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entire yield curve, and the impact does not decline with maturity as suggested by previ-
ous studies. The impact of macroeconomic announcements reflects the fact that policy
inertia plays an important role in how markets form expectations. Policy news lead to
more varied effects than macro news, indicating that markets are surprised along more

than one dimension by actions of the Fed.

Keywords: Term structure of interest rates, news, monetary policy surprises, macroeco-

nomic announcements, policy inertia

JEL Classifications: E43, E44, E52, G12

*I gratefully benefited from the invaluable advice and constant support of my doctoral advisor James D.
Hamilton. I thank for their helpful comments: Seth Carpenter, Bruce Lehmann, Michael Palumbo, Dimitris
Politis, John Rogers, Irina Telyukova, Allan Timmermann and Jonathan Wright, as well as participants at
two research seminars at the Federal Reserve Board, at the Macroeconomics Seminar at UC San Diego, at the
Missouri Economics Conference 2009, and at the Northern Finance Association 2009 Conference. All errors
are mine.

TDepartment of Economics, University of California, San Diego. E-mail: mbauer@ucsd.edu



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, 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 a seminal paper Kuttner (2001) employs
federal funds futures to measure monetary policy surprises. Using event study regressions
he finds a significant effect of the surprises on yields at short and medium maturities, which
however declines quickly with maturity. Other studies employing similar approaches come to
the same conclusions (Poole and Rasche, 2000; Rigobon and Sack, 2004; Giirkaynak et al.,
2005a; Hamilton, 2008): Policy surprises do affect interest rates, but the impact seems to
decline with maturity.

A related literature analyzes how macroeconomic news affect the term structure, prominent
contributions being Fleming and Remolona (1997), Balduzzi et al. (2001) and Faust et al.
(2007). These studies assess which macro announcements affect interest rates and what the
sign and size of the responses are. The empirical approach is similar: Yield changes are
regressed on surprise measures, and the equation is re-estimated for several maturities. These
studies 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 regression approach employed in both strands of literature has some important short-
comings. Most importantly it does not uncover the effects of news events on the entire term
structure, but only the effects on individual securities. The cross-sectional restrictions required
by no-arbitrage are ignored. Imposing no-arbitrage is more attractive theoretically, but also
entails important practical advantages such as improvements in statistical precision and the
ability to predict responses of additional securities.

For the case of monetary policy analysis, the regression approach is particularly problem-
atic. The surprise measure, which is derived from changes in money market futures rates, and
the dependent variable, usually the change in a bond yield, are both determined by the aver-
age change in the forward rate curve over a particular horizon. These regressions thus simply
estimate the comovement between changes in forward rates at different maturities. Since the
short rate naturally has a transitory component, the finding of decreasing explanatory power
in the yield regressions of Kuttner (2001) and others is not surprising. It does not tell us

anything substantial about the effects of monetary policy on the term structure.



Another shortcoming of the existing literature is that so far there has been no integrated
analysis of the effects of both policy and macro news on the term structure of interest rates.
The regression approach cannot be used to systematically compare different types of news
in a common framework. Relevant questions are: What are the most important sources of
volatility? How are rates across maturities affected by different types of news? What are the
differences, if any, in the effects of policy actions and macroeconomic news?

This paper proposes a new way to study how policy actions and macro news affect interest
rates. The object of interest is the revision to the expected future path of the short rate under
the risk-neutral measure, since it captures the effects of a news event on the entire term
structure. In order to parsimoniously capture the “revision”, which is an infinite-dimensional
object, I employ a three-factor affine dynamic term structure model (DTSM). In addition to
the advantages of imposing no-arbitrage, in particular the reduction in dimensionality that
the cross-sectional restrictions achieve, this allows me to integrate in a common framework
the news about monetary policy actions and the various kinds of macroeconomic news.

The key to integrating the different types of news is to explicitly account for the hetero-
geneity of these different sources of interest rate volatility. I achieve this by allowing the second
moments of the model to depend on the “news regime”, i.e. the type of the news event that
occurs on a given day. This is a simple but effective way to assess and compare the differential
impact of policy actions and different macro news on interest rates.

In this way the paper also makes a contribution to the term structure literature: The
conditional structure of my DTSM allows to identify and describe the different sources of
interest rate volatility. News about monetary policy and about the economy are the main
drivers of changes in interest rates, however existing DTSMs treat all trading days in the
same way, for example when estimating the “vol curve”, the term structure of volatility.! My
model provides separate estimates of the vol curve for different types of news events, which
reveals interesting differences. The conditional character of the DTSM tells us what really
moves the market, and in which way it moves the market.

The DTSM used in this paper differs from conventional models in a second way: Only
the risk-neutral dynamics are made explicit, but no pricing Kernel is specified. The reason
is that the model is used to capture the changes in interest rates, but is not required to
decompose these changes into changes in risk premia and changes in physical expectations
of future short rates. It is therefore unnecessary to make explicit the risk-adjustment. The

risk-neutral dynamics are specified so that the factors can be identified as level, slope and

!This 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.



curvature, in the spirit of Christensen et al. (2007), which is convenient for estimation and
interpretation of the results.

The paper shows that monetary policy generally has strong effects on the entire term
structure. The volatility caused by policy actions reveals that long rates move just as much
as short rates. Importantly the revisions 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. My 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 instead that
this impact strongly depends on the individual policy event, on average is hump-shaped, and
causes significant movements in long rates.

A key result is that there is significant heterogeneity between different sources of interest
rate volatility. The hypothesis of equal second moments on days with policy actions and on
days with different types of macro news is strongly rejected. More specifically the differences
are the following: First, on days with macro news releases the vol curve is steeper at the short
end and more back-loaded than on policy days. This indicates that markets expect the Fed to
only sluggishly adjust the short rate in response to new information and constitutes evidence
of policy inertia. 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
show much stronger comovement across horizons on macro news days than on policy day.
This makes intuitive sense because on days with macro releases 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 fact that revisions in response to policy events come in various shapes parallels the
findings of Giirkaynak et al. (2005b) who use principal component analysis to show that more
than one factor is needed to describe monetary policy actions. Based on my model we can
parsimoniously capture what happens on a policy day to the entire term structure, namely
by describing the revision to the entire expected short rate path caused by the policy action.
This is an improvement upon the target and path factors that Giirkaynak et al. (2005b) use to
describe policy events, since it incorporates no-arbitrage and thus enables us to predict changes
in yields and forward rates at any maturity. Based on this insight I develop a horizon-specific
policy surprise measure and show its empirical success in predicting changes in the yield curve
for U.S. treasury securities from near-term money market futures.

Finally the model provides a convenient and theoretically appealing framework for esti-



mating the impact of macroeconomic announcements on the terms structure. Importantly, my
estimates of the “term structure of announcement effects” are consistent with no-arbitrage.
The key empirical findings: First, the case for policy inertia is strong. And second, the hy-
pothesis of no response of far-ahead forward rates, which the DTSM allows me to test, is
rejected for most announcements, supporting the “excess-sensitivity” evidence documented in
Giirkaynak et al. (2005a).

The paper is structured as follows: The model is introduced and estimated in Section 2.
Section 3 presents estimates of the term structure of volatility conditional on the type of news
event. Section 4 assesses comovement of rate changes in response to news events. In Section
5, after illustrating some specific instances of policy actions, I develop a new measure for
monetary policy surprises and document its empirical success. Section 6 estimates the effects

of macroeconomic data surprises on the term structure. Section 7 concludes.

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
r..2 It is assumed to be determined by three latent factors: r, = X1; + Xop + X3 Assuming
absence of arbitrage implies that there exists a risk-neutral measure ) that prices all assets.

The factor dynamics under @ are specified as follows:

Xy = X+ 8%
Xoy = pXopq+ 502%
Xy = 01 X341 +02X5, 0+ 5?75

QR N0, V), E®Y)=0,r#s

where e = (2,3, e2) is a martingale difference sequence (m.d.s.) under @, and the pa-

rameters p, 0; and 6, satisfy stationarity restrictions.®> Conventional DTSMs usually include

three factors, since these explain the vast majority of variation in bond yields (Litterman

2T abstract from the facts that the overnight rate in the U.S., the effective fed funds rate, deviates from the
target set by the monetary authority, and that the target has a step-function character. Both simplifications
are inconsequential since I do not include observations of the short rate — inference is based on observed futures
rates, which corresponds to average forward rates over a month (fed funds futures) or a quarter (Eurodollar
futures).

3For the AR(1) process the restriction is |p| < 1. For the AR(2) process stationarity requires |fz| < 1,
02+ 0, <1 and 03 — 6, < 1, see Marmol (1995). I also assume that the roots of the AR(2) process are real.



and Scheinkman, 1991; Balduzzi et al., 1996). The specification here implies that the three
factors are a priori identified as level, slope and curvature, in the spirit of Christensen et al.
(2007). The first factor, which follows a random walk, corresponds to a level factor since
shocks change expected future short rates at all horizons by the same amount. Empirically,
far-ahead forward rates show a lot of variability (Giirkaynak et al., 2005b), which suggests
that the short rate should have a unit root under @, since otherwise the model would imply
that these forward rates are close to constant. The second factor serves as a slope factor since
the effect of a shock declines with the horizon. The third factor has a hump-shaped impulse-
response function, provided that the roots are sufficiently close to one. As noted by Backus
et al. (1999), yield dynamics are hump-shaped, which is also evident from the shape of the
term structure of volatility (Piazzesi, 2005). Hump-shaped dynamics can be generated either
by an AR(2) factor? or by having a “central tendency” structure, where one factor reverts to
another (Balduzzi et al., 1998; Christensen et al., 2007). Compared to existing models, our
factor dynamics are most similar to those of Christensen et al. (2007), with the differences
that their model includes a central tendency and is in continuous time.

The key novelty in the above specification is the inclusion of observable variance regimes:
The shocks 5? have a time-varying variance-covariance matrix V,. The function r(t) maps
the calendar day t into one of R different variance regimes, according to the type of news
that take place on that day. Specifically, we will set R = 4, the four regimes being FOMC
announcement days, BLS employment report days, CPI/PPI days, and days with new retail
sales data.® This formalizes the idea that market participants know what type of news occur
on each day, thus I speak of “observable variance regimes”. 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 models treat the state variable that
determines the regime as unobservable, whereas in our context everybody 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, and is an obvious modeling choice if the goal

is to condition on the different sources of news.

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

5This assumes that only one event takes place on a given day, whereas in reality some days have more
than one major news events. However these days are few in number, hence this simplifying assumption is
inconsequential. The use of intraday data is a way to improve the precision of the estimates, however I leave
this to future work.



2.2 Revisions to short rate expectations

The expected path of the short rate under @) determines the entire term structure at a specific
date. For the forward rate contracted at date t for a loan from ¢t + n to t +n + 1 we have

6 Yields, forward rates, and money market

= E;Q’/’H_n, up to Jensen inequality terms.
futures rates, which will be considered in more detail below, are simply averages of these one-
day forward rates. New information that moves the term structure is captured by the revision

to the expected short rate path under Q, that is

{(E;Q - E£1)Tt+n}2°:m

which I simply call a “revision”. Intuitively, this corresponds to the change in the forward
rate curve, since f? — fit! = (ER — ER )r,. Changes in all interest rates are determined
by the revision on that day, which incorporates both changes in short rate expectations under
the physical measure and changes in risk premia.

The above specification of the Q-dynamics leads to a simple closed-form solution for the

revision: . o
i P1 TP
(EtQ - EZQ Ttn = AN $1—go  Ct O1 # P2
— n

(1)

X+ pleg + (L+n)ies d1 = ¢o,

where ¢; and ¢o are the roots of the characteristic equation of the AR(2) process. The
derivation of these expressions is given in Appendix A. We see that a shock to X, leads to a
parallel shift in the term structure, that shocks to Xy; die out exponentially, and that shocks
to X3; lead to a hump-shaped revision. Thus the shocks are naturally labeled level, slope and

curvature shock, respectively.

2.3 Physical distribution of revisions

The revision is a linear combination of the risk-neutral innovations:
(B = B )rn = beg,

where b,, denotes the loadings on the factor shocks for the revision at horizon n, given in

equation 1. Thus under @, revisions and thus rate changes are Gaussian m.d.s. with variance

6We can safely ignore these since we exclusively consider daily changes in interest rates, e.g. f* — t"_ﬁl.

Thus we ignore only the difference in the Jensen inequality terms for maturities n and n+1, which is negligibly
small. Furthermore for money market futures rates there are no Jensen inequality terms, since their payoffs
are linear functions of future short rates.



b, Vi)bn. If we were to specify a pricing Kernel, this would pin down the change of measure
and provide us with the physical distribution of rate changes. This paper is not concerned
with identifying and estimating risk premia, thus we can abstain from choosing a pricing
Kernel and from estimating the physical factor dynamics, which is statistically challenging
(Kim and Orphanides, 2005). However in order to estimate the model, we still need to specify
the distribution of revisions under the real-world, physical measure P.

The presence of risk premia generally leads to predictability of rate changes. Defining the

forward risk premium I = (EX — E,)r,,, we have

(EtQ - E?—l)an = (Et - Et—l)rt+n + H? - H?jll'

Whereas the first component, the revision to IP-expectations, is a m.d.s. under P, the change
in forward risk premia, I} — II7"}!', introduces drift and serial correlation.” In order to deal
with the drift I allow the revisions to have non-zero mean, which can differ across maturities.

With regard to serial correlation, first note that the autocorrelation of daily changes in
money market futures has been found to be very small and economically insignificant (Hamil-
ton, 2007). More importantly though, the sample I use consists only of days with particular
news events. Since between any two event days there are numerous days that are not included
in the sample, rate changes in my sample do not exhibit any significant serial correlation
(evidence not shown). Thus we can safely assume that rate changes are serially uncorrelated.®

Hence we obtain the following distributional properties of the revisions under IP:
(E;Q - E?—l)rt-i-n = a, + b

g~ N0, Vo)), Elees’)=0,1#s

Note that the physical innovations ¢; have the same variance-covariance matrix as the risk-
neutral innovations, a consequence of the diffusion-invariance principle (Piazzesi, 2009). In
sum, under the physical measure, revisions are Gaussian with mean a,,, no serial correlation

and variance b, V;;)by,.

"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(II} — Hfjll) < 0.
In general we cannot assume that either mean or serial correlation are zero.

8Even if there was some serial correlation and our model was misspecified in this respect, we could still
give a Quasi-Maximum-Likelihood interpretation to our estimates.



2.4 Money market futures

This paper uses money market futures, specifically federal funds futures and Eurodollar fu-
tures, for parameter estimation and all subsequent empirical analysis. These instruments are
very liquid and provide a detailed picture of the forward rate curve. News events are quickly
reflected in futures rates, which is why these are often quoted in the financial press. Another
advantage over using treasury yields is that we do not need to extract a zero curve and forward
rates from observed bond prices, since rates for a fixed set of maturities are directly available.

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. Denote the futures rate at time ¢ of the i-month-ahead contract by FFt(i).
Letting m(t) be the day of the month corresponding to calendar day ¢, and M the number of
days in a month (for simplicity assumed to be 31), settlement is based on the average short
rate from ¢t +iM — m(t) +1 to t + (i + 1)M — m(t), the settlement rate. The cost to enter
the contract is zero and the payoff is proportional to the difference between the futures rate

and the settlement rate.” Hence the pricing equation is

_ | M=)
oo (pr- LTS B

n=iM—m(t)+1

and the daily change in the futures rate is accordingly determined by the average revision over

the relevant horizon:

‘ (i+1)M—m(t)
AFFt(z) =M Z (an + hes) = pippi + hppid'e (3)

n=iM—m(t)+1

where ppp; and hpp; are the averages of a,, and b, respectively. Note that pypp; is a parameter
to be estimated, whereas hpp;; is a vector of loadings determined by the parameters of the risk-
neutral dynamics and depending on ¢ through the day of the month.!® An explicit expression
for hppi, is given in Appendix B. I use the one- to six-month-ahead fed funds futures contracts,
denoted by FF1 to FF6 — contracts of longer maturity are not sufficiently liquid.

Eurodollar futures show deep liquidity for contracts expiring several years in the future.
These contracts settle based on the 3-month LIBOR rate on the settlement date, which is the

9Note that we ignore the effect of marking-to-market, i.e. the fact that payments are made before settlement,
however the evidence of Piazzesi and Swanson (2008) indicates that this effect is likely to be negligible in our
context.

0Both means and loadings depend on the day of the month m(t). For upp; it is safe to ignore this
dependence since we simply want to capture the average rate change for each contract.



last day of the relevant quarter.!’ Denote by EDﬁi) the rate of the i-quarter-ahead Eurodollar
futures contract.'? Letting @ be the days in a quarter (taken to be equal to 91) and ¢(t) the
day of the quarter for calendar day ¢, the pricing equation is 0 = E;Q (EDIEZ') — Lt+iqu(t)>>
where Ly y;g—q) is the 3-month LIBOR rate at the end of the relevant quarter. If we abstract
from the credit risk inherent in LIBOR loans'?, we have L, = é Z?:_Ol E?Tt_,_j. Hence

) +D)@-g()-1
0=BEDY -5 3 Bl (4)
n=iQ—q(t)

which closely parallels equation 2, thus the rate changes are given by essentially the same
formula as for fed funds futures — M is replaced by @ and m(t) by ¢(t).!* T denote the mean
rate change by pgp; and the loading for this contract by hgp;;. The contracts I consider are
the ones that settle on the last day of the current and the next 15 quarters, denoted by ED1
to ED16.

2.5 Data and Estimation Method

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 of four
regimes. The first regime contains days with FOMC announcements'®, and the other three
regimes are BLS employment reports, CPI1/PPI releases, and releases of retail sales numbers.
Days that would fall into more than one category are excluded. 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. I choose these specific four regimes in order to see how policy actions and
news about the employment situation, about inflation, and about aggregate demand differ in

their impact on the yield curve.

HFor more details on Eurodollar futures please refer to http://www.cmegroup.com/trading/interest-
rates/stir/eurodollar_contract_specifications.html (accessed 09/15/09).

12To clarify my terminology: The “one-quarter-ahead” contract, ED1, is a bet on LIBOR at the end of
the current quarter, which is determined by the average expected short rate over the next quarter. This next
quarter should be understood as the settlement quarter, since it is the expected value of the short rate over
the course of this quarter that matters for the payoff.

13The credit risk resulting from commitment to a specific counter-party for three months instead of rolling
over daily loans at the fed funds rate is measured by the LIBOR-OIS spread. Before August 2007 this spread
was small and little volatile, hence we can neglect credit risk in our analysis.

4 There is the slight difference that the relevant short rate horizon for Eurodollar futures starts one day
earlier, the reason being that this horizon starts at the end of the quarter preceding the settlement quarter,
whereas for fed funds futures it starts at the first day of the settlement month.

15Until December 2004 these are identified by Giirkaynak et al. (2005a). For the remaining period we take
the days of the FOMC press release.



The model parameters can be estimated using Maximum Likelihood Estimation (MLE).
The focus on rate changes and the assumed absence of serial correlation leads to a partic-
ularly simple estimation procedure. As is common in term structure model estimation I
introduce idiosyncratic pricing errors, denoted by 7, because otherwise a low-dimensional
factor model predicts a singular covariance matrix for higher-dimensional data. Denote
by Y; the vector with daily changes in the futures rates, measured in basis points: Y; =
(AFFt(l), . AFFt(G), AEDt(l), . AEDt(IG))’. The number of measurements is thus m = 22.

The empirical specification is

Y, = p + H & + n, (5)
(mx1)  (mx1) (mx3)(3x1)  (mx1)

where o= (MFFh -y HFF6, UED1, - - - 7HED16),7 and Hy = (hFFl,t, . 7hFF6,t7 hEDl,ta . 7hED16,t)-
The pricing errors are assumed to be a Gaussian vector m.d.s., independent of ¢;, with con-
temporaneous covariance matrix R which is diagonal. Under these assumptions Y; is serially
uncorrelated and multivariate normal with mean p and covariance matrix Xy = H{V,) H; + R.

The log-likelihood function is

£= 3 (T log(2m) + log(|%4)) + (¥ — )5 (¥ — )}

t=1

For the purpose of numerical optimization I reparameterize £ in order to ensure that the esti-
mates are within the admissible parameter space: A Cholesky decomposition ensures positive
definiteness of V, in each regime. For the autoregressive root I take p = A?/(1 + A?), and
similarly for ¢, and ¢,. For the volatilities of the pricing errors I let o,,; = €.

The four shock-covariance matrices V; to V; each have six unique elements, which amounts
to 24 parameters. The other parameters to estimate are ¢y, ¢2, and p, as well as the 22 error
variances and 22 means. The benchmark specification imposes ¢; = ¢ = p and thus has
69 free parameters. The large number of parameters leads to a significant but manageable
computational burden when numerically maximizing £. Optimization is performed using
simplex and a gradient-based algorithms in turn. I try several different starting values and
each time reach the same global optimum. Thus, despite the large number of parameters,
MLE is easily feasible. This stands in contrast to the problems that come with estimating the
physical dynamics of a DTSM, which make it difficult to perform MLE in that context, as
reported for example by Kim and Orphanides (2005), Duffee and Stanton (2008) and Duffee
(2009). The fact that we focus on cross-sectional dynamics (@) and do not try to estimate

dynamic properties of the short rate (IP) makes estimation a lot easier.

10



2.6 Parameter Estimates

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. It also reports
the energy contents of the three principal components for each shock covariance matrix V.,
as well as the log-likelihood values for the benchmark version of the model and for more and
less restricted versions. I report in parentheses robust Quasi-Maximum-Likelihood standard
errors as suggested by White (1982), obtained using numerical approximations for gradient
and Hessian.

The shocks show important differences in variability and comovement across regimes. The
shock variances are highest on days with a new employment report, and lowest on days with a
new CPI or PPI report. Thus the release of a new employment report seems to have a bigger
impact on short rate expectations than any other type of news event. Section 3 will consider
vol curves and visualize the differences between regimes in terms of variability.

With regard to differences in comovement, the correlation between the shocks is generally
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 the shocks, whereas for days with macro news the first PC accounts for 92-
97% of the variability — factor shocks caused by macro news show stronger co-movement than
shocks in response to policy news. Hence the revisions across maturities are more strongly
correlated on news days, meaning that on days with macro news revisions tend to have more
similar shapes than on days with policy actions. Section 4 will go into more detail about the
differences in comovement that are implied by these estimates.

Are the differences between the news regimes statistically significant? In order to test
the hypothesis V; = Vo = V3 = Vj the model is re-estimated under this restriction (“equal
V,’s”). 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. The number
of restrictions and thus the degrees of freedom of the relevant Chi-square distribution is 18,
leading to a minuscule p-value, hence we strongly reject the null of equal covariance matrices
across regimes. The innovations to the term structure factors, i.e. the sources of interest rate
volatility, have significantly different properties depending on the type of news causing them.
In other words, the different sources of news show significant heterogeneity with regard to
their impact on the term structure of interest rates.

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. The restriction

11



that the roots of the AR(2) process, ¢; and ¢9, are equal to p is not rejected, as is evident
from the log-likelihood value for the unrestricted version of the model (reported on the bottom
as “different roots”).

Figure 1 shows estimates of the elements of 1, the mean rate changes for each contract,
together with 95%-confidence intervals. All are significantly negative, ranging from -0.2 to -1.
This negative drift in forward risk premia makes sense based on the intuition that term premia
are on average increasing with maturity, because rate changes imply a decrease in maturity by
one day and thus a decrease in the average risk premium. The restriction that the mean rate
change across futures contract is the same (“equal means”) leads to a likelihood-ratio statistic
of 50 and hence is rejected. The restriction that p = 0 (“zero means”) leads to a test statistic
of 58 and is also rejected.!®

Figure 2 shows point estimates and 95%-confidence intervals for the volatilities of the
pricing errors. They generally decrease with maturity: The model fits the observed rate

changes increasingly well for longer maturities.

2.7 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.!”

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

16The 5%-critical values are 32.7 and 33.9, respectively, corresponding to degrees of freedom of 22 and 23.

TThere 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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remain positive until five lags and then turn negative. Since signs and even magnitudes of
autocovariances are in accordance with data on the federal funds rate, my specification for the
short rate and its model-implied properties based on estimates using money market futures

appear to be plausible.

3 Term structures of volatility

The term structure of volatility, or “vol curve”, captures the volatility of rate changes across
maturities. By allowing for heterogeneity in the sources of interest rate volatility, the model
in this paper allows for a conditional assessment of the term structure of volatility: We can
estimate different vol curves for each news regime, since the shock covariance matrix is allowed
to vary depending on the news regime. The covariance matrix of futures rate changes is given
by ¥, = H,V, 4 H{ + R. Denote the covariance matrix of futures rate changes in regime r by
¥,.18 The model-implied vol curve corresponds to the square root of ,.

Figure 4 shows for each of the four different news regimes the empirical and model-implied
volatilities of money market futures rates. The first row shows vol curves for Eurodollar
futures and 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 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 generally
within the confidence intervals and close to the point estimates of the empirical vol curves.
The model specification allows enough flexibility to capture the hump shape of the vol curve
(the back and the tail of the snake, see Piazzesi, 2001) and high volatilities of long forward
rates (Giirkaynak et al., 2005b).

3.1 The effects of monetary policy

On the days in the first news regime policy actions by the Federal Reserve were the only
major source of news. Interest rates moved when the FOMC’s decision about the target or
the content of the FOMC statement surprised market participants. The vol curves in the
first column of Figure 4 visualize the variability of revisions caused by policy actions and thus

inform us about the effects of monetary policy.

18Since 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 ..
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The Fed’s actions clearly had a significant impact on interest rates across the entire matu-
rity spectrum, which is evident from the large variability of revisions at all maturities on policy
days. Particularly striking is that the Fed, by means of its actions and words, can affect the
long end of the term structure as much as it can affect the short end: The longest Eurodol-
lar futures contract (ED16) has a maturity of about four years and shows similar variability
(about 7 basis points) as the fed funds futures contracts, which represent the short end of the
vol curve. 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 yield changes at different maturities on policy surprise measures, and
find that regression coefficients and explanatory power (R?) decline with maturity. However,
this regression approach does not describe the impact of policy actions on the term structure,
but instead estimates the correlation of rate changes at different maturities. Section 4.2 will
show that my model reproduces these results, for which I will provide a new interpretation.

The bottom line is that Fed actions were highly effective in changing interest rates at all
maturities. Since it is crucial for the transmission mechanism that the monetary authority
can affect not only the overnight rate but also longer-term rates, the results indicate that

monetary policy had potentially important effects on the economy.

3.2 Policy actions vs. macro news

Comparing interest rate volatility across news regimes, some important differences with regard
to the level and the shape of the vol curves emerge. With regard to the level of volatility, futures
rates are most volatile on days with a new employment report, evidenced by the high level of
the vol curves in the second column. Evidently new information about the labor market is the
biggest source of interest rate volatility, more important than news about monetary policy,
the price level, or aggregate demand.

Considering the shape of the vol curves there is a striking difference between volatil-
ity caused by policy actions and volatility caused by macroeconomic news: On days with
macroeconomic data releases the vol curves are steeply increasing at the short end and very
back-loaded (the long end is at a higher level than the short end), resulting in a pronounced
hump shape. On policy days however, futures rates at near-term and far-ahead horizons have
similar volatility, and the hump shape is much less pronounced.

The shape of the vol curves corresponding to macro news constitutes evidence for policy

inertia, the concept that changes in the stance of monetary policy are implemented by the
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Fed by slowly adjusting the target rate towards the new desired level. Intuitively the hump
shape is related to policy inertia because evidently market participants revise their short rate
expectations by much less over the coming months than over longer horizons, indicating that
they expect the Fed to act slowly in response to the news. Furthermore Piazzesi (2001)
showed how the back of the snake, i.e. the hump shape, can be attributed to policy inertia in
the context of a term structure model that incorporates monetary policy. Thus my evidence,
the fact that macro news cause hump-shaped volatility, is distinctly in favor of policy inertia.

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 estimate thus support
the notion of policy inertia. Rudebusch however, based on a different empirical approach,
concludes that the data speaks against policy inertia. Appendix C shows additional evidence in
favor of policy inertia based on an approach more directly comparable to the one of Rudebusch
and discusses possible reasons for the differences in our results.

The fact that vol curves on policy days are flatter and less hump-shaped than on days with
macro news makes intuitive sense: On policy days, the Fed every so often surprises market
participants with its choice of the target, as evidenced by Kuttner (2001), creating variability
at the very short end of the term structure. This source of volatility pushes up the short end
of the vol curve and accounts for the much flatter shape on policy days. My empirical analysis
shows that the Fed not only creates volatility at the short end, but also has a significant

impact on rates with longer maturities.

4 Comovement of forward rates

My framework allows us to compare the effects of news events also in terms of the comovement
of rates at different maturities, since covariances are regime-dependent just like the vol curve.
Stronger or weaker correlations across maturities tell us whether the revisions caused by a
specific news event always look similar or whether they are rather varied in shape, and thus

indicates whether there seem to be one or more independent sources of new information.

Rudebusch uses the terms “interest rate smoothing” and “policy inertia interchangeably”, whereas others,
such as Piazzesi (2005) denote by “interest rate smoothing” the fact that the short rate is persistent, and use
the term “policy inertia” to describe autocorrelated changes in the target federal funds rate, i.e. an inertial
adjustment to the level desired by the Fed.
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4.1 Principal component analysis

The comovement of the shocks to the term structure factors, measured by the off-diagonal
elements of V., was shown in Section 2.6 to be stronger on days with macro news than on
days with policy actions. The first PC accounts for the majority of variation in the shocks
in the former case, whereas in the latter case the second PC contributes considerably to the
variation.

Considering futures rates instead of shocks, note that the off-diagonal elements of the
variance-covariance matrix of futures rate changes, ¥,., measure the model-implied comove-
ment of rates at different maturities, conditional on the news regime. A principal component
analysis of this matrix?° leads to the same conclusion as an analysis of the shock covariance
matrix V.. Stopping rules that help to determine the number of components describing com-
mon variance (Peres-Neto et al., 2005) imply that one component suffices on days with macro
news, but that we need at least two components on policy days.?!

The strong comovement of rate changes across the maturity spectrum implies that revisions
caused by macro news usually come in similar shapes. Thus there seems to be one underlying
source of volatility — a single factor is causing revisions. On the other hand the lower comove-
ment on policy days indicates more varied shapes of revisions and thus independent sources
of interest rate movements. This is consistent with the results of Giirkaynak et al. (2005a),
who find that two factors are required to describe the variation in yields on days with policy
actions.?? However my analysis goes further in that it contrasts the effects of policy actions
with the effects of macro news.

What causes the differences in comovement between regimes? If a particular news event
usually has several pieces of new information which affect different parts of the term structure,
then comovement in rate changes will be lower than for a news event with only one piece of
information. 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 target decision
affects the short end of the term structure, whereas the information in the statement affects
medium and long maturities. This can create a variety of possible revisions to the expected
short rate path, as I will further exemplify in Section 5.1, leading to lower comovement than

on days with macro news.

20T also performed a principal component analysis of the empirical covariance matrix of the futures rate
changes, conditional on the same news regimes. The same conclusions applied.

2IThe results are omitted for sake of brevity but can be obtained from the author upon request.

22These authors use a PCA of the empirical covariance matrix of changes in money market futures.
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4.2 The regression approach reconsidered

The term structure model can be used to shed new light on the Kuttner-type regression
approach common in the literature (Kuttner, 2001; Poole and Rasche, 2000; Giirkaynak et
al., 2005b,a). I show that the model’s implications are consistent with the regression results.
Furthermore I provide a re-interpretation of the regression approach and use it to get another
perspective on the differences between news regimes.

Let’s consider regressions of rate changes in Eurodollar futures on a fed funds futures
contract. I will use the FF3 contract, 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. This measure of the near-term policy surprise is closely related to the “Kuttner-
shock”, which is a scaled change in the spot-month fed funds futures contract. As is common
in the literature, I separately regress, for each Eurodollar futures contract, the futures rate
change on the surprise measure.

Figure 5 shows, separately for each news regime and for each contract, the estimated
response coefficients with 95%-confidence intervals based on White standard errors, together
with model-implied response coefficients. Also shown are empirical and model-implied R? for
each regression. Appendix D shows the calculations underlying model-implied coefficients and
R2.

The model-implied results closely correspond to the empirical results — model-implied
regression coefficients are within the empirical confidence intervals, and model-implied and

4 Thus, by capturing the second moments of

empirical R? are very close to each other.?
revisions, the model in a sense encompasses the regression approach common in the literature.

The correlation between the near-term policy surprise and other rates always decreases
with maturity. This makes intuitive sense: The surprise measure corresponds to the average
revision of expected short rates over a specific horizon at the short end of the term structure.
The dependent variables measure the average revision over longer horizons. Since the short rate
has transitory components, revisions to expectations generally are less correlated the further
apart the horizons are. Hence the finding of Kuttner-type regressions that explanatory power
decreases with maturity are not surprising at all.

That R? decreases more quickly for revisions caused by policy actions than for macro news

23Because 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.

24This 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.
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reflects our previous finding of generally lower comovement on policy days.

With regard to the regression coefficients, an interesting difference between policy news
and macro news emerges. In the case of policy surprises the regression coefficients are generally
decreasing with maturity, whereas for macro news they show a distinct hump-shape. We saw
above that vol curves to some degree are hump-shaped. For the policy news regime this hump
shape is not reflected by the response coefficients. This indicates that the near-term policy
surprise does not capture the effect of policy actions on the term structure, corresponding
to our result that one factor is not enough to capture policy news. However, the near-term
surprise measure apparently does a decent job in signaling the entire revision resulting from

macro news.

5 Measuring monetary policy surprises

This section considers in more detail the revisions to short rate expectations that are caused
by policy actions, i.e. monetary policy surprises.?

First the consideration of some specific days will show the variety of possible policy sur-
prises. Then I undertake the task of predicting changes in long-term interest rates using
short-term money market futures, which has been at the heart of numerous previous studies,

using a new measure of policy surprises that naturally follows from the framework of this

paper.

5.1 Specific examples of monetary policy surprises

To capture a monetary policy surprise we need to describe the revision to the expected short
rate path. The model allows to parsimoniously describe the revision in terms of the values of
the innovations to the term structure factors. Based on observed rate changes we can infer
these factor shocks using a linear projection, as described in Appendix E.

Figure 6 shows the impact of policy actions on four different dates. It shows actual changes
in Eurodollar futures rates and fitted changes implied by the revision on that day. The dotted
horizontal line indicates how the long-run expectation of the short rate has changed in response
to the policy action. On all four days the target federal funds rate was increased by 25 basis
points. On the dates shown in the top row, the FF1 rate increased by 10 and 8 bps respectively,

whereas on the dates shown in the bottom row it did not change at all.

25The difference between “policy surprise” and a “policy shock” is that while both are unanticipated, the
latter is also exogenous. Clearly the changes in interest rates caused by policy actions are endogenous to the
current economic situation.
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The revisions have very different shapes, indicating that the impact of monetary policy
on the term structure differed significantly, which fits in with the evidence from above. Since
Kuttner (2001) we know that the target rate change is not a useful measure for the policy
surprise, 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
differences between the left and right column. This exemplifies the conclusion of Giirkaynak
et al. (2005a) and our evidence from the previous section.

The bottom line is that the entire revision needs to be considered in order to understand
the effect of the policy action on a particular day. The strength of the model is that it
provides a detailed yet parsimonious description of the policy surprise, imposing the absence
of arbitrage. This is achieved by having an underlying factor model for the short rate and

imposing that rate changes must be due to revisions to the expected short rate path.

5.2 A horizon-specific measure for policy surprises

Although we can describe the revision resulting from policy actions graphically, many situa-
tions will require a numeric measure that summarizes the policy surprise. The state of the art
is the approach of Giirkaynak et al. (2005a), henceforth GSS, 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 of how we can construct a univariate summary
of the policy surprise for a certain purpose.

The regression approach commonly employed in previous studies evaluates the predictive
power of policy surprise measures, derived from near-term money market futures, for changes
in yields and forward rates. There is a natural way to construct such a policy surprise measure
based on the framework in this paper: First the entire revision to short rate expectations is
inferred from changes in near-term money market futures. Then the predicted change in the
relevant interest rate can be calculated for any desired maturity. Importantly, this is possible
because the no-arbitrage assumption allows us to predict changes in any security price that

depends on the future path of the short rate. The predicted change can be interpreted as a
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horizon-specific policy surprise measure.

I construct this measure of monetary policy surprises for each day in the sample with a
policy action. In order to back out the latent shocks and thus the revision I use the contracts
FF1 to FF6 and ED1 to ED4. To compare the results with those of previous studies, I calculate
the target and path factor of GSS, based on the same information set. The dependent variables
are daily changes in the FF1 and ED4 futures contracts (to show the characteristics of target
and path factor), changes in constant-maturity treasury bond yields at maturities two, five
and ten years, as well as changes in six-month forward rates for loans maturing in two, five and
ten years. Note that for each dependent variable a different horizon of the revision matters
and thus a different surprise measure is constructed.

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 leaves us with 148 observations.
Data on yields and forward rates are those of Giirkaynak et al. (2006).

Table 2 shows the results. Numbers in parentheses are White standard errors. The first
three columns provide 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 GSS — differences result from the 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.

In the last three columns we see the predictive power of the horizon-specific policy surprise
measure. First and foremost, the slope coefficients are 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 surprises when the surprise is measured as I suggest. Furthermore
the explanatory power of the univariate policy surprise measure that I constructed is about
as large as that of target and path factors taken together: A univariate regression with my
horizon-specific measure for policy surprises 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 GSS. This results from the fact that my policy surprises are constructed specifically
for the horizon under consideration.

The horizon-specific surprise measure proposed in this section can be used to predict
changes in other securities, based on the fact that it captures the impact of the policy action

on the expected short rate path. It does not only have intuitive appeal, but also is empirically
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successful when compared to target and path factors of GSS in terms of predictive power.

6 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, in order to
estimate the “term structure of announcement effects.”?¢ They find hump-shaped responses
and attribute this to policy inertia. Gilirkaynak et al. (2005b) perform a similar analysis,
using forward rates instead of yields. The hump shape is clearly visible in their results as well,
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”.

Regressing rate changes for different maturities separately on the macro surprise measure
is unsatisfactory because it does not impose absence of arbitrage. This is not only a theoretical
shortcoming, but also has two major practical disadvantages: First, without a term structure
model that imposes no-arbitrage we cannot say anything about instruments other then the ones
included in the regressions. Second, the separate regressions ignore cross-sectional restrictions
which can help improve statistical precision.

My framework can provide estimates of the term structure of announcement effects based
on a simple two-step procedure. The first step is to estimate the impact of a specific macro
surprise, say a one standard deviation positive surprise in total payroll employment, on the
latent factors. This is easily done by inferring the shocks for each day with macro news from
futures rate changes (see Appendix E) and regressing each of the three shocks on the macro
surprises.?” The coefficients on the surprise measure in each of the three equations tell us the
values of the three shocks that are typically associated with the specific macro surprise. In
the second step we use these values to calculate the revision that is implied by these shock
values. This “typical” revision corresponds to the term structure of announcement effects.
Importantly, it is consistent with the absence of arbitrage.

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,

26Tn the same paper the authors also develop a term structure model that incorporates the macro surprises
and thus provides estimates of announcement effects that are consistent with no-arbitrage. My approach is
fundamentally different in that no term structure factor is a priori identified with macro announcements.

2"The regressions of all three shocks on the macro surprises constitute a system of Seemingly Unrelated
Regressions (SUR). Since the explanatory variables are the same in each regression, equation-by-equation
least squares is efficient in this case.
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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 3 shows the numerical results, including the response coefficients for the futures
contracts FF2 and ED4 as well as for the two-year yield. Numbers in parentheses are White
standard errors. 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. Based on
these securities alone, the evidence suggests that there is a significant impact of all of these
macro news on the term structure.

A more detailed and accurate answer requires consideration of the term structure of an-
nouncement effects. This is captured numerically by the responses of the shocks, shown in
the last three columns of Table 3. The response of £;; measures the long-run response of
short rate expectations, or “level impact” of the news, the response of é5; measures the “slope
impact”, and the response of £3; measures the “curvature impact.” Figure 7 shows a graphical
representation of these result: It plots the model-implied responses for all Eurodollar futures
contracts, as well as the estimated long-run response. It also includes the estimated response
coefficients and confidence intervals for separate regressions for each contract, corresponding
to the conventional regression approach.

Comparing model-implied and unrestricted responses we see again that the model’s re-
strictions seem empirically plausible: The no-arbitrage-restricted responses closely correspond
to the unrestricted estimates of the response coefficients.

One obvious pattern in the responses 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 thereafter. A curvature shock e3; leads to a hump-shaped revision, hence
we see a hump shape in the term structure of announcement effects in those cases where this

shock responds significantly to the data surprise.

Z8Rigobon 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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Increasing response coefficients at the short end 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.
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 and make our case for policy inertia stronger.

Notably this analysis does not allow to distinguish between intrinsic and eztrinsic policy
inertia, as defined by Rudebusch (2006): The fact that markets expect a gradual response of
the short rate to the macro news could be due either to an intentionally gradual adjustment on
the part of the Fed (intrinsic inertia), or to persistence in the macroeconomic data (extrinsic
inertia). If macroeconomic news is likely to be followed by news in the same direction, then
even if the Fed immediately adjusts the fed funds rate to the new information, current macro
news will predict subsequent changes in the short rate. In a recent study Hamilton et al.
(2009) construct forecast of macro variables based on the news releases and in this way find
some evidence for a deliberately measured pace of target rate changes on the part of the Fed,
i.e. for intrinsic policy inertia.

The other important question is whether announcements move the long end of the term
structure. My model allows us to assess this systematically by considering whether the release
has a significant level impact. As we see in the right-most column of Table 3 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, 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 us to actually test whether there are are
long-run effects.

That most releases have a significant level impact is consistent with the excess-sensitivity
puzzle of (Giirkaynak et al., 2005b). Our finding corroborates the evidence of these authors
that forward rates do not revert to a natural rate, or differently put that the short rate under

Q is not mean-reverting.

7 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 surprises and
macroeconomic announcements on interest rates? The framework integrates different types of

news allowing for heterogenous sources of volatility. It is based on characterizing the revisions
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to the expected short rate path under the risk neutral measure that are caused by different
news events.

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 surprises,
we thus need to take into account the relevant 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) The hypothesis that far-ahead forward rates do
not move in response to macro announcements is rejected for almost all data releases.

A valuable extension to this paper would be the use of intraday data in order to improve the
precision of the estimates. In particular for monetary policy surprises 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. Considering tight windows around the policy announcements
would corroborate our results about the effects of monetary policy on the term structure.

Another important task is to disentangle changes in short rate expectations from changes
in term premia. This provides answers to other policy-relevant questions: How much of the
volatility of observed rate changes is due to changes in short rate expectations? In response to
specific news events, how did market participants revise their expectations of monetary policy?
Do risk premia systematically respond to macro news, and if yes in which way? In my job
market paper (Bauer, 2009) I perform this exercise, and I find that at high frequencies changes
in forward rates are mainly due to changing short rate expectations. This substantiates that
the observed rate changes in response to news events in fact do predominantly signal changes

in the expected path of the policy rate.
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A Revision to short rate expectations

We need to find (B2 — ER )riyn = (BR— E2 ) (X144n+ Xotn+ Xs14n). For the level factor,

which follows a random walk without drift, we simply have
(B = B2 )X 000 = 35

For the slope factor, which follows an AR(1) process, the moving-average (MA) representation

is Xor =272 peg,_;, hence we have
(B = E21) Xaon = ple5i

The curvature factor follows an AR(2) process, Xs = 01 X5,-1 + 02X3,_9 + 53, which we
rewrite as (1 — ¢ L)(1 — ¢oL) X3 = 53, where L is the Lag-operator. Denote by ¢, and ¢,
the roots of the characteristic equation y? — 6,y — 65 = 0, which are related to the parameters
by 01 = ¢1 + ¢ and Oy = —p1¢2. We want to find the MA-representation of Xj;,

o0
_ Q
X3 = E @ZJjES,tfj?
=0

and for the Wold-coefficients 1); we have the difference equation ¢; = 6111 + 021;_o with
initial conditions v; = 6; and ¥y = 0% + 0 (see Brockwell and Davis, 2006, p. 92). For the

case that we have distinct real roots ¢; and ¢, the solution to this initial value problem is
given by ¢; = (¢! — #37) /(41 — ¢2) so that we obtain

n+l _ n+l
2 .Q

E® B X, ., =+ "2 8
( t t 1) 3,t+ ¢1 _¢2 3t

In the case that the roots are real and equal we get ¢; = (1 4+ n)¢} and thus

(B = E2 ) Xspin = (1+n)¢feg

B Loadings of futures rate changes on factor shocks

Consider the loadings on the physical innovations ; of the rate change in the i-month-ahead

fed funds futures contract, denoted by hppiz = (hpp Ppiy, M) The loading on the
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level shock is of course unity, i.e. hk rig = 1. The loading on the slope shock is

(i+1)M—m(t)
h%‘Fi,t = M Z p"

n=iM—m/(t)+1
iM-m()+1(] _ M)

M(1 - p)

p

For the loading on the curvature shock — we consider here only the case of equal roots — the

average we need to calculate is

(i+1)M—m(t)

h?ﬁFz;t =M Z (L+mn)p"

n=iM—m(t)+1

In order to find this average first consider the well-known summation formula for the geometric

progression,
+1

n m n
E: k7T

1—7r
k=m

and take the first derivative with respect to r to obtain

n m—1 n m n+1
—(n+Lr " —r
k-1 _ T (n .
Z " 1—r * (1—7)
k=m
This can be applied to our summation to yield
h3 L (’LM _ m(t) + 2>piMfm(t)+l _ [(l + 1)M _ m(t) + 2]p(i+l)Mfm(t)+l +piMfm(t)+2(1 _ ,0M>
FFit M(1—p) M(1 — p)?

The loadings for Eurodollar futures follow by analogy — simply replace M by @, replace m(t)
by ¢(t), and take the first and last period of the relevant horizon for the summations to be

one day earlier than in the case for fed funds futures (see footnote 14).

C Additional evidence for policy inertia

One of the pieces of evidence presented in Rudebusch (2006) against the hypothesis of policy
inertia is based on the following approach: Rudebusch 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
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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).

News AED JAEDY AED® JAEDY AEDY /AEDY

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) 232 335 (0.38) 136
CPI/PPI 163 198 (0.16) 200 274 (0.27) 233 330 (0.33) 185
Retail sales 211 246 (0.22) 333  3.80 (0.45) 3.75 433 (0.57) 61
Pooled 178 217 (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).

The above table presents comparable evidence, 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.

How 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.

D 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 FF3 contract are equal to the covariance between the two variables,

divided by the variance of the fed funds futures rate changes. The coefficient of determination
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is simply the squared correlation. The model parameters imply both variances and covariances,
and hence predict the regression coefficients and R2. Importantly, these depend on the news
regime through the factor covariance matrix V,. In regime r, the model-implied regression
coefficients and coefficients of determination for a regression of Eurodollar futures contract ¢

on the contract FF3 are

5 Coo(AEDY  AFF®))  Cov(hgpier, Wppser) Wy Vihprs 1
i = = — 3 an
Var(AFFt(S)) Var(Wppsee + 0 ") WppsVihers + U?],FF:S
o (Cov(AED]” AFFM))? (hgpi' Vihprs)?
' Var(AEDgi))Var(AFFt(S)) (hrrs'Vihers + 07 pps) (hepi' Vihep: + 07, pp;)
Herei =1,...,16, and 5" stands for the pricing error of FF3, which has a variance of o7, 5,

the square of the third diagonal element of R. The pricing error variances for the Eurodollar
futures o7 p; 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.

E Inference about latent shocks and the revisions

Given estimates of the model parameters the values of the latent shocks and thus the entire
revision can be inferred from observed rate changes. Optimal inference about the latent
shocks implies finding the conditional expectation of the shock vector given the data on day ¢,

E(&]Y:). Because of the normality assumption it can be calculated from a linear projection:

é=E(=]Y) = Cov(en,Y))[Var(v)]™ (Y, — 1)
= ViH(HVyyHy + R) (Y, — ) (6)

The fitted values for the futures rate changes are i + H/é;. The estimated revision to the
Q-expected short rate path 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 (ER — E2)re n = €14, which is simply equal to the level shock.
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Table 1: Estimation results for benchmark model

Parameter policy days empl. report CPI/PPI retail sales
O 6.5434 10.0468 6.3384 8.2916
(0.4992) (0.6740) (0.3060) (0.9709)
Oc2 9.9291 11.3830 7.2834 9.9564
(1.3795) (0.9379) (0.3755) (1.3312)
O3 0.0415 0.0648 0.0379 0.0419
(0.0038) (0.0056) (0.0028) (0.0050)
corr(eyg, €at) -0.6390 -0.8437 -0.8877 -0.9394
(0.0962) (0.0301) (0.0223) (0.0201)
corr(eyg, €3t) +0.2676 +0.5035 +0.2358  +0.2505
(0.0883) (0.0651) (0.0565) (0.0856)
corr(eat, €3t) -0.3662 -0.5426 -0.4273 -0.3312

(0.0662) (0.0752)  (0.0596)  (0.0949)

Energy content

1st PC 85.37% 92.32% 94.50% 97.07%
2nd PC 14.63% 7.68% 5.50% 2.93%
3rd PC < 0.01% < 0.01% <0.01% < 0.01%
P) 0.9973

(0.0001)

Log-likelihood -31,422
Other models

different roots -31,422
equal V,.’s -31,609
equal means -31,447
Z€ro means -31,451

I use fed funds futures contracts FF1 to FF6 and Eurodollar futures contracts ED1 to ED16 to
estimate the model. The sample consists of days with news events from Oct-1988 to Jun-2007. The
number of days is 799, with 148, 215, 316, and 120 days in each of the four news regimes. Numbers
in parentheses are robust standard errors. Also reported is the energy content of each 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. For details please refer to
text.



‘A 03 TAM S19RIIU0D SoInjny Ie[jopoinsy pue 9.
0} T4 S$19RIIUOD SoININ] SPUNJ Paj SUIPN[OUT }9S UOIIRULIOJUT WO} POIIOJUI oIk soInseowl osLIdins Ad1[0J *(1X9) 99S S[IRIOp) SUOZLIOY

JURAS[OI IOAO TOISIADI POJRUII)SO dFRIoAR Se Poje[no[ed sI anseow astidims Adtjod oygwods-uoziioy "(eGOOg) ‘T8 10 YrUAR{IN) pPue X3
0} I19Joa s1090%] yed pue j081e) Jo UOIyeUR[dXd IO "SOTILINIRW PayIdads oY) je SUIPUS SURO[ YJUOW-XIS I0] oI S9)el PIeMIO] ‘[9A]
04T O3 Y& 90URIYIUSIS [BOI)SIJR)S SOJOUD 4 "SIOLID PIRPUR)S 9IYAN IR sosoyjuared Ul SIOQUINN ‘KT SI SUOIJRAIISQO JO IOqUINU O J,

(80°0) (gv0) F0'0) (900) (zv0) (L00) (L¥°0)
LT0 LOF0 F20- | 020 4810 F00- 820- | 100> ¥00- S¥0- s1eaf U9Y
(900) (6€0) (co0) (01°0) (¥€0) (¥10) (67°0)
870 «LL°0  TT0- | 050 4590 200 €00- | 100> 200  9£0- s1eo 9Aly
(700)  (62°0) (€00) (L00) (82°0) (91°0) (09°0)
6L0 «€8°0 800 | 080 4870 4080 220 | 900 00  ST0- s1eak OM)
Aoawv sojel pIemloj
(900) (1€°0) (€00) (200) (62°0) (z10) (97°0)
650 «0L0 FT0- | 090 42€0 €10 €00-| 200 €10 €€0- s1eak U9Y
(70°0) (82°0) (€0'0) (80°0) (g20) (¢to) (19°0)
cL0 £€8°0  90°0- | 9L°0 400 4920 110 | 200 920  LT0- sreof oAy
(€00) (12°0) (z00) (c00) (020) (c10) (L¥0)
78°0 «€8°0  TT'0- | 98°0 48€°0 49F°0 CT0 | 120 4970 T12°0- s1eo om)
SpIeIA
(100) (z00) (600) (91°0) (09°0)
86'0 4650 4690 60°0- | 8T'0 %650 F¥90- rad
(100) (€00) (¥1°0) (c0'0) (s1°0)
€60 000 00T LT0 | €0 00T LT0 144
saaning
& JPOYUs  Jsuod | a7 yred jo8rey )suoo o 19818)  *)SU0D
osradans oyroads-uozlIol] siojoe} yjed pue j93ie], JI0799e] 1931e],

‘sostadans Ao1j0d A1e10UO0U JO SOINSBOUL JUSISHPIP UO SOSURYD 9)RI JO SUOISSaIZY 7 9[qR],



Table 3: Effects of macroeconomic announcements

News release FF2 ED4 2y yield 1t Eot €3¢
Non-farm payroll employment — 3.09%*  8.11**  5.82%% | 3.76** -3.48%* (.04**
(0.35)  (0.88)  (0.59) | (0.67) (1.00) (0.01)
Unemployment rate -1.30*%*  -1.91* -1.44** | -0.33  -0.89  -0.01
(0.33)  (0.74)  (0.51) | (0.62) (0.80)  (0.00)
Hourly earnings 0.85%*%  2.42%*  1.86%* 1.34 -1.64  0.01**
(026)  (0.81)  (0.58) | (0.73) (0.95)  (0.00)
Core CPI 1.02%*%  2.58%F  2.08%* | 1.83** -1.51** 0.01**
(023)  (0.63) (0.48) | (0.52) (0.57)  (0.00)
Core PPI 0.45% 1.06 0.54 1.27%%  -0.86 -0.00
(0.19)  (0.59)  (0.48) | (0.47)  (0.56)  (0.00)
Retail sales 0.84%F  3.14**  2.38%F | 1.62%F -2.14** (.02**
(0.23)  (0.65)  (0.50) | (0.55) (0.62)  (0.00)

Responses of instrument rates and term structure shocks to a one-standard-deviation surprise in six
different macroeconomic data releases. 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.

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.



Figure 3: Reality check: Empirical vs. model-implied autocovariances of the short rate
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Autocovariances of changes in the average quarterly short rate. Empirical autocovariances are for
the effective federal funds rate from Oct-1988 to Jun-2007. Theoretical autocovariances are based
on the model-implied short rate process.
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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 (crosses).



Figure 6: Policy surprises: Examples of revisions resulting form policy actions
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Actual changes in Eurodollar futures rates (crosses) and fitted changes implied by revisions
(squares) on four days with monetary policy actions. Also shown are the estimated long-run
revisions (dotted lines). Note: The Fed increased the target by 25 bps on all of these days. On the
dates shown in the top row, the FF1 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: Term structure of announcement effects
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Responses to a one-standard-deviation surprise in six different macroeconomic data releases:
Empirical responses of futures rates with 95% confidence intervals (error-bars) and model-implied
responses of futures rates (solid lines). Units are basis points.



