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Abstract

This paper aims to identify the effect of monetary policy &f®on stock prices through
the lens of Mundell and Fleming’s “Impossible Trinity” thgo Our identification strategy
seeks to solve the simultaneity and omitted variable problenherent in studies that focus
on the effect of monetary policy on asset prices. Moreoveruge our identification strategy
to test the hypothesis that stock prices of financially aans¢d firms are more responsive to
monetary policy shocks. Our results so far do not suppost tigpothesis, which seems to
contradict the financial accelerator theory presented md@&e, Gertler, and Gilchrist (1999)
but is consistent with Lamont, Polk, and Saa-Requejo (R@01 find that the relative stock
market performance of constrained firms does not reflect taonpolicy or credit conditions.
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1 Introduction

What is the effect of monetary policy on stock prices? Thenango this question is important for
both investors and policymakers. For investors, it is intguatrto know the extent to which their
stock market holdings are exposed to monetary policy sho€ks policymakers, it is crucial to
understand how monetary policy affects the real econonoutiir its influence on stock prices.

As illustrated in Rigobon and Sack (2004), there are two mdgntification difficulties in the
literature that studies the relationship between stoategrand monetary policy. The endogeneity
(simultaneity) problem arises from the joint determinatad monetary policy and stock returns
because monetary policy can at the same time react to chamgésck prices. The omitted
variable problem arises from the possibility that stockimes and monetary policy variables may
be jointly reacting to some other macroeconomic variablesvwould cause a bias even if there
is no endogeneity problem.

We solve the endogeneity problem by using the Impossibl&tyriheory developed in Flem-
ing (1962) and Mundell (1963). According to the Impossibtenify theory, it is impossible to
simultaneously have a fixed exchange rate, free capital meme(absence of capital controls),
and an independent monetary policy. Hong Kong is a clear pkaof Mundell and Fleming’s
theory. First, there are no restrictions on capital flows itrading of financial assets in Hong
Kong. Second, as shown in Figure 1, Hong Kong monetary aityhdtKMA) has successfully
implemented a fixed exchange rate for HKD/USD since Octob&B% Since the establishment
of the Exchange Rate Link, the Hong Kong dollar exchangehaseremained stable in the face of

various shocks. It remained unaffected by the 1987 stockeharash, the Gulf War in 1990, the

1See Rigobon and Sack (2003) for evidence of endogeneitygarob

2Using data published byloney Market Servicese find that at least 78 out of 177 monetary policy announcémen
dates between 1989 and 2008 overlap with other macroecaerasmouncements that may influence both stock prices
and monetary policy.

3The HKMA guaranteed to exchange USD into HKD, or vice versa,@edetermined rate until 2005. Since May
18, 2005 HKMA set a very narrow band of 7.85 as an upper limdt a5 as a lower limit for the HKD to flow within.



Exchange Rate Mechanism turmoil in Europe in 1992, the Maxaurrency crisis of 1994/95, the
Asian financial crisis of 1997/98, the 911 incident, and th@&crisis.

Figure 1. HKD/USD exchange rate
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Note: This figure replicates the figure on p.36 of HKMA backgrd brief No.1 (available
at http://www.hkma.gov.hk/media/eng/publication-argearch/background-briefs/hkmalin/
full _e.pdf ), but extends the time period to 2011. Monthly data &DHJSD exchange rate
can be downloaded from Bloomberg (ticker: HKD CURNCY).

As a result, the Impossible Trinity suggests that the mayegdalicy of Hong Kong depends
on US monetary policy. Figure 2 provides evidence for theel@lationship between Hong Kong
and US monetary policy - movements in Hong Kong base ratelgldsllows movements in fed
funds target raté.Given that changes in Hong Kong base rate closely followagésiin fed funds

target rate and that U.S. Federal Reserve Bank does nottbasenetary policy on the stock price

4Readers may be aware of the fact that the base rate is set migadhaby Hong Kong monetary authority through
a transparent formula which is US federal funds target raise pome predetermined premium. This premium is
designed to discourage the banks from accessing the dissinoiow and is not significant for our analysis since our
empirical analysis focuses on thkangef the interest rate imposed by monetary policy rather thaeals



movements in Hong Kong explicitly, we can conclude that yreeted changes in fed funds target

rate are exogenous shocks to Hong Kong monetary policy.

Figure 2: Hong Kong base rate vs. US fed funds target rate (end of month)
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Note: End-of-month data on Hong Kong base rate and US fedsftarget rate are available
at http://www.info.gov.hk/hkma/eng/statistics/indefdhk.htm and http://research.stlouisfed.
org/fred2/series/DFEDTAR, respectively. The US fed futadget rate data stops in 2008 when
the Federal Reserve stops announcing a specific targetnétarts announcing a range.

To be sure, there have been episodes, in particular durengdshkan financial crisis, where the
markets have tested the ability of the Hong Kong MonetarhArity (HKMA) to stick to the fixed
exchange rate. However, HKMA has managed to come out of #g@sedes victoriously. More-

over, the policies of the HKMA during the Asian crisis were stip independent of the FOMC

5The Impossible Trinity can also be applied in the contexttbio countries that has an exchange rate peg. We
focus on Hong Kong because it has both a clearly defined fixedagge rate and a well-developed stock market.
Other candidates seem to miss one of these qualities. For@&aSingapore maintains a currency peg, but the peg
is not a hard but an adjustable one in the form of a monitorangdbarrangement with the central parity based on an
undisclosed trade-weighted currency basket. Another plaim Bermuda where Bermuda dollar is at par with US
dollar, but the stock market is not well-developed.



decisions except when HKMA adjusted the base rate to refieatlianges in the federal funds tar-
get rate® Therefore, the federal funds target rate changes durisg#riod can still be considered
as exogenous monetary policy shocks to Hong Kong economyereeless, we control for these
time periods in our robustness checks to confirm the stloifiour results.

So far, we have focused on the endogeneity problem explidgdut what about the omitted
variables problem? Of course, the “Impossible Trinity’dhedoes not provide the ultimate solu-
tion to the omitted variable problem because there may beagjkhocks affecting US and Hong
Kong stock markets directly, in addition to their indireffieet through US monetary policy. We
address this problem and its solution in two steps. Firstsheev that a simple regression of Hong
Kong stock price growth on monetary policy surprises caressdy suffer from omitted variable
bias. Second, we present evidence that this bias disappeeeswve add US stock returns as an
additional control variable in the regressioio the best of our knowledge, this is the first paper
in this literature that provides explicit evidence of omdttvariable bias in regressions where the
stock returns is a dependent variable and shows a way tossitidirectly?

Finally, we use our identification strategy to study thetiefeship between financial frictions,
stock prices and monetary policy shoékdsing the financial accelerator framework of Bernanke,

Gertler and Gilchrist (1999), we initially reveal a new ingaltion of the credit channel of monetary

8Using daily data from HKMA, we find that the HKMA always matchthe FOMC target rate changes immedi-
ately, with only one exception. On September 28, 1998, FOME decreased the target rate by 25 basis points but
HKMA decreased the base rate by 12.5 basis points on impagtetr, within three business days HKMA followed
this with another 12.5 basis point decrease, thereby magche 25 basis point change in fed funds target rate.

"By addressing the omitted variables issue explicitly, iewathe possibility that US monetary policy responds to
macroeconomic events that affect both US economy and Homg KKoonomy directly. Therefore, our identification
mechanism only precludes that the Federal Reserve respmidiesyncratic movements in Hong Kong stock prices
which is a realistic depiction of FOMC decisions.

8Rigobon and Sack (2004) find a significant bias for the respohseasury yields to U.S. monetary policy shocks
when one uses a standard OLS but they do not find a similastitatly significant bias for the response of the stock
prices.

®Hubbard (1995) and Bernanke, Gertler, and Gilchrist (1986jhree empirical implications of the broad credit
channel of monetary policy: (i) external finance is more e&gdee for borrowers than internal finance due to agency
(monitoring) costs; (ii) the cost gap between internal arigmal finance depends inversely on the borrower’s net
worth; (iii) adverse shocks to net worth should reduce heers’ access to finance, thereby reducing their investment,
employment, and production levels. These implicationgatensively studied in the literature, for example by Gertl
and Gilchrist (1994), Kashyap, Lamont, and Stein (1994J,@finer and Rudebusch (1996) among others.



policy: The stock prices of financially more constrained firaxe more responsive to monetary
policy shocks. Then, we use our framework to search for emidef this hypothesis in the data.

Because the financial constraints in Bernanke, GertlerGilthrist (1999) stem from moni-
toring costs, we first analyze how monetary policy affecesphices of stocks that are cross-listed
in Hong Kong and U.S. in comparison to stocks that are listdg m Hong Kong, following the
large body of literature that shows cross-listing of nonfis@s in US reduces monitoring costs.
As a second test, we follow Gertler and Gilchrist (1994) wihgua that "in nearly every study
the "likely to be constrained” firms are much smaller on agerthan the control group” and use
size as a proxy for financial constraint. Neither of thesestggpports that more constrained firms’
stock prices react more strongly to monetary policy shodksile these results are consistent with
the findings of Lamont, Polk, and Saa-Requejo (2001) thegatm to contradict the financial
accelerator hypothesis, an issue which warrants furttentn.

Our paper also contributes to the literature that studiesdlationship between monetary pol-
icy and stock returns. Rigobon and Sack (2004) develop ama&str that identifies the response
of asset prices based on the heteroskedasticity of monptdigy shocks on the event and pre-
event dates. Gurkaynak, Sack, and Swanson (2005) usdagtdata in a relatively narrow “event
window” surrounding the FOMC'’s announcement, therebyimigtishing the impact of the policy
change from the effects of news arriving earlier or latethi@ day. Bjgrland and Leitemo (2009)
use both short-run and long-run restrictions in a VAR frameto control for endogeneity.

Our empirical analysis is closely related to Bernanke anttrien (2005), who study the re-
action of the US stock market to federal funds target rategeés. Following their study, we use

changes in federal funds futures’ price on the dates of naoyp@olicy announcements in order to

10This is called the "bonding” theory. See, for example, Ceff@999, 2002), Stulz (1999), Reese and Weisbach
(2002), and Doidge, Karolyi, and Stulz (2004).

1These papers have a long line of predecessors that look atlttenship between monetary policy and asset
prices and address the identification problems to variogee#s, such as Geske and Roll (1983), Kaul (1987), Bomfim
(2003), Bomfim and Reinhart (2000), Cochrane and Piazz882R Kuttner (2001), Bernanke and Kuttner (2005),
Thorbecke (1997), Lee (1992), Patelis(1997), Fuhrer ammdello(2005). See also Selin (2001) for an earlier survey.



identify surprise changes in federal funds target rate. ew this method because federal funds
futures outperform target rate forecasts based on otherdigamarket instruments or based on
alternative methods, such as sophisticated time seriesfisptions and monetary policy rulés.
However, we use Hong Kong stock returns on these event dategy than US stock returns, as
the dependent variable and use U.S. stock returns to cdatromitted variables. Therefore, our
regressions do not suffer from the identification problemssussed in Rigobon and Sack (2004).
Moreover, unlike previous studies, we present direct exadefor the omitted variable bias and
provide evidence that our identification method addredssdtas explicitly.

Our method also has other advantages in comparison to prestadies. Unlike Rigobon and
Sack (2004), our identification method does not assume thamonetary shocks and variables
are homoscedastié. Moreover, our identification mechanism allows us to omit equotential
pitfalls of high frequency intraday data. First, higheratdlty of high frequency data can cause
an amplified errors-in-variables. Second, the high frequestock price drift prior to FOMC an-
nouncements, documented by Moench and Lucca (2012), dsghgasa very narrow event win-
dow can be misleading. Third, stocks do not seem to respdR@kC announcements at the same
speed. In particular, we show evidence that small stockd teanonetary policy shocks with a de-
lay which limits the ability of intraday data in capturingetfull effect of monetary policy shocks.
This delayed response is particularly important for thessfsectional study we are aiming in the
second part of our paper. Fourth, even if the stock and fedsdatures market would react to
FOMC related news immediately we can still have problemb wiéntification if there have been
other important macroeconomic news earlier in the day takvktocks don’t react immediately,

as explained below.

125ee Evans (1998) and Giirkaynak, Sack and Swanson (200@)hekradvantage of looking at one-day changes
in near-dated fed funds futures is that federal funds fstdienot exhibit predictable time-varying risk premia (and
forecast errors) over daily frequencies. See, for exaniiézzesi and Swanson (2008).

13Since monetary policy announcement dates between 198 D@8cb2erlap with other macroeconomic announce-
ments at least 78 out of 177 times, the non-monetary news widyerhomoscedastic at event and pre-event dates, in
contrast with the assumption of Rigobon and Sack (2004).



The studies that employ high frequency data assume thatrawnarndow, for example 15
minutes before and 45 minutes after the announcement, iggérto capture the full effect of the
FOMC announcement because the markets react to FOMC argroents very fast. Suppose that
there has been another macroeconomic announcement @atler day, such as unemployment
or CPI reports, to which markets don’t react immediately.efvf the markets react to FOMC
announcement immediately, a delayed response to otheostw@mromic news implies that the
movements in SP500 during the (-15m,+45m) event window i®nlty due to FOMC announce-
ment but also partially due to delayed response to thesemideoeconomic news. This will bring
the identification problems back into picture: To the extbat the unemployment report has been
incorporated in the FOMC decision but not yet in stock pritee endogeneity problem is back
in the picture because the response of stocks during then(+m) event window is a superpo-
sition of the responses to FOMC announcement and unemplaymagort, although the FOMC
announcement already incorporated the unemploymenttrapdithe associated delayed response
of stocks. Also, to the extent that both the Fed funds futaresstock markets continue to respond
to the macroeconomic news earlier in the day during the (;386m) event window, the omitted
variables problem is back in the picture because part of theslation between stock price and
fed funds futures price in the event window is attributabléneir joint response to unemployment

report. It is not easily verifiable if these effects are unamant.

2 Econometric Models: The Identification Problem Revisited

Hereafter, we omit time subscripts and constant terms iretiemometric models for the sake of
brevity. To be more precise, one can think of the variableheis de-meaned versions, given by

the actual value minus the average value of each variable.



2.1 Endogeneity (Simultaneity) Problem

The monetary policy might respond to stock returns at theesiime as the stock returns respond

to monetary policy. Suppoggs is the change in US stock price aid is the change in the federal

funds target rate. Then we have the standard simultaneoasieq problem,

Ai = BAs+e

As = alAi+n.

If we use OLS to estimate in the second equation, we get

cov(As, At) cov (n, At)

1' A = —_— = _—
pitiaors var(Ai) @t var (A7) 7o

To find the magnitude of the bias, we first solve the above syfte Ai,

. PBn+e
At = -l
The bias is then given by
cov (n, Ai) B Bo,
var (Ai) (1= af) 8o, + 0.

whereo, is the variance of variable.

Our use of Hong Kong stock prices solves this problem becthesedo not enter into US

monetary policy decisions directly and the changes in USeatarg policy can be considered as

exogenous shocks to Hong Kong economy according to the MidRidening model. That is, if

we let Ay be stock price increase in Hong Kong we have

Ay = aAi +w



with cov (Ai, w) = 0. The estimation of this model via OLS gives

i A o« — cov(Ay, Ai) o0 cov(w, Ai)
P ors = var(Ai) var(Ai) ¢

which is an unbiased estimate.
Although Hong Kong stock prices do not directly enter intoNFO decisions they might be
indirectly correlated with these decisions when there &kaj shocks affecting both. This is what

we focus on next.

2.2 Omitted Variable Problem

Some economic news that affect monetary policy might aleces$tock prices directly in addition
to their indirect effect through monetary policy. This cangrate an omitted variable bias. To see

this more clearly, suppose that the true econometric msdgVen by

Ai = yz+e¢

As = alAi+z+mn,

wherez captures variables that affect stock prices directly, ggucad by the second term, and

indirectly through monetary policy. In this case the OLSremgion ofAs on Ai gives

lim 4 cov(As, Ai) L o (z, Ai) L9 y
imaprg= ——— 2 =g+ —""L — ¢ o
P oLs var(Ai) var (Ai) Yo, + 0. ’

which is a biased estimate unlegs- 0.
Using Hong Kong stock market data does not address thisqarodirectly. In particular, if

there are any variables that affect both US monetary pohdytdong Kong stock returns directly,

10



that is, if

Ay =alAi+ez+w

is the true model, anely # 0, a regression that does not include these variablegould still give

a biased estimate far. Therefore, omitted variables can still pose a problem torregressions,
although the problemis likely less severe for Hong Konglstdhan US stocks because= 0 is a
weaker condition than = 0. In our analysis, we show that the omitted variable bias teiuaally

a very severe problem. We also show that using US stock easran additional regressor can

eliminate it.

11



3 Data

The data for our empirical study fall into two categoriesdiges of US and Hong Kong equity
market and variables that represent US monetary policyggsan

As in Bernanke and Kuttner (2005), we use total return on tRSE value-weighted index
as a measure of US equity retdfn.Our major indicator that keeps track of the stock market
performance in Hong Kong is the daily Hang Seng index (HSI).

One problem associated with the estimation of the markedistron to monetary policy changes
is that the market is not likely to respond to anticipatedigyofctions. To ease the problem,
Bernanke and Kuttner (2005) adopt a method, proposed by &uf001), that separates the un-
expected, or “surprise”, component from anticipated congmb of a monetary policy change,
specifically, a change in federal funds target rate. Ideation of the surprise element in tar-
get rate change relies on the price of 30-day federal funlsds contracts, which encompasses
market expectations of the effective federal funds rate.

Following Bernanke and Kuttner’s analysis, we define an easmither an FOMC meeting or
an announced change in the funds target rate. Kuttner (20@d Bernanke and Kuttner (2005)
obtain the corresponding surprise change in target rategtyctlculating the change in the rate
implied by the corresponding futures contract, given by @Qus the future contract price, and
then scaling it by a factor associated with the number of ddythe month in which the event

happens. Accordingly, the unanticipated target rate obaiog an event taking place on ddyof

14The CRSP value-weighted index can be accessed through tB® &R system. Its INDNO is 1000200. See
http://lwww.crsp.com/documentation/product/stkindiéd#escriptionsguide.pdf for detailed information on index de-
scription and calculation methodology for index return.

15The Hang Seng index can be accessed through BloombergcKes ts HSI Index. We use the growth of HSI
index in US dollars in our regressions to make the resultsparable to studies that focus on US stock market. Using
HSI index in HK dollars instead has only a tiny quantitatiffeet on our results because the exchange rate fluctuations
are negligibly small which confirms that any minor movemeaergécondary market exchange rate is not significantly
correlated with US monetary policy surprises. Hong Konglstmarket is closed at the time of scheduled FOMC
announcements, since Hong Kong local time is twelve houesdtof US eastern daylight saving time. We adjust
forward one day for Hong Kong data.

12



monthm, is given by

.u D
At = m( S@,d_ nov,,d—l)v

wheref? , — f, ;_, is the change in current-month implied futures rate, &nid the number of
days in the month. To suppress the end-of-month noises ifutits rate, unscaled change in the
implied futures rate is used as a measure of target rateiseihen the event falls on last three

days of the month. If the event happens on the first day of thetimg,, , ,, instead off)), ,_, is
used. The expected funds rate change is defined as the ddébetween the acutal change minus
the surprise:

Ai® = Ai — AdY,

whereA: is the actual funds rate change.

The data for the decomposition of fed funds target rate cbsogn be obtained from Kenneth
Kuttner's webpagé® Kuttner’s dataset contains futures-based funds rate isarpn event days
from June 1989 to June 2008, after which the Federal Resentehed from announcing a spe-
cific target rate to announcing a range for target rate. Inimitinl analysis of stock prices, we
focus primarily on the period between February 1994 to Ma&i5X0r three reasons. First, starting
February 1994, the policy of announcing target rate chaagpse-scheduled dates virtually elim-
inates the timing ambiguity associated with rate changies fur this time period.” Second, Hong
Kong has switched to a narrow floating band policy on May 1&%20Third, the same Federal
Reserve governor, Alan Greenspan, has been in charge otanpipelicy during this time period
which decreases the contamination of our results by a gatehtainge in policy regimé& We also

check the robustness of our results by extending the ddtasetlune 1989 to June 2008.

8http://econ.williams.edu/people/knkl/research
"Rigobon and Sack (2004) focus on post-1994 period for theesaason.
BAlan Greenspan is succeeded by Ben Bernanke on Februarg@, 20

13



3.1 HIBOR versus Federal Funds rate

Before we start our analysis with the stock index, we wantrtwigle further evidence regarding
the close relationship between US monetary policy and tlieendght interest rates in Hong Kong.
Figure 3 presents overnight Hong Kong Interbank OffereceREIBOR) which is the closest
interest rate to federal funds effective rate. While HIBA&Sely follows federal funds target rate,
its track record is not as well as the federal funds effeatate, in particular during the Asian
financial crisis of late 1990s and after September 2003. dlhégrvation is also confirmed by the
comparison of adjusted R-squares in the left panel of Tabléhis pattern is expected because the
banks in Hong Kong do not have direct access to the FederalrRefacilities as banks in the US
dol®

Nevertheless, for our identification mechanism to hold, ice federal funds target rate changes
to be considered as exogenous monetary policy shocks to Kong economy, it is enough that
a surprise change in federal funds target rate causes arponate change in HIBOR rate. The
right panel of Table 1 provides results in support of thisnalevhich we cannot reject statistically.
Moreover, we also cannot reject that the change in HIBOR isktp the change in fed funds
effective rate in response to monetary policy surprisesaddition, adjustedz? for HIBOR and
fed funds rate regressions are comparable once we focusamges, rather than levels. Finally,
columns 4 and 6 suggest that the divergence between HIBORedniinds rate that started in
late 2003 is not important for the effect of US monetary poiarprises on Hong Kong overnight

rates?°

°The quarterly bulletin of HKMA attributes the spread in thesi#@n crisis period and the pe-
riod between 2003-2005 to currency speculation, and thdogbethereafter to increased interbank lig-
uidity and IPO waves, sebatt p://ww. hkma. gov. hk/ nedi a/ eng/ publ i cati on- and- r esear ch/
quarterly-bulletin/gb200803/fa3 print. pdf . We check the robustness of our results by taking these
periods into account.

20Here and henceforth we determine outliers using the sartegiori as in Bernanke and Kuttner (2005). Note that
due to time zone difference and holiday schedules, we doaw@ Hata from Hong Kong for each event date.

14
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Table 1. HK overnight HIBOR/ US federal funds effective rate (leebldnge) vs. US federal funds target rate (level/change9-19
2008)

Level Change
Full sample Full sample Excluding outliers
Regressor HIBOR FF effective HIBOR HIBOR FF effective HIBOR HIBOR FF effective
Intercept -0.66*** 0.03 -0.07 -0.07 -0.02 -0.03 -0.03 -0.01
(0.10) (0.03) (0.04) (0.04) (0.02) (0.03) (0.03) (0.02)
FF target rate 1.05%** 1.00*** - - - - - -
(0.02) (0.02) - - - - - -
Expected change - - 0.28 0.29 0.24* 0.46***  0.46*** 0.27**
- - (0.20) (0.20) (0.13) (0.13) (0.13) (0.12)
Surprise change - - 0.85***  0.76* 0.75%*  1.18*** 1.24*** 07 4***
- - (0.29) (0.42) (0.18) (0.15) (0.23) (0.19)
Surprisex post-Sep03 - - - 0.26 - - -0.14 -
- - - (0.41) - - (0.26) -
AdjustedR? 0.85 0.98 0.03 0.02 0.10 0.14 0.14 0.09
Obs. 323 323 152 152 152 149 149 149
x%: HIBOR = FF effective 3.67* 0.06 0.00 - 1.65 1.48 -

Note: post-Sep03 is a dummy variable that takes the viahfeer September 30, 2003 and zero otherwise in order to iE&fita period
of divergence between HIBOR and fed funds rate. Obsen&itirose cook’s distance statistics exceeds 0.1 are coedidsroutliers.

Cook’s d= M,

k
whereAd, is the change in the vector of regression coefficients riegultom dropping oberservation 3. is the estimated covariance
matrix of the coefficients, and is the number of regressors (including the constant) of dgeesssion. There are no outliers for the
HIBOR level and FF effective level regressions. The outli|er the HIBOR change regression are July 2, 1992, Augusi997, and
May 16, 2000. For the sake of comparability, the outliersHBOR? and FF effective change regressions are the same as those for
HIBOR change regression. The last row of this table reppttsbtained from the post-estimation of the seemingly uneelaggression
(SUR) system consisting of HIBOR (level/change) and FFcgiffe (level/change) equations. The first post-estimatest is on the
coefficient “FF target rate”. The other post-estimatiorid@se on the coefficient “Surprise change”. Robust stanelawds are reported
in parentheses. *** ** and * indicate significance levell&b, 5%, and 10%, respectively.



Figure 3: HIBOR rate and fed funds effective rate vs. fed funds target r
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4  Stock Prices and Monetary Policy Shocks

4.1 Severity of omitted variable bias

In this section, we will merge the econometric models preskim Section 2. Accordingly, we
suppose that the target rate change, US stock price chamdjelaang Kong stock price change are

given by the following system

Ai = PBAs+yz+¢
As = alAi+z+n

Ay = alAi+ez+w,

wherez, ¢, n, w are orthogonal to eachother. The first two equations captwreimultaneity and
omitted variable problems through+# 0 and~ # 0. The third equation captures the possibility
that Hong Kong stock returns can be affected by some vasahléhat affect US monetary policy
and US stocks. We can think efand its coefficients as vectors, thenandez would be the scalar
product of parameter and variable vectors.
If we run the OLS ofAy on Ai, ignoring omitted variables, we get
cov (Ay, A7) cov (ez, Ai)

limaprs = ————~ =
prmdors var (A7) ot var (A1)

So, unless = 0 we have an omitted variable bias although the regressios doesuffer from
simultaneity problem.

How strong is this bias? When we run an instrumental variedgeession of\y on Ai, where
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the instrument ig\s, we get

As, A A
plim ayy = cov (As, Ay) . cov (As, ez)

cov (As, Ai) cov (As, Ai)

which is equal ta: if e = 0. This analysis implies that under the null hypothesis 0, that is, if
we do not have omitted variable bias, we should haue a;,, = plim aprs = a andap s should
be efficient Therefore, we can test this hypothesis usingshiam (1978) specification tet.

Table 2 reports the results from OLS regressions of dailywgraate of Hang Seng index on
the expected and surprise funds target rate changes, arsénhe regression with surprise rate
change instrumented by CRSP value-weighted equity reNote that the coefficients on surprise
change under ordinary least squares (OLS) and instrumeantable (1V) specifications are both
statistically and quantitatively significantly differelnom eachother. The difference persists even
after the outliers are excluded. According to the argumbave, this substantial difference serves
as a piece of evidence that there exists a potentially sereitted variable bias if we specify our

model asAy = aAi + w.??

4.2 Using US stock returns to control for omitted variable bas

In this section we estimate the model

Ay = aAi+ bAs +w

21The conventional use of Hausman test assumes that the ieeff{tV) estimator is consistent not only under the
null hypothesis but also under the alternative hypothédikile a;y above is consistent under the null hypothesis,
e = 0, it does not have to be consistent if the null hypothesisatated. Nevertheless, this does not pose a problem
for the suggested test because, as stated by Cameron aadiT#005, p. 273), "the Hausman test is a quite general
procedure that does not explicitly state an alternativeottygsis” and the properties of the Hausman test statistics a
derived under the null hypothesis we aim to test.

22Similar to the estimates of Moench and Lucca (2012) for th®.ldconomy, the OLS estimate shows a positive
intercept. However, this intercept decreases in size agmifgiance after controlling for outliers, and practically
disappears after we control for omitted variables in thet segtion.
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Table 2: The response of HK equity return to federal funds rate cha(t@94-2005)

Full sample Excluding outliers

Regressor OLS v OLS A
Intercept 0.31* -0.11 0.22 0.10

(0.17) (0.46) (0.16) (0.16)
Expected change 1.12 2.84 0.39 0.81

(0.89) (2.39) (0.75) (0.93)
Surprise change -7.94%*  -29.07 -7.67%*  -15.66***

(2.78)  (18.76) (1.54) (3.98)
AdjustedR* 0.15 - 0.16 -
Obs. 87 87 84 84
Hausman testy?*) - 5.76% - 5.69*
Robust Hausmart) - 3.64%** - 2.69***

Note: In the IV regression, we use US equity return as anunstntal variable for surprise
changes. Observations whose cook’s distance statistieseds 0.1 are considered as outliers.

ABS1AD,

Cook’s d=
0ok’s p ,

where Ad, is the change in the vector of regression coefficients liegufrom dropping
oberservation, 3. is the estimated covariance matrix of the coefficients, faische number of
regressors (including the constant) of the regression. olitieers for the OLS regression are
May 17, 1994, October 15, 1998, and September 17, 2001. Eaatke of comparability, the
outliers for the IV regression are the same as those for th® @bression. Robust standard
errors are reported in parentheses. *** ** and * indicaigndicance level at 1%, 5%, and
10%, respectively. The Hausman test is from Hausman (19%8yevOLS is assumed to be
efficient. The robust Hausman test is the two stage testsiscuin section 8.4.3 of Cameron
and Trivedi (2005) which uses robust standard errors.

and provide evidence that this specification does not sirfen omitted variable bias. We let
denote the event date. Note that the day before the eventidate, does not include any target
rate change by the Federal Reserve Bank that may affect Hong tock prices, due to FOMC

blackout period.
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Using this information, we estimate the model

Ay = aAig + (b + de)Asy + wy

wherek € {t—1,t} andd is adummy variable equal to one at the pre-event dates andrevent
dates. Moreover, we tak&i;_, to be zero at pre-event dates to capture the absence of arataye
change at pre-event dat&s.

Under the null hypothesis that there are no omitted varsablhee estimate for the coefficient of
As should be the same on both the event and pre-event dates#©. To see the intuition, note

that under the proposed econometric model we have

Ai = [BAs+vyz+¢
As = alAi+z+n

Ay = alAi+bAs+ez+w.

If e # 0, simple OLS estimation of\y on A; and As (omitting the variables) would lead
to biased estimates af andb becauseov (Ai,ez) # 0 andcov (As,ez) # 0. Moreover, the
magnitude of the bias for coefficiehtwould be different at event and pre-event dates # 0
because there are no monetary policy shocks at pre-evesd.détence, we can conclude that
e = 0 if the estimates ob for event and pre-event dates are the same, or equivaléntly-i0.
Therefore, testing = 0 in the proposed regression is the same as testirg), i.e., for omitted
variable bias. The appendix presents this argument at a fmonal level and also shows that the

estimates of, andb obtained from this regression are unbiased when(.2*

23\We choose the pre-event dates as our 'control group’ be¢hadeed has a strict black-out period before FOMC
meetings.
240ne can argue that there might be changes in investors’ tatjmets regarding the outcome of FOMC at pre-event
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Based on the different responses at event and pre-evest &ag@bon and Sack (2004) suggest
an instrumental variable model to control for endogeneitgt amitted variable problems. Our
approach differs from theirs because we offer a standaidanylleast squares model that directly
takes omitted variables into account and we then use evdrirarevent observations to argue for
the validity of our model. Moreover, unlike Rigobon and S&2R04), our identification method
does not assume that the non-monetary shocks and variablesmoscedastic at event and pre-
event dates.

The last line of Table 3 shows that we cannot reject the hygsash = 0 with or without the
exclusion of outliers, thereby concluding in favor of oupbyhesis that including US stock returns

as a regressor controls for omitted variable bias.

4.3 Robustness

An interesting result in Table 3 is that none of the datesémkian financial crisis are discarded as
an outlier although this was a turbulent period for Hong Kengnomy that involves a speculative
attack to Hong Kong dollar. Table 8 in the appendix furthesveh that our results do not change
significantly when we extend the time period in order to caherwhole 1989-2008 period and
add control dummies for the major currency speculationggeduring the Asian crisis and for the
period after September 2003 where we start to observe a gapdéreHIBOR and fed funds rate.
As a final robustness check, we have also added the change imd¢S on previous day as
an additional variable into the regressions. After cofitiglfor outliers, the coefficient of this
additional variable is economically and statisticallyigmsficant while the other coefficients have

stayed essentially the same, hence the results of thislgstssion are not reported here.

dates despite the black-out period. We repeat our analgsig the fed funds future price changes at pre-event dates
for Ai,_4, instead of taking\i;_; = 0. The appendix shows that the intuition presented herelisvatid and the
corresponding empirical results remain very similar.

25Major attacks occurred on October 1997 and January, Judedagust 1998, so we interact surprise term with a
dummy that is equal to one between October 1997 and August 199
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Table 3: The response of HK equity returns to US federal funds ratagésiand US equity returns
(1994-2005)

5

Full sample Excluding outliers
Regressor 1(a) 2(a) 1(b) 2(b)
Intercept 0.20 0.17 0.12 0.14
(0.16) (0.12) (0.14) (0.10)
Surprise change -5.38***  -5.43*** -4.69%** -4 69***
(1.88) (1.85) (1.74) (1.72)
Expected change 0.43 0.44 0.00 0.00
(0.90) (0.90) (0.79) (0.78)
US equity returns 0.57***  0.57*** 0.44***  0.44***
(0.16) (0.16) (0.16) (0.16)
US equity returns (pre-event) - -0.09 - 0.03
- (0.20) - (0.22)
AdjustedR? 0.29 0.24 0.23 0.18
Obs. 87 168 84 163

Note: Regressions 1(a) and 1(b) use observations only amt elates, and regressions 2(a)
and 2(b) use observations on both event and pre-event ddtesaumber of observations for
regression 1(b) is less than 174 {82) because there are missing variables in the event and pre-
event dates sample. Observations whose cook’s distarttstistaexceeds 0.1 are considered
as outliers. )

ADS1AD,

—

where Ad, is the change in the vector of regression coefficients liegufrom dropping
oberservation, 3} is the estimated covariance matrix of the coefficients, fansl the num-
ber of regressors (including the constant) of the regrasdibe outliers for regression 1(b) are
May 17, 1994, October 15, 1998, and September 17, 2001. Tiiersufor regression 2(b)
are the outliers for regression 1(b) and their correspangie-event dates, namely May 16,
1994, May 17, 1994, October 14, 1998,0ctober 15, 1998, apttBder 17, 2001. September
16, 2001 is not an outlier because it is not included in theeard pre-event dates regression
due to missing variables. Robust standard errors are xpartparentheses. ***, ** and *
indicate significance level at 1%, 5%, and 10%, respectively

Cook's d=

Malaysia: The other side of the trinity

In this section, we further illustrate the power of our idécétion through Impossible Trinity by

providing an example at the other side of theﬂ'nity. In eter 30, 1998, Malaysian government



has responded to the Asian financial crisis in an unorthoday wompared to other East Asian
countries. As shown in Figure 4, the Malaysian Ringgit hasnbgegged at 3.80 ringgit to the
US dollar, but foreign capital repatriated before stayinigast twelve months has become subject
to substantial levies, and several limitations have begrosad on bank and foreign transactions.
The peg has lasted until July 21, 2005, after which Malaysiéched to a managed float against
an undisclosed basket of currencies while the capital otsre still in place®

Figure 4. MYR/USD exchange rate
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Source: Bloomberg

According to Impossible Trinity theory, the combinationfofed exchange rate and capital

controls implies that the monetary policy of Malaysia isépendent of the US monetary policy.

26Several of these capital controls have been graduallyedladowever, quite a few restrictions, such as limitations
on foreign exchange transactions and payment of profitgjefids, and rental income to nonresidents, have survived
at least until the end of the sample period in this sectionetaited history of Malaysian capital controls can be found
in Johnson, Kochhar, Mitton, and Tamirisa (2007, NBER book)

2"Malaysia is a better example than other countries with theesaroperties, such as China, because it is a market
economy. Moreover, Malaysia and Hong Kong have similaraizatterns with US and their stock market indices have
similar composition. For example, according to IMF DOTS/@/E004 data, the ratio of the total trade with US to
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Figure 5: Overnight interest rates of Malaysia and Hong Kong
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Figure 5 seems to confirm this result: Both the policy rate ahlB Negara Malaysia and the
interbank overnight rates in Malaysia (KLIBOR) are unaféetby changes in federal funds target
rate?® Therefore, if our identification strategy has merit we skaeMpect that the stock prices in
Malaysia to hardly respond to monetary policy shocks in tie Table 4 compares the response of
the Hang Seng Index and Kuala Lumpur Composite Index to asimgU.S. federal funds target

rate. This table clearly fulfills our expectations and heswgports our identification mechanism.

local GDP is 35% for Hong Kong and 32% for Malaysia. Also, tAgest 30 firms that constitute more than 80% of
the value in Hong Kong and Malaysian stock indices includglar number of banks and financial institutions, 6 in
Malaysia and 8 in Hong Kong as of 2004. This makes Malaysiatalda alternative to study.

28During this time period, Malaysian primary policy rate haeb the BNM 3-month intervention rate until the
Overnight Policy Rate (OPR) is introduced as the policy mat&pril 2004.
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Table 4: The response of Hong Kong (HSI) and Malaysian (KLCI) stodkes to U.S. federal
funds rate changes. The data spans from September 30, 199 @i, 2005, the fixed exchange
rate period for Malaysia. The last day of Fed’s monetarygyoéiction during this period was
June 30, 2005. We choose the dates for which both KLCI and Il are available to maintain
comparability.

Full sample Excluding outliers
Regressor HSI KLCI HSI KLCI
Intercept -0.21 0.20 -0.18 0.13

(0.15)  (0.14) (0.14)  (0.14)

Expected change -0.54 -0.10 -0.27 0.75
(0.94) (0.83) (0.79)  (0.66)

Surprise change  -7.78***  (0.05 -5.88**  -0.15
(1.89) (0.74) (2.04) (0.67)

US equity returns  0.50***  0.06 0.41**  0.06
(0.13) (0.06) (0.07) (0.07)

AdjustedR? 0.51 -0.05 0.38 -0.03
Obs. 51 51 46 46

Note: Observations whose cook’s distance statistics esced are considered as outliers.

ADS1AD,

Cook’s d=
00k’s p ,

where Ad, is the change in the vector of regression coefficients liegufrom dropping
oberservation, 3} is the estimated covariance matrix of the coefficients, fansl the num-
ber of regressors (including the constant) of the regrasstor the sake of comparability, the
outliers are taken as the union of the set of outliers for Hi8lIl&L Cl regressions. The outliers
are October 15, 1998, May 16, 2000, January 3, 2001, Marck1,, and November 6, 2001.
Robust standard errors are reported in parentheses. ***arftl * indicate significance level
at 1%, 5%, and 10%, respectively.

6 Financial Frictions and Monetary Policy Shocks

6.1 A New Testable Implication of Financial Accelerator Thery

We start by showing that the responsiveness of a firm’s maedae of equity to monetary policy

shocks increases as financial frictions increase. We fall@vpopular framework in Bernanke,
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Gertler, Gilchrist (1999), Appendix A in particular. Thelgulifference is that we normalize price
of capital and aggregate return on capital to one, sincesth@sables are the same for all firms
and we are interested in cross-sectional comparison.

If we let w be the firm’s profitability,/X’ be its capital and3 be the face value of debt, we can

write the firm’s problem subject to costly state verificatam
V= r%(E (wK — B)"
subject to the incentive compatibility constraint of theder
R(K —=N)=FE (Lyg>pB + lur<p (1 — p) wk)

whereR is the risk-free ratelV is given net worth, or book equity, of the firm,is the monitoring
cost, andl denotes the indicator function that is equal to one if theesgonding condition is
satisfied and zero otherwise. We are interestetllinl’/0 RO .

Definingv = V/N,k = K/N, andw = B/K we can rewrite the firm’s problem as

v:IrklaixE(w—w)Jrk

subject to

Rk —=1) = E(Lyzg® + Ly< (1 = p) w) k.

We are interested in how the percentage change in stockspriceesponse to a change in
risk-free rate varies with monitoring costs, i.e. we neefirtd the sign ofo In v/0ROu because
net worth, N, is a state variable independent of interest rate. Thevimtig proposition shows
that under the regularity assumptions in Bernanke, Gef#christ (1999) the market values of

financially constrained firms are more responsive to inteegs shocks.
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Proposition 1 Let f (w) and F' (w) be the pdf and cdf of the firm’s productivity, ahdw) =
f(w)/(1—F(w)) be the hazard rate. The elasticity of market value of equity vespect to

risk-free rate is increasing in monitoring costif: (w) is increasing inw.

Proof. The assumption regarding the hazard rate is imposed by Blegn&ertler and Gilchrist
(1999) to guarantee a non-rationing outcome. It also gueesra negative relation of investment
to interest rate, which is one of the pillars of financial decor theory. We refer the reader to
Appendix A.1 of Bernanke, Gertler and Gilchrist (1999) fetalls. By substituting the incentive

compatibility constraint of the lender into the objectiuaétion of the firm, we obtain
R[> (w—w)dF (w) RP (w)

VUV = Imax =

TR o+ (- pw—)dF )] Q@)

Using first the envelope theorem to find the derivative wigpeet toRR and then by direct differ-

entiation with respect tp leads to

Sn@lnv B _SndQ(ZB,u)
& 0RO & dp
B 0Q (w,p) dw  0Q (w, p)
= sgn ( o0 i + on .

Direct differentiaton shows thak)/0u < 0. Moreover, we have

9Q

90 = L F@) - paf(w)

— - F(@)][1 - ph (w)).

Bernanke, Gertler, Gilchrist (1999) show that this expmsshould be positive in equilibrium if

wh (w) is increasing inw.2° Finally, we can showiw/du < 0 by total differentiation of the first

29Becausenh (w) is increasing ino there exists ar* so thatdQ /0w § 0if w % w*. Appendix A.1 of Bernanke,
Gertler, Gilchrist (1999) shows that > w* cannot be an equilibrium.
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order condition of the maximization problem and then makisg of its second order condition.

Combining these results we ha®én v/0RJu > 0 which completes the proom

6.2 Empirical Analysis

There is a large literature that argues cross-listing a@itpr firms in U.S. enhances transparency of
firms and investor protection, and hence reduces the agests’e Accordingly, we conclude that
Hong Kong firms that are also listed in US exchanges are e@siapnitor by the lenders active
in US (which forms a much larger market for credit)Moreover, these firms have to satisfy SEC
and U.S. exchange listing requirements, including U.Soaeting standards, which provides more
information about these firms and makes monitoring eastegréfore, comparing the cross-listed
firms with other firms provides a testing ground for propasiti. In particular, cross-listed firms
should be less financially constrained and hence theirpshkeuld be less responsive to monetary
policy shocks.

For our analysis, we form a portfolio that starts on July ZB3which is the first cross-listing
date we identify. The full list of cross-listing dates is piged in the appendix, Table 9. The

value-weighted return of day R(t), of this portfolio is given by

> wit — Dri(t)
> wi(t—1) ’

R(t) =

wherer;(t) is the return on stockon dayt andw;(t — 1) is the market capitalization of stoclat
the end of day — 1. We compare the response of this portfolio to monetary paiwcks with

the response of Hang Seng Index (HSIFor the sake of comparability, we only include the event

30A non-exhaustive list includes Coffee (1999, 2002), Stdla99), Reese and Weisbach (2002), and Doidge,
Karolyi, and Stulz (2004).

31The monitoring benefit of cross-listing, also called "bargfi exists even in perfectly integrated capital markets.
The key for this benefit to exist is that investors in a firm baedetter protected if the firm lists in the U.S. This
can give lenders an edge in the bankruptcy courts, espegiaén that Hong Kong has still not adopted a procedure
similar to Chapter 15 in the US that deals with the resolutibcross-border insolvency cases.

32Daily data on return and capitalization can be accessedghrBloomberg. We make sure that stocks are not part
of both HSI index and our cross-listed portfolio at the saimet So, HSI* in Table 5 is a value-weighted portfolio of
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dates for which both returns are available. Table 5 repbésedsults which do not seem to support
proposition 1 because cross-listed firms are not less resmothan single-listed firm$.

As an additional test of proposition 1, we consider firm sia aroxy for financial constraints,
following Gertler and Gilchrist (1994) who use this proxysioow that financial frictions amplify
the response of investment to a tightening of monetary ypolWde use MSCI Hong Kong Small
Cap Index (MXHKSC) as the portfolio of small firms and compd#reith HSI index which in-
cludes larger firm$?* According to proposition 1, we should expect that the smatidiare more
responsive to the monetary policy shock. However, we do eettkis result in Table 6 which
shows that the index of small stocks is less responsive thamSl index. One possible reason
for this phenomenon might be that small firms’ stock pricepomd with a delay because they are
less frequently traded. To control for this possibility, veplace our daily return variables with
weekly returns and present the results in Table 10 of therafipe While the response of small
firms’ prices seems to catch up with the response of large 'fionses over the weekly period,
their response is never greater. We obtain qualitativehjlar results when we extend the return
horizon to two weeks or a month.

To summarize, we cannot find evidence in favor of propositiowhich contradicts the finan-

cial accelerator channel of monetary policy.

the HSI constituents that are not cross-listed.

330ne could argue it is not surprising that cross-listed firmesraore responsive to U.S. monetary policy shocks
since their fate might be more closely tied to U.S. econongweler, Table 5 also indicates that the stock prices of
the cross-listed firms are less responsive to movementsSnaduity market (0.38 versus 0.54), providing evidence
against this claim.

34The data for MXHKSC comes from Bloomberg and has the stadiatg February 1995.
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Table 5: Cross-listed firm portfolio (1993-2008) if the stock is iross-listed, it is taken out of

HSI
Full sample Excluding outliers
Regressor portfolio HSI* portfolio  HSI*
Intercept 0.23 0.21 0.16 0.16
(0.21) (0.14) (0.21) (0.13)
Expected change 1.00 0.60 1.44 0.30
(1.01) (0.78) (1.08) (0.68)
Surprise change -8.37***  -7.51%** -0.18***  -2.75*
(2.33) (2.85) (3.15) (1.55)
US equity returns 0.38**  0.65*** 0.36*  0.54***
(0.16) (0.15) (0.19) (0.12)
Adjusted ?? 0.17 0.36 0.07 0.14
Obs. 113 113 107 107
x%: porfolio = HSI 0.26 5.14**

Note: HSI* is a value-weighted portfolio of the HSI conséitis that are not cross-listed.
Observations whose cook’s distance statistics exceeda® donsidered as outliers.

Cook's d=

k

ADSAD,

where Ad, is the change in the vector of regression coefficients riegufrom dropping
oberservation, 3 is the estimated covariance matrix of the coefficients, fansl the num-
ber of regressors (including the constant) of the regrasdibe outliers for the HSI regression
are May 17, 1994, October 15, 1998, January 3, 2001, Apri2@81, January 22, 2008, and
March 18, 2008. For the sake of comparability, the outlierstie portfolio regression are the
same as those for the HSI regression. The last row of this taipiorty? obtained from the
post-estimation of the seemingly unrelated regressiorR)&lystem consisting of porfolio and
HSI equations. The post-estimation is on the coefficienti8se change”. Robust standard
errors are reported in parentheses. *** ** and * indicaigndicance level at 1%, 5%, and

10%, respectively.
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Table 6: The response of small firms index versus aggregate stookesdior Hong Kong (1995-
2008)

Full sample Excluding outliers

Regressor MXHKSC HSI MXHKSC HSI
Intercept 0.17 0.07 0.19* 0.08

(0.11) (0.12) (0.12) (0.12)
Expected change -0.50 -0.48 -0.46 -0.47

(0.51) (0.62) (0.58) (0.64)
Surprise change -4.28***  -10.32*** -1.10 -5.29%**

(0.85) (2.51) (2.39) (2.75)
US equity returns 0.45%** 0.52%** 0.38***  (0.52***

(0.07) (0.14) (0.09) (0.12)
AdjustedR? 0.35 0.50 0.10 0.17
Obs. 102 102 97 97
% MXHKSC = HSI 31.05%** 4.23**

Note: Observations whose cook’s distance statistics esced are considered as outliers.

Cook’s d= M,

k
where Ad, is the change in the vector of regression coefficients iiegufrom dropping
oberservation, 3} is the estimated covariance matrix of the coefficients, fansl the num-
ber of regressors (including the constant) of the regrasdibe outliers for the HSI regression
are October 15, 1998, January 3, 2001, April 18, 2001, Jgr2r2008, and March 18, 2008.
For the sake of comparability, the outliers for the MXHKS@nession are the same as those
for the HSI regression. The last row of this table repdrobtained from the post-estimation of
the seemingly unrelated regression (SUR) system corgistithe MXHKSC and HSI equa-
tions. The post-estimation is on the coefficient "Surprisange”. ***, ** and * indicate
significance level at 1%, 5%, and 10%, respectively.
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7 Conclusion

On the basis of Mundell and Fleming’s Impossible Trinitydhg we identify the impact of mone-
tary policy on asset prices using Hong Kong stock market aatbsurprise changes in US federal
funds target rate. As summarized in Rigobon and Sack (20@é)major problems arise in esti-
mating stock market’s response to monetary policy. Oneartionetary policy is simultaneously
influenced by fluctuations in stock market. The other is thaté¢ may be factors that have a direct
impact on both monetary policy and stock market, which e®ain omitted variable bias. By
focusing on Hong Kong stock market’s response to US monegialigy, we circumvent the simul-
taneity problem, since changes in Hong Kong stock pricesaddlinectly influence US monetary
policy. We also show that using US stock returns as an additicegressor controls for omitted
variable bias.

In addition, we reveal and test a new implication of broadlitrehannel of monetary policy:
The stock prices of firms with higher external finance costaoee responsive to monetary policy
shocks. This implication of credit channel is not suppotigaur analysis which relies on com-
paring firms that are cross-listed in US and Hong Kong withfitmes only listed in Hong Kong.
We also use firm size as a proxy for the degree of financial cainsts in Gertler and Gilchrist
(1994) and reach a similar result. We obtain similar requald$ reported here) when we use the size
portfolios from Ken French’s website for the NYSE-AMEX-NBBQ universe. This finding is
also consistent with Lamont, Polk, and Saa-Requejo (28@b)find that the relative performance
of constrained firms does not reflect monetary policy or ¢reatditions.

These results are in contrast with the broad implicationtheffinancial accelerator model of
Bernanke, Gertler, and Gilchrist (1999) and warrants frrdmalysis. Our next step is comparing
firms with and without bond ratings as in Kashyap, Lamont, &tain (1994) and using alternative

financial frictions indices such as Kaplan and Zingales 7)@® Whited and Wu (2006).
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8 Appendix - Using pre-event dates for omitted variable test

Lett be the event date artd- 1 be the pre-event date. In this section we show that if thertrogel

is given by

Ayy = bAs_y +ez_y +wy

Ay, = aliy + bAs; + ez + wy,
testing the hypothesis= 0 is equivalent to testing the hypothesis: 0 in the following regression
Ay =a(l —d)Ai + (b+ cd) As + w,

whered = 1 for pre-event dates and zero otherwise. We do so by showatd:ttr,.s) = 0 for
theco s that comes from this regression whee- 0.

Note that we can write this regression as

a
Ay, 0 Asiy Asiy Wi—1
- b+ :
Ayt Alt ASt 0 Wt
C

where each variable gives a vector of observation. ThenQOih® estimates for the parameters
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a, b, c are given by

- 4 -1

aorLs 0 Alg 0 Alg

R 0 ASt_l ASt_l

bors = As, , As, As, , As,
A'L.t ASt 0

éOLS ASé_l 0 ASé_l 0

bAS;_1 + ez—1 + wiq

GA'L.t -+ bASt + ez + wy
which leads to

cov (Asi_1,ez-1)  cov (Asy, ez) var (Aiy) — cov (Aiy, ez) cov (Ady, Asy)
var (As;_1) cov (Aiy, Asy)? — var (Aiy) var (Asy)

phm éOLS =

Thereforeplim ¢prs = 0iff e = 0. To be more precisglim ¢ors = 0 is also satisfied by another
condition that involves a non-linear restriction on modaigmeters. However, this restriction does
not have any economic justificatih.Therefore, we conclude that testing foe= 0 is equivalent

to testinge = 0. Moreover, we do not neeghr (z,) = var (z_1) orvar (n,) = var (n,_,) for the
validity of this test. Therefore, unlike Rigobon and SacR(2), we do not need homoscedasticity
of non-monetary shocks and variables for our identificat@thanism.

Moreover, the OLS estimates are unbiased when0. In particular, we have

cov (Asy, ez) cov (Aiy, Asy) — cov (Aiy, ezy) var (Asy)
cov (Aiy, Asy)? — var (Aiy) var (Asy)

cov (Asy, ezy) var (Aiy) — cov (Aiy, ez) cov (Ady, Asy)
- cov (Aiy, Asy)? — var (Aiy) var (Asy)

plimaors =

plim ZA)OLS = b

so thatplim aprs = a andplim 2)OLS =bif e =0.

35The exclusion of non-linear restrictions on model paransetecommon in specification tests. For example, the
Hausman test for endogeneity, also employed by Rigobon ack @004) in the context of section 2.1, implicitly
assumes that — o # 0.
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8.1 Whatif Ai,_; #£ 0?

In this case, we can write this regression as

a
Ays Aiyy Asiy Asiy Wy—1
Ay, Aty Asy 0 Wy
c

where each variable gives a vector of observation. ThenQOIih® estimates for the parameters

a, b, c are given by

- 1 -1
. ., ., . .
aors A A - A, A
R Aiyy Asyy Asyy

— / / / /
bors = As; As, » As; ; As,

A’lt ASt 0

éOLS As;_l 0 As;_l 0

bASt_l + ez +wiq

aliy; + bAs; + ez + wy

This leads to

2
lim & Oist—10i,5¢ T OG g1 — (Cig—1 +0it) Osy
pliimcors = Osezt—1
2 2 ,EZ,
05 s,t0st—1 + (Ui,s,t_1 - (Uz',t—l + Uz’,t) Us,t—l) Ost

2
Oist—10ist T 04 gy 1 — (i1 + 0it) Ost-1

Us,ez,t

) 2
0% 101+ (02011 — (Tip1 + 044) 0s4-1) Osy
0i,5t0st—1 — Ois,t—1

Uis,tgs,t—l + (U?,S7t_1 — (0441 + 0iy) Us,t—l) Osit

(Ui,ez,t—l + Uz’,ez,t)

whereo;; = var (Aiy), 0.t = var (Asy), 0,51 = cov (Aiy, AS) , 04,0 = cov (Aiy, ez) and
Oset = cov (Asg,ez). Therefore, we have again the result thdim ¢o.s = 0 is satisfied if

e=0.
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Moreover, the OLS estimates efandb are unbiased when= 0. In particular, we have

Oi,s5t0i,st—10sez,t + Oi,5t—10510sezt—1 — Ost—10st (Ui,ez,t—l + Ui,ez,t)

2 2
0;s10st—1 T (Ui,s,t_1 — (0ip—1 + 0it) Os4-1) Ot

phm dOLS = a+

h— Oist—104,5t0sezt—1 — 04 5t0st—1 (Ui,ez,t—l + Ui,ez,t)
2 2
O 5t0s,t—1 + (Ui,s,t_l - (Ui,t—l + Uz’,t) Us,t—l) Ost
2
(Ui,s,t—l - (O-Z'7t_1 + Ui,t) Us,t—l) Os.ezt

2 2
Ois0st—1 T (Uz‘,s,t—l — (0it-1+0i4) Us,t—1) Osit

plimbors =

In order to implement this regression, we calculate the h@rtsurprise for pre-event dates
using fed funds futures data to replafs¢,_,. Because there is no announcement of a change in
fed funds target rate at pre-event dates, we do not have aaguresfor the expected component of
the federal funds target change on these dates. Thereferemit the expected component of fed
funds target rate changes from event dates, too, which dimmilaffect the results anyway since
the expected component always turned out to be insignifinamir regressions.

The results, shown in Table 7, illustrate tlgt s is both economically and statistically in-
significant, providing evidence that= 0. Also, note that ife # 0, the size of bias for these
estimatorsg andb, should be significantly different from the size of the biair original esti-
mator where we have not used the pre-event dates. We do netvelmuch a difference between

the two estimators which is also consistent with our hypsithéhate = 0.
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Table 7: The response of HK equity returns to US federal funds ratagésiand US equity returns
(1994-2005). The policy shocks on pre-event dates are @@dun the same way as Kuttner's
surprises.

Full sample Excluding outliers
Regressor 1(a) 2(a) 1(b) 2(b)
Intercept 0.20 0.19* 0.12 0.16
(0.16) (0.12) (0.14) (0.10)
Unexpected change -5.17*%*  -4,39** -4.69*%*  -3.61**
(1.99) (1.88) (1.71) (1.63)
US equity returns 0.58***  0.60*** 0.44%**  0.47***
(0.16) (0.17) (0.16) (0.16)
US equity returns (pre-event) - -0.09 - 0.02
- (0.21) - (0.212)
AdjustedR? 0.29 0.24 0.24 0.19
Obs. 87 168 84 163

Note: Regressions 1(a) and 1(b) use observations only amt eates, and regressions 2(a)
and 2(b) use observations on both event and pre-event ddtesaumber of observations for
regression 1(b) is less than 174 {82) because there are missing variables in the event and pre-
event dates sample. Observations whose cook’s distarttstistaexceeds 0.1 are considered
as outliers. )

ADS1AD,

—

where Ad, is the change in the vector of regression coefficients liegufrom dropping
oberservation, 3} is the estimated covariance matrix of the coefficients, fansl the num-
ber of regressors (including the constant) of the regrasdibe outliers for regression 1(b) are
May 17, 1994, October 15, 1998, and September 17, 2001. Tiiersuor regression 2(b)
are the outliers for regression 1(b) and their correspangie-event dates, namely May 16,
1994, May 17, 1994, October 14, 1998,0ctober 15, 1998, apttBder 17, 2001. September
16, 2001 is not an outlier because it is not included in theeard pre-event dates regression
due to missing variables. Robust standard errors are xpartparentheses. ***, ** and *
indicate significance level at 1%, 5%, and 10%, respectivEhe data to calculate the policy
surprises at pre-event dates comes from Bloomberg, witbxbeption of 14 November 1994
and 19 December 1994 due to roundoff errors in Bloombergdteatident from the mismatch
with Kuttner surprises on event dates. For these dates we\ilsposit/Futures-Data which
matches Kuttner surprises.

Cook's d=
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Table 8: Asian crisis and HIBOR gap (1989-2008)

Full sample Excluding outliers
Regressor 1(a) 2(a) 3(a) 4(a) 1(b) 2(b) 3(b) 4(b)
Intercept 0.17 0.16 0.18 0.17 0.16 0.14 0.16 0.14
(0.12) (0.12) (0.12) (0.12) (0.11) (0.12) (0.11) (0.11)
Expected change 0.49 0.47 0.20 0.17 -0.03 -0.05 -0.05 -0.08
(0.69) (0.69) (0.68) (0.68) (0.54) (0.54) (0.56) (0.56)
Surprise change S7.34%x 7 31%*  -3.68** -3.60** -3.53%  -3.47**  _3.44*%**  -3.36**
(2.71) (2.74) (1.66) (1.67) (1.20) (1.22) (1.29) (1.30)
Surprisex Asian crisis - -25.55 - -32.25 - -30.11 - -30.36
- (25.59) - (25.87) - (25.24) - (25.36)
Surprisex HIBOR gap - - -10.34***  -10.48*** - - -1.57 -1.76
- - (1.99) (2.00) - - (4.71) (4.61)
US equity returns 0.61***  0.62***  Q.71**  (Q.72*%** 0.59***  0.61** 0.60*** 0.61**
(0.14) (0.14) (0.14) (0.14) (0.10) (0.10) (0.12) (0.112)
Adjusted 0.35 0.35 0.43 0.43 0.26 0.27 0.26 0.26
Obs. 153 153 153 153 150 150 150 150

Note: The Asian crisis dummy is set to one for observatiominduhe Asian crisis from October 1, 1997 to August 30, 19%98e
HIBOR gap dummy is set to one for observations after Septe®®e2003, when the HIBOR rate became more than 100 basis poin
below the fed funds rate. Observations whose cook’s distatatistics exceeds 0.1 are considered as outliers.

ADSIAD,

Cook’s d=
ook’s - ,

whereAd, is the change in the vector of regression coefficients riegultom dropping oberservatioh 3. is the estimated covariance
matrix of the coefficients, an#l is the number of regressors (including the constant) of élgeesssion. For the sake of comparability,
the outliers for regressions 2(b), 3(b), and 4(b) are theesasithose for regression 1(b), namely May 17, 1994, Octdhet998, and
January 22, 2008. Robust standard errors are reported eénthases. ***, ** and * indicate significance level at 1%, béfhd 10%,
respectively.



Table 9: HK-US cross-listed companies and their U.S. exchange andisfifg dates

Company name HK symbol US symbol U.S. Listing HSI Listing
China Eastern Airlines Corp. Ltd. 0670 HK CEA 21411997
CNOOC Ltd. 0883 HK CEO 2/27/2001  7/31/2001
City Telecom HK Ltd. 1137HK CTEL 11/3/1999
Yanzhou Coal Mining Co. Ltd. 1171HK YzC 3/31/1998
China Petroleum & Chemical Corp. 0386HK SNP 10/18/2000 /2PMI6
PetroChina Co. Ltd. 0857HK PTR 4/4/2000 12/10/2007
Huaneng Power Intl. Inc. 0902HK HNP 10/ 6/1994
Aluminum Corporation of China Limited 2600HK ACH 12/11/2D0 6/10/2008
HSBC Holdings plc 0005HK HBC 7/16/1999 4/3/1991
China Life Insurance Co. Ltd. 2628HK LFC 12/17/2003  3/12/20
Semiconductor Manufacturing Intl.Corp. 0981HK SMI 3/1002
China Southern Airlines Co. Ltd. 1055HK ZNH 7/30/1997
China Unicom (Hong Kong) Limited 0762HK CHU 6/21/2000 6004
China Telecom Corp. Ltd. 0728HK CHA 11/14/2002
Guangshen Railway Co. Ltd. 0525HK GSH 5/13/1996
Sinopec Shanghai Petrochemical Co. Ltd.  0338HK SHI 7123319
China Mobile Limited 0941HK CHL 10/22/1997 1/27/1998
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Table 10: Size (1995-2008) 7 day with interpolated CRSP return

Full sample Excluding outliers

Regressor MXHKSC HSI MXHKSC HSI
Intercept 0.22 -0.06 0.15 -0.10

(0.28) (0.24) (0.29) (0.24)
Expected change 0.66 0.58 1.15 1.20

(0.96) (0.94) (1.22) (0.99)
Surprise change -7.30%** -9 76*** -11.84***  -11.98***

(2.10) (1.82) (2.79) (2.27)
US equity returns 0.74***  (0.95*%** 0.74*** 0.92%**

(0.12) (0.09) (0.12) (0.09)
Adjusted R? 0.35 0.54 0.34 0.50
Obs. 102 102 99 99
x*: MXHKSC = HSI 1.19 0.00

Note: Observations whose cook’s distance statistics esced are considered as outliers.

Cook's d— 202 A0 lAet,

k
where Ad, is the change in the vector of regression coefficients liegufrom dropping
oberservation, 3 is the estimated covariance matrix of the coefficients, fansl the num-
ber of regressors (including the constant) of the regrasdibe outliers for the HSI regression
are April 18, 2001, January 22, 2008, and March 18, 2008. Rk®sake of comparability,
the outliers for the MXHKSC regressions are the same as tliwdbe HSI regression. The
last row of this table repory? obtained from the post-estimation of the seemingly uneelat
regression (SUR) system consisting of the MXHKSC and HSh#&qns. The post-estimation
is on the coefficient "Surprise change”. ***, ** and * inditasignificance level at 1%, 5%,
and 10%, respectively.
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