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This article develops a new identification procedure to estimate the contemporaneous relation between
monetary policy and the stock market within a vector autoregression (VAR) framework. The approach
combines high-frequency data from the futures market with the VAR methodology to circumvent exclu-
sion restrictions and achieve identification. Our analysis casts doubt on VAR models imposing a recursive
structure between innovations in policy rates and stock returns. We find that a tightening in policy rates
has a negative impact on stock prices and that the Federal Reserve (Fed) has responded significantly to
movements in the stock market. Estimates are robust to various model specifications.
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1. INTRODUCTION

Developments in the stock market are likely to have a signifi-
cant role in monetary policy decisions given their impact on the
macroeconomy. Stock prices affect the economy through aggre-
gate consumption by changing household financial wealth and
investment by affecting firms’ ability to raise funds. At the same
time, policy decisions influence the stock market by changing
expected real interest rates and future earnings.

Obtaining reliable estimates of (1) the stock market response
to policy actions, and (2) the Fed’s reaction to the stock mar-
ket is important for policymakers and market participants. The
simultaneous interaction between stock prices and policy deci-
sions, however, makes it difficult to identify their individual ef-
fects. Estimation is complicated by the endogeneity and omitted
variable issues. The endogeneity problem arises because policy
announcements affect stock prices while at the same time re-
sponding to their information content. The omitted variable bias
is caused by factors that influence both policy rates and stock
prices that are typically excluded from analysis.

This article develops a new identification approach within a
vector autoregression (VAR) framework to address the endo-
geneity and omitted variable issues. The procedure enables us
to estimate both parameters: the response of stock returns to
policy decisions and the Federal Reserve’s (Fed) reaction to the
stock market. In contrast, the traditional VAR approach typi-
cally uses recursive identification schemes that rule out simulta-
neous responses between these variables. By not imposing these
restrictions and under a different set of assumptions we are able
to identify both parameters of interest.

Our approach combines high-frequency data from the futures
market with the VAR methodology to achieve identification.
The procedure is performed in two steps. On policy announce-
ment days a high-frequency regression of stock returns on pol-
icy shocks is first run outside the VAR to obtain the stock mar-
ket response to policy actions. In the second step, the monetary
policy reaction to stock prices is identified by directly impos-
ing the first-step estimate in the monthly VAR. The validity of
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this approach rests on a few identifying assumptions, which we
discuss and support.

To deal with endogeneity and omitted variable issues, a high-
frequency dataset is used in the first step constructed from
intraday price changes around policy announcements in fed-
eral funds and S&P500 futures. Federal funds contracts are
used to measure policy shocks and S&P500 futures capture un-
expected changes in stock prices caused by policy decisions.
High-frequency data address the endogeneity issue by bracket-
ing the announcement time so that the Fed does not respond
to stock prices within this window and significantly reduce
the omitted variable problem by decreasing the likelihood that
other news is released in the market during this time.

Estimates based on data since 1994 indicate that a surprise
1% tightening in policy rates causes a decline of 4.9% in
stock prices. In addition, results show that the Fed responds
to the stock market, as in Rigobon and Sack (2003), and that
this response is also statistically significant. Specifically, pol-
icy rates rise by around 10 basis points in response to a 5%
increase in stock prices. These results are robust with respect
to different measures of policy shocks, sample periods, and
“broader” policy decisions that include statements from the
Federal Open Market Committee (FOMC) in addition to “in-
terest rate shocks.”

A number of studies analyze the response of stock prices
to policy decisions, but empirical evidence with regards to
the Fed’s reaction to the stock market is relatively sparse. As
Rigobon and Sack (2003) pointed out, this scarcity comes from
the fact that it is very difficult to identify the policy response us-
ing traditional approaches given the simultaneity between pol-
icy rates and stock prices. Studies that estimate only one of the
parameters—the stock market reaction to the Fed—have con-
sistently reported that an unexpected tightening in policy rates
causes a significant decline in stock prices (e.g., Jensen, John-
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son, and Mercer 1996; Thorbecke 1997; Thornton 1998; Fair
2002; Bomfim 2003; Rigobon and Sack 2004; Bernanke and
Kuttner 2005; and Giirkaynak, Sack, and Swanson 2005).

A relatively small but expanding literature has sought to iden-
tify both responses. Rigobon and Sack (2003, 2004) developed
a heteroscedasticity-based identification that allows for simul-
taneous reactions. They find that the Fed tightens in response
to an increase in stock prices and that policy shocks have a
negative impact on stock returns. Using long-run restrictions,
Crowder (2006) reported that policy shocks lead to an immedi-
ate and opposite movement in stock prices, whereas the stock
market has no contemporaneous impact on policy rates.

The identification approach developed in this study follows
previous work that combines high-frequency financial market
data with monthly VARs to achieve identification. Bagliano and
Favero (1999) and Cochrane and Piazzesi (2002) used high-
frequency interest rate data around announcements to identify
monetary policy shocks in a conventional VAR. Faust et al.
(2003) and Faust, Swanson, and Wright (2004) computed pol-
icy shocks from federal funds futures and imposed that impulse
responses derived from the VAR match those from the futures
market. The novelty of our approach is that we exploit high-
frequency stock market data to estimate the contemporaneous
impact of stock prices on policy rates. The methodology has
broad application and can be used to identify monetary VARs
augmented with other asset prices where exclusion restrictions
may not hold given the speed of interaction between policy de-
cisions and financial variables.

The rest of the article is organized as follows. Section 2 de-
velops the identification method. Identifying assumptions are
discussed in Section 3. Section 4 describes the data. Baseline
results are provided in Section 5 and robustness in Section 6.
Concluding remarks are presented in Section 7.

2. IDENTIFICATION STRATEGY

Suppose the economy is described by the structural form
VAR

AoX; =AM)X; + &, D

and its reduced form counterpart X, = ¥ (L)X, 4 u;, where &, is
an (n x 1) vector of zero-mean structural shocks with diagonal
variance—covariance matrix D, u; = Re; is a vector of reduced
form shocks, the diagonal elements of A are equal to one, and
R= Aal. X; is given by (Y;, SR;, FFR;)’, where Y, is a vector
of n — 2 macroeconomic variables, and SR; and FFR; denote
stock returns and the federal funds rate, respectively. It is as-
sumed that the matrix of contemporaneous coefficients Ay is of

the form
0(1—2)x2
Al ’

A
A ( OM (n—2)x (n—2)
0F(2x2)

Aomxn-2))
where Af), is an (n —2) x (n—2) lower triangular matrix, while
the Aé » and A’(;  blocks contain contemporaneous responses of
financial variables (f) to macroeconomic (M) and financial (F)
shocks. The northeast block of the contemporaneous matrix is

zero. In other words, a standard Cholesky identification scheme
is assumed with the exception that we allow for simultaneous
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responses between financial variables. The dynamic equations
for (SR) and (FFR) are given by

f ( SR ! ! &t
t —
AOF (FFR,) - AOMYt +A (L)Xt + (EfFR) s (2

where A/ (L) denotes the last two rows of A(L). Because the
diagonal elements of Aq are equal to 1, the A{)F block can be

written as A‘{) F= ( 17 8 _Of) Under these conditions, the matrix R
will also be block-diagonal of the form (RI;M lff)’ where
M F

Al -1 1 l «

so that «/(1 — af) denotes the contemporaneous response of
stock prices to a policy shock.

The variance—covariance matrix of the reduced form model
contains n(n + 1)/2 distinct elements, while the matrix Ag has
(n(n+ 1)/2) — 1 free parameters. Therefore, one more restric-
tion is needed to ensure identification and recover the struc-
tural parameters from the reduced form ones. Typically, VAR
studies assume some type of exclusion restrictions (setting ei-
ther « = 0 or 8 = 0) to identify the system. In order to avoid
such restrictions and complete identification, we introduce an
additional relationship between changes in the price of stock
futures and changes in the price of federal funds futures at the
time of policy announcements and impose this relationship in
the monthly VAR. The methodology proceeds in two steps. In
the first step, a—the stock market response to policy shocks, is
estimated outside the VAR by regressing stock returns on pol-
icy shocks. In the second step, we directly impose the estimate
from the first step in the monthly VAR to obtain the reaction
of FFR to stock prices (8). The identifying assumptions of the
procedure are discussed in detail in Section 3.

The first step of our approach estimates the contempora-
neous effect of policy shocks on stock returns using intraday
futures data around FOMC announcement time. Although the
vector of structural shocks &; is observed at low frequency (say,
monthly), we can think of these as cumulative shocks in short
intraday windows over the course of the month &, = Zgzl &t.d,
where d indexes the subintervals within the month. The reduced
form errors can be decomposed into higher frequency shocks
in the same way, so that u; = Zg=1 u; 4. We assume that the
same relationship between structural and reduced form errors
applies at high-frequency as it does in monthly data, which
implies that u; 4 = Re; 4. In a tight interval around an FOMC
announcement, the only available information is the monetary
policy news. We, therefore, assume that all elements of &, 4 are
zero in this small window, except for the last element, which is
the policy shock &f7¥. Accordingly, if u% and uff® denote the
unexpected components of stock returns and the federal funds
rate in a narrow interval around the policy announcement, given

the structure of the matrix R’;, we have

FFR __ 1

FFR

u = —= s 3a

t,d 1—ap t,d (3a)
SR o FFR FFR

U = e =ou, ;. 3b

t,d 1 — aﬁ t,d t,d ( )

As in Kuttner (2001), it is assumed that high-frequency
data on federal funds futures around FOMC announcements
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(AFFRf d) can be used to measure the difference between the
announced funds rate and the ex-ante expectation uF PR Like-
wise, changes in S&P500 futures in a similarly short window
(ASPSOOf @) are a good measure of unexpected changes in

stock prices ut’ 7 so that

ASP500}") = « AFFR]"). )

We estimate a regression of ASPSOO% on AFFR’ZZ over
all FOMC announcements using short high-frequency intervals.
This provides reliable estimates of the stock market response to
policy actions as it addresses the simultaneity and omitted vari-
able issues. Let @ denote the resulting ordinary least squares
(OLS) estimate. In principle, under the stated assumptions, the
regression should be a perfect fit and will give us the true value
of «. In practice, the fit is not perfect but very good.

In the second step, we directly impose the estimated coeffi-
cient @ in the monthly VAR to estimate the response of mone-
tary policy to stock prices (8). In our VAR notation, the second
stage estimation is given by

1 =@\ [ SR\ _ s ek
(_ﬁ 1>(FF;QI)_A Y,+A(L)X+<}FR> 3)

Let2°F denote the residuals from the first regression in Equa-
tion (5). The second equation is then estimated by regressing the
federal funds rate on contemporaneous and lagged values of all
variables, using residuals '&?tSR as an instrument for SR;. In this
way, we can estimate all structural impulse responses.

Standard errors are produced using the recursive-design wild
bootstrap of Gongalves and Kilian (2004). This method al-
lows inference in autoregressive models with conditional het-
eroscedasticity of unknown form, which is of particular con-
cern in macroeconomic VAR models with stock return data and
performs well in small samples such as ours. The bootstrap is
based on 2000 simulated realizations. As in Gongalves and Kil-
ian (2004), the bootstrap sample (X}) is generated recursively
from reduced form res1duals (uy) and a standard normal vari-
able according to X} = 101 ot l//zX, e+ lﬁp +u,
where 0 = U,¢; and @: ~N(0, 1). Conditioning on the original
estimated value of &, we then re-estimate the coefficients of the
structural VAR. This procedure is repeated for each simulated
realization in order to obtain a distribution for 8. The confi-
dence intervals thus incorporate the additional sampling uncer-
tainty due to the fact « is generated outside the VAR while ac-
counting for conditional heteroscedasticity of unknown form.

The fundamental basis for Equation (4) was developed by
Bagliano and Favero (1999) and Faust, Swanson, and Wright
(2004). These studies also used information from financial mar-
kets in an otherwise conventional VAR to complete identifica-
tion and estimate the impact of policy shocks on other variables.
Our approach extends these works by adding the step that iden-
tifies the policy response to the stock market in monetary VARs
augmented with financial variables.

It is worth noting that an alternative related approach to
identification would be to estimate both o and B within the
VAR model. Under this procedure, @ can be obtained from the
first regression in Equation (5) where FFR; is instrumented by
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changes in federal fund futures (AFFRf .¢) around policy an-
nouncements. We follow this procedure and find that the stan-
dard errors of @ are higher than usual, likely reflecting the fact
that monthly stock returns are more noisy and omitted variables
become more problematic in lower frequencies. For this reason,
in the first step of our methodology, we use an event-study style
approach that is likely to produce more precise estimates of «
than the alternative approach.

3. IDENTIFYING ASSUMPTIONS

The methodology is based on the following identifying as-
sumptions:

(1) A recursive ordering of the VAR variables, except within
the financial block.

(2) The same relationship between reduced form and struc-
tural form errors exists in intraday and monthly frequency.

(3) The monetary policy shock is the only shock at the time
of the FOMC announcement.

(4) Intraday changes in spot month federal funds futures
around policy announcements provide a good measure for pol-
icy shocks.

(5) Intraday changes in S&P500 futures around policy an-
nouncements provide a good measure for unexpected changes
in stock prices caused by the monetary shock.

These assumptions are discussed in this section.

A recursive ordering of the VAR variables, except within the
financial block.

The recursiveness assumption is common in the VAR lit-
erature. Ordering the federal funds rate after the macro block
follows the conventional assumption that macroeconomic vari-
ables respond with lag to policy actions (e.g., Sims 1980;
Bernanke and Blinder 1992; Christiano, Eichenbaum, and
Evans 1996, 1999; Clarida and Gertler 1997; and Bernanke
and Mihov 1998). The main innovation of this article is that
it allows for simultaneous responses between the federal funds
rate and stock returns. This is more plausible than setting either
a =0 or B =0, given the simultaneity between stock prices
and policy rates.

The same relationship between reduced form and structural
form errors exists in intraday and monthly frequency.

The relationship between unexpected changes in stock prices
and policy shocks in intraday frequency is given by Equa-
tion (3b), utSfl = ef 5R , where d indexes the intraday inter-
vals. Monthly shocks (both reduced and structural forms) can
be viewed as the sum of intraday shocks (i.e., ulk = 3% d=1 u

and effR Zd 1€ IF Ry. In addition, since the funds rate
changes at most only once per month in our sample (except in
January 2001 when two announcements took place) and this
jump occurs during the tight interval around the FOMC an-
nouncement, interest rate shocks sf 5R measured outside this
window are zero. To deal with the January 2001 case we re-
did our analysis removing from the sample the intermeeting
announcement of January 3 and found that our estimates are
not affected by this modiﬁcation Summing both sides of Equa-
tion (3b), 251):1 uy'y = g Zd 1 st d , we have that the rela-
tionship between reduced and structural form errors is the same
in intraday and monthly frequency, i.e., u;gR T—aB ﬁ & FFR This
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implies that estimates of o obtained from the high-frequency
Equation (4) can be imposed in the monthly VAR to complete
identification.

The intraday response ought to fully incorporate the adjust-
ment of stock prices to policy announcements given that this co-
efficient is subsequently used in the low-frequency VAR. Thus,
the size of the intraday interval is important. The microstruc-
ture literature of announcement effects has found that sched-
uled releases have an (almost) instantaneous impact on asset
prices, but that volatility and trading volume remains high for
up to 1 hr after the announcement (e.g., Ederington and Lee
1993; Fleming and Remolona 1997, 1999; Balduzzi, Elton, and
Green 2001). These studies argue that while asset prices adjust
immediately (within 1-2 min) to the new information, volatil-
ity persistence is largely driven by informed trading as more
details about the announcement become available. Policy an-
nouncements, in particular, may take longer to process because
FOMC statements contain a relatively large amount of infor-
mation. Bentzen et al. (2008) found that the information from
the FOMC release is fully incorporated into the equity mar-
kets within 15 min of the announcement. Giirkaynak, Sack, and
Swanson (2005) also found that FOMC statements typically re-
quire more time to digest than interest rate decisions since they
include additional information regarding future monetary pol-
icy and economic outlook and are subject to diverse interpreta-
tions.

Because no clear consensus exists on how quickly FOMC
announcements are incorporated in asset prices, we provide re-
sults for several time windows around announcement time start-
ing with 1 min up to 20 min. This exercise illustrates the evo-
lution of response coefficients across various high-frequency
intervals. We also estimated parameters for wider time frames
such as 30, 45, and 60 min and found that these responses are
almost identical to the 20-min window. The 20-min interval is,
therefore, sufficiently long to avoid market microstructure is-
sues by sampling too frequently and tight enough around policy
announcements to avoid omitted variable problems. Therefore,
throughout the article we emphasize the 20-min response be-
cause, in our sample, the policy information appears to be fully
assimilated within this interval.

It is also possible that a policy shock may occur in non-
FOMC days such as during the Chairman’s semi-annual mone-
tary policy testimony to Congress. Motivated by this, we follow
Rigobon and Sack (2004) and include both FOMC and testi-
mony days in our sample. Results (available upon request) are
largely robust to this change: @ is slightly smaller relative to
FOMC-only estimates, while Echanges very little. These find-
ings are consistent with those of Chirinko and Curran (2005)
who reported that the Chairman’s testimonies have limited im-
pact on asset prices.

The monetary policy shock is the only shock at the time of the
FOMC announcement.

The main implication of this assumption is that when esti-
mating «, policy shocks as captured by interest rate surprises
(AFFR%) are orthogonal to the error term.

In a tight interval around the time of the FOMC release the
only new piece of information is the actual policy decision,
which means that any change in market expectation is due to
this decision. As argued by Faust, Swanson, and Wright (2004),
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any surprise caused by the FOMC announcement can be re-
garded, at least in part, as a policy shock. Our assumption here,
similar to Faust, Swanson, and Wright (2004), is a bit stronger:
it not only requires that all other shocks are zero in this inter-
val, but that the policy announcement itself does not cause the
market to revise its expectations about other variables.

This assumption may not hold if FOMC statements reveal
to the public the Fed’s assessment of future macroeconomic
developments, which may cause the market to reevaluate its
view on other shocks. A number of recent studies found that
FOMC statements are an important component of policy an-
nouncements and have a significant impact on asset prices (e.g.,
Bernanke, Reinhart, and Sack 2004; Kohn and Sack 2004;
Giirkaynak, Sack, and Swanson 2005; Ehrmann and Fratzscher
2007a, 2007b; and Lucca and Trebbi 2008). We address this
issue in the robustness section where we apply the methodol-
ogy of Giirkaynak, Sack, and Swanson (2005) and “broaden”
the traditional measure of monetary policy to include “FOMC
statements” in addition to “interest rate surprises.” By control-
ling for the two factors when estimating «, we ensure that
the orthogonality condition is not violated from the release of
FOMC statements. Results (shown in Section 6) are broadly
similar to the baseline case when only “interest rate surprises”
are used to capture policy shocks.

Intraday changes in spot month federal funds futures around
policy announcements provide a good measure for policy
shocks.

This assumption holds if risk premia in federal funds fu-
tures around announcement time are approximately constant.
Piazzesi and Swanson (2008) documented that risk premia in
futures contracts are constant around policy announcements for
short-dated contracts such as spot month futures. Krueger and
Kuttner (1996) and Faust, Swanson, and Wright (2004) tested
the efficiency of the federal funds futures market and concluded
that federal funds futures provide efficient forecasts of the pol-
icy rate. In addition, intraday (instead of daily) prices deliver a
more precise measure of policy shocks given that the endogene-
ity issue is more problematic in daily data because other news
may affect federal funds futures within the day.

Rudebusch (1998) showed that policy shocks derived from
federal funds futures have little correlation with forecast errors
generated from a reduced form VAR. The two sets of shocks,
however, are found to have similar effects on the economy. Sims
(1998) argued that any shock series that is correlated with mon-
etary policy can serve as an instrument for it as long as it is
uncorrelated with other shocks in the system. Evans and Kut-
tner (1998) suggested that two factors may contribute to this
low correlation: (1) higher standard deviation of VAR forecast
errors, and (2) a positive covariance between VAR policy rate

forecasts and policy shocks from the futures market (AFFR{";).

The correlation between VAR residuals and AFF :Z, in our
sample is also relatively low at 0.48. To address Evans and
Kuttner’s (1998) first point, we regress VAR residuals on spot
month federal funds futures and find that the estimated pa-
rameter of 0.79 is much higher than the simple correlation
measure. On the second point, we find that the covariance be-
tween the funds rate forecasts implied by the VAR and AF FR%
is 14.6, indicating that the observed low correlation is par-
tially attributable to this positive relationship (we decompose
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the covariance between the two shocks following Evans and
Kuttner (1998): Cov(uf "R, AFFR!")) = Cov(FFR, AFFR")) -

Cov(FFRyar, AFFR")).

Intraday changes in S&P500 futures around policy an-
nouncements provide a good measure for unexpected changes
in stock prices caused by the monetary shock.

Futures prices are an accurate measure of expectations be-
cause they embed all available and relevant information neces-
sary for pricing. Prices are affected by incoming information
only to the extent that the news is unanticipated. Since the pol-
icy surprise is the only shock at the time of the announcement,
changes in S&P500 futures around the time of the release cap-
ture unexpected changes in stock prices that are caused by the
policy decision.

S&P500 futures may also be contaminated by risk premia. If
FOMC announcements reveal some information about the state
of the economy that influences investors’ risk aversion, S&P500
futures may reflect third-factor effects rather than unexpected
changes caused by policy shocks. This issue is addressed in
the robustness section where S&P500 futures are regressed on
“FOMC statements” and “interest rate shocks.”

Using futures instead of spot prices offers an additional im-
provement relative to the traditional event-study approach as
it addresses the timing issue concerning the aggregate level of
the S&P500 index (Jackwerth and Rubinstein 1996; Jackwerth
2000). Futures data can more accurately bracket the FOMC an-
nouncements since they are recorded in real time whereas the
spot index tends to lag stock trades by an average of 5-7 min.
The timing discrepancy in the spot index may be of concern
when a trade that occurs before a policy announcement, for ex-
ample at 2:13 p.m., is stamped and recorded at 2:20 p.m., which
happens to be after the policy announcement. Thus, the use of
futures data improves the accuracy of estimates obtained from
the high-frequency Equation (4).

4. DATA

4.1 S&P500 Futures

A new high-frequency dataset is constructed consisting of in-
traday, real-time futures prices from January 1994 to Septem-
ber 2006. This period is particularly important because of the
change in announcement practices adopted by the Fed in early
1994. The S&P500 futures data are obtained from the Chicago
Mercantile Exchange.

The contract months are March, June, September, and De-
cember. The shortest two maturity contracts are the most
heavily traded with an average frequency of one trade every
8 sec. The entire dataset examined includes a total of 3325
trading days. Of these, 106 observations correspond to pol-
icy announcement dates accounting for roughly 130,000 of
the recorded trades. Several high-frequency intervals are con-
structed from stock price data 1, 2, 3, 4, 5, 10, and 20 min
before and after policy release time. Specifically, if the policy
announcement occurs at 2:15 p.m., the 1-min window is con-
structed as a simple return from the average of all recorded
prices from 2:14-2:15 p.m. and 2:15-2:16 p.m.

The response horizon captured by S&P500 futures depends
on the date of the announcement. For meetings that fall on
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settlement months, the spot month contract delivers the con-
temporaneous response, whereas for nonsettlement announce-
ments the shortest maturity contract captures the reaction (ap-
proximately) one to two months ahead. To address this issue,
we construct a constant-horizon stock return series by selecting
S&P500 contracts with maturity closest to three months—the
second most liquid futures after the shortest maturity ones. For
example, if the FOMC meeting occurs in March, the June con-
tract is used to capture its impact and for the June meeting the
September contract reflects the response of stock returns to the
June announcement. It should be noted that the three-month fu-
tures series constructed in this manner and the S&P500 spot
prices are tightly related: correlations range from 0.92 for the
1 and 2 min time-frames up to 0.98 for the 10 and 20-min in-
tervals. With an average risk-free rate of 3.9% over the 1994—
2006 sample and a no-arbitrage setting where future-spot parity
holds, S&P500 futures closely track movements in spot prices.

4.2 Federal Funds Futures

Intraday changes in spot month federal funds futures are
used to measure policy shocks. The sample includes a total of
106 monetary policy announcements of which 102 are sched-
uled FOMC meetings and four are intermeetings. We follow
Bernanke and Kuttner (2005) and omit the observation of Sep-
tember 17, 2001, due to the extreme idiosyncratic nature of the
policy move.

Federal funds futures data are obtained from the Chicago
Board of Trade and their settlement price is based on the av-
erage of the relevant month’s effective overnight federal funds
rate. We follow Kuttner (2001) and compute policy shocks by

fut _ m fut

unwinding the monthly average as: AFFR, ;, = "= (FFR, ; —
FF tu_tl 4)» Where m is the number of days in the month, t

is the day of the monetary policy announcement, and FFRQ Z
(FFR:":L ) 18 the futures rate at time ¢ (¢ — 1). Statistical prop-
erties of the intraday S&P500 returns and various measures of
policy shocks for all policy days, scheduled FOMC meetings,
and intermeetings are provided in Table 1. As is evident from
the table, intermeeting changes are larger than regular FOMC
days. Intermeeting moves likely capture the Fed’s response to
extreme macroeconomic events. As the timing of policy actions
in these cases is itself surprising, the overall policy shocks and
changes in stock prices are larger.

4.3 VAR Data

In the second step of the procedure, we estimate a tradi-
tional seven variable monetary VAR augmented with stock re-
turns. Our specification includes several benchmark variables:
industrial production (/P), the consumer price index (CPI),
the smoothed index of commodity prices from the Conference
Board (PCOM), nonfarm payroll (NFP), the survey index of
the Institute for Supply Management (ISM), S&P500 stock re-
turns (SR), and the federal funds rate (FFR). SR and FFR are
monthly averages and all variables with the exception of stock
returns and policy rates are expressed in logarithmic form. We
use average instead of end-period data for financial variables
in order to circumvent potential outlier issues. Re-estimating
models with end of month data has virtually no impact in our
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results. Datastream and Bloomberg are the underlying sources
for all data series. The ordering of the variables in the VAR is
(IP,CPI,PCOM,NFP,ISM, SR, FFR). VAR estimates are car-
ried out in monthly frequency and in the baseline sample, which
runs from January 1994 to September 2006, they include three
lags of each variable. Although VARs are commonly estimated
with a higher number of lags, given our short baseline sample,
we use only three consecutive lags. In the robustness section,
where VARs are estimated over longer and more conventional
periods, the number of lags are chosen by the Akaike informa-
tion selection criterion (AIC).

5. RESULTS

The initial step in the identification procedure is to determine
the response of stock prices to policy shocks («). This is esti-
mated from the high-frequency Equation (4). Focusing on the
20-min interval (which we stress throughout the article), our
baseline results indicate that a 1% tightening in policy rates
causes a decline of 4.91% in stock returns (Table 2, column i).
Translated in traditional policy moves, a surprise 25 basis points
increase in the target rate leads to an average decline in stock
returns of about 1.25%.

These findings are consistent with other studies that focused
on the impact of policy actions on stock prices (Rigobon and
Sack 2004; Bernanke and Kuttner 2005; Giirkaynak, Sack, and
Swanson 2005), although the effect is somewhat more pro-
nounced here perhaps reflecting an increased precision in es-
timates from high-frequency futures data. We also find that the
stock market response to policy shocks increases with the size
of the interval suggesting that with longer time-frames market
participants have more time to absorb and adjust to the new in-
formation.

Once @ is obtained, we proceed with the second step of the
identification and directly impose this estimate in the monthly
VAR in order to identify the response of monetary policy to
stock prices (8). We find that the response of the Fed to stock
prices is positive and statistically significant. Specifically, pol-
icy rates increase by 1.82 basis points in response to a 1% rise
in stock prices (Table 3, column ). Putting it in a more real-
istic context (as in Rigobon and Sack 2003), a 5% rise in the
stock market tends to increase the federal funds rate by 9.1 ba-
sis points. In the following section we report the policy reac-
tion to stock prices across various measures of policy shocks,
“broader” policy decisions that include “FOMC statements” in
addition to “target rate surprises,” and sample periods. The find-
ings from these robustness checks are broadly similar to our
baseline estimates with the policy response remaining positive
and statistically significant.

The impulse responses of financial variables to stock returns
and policy shocks are shown in the top panel of Figure 1. As
seen, the federal funds rate rises in response to an increase in
stock prices with this reaction reaching its peak 10 to 12 months
after the shock and declining steadily afterwards. Stock prices
fall on impact after a contractionary policy move sustaining
their decline for the first two to three months. The response of
macroeconomic variables to a monetary shock are broadly sim-
ilar to the ones found in the literature, with economic activity,
prices, business expectations (ISM), and the nonfarm payroll
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declining in response to a contractionary policy shock (bottom
panel of Figure 1).

Though the scope of this study is to provide an identifica-
tion methodology that enables the estimation of contemporane-
ous responses between the stock market and monetary policy,
it may be of interest to evaluate if our results are realistic in an
economic sense. We find that stock prices decline on average
by 1.25% in response to a 25 basis points tightening in policy
rates. The direction and the magnitude of this response is in
line with other studies and shows that policy decisions have a
sizable impact on equity markets.

The estimated reaction of the Fed to stock prices is posi-
tive and significant and of the same magnitude as the one re-
ported by Rigobon and Sack (2004). Through rough calcula-
tions these authors evaluated the impact of stock prices on ag-
gregate spending to assess whether the Fed’s reaction to the
stock market is reasonable from a macroeconomic perspective.
They find that a 5% rise in stock prices causes a tightening in
policy rates in the range of 12 to 23 basis points and that the
magnitude of this response is approximately of the same order
as the one needed to eliminate the effect of the stock market
on aggregate spending. Under the “stabilizing policy” of Reif-
schneider, Tetlow, and Williams (1999), which reduced the im-
pact of shocks on output and inflation, it appears that a perma-
nent 5% increase in the stock market requires a tightening by
the Fed of about 12.5 basis points. Our results fall within the
range reported by these studies suggesting that the estimated
policy response is consistent with that of a central bank con-
cerned with developments in the stock market and their impact
on the macroeconomy.

6. ROBUSTNESS

In this section several sensitivity analyses are performed to
evaluate the robustness of the baseline estimates. The tests use
alternative measures of policy shocks, “broader” policy deci-
sions that include “FOMC statements” in addition to “interest
rate surprises,” and various sample periods. The findings sug-
gest that the baseline results are quite robust to these changes.

6.1 Alternative Measures of Policy Shocks

We check whether our results are robust with respect to
other measures of policy shocks: (1) daily (instead of intraday)
changes in spot month federal funds futures, (2) a measure that
captures the “near-term path” of monetary policy, and (3) daily
changes in one-month and three-month Eurodollar futures on
days of policy releases. Descriptive statistics for these shocks
are summarized in the right-hand side of Table 1.

Estimates from daily changes in spot month federal funds
futures are broadly similar to the baseline case (Table 2, col-
umn ii). For all event windows, stock returns decline in re-
sponse to a policy tightening and this reaction increases with the
size of the interval. As in the baseline case, the largest response
is recorded for the 20 min interval with a surprise 1% increase
in policy rates causing a decline in stock returns of 5.11%.

One potential issue with spot month futures comes from the
fact that they capture the “immediate” policy surprise, which



Table 1. Summary statistics: S&P500 and policy shocks

S&P500 returns Policy shocks
Intraday Daily Near-term 1M Libor 3M futures

1 min 2 min 3 min 4 min 5 min 10 min 20 min shocks shocks shocks shocks shocks

Average All days (N = 106) —0.01 0.01 0.03 0.04 0.05 0.05 0.02 —1.26 —1.20 —1.22 —1.20 —1.39
FOMC (N =102) —0.02 —0.01 —0.01 —0.01 —0.01 —0.02 —0.06 —0.41 —0.44 —0.30 —0.48 —0.66
Intermeeting (N =4) 0.29 0.66 1.02 1.29 1.51 1.82 1.94 —23.07 —21.24 —24.17 —19.37 —20.12

St. Dev. All days (N = 106) 0.29 0.35 0.40 0.44 0.48 0.53 0.59 8.48 8.09 6.61 6.73 6.53
FOMC (N =102) 0.28 0.31 0.32 0.33 0.33 0.33 0.35 5.84 4.37 5.43 5.21 4.81
Intermeeting (N =4) 0.34 0.63 0.89 1.02 1.14 1.37 1.67 26.72 18.14 23.83 14.63 15.09

Max All days (N = 106) 1.07 1.34 1.82 1.96 2.24 2.75 3.43 16.33 14.47 9.05 23.00 12.50
FOMC (N =102) 1.07 1.09 1.10 1.08 1.05 1.31 1.52 16.33 9.05 14.47 23.00 12.50
Intermeeting (N =4) 0.73 1.34 1.82 1.96 2.24 2.75 3.43 15.02 —0.50 10.21 1.00 2.00

Min All days (N = 106) —1.02 —-1.09 —1.08 —1.16 —-1.21 —1.17 —0.99 —43.75 —42.50 —44.24 —33.50 —32.00
FOMC (N =102) —1.02 —1.09 —1.08 —1.16 —1.21 —-1.17 —0.99 —22.55 —18.23 —19.40 —15.00 —16.00
Intermeeting (N =4) —0.11 —0.18 —0.21 —0.22 —0.19 —0.21 —0.46 —43.75 —44.24 —42.50 —-33.50 —32.00

NOTE: High-frequency intervals for S&P500 and intraday shocks are computed around the time of monetary policy announcement. S&P500 returns are expressed in percent while policy shocks are expressed in basis points. Policy shocks are derived
from: (1) intraday spot month federal funds futures (Intraday shocks), (2) daily spot month federal funds futures (Daily shocks), (3) intraday price changes in federal funds futures for those contracts expiring on the month of the next release (Near-term
shocks), (4) daily changes in 1-Month Libor futures (1M Libor shocks), and (5) daily changes in 3-month Eurodollar futures (3M futures shocks). The sample extends from January 1994 to September 2006.

Table 2. The response of stock returns to policy actions: Estimating o«

i

il iii v v Vi
Intraday FFR Daily FFR Near-term Interest rate FOMC
shocks R? shocks R? shocks R? IM futures R? 3M futures R? shocks statements R?

1 minute —1.48 0.19 —-1.44 0.16 —-1.54 0.12 —-2.08 0.23 -2.31 0.27 -1.51 —0.58 0.23
(4.66) (4.35) (3.04) (4.96) (5.82) (6.43) (2.23)

2 minute -2.37 0.34 -2.38 0.31 —-2.60 0.25 -3.06 0.35 -3.36 0.40 -2.49 —0.56 0.37
(6.16) (5.73) (3.76) (5.18) (7.40) (9.26) (2.06)

3 minute -3.14 0.44 -3.22 0.42 -3.51 0.33 -3.90 0.43 —4.30 0.49 -3.33 —0.52 0.47
(6.10) (5.94) (4.06) @.71) (6.76) (8.18) (1.87)

4 minute -3.57 0.47 -3.71 0.46 —4.06 0.37 —4.42 0.46 —-4.92 0.53 -3.81 —0.56 0.50
(5.81) (5.84) (4.38) (4.60) (6.64) (7.05) (2.14)

5 minute -3.89 0.48 —4.06 0.48 —4.49 0.39 —4.82 0.47 —-5.38 0.55 —-4.17 —0.59 0.52
(5.25) (5.34) (4.36) (4.38) (6.08) (5.93) (2.17)

10 minute —-4.36 0.49 —4.58 0.49 —5.44 0.46 —5.46 0.48 —6.16 0.58 —-4.82 —0.69 0.59
(4.52) (4.55) (4.83) (4.08) (5.52) (5.33) (2.18)

20 minute -4.91 0.50 -5.11 0.50 —-5.92 0.44 —-5.99 0.47 —6.80 0.58 -5.34 —0.80 0.62
(4.13) 4.07) 4.78) (3.98) (5.09) (4.54) (2.32)

NOTE: Estimates are obtained from high-frequency regressions around policy announcement time. Baseline results are in column i. “Interest rate shocks” and “FOMC statements” in column vi are derived from factor analysis as is Giirkaynak, Sack,
and Swanson (2005). Parentheses contain ¢-statistics from heteroskedasticity-consistent (hc3) standard errors. The sample extends from January 1994 to September 2006.
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Table 3. The reaction of monetary policy to stock returns: Estimating 8

i i iii

v v Vi

« identified by « identified by

« identified by

« identified by 1M « identified by o identified by

intraday FFR daily FFR near-term shocks Libor futures 3M futures two factors
1 minute 1.32 1.32 1.33 141 1.44 141
(2.38) (2.18) (2.21) (2.41) (2.57) (2.66)
2 minute 1.45 1.45 1.49 1.55 1.60 1.55
(2.82) (2.57) (2.65) (2.87) (3.06) (3.05)
3 minute 1.56 1.58 1.62 1.67 1.73 1.67
(3.16) (3.01) (3.15) (3.38) (3.59) (3.45)
4 minute 1.63 1.65 1.70 1.75 1.82 1.74
(3.38) (3.23) (3.36) (3.54) (3.65) (3.70)
5 minute 1.67 1.70 1.76 1.80 1.88 1.80
(3.52) (3.36) (3.52) (3.66) (3.86) (3.87)
10 minute 1.74 1.77 1.89 1.89 1.99 1.90
(3.72) (3.63) (3.86) (3.92) (4.23) (4.14)
20 minute 1.82 1.85 1.96 1.97 2.08 1.99
(3.91) (3.79) (4.04) (4.17) (4.42) (4.39)

NOTE: Estimates are obtained by imposing the (corresponding) stock market response on a monthly VAR which includes the following variables: industrial production (IP), infla-
tion (CPI), commodity prices (PCOM), nonfarm payroll (NFP), the survey of the Institute for Supply Management (ISM), S&P500 stock returns (SR), and the federal funds rate (FFR).
t-statistics (in parentheses) are computed from the recursive-design wild bootstrap of Gongalves and Kilian (2004) based on 2000 draws. The sample extends from January 1994 to

September 2006.

can be attributed to a number of factors such as the tim-
ing of policy actions (advancement or postponement), the ex-
pected path of near-term policy moves, or a combination of
both. Clearly, announcements that cause changes in expecta-
tion about the future path of monetary policy are likely to have
a stronger impact on stock prices than those that reflect simply
a shift in the timing of an anticipated policy action. We follow
Giirkaynak, Sack, and Swanson (2007) and use intraday federal
funds futures for the month of the next release to construct a
measure for “near-term path” shocks. As expected, the response
of stock prices to these shocks is larger than our baseline esti-
mates (Table 2, column iii).

The future path of monetary policy can also be captured by
one-month and three-month Eurodollar futures (Cochrane and
Piazzesi 2002; Rigobon and Sack 2004). We find that the reac-
tion of stock returns is relatively larger with respect to these
shocks, with a surprise 1% tightening causing a decline in
stock returns of 5.9% and 6.8% for the one-month and three-
month Eurodollar futures, respectively (Table 2, columns iv
and v). One potential explanation for the larger response under
these alternative shocks is the horizon they capture; while spot
month federal funds futures deliver surprises regarding imme-
diate policy moves, the nearest one-month Eurodollar futures
have around one month to expiration, with the three-month fu-
tures stretching further out to three months. In addition, the
value of these contracts is based on the Libor rate and not the
federal funds rate, so the accuracy of policy shocks they deliver
depends on how closely the Libor rate follows movements in
the funds rate.

Estimates of 8 associated with the various measures of pol-
icy shocks are reported in Table 3, columns ii—v. As seen, the
response of the Fed to stock returns is positive and statistically
significant and slightly larger in magnitude than our baseline re-
sults. Estimates of 8 appear relatively less sensitive to the mea-
sure of policy surprises than «. For example as the response of
stock prices increases from 4.91% (with intraday FFR futures)

to 6.8% (with three-month Eurodollars), 8 increases from 1.82
to 2.08 basis points. It is also worth noting that the standard
errors of @ increase as we move from a more accurate policy
measure (intraday federal funds futures) to a less accurate one
(daily changes in three-month Eurodollar futures).

6.2 Broader Policy Shocks: Incorporating
FOMC Statements

So far we assumed that policy announcements are entirely
captured by “interest rate shocks” as measured by changes
in federal funds futures. This characterization misses an im-
portant component of announcements—FOMC statements—
which may effectively communicate to the public important
information about the outlook for growth, inflation, and fu-
ture policy moves. If FOMC announcements reveal some in-
formation about the state of the economy that influences in-
vestors’ risk aversion, they may at the same time impact federal
funds futures and S&P500 futures. Stock prices incorporate the
information content of FOMC releases relatively fast, and as
forward-looking jump variables, the correlation between them
and policy shocks may still be due to omitted factors that affect
both variables.

In fact, a number of recent studies found that FOMC state-
ments are as powerful as policy actions and in some instances
even more powerful. Bernanke, Reinhart, and Sack (2004) and
Kohn and Sack (2004) showed that FOMC statements increase
the variance of asset prices relative to policy days when no
statements are issued. Chirinko and Curran (2005) examined
the impact of speeches, testimonies, and FOMC statements on
the 30-year Treasury bond futures and concluded that FOMC
statements are the most effective communicative tool. Lucca
and Trebbi (2008) reported that the information content of pol-
icy statements has considerable forecasting power for future
short-term rates. Giirkaynak, Sack, and Swanson (GSS) (2005)
showed that two factors are required to adequately capture
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Financial Variables Impulse Responses

SR Response to FFR Shock FFR Response to FFR Shock
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Impulse Responses of Macroeconomic Variables to Policy Shocks

IP Response to FFR Shock CPI Response to FFR Shock PCOM Response to FFR Shock
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-0.0009
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Figure 1. Impulse responses to a one-standard deviation shock are estimated assuming a recursive ordering of the macrovariables and al-
lowing for contemporaneous responses between the federal funds rate and stock returns. The confidence intervals are constructed from the
recursive-design wild bootstrap of Gongalves and Kilian (2004) based on 2000 draws. The sample runs from January 1994 to September 2006.
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policy actions: one factor related to the current “interest rate
shocks” and the other to the “FOMC statements.” They found
that FOMC statements explain around 90% of the variation in
the 10-year Treasury notes.

We follow the GSS (2005) method of principle component
analysis and extract the two orthogonal factors, which we la-
bel “FOMC statement” and “interest rate shocks.” A high-

frequency regression is then carried out by running ASPSOO’:"Z,
on these two factors. Estimates indicate that the “FOMC state-
ment” factor has a statistically significant impact on stock prices
and the response of stock returns to “interest rate shocks” is
slightly larger than in the baseline case (Table 2, column vi).
The fit of the models improves suggesting that a two-factor
model which includes FOMC statements and interest rate sur-
prises captures policy announcements more adequately.

Estimates of the Fed’s reaction to the stock market when « is
identified from the two-factor model are slightly larger than the
baseline case (Table 3, column vi). As seen, //3\ increases from
1.32 to 1.41 basis points for the 1-min interval and from 1.82 to
1.99 basis points for the 20-min interval.

6.3 Alternative Samples

This article identifies a monetary VAR augmented with stock
returns for the period from January 1994 to September 2006.
We focus on these years because the high-frequency Equa-
tion (4) can be carried out with precision only in the post-1994
period when the Fed has announced its decision at a prede-
termined time. However, this is not a standard VAR estima-
tion sample and it will be of interest to report estimates from
more conventional samples. We also consider the possibility
of a structural break in the conduct of monetary policy in late
1970s and early 1980s as documented by a number of studies
(e.g., Bernanke and Mihov 1998; Boivin and Giannoni 2006).

This exercise is carried out assuming that the response of
the stock market to policy shocks over all subsamples is the
same as the one obtained from the 1994-2006 period. In other
words, estimates of @ are still obtained from the recent high-
frequency dataset, whereas S is estimated from monthly VARs
from longer periods. This approach is not new. Faust, Swan-
son, and Wright (2004) also combined impulse responses esti-
mated from various periods in their identification approach. The
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estimation samples are: January 1959-September 2006, Janu-
ary 1983-September 2006, October 1979-September 2006, and
January 1959—-October 1979.

Results are shown in Table 4. As expected, the response of
monetary policy to stock returns shows some variation over
time. For the entire sample (1959-2006), we find that a 1% rise
in stock returns causes a tightening of policy rates by an average
of around 4.5 basis points (a 5% increase translates to a rise of
22 basis points). Results for the 1983-2006 sample are slightly
larger than the baseline period with a 1% (5%) increase in stock
returns causing a rise in policy rates by an average of 2.6 (14)
basis points. Estimates also show that during 1979-2006 and
1959-1979 the Fed’s response to stock returns is larger than in
the most recent samples. These findings suggest that the con-
duct of monetary policy in recent times has changed not only
toward inflation and output, but also with respect to the stock
market.

7. CONCLUSION

This study develops a new identification approach to es-
timate the contemporaneous responses between stock returns
and policy rates in a standard monetary VAR. The method-
ology combines high-frequency data from the futures market
with the VAR framework to circumvent exclusion restrictions
on the parameters of interest. First, intraday changes in stock
prices around policy announcements are regressed on policy
shocks to obtain the stock market response to policy actions.
This estimate is then imposed in the monthly VAR system in
order to identify the second parameter—the Fed’s reaction to
stock prices. The high-frequency dataset addresses both the en-
dogeneity issue (since there is no simultaneous reaction within
the small time-frame around the policy release) and the omitted
variable problem (by reducing the likelihood that new informa-
tion is released in the market during the tight window).

The results indicate that the stock market reacts strongly
and significantly to monetary policy shocks with a surprise 1%
tightening in policy rates causing a decline of 4.91% in stock
returns. We also estimate the Fed’s reaction to stock prices, and
similar to Rigobon and Sack (2003), find this response to be

Table 4. Estimates of § over various samples

i

iii v vi

o

« identified by « identified by

by near-term

identified

« identified by 1M « identified by o identified by

intraday FFR daily FFR shocks futures 3M futures two factors
Jan. 1959-Sept. 2006 3.50 3.70 4.50 4.57 5.37 5.08
9.51) (9.70) (10.44) (10.53) (11.11) (10.89)
Jan. 1983-Sept. 2006 2.18 2.26 2.58 2.61 2.94 2.74
3.77) (3.99) (4.62) (4.66) (5.28) (4.92)
Oct. 1979—Sept. 2006 3.76 3.96 4.76 4.82 5.62 4.87
(7.57) (7.78) (8.28) (8.35) (8.76) (8.55)
Jan. 1959-Oct. 1979 3.69 3.81 4.30 4.34 4.83 4.53
(5.23) (5.41) (5.95) (6.02) (6.51) (6.34)

NOTE: VAR estimations are carried out assuming that the response of stock market to policy moves is the same as the one obtained from the 1994-2006 period. Estimates are
identified by imposing the stock market response on monthly VARs which include the following variables: industrial production (IP), inflation (CPI), commodity prices (PCOM),
nonfarm payroll (NFP), the survey of the Institute for Supply Management (ISM), S&P500 stock returns (SR), and the federal funds rate (FFR). t-statistics (in parentheses) are computed
from the recursive-design wild bootstrap of Gongalves and Kilian (2004) based on 2000 draws.
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positive and significant. According to the estimates, a 5% in-
crease in stock returns causes a rise in policy rates by 9.1 basis
points suggesting that the Fed has dedicated considerable at-
tention to developments in equity markets. In addition, by us-
ing a different identification method, we find that the standard
assumption of exclusions restriction between policy rates and
stock returns is rejected.

One limitation of the proposed method comes from the fact
that the time of the policy announcement can be identified
with precision only in the post-1994 period. As such, analysis
for longer samples can be carried out assuming that the stock
market response to policy shocks has not changed over time.
Nonetheless, the methodology has wide application and can be
used to address identification issues arising from the endogene-
ity between policy rates and other financial variables such as
Treasuries, exchange rates, commodity prices, and other finan-
cial instruments. One interesting generalization for future re-
search will be to expand the financial block to include simul-
taneously several financial variables in addition to the federal
funds rate.
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