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Abstract

This paper analyzes the impact of unanticipated changes in the Federal funds target
on equity prices, with the aim of both estimating the size of the typical reaction, and
understanding the reasons for the market’s response. On average over the May 1989
to December 2001 sample, a “typical” unanticipated 25 basis point rate cut has been
associated with a 1.3 percent increase in the S&P 500 composite index. The estimated
response varies considerably across industries, with the greatest sensitivity observed
in cyclical industries like construction, and the smallest in mining and utilities. Very
little of the market’s reaction can be attributed to policy’s effects on the real rate of
interest or future dividends, however. Instead, most of the response of the current
excess return on equities can be traced to policy’s impact on expected future excess
returns. JEL codes: E44, G12.

1 Introduction

The reaction of the stock market to monetary policy is clearly a topic of intense interest both
to market participants and policymakers. Those holding equities would obviously like to
know how possible Federal Reserve actions might affect the value of their portfolios. Sim-
ilarly, an estimate of the likely effect of policy on asset prices is an important ingredient in

assessing the transmission of monetary policy through the “wealth effect.” The size of and
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reasons for the market’s response to policy are not yet clearly understood, however, in part
because of the interdependence between asset prices, monetary policy, and macroeconomic
conditions.

The overall goal of this paper is to analyze the reaction of equity prices to monetary pol-
icy, using a market-based measure of unanticipated policy actions to isolate more cleanly
the effects of policy. One specific objective is to document and quantify the stock market’s
response to monetary policy actions, both in the aggregate and for a variety of industry clas-
sifications. A second objective is to determine the reasons for the stock market’s response,
i.e., the extent to which the reaction can be traced to the impact of policy on (expectations
of) future real interest rates and dividends.

Estimating the response of equity prices to monetary policy actions is not as easy as it
may seem, however, as the market is unlikely to respond to policy actions that were already
anticipated. Distinguishing between expected and unexpected policy actions is therefore
essential for discerning their effects. A natural way to do this is to use the technique pro-
posed by Kuttner (2001), which uses Fed funds futures data to construct a measure of
“surprise” rate change's. Explaining the market's response is harder still, as it requires
an assessment of how those policy surprises affect expectatifutsiainterest rates and
excess returns. To do this, we adapt the procedure developed by Campbell (1991) and
Campbell and Ammer (1993), which uses a vector autoregression (VAR) to calculate revi-
sions in expectations of future interest rates, stock returns, and dividends.

The results presented in section 2 of the paper show that the market does indeed react
strongly to surprise funds rate changes. For those days on which funds rate target was

changed, the S&P500 registers a gain of roughly 1.3 percent in response to a surprise 25

LAlternatives measures exist: Cochrane and Piazzesi (2002) propose using the change in term eurodollar
rates, while Rigobon and Sack (2002) utilize the eurodollar futures rate. While these measures provide useful
gauges of interest rate expectations over a slightly longer horizorka@fiak, Sack and Swanson (2002)
show that Fed funds futures do the best job of forecasting target rate changes at a one- to five-month horizon.



basis point easing. The market reacts little, if at all, to the component of funds rate changes
that are anticipated by futures market participants. The market’s response to surprise policy
actions varies considerably across industries, however, with the largest response in the
construction sector. Mining, utilities and wholesale trade show little response.

Section 3 takes up the question of what explains equity prices’ response. It turns out that
only a small portion of equities’ excess return variance can be explained by the effects of
real interest rates or dividends; most is attributed to the induced time variation in expected
excess equity returns. So while an unanticipated rate cut generates an immediate increase
in equity prices, it is followed by an extended period of lower-than-normal excess returns.
One interpretation of this result is that monetary policy surprises are for some reason asso-
ciated with changes in the equity premium. But in the absence of a fully-developed asset
pricing model, it is impossible to distinguish this interpretation from a market overreaction.

Naturally, this is not the first paper to deal with the connection between monetary policy,
equity prices, and the macroeconomic environment. One recent paper is by Rigobon and
Sack (2002), who estimated the contemporaneous impact of monetary policy on bond and
stock prices using a novel estimator exploiting the heteroskedasticity introduced by unex-
pected policy actions. Other papers in this vein include Jensen, Johnson and Mercer (1996),
Jensen and Mercer (1998), who examined the disaggregated response of stock prices to
changes in the discount rate. Boyd, Jagannathan and Hu (2001) focused on equity prices’
response to unemployment news, rather than monetary policy; but their explanation for the
market’s “perverse” reaction (i.e., the association of higher-than-expected unemployment
with increases in equity prices) has to do with the presumed response of monetary policy.
Goto and Valkanov (2000) examined the policy-induced covariance between equity prices
and inflation, using policy shocks obtained from a conventional identified vector autore-
gression (VAR) model. Taking a less structured approach, Fair (2002) identified the largest

changes in equity prices at 1- to 5-minute intervals, and found that nearly one-third of those
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were associated with news about monetary policy. For the most part, however, these papers
have focused narrowly on the questionhaiw the market responds, rather thahy, our

aim is to address both of these issues within a single framework.

2 Equities reaction to target rate changes

This section focuses on the immediate impact of monetary policy on equity prices, both
for broad stock market indices, and for individual industries. As noted in the introduc-
tion, however, one difficulty inherent in measuring policy’s effects is that asset markets are
forward looking, and hence tend to incorporate any information about anticipated policy
changes. Some effort is therefore required to isolate the unexpected, or “surprise” policy
change which might plausibly generate a market response. This does not say that asset
prices respond to monetary policy only when the Fed surprises the markets, of course. Nat-
urally, asset prices will also respond to revisionsxpectationsibout future policy, which

in turn may be driven by news about changing economic conditions. Unexpected policy
actions merely represent convenient “natural experiments” which allow us to gauge the
market reaction.

One convenient, market-based way to identify unexpected funds rate changes relies on
the prices of Fed funds futures contracts, which embody expectations of the effective Fed
funds rate, averaged over the settlement mérihueger and Kuttner (1996) found that the
Fed funds futures rates did a good job of forecasting, efficiently incorporating available data
on the likely policy actions. Kuttner (2001) subsequently used this approach to estimate
the response of the term structure to monetary policy. The analysis in this section uses a
similar approach to gauging the response of equity prices to unanticipated changes in the

Fed funds rate from June 1989 through December 2001. A parallel set of results is then

2The Federal funds rate was either implicitly or explicitly the operating instrument of Federal Reserve
policy over the period analyzed.



presented using policy surprises defined at a monthly frequency.

2.1 Measuringthe surprise element of policy actions

A measure of the surprise element of any specific change in the Fed funds target (which
was either implicitly or explicitly the operating instrument of Federal Reserve policy over
the period analyzed) can be derived from the change in the futures contract’s price relative
to the day prior to the policy action. Specifically, the “surprise” target rate change can
be calculated as the change in the “spot month” (i.e., for the month in which the target is
changed) Fed funds futures rate on the day of the rate change, scaled up by a factor related

to the number of days in the month affected by the change,
N m
Artu:m—(fo fo-1) 1)

wherer® is the unexpected target rate chang%,is the spot-month futures rate on dagf
months, andm is the number of days in the monthThe expected component of the rate

change is simply defined as the actual minus the surprise, or
AFE = Afy — AFY . (2)

Getting the timing right is crucial for the analysis of daily data. Before 1994, when the
Fed began announcing changes in the funds rate target, markets generally became aware of
policy actions on the day after the decision, when it was implemented by the open market
desk. Any funds rate surprises, therefore, are assumed to have occurred on the day after the
FOMC'’s decision.

December 18 1990, is an exception to this rule, however. On that day, the Fed took the

unusual step of announcing a 50 basis point cut in the discount rate immediately following

3As discussed in Kuttner (2001), when the rate change comes on the first day of the ijom,hwould
be used instead o‘go ;- Also, to avoid amplifying any month-end noise, when the rate change falls on one
of the last three days of the month, the unscaled change one-month futures rate is used instead of the change
in the spot month rate.



the FOMC meeting, this was widely (and correctly) interpreted as signaling a 25 bp funds
rate cut. The decision was public at 3:30 p.m., after the close of the futures market, but
before the close of the stock markeBecause of this unusual timing, the funds rate cut is
assumed to have occurred on the 18th, and the difference between the opening future rate
on the 19th and the closing rate on the 18th is used to calculate the surprise.

The announcement of target rate changes, which began in February 1994, eliminates
anomalies like that of December 18, 1990. Because the change in the target rate is generally
announced prior to the close of the futures market, the futures rate generally incorporates
any news about monetary policy. But the post-1994 period also includes one occasion
— October 15, 1998 — on which an action was announced after the close of the futures
markets. Consequently, the difference between the opening rate on the 16th and the closing

rate on the 15th is used to calculate the surprise.

2.2 A word on endogeneity

An important issue in this analysis is that of endogeneity, which could arise from three
distinct sources. One possible source would be a direct response of monetary policy to
stock market fluctuations. Empirical work on the Federal Reserve’s reaction function has
generally failed to find such a response, however. [See, for example, Bernanke and Gertler
(1999).]

A second possible source of endogeneity is a joint response of policy and the stock mar-
ket to new information. For example, the release of data indicating weaker-than-expected
economic growth might plausibly lead to both a decline in the stock market, and to a cut
in the target Fed funds rate. This is probably not an issue for surprises measured at a daily
frequency, however, as a same-day response by the FOMC to new information would be

highly unlikely. Thus, it is reasonable to interpret the surprises defined in this way as mon-

4See Wessel (1990).



etary policy “shocks,” in the sense that they do not incorporate an endogenous reaction to
macroeconomic developmemsThe September 17, 2001 rate cut is an important excep-
tion, however: the market’s sharp decline and the Fed’s 50 bp rate cut were both (at least in
part) responses to the preceding week’s terrorist attacks. A similar co-movement would be
observed if market participants believed the Fed’s policy actions incorporated a response to
private information. Stocks could fall on a rate cut, for example, if investors inferred from
the Fed'’s actions that the economy was weaker than they had previously thought.

If any form of endogeneity were present, then an instrumental variables procedure, such
as the heteroskedasticity-based estimator proposed by Rigobon and Sack (2002), would be
required to obtain an unbiased estimate. However it is important to note that to the extent
that this endogeneity exists, it would tend introduc®avnwardbias in the stock market’s
estimated response to monetary policy. And in any case, our results do not depend on the
assumption that the FOMC bases its decision on publicly released data. Our approach is
still valid, even if measured funds rate surprises include a response to private information
— and indeed it provides some insight into what that information might be. Consequently,
we need not take a stand on whether these surprises move markets because they represent

true policy shocks, or because they reveal private information.

2.3 Resaultsfor rate change days

We start by documenting the effects of surprise policy actions on various measures of stock
prices. A scatterplot of the one-day percentage change in the S&P 500 composite index
against the Fed funds surprises appears in figure 1, for those days on which the funds rate
target was changed. A negative correlation is clearly evident: negative surprises (unantic-

ipated rate cuts) are associated with stock market rallies, and positive surprises (unantici-

SFaust, Swanson and Wright (2002) exploit this insight, and use it to derive an alternative identification
scheme for monetary VARS.



Figure 1. Scatterplots of equity returns and Fed funds surprises, daily data
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pated rate hikes) with declines.

One outlier in the southwest quadrant is conspicuous, however: an observation in which
a sharp decline in equity prices accompanied a surprise rate cut. It turns out that this
anomalous observation to corresponds to September 17, 2001 — the first trading day after
the September 11 terrorist attacks. In this instance, the comovement clearly reflects the
joint reaction of policy and the stock market to an exogenous shock, rather than the market’s
response to the Fed. This observation, therefore, is dropped from the analysis.

The first two lines of table 1 report the impact of unexpected policy actions on two
broad measures of stock prices: the S&P 500 and the CRSP value-weighted index. The
effect is estimated from a regression of the one-day log return (in percentage terms) on
the anticipated and unanticipated components of the change in the Fed funds target (also

expressed in percentage terms), i.e.,

Apy = 0 + B1AFE + BoAF + U (3)



Table 1. The response of equity prices to funds rate changes

Response to target change:

Index anticipated unanticipated R? SE firms

S&P 500 composite B9 -5.29 026 117 500
(2.20) (4.34)

CRSP value weighted 42 —5.36 028 112 varies
(2.34) (4.59)

CRSP manufacturing .66 —-4.11 018 106 54
(1.15) (3.72

CRSP financial ®8 —4.94 020 124 47
(1.45) (3.82)

CRSP information U8 —6.37 023 150 26
(1.83) (4.09)

CRSP construction —0.44 -9.34 017 261 2
(0.31) (3.43)

CRSP retail 10 —6.29 017 168 19
(1.21) (3.59

CRSP wholesale .02 -1.01 —0.02 101 6
(0.03) (0.96)

CRSP transportation .93 —-5.23 012 169 8
(1.01) (2.96)

CRSP utilities —0.25 055 —0.03 111 28
(0.42) (0.48)

CRSP services 19 —4.74 016 135 18
(1.63) (3.37)

CRSP mining B4 -1.13 —0.03 140 17
(0.44) (0.78)

Notes: Parentheses contairstatistics. The sample includes the 54 target rate changes from June
1989 through December 2001, excluding the observation corresponding to September 17, 2001.
The dependent variable is the one-day log return, excluding dividends, expressed in percent. The
unanticipated and anticipated components of the change in the Fed funds rate are given by equations
1 and 2, and are expressed in percent. The column labeled “firms” gives the number of firms in each
portfolio. The regressions also include an intercept (not reported).



wherep is the logarithm of the stock price. As in figure 1, the sample consists of those
days on which the target rate was chan§éthe (highly significant) estimated coefficient
on the surprise 0f5.29 implies a surprise 25 basis point rate cut typically leads to a 1.3
percent gain in the indek.

Consistent with the efficient markets hypothesis, the market responds much more
strongly to surprises than expected actions: the coefficient on the expected component
is statistically significant, but small in magnitude (and has the “wrong” sigiihe R? is
also noteworthy, as it implies that 28 percent of the variance in equity prices on the days
of funds rate changes is associated with monetary policy actions. The reaction is all the
more remarkable, given that much of the Fed funds surprises measured at a daily frequency
represent shocks to thiening or rate changes, rather than to the medium-term path of in-
terest rateS. The stock market’s generally enthusiastic response to the eleven rate cuts in
2001 (several of which were at least partly unanticipated) is consistent with this pattern. In-
deed, the estimated reaction is smaller and less significant when 2001 is excluded, although
statistical tests do not reject the hypothesis that the coefficient has remained constant.

To analyze the response of individual industries, we turn to portfolios constructed from
CRSP stock returns, grouped according to primary NAICS code into ten indices: infor-
mation technology, construction, services, manufacturing, financial, retail, transportation,

wholesale trade, utilities, and mining. The remaining ten rows of table 1 report the re-

6An alternative would be to use the sample consisting of possible rate change days, such as those corre-
sponding to meetings of the FOMC. Estimates based on FOMC meeting days are much less precise, however,
as surprise actions at FOMC meetings have been relatively uncommon in recent years.

"Using their proposed heteroskedasticity-based IV procedure, Rigobon and Sack (2002) report a coeffi-
cient of —7.1 from an analogous regression. However that study used a measure of the policy surprise based
on Eurodollar futures, rather than Fed funds futures, and it is this difference that accounts for much of the
discrepancy.

8The market’s non-reaction to anticipated policy actions is consistent with reporting in the financial press:
after the January 31 2001 50 bp rate cut, a headline inAtakk Street Journalead, “With the Rate Cut
Anticipated, Market's Reaction Is Anticlimactic.” [Zuckerman, (2001).]

9This “timing hypothesis” was suggested by Kuttner (2001) as a likely explanation for the smaller-than-
expected response of interest rates to Fed funds surprises. Some support for this view can be found in the
results of Demiralp and Joad2002) and @Grkaynak, Sack and Swanson (2002).
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sults from estimating equation 3 on these ten industry portfolios. (The table also reports
the number of firms in each portfolio.) Not surprisingly, the largest coefficient is obtained
in the construction sector, whose stock price reaction is nearly twice that of the broader
market indices. The information and retail sectors also respond somewhat more strongly
than the market as a whole. Little or no response is observed among stocks in mining and
utility sectors, which are usually considered relatively acyclical. Not surprisingly, these
sectors are also characterized by very small (or negdﬁ?&)reflecting the predominance

of idiosyncratic factors in these firms’ stock returns.

2.4 Thereaction measured at monthly intervals

An alternative way to define the policy surprise is to focus on the expected change in policy
at aregular, monthly horizon. Unlike the daily event study-style analysis, the regular timing
is amenable to the time series approach employed below in section 3 to assess the causes
of the market's response. One important feature of this approach is that any month could
potentially contain a surprise policy action; another is that pafiegtioncould also create
a surprise. These two features make this approach less susceptible to any sample selection
issues that might arise in an analysis of rate change days.

A slightly different method is used to derive a monthly measure of unanticipated policy
actions. Since the price of the Fed funds futures contract is based on the monthly average

Fed funds rate, the appropriate definition would be

— 1 m 1
fs = Ei;rS,i —fsim (4)
wherers; is the funds rate target dayf months, and fsl_Lm is the rate corresponding to

the one-month futures contract on the lasth) day of montrs— 1.19 The expected funds

10The settlement price of the Fed funds futures contract is determined by the average over the calendar
month, carrying the prior business day'’s rate over to weekends and holidays.
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rate change is defined analogously as
~e — f]_ _p 5
rs=1Isim—rs-1m . ®)

The sum of the two is the average funds rate target in memtinus the target on the
last day of montls— 1. (Since this is not the first difference of either the average or the
month-end funds rate target, the slightly non-standard notaTtiismsed.)

One caveat to this approach that the endogeneity issue discussed above in section 2.2
is more relevant to Fed funds surprises defined at a monthly interval, than it was for the
day-ahead surprises. Rate changes unanticipated as of the end of the prior month may well
include a systematic response to economic news, such as employment, output and inflation.
Consequently, it is important to bear in mind that these “surprises” do not correspond to
the monetary policy “shocks” as the term is used in the monetary VAR literature.

This definition of the funds rate surprise also raises a new issue: that of time aggre-
gation. The (unavoidable) reliance on the average funds rate will attenuate the size of the
policy surprises, a problem discussed in detail in Evans and Kuttner (1998). Unfortunately,
without making specific assumptions about the days of possible rate changes, there is no
clean way to correct for this problefd. Consequently, some caution is required when
interpreting the magnitude of the surprises measured in this way.

Figure 2 plots the monthly change in the S&P 500 composite against the monthly sur-
prises defined in this way. As in the daily data, a strong negative correlation is evident;
and here too the September 2001 outlier is visible. As discussed above, it makes sense to
drop this observation from the analysis, as it represents the common response of monetary
policy and the stock market to extraordinary news.

The sample used for the analysis contains a number of very sharp stock price move-

LAfter the 1994 change in protocol, for a time it seemed reasonable to assume that actions were expected
only at scheduled FOMC meetings; but the three intermeeting rate cuts in 2001 have made that assumption
less plausible.
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Table 2: The response of equity prices at a monthly frequency

Response to target change:

Index anticipated unanticipated R2 SE DW

S&P 500 composite —1.54 —10.49 0077 363 225
(0.53) (3.78)

CRSP value weighted —1.66 -9.21 0073 340 227
(0.64) (3.69)

CRSP manufacturing -3.13 —-1157 0081 392 224
(1.01) (3.87)

CRSP financial —0.05 —-1187 0045 528 228
(0.01) (2.95)

CRSP information —-1.00 —1255 0074 446 230
(0.28) (2.85)

CRSP construction —3.83 —26.23 0065 Q983 178
(0.49) (3.50)

CRSP retail —8.87 —-1262 0070 510 194
(2.19) (3.24)

CRSP wholesale -1.72 -5.15 0003 423 244
(0.52) (1.60)

CRSP transportation —6.17 —-9.70 0022 596 209
(1.31) (2.14)

CRSP utilities —4.34 —4.82 0008 424 209
(1.29) (1.49)

CRSP services -3.19 -1181 0058 466 194
(0.86) (3.32)

CRSP mining —4.45 -3.11 —0.007 674 216
(0.83) (0.60)

Notes:Parentheses contdirstatistics. The dependent variable is the monthly log return, excluding
dividends, expressed in percent. The unanticipated and anticipated components of the change in
the Fed funds rate are given by equations 4 and 5, and are expressed in percent. The regressions
also include an intercept (not reported). The sample includes 149 observations spanning May 1989
through December 2001, excluding August 1990, August 1998, and September 2001.
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Figure 2: Scatterplots of equity returns and Fed funds surprises, monthly data
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ments, at least two of which were in response to clearly identifiable adverse exogenous
events. One is the 9.4 percent decline in the S&P 500 index in response to Irag’s invasion
of Kuwait in August 1990; the second is the 14.6 percent drop in the wake of Russia’s
August 1998 default. Neither event prompted an immediate Fed reaction, however, and
consequently neither generated a perverse, positive co-movement between the funds rate
and stock prices. But they nonetheless add lot of noise to the equity return process: along
with the 8.2 percent decline in September 2001, these two observations account for 18 per-
cent of the monthly variance in the return on the S&P 500 since mid-1989. Consequently,
we opt to treat these as outliers, and drop them from the andfysis.

Table 2 reports the results from a regression of the monthly percentage change in equity
prices on the expected and unexpected components of monthly funds rate changes. The

top two rows again show the response of the S&P 500 and CRSP value-weighted indices.

12The parameter estimates turn out to be virtually identical with these months included, but there is a
modest loss of precision.
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As in the results using daily data, there is a strong, statistically significant response to
unanticipated rate changes, and little or no response to the anticipated action& The
indicates that a respectable seven to eight percent of the variance of monthly stock price
fluctuations (excluding the three “outlier” months) can be traced to policy surprises. The
size and statistical significance of these estimates appear quite stable over the sample.

It is interesting to note that the magnitude of the response is nearly twice that found in
analysis of rate-change days. This difference in magnitudes is readily explained by the time
aggregation issue discussed above, however. In fact, if funds rate changes on average take
place in the middle of the month (for example, if rate changes were distributed uniformly
over the days of the month), then the magnitude of the estimated monthly surprises will be
attenuated by one-half, and this would explain the doubling of the estimated response of
the stock price.

The pattern of responses across industries, shown in the remaining ten rows of the table,
is similar to that observed in the daily data. Again, construction exhibits the largest reaction
(two to three times that of the broad market index), while the coefficients for wholesale

trade, mining, and utilities are relatively small, and statistically insignificant.

3 Poalicy, fundamentals and stock prices

Section 2 above documented the reaction of equity returns to surprise monetary policy
actions. We now turn to the specific question posed in the paper title, namelgxyiains

the observed reaction. There are several reasons why an unexpected funds rate increase
may lead to a decline in stock prices: it may be because of a decline in expected future
dividends, an increase in the expected real interest rate used to discount those dividends,
or it may increase the expected excess return (i.e., the equity premium) associated with

holding stocks. Simple regressions of equity returns on surprise changes in the funds rate
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target are silent on the question; a more structured approach is required to disentangle the
various effects.

The approach in this paper is an adaptation of the method used by Campbell (1991),
and Campbell and Ammer (1993). In brief, the first element of their method is a log-linear
decomposition of excess equity returns into components attributable to news about real
rates, dividends, and future excess returns; the second element is the use of a vector au-
toregression (VAR) to calculate the relevant expectatinale take the Campbell-Ammer
framework one step further, however, by relating these components in turn to the news
about the path of monetary policy embodied in the surprises derived from Fed funds fu-
tures. This allows us to estimate the impact of Fed funds surprises on expected future
dividends, real interest rates, and expedtedreexcess returns. It turns out that the largest
(and only statistically significant) effect is on the future excess return component, suggest-
ing that it is this — and not expected future dividends or real interest rates — that accounts
for the observed reaction of equity prices.

The object of this analysis is the (log) excess return on equities, degoted This
is defined as the total return on equities (price change plus dividends), minus the risk-free
rate (taken to be the one-month Treasury bill yield). The return datetl is measured
over periodt, i.e., from the beginning of periotlto the beginning of period+ 1. Let
qy 1 represent the unexpected (relative to expectations formed at the beginning oftperiod
excess return during periadi.e.,yi+1 — EtYii1-

Using the linearization developed by Campbell and Shiller (1988), the peuodx-
pected excess return on equity can be expressed in terms of the revision the expectation of

discounted future dividends, the real interest rate, and future excess returns. (A sketch of

13Because VARs require periodic time series data, the subsequent analysis will use the monthly measure
of the funds rate surprises.
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the derivation can be found in the appendix.) The decomposition can be written as:

e2/+1 = ét0|+1 - é{+1 - é2/+1 (6)

where thees represent the revision in expectations between petiaadgt + 1, and the tilde

denotes a discounted sum, so that
&, = Bna1—-E) i}pjdt+j
€1 = (B1—E) jo—ipjrtﬂ
aﬂ = (B1—E) JilijtHH :

The p discount factor, which comes out of the linearization, represents the steady-state
ratio of the equity price to the price plus dividend; following Campbell and Ammer (1993),
this is set to 0.9962. As emphasized by Campbell (1991), equation 6 is really nothing
more than a dynamic accounting identity relating the current excess return to revisions in
expectations. As such, it contains no real economic content, much less any specific asset
pricing model; such a model would be required to provide a link between the conditional
expectations of future returns and economic variables (e.g., consumption).

Implementing this decomposition obviously requires empirical proxies for the expecta-
tions appearing in equation 6. The approach of Campbell (1991) and Campbell and Ammer
(1993) is to model expectations using a Vector Autoregression (VAR) involving the vari-
ables of interest (excess returns and the real interest rate) along with any other indicators
that might be helpful in forecasting those variables. Calculating the discounted sum of
the revisions in expectations is straightforward; to do so involves requires writing the

variable,p lag VAR as a first-order system,
Z11=AZ+¢€41 , (7)
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wherez. 1 is an appropriately stackatp x 1 vector containing the excess equity return,
the real interest rate, and any additional indicators. With the VAR expressed in this form,

the ingredients of the identity 6 are given by

aﬂ = S&t41
&, = SPA(L-pA) e,
g1 = s(1—pA) ' and

g, = & &, &1

wheres, ands; are appropriate X np selection matrices.

Two features of the Campbell-Ammer method deserve further comment. One is its
parametric approach to constructing long-horizon expectations of stock returns: one has to
assume that the dynamics of equity returns many years in the future are adequately captured
by a parsimonious VAR model. To a large extent, this parametric approach is forced upon
us, as the relatively short (12-year) experience with Fed funds futures is not sufficient to
directly estimate the long-horizon impact on stock asset returns, particularly in light of
the questionable small-sample properties of long-horizon regressions [see Nelson and Kim
(1993)]. But as discussed below, the use of the \dRsallow us to estimate the dynamics
of stock returns over a longer sample than the period for which futures data are available.

A second important feature of the approach is that dividends are not included explicitly
as a variable to be forecast; given,, & ; andel, ,, &, is backed out from the identity
(6). In principle, it would be possible to forecast dividends directly in the VAR, and instead
back out an impliedaﬁl. In practice, however, this is complicated by a strong seasonal
pattern, and a root near unity in the dividend process. It is important to note that to the
extent that the VAR understates the predictability of excess returns, treating dividends as a

residual means that the method will end up attributmg muchof the return volatility to
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dividends!*
3.1 Theforecasting VAR

The first step is to set up a VAR to capture the dynamic correlations between the excess
equity return and the real interest rate (calculated as the one-month bill yield minus the log
difference in the non-seasonally-adjusted CPI). The VAR will therefore include these two
variables at a minimum, plus whatever other information variables are useful for forecasting
them. In their original work, which analyzed the period ending in February 1987, Campbell
and Ammer (1993) used a six-variable one-lag system that included, besides the real rate
and equity return: the relative bill rate (defined as the three-month bill rate minus its 12-
month lagged moving average), tbleangein the bill rate, the (smoothed) dividend price
ratio, and a measure of the slope of the yield curve.

A slightly different specification works somewhat better in terms of adjuBfeid the
more recent period, however. In particular, the yield spread and the change in the T-bill
rate, which were useful predictors of equity returns prior to 1987, appear less informa-
tive after 1989; consequently these two variables were dropped from the VAR, in favor
of year-over-year CPI inflation, which seems to have some marginal predictive power for
stock returns. None of these variables is subject to historical revisions, and consequently
represent information that would have been available to investors in real time.

Table 3 reports the estimated parameters from the one-lag five-variable VAR just de-
scribed. The adjustef® for the excess return equation of 0.0526 (excluding the effects of
the three crisis dummies, which jointly account for nearly 16 percent of excess return vari-
ance), is hardly overwhelming, but shows that there is at Eamepredictability in excess

returns. The only regressor significant at conventional significance levels is the relative bill

14A useful check on the Campbell-Ammer procedure would be to compare its implied dividend forecasts
with the observed behavior of dividends. Such a comparison is beyond the scope of the present paper,
however.
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Table 3: VAR parameter estimates

Equation

Excess Real YOY D/P Relative
Regressor return rate inflation ratio bill
Excess —0.02 —-0.01 000 —2.75 022
return (0.40) (2.22) (0.54) (38.6) (2.99)
Real 030 046 —0.02 -1.29 -0.72
rate (0.34) (9.33) (3.36) (1.08) (0.58)
YOY —2.26 —0.18 097 179 090
inflation (1.48) (2.03) (1084) (0.86) (0.42)
D/P 561 020 003 100 453
ratio (1.51) (0.94) (1.21) (1989) (0.86)
Relative —8.24 —0.29 010 990 084
bill (3.73) (2.34) (7.48) (3.30) (26.9)
August —10.93 —0.50 007 006 042
1990 (2.43) (1.96) (2.47) (0.09) (0.06)
August —-17.85 002 000 058 —1.04
1998 (3.96) (0.08) (0.16) (0.95) (0.16)
September —1094 —0.55 001 104 —-851
2001 (2.41) (2.12) (0.33) (1.68) (1.32)
R:Z overall Q108 0283 0989 0996 Q697
R? x crisis Q053 0272 0988 Q996 Q697

Notes: The excess return is the monthly log return from the CRSP value-weighted index, less the
one-month Treasury bill rate. The sample is January 1973 through December 2002, with dummy
variables for August 1990, August 1998, and September 2001. The coefficients (except those on the
own lags) in theD /P and relative bill rate regressions have been multiplied by 100 for readability.
The “overall” R? includes the dummy variables’ contribution to the variance explained accounted
for by the regression; the “x crisig? excludes the dummies’ effects. The estimated intercepts are
not reported.
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rate. The dividend-price ratio has the correct sign (positive), but significant at only a 0.13
level; similarly, higher inflation is associated with a reduction in future stock returns, but

again the coefficient is only significant at the 0.14 level.

3.2 A variance decomposition of equity returns

Equation 6 expresses this month’s excess equity returns into three components, which may
be correlated with one another. The variance of the current excess return can therefore
be broken down into the sum of the three variances, plus (or minus) the relevant three

covariances,

Var(e),,) = Var(&.,)+Var(&,,)+Var@,,) -

ZCOV(éthrla &1)— ZCO\'(éthv é%/+1) + ZCOV(éle &1 . (8)

giving a sense of the relative contributions of news about real interest rates, dividends, and
expected future excess returns to fluctuations in the current excess return. The results of this
decomposition appear in table 4, both for the full 1973—-2001 sample and for the subsample
beginning in May 1989 (corresponding to the period for which Fed funds futures are avail-
able). The columns labeled “total” show the total contribution, and those labeled “share”
expresses that contribution as a percentage of the excess return variance, i.e., normalizing
by Var(e/, ;).

Despite the differences in specification and sample, the results for the 1973-2001 sam-
ple are very similar to those reported by Campbell and Ammer (1993) for their 1973-87
sample. In particular, the variance in expediatire excess returns accounts for the lion’s
share of the variance of the current equity return: 95 percent, compared with Campbell
and Ammer’s 101 percent (both are statistically significant). Dividends make a somewhat
larger (but less precisely estimated) contribution here than in the Campbell-Ammer results,

accounting for a marginally significant 36 percent of the excess return variance, compared

21



to a statistically significant 14 percent in their study. In both cases, the contribution of the
real interest rate is negligible (0.7 and 3 percent respectively) and statistically insignificant.
These figures are in turn very similar to those for the truncated 1989-2001 subsample,
shown in the right-hand portion of the table. Clearly, the dynamics of equity excess returns
and real interest rates (and by implication the path of dividends) are relatively insensitive

to changes in the sample period or the model specificafion.

3.3 Theeffectsof Fed funds surprises

The most straightforward way to analyze the impact of monetary policy within the frame-
work introduced above is to include the Fed funds surprises in the VAR as an exogenous

variable
Z1=Az+ QAP 48y 9)

where@ is ann x 1 vector capturing the contemporaneous response of the elements of
z 11 to the unanticipated rate change pertog1. The new disturbance tergj, ; is by
construction orthogonal to the funds rate surprise. This effectively breaks the VAR'’s one-
month-ahead forecast error into a component having to do with news about monetary pol-
icy, cp&ft”H and an orthogonal component incorporating information about things other than
policy.

An important point is that becauds! , represents a prediction error from a rational
forecast made at time it should be orthogonal ta.1® Consistent estimates of both
and @ can therefore be obtained by first estimating the usual VAR (equation 7), and then

regressing the VAR'’s one-step-ahead forecast errors on the funds rate surprises. Normally,

there would be no advantage to the two-step procedure over simply estimating equation

5vVery similar results are also obtained from models with more lags, and with the three “outlier” observa-
tions included in the analysis.

16Krueger and Kuttner (1996) showed that in practice, the Fed funds futures prediction errors are generally
uncorrelated with lagged information.
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Table 4: Variance decomposition of excess equity returns

1973-2001 1989-2001
Total Share (%) Total Share (%)
Var(excess return) 19 137
Var(dividends) 71 364 6.0 439
(1.7) (2.2)
Var(real rate) or 35 01 07
(1.2) (1.3)
Var(future returns) 15 950 121 881
(2.7) (1.6)
—2 Cov(dividends, real rate) —2.8 —142 -04 -31
(1.0) (0.6)
—2 Cov(dividends, future excess return) —7.7 —39.6 -3.0 —218
(0.8) (0.4)
2 Cov(future excess return, real rate) 73 188 11 7.8
(1.2) (1.0)
R? from excess return equation 0.053 0.039

Notes: The equity return used is the CRSP value-weighted index. Parentheses ¢testtdistics,
calculated using the delta method.
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9 directly. But in our case, using the two-step procedure allows us to estimate the VAR
dynamics (i.e., the coefficients in thematrix) over a samplénger than the period for
which Fed funds futures are availaBleThis will of course tend to improve the precision

of our estimates.
3.3.1 Thedynamicresponseto fundsrate surprises

Incorporating the Fed funds surprises into the VAR in this way allows us to do two things.
First, because it (partially) orthogonalizes #thdorecast error, we can use it to calculate

the dynamic responses of the variables in the VAR to funds rate surprises. In particular,
the k-month response to a one-percentage-point surprise increase in the funds rate can be
expressed a&K@. The response of each of the five variables in the model are calculated in
this way, and appear in figure 3.

The upper-left-hand panel of the figure displays the response of excess returns over
time. The initial decline of 9.1 percent (not shown, because of the difference in scale) is
followed by several months of small negative excess returns. But after six months, equities
start to exhibit smalpositiveexcess returns, peaking at 0.123 percent per month (1.5 per-
cent on an annual basis), and continuing for several years. This tendency for positive excess
returns to persist is apparent in the upper right-hand panel of the figure, which shows the
response of the dividend-price ratio. The initial decline in equity prices leads to an abrupt
increase in this ratio, which reverts gradually to its long-run level as equity prices rise.

The contractionary funds rate surprise also leads to a sizable increase in the relative bill
rate, which persists several months (by construction). rEélaéinterest rate initially de-
clines, however, because unexpected rate increases seem also to be associated with higher-

than-expected inflation (shown in the lower left panel). The change in the real rate then

Faust, Swanson and Wright (2002) employed a similar trick: they estimate the VAR parameters over
the full sample, but choose an orthogonalization based on the response of interest rates over the post-1989
subsample.
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Figure 3: The estimated responses to monetary policy surprises
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Notes:Each panel represents the response to a 1 percent funds rate surprise, as defined in
equation 4, calculated from the VAR using value-weighted CRSP returns and estimated
over the 1973-2001 sample. The initial (within-month) excess return response is not
shown, because of the large difference in scale. The responses are expressed in percent
per month.
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becomes a positive 0.03 percent (0.36 percent on an annual basis) in the subsequent month.
But again because inflation is increasing, the jump in the real interest rate is transitory.
Overall, the Fed funds surprise is associated with roughly a quarter-point rise in year-over-
year inflation at an 18-month horizon. This result is consistent with those of Goto and
Valkanov (2000), in the sense that monetary policy is, in effect, creating a negative con-
temporaneous correlation between inflation and excess equity returns.

The strong observed correlation between Fed funds surprises, excess returns and in-
flation naturally raises the question of whether it is monetary pgiey sethat causes
the decline in stock prices, or the inflationary pressures to which the Fed is presumably re-
sponding. This ambiguity is likely due in part to the fact that our Fed funds surprises are not
orthogonalized, and thus are not purged of any endogenous response to economic condi-
tions 18 It is worth noting however that even the orthogonalized monetary policy shocks of
Goto and Valkanov (2000) generate a similar set of correlations between returns, inflation,

and the Fed funds rate.
3.3.2 Explaining the stock market’sreaction to Fed policy

The second thing this approach allows us to do is calculate the impact of the Fed funds
surprises on thdiscounted sumaf expected future excess returns, interest rates, and div-
idends. And since it is these present values that are related to the current excess return
through equation 6, this provides a natural way to determine the source (or sources) of the
stock market'’s reaction to monetary policy.

One way to assess policy’s effect on these discounted sums is simply to use the VAR to
calculatee?, |, & ,, ande/, ;, which represent the revisions in expectations of the relevant
present values, and regress these variables in turfy gnAlthough this would provide the

answer we are after, the standard errors would be misleading, as they would fail to take into

180f course this ambiguity inherent in this approach is balanced by its independence from any specific set
of potentially controversial identifying assumptions.
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account the dependence of teoh the estimated parameters of the VAR.
An alternative way to do the same calculation is to write outethim terms of the VAR

coefficients. Taking); ; as an example:

&, = SPA(L—pA) Ter g o

= SPA(L—pA) (@A, 1 &) -

The response of the present value of expected future excess returns to the FF surprise is
just

S,PA(1—pA)Tg .
Thus, the response of expected future excess returns depends not onlyporether, but

also on the VAR dynamics representedAySimilarly, the response of the present value

of current and expected future real returns is
5(1-pA) ',

and the implied response of the present value of current and expected future dividends is

S0+ S,pA(L1—pA) to+5(1-pA) o

or alternatively
(sy+5)(1-pA) o

The standard errors for these responses can be calculated in the usual way, using the delta
method.

The results of these calculations appear in table 5. The top two rows report the estimated
impacts of Fed funds shocks for our two broad market gauges, the S&P 500 and the CRSP
value-weighted index. The first of the four columns is the impact on the current excess

return, corresponding to the initial point in the impulse response function shown in figure
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Table 5: The impact of monetary policy on dividends, interest rates, and future returns

Response of:

current excess future excess real interest

Index returng’, ; retuns,g’, ; ratesg’,,  dividends g ;
S&P 500 composite —9.23 458 042 —4.23
(4.01) (1.55) (0.52) (1.31)
CRSP value weighted —9.10 7.26 024 —1.61
(3.87) (2.05) (0.23) (0.47)
CRSP manufacturing —8.83 539 046 —2.99
(3.64) (2.42) (0.82) (1.72)
CRSP financial —7.88 744 —0.03 —0.47
(2.38) (2.63) (0.06) (0.22)
CRSP information —851 560 -0.10 —3.00
(3.26) (2.56) (0.19) (1.53)
CRSP construction —15.83 1219 —0.55 —4.19
(2.21) (1.47) (1.33) (0.52)
CRSP retail —7.27 492 -0.18 —2.52
(2.20) (1.70) (0.38) (1.33
CRSP wholesale —4.29 257 003 —-1.69
(1.56) (1.14) (0.06) (1.13
CRSP transportation —5.68 189 —-0.42 —4.21
(1.17) (0.51) (0.89) (0.95)
CRSP utilities —4.54 187 0.07 —-4.21
(1.70) (1.01) (0.13) (1.97)
CRSP services -9.71 753 018 —2.00
(2.96) (2.08) (0.27) (0.58)
CRSP mining —2.00 003 004 —1.94
(0.50) (0.01) (0.08) (0.47)

Notes:Parentheses contdiirstatistics. The sample is January 1973 through December 2001 for the
S&P 500 and value-weighted indices. Due to data limitations, the sample begins in January 1975
for all the CRSP portfolios except construction; for that industry, the sample begins in January 1978.
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3. The second through fourth columns show the impact of Fed funds surprises on the
discounted sums appearing on the right-hand side of equation 6.

For the CRSP value-weighted index, the effect of Fed funds surprises on the excess
return comes almost entirely through their impact on expected future excess returns. The
statistically significant coefficient of 7.26 accounts for nearly all of-#®10 effect on the
current return, with only small and insignificant effects on the discounted sums of real rates
or dividends. The results are less clear-cut for the S&P returns, where the impact of the
funds rate shocks is relatively evenly split between dividends and expected future excess
returns. (The real interest rate effect remains small.)

This result is readily understood in terms of the impulse responses plotted in figure
3. Funds rate shocks are estimated to have a small, but highly persistent effect on excess
returns, whose discounted value (using a discount factor of 0.9962) essentially balances
the current-period gain or loss. The contribution of the real interest rate is small — partly
because of the lack of persistence, and partly because unexpected increases in the funds
rate are typically associated with higher-than-expected inflation. So, to the extent that Fed
funds shocks are followed by predictable changes in excess returns, the effects of monetary
policy will be attributed to its effects on future excess returns, rather than to dividends or
real interest rates.

This framework also allows us to say something about the reason for the differential
impact of monetary policy across industries, as documented in tables 1 and 2. A five-
variable one-lag VAR was estimated for each of the ten portfolios, in a specification like
that used for the aggregate equity return. Data limitations, however, require a slightly later
starting date for the portfolio-level analysis, and the number of firms in each industry is
somewhat diminished.

Overall, the industry-level responses confirm the earlier conclusion that most of the

stock market’s reaction to monetary policy comes through the its effect on future excess
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returns. The response of expected future excess returns to a surprise Fed funds increase
is positive, and for most portfolios, nearly equal in magnitude to the current equity return
response. Four of these are also significant at the 0.05 level; one is significant at the 0.10
level. There is a marginally signifcant response of expected dividends for two industries,
manufacturing and utilities. And in no case is the impact on expected real interest rates

large or significant.

4 Conclusions

One contribution of this study has been to document the strong response of the stock market
to unexpected monetary policy actions, using Fed funds futures data to gauge policy ex-
pectations. For the overall S&P 500 composite index, an unexpected 25 basis point rate cut
would typically lead to a 1.3 percent increase in stock prices. A second important finding
is that the reactions differ considerably across industries, with the most sensitive (construc-
tion) exhibiting twice the response of broad stock market aggregates. Other sectors, such
as utilities, mining, and wholesale trade are largely unaffected by policy actions.

A more difficult question isvhy stock prices respond as they do to monetary policy —
whether through the effects on real interest rates, expected future dividends, or expected
future stock returns. The results presented in this paper showed, perhaps surprisingly, that
the reaction of equity prices to monetary policy is not directly attributable to policy’s effects
on the real interest rate. The reasons are twofold: first, the contribution of real interest rate
variance is small to begin with; and second because funds rate increases are associated with
higher-than-expected inflation, monetary policy surprises have only a modest effect on real
rates. Similarly, the impact of policy on (the implied path) of expected future dividends
is generally quite small, although there is some evidence of a modest contribution in two

industries.
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Instead, the impact of monetary policy surprises on stock prices seems to come pri-
marily through its effects on expected future excess returns — i.e., the equity premium.
Exactly why policy should affect expected future returns is not clear, however. But the
observed correlation between policy and inflation surprises suggests that the effect could
be the result of inflation’s effect on the equity premium, rather than that of monetary policy
per se This finding corroborates the connection between inflation, monetary policy, and
stock returns documented by Goto and Valkanov (2000), although it is fair to say neither
that paper nor this one has fully disentangled the precise nature of the linkages. Resolving

this issue is clearly an interesting topic for future research.
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Appendix: deriving equation 6

This appendix provides a brief sketch of the derivation of the log-linearized relationship
between the current excess return, expected future excess returns, dividend growth, and
real interest rates given in equation 6. The derivation roughly follows Campbell and Shiller
(1988) and Campbell (1991).

The starting point is simply the definition of the stock retui, 1:

P1+ D¢
R

whereP is the stock price anD is the dividend. Taking logs and lettitng, 1 = In(1+H;;1)
yields:

1+Hi1=

hty1=IN(R+1+Dt) —In(R) .

The next step is to derive a log-linear approximation {@n; + Dt). One way to do this
is to first-difference, and express the change in the log of the sum as the weighted sum of
the log differences

AIN(R1+ D) = pApy1+ (1 p)Ady

wherep is the steady-state/(D + P). “Integrating” this expression gives

IN(Pey1+Dt) = K+ppy1+(1—-p)d

and substituting this into the expression gy, and combining terms gives

b1 ~ k—pdy1+ O +Ad (10)
~ k+(1-pL Hd +Ad .

The next step is to solve forward, giving
& = (1-pL ) H(h1—Ad—K)
= Z}pi(hwm —0hyi) —k/(1—p) .
i=

Substituting this, and a similar expression &f 1, into equation 10 and collecting terms
yields:

ht41— Ehiyq = — lei (Et41—E)htjayi+ Z}pi (Et+1— E) A1
i= i=

which corresponds to equation 1 in Campbell (1991).
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A breakdown okxcesseturns can then be derived by expressing the equity rétusn
as the sum of a risk-free rate and an excess return

Ptr1=ress+Yerr -

Because itis assumed thiat1 is known at time, the “excess return surprisg’ 1 — EiVi+1
is the same as the overall return surphisg — E;hy, 1. So the risk-free rate can be included
in the two-way breakdown as follows:

00 00

Ye+1— EtYe41 = — lei (Ete1— Et) (Vo1 +Met1+i) + _Zopi (Et41— Et)Adi; 14

i= i=
or as
Yir1 —EtYi1 = — i pi (B1— Bo)Yiga4i —
is
i pi (Et41—E)rigavi + _ipi (Et41—Et)Adi; 14 - (11)
i= i=
Again, becausé&;ri. 1 = riy1, it doesn’t matter whether the summation involving tise

begins at 0 or 1. Finally, Iettingﬁ’+1 represent the “excess return surprise” and replacing
the summations with the correspondeesgyields equation 6.
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