BOJ set its current
account balance as the main policy target and purchased long-term
JGBs to achieve this target!’] The QE program was terminated in
March 2006, and the overnight interest rate was gradually raised
to 0.5 percent. However, in response to the global financial crisis in
2008, the BOJ reduced the overnight interest rate to zero again.

OFor an analysis of the QE program, see Shiratsuka (2010) and Ugai (2007).
More recently, Shibamoto and Tachibana (2013) analyze the effects of the QE
program using the method of identification through heteroskedasticity. Kimura
and Nakajima (2013) use a variant of regime-switching structural VAR using the
data from 1981 to 2012, with ad hoc shrinkage in certain parameters.
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Figure 2. Monetary Base from 1985 to 2013
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The second program was called “comprehensive monetary eas-
ing” (CME) and was implemented from October 2010 to April 2013
under Governor Shirakawa. Under the CME program, the BOJ pur-
chased not only JGBs but also commercial paper and risky assets
such as exchange-traded funds (ETFs) and REITSs, while also mak-
ing a commitment to keep the policy rate at zero. This is the pol-
icy prescription proposed by Eggertsson and Woodford (2003). In
addition, the BOJ provided various forms of lending programs to
financial institutions.

Most recently, the BOJ substantially expanded its asset purchase
program and launched it as “quantitative and qualitative monetary
easing” (QQME). The QQME program has been implemented since
April 2013 under Governor Kuroda. Under the QQME program, the
BOJ commits to achieving 2 percent inflation by 2015. To achieve
this goal, the BOJ announced that it would increase the monetary
base at a pace of 60 to 70 trillion yen per year and extend the average
maturity of its JGB holdings from three years to seven years

"For details, see Kuroda (2013).
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3.8 Selection of Monetary Policy Announcements

The selection of the important announcements is crucial for the
analysis in this paper, and I select forty-one announcement days
from April 1998 to July 2013 based on Ueda (2012b). The exact
dates and overview are listed in table 2. These dates are associated
with the BOJ’s “official” change in its monetary policy

In addition, I include other dates when strong signals concerning
future changes in BOJ’s monetary policy were made. For example,
I include the days when the new BOJ governor was nominated and
the confirmation hearing was held by the National Diet in 2013. On
the other hand, I do not include other meeting days or the days
of speeches by the BOJ governor or other board members. This is
because including trivial or indirect news announcement days will
make the distinction between the announcement days and the non-
announcement days unclear, which undermines the identification as
discussed in Wright (2012).

3.4 Standard Deviations of the Series

To see whether the actual data are consistent with the assumptions
for the identification, table 3 compares the standard deviations of
the daily changes on the announcement days and non-announcement
days. Consistent with the assumptions, the standard deviations are
higher on the announcement days than on the non-announcement
days for almost all series, except for the BBB yield with a maturity
of ten years.

To test whether the variances in these two sets of days are sig-
nificantly different, I conduct three statistical tests: the F-test, the
block bootstrap, and the stationary bootstrap. All tests are based on
the null hypothesis that the population variance in these two sets
of days are equal. Since the F-test assumes that each observation

127 exclude two dates from the list in Ueda (2012b)—April 13, 1999 and March
14, 2011. First, I exclude April 13, 1999 because the commitment to keep the
policy rate at zero made by the BOJ governor is not entirely clear. Ueda (2012b)
also notes that the market reacted to this event very slowly. However, including
this date does not materially change the results. Second, I exclude March 14,
2011 since this is the meeting right after the earthquake.
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Table 2. Dates of BOJ’s Monetary Policy Announcements

Date Event Summary
9/9/1998 BOJ Statement Policy rate reduced to 0.25 percent
2/12/1999 BOJ Statement Policy rate reduced close to zero
8/11/2000 BOJ Statement Policy rate raised to 0.25 percent
8/19/2001% BOJ Statement Quantitative easing (QFE) launched
(policy rate close to zero)
8/14/2001%* BOJ Statement QE expanded
12/19/2001*% | BOJ Statement QE expanded
2/28/2002* BOJ Statement JGB purchase increased
9/18/2002* BOJ Statement Stock purchase announced
10/80/2002* | BOJ Statement QE expanded
3/25/2003* BOJ Statement Stock purchase expanded
4/8/2003* BOJ Statement ABS purchased announced
4/80/2003%* BOJ Statement QE expanded
5/20/2008* BOJ Statement QE expanded
10/10/2008* | BOJ Statement QE expanded
1/20/2004%* BOJ Statement QE expanded
8/9/2006* BOJ Statement QE terminated
7/14/2006 BOJ Statement Policy rate raised to 0.25 percent
2/21/2007 BOJ Statement Policy rate raised to 0.5 percent
9/18/2008* BOJ Statement Dollar swap
10/31/2008 BOJ Statement Policy rate reduced to 0.3 percent
12/2/2008* BOJ Statement Facilitation of corporate finance
12/19/2008* | BOJ Statement JGB purchase increased (policy rate
reduced close to zero)
2/3/2009* BOJ Statement Stock purchase restarted
8/18/2009%* BOJ Statement JGB purchase increased
12/1/2009%* BOJ Statement Fixed-rate three-month operation
12/18/2009* BOJ Statement “Inflation target” clarified
3/17/2010* BOJ Statement Fixed-rate operation expanded
5/21/2010%* BOJ Statement Growth-enhancing operation
8/30/2010* BOJ Statement Fixed-rate six-month operation
10/5/2010%* BOJ Statement Comprehensive monetary easing (CME)
launched
8/4/2011 BOJ Statement CME expanded
10/27/2011 BOJ Statement CME expanded
2/14/2012 BOJ Statement CME expanded
4/10/2012 BOJ Statement CME expanded
4/27/2012 BOJ Statement CME expanded
10/30/2012 BOJ Statement CME expanded and the joint statement
with the government issued
12/20/2012 BOJ Statement CME expanded
1/22/2013 BOJ Statement CME expanded and inflation target
clarified
2/25/2013 Nomination of new
governor
3/4/2013 Confirmation
hearing from new
governor at
National Diet
4/4/2013 BOJ Statement Quantitative and qualitative monetary

easing (QQME) launched

Notes: Dates with * are listed in table 2 of Ueda (2012b). The announcement days that
are directly related to the JGB purchase and the QE programs are in italics.
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Table 3. Standard Deviations and Variance Ratio on
Announcement Days and Non-announcement Days

Non- Variance

Series Announcement | announcement Ratio
JGB

5 Year 3.18 2.85 1.25

10 Year 4.28 3.28 1.70**t

20 Year 4.88 3.55 1.89**t
Corporate Bond Yield

AA, 5 Year 3.50 2.68 1,71+

AA, 10 Year 3.92 2.88 1.85%*#

BBB, 5 Year 3.64 2.74 1.76***

BBB, 10 Year 3.21 3.13 1.06
Stock Prices

Nikkei 225 2.19 1.56 1.96**1

TOPIX 2.02 1.41 2.07**t
Exchange Rates

U.S. Dollar 1.06 0.71 2.29**%

Euro 1.24 0.84 2.17***

Notes: This table compares the standard deviation of daily changes on announce-
ment days and non-announcement days. Daily changes of the yield in basis points
and daily percent changes of the stock prices and exchange rates are used. * and **
denote significance at the 10 percent and 5 percent level, respectively, based on the
F-test. t and ¥ denote significance at the 10 percent and 5 percent level, respectively,
based on the block bootstrap with 10,000 replications. The stationary bootstrap leads
to similar results as the block bootstrap.

is independent, I use the block bootstrap and the stationary boot-
strap to take the heteroskedasticity observed in the daily data into
account. In the block bootstrap, I construct an artificial sample by
resampling the block of ten days to preserve heteroskedasticity. On
the other hand, in the stationary bootstrap, the length of the block
is randomly determined '3 After constructing an artificial sample,
I compute the variance ratio in the artificial sample. By repeating
this exercise, I can form the bootstrap distribution of the variance

3More specifically, an artificial sample is constructed by the Bernoulli trial,
either to pick a random sample or the sample on the next day. I set the probability
of the latter as 0.9 to make the expected length of the block ten days.
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ratio and compute the p-values based on the percentile of the sample
variance ratio.

The null hypothesis is rejected for most series, with the sample
variance ratio larger than one, except for the ten-year BBB corpo-
rate bond yields. Therefore, we could conclude that the variance is
significantly larger on the announcement days. The F-test tends to
reject the null hypothesis more often than the other two tests based
on the bootstrap.

4. Results

In this section, I present GMM estimates showing that the pass-
through of monetary policy shocks is one-to-one for corporate bond
yields, but it is smaller than the U.S. estimates for stock prices and
the exchange rate. In addition, I provide an event study showing
that the announcements in 2013 have substantial effects on asset
prices. Lastly, I present several robustness checks using additional
variables and subperiods to confirm the main results.

4.1  FEvent Study

Table 4 presents the results of the event study focusing on the QQME
program in 2013. The results show that the announcements of the
QQME program led to a substantial decline in the long-term JGB
and corporate bond yields. Furthermore, stock prices substantially
increased on these announcement days, but the effect on exchange
rates was mixed.

The results show that the long-term JGB and corporate bond
yields substantially declined responding to the announcements.
Specifically, the JGB yields declined 11.4 (ten years) and 17.7
(twenty years) basis points on April 4, and the cumulative decline
on all announcements was 14.0 (ten years) and 23.3 (twenty years)
basis points, respectively. Corporate bond yields also declined on
these days, but the magnitude is smaller than JGB yields. The ten-
year AA bond yield declined 9.72 basis points on April 4, and the
cumulative decline was 10.65 basis points

M The effects for yields with shorter maturities are trivial, primarily because
they are all stuck at the zero lower bound.
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The results also show that stock prices substantially increased on
the announcement days. The cumulative increase of the Nikkei 225
and TOPIX indexes was 5.18 percent and 3.68 percent, respectively.
On the other hand, the effect on exchange rates was mixed. Even
though the announcement on April 4 led to a substantial deprecia-
tion of the Japanese yen, 3.49 percent for the U.S. dollar and 4.16
percent for the euro, this effect was quickly offset on subsequent
announcements.

4.2 GMM FEstimates of Pass-Through

Table 5 presents the pass-through to corporate bond yields, stock
prices, and the exchange rate. The results show that there is a statis-
tically significant and nearly one-for-one pass-through to corporate
bond yields, notably for high-grade bond yields. On the other hand,
the pass-through to stock prices and the exchange rate is negative,
but the estimated magnitude is quite small and not statistically sig-
nificant in most cases. It is important to note that this analysis
estimates the average effects of unconventional policies, and these
estimates cannot be interpreted as the effects of individual policies,
forward guidance, or asset purchases.

I present the estimates of the pass-through to different asset
prices based on an individual JGB yield. This is because monetary
policy shocks primarily influence the overall level of the JGB yields,
and the change in JGB yield with any maturity should reflect such
shocks.

4.2.1 Corporate Bond Yields

For the AA corporate bond yields, most of the pass-through is statis-
tically significant, with a magnitude from 0.84 to 0.99. It implies that
an expansionary monetary policy shock, which lowers the twenty-
year JGB yield by 100 basis points, will lower the ten-year AA cor-
porate bond yield 84 basis points. All estimates are smaller than one
and statistically significant.

On the other hand, the estimates of the pass-through to the
medium-grade corporate bond yields varies; the estimated magni-
tude is from —2.90 to 1.12. The estimates are positive in most cases,
which suggests that monetary policy shocks are passed on to BBB
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Table 5. GMM Estimates of the Pass-Through to
Corporate Bond Yields, Stock Prices,
and the Exchange Rate
Japan United States
Estimate | Std. Error | Estimate | Std. Error
A. Pass-Through from 5-Year Government Bonds
AA Corporate Bond 0.99** (0.25) 0.70™* (0.07)
BBB Corporate Bond 1.12 (1.13) 0.61** (0.09)
Stock Prices —1.19 (1.59) —8.07" (3.81)
Exchange Rate —0.40 (0.83) —7.52*" (0.93)
B. Pass-Through from 10-Year Government Bonds
AA Corporate Bond 0.94** (0.05) 0.63"* (0.07)
BBB Corporate Bond 1.09 (1.24) 0.58™* (0.07)
Stock Prices —0.20 (0.17) —7.19* (3.74)
Exchange Rate —0.20 (0.16) —6.57"" (0.87)
C. Pass-Through from 20-Year Government Bonds
AA Corporate Bond 0.84** (0.21) 0.73** (0.33)
BBB Corporate Bond | —2.90 (14.96) 0.63** (0.31)
Stock Prices —0.12 (0.08) —10.80" (6.15)
Exchange Rate —0.20"" (0.09) —9.27** (3.09)

Notes: This table shows the pass-through to the corporate bond yields, stock prices,
and exchange rates. * and ** denote significance at the 10 percent and 5 percent
level, respectively. Heteroskedasticity-robust standard errors are presented in paren-
theses. For Japan, the corporate bond yield with the maturity of five years is used
for the pass-through from five-year government bonds, and the corporate bond yield
with the maturity of ten years is used for the pass-through from ten- and twenty-
year government bonds. The Nikkei 225 index is used for stock prices, and the spot
exchange rate against the U.S. dollar is used for the exchange rate. For the United
States, the effective corporate bond yield is used for all maturities. The Dow Jones
Industrial Average index is used for stock prices, and the spot exchange rate against
the euro is used for the exchange rate.

corporate bond yields to some extent. However, no estimate is sta-
tistically significant because of the large standard errors.

4.2.2  Stock Prices

The estimates of the pass-through to stock prices are mostly nega-
tive, ranging between —1.19 and —0.12. These estimates imply that
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an expansionary monetary policy shock, which lowers JGB yields
by 100 basis points, increases stock prices by 0.12 to 1.19 percent.
However, few of them are statistically significant. In other words,
the estimated magnitude of the pass-through to stock prices is so
small that the estimates are not significantly different from zero in
most cases.

4.2.83  Ezchange Rates

The results show that the pass-through to the exchange rate is
mostly negative, with the magnitude between —0.4 and —0.2. These
estimates imply that an expansionary monetary policy shock, which
lowers JGB yields by 100 basis points, leads a depreciation of the
Japanese yen by 0.2 percent to 0.4 percent However, only the
pass-through from the twenty-year JGB yield, —0.2, is statistically
significant.

These results are consistent with the prediction of conventional
interest rate parity, which suggests that the expected return on
domestic assets should be the same as the exchange-rate-adjusted
expected return on foreign assets. In other words, a decline in the
JGB yield should be adjusted by a depreciation of the Japanese
yen, which would boost the stimulative effect of expansionary mon-
etary policy shocks. However, the estimated magnitude of the pass-
through is quite small and few estimates are statistically significant.

4.8  Discussion of the Results

Given these results, I first provide the comparison between Japan-
ese and U.S. results. Though Japanese results are similar to the
U.S. results in their signs, the estimated magnitude of pass-through
is considerably smaller for stock prices and the exchange rate.

4.3.1 Comparison with the U.S. Estimates

Table 5 also presents the estimates of pass-through in the United
States using the same methodology. For corporate bond yields,

15Since I use the exchange rate that measures the value of non-Japanese cur-
rency by the Japanese yen, a rise in the exchange rate implies depreciation of the
Japanese yen.
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Japanese and U.S. estimates are similar in their signs and magni-
tudes. On the other hand, the magnitude of the Japanese estimates
for stock prices and the exchange rate is substantially smaller than
that of the U.S. estimates, though the sign of Japanese estimates is
consistent with the predictions of economic theories.

To measure the monetary policy shock in the United States,
I used the daily data of zero-coupon bond yields computed by
Giirkaynak, Sack, and Wright (2007) with the maturities of five, ten,
and twenty years. To estimate the pass-through to corporate bond
yields, stock prices, and the exchange rate, I used Bank of America
Merrill Lynch effective corporate bond yields with AA and BBB rat-
ings, the Dow Jones Industrial Average, and the spot exchange rate
against the euro. I used the sample from December 2008 to April
2015, when the U.S. economy was at the ZLB.

For corporate bond yields, the pass-through to corporate bond
yields is broadly similar in Japan and in the United States. Similar
to the Japanese case, the pass-through to high-grade bond yields
with the rating of AA is statistically significant, and its magnitude
is close to one, which is consistent with Raskin’s (2013) findings[19
In addition, I found a significantly positive pass-through to the BBB
bond yields in the United States.

For stock prices, the pass-through is negative in both Japan
and the United States, but the estimated magnitudes are substan-
tially smaller in Japan. While the Japanese estimates are margin-
ally negative and statistically insignificant, the U.S. estimates are
between —7.19 and —10.80 and are statistically signiﬁcant Though
these estimates are slightly larger than the estimates Bernanke and
Kuttner (2005) and Giirkaynak, Sack, and Swanson (2005) obtained

16T explain the limited pass-through to the medium-grade bond yields found
in Krishnamurthy and Vissing-Jorgensen (2011), Krishnamurthy and Vissing-
Jorgensen (2012) propose the safety premium, which is the premium investors pay
to satisfy their unique demand for safe long-term assets. Since the medium-grade
corporate bonds are not regarded as safe assets, the decline of the government
bond yields does not affect their yields. Krishnamurthy and Vissing-Jorgensen
(2011) argue that the effect of the Federal Reserve’s LSAP announcements is
primarily due to reduction in the safety premium.

"These estimates are larger than Kiley’s (2013) estimates at the ZLB, which
range from —3.0 to —1.5. This difference is likely due to a different methodology
of identification, since Kiley (2013) uses intraday data and focuses on a much
narrower window around the announcements.
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before the Great Recession, they are consistent with recent findings
in Claus, Claus, and Krippner (2014): Using the estimated shadow
short rate, they found that the monetary policy surprise has a larger
impact on asset prices at the ZLB period and suggest some kind of
structural change in the monetary transmission mechanism at the
ZLB. Similar to the Japanese situation, Rosa (2012) documents that
the Bank of England’s announcements about gilt purchases do not
have statistically significant effects on stock prices.

For the exchange rate, the magnitude of Japanese estimates, —0.2,
is also substantially smaller than the U.S. estimates, even though
the sign of pass-through is negative in both countries. The U.S.
estimates are between —6.57 and —9.27 and highly statistically sig-
nificant. These estimates are largely consistent with the findings in
Glick and Leduc (2013) and Neely (2013), which report that the
pass-through to the exchange rate during the Great Recession is
around —3 to —4. The difference in the magnitude could be due to
the difference in the methodology and the usage of intraday data.

4.8.2  Comparison of Announcements Before and After 2013

The comparison of the event study and GMM show that the
announcements in 2013 had substantial effects, not only on corporate
bonds but also on stock prices. It may be because the announce-
ments in 2013 were associated with the BOJ’s regime change, in
which the BOJ made an open-ended commitment to achieve the
inflation target, creating a huge surprise.

Before 2013, a number of papers, including Ito and Mishkin
(2006), are critical of the passive stance of the BOJ[ However,
Romer (2014) describes the policy change in 2013 as “an honest-to-
goodness regime shift” and says, “(the BOJ) took dramatic actions
and pledged convincingly to do whatever it takes to end defla-
tion.” Consistent with her argument, some survey measures show
that inflation expectations have substantially increased in 2013. For
example, figure 3 shows the upward shift of the inflation expectation

¥Based on a New Keynesian model with two different regimes (a targeted-
inflation regime and a deflation regime), Aruoba, Cuba-Borda, and Schorfheide
(2014) provide an interpretation that the BOJ’s passive stance has triggered an
adverse shock that moves the economy into the deflation regime.
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Figure 3. ESP Inflation Forecast in 2013
(target periods of 2013-15)
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in the mean of the ESP Forecast (survey of professional forecast-
ers in Japan) in 2013, which could be up to 0.8 percent. Hausman
and Wieland (2014, 2015) also provide similar analysis and conclude
that the set of policy package called “Abenomics,” which includes
the introduction of the QQME program in 2013, raised long-run
inflation expectation

However, even though the announcements in 2013 have had sub-
stantial effects on stock prices, the GMM estimates in this paper are
not statistically significant, since I have estimated an average effect
over the full sample from 1998 to 2013. As presented in table 4, the
average effects of monetary policy announcements based on the pre-
2013 event study have been much smaller than those in 2013. This

190n the other hand, Fujiwara, Nakazono, and Ueda (2014) argue that there is
no significant increase in inflation expectation at the ten-year horizon after the
introduction of the QQME, and the effect of monetary policy is quite limited.
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finding is consistent with those of other studies in the literature.
For example, Ueda (2012b) conducted an event study of monetary
policy announcements between 1999 and 2011 and showed that the
announcements regarding the QE programs lowered the JGB and
corporate bond yields but did not significantly affect stock prices or
exchange rates. Lam (2011) conducted an event study from 2008 to
2011, which covered part of the CME program, and obtained similar
results as Ueda (2012b).

4.4 Robustness Checks

In this section, I provide several robustness checks, to which the
main results are generally robust. First, I analyze the pass-through
to other financial assets. Second, I conduct the analysis based on the
set of selected announcements. Third, I consider subsamples focus-
ing on different programs. Fourth, I provide the analysis based on
the principal component of JGB yields. Last, I use alternative sets
of non-announcement days.

4.4.1 Additional Variables

I extend the analysis using three kinds of additional variables: (i)
REITs, (ii) CDS index, and (iii) exchange rates in other OECD and
Asian economiesPd These variables are of interest for slightly differ-
ent reasons. First, REITSs are of interest because the BOJ purchased
them in the QE programs. Second, the analysis of the CDS index will
shed some light on the effects of the QE programs on credit default
risk as discussed in Gilchrist and Zakrajsek (2013). Lastly, I focus on
exchange rates relative to these countries because the so-called yen
carry trade, in which investors borrow money in the Japanese yen
and invest in high-interest rate currencies, has been prominent since
the late 1990s. These high-yield currencies include the Australian
and New Zealand dollars and other emerging Asian currencies 2}

20The REIT index is available from April 2003.
21For details, see Hattori and Shin (2008).



Vol. 13 No. 2 The Effects of Monetary Policy Announcements 181

Table 6. Standard Deviation and Variance Ratio
of the Series on Announcement Days and
Non-announcement Days

Non- Variance
Series Announcement | announcement Ratio
Financial Assets
REIT Index 2.14 1.52 1.99°*
CDS Index 5.30 4.19 1.60*
Exchange Rates:
OECD Countries
Australian Dollar 1.26 1.12 1.26
Canadian Dollar 1.22 0.94 1.67T
Korean Won 1.34 1.07 1.56*
New Zealand Dollar 1.29 1.10 1.38"
U.K. Pound 1.20 0.85 2.01%*T
Exchange Rates:
Asian Economies
Hong Kong Dollar 1.06 0.71 2.26***
Singapore Dollar 0.90 0.69 1.71%*%
Taiwanese Dollar 1.01 0.75 1.82**%
Thai Baht 0.97 0.80 1.49**
Notes: This table compares the standard deviation of daily changes on announce-
ment days and non-announcement days for additional variables: REITSs, CDSs, and
the OECD and Asian exchange rates. Technical notes are the same as table 3.

Table 6 presents the standard deviations and variance ratios of
these variables. Consistent with the assumptions of the identifica-
tion, the standard deviations are higher on the announcement days
than on the non-announcement days for all series. In addition, most
of these differences are statistically significant.

Table 7 shows the GMM estimates of the pass-through to the
REITs, the CDS index, and exchange rates using the baseline
announcement days. For the REITSs, the pass-through is mostly neg-
ative and some of them are statistically significant. The negative
pass-through implies that an expansionary monetary policy shock
led to the increase in the price of these financial assets. The magni-
tude of the pass-through to the REITSs is between —0.46 and —0.16.
The pass-through to the CDS index is positive, but the magnitude
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varies substantially with the maturity of the JGB yields and none
are statistically significant. The pass-through to exchange rates in
the OECD and Asian economies is negative in almost all cases, with
a magnitude between —0.14 and —0.22. The estimates are similar
to the estimates for the U.S. dollar and the euro, which suggests
that the expansionary monetary policy shocks led to a depreciation
of the Japanese yen relative to all other currencies. However, the
magnitude of the depreciation is quite small.

4.4.2  Selected Announcements

In order to shed some light on the effects of the asset purchases, I
have conducted an analysis using a selected set of announcements
explicitly related to asset purchase programs, both in Japan and the
United States[*2 Though estimating the effects of individual policies
is extremely difficult because the announcements often contain infor-
mation about different policies, the results based on the selected set
of announcements could still serve as a useful benchmark.

As presented in table 8, the results are broadly similar to the
results of the baseline case: The pass-through to corporate bond
yields is statistically significant, and its magnitude is close to one in
most cases. On the other hand, the pass-through to stock prices and
the exchange rate is mostly negative, but its magnitude is small and
not statistically significant. In addition, the estimated magnitude of
the U.S. pass-through is substantially larger than that of Japan for
stock prices and the exchange rate and is statistically significant in
most cases.

I also report the weak-identification robust confidence sets in
the appendix to determine if the differences in the variances on
the announcement and non-announcement days are large enough
for identificationd While the weak-instrument robust confidence
sets often fail to identify the relevant confidence sets in the baseline
case, they do identify the relevant confidence sets in many cases for

22The selection of U.S. monetary policy announcements is based on Rogers,
Scotti, and Wright (2014).

23] use two statistics presented in the appendix to derive weak-instrument
robust confidence sets: the S statistic in Stock and Wright (2000), an exten-
sion of Anderson and Rubin’s (1949) statistic to GMM, and the K statistic in
Kleibergen (2005).



184 International Journal of Central Banking June 2017

Table 8. GMM Estimates of the Pass-Through to
Corporate Bond Yields, Stock Prices, and the
Exchange Rate (selected announcements)

Japan United States
Estimate | Std. Error | Estimate | Std. Error

A. Pass-Through from 5-Year Government Bonds
AA Corporate Bond 0.41 (0.26) 0.73** (0.05)
BBB Corporate Bond 0.12 (0.22) 0.70** (0.04)
Stock Prices 0.06 (0.26) =7.77* (4.12)
Exchange Rate —0.14 (0.11) —8.13*" (1.01)

B. Pass-Through from 10-Year Government Bonds
AA Corporate Bond 0.78** (0.18) 0.69"* (0.03)
BBB Corporate Bond 0.86™" (0.21) 0.65*" (0.02)
Stock Prices —0.24 (0.35) —7.48* (4.23)
Exchange Rate 0.09 (0.08) —7.27"" (0.90)

C. Pass-Through from 20-Year Government Bonds
AA Corporate Bond 0.78** (0.19) 1.23** (0.19)
BBB Corporate Bond 0.81** (0.15) 1.17* (0.18)
Stock Prices —0.39 (0.25) —13.21* (7.99)
Exchange Rate 0.05 (0.07) —11.31** (2.05)
Notes: This table shows the pass-through to the corporate bond yields, stock prices,
and exchange rates, based on a selected set of announcements. Technical notes are
the same as table 5.

the selected announcements. This result suggests that eliminating
less-relevant announcements greatly improves identification.

4.4.8  Analysis of Subsamples

To analyze how different QE programs affect corporate bond yields
and asset prices, I conduct the same analysis in three subsamples
focusing on the different QE programs: (i) the QE program (2001—
06), (ii) the period between the QE and the CME programs (2006
10), and (iii) the CME program (2010-13). The results are pre-
sented in table 9. The period before the QE program (1998-2001)
and the QQME program (2013-) are excluded since the number of
announcements are too small.
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Table 9. GMM Estimates of the Pass-Through
in Subperiods

2001-06 2010-13
(QE) 2006-10 (CME)
A. Pass-Through from 5-Year JGB
AA Corporate Bond 1.02** 1.03** 1.99
BBB Corporate Bond 1.04** 1.13** 1.81
Nikkei 225 —0.66 —0.43 0.52
U.S. Dollar —0.04 —0.05 8.19
B. Pass-Through from 10-Year JGB
AA Corporate Bond 0.98** 0.98** 2.26%*
BBB Corporate Bond 0.60* 0.77** 1.98**
Nikkei 225 —0.05 1.59 0.41
U.S. Dollar —0.03** —0.20 —0.03
C. Pass-Through from 20-Year JGB
AA Corporate Bond 0.97** 0.98** 0.71**
BBB Corporate Bond 0.44** 1.22** 1.08**
Nikkei 225 —0.06 0.89 0.12
U.S. Dollar —0.02 —0.19 0.06
Number of Announcements 13 13 9

twenty-year government bonds.

Notes: This table shows the pass-through to the coprorate bond yields, stock prices,
and exchange rates in the subsamples: 2001-06 (the QE program), 2006-10, and
2010-13 (the CME program). * and ** denote significance at the 10 percent and 5
percent level, respectively. The corporate bond yield with the maturity of five years
is used for the pass-through from five-year government bonds, and the corporate
bond yield with the maturity of ten years is used for the pass-through from ten- and

The findings are broadly similar to the main results. The QE pro-

grams have statistically significant pass-through to corporate bond
yields, mostly one-to-one, but the pass-through to the stock prices
or exchange rates is not statistically significant. For the high-grade
corporate bond yields, pass-through is mostly one-to-one with a
magnitude between 0.36 and 1.87. Unlike the main results, the pass-
through to the medium-grade bond yields is statistically significant
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in some cases, with the magnitude between 0.44 and 1.98. Such a
wide range of estimates may reflect their volatility due to small sam-
ples in the subperiods. The signs of pass-through to stock prices are
mixed, but none are statistically significant. The pass-through to
exchange rates is negative in most cases, but only a few estimates
are statistically significant.

Furthermore, there is no obvious difference in the pass-through
in different subperiods, which suggests that the effects of different
QE programs are broadly similar over time. One evident difference
is that the pass-through from the five-year JGB yield is not statis-
tically significant during the CME program between 2010 and 2013.
But this is because the five-year JGB yield is extremely low in this
period.

4.4.4  Analysis Using the Principal Component of JBG Yields

To jointly analyze the pass-through from the JGB yields with dif-
ferent maturities, I conduct the same analysis using a principal
component of these JGB yields. Table 10 presents the results for
main and additional variables. The results are broadly similar to
the main results. The pass-through to the high-grade corporate
bond yields is positive and statistically significant, whereas the
pass-through to the stock prices and exchange rates is negative but
not statistically significant in most cases.

4.4.5 Alternative Set of Non-Announcement Days

I use two alternative definitions of non-announcement days to esti-
mate the pass-through of monetary policy shocks. First, following
Rigobon and Sack (2004), a non-announcement day is defined as
one business day prior to the announcement day. Accordingly, the
number of announcement days and non-announcement days are the
same. Second, following Gilchrist and Zakrajsek (2013), I exclude
all the BOJ meeting days from the set of non-announcement days
because some trivial or indirect news released on these meeting
days may contaminate the identification. The estimates using these
alternative definitions are not listed in order to conserve space,
but the results are essentially the same as the baseline set of non-
announcement days.
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Table 10. GMM Estimates of the Pass-Through Based
on the Principal Component of JGB Yields

Estimate Std. Error
A. Pass-Through to Main Variables
AA, 5 Year 0.57** (0.32)
AA, 10 Year 0.76** (0.25)
BBB, 5 Year 1.41 (0.80)
BBB, 10 Year 0.58 (0.50)
Nikkei 225 —0.09 (0.22)
TOPIX —0.05 (0.19)
U.S. Dollar —0.06 (0.11)
B. Pass-Through to Additional Variables
Euro —0.00 (0.07)
REIT Index —-1.18 (1.52)
CDS Index 1.77 (2.54)
Australian Dollar —0.05 (0.10)
Canadian Dollar —0.15 (0.23)
Korean Won —0.17 (0.26)
New Zealand Dollar —0.08 (0.14)
U.K. Pound —0.00 (0.08)
Hong Kong Dollar —0.08 (0.14)
Singapore Dollar —0.04 (0.08)
Taiwanese Dollar —0.01 (0.05)
Thai Baht —0.04 (0.08)

parentheses.

Notes: This table presents the pass-through based on the principal component of
JGB yields with a maturity of five, ten, and twenty years. ** denotes significance
at the 5 percent level. Heteroskedasticity-robust standard errors are presented in

5. Conclusion

This paper analyzes the effects of unconventional monetary pol-
icy in Japan, which has been stuck at the ZLB for a substantially
longer period than any other economy. To discuss if we could learn
any lessons from Japanese experience, this paper compares the esti-
mates of the pass-through of monetary policy shocks with the U.S.

estimates.
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By using the tools of an event study and identification through
heteroskedasticity, I find that the effects of expansionary mone-
tary policy shocks are directly passed on to corporate bond yields,
notably for high-grade bond yields. However, the pass-through to
stock prices and the exchange rate is not statistically significant in
most cases. These results contrast with the U.S. results, where the
pass-through to all assets is statistically significant.

To interpret such differences in the effects of unconventional
monetary policy, one may focus on the characteristics of the finan-
cial markets. For example, because of various institutional reasons,
the Japanese financial markets may be more segmented than the
U.S. markets and may not be responsive to monetary policy shocks.
On the other hand, one could focus on the different economic envi-
ronment in Japan and the United States to explain different pass-
through. More specifically, since the Japanese economy has been
stuck at the ZLB for two decades, it would be extremely difficult
for any announcement to change expectations about future inflation
or short rates. Investigating the reason for such differences across
countries is critical for the evaluation of the effects of unconventional
monetary policy and is a question for future research.

Appendix

Derivation of the OLS Estimate

Describe the system of equations (1) and (2) in matrix form:

(L )(20)-(3)x(0)

By solving this equation, we obtain the reduced-form solution of the
system,

A\ 1 B8 4+~ 1 3
(&%) =m0t ) xer (o )ar (1)l
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Let 0%, o2, and 0727 denote the variance of each shock. Then, the

OLS estimate of «v in equation (2) is

. Cov(Aiy, Asy)
COLS = T Var(Aiy) (12)

(B6 +v)(ay + 6)o% + ac? + ﬁaf]

= : 13
(B8 +v)?c% + 02 + ﬂQU% (13)
Accordingly, the bias of the OLS estimate is
1—ap)[6(30 3 2

(85 + 7)20% + 0% + 202

Equation (14) indicates that the OLS estimate has a non-zero bias,
unless there is a certain restriction on parameters (such as o = 1).
For the discussion about the signs of the bias in the OLS estimates,
see Gilchrist and Zakrajsek (2013).

Derivation of Conditional Variance

Denote the conditional variances of the shocks on the announcement
days as ‘7§<| n af‘ 4> and 072” - Similarly, denote the conditional vari-

ances of the shocks on the non-announcement days as U§(| i ‘7?\ i

and 0'727| - Given the reduced-from solution of the system in equation

(11), the conditional variance-covariance matrixes of the system, € 4
and €2 7, are computed as follows:

1
4= ap)p

( (B8 +7)?0% 4 + 024+ 87004 | (B8 +7)(ay +8)o% 4 +ac? 4 + Bor 4 )

1
W T—ar
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Assume that the variance of the monetary policy shock is larger on
the announcement days than on the non-announcement days, but
the variances of the other shocks are the same across these two sets
of days. Namely, we assume that

024> 04 (17)
U_%(\A = in (18)
0727‘14 = Uf}lA. (19)

When taking the difference between Q2,4 and Q; in equations (15)
and (16), only the variances of the monetary policy shock remain
and the variances of other shocks cancel out. Thus we obtain

0'2 —0'2*
0. A elA 1 «o
mu-i= T (%) 20

Orthogonality of Instruments

To see that two instruments, z; and zg, are orthogonal to the resid-
uals e, compute Zthl ARE

T
E Zt * €
t=1

7. (21)
7z’
- < N ) (As — aAi) (22)
~ 1 1
AL, —= Al
= Y 1 | [Asamadia Ay —adig] (23)
T ASy, T SA
L T'a Tz

1 1
EAi’A (Asa—alia) — Al (Asy —aliy)

1
(24)
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_ [ Qa2 —aQain) = Qa1
(QA 22 — OéQA 21) (QA 22 — aQA,m)

Ang - OéAQll
26
|: AQ22 — OzAQzl :| ( )
Since AQ:C< ; o2 ),We have
T
> Zi-er— 0. (27)

t=1

Accordingly, we have moment condition E[Z; - e;] = 0.

Weak-Identification Robust Confidence Set

One concern of identification through heteroskedasticity is that the
difference between the announcement days and non-announcement
days may not be large enough for strong identification. In order to
address the issue of weak identification, I employ the two statistics
that could derive weak-instrument robust confidence sets: the S sta-
tistic in Stock and Wright (2000), an extension of Anderson and
Rubin’s (1949) statistic to GMM, and the K statistic in Kleibergen
(2005) These statistics test the null hypothesis for a hypothesized
value of the parameter, based on the moment conditions evaluated
at the hypothesized value. The confidence set is derived as the set
of parameter values for which the test accepts the null hypothesis.

The S statistic is defined as follows:
H fT (&7s) ] ) (28)

o
Vir(a) = Var (\/7 fr(a ) (29)

#TFor details, see Stock, Wright, and Yogo (2002).

a() = fo Oé()

where
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which is an estimate of the asymptotic variance-covariance matrix
of the moment conditions. Note that the S statistic is based on the
objective function in the minimization problem in equation (9), but
the value is evaluated at the hypothesized value of the parameter,
ag. The S statistic has a chi-square null limiting distribution, with
the number of moment conditions as the degrees of freedom.

The K statistic is defined as follows:

K<ao>=41T<agS)

y (82&(1) ao) 7 (30)
\/ng(Oéo)
\/T

LGOI (31)

Dr(a) = qr(a) = Vag(@)Vi(a) ™" fr(a),

(o) =

Vaf(oz) = Cov (\/EfT(a), \/qu(a)> , and

= Vit(c0) ™2 Dr(ao)[Dr(ao) Vis(ao) ™ Dr(ag)] ™

A

) (D (c0) Vi (00) ™ D (ex)] ™

!/
[fo(ao)_EPfo(QO)_%ﬁT(ao)Vﬁ(ao)_E

X

where

P. 1.
Vir(ao)™ 2 Dr(ao)

=

x Dr(ao) Vis(ao) 2.

Essentially, the K statistic uses an optimal subset of moment con-
ditions to improve the power of the tests. In other words, by using
a subset of more relevant moment conditions, we could improve the
efficiency of the test statistic, which leads to the higher power of
the tests. The only difference between the S statistic in equation
(28) and the K statistic in equation (31) is that the K statistic uses
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the variance-covariance matrix adjusted by the projection matrix
based on Dp(a). Dyp(a) is a residual of the gradient of moment
conditions, gr(«a), after projecting it on the level of the moment
conditions, fr(a). By construction, Dp(a) is orthogonal to fr(a),
and we use this orthogonality to improve the efficiency. The K statis-
tic also has a chi-square null limiting distribution, with the number
of parameters as the degrees of freedom.
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