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Abstract

How do financial markets react to monetary policy actions and macroeconomic news?
This paper develops a coherent framework to capture the impact of monetary policy ac-
tions and macroeconomic news on the term structure of interest rates, based on a new
affine-yield model that allows shock variances and covariances to differ between news
events. We focus on the revisions to the entire path of future expected short rates,
which the model allows to parsimoniously describe by means of the factor shocks, be-
cause these revisions completely characterize any news event. By integrating the different
sources of volatility in one common framework we can assess and compare the differential
impact of monetary policy and macro news on the term structure. The key findings are
that policy actions have effects on the entire term structure, and that this impact varies
greatly between policy actions but on average is hump-shaped, which contrasts with
previous results in this literature. Furthermore, the revisions resulting from macroe-
conomic announcements show clear evidence for policy inertia, and they confirm the
excess-sensitivity puzzle. Finally, there are important differences in comovement of for-
ward rates between policy and macro news, which we attribute to the dimensionality of
new information released on a given news event. The model also allows us to construct
a horizon-specific measure for monetary policy shocks, and to consistently estimate the

term structure of announcement effects.
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1 Introduction

How do monetary policy actions affect the term structure of interest rates? Because of its
high relevance to both market participants and policymakers, this question has commanded
considerable interest among researchers. The Fed controls the overnight interest rate (the
federal funds rate), but the monetary transmission mechanism works through changes in
interest rates at all maturities. Hence the effectiveness of monetary policy crucially depends
on whether and how the Fed can impact interest rates other than the short rate.

In his seminal paper Kuttner (2001) employs federal funds futures to measure monetary
policy surprises on FOMC meeting days and finds a significant impact on yields at short and
medium maturities, which however declines quickly with maturity. Other studies that come to
similar conclusions are Poole and Rasche (2000); Rigobon and Sack (2004); Hamilton (2008).
Giirkaynak et al. (2005a) show that policy surprises have two dimensions, due to the additional
information conveyed to market participants in the FOMC statement, and explain more yield
variation for longer maturities by including a second factor that is extracted from near-term
money market futures. In their yield regressions as well, response coefficients and explanatory
power decline with maturity. We can gather from the results of the regression approach in
this literature that policy surprises do affect interest rates, that the impact seems to decline
with maturity, and that to measure these surprises one factor is not sufficient.

A closely related question is how macroeconomic news affect the term structure. There
exists an extensive literature that attempts answers, prominent contributions being Fleming
and Remolona (1997), Balduzzi et al. (2001) and Faust et al. (2007). The focus of these studies
is to ask which announcements affect interest rates and what the sign and size of the responses
are. They find that some macro news have an important impact on yields whereas others do
not, and that the effects vary according to the maturity of the yields considered.

The approach that is usually taken to assess the impact of news on the term structure is
to regress yield changes on one or more surprise measures, and to re-estimate the equation for
a number of different maturities. I argue that this does not give satisfactory answers to the
questions of interest, since it does not recognize the multidimensional nature of news to the
term structure: A particular policy action or macroeconomic announcement leads to a revision
of the entire path of expected future short rates, and we need to model and understand this
entire revision across maturities in order to understand the impact of the news. The finance
literature on term structure models provides the right apparatus to achieve this. However, the
regression approach described above neither provides a model of the short rate nor imposes no-

arbitrage, both necessities to consistently model changes in interest rates, and hence does not



constitute the appropriate methodology to assess the impact of news on the term structure.

For the case of monetary policy analysis, the regression approach is particularly problem-
atic. The surprise measures are derived from changes in money market futures rates, which
are changes in average forward rates. The yield changes on the left hand side of the regression
are of course also determined by changes in average forward rates, thus the regressions sim-
ply estimate, in a crude way, the comovement between forward rates at different maturities.
Viewed in this light and given that the short rate has transitory components, the findings of
decreasing explanatory power in the yield regressions of Kuttner (2001) and Giirkaynak et al.
(2005a) are not surprising at all. The conclusion is that we do not yet have a satisfactory
answer to the question about the effects of monetary policy on the term structure of interest
rates.

Another shortcoming is that the two separate strands of literature are not integrated, which
they would need to be in order for us to understand how the different types of news differ
with regard to their impact on the term structure. What are the most important sources of
volatility? How are rates at short, medium and long maturities affected by different news, and
are there important differences in comovement of rates across maturities? These questions
can only be answered if we integrate news about monetary policy and the macroeconomic
situation in a common framework.

In this paper I propose a new approach to study how policy and macro news affect the term
structure. The object of interest is the revision to the entire expected future path of the short
rate, since this is what characterizes a particular news event.! Importantly the revision is an
infinite-dimensional object, because it describes changes to the expectations for the short rate
at any horizon. In order to capture the impact of news, we thus need to summarize the revision
in a parsimonious way. I achieve this with the help of an affine term structure model, which
allows to reduce the dimensionality to the number of underlying factor shocks, of which there
are three in my model. By defining and putting at the focus of attention the revision, and
by applying methods from modern financial theory, I am thus able to give more satisfactory
answers to the questions about the impacts of monetary policy and macroeconomic news than
previous studies have been able to.

The key to integrating in a coherent framework the news about monetary policy actions
and the various kinds of macroeconomic news is to explicitly recognize the heterogeneity of
these different sources of interest rate volatility. The shocks to the term structure factors need

to be allowed to differ in variability and comovement depending on the type of news event.

1Since changes in risk premia also play an important role, we will focus on the changes in expectations
under the risk-neutral measure.



Thus the paper takes a conditional approach to term structure modeling: The properties of the
factor shocks, more specifically their second moments, are conditional on the “news regime”
on a given day, where importantly the regime is observable based on the policy and news
announcement calendar of the market participants. This is a simple but very effective way to
describe similarities and uncover differences in yield dynamics. The conditional structure of
the model allows to assess and compare the differential impact of policy actions and different
macro news on interest rates.

The modeling and estimation approach developed in this paper also is a contribution
to the term structure literature, for two reasons: First, the conditional approach allows to
identify and describe the different sources of volatility to the term structure. News about
monetary policy and about the economy are the main drivers of changes in interest rates,
however existing term structure models usually treat all trading days in the same way.2 The
conditional character of my term structure model tells us what really moves the market, and
in which way it moves the market. The literature on the term structure of volatility has so far
not taken this conditional perspective. Second, the concept of a revision facilitates solving the
term structure model, and a straightforward estimation procedure can be implemented based
on changes in money market futures, which are equal to the average revision over the time
period covered. Specifically I use Federal fund futures and Eurodollar futures to estimate the
model.

The paper shows that monetary policy generally has strong effects on the entire term
structure. The volatility curve on policy days shows that short rates move just as much as
longer rates, and its hump shape indicates that one- to two-year-ahead forward rates have the
highest variability. Importantly the revisions caused by policy actions show various different
shapes: Some actions of the FOMC only move the short end of the yield curve and barely have
an impact on longer rates, some have a hump-shaped impact, yet others leave the short end
unchanged and move only long rates. These findings show that the impact of monetary policy
does not decline with maturity as suggested by previous studies (Kuttner, 2001; Giirkaynak
et al., 2005b,a), but that this impact entirely depends on the type of policy event, can have a
variety of shapes, and on average is hump-shaped.

The great variety of revisions that can be caused by policy events is equivalent to the
finding that these effects on the term structure are not sufficiently well captured by just one
factor. This has previously been noted by Giirkaynak et al. (2005b), however these authors

base their conclusion on results from a model-free factor analysis, whereas I draw upon an

2This also holds for regime-switching models such as Bansal and Zhou (2002) and Monfort and Pegoraro
(2007), since they do not condition on observable information, i.e. do not distinguish between trading days.



analysis of the comovement of the shocks to the term structure factors. So then how do
we measure a monetary policy shock? My approach allows to parsimoniously capture what
happens on a policy day to the entire term structure, namely by describing the revision to
the entire path of expected short rates caused by the policy action. This description of policy
shocks is an important improvement upon the target and path factors that Giirkaynak et al.
(2005b) use to describe policy events, since it fully characterizes the effects on the entire term
structure and enables us to predict the changes to yields and forward rates at any maturity
that are consistent with the absence of arbitrage. This suggests a horizon-specific policy shock
measure based on predicted rate changes. Based on the insight that the effects of monetary
policy depend strongly on the horizon under consideration, I develop this new shock measure
and show its empirical success in predicting changes in the yield curve for U.S. treasury
securities.

Comparing news resulting from monetary policy and from different macroeconomic an-
nouncements [ uncover important differences in the behavior of the term structure. First, the
term structure of volatility looks a lot different when macro news take place: Vol curves are
steeply increasing at short maturities up to a year, and a lot more back-loaded than on policy
days. Markets evidently revise their short rate expectations much less for short horizons than
for medium and long horizons, because they expect the Fed to only sluggishly adjust the short
rate in response to the new information. This is clear evidence of policy inertia, contrasting
the negative evidence of Rudebusch (2006) on this issue. Second, among the different types
of news I consider, new employment reports are by and far the most important source of
interest rate volatility. Third, revisions resulting from macro news show much stronger co-
movement across horizons than policy-induced revisions, meaning that a specific macro news
release usually causes a revision of a specific shape. Hence one factor is essentially enough to
describe the revision in this case, which accords with intuition since there is only one piece
of new information, the data surprise. On policy days, on the other hand, there are several
pieces of news — the current target choice and the information in the FOMC statement — which
independently affect the market’s short rate expectations.

The paper is structured as follows: The term structure model is introduced and estimated
in section 2. In section 3 the model is employed to estimate the term structure of volatility
conditional on the type of news — monetary policy actions and specific macroeconomic news,
namely about the labor market, the price level, and aggregate demand. Furthermore I show
how the comovement differs between policy news and macro news. In section 4, after illus-
trating some instances of policy action and its effects, I develop a new measure for monetary

policy shocks and document its empirical success. In section 5 I estimate the effects of macroe-



conomic data surprises on the term structure. Section 6 provides some concluding remarks

and directions for future work.

2 Term structure model and estimation

2.1 Risk-neutral dynamics

Denote the rate for an overnight default-free loan between days ¢ and ¢ 4 1, the short rate, by
x¢. It is assumed to be determined by three latent factors: x; = x1; + xo; + x3;. The modeling
approach of this paper is to specify the factor dynamics under the risk-neutral measure @,

and we choose them as follows:

xy = 012141 + 010+ 587 02] <1, O,+6, <1, 60,—6; <1,
Ty = pProg—1+ 52, ol <1,
T3t = X3p-1+ 5:2

Thus under the Q-measure, the first factor follows a stationary® AR(2) process, the second fac-
tor follows a stationary AR(1) process, and the third factor is a random walk. The motivation
for this particular choice stems from some common empirical findings about term structure
dynamics. First, as noted by Backus et al. (1999), yield dynamics are hump-shaped, meaning
that forward rates at medium maturities are more volatile and responsive than those at short
and long maturities.* Including an AR(2) process can account for this behavior, since it has a
hump-shaped impulse-response function, provided that the roots are sufficiently close to one.?
An alternative to generate hump-shaped dynamics is to have one factor reverting to another,
as in the central tendency model of Balduzzi et al. (1998). Second, there is ample evidence
that one or more interest rate factors are close to non-stationary. The null of a unit root in
the short rate can usually not be rejected.® A related finding is that far-ahead forward rates
show a lot of variability (Giirkaynak et al., 2005b), which motivates our choice to include a

factor that follows a unit-root process under the Q-measure. Notably, if the short rate was to

3The indicated parameter restrictions ensure stationarity as shown in Marmol (1995).

4This is also evident from the shape of the term structure of volatility: It is described by Piazzesi (2005)
to be snake-shaped, and the back and tail of the snake correspond to the hump-shape that other authors have
noted.

5 Another example of a term structure model that includes an AR(2) factor is the one of Startz and Tsang
(2007).

SRose (1988) notes that “the literature clearly indicates that the nominal interest rate is nonstationary”
(p. 1098), and does not reject a unit root for different one-month nominal interest rates. More up-to-date
evidence by Rapach and Weber (2004) also suggests that nominal interest rates are I(1).



be specified as stationary under Q, far-ahead forward rates would be close to constant. Third,
the number of factors is chosen to be three because this is now common in the literature and
seems necessary to match the behavior of the term structure (Balduzzi et al., 1996). Compared
to existing models, our factor dynamics are most similar to those of Christensen et al. (2007),
with the only difference being that they choose a central tendency instead of an AR(2) factor
to generate hump-shaped dynamics.

The key novelty of this term structure model is the inclusion of observable variance regimes,
which will enable us to uncover differences in yield curve dynamics resulting from particular
events. Let &2 = (€13, 63, €Q) and assume that under the Q-measure we have &2 ~ N(0,V;)
and E(£2¢Q) = 0, for all t # s, that is £2 is a martingale difference sequence (m.d.s.) under Q
with time-varying variance-covariance matrix. Now V; is assumed to be constant conditional
on the regime, which is observable based on ¢: With R different regimes, let V; be equal to
one of V1, V2 ... V® according to the regime on day t. Specifically, we will set R = 4, the
four regimes being FOMC announcement days, BLS employment report days, CPI1/PPI days,
and days with new retail sales data.

Note the difference between this approach and “regime-switching” term structure models
such as the ones of Bansal and Zhou (2002) and Monfort and Pegoraro (2007): Those mod-
els treat the state variable that determines the regime (in the language of Hamilton, 1994,
chap. 22) as unobservable, whereas in our context the researcher can observe which type of
news event takes place on a given day and thus knows the value of the state variable. This
greatly simplifies modeling and estimation.

An implicit assumption is that only one event takes place on a given day, whereas in reality
some days might have both a policy action and a macroeconomic announcement. I account
for this by excluding those few days in my sample with more than one event. Another issue
is that other macroeconomic announcements, which I do not consider here, sometimes take
place on the days in my sample. Robustness checks (not reported here) indicate that this is
unproblematic since it does not change the qualitative results. The use of intraday data is a
way to improve the precision of the estimates, however I leave this to future work.

Having specified the factor dynamics under the Q-measure, we should note that infinitely
many real-world dynamics under the IP-measure are consistent with it. If we were to specify
a pricing Kernel, this would pin down the change of measure. However, since this paper is
not concerned with identifying and estimating risk premia, we can abstain from choosing a
pricing Kernel. The advantages are that we do not need to specify which factors impact risk
premia, and that the parameters for the prices of risk do not need to be estimated, which

gives parsimony and thus helps the precision of our estimation and prediction. The way we



will pin down the PP-dynamics is by imposing identifying assumptions on the distribution of

f? under P, as will be shown below.

2.2 Revisions to short rate expectations

Since we assumed the existence of a risk-neutral probability measure, there exist no arbitrage
opportunities by the Fundamental Theorem of Asset Pricing. We can find forward rates by
taking expectations under QQ of future short rates: For the forward rate at date t for a loan
from t +n to t +n 4+ 1 we have f' = Etht+n, up to Jensen inequality terms.” Yields are
simply average forward rates, so that for the time t yield for a maturity of n days we have
yr =mnt z:;é EtQ:rHT. The term structure of interest rates can be characterized by either
forward rates or yields, however the forward rate curve gives a cleaner picture of short rate
expectations at the various forecast horizons and how they change.

New information that moves the term structure is captured by the revision to the expected
short rate path under Q, that is {(E® — B | )&in )52, which I simply call a “revision”. The
changes on a given day in forward rates and yields across all maturities are determined by
the revision on that day, which incorporates changes in short rate expectations under the
physical measure as well as changes in forward risk premia. The model implies the following
relationship between factor innovations and the revisions:

0 AU e 6] 61 # 6
(B — B2 ) Ttn = (1)
(L+n)SEn + 0" + &1 01 = oo,

where ¢; and ¢, are the roots of the characteristic equation of the AR(2) process. We will see
that the restriction p = ¢; = ¢ is not rejected by the data, thus the theoretical exposition will
from now on consider only this case. The revision is equal to the sum of the impulse-response
functions of the three factors. A shock to the AR(2)-factor 1, leads to a hump-shaped revision
(given that ¢, is close enough to one), shocks to zy; die out exponentially, and shocks to the
unit root factor xsz; lead to a parallel shift in the term structure. Different combinations of
values for the shocks can lead to a large variety of shapes of revisions.

The revision is a m.d.s. under the Q-measure, but what about its real-world dynamics?

"The Jensen inequality terms can be large for long maturities if the short rate is non-stationary, in fact
they diverge for n — oo in this case. However, we will exclusively consider the daily changes in forward rates,
& — tn_+11. Thus we ignore only the difference in the Jensen inequality terms for maturities n and n+ 1, which

is negligibly small.



Denote the forward risk premium in f;* by II}'. We have for the revision at horizon n

- = (EtQ - E;Q—I)xt-‘rn
= (B — B1)zen + 7 — 1177

First note that (Fy; — E;_1)x4, is of course a m.d.s. under the P-measure since it contains the
new information about expected future short rates. However, the term II? — I might have
a non-zero mean and be partly predictable, depending on the risk premium specification: For
the case of constant risk premia this term is a constant, possibly non-zero. If forward risk
premia are on average increasing with maturity, which is intuitively and empirically plausible,
we have E(TI? —II"!) < 0. In general we cannot assume that either mean or serial correlation
are zero.

With regard to the mean specification, we allow the revision to have a non-zero mean,
which can depend on the horizon n. With regard to serial correlation, note that the sample
used in this paper consists of days with particular events, namely monetary policy actions
and certain macroeconomic announcements. Since there are usually numerous days without
any events between two event days, and these are not included, rate changes in my sample
are essentially serially uncorrelated. Hence we can get away without modeling the serial
correlation in II" — II7"!. Evidence on rate changes in money market futures, which I do
not show for sake of brevity, indicates that a significantly negative mean and a lack of serial
correlation characterizes the revisions in my sample.

Our identifying assumptions for the distribution of the revision under the IP-measure boil

down to assuming that
[ = F = (B = B2 )n = an + b8, bo = ((1+n)0", p", 1) (2)

where a,, is a constant depending on the maturity n, b, are the loadings for that maturity,
and & = (&1, &, &3¢)' 1s a Gaussian m.d.s. with a variance-covariance matrix depending on
the particular regime on day ¢, as described above.

Revisions are closely related to the term structure of volatility, the empirical volatilities of
yield changes or forward rate changes across maturities, also called “vol curve”. Throughout
this paper, we focus on the vol curves for forward rates (more specifically for futures rates,
which are essentially average forward rates). For now leaving aside the volatility of pricing
errors, the vol curve on a given day is equal to the square root of the revision variance across
horizons:

i = Var(ER — B2 )] = (0, Vib,)”



where oy, is the volatility of fi* — f*'. Thus the loadings and the shock covariance matrix

together determine the term structure of volatility. By allowing V; to vary depending on
the regime on day t, we effectively allow different vol curves for each of these regimes. The
covariance between rate changes at different maturities, say n and m, is equal to b Vb,
regime-dependent through V; just like the vol curve. Thus our conditional approach also

allows the comovement of the term structure to differ between regimes.

2.3 Money market futures

This paper uses data on money market futures, in particular on Federal funds futures and
Eurodollar futures, to estimate model parameters, to infer the unobserved factor shocks from
observed rates, and to assess variability, comovement and news-responses of risk-neutral short
rate expectations.

Federal funds futures, which were introduced by the Chicago Board of Trade (CBOT)
in October 1988, settle based on the average effective fed funds rate over the course of the
contract month. Changes in the rate of a futures contract thus reflect changes in the expected
average fed funds rate over the relevant period, plus changes in the risk premium.® Since we
model short rate dynamics under the risk-neutral measure, we do not need to worry about
changes in the risk premium: The change in the futures rate, assuming no arbitrage and no
pricing errors, is precisely equal to the average revision to short rate expectations under the
Q-measure.” Let d(t) denote the day of the month of calendar day ¢ and take N to be the
number of days in a month (for simplicity assumed to be 31). The daily change in the rate of

the -month-ahead contract is

(i+1)N—d(t)
Af = N (BR - ERDa,
n=iN—d(t)+1
(i+1)N—d(t)
= N Yt
n=iN—d(t)+1

= ¢+ h's, (3)

8Hamilton (2007) has argued theoretically and found empirical evidence that changes in risk premia in
near-term fed funds futures are negligible at a daily frequency. Piazzesi and Swanson (2004), although arguing
that these risk premia should not be neglected, admit that they vary “primarily at lower, business-cycle
frequencies” [p. 17]. However we cannot ignore them since we consider maturities up to several years, and risk
premium variation is likely to be sizeable at longer horizons.

9Note that we ignore the effect of marking-to-market, i.e. the fact that payments are made before maturity
of the contract, however the evidence of Piazzesi and Swanson (2004) indicates that this effect is likely to be
negligible in our context.



where ¢; is the average of a,, over the relevant horizon, and h; is the vector of loadings on the
three shocks for contract ¢, which depends on the day of the month of calendar day ¢, denoted
by d(t). An exact expression for the loadings is given in appendix A. We will use the one- to
six-month-ahead fed funds futures contracts, denoted by FF1 to FF6.

Federal funds futures are helpful to assess the impact of the Fed’s actions and macroeco-
nomic announcements on the expected path of monetary policy only for horizons up to several
months, since open interest in contracts further out dwindles quickly. On the other hand
Eurodollar futures show deep liquidity for contracts expiring several years in the future.!®
When it comes to predicting the future fed funds rate for horizons longer than several months,
Eurodollar futures show the best performance of all financial instruments (Giirkaynak et al.,
2007). This is because these contracts settle based on the three-month Libor rate, which
strongly correlates with the fed funds rate, at least prior to August 2007. Thus we can expect
changes in Eurodollar futures rates to signal changes in short rate expectations.

In order for Eurodollar futures rates to be given by average risk-neutral short rate ex-
pectations, we need one simplifying assumption about credit risk premia. Both intra-bank
loans that are the basis for Libor quotations as well as loans in the federal funds market are
unsecured. However a three-month loan at Libor is much riskier than rolling over daily loans
at the federal funds rate. Thus Libor contains a significant credit risk premium. We assume
that daily changes in this credit risk premium are negligible. This is a reasonable assumption
for the data set we consider: The Libor-OIS spread (evidence not shown), which captures this
credit risk premium, has for the period before August 2007 been small and much less variable
than federal funds and Libor rates.

Under this assumption changes in Eurodollar futures are given by the same formula as
for fed funds futures, equation 3, with N being the number of days in the quarter (taken to
be 91 throughout this paper), and d(¢) being the day of the quarter for calendar day ¢. The
contracts considered are the ones that settle on the last day of the current and the next 15
quarters, denoted by ED1 to ED16.!

2.4 Estimation and Results

The sample contains days between October 1988 (when Fed funds futures started trading)

and June 2007 (just before the recent turmoil in financial markets began) that fall into one

10Tn September 2006, the open interest for all Eurodollar futures contracts expiring over the coming four
years was above 100,000 (Stigum and Crescenzi, 2007, p.728). In terms of open interest, Eurodollar futures
contracts are the most liquid futures contracts worldwide.

HFor more information on Eurodollar futures contracts please refer to the Chicago Mercantile Exchange’s
web site at http://www.cme.com/trading/prd/ir/eurodollar.html (accessed 09/10/2008).
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of four regimes. The first regime consists of days with FOMC announcements'? and without
news releases for those macroeconomic news considered in the other three regimes. The second
regime contains days with a BLS employment report that had no FOMC announcement and
no other news. The third regime contains days with a CPI or PPI release, and without an
FOMC announcement or other news. The fourth regime contains days when the retail sales
numbers are released by the U.S. Census bureau, again without FOMC announcement or
other news. This results in a sample with 799 days, with 148 days in the first, 215 days in
the second, 316 days in the third, and 120 days in the fourth regime. We choose these four
regimes in order to see differences between rate dynamics resulting from policy actions and
from macroeconomic news, and to assess how news about the employment situation, about
inflation, and about aggregate demand differ in their impact on the yield curve.

The focus on the revisions and the use of changes in futures rates allows for a straightfor-
ward estimation procedure based on Maximum Likelihood. As is common in term structure
model estimation, we introduce idiosyncratic errors, because otherwise a low-dimensional fac-
tor model predicts a singular covariance matrix for higher-dimensional data. Denote by Af;
the vector with daily changes in the futures rates, measured in basis points, which has dimen-
sion k£ x 1. We include 6 fed funds futures contracts and 16 Eurodollar futures contracts, thus

k = 22. Our empirical specification is

Afp= p + H & + &, (4)
(kx1) (kx1)  (kx3)(3x1)  (kx1)

where u = (c1,...,c), and the matrix H; = (hy(t),...,hi(t)) contains the loadings for the
futures contracts as predicted by our model (which depend on ¢ through the day of the
month and the day of the quarter).!® The pricing errors are assumed to be Gaussian, with
contemporaneous covariance matrix R that is diagonal (since the three common factors are the
source of comovement), and serially uncorrelated (since rate changes are serially uncorrelated
in our sample, as mentioned above).

Under these assumptions A f; is serially uncorrelated and multivariate normal with mean

p and covariance matrix ¥, = H,V® H, + R, where i(t) denotes the regime on day t. The

12Until December 2004 these are identified by Giirkaynak et al. (2005a). For the remaining period we take
the days of the FOMC press release.

13For ease of exposition we here index ¢; and h; from 1 to k, differing slightly in notation from equation 3,
since the meaning is obvious.
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log-likelihood function is

c=3 5T loa(2m) +1og([) + Alfs — )5y A — )}

The four shock-covariance matrices V' to V4 each have six unique elements, which amounts
to 24 parameters. The other parameters to estimate are ¢y, @5, and p, as well as the 22 error
variances and 22 means. The benchmark specification imposes ¢; = ¢ = p and thus has 69
free parameters. We reparameterize to ensure that the estimates are within the admissible
parameter space: A Cholesky decomposition ensures positive definiteness of V' in each regime.
For the autoregressive root we take p = A?/(1+ A\?) and for the volatilities of the idiosyncratic
shocks o, ; = eSi.

Table 1 and figures 1 and 2 show the estimation results. The table reports the estimates
for p and for the shock volatilities and correlations in each of the four regimes, with standard
errors in parentheses. It also reports the energy contents of the three principal components for
each of the shock covariance matrices V! to V4, as well as the log-likelihood for the benchmark
version of the model and for more and less restricted versions. The graphs show estimates
for the means and pricing error volatilities for each of the 22 futures contracts, including
95%-confidence intervals. I make use of robust Quasi-Maximum Likelihood standard errors as
suggested by White (1982), with numerical approximations for gradient and Hessian.

The shocks &4, & and &3, show important differences in variability and comovement across
regimes. The shock variances on policy days are lower than on employment report days, higher
than on CPI days and about as high as on retail sales days. The release of a new employment
report seems to have a bigger impact on short-rate expectations than any other type of news.
In section 3.1 we will show the implied volatility curves and see exactly the differences between
regimes in terms of variability.

The differences in comovement are even more striking. The correlation between the shocks
is a lot higher on days with economic news than on policy days. This becomes particularly
clear when we decompose the covariance matrix in each regime into its principal components
(PCs) and show the energy content of each one: The first PC on policy days accounts for about
85% of the variance of revisions, and the second component for about 15%. For news days
however the first PC accounts for 92-97% of the variability. The revisions across maturities
are more strongly correlated on news days. This means that on news days revisions tend to
have more similar shapes than on policy days. Section 3.2 will go into more detail about the
differences in comovement that are implied by these estimates.

What causes the differences in comovement between regimes? If a particular news event is
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characterized by the occurrence of several pieces of new information, then comovement in rate
changes should be lower than for a news event that delivers only one piece of new information
to markets: The separate pieces of information can create revisions of more varied shapes than
one single piece of information. This intuition is confirmed by our estimation results: On policy
days markets learn the new target rate chosen by the Fed, as well as infer the Fed’s intentions
about future policy from the FOMC statement. The communication independently creates
news, thus causing more varied shapes of revisions and lower comovement than on news days.
We can even venture one step further and interpret the differences in comovement between
the news events: Employment report days have news about the unemployment rate, non-farm
payroll employment numbers, and average hourly earnings. The fact that the comovement
is lower than for the other news events can probably be ascribed to the separate pieces of
new data. The fact that CPI/PPI news events show lower comovement than retail sales days
probably stems from pooling two slightly different types of news releases, and thus different
revision shapes, in one category. The cleanest news event, the publication of new retail sales
numbers, has only one piece of new information and thus the strongest comovement: The data
releases always affect the term structure in about the same way, i.e. revisions vary little in
shape for this news event.

That the differences between the regimes are significant is evident from the log-likelihood
value under the restriction that V; is constant, which can be found under “equal V’s” on
the bottom of the table. Imposing this restriction leads to a significantly worse fit for the
data. The log-likelihood is lower by about 187, which implies a likelihood-ratio statistic of
374, leading to a minuscule p-value. We strongly reject the null of equal covariance matrices
across regimes.

For the AR(1) coefficient p we obtain an estimate of 0.9973. It is close to one because
otherwise shocks to the transitory components would die out very quickly, however p = 1 is
rejected. The restriction that the roots of the AR(2) process, ¢; and ¢, are equal to p is not
rejected, as is evident from the equal log-likelihood value for the unrestricted version of the
model (reported on the bottom as “different roots”). That these roots are sufficiently close to
one leads to a hump-shaped impulse response function for the shock &;;.

The mean rate changes, shown in figure 1 are all significantly negative, and range from
-0.2 to -1. This supports our intuition that forward risk premia are on average increasing with
maturity, and that hence the drift in forward rates should be negative. The restriction that
the mean rate change across futures contract is the same (“equal means”) leads to a likelihood-
ratio statistic of 2(—31,422 + 31,447) = 50 and is thus rejected, since the 5% critical value
of the y2,-distribution is 32.7. The restriction that u = 0 leads to a test statistic of 58 and
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hence, given the critical value of 33.9, is rejected as well.
The estimated volatilities of the pricing errors are shown in figure 2. They are all sig-
nificantly different from zero and decrease with maturity: The model fits the observed rate

changes increasingly well for longer maturities.

2.5 Reality check: Persistence of the federal funds rate

Does the specification of the short rate as difference stationary make empirical sense? Do
the parameter estimates imply dynamic properties for the short rate that accord with the
evidence? As a reality check for the plausibility of model specification and estimation results
I compare the model’s implications with the empirical properties of the effective federal funds
rate. The empirical autocovariance function of quarterly changes in the average fed funds rate,
measured in basis points, is calculated over the sample horizon Oct-1988 to Jun-2007 — using
quarterly averages avoids the problems that come with the discrete nature of changes in the
target. The model-implied autocovariance function of quarterly changes in the average short
rate is calculated by means of a simulation based on the model specification and estimates.!4

Figure 3 shows the result. It turns out that the model-implied variability and persistence
properties correspond well to those of the actual short rate. The variance is roughly the same,
around 2000. The first autocovariance is a bit higher in the data, but in the ball-park of
the one implied by the model — both are between 1000 and 1500. Both autocovariance series
remain positive until five lags and then turn negative. In short the specification of the short
rate that I choose in this paper seems very plausible in view of the empirical properties of the
fed funds rate. Not only signs but even magnitudes of autocovariances are in accordance with
the data on the fed funds rate, although the estimates are obtained based entirely on money

market futures data.

2.6 Inference about latent shocks and the revisions

Having estimated the parameter of the model we are able to infer from observed rate changes
the values of the latent shocks and thus the entire revision to short rate expectations for

any given day. Optimal inference about the latent shocks implies finding the conditional

4 There are some caveats, neither of which undermine the usefulness of this exercise: First the model needs
to be estimated on all trading days. The slight serial correlation of rate changes that was mentioned above is
ignored in this estimation — its magnitude is very small and not economically significant anyways. Furthermore
when re-estimating the model I only use one variance regime for simplicity, since here we only care about the
average short rate dynamics across regimes. Finally the change of measure is ignored: The short rate process
is simulated as if the risk-neutral and physical measure coincide.
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expectation of the shock vector given the observed future rate changes on day ¢, E(&§|Af;).

Because of the normality assumption it can be calculated from a linear projection:

& =E(&|Af) = Covl&. Af)[Var Af)] N Af, — 1)
= ViH,(HV;H,+ R)"(Af; — ) (5)

The fitted values for the futures rate changes are H{ft + fi. The estimated revision to the
expected short rate path under the Q-measure is given by equation 1, where we substitute
the estimated shocks for the unobserved errors. Note that we also have an estimate for the
long-run revision lim (E;Q — E?_ D Ttan = &3t

Now we are inntTlog position to describe in a parsimonious way how particular news events
affect the term structure: The values of the three shocks capture the entire revision. The
reduction in dimensionality, from an infinitely-dimensional object to just three shock values,
is made possible by specifying a term structure model which imposes the absence of arbitrage
and a factor structure. Section 4 introduces a new measure of policy surprises that is based
on the revision resulting from policy actions. In section 5 I estimate and predict revisions
resulting from macroeconomic data surprises. First though we now turn to describing the

model-implied properties of the revisions in terms of variability and comovement.

3 Differential effects of news on the term structure

This section characterizes the effects of news on the term structure by describing the variability
and comovement of revisions that result from policy actions and the different macroeconomic
news. As we argued above, the effects of news events are completely captured by the revisions
to short rate expectations. Hence an analysis of the characteristics of the revisions, conditional
on the type of news event that caused them, will give us insights into the differential impacts

of news on the term structure interest rates.

3.1 Term structures of volatility

We first consider the variability of short rate expectations. A conditional assessment of the
term structure of volatility will enable us to distinguish and compare the different sources of
volatility, by telling us about the different average magnitudes and shapes of the revisions
caused by each news event.

Figure 4 shows for each of the four different news events that we consider the empirical and

model-implied volatilities of money market futures rates. The first row shows vol curves for
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Eurodollar futures, the second row for fed funds futures. Each of the four columns corresponds
to a specific news event. The panels show sample standard deviations of daily rate changes
in basis points (bp) for each contract, together with 95% confidence intervals based on a
Chi-square approximation. The thick black lines are the model-implied volatilities.'®

The term structure model successfully captures the empirical volatilities: The shapes of
the vol curves are closely replicated by the model, with model-implied vol curves almost
throughout lying within the confidence intervals of the empirical vol curves, and generally
being close to the point estimates for the sample standard deviations, particularly for medium
and longer maturities. The model specification, although very parsimonious, allows enough
flexibility to capture important empirical facts such as hump-shaped dynamics (the back and
the tail of the snake, see Piazzesi, 2001) and high volatilities of long forward rates (Giirkaynak
et al., 2005b).

3.1.1 The effects of monetary policy

The shape of the first vol curve tells us about the average variability of the policy-induced
revisions at different horizons. Since the effects of monetary policy are multi-dimensional,
describing this variability for the entire maturity spectrum is crucial to understanding the
character of monetary policy’s effects on the term structure.

Monetary policy actions have a significant impact on interest rates: The variability of
revisions on policy days is similar in magnitude to that resulting from news about the price
level (third column) or aggregate demand (fourth column) — the average level of the vol curves
are similar. Furthermore the Fed, by means of its actions and words, can affect rates across
the entire maturity spectrum. This is evident from the sizeable variation in rates even for
maturities of several years — the longest Eurodollar futures contract (ED16) has a maturity
of about four years and shows similar variability as the fed funds futures contracts, which
represent the short end of the vol curve. Most importantly, the impact of policy actions on
short rate expectations is strongest at a horizon of one to two years, resulting in a distinct
hump-shape.

These findings contrast with the conclusion suggested by Kuttner (2001) and Giirkaynak
et al. (2005a) that the impact of monetary policy declines with maturity. These authors
perform regressions of yields at different maturities on policy surprise measures, and find

that regression coefficients and explanatory power (R?) decline with maturity. However, this

I5For the covariance matrix of the futures rate changes on day t in regime i we have ¥, = H,V*H, + R.
Since the loadings H; and thus ¥; depend on the day of the month and on the day of the quarter, these need
to be averaged out in order to obtain X°.
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regression approach does not describe the impact of policy actions on the term structure,
rather it simply estimates the correlation of rate changes at different maturities: The surprise
measures are scaled changes in near-term money market futures and thus vary with the average
change in forward rates (i.e. the average revision) at the short end. The dependent variables
are yield changes, which are equal to the average changes in forward rates over the horizon of
the yield maturity. Thus these regressions are simply a crude way to measure comovement in
forward rates. That it decreases with maturity of the yields is not surprising: Since the short
rate has transitory components (under both probability measures), revisions to expectations
and thus changes in forward rates are less correlated the further apart the maturities of the
forward rates are. Hence this result does not help answering the question about the impact of
monetary policy. My approach on the other hand does provide answers, by recognizing that
it is the entire revision which represents the effects of monetary policy, and by characterizing

its properties.

3.1.2 Policy news vs. different types of macro news

A comparison of the impact of the different news events shows that short rate expectations
are most volatile on days of a new employment report release. Evidently new information
about the labor market causes bigger changes in policy expectations and risk premia than
news about either policy actions, the price level, or aggregate demand. The vol curves for the
other news regimes are at a similar level as the vol curve on policy days, with the variability
on CPI/PPI days being slightly lower than for days with new retail sales. Employment news
are far and beyond the most important source of volatility in the term structure.

There is a striking difference between revisions caused by policy actions and those caused
by macroeconomic news: On days with macro news, they are much more steeply increasing
in magnitude at the short end, as well as more back-loaded, meaning the long-end of the vol
curve is at a significantly higher level than the short end. Thus, in response to new macro
data, market participants revise their short rate expectations much less over the next several
months and even quarters than over longer horizons. This constitutes evidence for policy
inertia, the concept that changes in the stance of monetary policy are implemented by the Fed
by slowly adjusting the target rate towards the new desired level, since markets clearly expect
the short rate to change by much less over the next months than over the next years. Piazzesi
(2001) showed how the back of the snake can be attributed to policy inertia in the context of
a term structure model that incorporates monetary policy. My evidence about the impact of
macro news on short rate expectations, with a very pronounced hump-shape, i.e. back of the

snake, is distinctly in favor of policy inertia.
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Notably my evidence stands in contrast to findings by Rudebusch (2006). We start from
the same premise, namely that “changes in the path of expected future interest rates following
the release of news about the state of the economy should reveal the degree of interest rate
smoothing because financial markets will expect an inertial central bank to distribute the
policy rate changes over several periods” (p.26). The vol curves I uncover thus support the
notion of policy inertia. Rudebusch has a different approach: He calculates the ratio of 3-by-
3-month forward rate to 3-month yield, based on intraday data on U.S. Treasury securities,
for days with either a new employment report or new CPI data. In the case of policy inertia,
the forward rate should move more strongly than the yield, and hence the ratio should usually
be above one. Since the median and mean of this ratio are essentially equal to one in his
sample, he concludes that “the case of little or no inertia is the relevant one” (p.29). I present
comparable evidence in table 2, using the rate changes in the Eurodollar futures contracts
ED2 to ED4 relative to the change in the contract ED1. The median and mean of this ratio is
in all subsamples far above one. Hence for the futures rate changes in my sample, the evidence
is strongly in favor of policy inertia also using Rudebusch’s approach, indicating that policy
inertia is a fact rather than fiction.'6

Policy days show a less steep increase at the short end of the vol curve than news days. For
fed funds futures in particular, the volatilities are about equal for all six contracts considered,
notably with higher volatility for the nearest contracts than we see for any type of macro news.
This makes a lot of intuitive sense, since the fed with its choice of the target, which inevitably
contains surprises from time to time, creates variability at the very short end of the term
structure. This is of course an important aspect of monetary policy actions. However I argue
that it has been overemphasized in the literature and that considering the entire revision to the
expected short rate path is the only way to satisfactorily characterize the effects of monetary

policy on interest rates.

3.2 Comovement

The effects of news on the term structure are characterized not only by the variability of

revisions, but also by the comovement of rate changes at different horizons. If rate changes

6How can the differences in our evidence be explained? Adjusting the sample window to the one used by
Rudebusch does not change the qualitative results. The use of intraday data as opposed to my daily data is
no likely candidate explanation, since the rate variation on the days under consideration is certainly caused
to a large extent by the news event. The features of the yield data is the most likely explanation: Possibly
3-month and 6-month U.S. treasury securities move much more in lock-step than indicated by the expectations
hypothesis, because of phenomena such as flight-to-security or hedging motives. The use of money market
futures appears more likely to deliver reliable results.
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caused by a news event strongly correlate across maturities, then one variable can sufficiently
well describe the effects of these news, since the resulting revisions are always of very similar
shape. However, if the correlation is not as strong, one factor is not enough anymore, since
the revisions can have a variety of shapes.

My evidence indicates that macro news fall in the former category, whereas policy actions
can cause more varied revisions and thus fall in the latter category. One piece of evidence was
shown already in section 2.4, namely that the term structure shocks are much more strongly
correlated in the case of macro news than in the case of policy actions, with the first principal
component of the shock covariance matrix accounting for 92-97% of total variation in the
first case, as opposed to only about 85% in second case. A principal component analysis of
the model-implied covariance matrix of futures rate changes ¥ (or of the empirical covariance
matrix for that matter) leads to the same conclusion (evidence not shown). Stopping rules
that help in determining the number of components describing common variance (Peres-Neto
et al., 2005) indicate throughout that to describe variation in revisions one component suffices
on news days, but that we need at least two on policy days. This evidence is in the vein of
Giirkaynak et al. (2005a), who find that two factors are required to describe the variation in
yields on days with policy actions. However I draw a different lesson from this evidence: We
need to capture the entire revisions that result from policy actions, and the right way to do
this is not by using the first two principal components of yield changes, but by parsimoniously
describing the revision to short rate expectations by means of a term structure model.

Before going into more detail in section 4 about capturing monetary policy surprises with
the help of my model, I will shed some more light on the regression approach that is common
in the literature (Kuttner, 2001; Poole and Rasche, 2000; Giirkaynak et al., 2005b,a). I argued
above that regressions of yield changes on near-term fed funds futures do not assess the impact
of monetary policy on the term structure, but simply estimate comovement of rate changes in a
crude way. Since the term structure model captures not only variability but also comovement
of rate changes, it implies results for these regressions. I assess whether the predictions accord
with the sample regression coefficients and what we can learn from comparing the regression
results between the different news regimes.

Let’s consider regressions of rate changes in Eurodollar futures (instead of yield changes) on
a fed funds futures contract. I will use the 3-months-ahead fed funds futures contract (FF3),
since it always has at least one FOMC meeting before delivery!” and generally is a stronger

measure of near-term policy surprises than the shortest contracts — admittedly the choice is

1"Because the fed funds rate has a step-function character and only changes its level essentially every six
weeks, the specification for the shortest fed funds futures contracts suffers from the problem that no rate
change might occur until delivery.
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slightly arbitrary. I refer to it as the near-term policy surprise. Figure 5 shows, separately
for each news regime, the estimated response coefficients with 95%-confidence intervals based
on White standard errors for all Eurodollar futures contracts, together with model-implied
response coefficients. For details on the calculation of the model-implied coefficients please
refer to appendix B. Also shown are the coefficients of determination (R?) for each regression.

The model estimates lead to predictions that closely correspond to the empirical regression
results. This holds for regressions not only for Eurodollar futures rates but also for yields
(as in Kuttner, 2001) and forward rates (as in Giirkaynak et al., 2005b), as evidenced by
additional calculations which I do not report here for sake of brevity. Thus, by capturing
well the characteristics of revisions in terms of variability and comovement, the model in a
sense encompasses the regression approach common in the literature. The advantage is that
by imposing a factor structure and the absence of arbitrage, my approach delivers results that
are more precise and more plausible, since it smoothes out noise due to institutional features
and other phenomena in prices of individual financial instruments.

The correlation between the near-term policy surprise and other rates, and hence the
explanatory power of the regressions, always decreases with maturity. As mentioned before,
this is to be expected given the partly transitory nature of the short rate. It decreases much
more quickly for revisions caused by policy actions than for macro news, which is just a different
perspective on our previous finding of lower comovement of rate changes resulting from policy
events. Interestingly however, in the case of policy surprises the regression coefficients are
essentially decreasing with maturity, whereas for macro news they show a distinct hump-shape
and hence reflect the shape of the vol curve on these days. Policy actions lead to revisions
that are on average hump-shaped, as evidenced by the vol curve in the upper-left panel of
figure 3.1, but this hump-shape is not reflected by the responses of longer rates to the near-
term policy surprise. These results give another perspective on the finding that the effects
of monetary policy are not decreasing with maturity: This erroneous conclusion from the
regression approach simply stems from the fact that near-term policy surprise measures cannot
signal the entire revision that results from policy actions. However, the near-term surprise
measure apparently does a decent job in signaling the entire revision resulting from macro
news, since on these days the hump-shaped variability pattern is reflected by the response
coefficients. Consequently near-term fed funds futures, while of limited use in measuring
policy surprises, could be useful in predicting what happens to the rest of the term structure
in response to macroeconomic data surprises.

The key conclusions of this section were about the differential impact of policy actions and

macroeconomic news on the term structure of interest rates, both in terms of variability and
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comovement of revisions to short rate expectations across the maturity spectrum. I arrived at
these conclusions by recognizing that the effects of news are multidimensional, and that they
can only be described and understood if we capture them in their entirety and represent them
in a parsimonious way by means of a term structure model. In the next section I will use this

apparatus to develop a new measure of monetary policy shocks.

4 Measuring monetary policy shocks

A monetary policy shock is a revision to short rate expectations that is caused entirely by
policy actions and not by news about the economy. Hence the shock is an inherently multi-
dimensional object, and we need to describe it in a parsimonious way in order to make sense
of it. As was shown above, the term structure model of this paper achieves this, and thus

provides the right framework to measure policy shocks.

4.1 Revisions resulting from policy actions

One way to measure the shocks is to use the values of the factor shocks and depict the revision
on days with a policy shock. Figure 6 shows examples of policy shock: On four different dates,
each of which saw an increase in the target federal funds rate by 25 basis points, I show actual
changes in Eurodollar futures rates and fitted changes implied by the revision on that day,
which are obtained by backing out the values of the latent shocks using equation 5. Also
shown are the estimated long-run revisions, which are simply equal to &, indicating how the
long-run expectation of the short rate might have changed in response to the policy action. On
the dates shown in the top row, the one-month ahead fed funds futures contract rate increased
by 10 and 8 bps respectively, whereas on the dates shown in the bottom row it did not change
at all.

The revisions resulting from the policy actions on these dates are of very different shapes,
indicating that the impact of monetary policy on the term structure differed significantly.
Since Kuttner (2001) we know that the target rate change is no useful measure for the policy
shock, and our graphs confirm this. Furthermore, the change in a near-term fed funds futures
contract is not a good indication of what happens to the term structure either, evidenced
by the significantly different revisions in the left and right column, since for each row the
rate change of FF1 was about the same. This exemplifies the conclusion of Giirkaynak et
al. (2005a) and our evidence from the previous section. Now the strength of my model is

that it provides us with an estimate of the entire revision that resulted from a policy action,
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i.e. an estimate of the policy shock. We see that the rate changes implied by the estimated
revision in general correspond well to the actually observed changes, with noise due to market
microstructure and other influences getting smoothed out. The model captures the revision

on these days very well.

4.2 A horizon-specific measure for policy shocks

Although we can describe the revision resulting from policy actions graphically, many situ-
ations will require a numeric measure that summarizes the policy shock. The state of the
art seems to be the approach of Giirkaynak et al. (2005a), namely providing two numbers,
the “target factor” and the “path factor”, which are derived from near-term money market
futures. These are simply the first two principal components of the futures rate changes, ro-
tated such that the target factor has a unit impact on the nearest-term futures contract and
that both factors have the same impact on the furthest out futures contract. This approach
has several shortcomings: First, by being simply a statistical summary of rate changes at the
short end, it lacks the advantages of a term structure model. In particular, it does not imply
changes of rates at arbitrary maturities that follow from no-arbitrage. Second, the measure is
hard to interpret — it is not at all obvious what a specific number for the path factor means
intuitively. Third, it leaves open the question how we would have to combine the two measures
were we in need of a univariate summary of the policy shock for a certain purpose. All of
these disadvantages are related to the fundamental flaw that this approach does not capture
the entire revision to short rate expectations.

My approach suggests a new way to numerically summarize policy shocks. The key insight
is that for different relevant horizons we should be using different measures of policy shocks,
since the expected short rate does not change by the same amount across all horizons. We can
measure the policy shock that is relevant for a particular horizon by using changes in near-
term money market futures to infer the revision to short rate expectations, and then calculate
the average revision over the horizon under consideration. Thus we would for example use the
average change in the expected short rate over the next two years, which is the model-implied
change in a two-year yield, to assess the impact of monetary policy on the two-year treasury

note. Mathematically the policy shock measure on day ¢ for the horizon starting n days ahead
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and ending n + m days ahead is

n+m—1

mp* = mTt Yy (B = B2

T=n

= Cam t h;,mE(£t|Aft)7
= Cpm + h;,méh

where Af; includes only near-term money market futures, h,,, is a vector of loadings, and
Cn.m 18 a constant.’™ The loadings correspond to an m-day yield change in the case of n = 0,
and generally to an n-by-m forward rate change implied by the term structure model. Exact
expressions for these loadings are provided in appendix C. I employ fed funds futures contracts
FF1 to FF6 and Eurodollar futures contracts ED1 to ED4 in order to back out the factors
and construct the shock measure. In short, the policy shock measure corresponds simply to
the model-implied rate changes for yields or forwards rates over the specific horizon, given the
particular factor estimates obtained from near-term money market futures. This is the policy

shock measure that logically follows from the theoretical framework of this paper.

4.3 Empirical assessment

Using my new horizon-specific measure, I assess the reaction of treasury securities to monetary
policy shocks. To contrast the results with those of previous studies, I construct target and
path factor according to the methodology of Giirkaynak et al. (2005a) based on the same
information set. Data on yields and forward rates are those of Giirkaynak et al. (2006). My
sample contains the FOMC announcement dates from October 1988 to June 2007, excluding
as before observations with employment reports, CPI/PPI news or new retail sales, and now
also those that do not have yield data available. This gives us 148 observations.

Table 3 shows the results. Numbers in parentheses are White standard errors. The first
three columns give regression coefficients and R? for for regressions using only the target factor.
The next four columns show the same for regressions using both target and path factors. These
results are comparable to table 5 of Giirkaynak et al. (2005a), differences result from different
sample choice and the information set used to construct the factors. The first section of the
table shows that in fact the target factor has a one-for-one impact on the one-month-ahead
fed funds futures contract, that the factors are orthogonal, and that both factors have the

same impact on the longest futures contract.

18Since we use the policy shock as a right-hand-side variable in different regressions, the constant is irrelevant,
and we set it equal to zero.
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In the last three columns we see how treasury securities react to the new horizon-specific
measure of monetary policy shocks. First and foremost, the slope coefficients all statistically
significant at the 1% level, and larger than those on either target or path factor. Treasury
yields show a strong and significant response to policy shocks when the shock is measured as
I suggest.

Furthermore the explanatory power of the univariate policy shock measure that I con-
structed is about as large as that of target and path factors taken together: A univariate
regression with my horizon-specific measure for policy shocks as explanatory variable explains
the same about of variation in yields and forward rates as a multivariate regression using the
target and path factors of Giirkaynak et al. (2005a). This results from the construction of
my policy shocks which is specific to the horizon under consideration. This in turn is made
possible because my term structure model allows us to infer the entire revision to short rate
expectations from any given subset of rate changes, in this case near-term money market
futures.

Hence a horizon-specific shock measure does not only have intuitive appeal, but also is
empirically successful. For these reasons it seems promising to take the route I suggest here

when measuring monetary policy shocks.

5 The impact of macroeconomic data surprises

Although there is agreement in the literature that macroeconomic announcements have an
important impact on interest rates, “few studies examine their impact on the yield curve as
a whole,” as noted by Fleming and Remolona (1999, p. 1). These authors fill this gap by
estimating the impact of announcements on yields of different maturities. They find hump-
shaped responses and attribute this to policy inertia. More recently Giirkaynak et al. (2005b)
performed a similar analysis but using forward rates instead of yields, which gives a cleaner
picture of how short rate expectations (and possibly risk premia) at different horizons react
to data surprises. The hump shape is clearly visible in their results, furthermore long forward
rates react significantly to announcements. This is puzzling in the context of modern macro-
models, and is thus termed “excess-sensitivity puzzle”.

In order to really understand the impact of macro news on the term structure, the regression
approach of separately regressing each rate on a surprise measure, which is conventionally
followed in the literature, is unsatisfactory: As in the case of monetary policy shocks, we
need to capture the revision to the entire expected short rate path that results from a specific

macroeconomic data surprise. After analyzing the variability and comovement of revisions
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caused by macro news in section 3, we now employ the framework of this paper to estimate
the response of the expected short rate path to different macroeconomic announcements,
i.e. the term structure of announcement effects.

My theoretical framework allows us to uncover the term structure of announcement effects
in a very simple way: In a first step we determine the values of the factor shocks that are
associated with a one-unit surprise in any data series. Regressions for each of the three shocks
(which are inferred from money market futures as described above) on the data surprises do
the job. Then in a second step we use these values to calculate the implied revision. Note
that this is different from the usual regression approach where rates of different instruments
are separately regressed on the surprise measure: By estimating the response of the factor
shocks to the surprises I take into account that the whole term structure moves according to
the revisions to short rate expectations, thus my approach is consistent with the absence of
arbitrage and a particular short rate process.

I use data on six different macroeconomic data releases: Non-farm payroll employment,
the unemployment rate, hourly earnings, Core CPI and Core PPI (Bureau of Labor Statistics,
BLS) as well as retail sales (Department of Commerce). The sample consists of all days
with at least one data release between October 1988 and June 2007, which did not have a
policy action, i.e. an FOMC announcement. The surprise component in the data release is
calculated as the difference between the actually released number and the value expected by
the market. To measure the market expectation I take the median market forecast, which
is compiled by Money Market Services the Friday before the announcement.'* The impact
of the data surprises is estimated by including a constant and all six surprise measures on
the right-hand-side of the regressions, thus if there are several news releases on one day, their
impact is singled out by estimating partial effects.

Table 4 shows the numerical results, including the response coefficients for the futures
contracts FF2 and ED4 as well as for the two-year yield. The last three columns display
responses of the factor shocks, which for each news announcement completely characterize
the implied revision. The response of fgt to the surprise measures the long-run impact of the
news. Numbers in parentheses are White standard errors. Figure 7 shows the term structure
of announcement effects. Results from unrestricted regressions for each Eurodollar futures
contract, which correspond to the conventional regression approach, are shown together with
the model-implied rate changes (the solid line) which follow from the specific revisions asso-

ciated with the news release. These rate changes reveal the term structure of announcement

9Rigobon and Sack (2006) advance some points why this surprise measure might be contaminated with a
considerable amount of noise. It might pay off to use intra-day data in this context, and possibly to address
the measurement bias problem with new econometric tools. I relegate both issues to possible future work.
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effects that is consistent with the absence of arbitrage and my model specification. Also I
include the implied long-run revision (the dashed line).

The table shows that all announcements have a significant effect on the short end of the
term structure, evidenced by the response of the FF2 contract. Also, all announcements
with the exception of Core PPI lead to significant responses of ED4 and the two-year yield.
From this evidence alone we would conclude that there is a significant impact of these macro
news on the term structure. However, to the question about announcement effects, this is
an insufficient and even misleading response. A correct and much more accurate answer is
obtained by considering in detail the effects across the term structure, to which I now turn.

First of all the figure shows that the model leads to results consistent with the empirical
announcement effects: The model-implied responses correspond closely to the unrestricted
estimates of the response coefficients. The increase at the short end, the hump-shape and
the leveling out towards a long-run response are all captured by the predicted response curve.
The predicted responses are always very close to the point estimate of the response for each
contract. Hence, once again, we see that the restrictions of my model are empirically plausible,
which enables us to capture the impact of macroeconomic news on the term structure by
describing the revisions to the expected short rate path that the announcements cause.

One important pattern in the term structure of announcement effects, as is evident from
looking at figure 7, is a distinct hump-shape. Most announcements show this pattern, leading
to increasing responses up to maturities of one to two years, with a decreasing response there-
after. Since it is the shock to the first short rate component, &, that gives us hump-shaped
dynamics, we see a strong hump-shape in those cases where this shock responds significantly
to the data surprise. As was discussed above, increasing responses to macro news are evidence
for policy inertia: The Fed is expected to act in response to the news, but not to immediately
and fully adjust the target in response to the new information. Rather it will implement the
new stance of monetary policy over a number of FOMC meetings, thus near-term responses
are increasing in the horizon. The results here about the impact of macro news on short rate
expectations add to the evidence on the term structures of volatility in section 3.1 and make
our case for policy inertia even stronger.

The other important aspect in this context is whether a specific news release moves the
long end of the term structure. My model allows us to assess this systematically by considering
whether the release leads to a significant long-run revision, i.e. whether it significantly affects
the shock to the unit-root component of the short rate, £3;. As we see in the right-most column
of table 4 this is the case for all announcements but the unemployment rate and hourly

earnings. These two releases only move short rate expectations up to medium maturities,
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then their impact dies out. The unrestricted responses in figure 7 also give some indication
about the long-run impact of a specific announcement, however my approach allows a rigorous
assessment of whether there are long-run effects, by testing whether the announcement has
a significant impact on the persistent shock to the short rate, i.e. causes a non-zero long-run
revision.

Importantly most releases do lead to a significant long-run revision. This fact is consistent
with the finding of Giirkaynak et al. (2005b) that far-ahead forward rates significantly respond
to most macroeconomic announcements, which they term the “excess-sensitivity puzzle.” One
reason that the volatility and sensitivity of long forward rates constitutes a puzzle is that
conventional macro models predict that forward rates revert towards the natural rate with
increasing horizon. From a different point of view, if the short rate was mean-reverting under
the risk-neutral measure, we would have a zero long-run revision and far-ahead forward rates
that are close to constant. Our finding corroborates the evidence of these authors that forward
rates do not revert to the natural rate. Furthermore it strongly indicates that the short rate
under @ is not mean-reverting. Note that we are not saying that the short rate is necessarily
non-stationary under P: The variability in long rates could well (and probably does) come
from changing risk premia, and future research should assess their role in this matter by
decomposing the variability and responses of long forward rates.

In sum, my approach leads to a clearer and more differentiated answer about the impact
of macroeconomic data announcements on short rate expectations across horizons than the
regression approach that is common in the literature. We have shown the term structure of
announcement effects for selected news releases which is consistent with the absence of arbi-
trage and our specification of the short rate process. Its hump-shape indicates an important
role for policy inertia in how market participants revise their expectations. Furthermore, the
significant long-run revision implied by most of these announcements, corresponding to a re-
sponse of the persistent component in the risk-neutral short rate, is clear evidence for the

existence of the excess-volatility puzzle.

6 Conclusion

This paper introduces a coherent framework to describe and understand the impact of news
on the term structure. The key question is: What are the effects of monetary policy shocks
and macroeconomic announcements on interest rates? My term structure model, which allows
for heterogenous sources of volatility, and the concept of the revision to the entire expected

short rate path under the risk neutral measure together enable us to provide more satisfactory
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answers to this question than previous studies have been able to give.

The take-aways are: (1) The conventional regression approach of separately estimating the
impact of some surprise measure on the rate of each instrument is not the right apparatus
to assess the impact of news on the term structure. (2) Monetary policy actions affect the
entire term structure, with the strongest impact at medium maturities. (3) Different policy
actions vary greatly in their impact on interest rates, with these differences intuitively resulting
from the independent pieces of information that markets receive. When measuring policy
shocks, we thus need to take into account the relevant maturity (or investment) horizon. (4)
Macroeconomic announcements differ in their impact on short rate expectations, but most lead
to a strongly hump-shaped response and a significant long-run revision. (5) The evidence is
clearly in favor of policy inertia: Market participants revise their expectations of the short rate
in accordance with the Fed sluggishly adjusting its policy rate. (6) Long forward rates move
more strongly than suggested by conventional macro-models or by a term structure model
that imposes mean-reversion of the short rate under the risk-neutral measure, confirming the
existence of an excess-volatility puzzle.

Two directions for future work are the use of intraday data to improve the precision of the
estimates, and in particular the identification of the impact of news on risk premia. The first
point seems to be a fruitful task because in particular for monetary policy shocks we would
like to make sure that the revision we estimate is the one caused by the policy action, and that
there are no other confounding impacts. By looking at short time windows around the actual
policy announcements we could corroborate our results about the effects of policy shocks on
the term structure.

With regard to risk premia, the obvious next step is to disentangle the effects of news on
short rate expectations and risk premia. We could answer additional questions which are of
great policy relevance, and in fact were suggested to me by the Fed Chairman Ben Bernanke
himself.2® The first and most important question is about the general direction of responses
in term premia to Fed actions. Furthermore, if the responses vary, a characterization of the
regimes or conditions that lead to particular responses would give us important new insights.
More generally we would like to describe the impact of different kinds of news on term premia.
My framework can be generalized to incorporate a risk premium specification explicitly: By
specifying a pricing Kernel and decomposing the revisions to short rate expectations under Q
into the revisions under P and changes in the forward risk premium, we would be able to pro-
vide answers to the questions above, and obtain an even more differentiated characterization

of the impact of news on the term structure.

20Personal conversation at the Federal Reserve Board, September 2008.
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A Loadings of futures rate changes on factor shocks

For the loading of the i-period-ahead contract futures rate change on the first shock we have

(i+1)N—d
ho= NV (L+n)p”
n=tN—d+1
B (ZN —d+ Q)piNfdJrl _ [(l + 1)N —d+ 2]p(i+1)Nfd+1 N piN7d+2(1 o ION>
B N(1—p) N(1—p)?

where d is the day of the month. To see this we take the well-known summation formula for

the geometric progression,
+1

n m n
Z 1—7r 7
k=m

and take the first derivative with respect to r to obtain

n m—1 __ 1)y™ m __ ,.n+l
Zkrk_lzmr (n+1)r LT 7"2.
= 1—7r (1—r)

This can be applied to the summation above. For the loading on the second shock we have

(i+1)N—d

hp o= N7V
n=iN—d+1
IN=dHL(] _ pN)

N(1-p)

p

The loading on the third shock is unity. The vector with loadings is h; = (h}, h?,1)’. Tsuppress

the dependence on the parameters and on the day of the month for notational simplicity.

B Regression coefficients and R? implied by the model

The population parameters for regressions of rate changes in Eurodollar futures contracts on
rate changes in the 3-month-ahead fed funds futures contract (FF3) are equal to the covariance
between the two variables, divided by the variance of the fed funds futures rate changes. The
coefficient of determination is simply the squared correlation. The model parameters imply
both variances and covariances, and hence predict the regression coefficients and R2. Impor-
tantly, these depend on the news regime through the factor covariance matrix V*. In regime

7, the model-implied regression coefficients and coefficients of determination for a regression
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of Eurodollar futures contract j on the contract FF3 are

3. COU<Aftj7 AP _ Cov(hﬁfu Wrraét) - h;‘VthFS and
’ Var(Af tFFg) Var(hprsé + €fF3) WppsVihrrs + o S,FF:J,7
2 (C’ov(Aftj, A tFFB))Q _ (hj/VthFs)2

= Var(AfFFEYVar(Af))  (hpps'Vihprs + 02 pps) (' Vib; + 02))
Here j = ED1,..., ED16, and /''® stands for the pricing error of FF3, which has a variance
of 02 pps, the square of the third diagonal element of R. The pricing error variances for the
Eurodollar futures aij correspond to the squares of the 7th to 22nd diagonal elements of R.
The above notation ignores that the loadings of the futures depend on the day of the
month and the day of the quarter, and hence the regression coefficient is a different one for
each combination of these. To obtain an unconditional regression coefficient, I simply average

out the day of the month/quarter.

C Loadings of yields and forward rates on factor shocks

For the loading of an m-day yield change on the first shock we have

hl = m’lz(1+n)p"
n=0

For the loading on the second shock we have

m—1
hfn = m! p"
n=0
_ 1=
m(1—p)

The loading on the third shock is unity. The vector with loadings is h,, = (kL ,h%, 1)

m? m?

For the loading of an m-day forward rate change starting n days ahead on the first shock
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we have

n+m—1
M = m™" Y (L h)p"
h=n
B (n + 1)pn o (n +m + 1)pn+m pn+1 - pn+m+1
= —+ 5
m(1 = p) m(1 = p)

For the loading on the second shock we have

n+m—1

Mo = m™H Y "
h=n
pr(1—p")
m(l—p)

The loading on the third shock is unity. The vector with loadings is hpm = (hp . B2 00 1)
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Table 1: Maximum Likelihood Estimation of factor model

Parameter policy days empl. report CPI/PPI retail sales
O¢ 1 0.0415 0.0648 0.0379 0.0419
(0.0038) (0.0056) (0.0028)  (0.0050)
O¢ 2 9.9291 11.3830 7.2834 9.9564
(1.3795) (0.9379) (0.3755)  (1.3312)
O¢ 3 6.5434 10.0468 6.3384 8.2916
(0.4992) (0.6740) (0.3060)  (0.9709)
corr(&ut, Ear) -0.3662 -0.5426 -0.4273 -0.3312
(0.0662) (0.0752) (0.0596)  (0.0949)
corr (&, Eat) +0.2676 +0.5035 +0.2358  +0.2505
(0.0883) (0.0651) (0.0565)  (0.0856)
corr(&at, &) -0.6390 -0.8437 -0.8877 -0.9394

(0.0962) (0.0301)  (0.0223)  (0.0201)

Energy content:

1st princ. comp. 85.37% 92.32% 94.50% 97.07%
2nd princ. comp. 14.63% 7.68% 5.50% 2.93%

3rd princ. comp. < 0.01% < 0.01% <0.01% < 0.01%
p 0.9973

Log-likelihood -31,422

Other models:

unrestr. roots -31,422

equal Vs -31,609

equal means -31,447

Z€ero means -31,451

I use fed funds futures contracts FF1 to FF6 and Eurodollar futures contracts ED1 to ED16 to
estimate the model (description see text). Sample: 10-1988 to 06-2007. The number of days is 799,
with 148, 215, 316, and 120 days in each of the four regimes. Numbers in parentheses are
Quasi-Maximum Likelihood standard errors. Also reported are the energy contents of the three
principal components for each of the shock covariance matrices V! to V4, as well as the
log-likelihood for the benchmark version of the model and for more and less restricted versions as
described in the text.



Table 2: Summary statistics for ratio of near-term rate changes

News AftEDZ/AftEDl AftEDS/AftEDl AftED4/AftED1

median mean (s.e.) median mean (s.e.) median mean (s.e.) obs.

Empl. report  1.83 230 (0.20) 225  3.08 (0.30) 232 3.35 (0.38) 136
CPI/PPI 1.63 198 (0.16) 2.00 274 (027) 233 330 (0.33) 185
Retail sales 211 246 (0.22) 3.33  3.80 (045) 375 433 (0.57) 61
Pooled 1.78 217 (0.11) 226  3.03 (0.19) 250 348 (0.23) 382

Medians, means, and standard errors for the means for relative rate changes. means Sample:
10-1988 to 06-2007. I include only observations for which the denominator rate change is non-zero

(using unity for the ratio when the denominator is zero still results in medians and means far above
one).
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Table 4: Effects of macroeconomic announcements

News release FF2 ED4 2y yield &1t &oy &3t
Non-farm payroll empl.  2.94%*%  7.72%%  553%* | 0.03** -3.17%*  3.53**
(0.34)  (0.84)  (0.56) | (0.00)  (0.95)  (0.63)
Unemployment rate -9.41**%  -13.85*%  -10.43%* | -0.04 -6.86 -2.34
(243)  (5.37)  (3.72) | (0.03) (5.84)  (4.46)
Hourly earnings 5.39%*  15.24*%*  11.73%* | 0.08*%*  -10.09 8.33
(1.64)  (5.09)  (3.64) | (0.03) (5.99)  (4.61)
Core CPI 8.59%*%  21.75%*  17.52%*% | 0.07** -12.53** 15.33**
(1.95)  (5.36)  (4.01) | (0.02)  (4.83)  (4.40)
Core PPI 1.57* 3.65 1.87 -0.00 -2.98 4.39%*
(0.65)  (2.04)  (1.66) | (0.01) (1.92)  (1.62)
Retail sales 1.24*%*  4.65%* 3.52%*% 1 0.03** -3.08%*  2.35%*
(0.34)  (0.96)  (0.73) | (0.00) (0.91)  (0.82)

Sample: Days with at least one macroeconomic announcement but without policy action, Oct-1988
to Jun-2007, N = 647. Numbers in parentheses are White standard errors. * and ** denote
significance at 5% and 1% level, respectively.



Figure 1: Estimated means of futures rate changes
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Estimated means of rate changes of money market futures, together with 95%-confidence intervals
based on Quasi-Maximum-Likelihood standard errors, for benchmark specification of the model.
Please refer to the text or table 1 for data description.

Figure 2: Estimated volatilities of pricing errors
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Estimated volatilities of pricing errors together with 95%-confidence intervals based on
Quasi-Maximum-Likelihood standard errors, for benchmark specification of the model. Please refer
to the text or table 1 for data description.



Figure 3: Empirical vs. model-implied autocovariances of federal funds rate
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Autocovariances of the first differences in the average quarterly short rate. Empirical
autocovariances for effective federal funds rate from Oct-1988 to Jun-2007. Model-implied
autocovariances: see text.
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Figure 5: Empirical and model-implied results for the traditional regression approach
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Regressions of changes in Furodollar futures rates on changes in near-term federal funds futures
rates (FF3) in different news regimes: Empirical response coefficients (squares) with 95%
confidence intervals based on White standard errors, and model-implied response coefficients (thick
line). Also shown are empirical coefficients of determination (circles) and the model-implied
counterparts (thick plus signs).



Figure 6: Policy shocks: Examples of revisions resulting form policy actions
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Actual changes in Eurodollar futures rates and fitted changes implied by revision on four days with
monetary policy actions. Note: The target rate was increased by 25 bps in each of these cases. On
the dates shown in the top row, the one-month ahead fed funds futures contract rate increased by
10 and 8 bps respectively, whereas on the dates shown in the bottom row it did not change at all.



Figure 7: The term structure of announcement effects
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Actual changes in Eurodollar futures rates and fitted changes implied by revision on four days with
monetary policy actions. Note: The target rate was increased by 25 bps in each of these cases. On
the dates shown in the top row, the one-month ahead fed funds futures contract rate increased by
10 and 8 bps respectively, whereas on the dates shown in the bottom row it did not change at all.



