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Abstract

We investigate, theoretically and empirically, the relationship between mon-
etary policy and the term structure of interest rates. In particular, we show in
a dynamic macroeconomic model that if monetary policy reveals information
about economic developments, interest rates of all maturities move in the same
direction in response to a policy innovation. If, on the other hand, monetary
policy reveals information about the central bank’s policy preferences, short
and long interest rates move in opposite directions. In the empirical section,
we provide direct measures of endogenous and exogenous monetary policy in-
novations in the U.S. by analyzing the reaction of financial market participants
to Federal Reserve policy moves. The empirical findings support the theoretical

predictions.
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1 Introduction

Understanding the relationship between monetary policy and market interest rates
is of utmost importance to bond traders and central bankers alike. Unanticipated
changes in monetary policy strongly affect interest rates of almost all maturities,
representing recurrent opportunities for traders to win or lose money. All serious
bond analysts have their own quantitative model of the past relationship between
policy moves and the yield curve. Policy makers on the other hand carefully watch the
yield curve for news about market expectations. Academic economists are interested
too: the effect of monetary policy on the real economy is one of our discipline’s more
controversial topics.

Given these efforts, our understanding of yield curve movements remains remark-
ably incomplete. True, there are some statistical regularities. It is empirically well
established that monetary policy affects market interest rates, and that on average
this relationship is positive; an increase in the central bank rate leads to an increase
in interest rates of all maturities. It is also well known, however, that there are many
exceptions from the rule.! For example, on a number of occasions in 1994 when the
Federal Reserve announced an increase in its target rate, interest rates of long matur-
ities fell. As noted by Skinner and Zettelmeyer (1995), who studied the interest rate
responses to monetary policy over long periods in four major economies, the fraction
of such ‘abnormal’ responses is considerable in all countries.

At the moment, there is no coherent theory which tells us whether the yield
curve will shift or rotate after a policy change. Some argue that the curve should
always shift. For example, Cook and Hahn (1989), who first firmly established the
positive empirical relationship between target rates and long rates, interpret their
finding to be supportive of the expectations theory of the term structure.? The
expectations theory says that a long interest rate should be equal to the sum of
short interest rates over the same period of time plus a term premium; thus an
increase in the first couple of short rates should drive up the long rate too, but by

less. Romer and Romer (1996) disagree. To them, the positive movement in the

IThe classic study which documents the positive relationship for the United States is by Cook
and Hahn (1989). We refer to similar studies for other countries below. The fact that there are
many exceptions from the rule has been discussed extensively by central bankers; see, e.g., Roley

and Sellon (1995).
2This view is echoed by, e.g., Mehra (1996) and Skinner and Zettelmeyer (1995).



long rate is inconsistent with standard monetary theory — a puzzle. According to
received theory, they claim, an increase in short rates should reduce inflation, and
hence reduce the level of sufficiently long rates. Romer and Romer suggest that the
puzzle can be resolved if the central bank has access to private information about
economic fundamentals, but they do not develop their argument formally.

In this paper, we provide a model within which each of the three mechanisms,
captured by the ‘standard’ theory, the expectations hypothesis, and Romer and
Romer (1996), respectively, are all at play. This model is rich enough to allow a
wide variety of market reactions to monetary policy, yet structured enough to allow
a simple empirical evaluation. Our argument centers around the presumption that a
change in monetary policy can come about for two distinct reasons: either the mon-
etary authorities respond to new and possibly private knowledge about the economy,
or their policy preferences change. In the first case, policy is essentially endogen-
ous, reflecting new input into a given objective function; in the second case, policy
is exogenous, in the sense that the input is the same but the objective function is
new. After an endogenous policy action, our model predicts that interest rates of all
maturities move in the same direction as the policy innovation. After an exogenous
policy action, on the other hand, short and long interest rates should move in oppos-
ite directions. To test this model, it is necessary to classify policy events according
to whether they are exogenous or endogenous. We do this by interpreting newspaper
reports immediately before and after each event.

Let us now describe our approach in a little more detail. Our theoretical model is
taken from Svensson (1997a,b), and is quite simple, with reduced-form relationships
for output and inflation. Key features of the economy are that shocks to output and
inflation are persistent, and monetary policy affects output and inflation with a lag.
To this model we add an equation describing the term structure of interest rates. The
central bank is assumed to control the one-period interest rate and to minimize a loss
function which is quadratic in deviations of output and inflation from target. The
simplified treatment of the economy allows us to derive the central bank’s reaction
function endogenously and to obtain a closed-form expression for the yield curve.

Assuming that the expectations hypothesis of the term structure holds, the model
yields the following set of predictions. Suppose the central bank’s objective function
is known and stable. Whenever an economic shock is symmetrically observed by all
agents, market interest rates respond immediately, and the change in the central bank

rate is fully anticipated. In this case, all interest rates move in the same direction



(Proposition 1). Unanticipated changes in the central bank rate can occur for two
separate reasons. First, the central bank may have private (i.e., advance) information
about exogenous shocks to output and prices. In this case, an increase in the short
interest rate could be interpreted by market participants as an indication of increased
inflation, and as the central bank acts to squeeze inflation out of the economy, interest
rates of all maturities go up (Proposition 3).> The existence of central bank private
information in the United States has been documented by Romer and Romer (1996),
and it is also supported by our event studies. Second, the central bank’s preferences
may change. The policy preferences of the central bank is captured by the para-
meter )\;, which indicates the current weight on output stabilization relative to price
stabilization in the bank’s objective function. Thus, if the short interest rate is in-
creased, and bond traders are confident that there has been no unanticipated change
in the fundamentals, then they will typically infer that price stabilization has moved
higher on the central bank’s agenda. In this case, we show that sufficiently long in-
terest rates will move in the opposite direction, because average inflation is reduced
(Proposition 4). We also note that A, determines the magnitude of the interest rate
response to fundamental shocks. For a given shock, short rates respond less and long
rates more as we increase \; (Proposition 2).

In this paper, we concentrate on testing Propositions 3 and 4. To do so, we exam-
ine monetary policy in the United States from October 1988 until present. During this
sample period, the Federal Reserve has targeted the federal funds rate very strictly,
why changes in the target are much easier to observe than in preceding periods. Most
target changes in this period are observed immediately by market participants. Using
the commentaries in the Wall Street Journal, we are thus able to extract the reactions
of market participants in a fairly consistent way.

The empirical results are encouraging. Policy innovations, measured as the change
in the 3-month rate on the day the funds rate target is adjusted, have different impact
on interest rates depending on bond market interpretations of the move. Endogenous
policy, driven by economic developments, move long rates in the same direction as the
policy innovation. Truly exogenous policy, driven by central bank preference shifts,
move ten- and thirty-year rates in the opposite direction to the policy innovation.

The paper is organized as follows. We proceed in Section 2 by presenting our the-

3However, it is not necessarily true that all future short rates go up. Because the initial increase
in the short rate creates a reduction in output, it may have to be offset by future interest rate

reductions.



oretical model, and Section 3 develops the main theoretical predictions. In Section 4,
we present the methodology behind and the results from our classification of Federal
Reserve policy actions, which we use to study the response of U.S. interest rates to
monetary policy shocks. Finally, the importance of the theoretical and empirical

results and some possible extensions are discussed in Section 5.

2 The model

The model we use is taken from Svensson (1997a,b), and is a dynamic version of a
simple aggregate supply — aggregate demand model, where we add an equation for
the term structure of interest rates. Monetary policy does not affect the inflation rate
directly, but only through the level of aggregate demand. An important feature is
the introduction of ‘control lags’ in the response of the economy to monetary policy:
policy affects aggregate demand after a lag of one period, and aggregate demand in
turn affects the inflation rate in the subsequent period. This feature is consistent
with the stylized facts about the response of output and inflation to monetary policy
(see, e.g., Bernanke and Gertler, 1995).

2.1 Setup

Let m; and y; be the percentage deviations at time ¢ of inflation and real output
from their ‘natural’ levels. The inflation process (the aggregate supply relationship)
is governed by an accelerationist Phillips curve relation: the change in the inflation

gap is positively related to the output gap according to
g1 — T -+ QY + Ett+1, (1)

where a > 0 and &; is an i.i.d. supply shock with mean zero.
The output gap (or aggregate demand) is mean-reverting and negatively related

to the ex-post real short interest rate following

Y1 = Bye — 7 (it — ) + Nyis, (2)

where i; is the deviation of the short interest rate (set by the central bank) from its
long-term equilibrium level, 0 < 8 < 1,7 > 0, and 7, is an i.i.d. demand shock with

mean zero.



Our own contribution is to append a yield curve to this model. Bonds of different
maturities are seen as imperfect substitutes, so the interest rate of maturity n at
time t is set as an average of expected future short interest rates during the time to
maturity plus a term premium,

R Gt n
W= Z Bl T &5 5 (3)
s=0

where 4,4, denotes the expectation as of period ¢ of the short interest rate s periods
ahead, and &' is the term premium at time ¢ for maturity n. Thus, in determining
long rates, market participants will form (rational) expectations about the future
path of the short central bank rate.*

Our choice of model requires some justification. Of course, relations (1) and (2)
represent a highly stylized, and in some respects unrealistic, view of the macro-
economy.” However, at this low level of complexity, it appears to be a close approx-
imation to monetary policy makers’ view of the world (see, e.g., Blinder, 1997). Also,
the model fits the macroeconomic facts rather well (Rudebusch and Svensson, 1998).
Finally, we are quite confident that our main insights are robust to reasonable exten-
sions, most of which would entail the considerable cost of having to give up analytical

methods for numerical analysis (Svensson, 1997a).

2.2 The central bank problem

At each instant, the central bank is assumed to select the short interest rate i; to

minimize the intertemporal loss function

Li=E Y 6" L(Titrs Yegrs Msr) 5 (4)

r=0
where ¢ is a discount factor and the period loss function L is quadratic in deviations
of the inflation and output gaps from their zero targets,

1
L(me,ye, M) = 5 [77? + /\tyﬂ . (5)

4In a similar fashion, Mellin (1997) adds a yield curve to a dynamic macroeconomic model to
study the behavior of market interest rates. His basic model and purposes are different from ours,
however.

5Natural extensions would be to include the long-term ex-ante real interest rate in the aggregate
demand relationship instead of the short ex-post real rate, to include forward-looking behavior,

or considering time-varying parameters or target levels for inflation and output. (See also Svens-
son, 1997a.)



The parameter A\; > 0 is the weight of output stabilization relative to inflation fight-
ing at time £. The preferences of the central bank are assumed to be time-variant,
following a martingale. Consequently, the expected value as of time t of the preference

parameter at any future period is equal to its current value;
Aysje = A for all s > 0, (6)

so any change in the preferences is seen as permanent.® Since there is a one-to-one
relationship between output and the short interest rate from equation (2), we follow
Svensson (1997a,b) in treating the expected output gap y..1; as the control variable

and let the central bank solve the equivalent control problem

(1
Vv <7Tt+1\t§ >\t) = :’5{-11-111,\115 {5 {W§+1|t + )‘tyt%rl\t} + 0BV (7Tt+2|t+1; )\t+1)} ’ (7)
subject to
Ter2t+l = T4l + OYet1
= Mgy T &1+ <yt+1|t + 7lt+1> . (8)

Since ); is an exogenous stochastic process with A\, s = \;, expected future values

of the value function will be a function of A\; only, so

EV <7Tt+2\t+1; )\t+1> =LKV <7Tt+2\t+1; )‘t> . (9)

Therefore, at every period ¢ we can treat \; as a given constant in the value function.
After solving the control problem (7) subject to (8), the optimal short interest rate

is backed out from the relationship
Yer1je = Bye — v (i — mp) - (10)
The first-order condition associated with (7) and (8) is
AeYrsa| + Q0 E,Vy <7rt+2‘t+1; )\t) = 0. (11)
Using the fact that the value function in (7) will be of the form

1
Vv <7Tt+1\t§ >\t) = ko + §k’t71'§+1|t, (12)

6The martingale assumption could possibly lead to negative realizations of \;. Assuming that

its variance vanishes as \; approaches zero, we can rule out such behavior.



where k, = k()\;) is given at t, together with equation (8) and the law of iterated
expectations, yields the optimal expected output gap as a function of the expected

inflation rate two periods ahead,

_ Oé(Sk’t
Y1)t = b\

Ti42\ts (13)
t

where the unique positive solution for k; is given by

1 A (1= 6) A (L=8\>  4N
= = - 7/ _— > 1.
k=35 |1 +J<1+ 5 + 1 (14)

a2d o

Details are given in Appendix A, following Svensson (1997a.b).

Given the optimal g 1¢ from (13), we can use (10) to back out the optimal interest

rate as
. 1
i — T = ——UYr1je + — Yt
Y
adk I}
= ryA:ﬂ't—"_Q't —I— ;yt (15)

Leading (1) two periods and taking expectations gives

Tirot = Titift T QY
= 7Tt+a(1+/6)yt_0é")/(it—7rt). (16)

From (15) and (16) we then have
Oé(Sk?t 4 /8)\15 + 0526]{15 (1 + 6) 0526]{15

1 — Ty = Y Ty 5y Yt — A (Zt - 7Tt)
= Ay, + By, (17)
where
Oé(Sk?t
A = ANy)=———>0 18
t ( t) 'Y()\t“‘CYQ(Skt) ) ( )

Thus, the optimal interest rate rule for the central bank is an increasing function of

the current inflation and output gaps,
it = (1 —I— At) T —I— Bt?/t, (20)
i.e., the central bank follows a Taylor (1993) rule.
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Some features of the model and of the optimal policy response to supply and
demand shocks may need some further consideration at this point. First, the model is
formulated in deviations of inflation and output from their natural levels (normalized
to zero for convenience), and so is the interest rate in equation (20). Therefore a
negative shock to inflation or output will lead to negative values of the short interest
rate. Second, since monetary policy affects inflation via output, and with a lag of two
periods, the way to dampen the inflationary effects of a positive shock is to create
a recession. In Appendix B we show that the response of the central bank both to
inflation and output shocks is decreasing in the preference parameter X\;. Thus, a
central bank more prone to output stabilization will respond less to any shock. In
particular, after a positive shock a central bank with a higher \; will choose to create

a smaller recession, regardless of whether the initial shock is to inflation or output.

2.3 The term structure of interest rates

Knowing the short rate at each point in time, it is now relatively straightforward to
compute the economy’s yield curve. The n-period interest rate is set as an average

of future short rates, plus a term premium,

1 n—1

i = - Z Gpgst + &t (21)
s=0

why we first need to find the expected path of future short rates in order to evaluate
rates of longer maturities. Leading the interest rate rule (20) s periods and taking

expectations gives
itasft = (14 Ar) Topsit + Belssie, (22)

since A; and By are given at t. The expected output process s > 1 periods from now
is obtained by leading (1) and (2), taking expectations, and using (22),
Yirsit = ﬁym_ut -7 (it+s—1\t - 7Tt+s—1|t)
= —YATers 1 + (B — 7vBr) Yers-11t
= _7At77t+s|t- (23)

The expected path of inflation for s > 1 periods into the future is then

Titslt = Ters—1)t T QYtrs—1)¢

= (1 —avA) Teps—1p, (24)



and it is easily established by repeated substitution that expected inflation and output

will follow the geometric series

Torspe = (1 — ayA)° ™ [m + oy (25)
and

Yersn = YA (1 — ayA) ™ [m + g - (26)

Using these relations in (22), the expected future short interest rate s periods

ahead is given by
it+s|t = [1 + A, (1 - ’YBt)] (1 - CWAt)S_l [7Tt + Oéyt] ) (27)

and its sum is obtained, using the formula for geometric series, as

n—1
D s = [1+ A (1= vB)] X7 [ + o] (28)
s=1
where
1—(1—ayA)" !
xp= 204 (29)

ay Ay

Finally, using the interest rate rule (20) and the sum (28) in the definition (21), the

market interest rate of maturity n is given by

w1 n n
W= {1+ Ay + By + [L+ Ac (1 = yBy)] X{ [ + ay] } + &7 (30)

As promised, this is our closed-form expression for the economy’s yield curve.

3 Policy and the term structure of interest rates

We are now ready to examine how the term structure of interest rates is affected
by monetary policy actions. From the central bank reaction function (20), we see
that current monetary policy is entirely determined by current inflation, output, and
the preferences of the central bank. Consequently, it is straightforward to separate
endogenous monetary policy, responding to the development of inflation and output,
from exogenous policy moves, due to shifts in the preference parameter \;.

In a first scenario, we examine how market interest rates vary when all parameters

and shocks are symmetrically observed by all agents. In this scenario, interest rates

9



respond to supply and demand shocks directly, with the magnitude depending on the
central bank’s preference parameter, since the response of the monetary authorities
is perfectly predicted by market participants. The actual policy actions of the central
bank then add no new information, and so will not affect the term structure of interest
rates.

We next turn to a scenario where the central bank has access to advance inform-
ation about either the supply or demand shock, or about its own preferences. In this
case, the central bank’s policy actions contain information about the unobservable
variable. Consequently, interest rates will react to the actual policy moves, as market
participants use this information to revise their beliefs about future monetary policy.
Most importantly, the reaction of interest rates to endogenous policy are markedly
different from the reaction to exogenous policy moves.”

All along, we will assume that the term premium is independent of all relevant
variables, i.e., that the expectations hypothesis of the term structure holds.® This
simplifying assumption serves to streamline the results below. In the empirical study
of Section 4 we will see that certain policy moves in the U.S. have been followed by

large shifts in the term premium, why we need to consider these cases separately.

3.1 Symmetrically observed shocks

When all variables are publically observable, we see directly from equation (30) how
market interest rates are affected by supply and demand shocks as well as by shifts
in the preference parameter ;.
Differentiating equation (30) with respect to &;, the interest rate of maturity n
will respond to a supply shock according to
dip 1

d—gt:E{1+At+[1+At(1_VBt)]X?}- (31)

"Note that in this private information setting, market interest rates respond only to the unanti-
cipated component of monetary policy. Our terminology may be slightly confusing: endogenous and
exogenous policy moves do not coincide with anticipated and unanticipated policy, respectively. We
refer to endogenous policy as responding to information (possibly private) about the economy, and
exogenous policy as independent of the economic development and due to central bank preference
shifts.

8While we agree that the term premium could vary in a systematic way with inflation, output,
or the monetary policy stance, it is noteworthy that a noisy term premium coupled with active

monetary policy may account for some of the alleged empirical failures of the expectations hypothesis
(see Mankiw and Miron, 1986, and McCallum, 1994).
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Likewise, the interest rate will respond to a demand shock 7, according to

dit 1 n
d—ntt = E{Bt+@[1+At(1_'YBt)] Xyt (32)

Our first result is that these two derivatives are positive. When an inflationary shock
(to supply or demand) hits the economy, the optimal response for the central bank is
to increase its interest rate to squeeze out the effects on inflation and output. Since
a monetary tightening reduces inflation by depressing output, the optimal response
for the central bank is to only partially neutralize the shock in the first instant. Due
to the persistence in the output and inflation processes, the economy will then be
away from optimum for some time in the future. Hence, also the expected path of
future short rates is revised upwards, but with declining magnitude. Under perfect
information, this behavior of the central bank is accurately predicted by market
participants, why interest rates of all maturities increase as a response to a positive
supply or demand shock.

This is the intuition underlying our first result:

Proposition 1 Interest rates of all maturities are positively related to both supply
and demand shocks, with the magnitude diminishing with maturity. Thus all interest

rates (including the central bank rate) move in the same direction in response to a

shock.

Proof. See Appendix C.1.

This result seems quite intuitive, but it turns out not to be as straightforward
as it looks. One would expect the central bank to react to an inflationary shock by
raising the current and all future interest rates, letting the effect die out as the future
gets more distant. This turns out not to be the case, however. From (27), future

short interest rates are given by
its|t = 14+ A (1 —~By)] (1 - CWAt)S_l [T+ o] (33)

so since 0 < ayA; < 1, the direction of the reaction of future short rates to a shock is
determined by the term [1 + A; (1 — vB;)]. This expression is not necessarily positive;
for a sufficiently large value of A; (i.e., a small value of A, see Appendix B) it turns
negative. Consequently, a sufficiently inflation-averse central bank will react very
strongly to any shock, creating a large recession to wipe out the inflationary effects

of the shock (since the effect on inflation goes via output). In future periods, when the

11



inflation rate is back to more normal levels, the central bank will turn more concerned
about the output gap, and will lower the interest rate to a level below the initial rate,
and then slowly raise the rate back toward the initial level. Nevertheless, despite
this anomalous response of the central bank, long rates will always react positively
to the initial policy action, since the large response in the first period will dominate
the negative response in future periods.’

A second implication of the model is that the response of all interest rates to a
shock is linear, since the terms on the right hand sides of (31) and (32) are constant,
for a given n. Consequently, the relationship between any two interest rates will also
be linear.

It is interesting to see how the magnitude of the preference parameter \; affects the
response of interest rates to a given shock. As ); increases, the central bank becomes
less inflation-averse, and more prone to stabilizing output. For a given shock, the
optimal interest rate policy is less fierce, and the central bank rate is changed by
a smaller amount, since both A; and B; are decreasing in \; (see Appendix B). In
the long run, however, a given shock will remain longer in the economy, why future
short rates are expected to be higher than if the central bank had neutralized a larger
portion of the shock in the initial move. Therefore, central banks with a larger value
of \; will see a larger effect on long rates for a given shock, since the central bank
rate is expected to be away from the initial level for a longer period of time.

This mechanism lies behind our second result:

Proposition 2 With a higher value of )\, short interest rates respond less and long
interest rates respond more to a given shock. Consequently, long rates respond more

to a given change in short rates.

Proof. See Appendix C.2.

We can now summarize our first set of results. When all shocks are observable to
all agents, all interest rates move in the same direction in response to a shock that
leads the public to revise their expectations of future monetary policy. For a more
inflation-averse central bank, short rates will respond more, but long rates less to a
given shock.

Note that in this scenario, market interest rates do not respond to the monetary

policy actions per se, since these are perfectly anticipated, and thus alreadly priced

90f course, if the central bank also is concerned with smoothing interest rates, such odd policy

responses could be excluded.
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into the market. The way we have chosen to model it, the central bank responds
instantaneously to new information, and the above distinction is purely notional. In
a more realistic setting, the central bank would respond to new information with a
lag, and possibly at certain fixed intervals. Then the distinction between interest rate
reactions to shocks and the reaction to policy actions becomes important, especially

when interpreting the theoretical results empirically.

3.2 Asymmetric information

For efficient bond markets to respond to the actual policy moves of the central bank,
these moves must contain some information not previously available to market parti-
cipants. Or, in other words, the central bank must have access to private information
about relevant variables in the economy. In our model, this information can be of
two kinds: information about shocks to the inflation or output paths, or information
about the central bank’s preferences. We will study the two kinds of central bank
private information separately, to see how the presence of private information affects
the determination of interest rates.

We begin by considering the case where the central bank has private (or advance)
information about the current realization of the supply or the demand shock.'® If
only one of the shocks is unobservable at a time, the realization of this shock is easily
inferred by market participants after observing the reaction of the central bank by

11

inverting the policy rule (20).'* Thus, when the current realization of the supply

shock ¢; is unobservable, it is inferred as

1 B,

P 7 ) = 34
1+At2t (7Tt 1+ Qyy 1) l—i—Atyt’ ( )

E(iy) =

10This may not be an innocent assumption, and deserves some closer attention. Recently, Romer
and Romer (1996) suggested the presence of central bank private information as an explanation to
the positive relationship between the central bank rate and long-term interest rates. In an empirical
test, they found strong support for their hypothesis: the Federal Reserve’s inflation forecasts are
quite superior to those of private forecasters, and private forecast errors can be explained to a large
part by the Fed’s own forecasts. Also, there are some signs that private forecasters use Fed policy
to revise their forecasts. The authors conclude that the Federal Reserve has access to more (or
better) information than the public, although this could be due to better and more extensive data
processing on the part of the Fed.

1'We thus do not have a proper signal extraction problem for private agents. We choose to
concentrate on the simple perfect-inference case here to illustrate our mechanisms in a transparent

way.
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where all variables on the right hand side are observable at time ¢. Similarly, when
the central bank has private information about the demand shock 7,, its current

realization is inferred as

e 1. 1+4A .
(i) = BT B, Ly — [BYe—1 — v (-1 — m—1)] - (35)

t

In this simplistic setup, when the realization of the unobservable shocks are per-
fectly inferred by bond markets, the results from the previous section stand up. Now,
however, market interest rates will react to the policy actions of the central bank,
since these reveal information about the realized shocks, and thus about the future
path of monetary policy. Consequently, although the results below are simple corol-
laries of Propositions 1 and 2 above, they have quite distinct interpretations for the
response of interest rates to monetary policy.

First, when the supply or demand shock is unobservable to the public, Propos-
ition 1 implies that all interest rates will move in the same direction as the central

bank rate, as market participants infer the realization of the unobservable shock:

Proposition 3 When the central bank has private information about either the sup-
ply or the demand shock, market interest rates will be positively related to the central

bank rate. This relationship becomes weaker as the interest rate’s maturity increases.

Proof. Follows immediately from Proposition 1.

A graphical representation of this result is given in Figure 1. A monetary tight-
ening leads the public to infer that a positive inflationary shock has hit the economy;,
and the entire yield curve shifts upwards, with the reaction decreasing with maturity.
For a surprise expansion of policy, the reaction is the opposite.

Most interesting, however, is the response of interest rates to an unexpected shift
in the preferences of the central bank. We now assume that all shocks are observable,
but the current value of the preference parameter ); is known only to the central
bank itself. After a given shock has hit the economy, the public expects the central
bank to act according to the rule (20), given their belief about the parameter ;.
Any unexpected policy response is then interpreted as a (permanent) change in A,
leading the public to revise their expectations about the future path of the central
bank rate.

Since a central bank with a lower value of \; will set a higher interest rate (in

absolute terms) for a given shock, but keep the interest rate away from the initial
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Maturity

Figure 1: Yield curve response to an endogenous policy contraction.

level for a shorter period of times, a revision downwards in the public’s perception of
A¢ will lead to rising short rates but a fall of the long end of the yield curve. This is

the basic intuition behind our final result:

Proposition 4 When the central bank’s preferences are unobservable to the public,
long interest rates will move in the opposite direction to the innovation in the central
bank rate. Thus, the yield curve will tilt as a response to unexpected monetary policy:
an unexpectedly high central bank rate tilts the yield curve clockwise, an unexpectedly

low rate tilts it counter-clockwise.

Proof. See Appendix C.3.

This response is shown in Figure 2. When a positive shock realizes, the yield
curve shifts up in anticipation of the central bank’s response (1). If the central bank
acts as expected, market interest rates will not move at all when the central bank
rate is adjusted. If, however, the central bank sets a higher interest rate than was
expected, the public realizes that the bank has become more inflation averse (i.e., \;
has decreased). Then short rates rise, but longer rates fall, leading to a clockwise tilt
of the yield curve (2). Similarly, if the central bank responds with a lower rate than

expected, the yield curve tilts counter-clockwise.
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Maturity

Figure 2: Yield curve response to an exogenous policy contraction.

3.3 Empirical interpretation

In the model, the central bank adjusts its interest rate in every period, as new inform-
ation about the economy is revealed. In reality, central banks adjust their monetary
policy stance at discrete intervals, after accumulating a sufficient amount of informa-
tion. Consequently, when translating our results to empirically testable hypotheses,
we need to separate days on which the central bank does not intervene from days on
which it does.

On days when the central bank rate is left unchanged, the information revealed
predominantly concerns the state of the economy, and since no information is revealed
from the central bank’s policy moves, this information is symmetrically observed.
Consequently, Propositions 1 and 2 should be expected to hold on days when the
central bank does not intervene: interest rates should move in the same direction
(Proposition 1), and more inflation-averse central banks should see short interest rates
respond more but long rates less to new information, so the relationship between long
and short rates should be weaker (Proposition 2).

On days when the central bank does act to change its interest rate instrument,
however, its private information may be revealed. Then Proposition 3 predicts that
if the central bank action reveals information about the economy, all interest rates

should move in the same direction, with long rates reacting less than short rates,
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while Proposition 4 implies that on occasions when the central bank move reveals in-
formation about the bank’s preferences, short and long rates should move in opposite
directions.

Cook and Hahn (1989), in a study of the 1974-79 funds rate targeting regime in
the U.S., show that when the Fed moved its target level for the funds rate, interest
rates of all maturities moved in the same direction as the target. Interpreting this
finding, and similar results for other countries,'? in the light of our model indicates
that monetary policy actions more often are driven by economic developments than
by preference shifts. Skinner and Zettelmeyer (1995) present results that lend support
to Proposition 2: long interest rates respond more to short rates in the U.S. and the
U.K. than in Germany and France. Accepting the hypothesis that the central banks
of Germany and France are more inflation-averse than the Federal Reserve and the
Bank of England (see, e.g., Bernanke and Mishkin, 1992), this is exactly what our
model would predict.

In the following section, we will complement these results with our own empirical

evidence, testing our theoretical implications above more directly.

4 The response of interest rates to monetary policy

To test our theoretical predictions, we need to separate policy shifts driven by new
information (endogenous policy) from shifts driven by changes in the central bank’s
preferences (exogenous policy). Here, we are primarily interested in bond markets’
perception of monetary policy, since interest rates set on financial markets reflect
investors’ perceptions about central bank policy rather than the central bank’s ‘true’
policy strategies.

We attempt to extract such monetary policy perceptions from U.S. bond markets
by studying the commentaries in the ‘Credit Markets’ column of the Wall Street
Journal on days surrounding changes in the Federal Reserve’s target level for the
federal funds rate in the period from October 1988 to May 1997. On any day, the
Wall Street Journal interviews a number of bond traders, analysts, and economists

for comments about important events concerning the bond markets. A sample of

128ee Battelino, Broadbent, and Lowe (1997) for Australia; Buttiglione, Del Giovane, and Gai-
otti (1997) for Italy; Lindberg, Mitlid, and Sellin (1997) for Sweden; and Skinner and Zettel-
meyer (1995) for France, Germany, the U.K., and the U.S.
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these comments, along with the journalist’s own analysis is then reported in the
Journal. Since Fed policy moves are crucial for the development of financial markets,
and especially for the bond market, the news of a change in the monetary policy
stance typically dominates the commentaries on days following a Fed move.

Even though the comments after a policy move by the Fed are surprisingly homo-
geneous, any move will typically be interpreted as revealing information both about
the economic development and about the Fed’s preferences. For simplicity, we will
concentrate on finding the dominant factor behind each move, thus our classification
is a rough description of the facetted interpretations of the policy adjustments.!?

We then proceed by analyzing the response of market interest rates to monetary
policy, as measured by the one-day change in the 3-month treasury bill rate. The
3-month rate is sufficiently short to be mainly determined by current and expected
future policy actions, but of sufficiently long maturity to avoid noise from expectation
errors due to the exact timing of Fed actions.’* On trading days when the Fed leaves
its target level for the federal funds rate unchanged, the change in the 3-month rate
is interpreted as a measure of expected future changes in the Fed’s policy stance in
response to new information on that day. On days when the funds rate target level is
adjusted, any movement in the 3-month rate is, as a first approximation, interpreted
as the surprise element of the policy action, i.e., the policy innovation. Thus we can
compare the response of market interest rates to policy innovations on exogenous and
endogenous policy days, and also compare with days when the Fed has left its funds
rate target unchanged, but new information has led bond markets to update their
expectations of Fed policy.

The length of the sample period is due to changes in the operating procedures of
U.S. monetary policy during the 1980s. Although the Federal Reserve returned to
targeting the federal funds rate in late 1982, not until late 1988 was the targeting

13This problem of mixed events is likely to be most serious on events classified as exogenous,
since on these days, some information about economic developments is also likely to be released.
Therefore we will attempt to distill the interest rate response to the ‘true’ exogenous component
from these policy shifts by controlling for the typical non-policy event.

14Using a shorter rate as a measure of policy (e.g., the innovation in the funds rate target) is
problematic if bond markets anticipate the size of a policy move correctly, but not the actual timing
of policy. The measured policy innovation then overestimates the true innovation. Harvey and
Huang (1994) present evidence that markets are better at predicting the direction of Fed actions

than their timing.
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sufficiently strict for financial market participants to rely on funds rate observations
to identify changes in the monetary policy stance. Target changes before 1988 were
hardly ever noticed by market participants, unless accompanied by a change in the

published discount rate.!®

4.1 Classification of monetary policy events

From October 1988 to May 1997 the Federal Reserve changed its target level for the
federal funds rate on 47 occasions, as reported by Rudebusch (1995) for 1988-92 and
the Federal Reserve Bank of New York (online) for 1993-97.1¢ Since our methodology
of classifying monetary policy events is new, we need to explain in more detail the
criteria used.

Typical comments in the Wall Street Journal of cases being interpreted as exo-

“...there was some disappointment

genous, or based on a change in preferences, are:
that the Federal Reserve didn’t signal a larger cut in the rate,” from December 20,
1990, or: “‘This rate cut says the Fed is likely to be more aggressive cutting rates

2

than people thought,”...” in the commentary of February 2, 1996. An especially

clear report comes after the target cut of April 30, 1991, when the Journal reports

7

that: “...[the move] didn’t follow any major economic report ...,” indicating that

the cut was not based on any new information, but continues by quoting an analyst

13

saying that the move “...‘smacks of some political pressure on the Fed,”” since it
had come shortly after the Bush administration had argued for global interest-rate
cuts.

As for the events interpreted as endogenous responses to the economic develop-
ment, typical comments are: “The U.S. Federal Reserve’s latest move to cut interest
rates reflects its uneasiness about the slow growth of money supply and the disap-
pointingly torpid economic recovery,” from September 16, 1991, or: *“...the Fed’s

decision to cut rates ...came primarily for concerns about recent contractions in the

U.S. money supply,” on April 10, 1992. On some occasions, mostly during the late

15Below we will see that also during 1988 and 1989 many of the changes in the funds rate target
passed unnoticed by financial market participants.

16Roley and Sellon (1996) argue that some of the target changes reported by Rudebusch do not
correspond to actual decisions to change policy. Since some of these cases were apparently noticed
by market participants (see the full classification in Appendix D), we choose to use the Rudebusch

series.
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period of our sample, the Fed announced its target change, accompanied by its own
comments about the factors underlying the change. An example is December 20,
1995, when the Journal writes: “The Fed said that ‘inflation has been somewhat

7

more favorable than anticipated ... Unless there are other signs of the oppos-
ite, these events are also classified as endogenous. Finally, a peculiar, but for our
purposes very encouraging, case is July 7, 1995, when the Journal speculates that
the Fed had access to information in the employment report before the report was
published: “...the Fed’s willingness to ease ahead of Friday’s data suggests that the
central bank is looking for a weak employment report.”

In ten cases, mostly during 1988 and 1989, the Journal makes no mention of the
policy move, leading us to conclude that market participants never noticed the change
in the funds rate target. These cases are omitted from the sample of target changes,
and treated as non-policy days.!” On seven occasions, the monthly employment report
from the Bureau of Labor Statistics was released on the same day as the policy move,
why we cannot separate the effects on financial markets of the information release
from the effects of policy. Consequently, also these cases are treated as non-policy
days.!8

Of the remaining 30 events of policy changes, on two occasions (January 9, 1991,
and October 31, 1991) the change in the funds rate target was noticed by financial
market participants on the day before the actual target change reported by Rude-
busch. On these occasions we choose to use the interest rate response of the day
preceding the target change, when the information seems to have reached the mar-
kets.

Of these 30 events, 19 were classified as endogenous responses to the state of the

"During this early part of the sample, the Fed did not target the funds rate very closely. From
1990 on, target changes reported by the Fed are always attributed to one particular day. During
1988 and 1989, however, the Fed often reports gradual changes in the target, over several weeks or
months. It is then not surprising that many of these changes were not noticed by market participants
on the exact day reported by Rudebusch (1995).

8Naturally, there is some information in the data also for these days. The problem is that when
estimating the policy innovation with the 3-month rate, there is always some measurement error,
and on days when other significant information is released on the same day as monetary policy
is adjusted, this measurement error is expected to be very large. Therefore we choose not to use
these observations. That the employment report is important for the conduct of monetary policy is
obvious from the newspaper commentaries. For some empirical evidence, see Cook and Korn (1991)
or Balduzzi, Elton, and Green (1997).
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Table 1: Summary of classification

Endogenous Exogenous Report Unnoticed
Dec 15, 1988  Jan 5, 1989 Dec 7, 1990  Oct 20, 1988
Feb 23, 1989  Feb 14, 1989 Feb 1, 1991  Nov 17, 1988
Jun 6, 1989 Feb 24, 1989 Mar 8, 1991  Nov 22, 1988
Jul 7, 1989 Dec 20, 1989  Dec 6, 1991  Dec 29, 1988
Jul 27, 1989 Jul 13, 1990 Jul 2, 1992 Feb 9, 1989
Oct 29, 1990  Dec 19, 1990  Sep 4, 1992  May 4, 1989
Jan 8, 1991 Apr 30, 1991  Feb 4, 1994  Aug 10, 1989
Aug 6, 1991 May 17, 1994 Oct 18, 1989
Sep 13, 1991 Aug 16, 1994 Nov 6, 1989
Oct 30, 1991  Nov 15, 1994 Nov 14, 1990
Nov 6, 1991 Jan 31, 1996

Dec 20, 1991

Apr 9, 1992

Mar 22, 1994

Apr 18, 1994

Feb 1, 1995

Jul 6, 1995

Dec 19, 1995

Mar 25, 1997

Classification of 47 changes in the federal funds rate target October 3, 1988 — May 30, 1997.

economy, and 11 as caused by exogenous changes of the Fed’s preferences. Table 1
summarizes the classification. A detailed description of all events, with the relevant
quotes from the Wall Street Journal, is found in Appendix D.

We end this section by stressing that the classification presented here should be
seen as tentative. Due to data collection costs, we have limited ourselves to one
source of information, and although we believe the Wall Street Journal to be one of
the most natural places to begin, the information collected is by no means complete.

We therefore welcome any efforts to improve upon our classification.

4.2 Empirical results

Daily data on interest rates from October 3, 1988 to May 30, 1997 are taken from
the FRED database of the Federal Reserve Bank of St. Louis.

rates (3-month, 6-month, and 1-year rates) are treasury bill rates from the secondary

Short-term interest

market, and long-term interest rates (of 2, 3, 5, 7, 10, and 30 years’ maturity) are
treasury bond rates of constant maturity. The data for the 47 policy days are reported
in Appendix E.

Using these data, we want to estimate how market interest rates move in re-

sponse to both actual Fed policy moves and in anticipation of Fed reactions to new
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information. We thus want to estimate an equation like
Aiy =+ (BYTAYT + BErd + B ) AT 4 o, (36)

where Ai? is the change in the n-maturity interest rate on day ¢, Ai>™ is the corres-
ponding change in the 3-month rate, i.e., our measure of policy innovations, and d{
is a dummy taking the value 1 if day ¢ belongs to group 7 and 0 otherwise.

To the group NP (non-policy) belongs all days when the Fed has left its funds
rate target unchanged. On these days, the 3-month rate moves in anticipation of
future Fed policy reactions to information released on day ¢, and longer interest rates
may respond to this policy innovation. The group End corresponds to policy days
classified as endogenous, and Fzx are exogenous policy days. The obtained estimates
of 3 are thus the estimated responses of the n-maturity interest rate to a policy
innovation of type j.

According to our theoretical analysis, equation (36) is the correct empirical spe-
cification given that the term premium & and the taste parameter \; are constant.
Of course, both of these vary in practice. To take account of variations in the term
premium, we have looked in our case material for statements concerning changes in
interest rate uncertainty. As it happens, two events stand out; May 17 and August 16,
1994. On these occasions, the reports from the Wall Street Journal make clear that
the Fed’s actions considerably reduced the uncertainty concerning the future path of
policy. In other words, these moves seem to have been followed by large reductions
in the term premium.'® To control for these movements in the term premium, we
include an intercept dummy for each of these events.

Permanent changes in the taste parameter \; are more difficult to handle. Since
our model allows shocks to A;, and we identify such shocks empirically, there might
in principle be a time subscript on each of our slope parameters in equation (36).
Given the small number of policy events in our sample, we have chosen to ignore this
issue.

Before resorting to statistical methods, let us eyeball some of the data. Figures
3-5 show scatter plots of the change in the 10-year rate against the change in the
3-month rate on policy days. Figure 3 shows the relationship for all 30 policy events,
and Figures 4-5 break up the relationship into endogenous and exogenous events. In

Figure 3 there is a clear positive relationship between the long rate response and the

19This is also consistent with other analyses of Fed policy during 1994, e.g., Campbell (1995).
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Figure 3: Response of the 10-year interest rate to a change in the 3-month rate:
30 classified policy events

policy innovation, although there are some odd observations. For the endogenous
events in Figure 4, the positive correlation is obvious, whereas the exogenous events
in Figure 5 show a more ambiguous picture. The two observations from May and
August 1994 stand out clearly also in the scatter plots.

The regression we end up estimating then is
Aiy = (YT AN + B BN ) A My 4y (37)

where d?/ " and df/ M are intercept dummies for the events of May and August 1994.
The main hypothesis to be examined is that long-term interest rates respond posit-

ively to endogenous policy moves but negatively to exogenous moves:
Hypothesis 1 For large n, f2* < 0 < ﬁSnd.

The discussion in Section 3.3 also leads us to test the hypothesis that all rates respond
similarly (positively) to endogenous policy innovations as to the information released

on non-policy days:
Hypothesis 2 Y = g5 > 0 for all n.

And finally, our theoretical model predicts that for all maturities, the response falls

with maturity:
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Table 2: Interest rate response to a policy innovation

Maturity an ByP 3End BEx vol o Yol oo B2 pPnd = gbx

6 months 0.0001 0.8079 @ 0.9710 @ 1.1504 ¢ -0.1076 © —0.1757 ¢ 0.6435 1.5613
(0.0006)  (0.0237)  (0.0549)  (0.1329)  (0.0067)  (0.0226)

1 year 0.0001 0.7734 @ 0.9533 @ 0.9670 ¢« —0.1585 ¢ -0.1745* 0.4914 0.0077
(0.0008)  (0.0322)  (0.0743)  (0.1379)  (0.0070)  (0.0235)

2 years 0.0001 0.8317 @ 0.9452 @ 0.8379 ¢« —-0.1920* -0.1926 ¢ 0.3724 0.4984
(0.0011)  (0.0388)  (0.0988)  (0.1159)  (0.0060)  (0.0198)

3 years 0.0001 0.7872 @ 0.8601 ¢ 0.5416 © —0.1972* —0.1522 ¢ 0.3266 4.3018 ®
(0.0011)  (0.0399)  (0.1125)  (0.1049)  (0.0054)  (0.0179)

5 years 0.0000 0.7224 @ 0.7300 @ 0.4645 ¢ —-0.2133 ¢ -0.1790 ¢ 0.2783 3.5015 ©
(0.0012)  (0.0387)  (0.1046)  (0.0963)  (0.0050)  (0.0165)

7 years —0.0001 0.6215 ¢ 0.6164 ¢ 0.3159 % 02457 —0.1736 ¢ 0.2257 3.3972 ¢
(0.0012)  (0.0374)  (0.0941)  (0.1336)  (0.0069)  (0.0228)

10 years —0.0002 0.5574 ¢ 0.5539 ¢ 0.1936 -0.2195 ¢ —0.1427 ¢ 0.2015 5.8020°
(0.0011)  (0.0351)  (0.0798)  (0.1269)  (0.0065)  (0.0217)

30 years —0.0003 0.4261 ¢ 0.4190 ¢ 0.0020 —0.1898 ¢ —0.1200 ¢ 0.1514 7.4376 ¢

(0.0010)  (0.0317)  (0.0686)  (0.1369)  (0.0070)  (0.0233)

Observations 2135 19 11

Notes: OLS estimation of

5/94df/94

A7 = oy + (BNP NP 4 BRRddEn 4 BT ) AT 4 e/

on daily observations from October 3, 1988, to May 30, 1997. Wald-tests (x2) with 1 degree of freedom.
White (1980) standard errors in parenthesis, ©:%:¢ denote significance at the 1%-, 5%-, and 10%-level, respectively.

Hypothesis 3 3/ is decreasing in n for all j.

Table 2 report OLS estimates from equation (37).2° The estimated constant term
in column 2 is very small, and never significantly different from zero, as expected. Our
last two hypotheses are clearly confirmed: the slope coefficients for the non-policy
and endogenous policy events are large and strongly significant for all maturities (the
two responses cannot be statistically separated for maturities of 2 years and above),

and for all groups, the response falls with maturity.?!

20To test the econometric specification, we also estimated regressions including squared independ-
ent variables. The squared change in the 3-month rate is occasionally significant, but adds nothing
to the explanatory power of the model. The model easily passes a number of other specification
tests; when the term premium dummies are included, error terms are normally distributed and
autocorrelation is not a problem. The test statistics are omitted for brevity.

21The very longest maturities respond surprisingly strongly to policy innovations. On non-policy
days and endogenous policy days, above 40% of the movement in the 3-month rate is transmitted
to the 30-year rate, a phenomenon that is at odds with our model. Possibly this could be due to
perceived changes in the Fed’s inflation target: if the Fed is believed to adjust its target for inflation
when the economy is hit by shocks, then this adjustment should be transmitted one-for-one to long
interest rates. This policy strategy, named the ‘opportunistic approach,” has recently been discussed

by, e.g., Orphanides and Wilcox (1996) and could possibly be incorporated into a model such as
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We then turn to our main hypothesis. For the exogenous events, the estimated
slope coefficients are positive, but not significantly different from zero for the longest
maturities, and virtually zero for the 30-year rate. The Wald statistics reported in
column 9 reject the hypothesis of equal coefficients for the endogenous and exogenous
events at the 10%-level for maturities of 3 years and above. Long interest rates
thus respond significantly differently to exogenous policy innovations as compared to
endogenous policy, but the estimated response to policy moves is always positive.

To analyze the response of long rates on policy days in more detail, Table 3
presents the results for the 10- and 30-year rates from estimating four different re-
gressions. We first estimate the average response for all 30 observations, with and
without dummies for the term premium shifts. We then separate the endogenous and
exogenous events, again both with and without term premium dummies.

When separating the groups, the explained variance in the interest rate response
increases, especially when we do not control for the term premium shifts. In these
regressions, the estimated slope coefficients for the exogenous events are negative.
This negative coefficient, and most of the increase in explanatory power, disappears
when controlling for the events of May and August 1994, but the classification still
increases adjusted R? from 0.61 to 0.63 for the 10-year rate and from 0.55 to 0.60 for
the 30-year rate. Thus, by classifying the Fed’s policy moves, and controlling for two
exceptional events, we explain about 60% of the variance in the longest interest rates
in response to monetary policy actions.??

Although we can significantly separate the response of long rates to endogenous
and exogenous events, the response of long rates to exogenous events is still positive.
This result appears to contradict the first part of Hypothesis 1. However, as we shall
now show, this result may well be due to the noise contained in daily data. On
most days there will be some new information about the economy, creating a positive
relationship between short and long interest rates, according to the results for non-
policy days. Therefore the estimated slope coefficients for the exogenous events are

biased upwards. We attempt to adjust this bias by calculating the implied slope

ours, but such work is beyond the scope of this paper.

22Note that both estimated slope coefficients and standard errors differ between Tables 2 and 3.
This is due to the constant term, which differs substantially between the two regressions, although

it is always very small.
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Table 3: Response of long-term interest rates (10 and 30 years) on policy days

1. Avg. 2. Avg. with dummies 3. Class. 4. Class. with dummies
10y 30y 10y 30y 10y 30y 10y 30y
an —0.0145 —0.0154 0.0083 0.0048 —0.0086 —0.0096 0.0074 0.0037
(0.0168)  (0.0148) (0.0115)  (0.0100) (0.0133)  (0.0112) (0.0107)  (0.0088)
8., 0.3167°%  0.1807 0.5279 ¢  0.3690 @
(0.1517)  (0.1331) (0.0970)  (0.0832)
pEnd 0.5206 *  0.3821 @ 0.5844 *  (0.4353 @
(0.1089)  (0.0891) (0.0957)  (0.0790)
B/ -0.2278 -0.3570 ® 0.2336 0.0234
(0.1978)  (0.1685) (0.1596)  (0.1557)
A5/94 ~0.2447 ¢ -0.2132 @ ~0.2291 ¢ -0.1949 @
(0.0154)  (0.0131) (0.0160)  (0.0138)
48/94 ~0.2080 ¢ -0.1875 @ —0.1571¢ -0.1277 ¢
(0.0261)  (0.0221) (0.0335)  (0.0309)
R2 0.1461 0.0469 0.6131 0.5525 0.3302 0.3051 0.6339 0.6045
pEnd — ghx 13.3154 ¢ 17.7882 @ 4.6396 P 6.5672 P
BEx -0.0174 -0.2703 ©
(0.1694)  (0.1309)
/NP 0.5574 %  0.4261°

(0.2189)  (0.1692)

BEx* _ gNP* 43116 ¢ 10.5966 ©

Notes: OLS estimation of
1. Al = an + B, A5 4 o}
2. AT = gy + B AST o5/ GO (89480 |
3. Aif — ay + (FEAGER 1 FExGER) A 4 o

4 A = ap + (BEAPRd 4 BEXPX) A /MYt Tyt o

on 30 policy events from October 3, 1988, to May 30, 1997. Wald-test (XQ) of ,Bgnd = BSX with 1 degree of freedom.

White (1980) standard errors in parenthesis, a:b.¢ denote significance at the 1%-, 5%-, and 10%-level, respectively.
BEX* and ,ng* are the estimated coefficients from the hypothetical regression

- Ex* A -Ex* NP* A .NP*
Al = an + 8, A + 8,7 Aq +ep
. . * . . .
on 9 exogeous policy events. Here, AiF*" is the truly exogenous component of policy innovations on exogenous

events and Aii\lp* is the non-policy event of exogenous policy days. Standard errors are in parenthesis not adjusted
for heteroskedasticity. See Appendix F for details.
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coefficients for the true exogenous component from the hypothetical regression
A = o, + B AP+ BT AR 4 gf (38)

on the 9 exogenous observations which remain after we have excluded the events of
May and August 1994. Here, Ai®™" is the part of the policy innovation which is
truly exogenous, due to a perceived change in the Fed’s preferences, and AiN'" is the
‘non-policy event,” due to new information released on the policy day. Assuming that
these non-policy events on exogenous policy days behave as on any non-policy day
and is independent of the true exogenous component, we can calculate the implied
slope coefficient from equation (38) as
gox Cov(Az'Ef*, Af)
" Var(Aifx")
Cov(A#™, Ai?) — Cov(ANY", Ai})
Var(Ad™) — Var(Aiy"™) ’

(39)

where Var(AiN") and Cov(AiNY", Ai?) are calculated from the large sample of non-
policy days. The resulting coefficients and estimated standard errors (not adjusted
for heteroskedasticity) for the 10- and 30-year rates are reported in the lower panel of
Table 3, along with a test of the restriction ﬁEX* = ﬁ,le* (see Appendix F for details).
After distilling the truly exogenous component, both the 10-year and the 30-year
rates respond negatively to exogenous policy innovations, and the latter response is

significantly different from zero at the 10%-level.

5 Final remarks

As mentioned in the Introduction, there is some confusion in the literature as to
what should be the ‘normal’ response of long interest rates to monetary policy. Some
authors argue that long rates should increase as monetary policy is tightened, mainly
via the expectations hypothesis of the term structure. Others maintain the hypothesis
that a monetary tightening should increase short rates but decrease long rates, as
inflation expectations fall. Our results suggest that these differing views are two sides
of the same coin. When long rates are determined via the expectations hypothesis,
they may rise or fall after a policy tightening, depending on market participants’
interpretation of the reasons behind the policy move.

An objection to our methodology concerns our classification. Since the story

we want to convey is commonly heard in financial markets, it is conceivable that
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traders and analysts have our mechanism in mind when explaining the reaction of
financial markets to monetary policy. Then our classification could be a result of the
behavior of interest rates, and our empirical results only confirm this correspondence.
However, this objection appears to be based on the presumption that interest rates are
determined by fundamentals which could be unobservable to traders. Given the vast
amount of ‘speculative’ trade, which is bound to dominate reactions in the short run,
we are inclined to think that daily changes in interest rates are essentially determined
by traders’ beliefs. If so, causality is not a problem (unless traders jointly conspire
to fool the readers of the Wall Street Journal).

Finally, we would like to put our work in a broader perspective. Apart from
the response of interest rates to monetary policy, we also believe our model has
some interesting implications for the empirical literature of the effects of monetary
policy on output, see, e.g., Bernanke and Blinder (1992), Sims (1992), Gordon and
Leeper (1994), or Christiano, Eichenbaum and Evans (1996). For this literature to
be of much value, monetary policy should not be entirely endogenous; if the observed
monetary policy actions are driven exclusively by developments in the economy, we
cannot infer from these regressions what would have been the effect of a different
monetary policy. Conventionally, modellers have derived the exogenous component
of monetary policy from the econometric model itself. This approach has recently
been challenged by Rudebusch (1996), who compares these VAR shocks to monetary
policy shocks obtained from data on federal funds futures contracts. The two series
of estimated shocks are quite dissimilar, why Rudebusch concludes that “it would be
surprising if VARs could provide even approximately correct answers to structural
questions about the monetary transmission mechanism” (page 19). In a commentary,
Sims (1996) points out that even if forecasts from the futures market have smaller
errors than forecasts from a VAR, the estimated response to the VAR shocks may still
be a good measure of the effects of monetary policy, something which is supported
by the results of Brunner (1996) and Bagliano and Favero (1997).

We distinguish endogenous and exogenous changes in interest rates directly, by
recording how bond traders interpret each movement in the federal funds rate target.
In our view, this procedure delivers rather more credible estimates of exogenous policy
shifts, which cannot be directly identified either by statistical methods or from futures
data. It is conceivable that our data could be of use in settling the debate on the
effects of exogenous policy shocks on the real economy. This issue, and many others,

are left for future research.
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A Determining k()\;)

We want to determine k = k(\;) in (12), which means determining ey os41(mit1pe)-

Substitute for ;o in (13), and solve for y; 1) :

Oé(Sk?t
Yirrp = — 420t
At

_ CY(Sk’t

= N (7Tt+1\t + ayt+1|t>

Oé(Skt

= - 7t . 40
N+ a2k, (40)
Then
T2t = Tl T QY
A
= t (41)

N + a2k, P
Use (12), apply the envelope theorem on the Bellman equation (7), use the law

of iterated expectations, and substitute for 7,19, from (41) to get

1Z (7Tt+1|t§ M) = ey

= Typ1)t + Okimito)

Sk
— <1 -+ )\t—l——;;él{It) 7Tt+1\t- (42)
Thus,
Ok
k=14 —1— 43
L VY T (43)
A (1= 8) A
kf+<T—1>kt—%:0 (44)
gives
1 A (1= 6) A (1=6)\"  4x
kti{l—oﬂé i\l<1— 35 + 5| (45)
and the unique positive solution for k; is given by
1 A (1= 6) A1 =8\ 4N
kta{lww@w Tl (46)

following Svensson (1997b, p. 1141f).
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B Evaluating dA;/d);

Following Svensson (1997b, p. 1143), to evaluate the derivative

dA,  d adk
A dhy (A + 20ky)’ (47)

consider the ratio

ke 1|1 (1-96) 1 (1-6\ 4 |
L — 4
Ay 2 |:>\t a5 © \J <)\t % + a?) |’ (48)

using (14). This expression is clearly decreasing in \;, why the inverse of A,

i . ’}/()\t + 0526]{?15) . ’)/At
A, adk adk

+ ay, (49)

is increasing in \;. Consequently A; will be a decreasing function of \;. Also, since

B: = B/v + A, also B is decreasing in ;.

C Proofs

C.1 Proof of Proposition 1

(i) diy /dey and di} /dn, > 0. For a supply shock, the expression in curly brackets in
equation (31) is

=14+ A+ X+ (1—-0—avA) AX]. (50)
Note that
OKQCS]{?LL
A =—"" <1 1
O<avde=x"Toeen = (51)

which implies that

0<ayA,XP=1—(1-ayA)" ' <1 (52)
for all n. Consequently,

ayAZ X < A, (53)
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which, since f < 1, implies that the right hand side of equation (50) and thus the
derivative (31) are positive. Similarly, for a demand shock in (32), the expression in

curly brackets

Bi+a[l+ A (1 —~B)] X[

= g +alA+ X] 4+ (1 -8 —avA) A X], (54)
is, by the same argument, also positive.

(13) di}t /dey and diy/dn, fall with maturity n. From equation (27), note that

dit—&—s\t dit—&-s—l\t

dgt = (1 — OK’YALL) dgt (55)
and
ditJrs\t ditJrsfl\t
— =(1—-avyA;)) —. 56
s (1 ayd) T (56)

Since 0 < ayA; < 1, the response of expected future short rates to a current shock
is non-increasing over time (in absolute terms). Since long rates are an average of
expected short rates, and every new term will be smaller than the average, the entire

average will decrease with maturity n. O

C.2 Proof of Proposition 2
Recall that the long rate is given by

W= {1+ A)m + By + [1 + Ay (1 = vBy)] X [me + aye]} + &7, (57)
where

xp - (- aqA)

O[’}/At Y (58)

and &' is a term premium.
That the short end of the yield curve responds less to a given shock as \; increases

follows from the optimal interest rate rule
ir = (1 + Ay) m + By, (59)
where A; and B, are decreasing in \; (see Appendix B above).
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Showing that the long end responds more to a given shock with a higher ); is more
complicated. After a supply shock, the interest rate of maturity n reacts according

to

dir 1
d%:5{1+At+[1+At(1—vBt>]X?}- o)

As the central bank preference parameter \; changes this reaction changes by

d [dip]  d 1 " my 4
o [d_&] — EE{1+At+Xt +[1 —ayA; — Bl A X'} a,
1 e . d(AX7) | dA
= {1 + A, ayA X] + [1 ayA, 5] dA, d\ (61)

Define p, = 1 — ay A, implying that

1—pp!
X, =—" 2
t l—p (62)
. 1 _ pnfl
A X = a—; (63)
ayAX; =1-p} ™, (64)
and
dXt . dXt dpt
dAt N dpt dAt
—(n—1)(1 = p)pp~2+ (1 —ppt
= —ay ( )( Pe)PE _ ( py)
(1 - Pt)
_ =D —p)tp) -1 (65)
(1- Pt)At
Then
d [dip] 1 dxr d(AX")) dA,
— =L =211 — ayA XD —
i [dat] n{ A, AN T e D= (66)
1 n—1 p?72 [(n B 1)(1 - pt) + pt] —1 n—2 dAt
__ — —1 —
s o +(o - D=1 o

Multiplying by (1 — p,)A; > 0 and rearranging, the term in curly brackets is

P?iQ(n — 11— py) [Ae(p, — B) + 1] + P?il [(1—p)A +1] - 1. (67)
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As n increases indefinitely, both pf"~* and (n — 1)p{" 2 tend to zero, making the term
in (67) negative. Since dA;/d)\; is negative, the entire derivative (66) is then positive
for a sufficiently large n.

After a demand shock, the reaction of long rates is

di? 1 n
d_;t = —ABitall+A(1-9B)] X/} o
1[4 n
_ E{;JFQ[AHF(HAt(l—vBt))Xt]}-
Consequently
d [dip]  d [di}
i [d_nj = a - ldsj : (69)

so the reaction of long rates to a given demand shock is thus affected by changes in

A¢ in the same direction as the reaction to a supply shock. O

C.3 Proof of Proposition 4

For a new shock, the proof follows directly from the proof of Proposition 2 in Ap-
pendix C.2. For an old shock being worked out by the central bank, note that (22)
implies that the sensitivity of the central bank rate in period ¢ + s to a supply shock
in period t is

dit—&—s
déft

Wes (70)

Since dmy,s/de; and dy;.s/de; depend only on the initial A, and so are not affected
by the preference shift at ¢ + s, and since dB;/d\; = adA;/d)\:, the derivative of
diy, s/de; with respect to Ay is, using (25) and (26),

d digis dms i dYits dAt+5
dNiys | dey

de, e, | D
_ sdAt—l—s
— (1—0&’71415) d/\t+s
d [di,
— (1—and) 2 | &) 1
(1 -y i ] (7

After s periods, only a fraction (1 — aryA;)” of the shock from time ¢ remains in the
system. Thus, the qualitative effects of a preference shift in period ¢+ s are the same

as a change in period ¢, and the same applies to all long rates. O
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D Classification of Federal Reserve actions

Classification:
End Endogenous; based on new economic information
Ex  Exogenous; based on preference shifts
R Employment report released on same day
U Action unnoticed
Event Date Adj (%) Description of event Class

1 Oct 20, 1988 +0.125 “...the Federal Reserve provided a hint that U
it isn’t tightening credit.”

2 Nov 17, 19881  +0.0625 “Investment managers worry that the dollar’s U
weakness soon will lead to even higher interest
rates.”

3 Nov 22,1988  +40.0625 No mention of monetary policy. U

4 Dec 15,1988  +0.3125  “Several recent economic reports have indic- End
ated robust economic growth that aroused in-
flation jitters.”

5 Dec 29, 1988'  +0.0625 “...the federal funds rate rose again, largely U
reflecting what traders refer to as ‘year-end
window dressing’.”

6 Jan 5, 1989 +0.25 “...the Fed’s aggressive moves might encour- Ex
age bond investors by convincing them of the
central bank’s determination to keep inflation
under control.”

7 Feb 9, 1989! 4+0.0625  “Some analysts predict the Fed, ..., will raise U
rates Friday or early next week.”

8 Feb 14, 1989 +0.25 “Fed officials are tightening their credit clamp Ex
further in an effort to reign in on inflation.”
Before: “ ‘If, as we expect, the Fed gradually
nudges the federal funds rate towards 9 1/2%,
market participants may regain faith that con-
taining inflation remains a top priority for the
monetary authorities.” ”

9 Feb 23, 1989' 40.25 “The Federal Reserve, trying to calm inflation End
worries, drove up short-term interest rates.”

10 Feb 24,1989% +0.1875 “The Fed’s long-awaited discount-rate in- Ex

crease is too small and too late to help calm
inflation fears, ...”
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Event

Date

Adj (%)

Description of event

Class

11

12

13

14

15

16

17

18

19

20

21

22

23

24

May 4, 19891

Jun 6, 1989

Jul 7, 1989

Jul 27, 1989

Aug 10, 1989*

Oct 18, 1989

Nov 6, 1989

Dec 20, 1989

Jul 13, 1990

Oct 29, 1990

Nov 14, 1990

Dec 7, 1990

Dec 19, 19902

Jan 8, 19913

+0.0625

-0.25

-0.25

-0.25

-0.0625

-0.25

—-0.25

-0.25

-0.25

-0.25

—-0.25

-0.25

-0.25

-0.25

No mention of monetary policy.

“The U.S. Federal Reserve apparently has
eased its grip on credit, reflecting the belief
of many Fed officials that the economy has
slowed ..."”

“...for several weeks now, strong signs of eco-
nomic weakness have convinced Fed officials
to ease instead.”

“...it became clear that the Federal Reserve is
easing credit and that the economy is growing
weaker.”

No mention of monetary policy.
No mention of monetary policy.
No mention of monetary policy.

“‘Coming right after an FOMC meeting, they
would not have entered the market unless they
wanted to send a clear signal that policy had
changed.’”

“Several investment managers fear that the
Fed pulled the trigger too soon ...”

“‘If you’re looking to the Fed as a bulwark
against inflation, then this doesn’t support
that case.””

“...widely anticipated move...”
Before: “...further signs of U.S. economic
weakness . ..”

“...few investors are willing to participate in
the market until they see clear signs that the
Federal Reserve has eased monetary policy.”

“...[Fed’s| move came shortly after the U.S.
Labor Department reported a surge in the
November U.S. employment and sharp de-
clines in jobs.”

“...some disappointment that the Federal Re-
serve didn’t signal a larger cut in the rate.”

“After yesterday’s easing move, the new level
for the rate is believed to be 6 3/4%.”

End

End

End

Ex

Ex

End

End
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Event

Date

Adj (%)

Description of event

Class

25

26

27

28

29

30

31

32

33

34

35

36

Feb 1, 19912

Mar 8, 1991

Apr 30, 19912

Aug 6, 1991

Sep 13, 19912

Oct 30, 19913

Nov 6, 19912

Dec 6, 1991

Dec 20, 19912

Apr 9, 1992

Jul 2, 19922

Sep 4, 1992

-0.5

—-0.25

-0.25

-0.25

-0.25

-0.25

-0.25

-0.25

-0.5

-0.25

-0.5

-0.25

“Prices of U.S. government bonds soared Fri-
day in response to a surprisingly weak U.S.
employment report and a cut in the discount
rate by the Federal Reserve.”

“...they ignored the Department of Labor’s
report that the unemployment rate rose to
6.5% from 6.2%, ...”

“...the central bank surprised the market by
pushing rates another notch lower.”

“...[the move] didn’t follow any major eco-
nomic report, ...”

“...‘smacks of some political pressure on the
Fed.””

“‘On any kind of economic basis, the Fed
move was entirely justified,” ...”

“The U.S. Federal Reserve’s latest move to cut
interest rates reflects its uneasiness about the
slow growth of money supply and the disap-
pointingly torpid economic recovery.”

“ ..by late afternoon, the Fed had eased at
least 25 basis points ...”

Before: “Evidence the recovery is wilting and
inflation is waning ...”

“...the Federal Reserve Bank’s surprise an-
nouncement of a discount rate cut.”

“ ..news from the U.S. Labor Department
that non-farm payrolls shrank 241.000 in
November.”

“A still-faltering economy and slower inflation
is likely to cause U.S. interest rates to fall even
further ...”

“ ..following the Federal Reserve’s surpris-
ingly aggressive move on Friday ...”

“...the Fed’s decision to cut rates ...came
primarily for concerns about recent contrac-
tions in the U.S. money supply.”

“...a stunningly weak employment report,
which unlocked the door for lower interest
rates.”

“...in the wake of Friday’s extraordinarily
weak employment report.”

Ex

End

End

End

End

End

End
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Event

Date

Adj (%)

Description of event

Class

37

38

39

40

41

42

43

44

45

46

47

Feb 4, 1994

Mar 22, 1994

Apr 18, 1994

May 17, 19942

Aug 16, 19942

Nov 15, 19942

Feb 1, 19952

Jul 6, 1995

Dec 19, 1995

Jan 31, 19962

Mar 25, 1997

+0.25

+0.25

+0.25

+0.5

+0.5

+0.75

+0.5

-0.25

-0.25

-0.25

+0.25

“The tightening came about three hours after
a weaker-than-expected January employment
report.”

Before: “Some studies show that inflationary
pressures are building, ...”

“...traders and investors had been expecting
such a move for some time, ...”

Before: “...fear that we are going to see an
acceleration of inflation.”

“...disappointment that the Fed didn’t raise
interest rates by a larger margin.”

“...analysts said the Fed has indicated it will
sit tight for a little while ...”

“...the action cleared the air of uncer-
tainty that had been restraining investors for
months.”

“¢...aclear signal that the Fed intends to fight
inflation pressures,””
“...improvement in inflation psychology ...”

“...bigger-than-expected boost in interest
rates by the U.S. Federal Reserve.”
“...market participants view the Fed as doing
well in its effort to contain inflation.”

“...the US Federal Reserve raised short-term
rates and indicated that there are only tent-
ative signs the economy is slowing.”

“...the Fed’s willingness to ease ahead of Fri-
day’s data suggests that the central bank is
looking for a weak employment report.”

“¢ ..inflation has been somewhat more favor-
able than anticipated, ..."”

“‘This rate cut says the Fed is likely to
be more aggressive cutting rates than people
thought,” ...”

“...‘the risk of inflation is increasing,’ ...

End

End

Ex

Ex

End

End

End

End

Notes:

1 No actual FOMC policy decision, according to Roley & Sellon (1996).

2 Also discount rate change.

3 Target change noticed one day before official target change.
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E Data appendix

Date Target  Change 3m 6m ly 2y 3y 5y Ty 10y 30y Class

Oct 20, 1988 8.25 +0.1250 40.02  -0.01 -0.01  +0.00 +40.00 -0.01 -0.02 -0.03 -0.06 U
Nov 17,1988  8.3125 +0.0625 -0.02 -0.02 -0.02 +0.00 +40.03 +40.03 +40.05 +40.06 +0.04 U
Nov 22, 1988  8.3750 +0.0625 +0.01 +0.08 +0.07 +0.07 40.08 40.07 40.05 40.05 40.01 U
Dec 15,1988  8.6875 +0.3125 +0.07 -0.08 +0.05 +0.00 +40.01 +40.02 +40.00 +40.00 +40.01 End
Dec 29, 1988  8.75 +0.0625 -0.13  -0.11 -0.03 -0.05 -0.03 -0.03 -0.05 -0.03 +40.00 U
Jan 5, 1989 9.00 +0.25 +0.02 40.09 +40.07 40.07 +40.08 +0.08 +0.06 +0.05 +0.02 Ex
Feb 9, 1989 9.0625 +0.0625 -0.05 -0.01 +40.00 +0.07 +40.08 +40.15 +0.19 +0.18 +40.17 U
Feb 14, 1989 9.3125  +0.25 +0.01 +40.05 +40.04 +40.04 +0.02 +0.05 +0.04 +0.03 +0.04 Ex
Feb 23, 1989 9.5625  +0.25 +0.08 +0.08 +0.12 +0.12 +40.11 +40.04 +40.09 +40.07 +40.05 End
Feb 24, 1989 9.75 +0.1875 40.04 40.13 40.03 40.06 +40.02 +0.02 +0.01 +0.02 +0.01 Ex

OO0 U WD

—_

11  May 4, 1989 9.8125 +0.0625 +0.00 +0.02 -0.01 +40.00 +40.00 -0.01 +0.00 +40.00 +0.04 U

12 Jun 6, 1989 9.5625 -0.25 -0.10 -0.12 +0.02 +0.01 +0.01 +0.02 +0.00 +0.00 -0.03 End
13 Jul 7, 1989 9.3125 -0.25 -0.04 -0.04 -0.06 -0.11 -0.07 -0.05 -0.07 -0.06 -0.06 End
14 Jul 27, 1989 9.0625 -0.25 -0.12 -0.08 -0.12 -0.10 -0.13 -0.12 -0.09 -0.10 -0.08 End
15 Aug 10, 1989  9.00 -0.0625 -0.05 -0.01 -0.02 +0.00 -0.01 +40.00 40.00 -0.03 -0.04 U
16 Oct 18, 1989 8.75 -0.25 +0.07 +40.02 -0.01 +0.00 +0.00 +0.00 +0.03 +40.01 40.02 U
17  Nov 6, 1989 8.50 -0.25 +0.03 +0.04 +0.04 +0.03 +0.05 +0.06 +0.06 +40.04 +40.05 U
18  Dec 20, 1989  8.25 -0.25 -0.10 -0.09 -0.08 -0.08 -0.03 -0.02 -0.03 -0.01 -0.01 Ex
19 Jul 13, 1990 8.00 -0.25 -0.08 -0.06 -0.07 -0.07 -0.06 -0.05 -0.06 -0.05 -0.04 Ex
20 Oct 29, 1990 7.75 -0.25 +0.02  +0.03 +0.02 +0.02 +0.04 +0.04 +0.06 +0.07 +40.08 End
21  Nov 14, 1990 7.50 -0.25 +0.03 -0.02 +40.01 -0.02 +0.00 +0.00 -0.01 -0.01 -0.01 U
22 Dec 7, 1990 7.25 -0.25 -0.11 -0.13 -0.13 -0.15 -0.15 -0.15 -0.15 -0.15 -0.16 R
23  Dec 19,1990 7.00 —-0.25 -0.11 -0.13 -0.12 -0.07 -0.03 -0.03 -0.01 +40.01 +40.04 Ex
24 Jan 8, 1991 6.75 -0.25 -0.07 -0.10 -0.08 -0.05 -0.04 -001 +0.02 +0.03 +0.05 End
25 Feb 1, 1991 6.25 -0.50 -0.19 -0.23 -0.22 -0.22 -0.20 -0.17 -0.14 -0.12 012 R
26  Mar 8, 1991 6.00 -0.25 -0.10 -0.10 -0.09 -0.04 +0.01 +0.04 +0.04 +0.06 +0.07 R
27  Apr 30,1991  5.75 -0.25 -0.08 -0.14 -0.14 -0.10 -0.07 -0.07 -0.05 -0.05 -0.03 Ex
28  Aug 6, 1991 5.50 -0.25 -0.09 -0.11 -0.12 -0.12 -0.14 -0.08 -0.07 -0.07 -0.06 End
29  Sep 13, 1991 5.25 -0.25 -0.06 -0.05 -0.03 -0.02 -002 -0.02 -0.04 -0.01 -0.01 End
30  Oct 30, 1991 5.00 -0.25 -0.05 -0.06 -0.05 -0.05 -0.02 -0.03 -0.01 -0.03 -0.01 End
31 Nov 6, 1991 4.75 -0.25 -0.13  -0.11 -0.08 -0.07r -0.07 -0.07 -0.05 -0.05 -0.01 End
32 Dec 6, 1991 4.50 -0.25 -0.07 -009 -007 -0.03 -0.02 +0.01 +0.03 +0.05 -0.08 R
33 Dec 20, 1991 4.00 -0.50 -0.30 -0.29 -0.26 025 -0.20 -0.17 -0.14 -0.14 -0.09 End
34  Apr 9, 1992 3.75 -0.25 -0.21 -0.22 -0.23 -0.24 -0.22 -0.17 -0.12 -0.09 -0.09 End
35 Jul 2, 1992 3.25 -0.50 -0.31 -0.29 -0.32 -0.27 -0.23 -0.25 -0.20 -0.17 013 R
36 Sep 4, 1992 3.00 -0.25 -0.22 -0.23 -0.23 -0.20 -0.21 -0.20 -0.17 -0.14 -0.08 R

37  Feb 4, 1994 3.25 +0.25 +0.10 +40.11 +40.17 +0.14 +0.15 +0.15 +0.14 +40.13 +40.06 R
38 Mar 22,1994  3.50 +0.25 +0.00  -0.06 -0.07  -0.06 -0.11 -0.11 -0.12 -0.11 -0.09 End
39  Apr 18,1994 3.75 +0.25 +0.11  40.14 40.16 4019 40.20 40.20 40.20 40.17 40.12 End
40 May 17, 1994  4.25 +0.50 40.05 -0.05 -0.11 -0.15 -0.17 019 -0.23 -0.21 -0.19 Ex

41  Aug 16, 1994  4.75 +0.50 +0.17 40.02 -0.01 -0.05 -0.06 -0.10 -0.12 -0.11 -0.12 Ex
42 Nov 15, 1994  5.50 +0.75 +0.10 +40.09 +40.05 +40.04 +0.04 +0.03 -0.02 -0.02 -0.04 Ex
43  Feb 1, 1995 6.00 +0.50 +0.07 40.08 40.11 40.07 40.05 40.02 40.07 40.06 +40.04 End

44 Jul 6, 1995 5.75 -0.25 -0.14 -0.17 -0.17 -0.22 020 -0.20 -0.15 -0.14 -0.10 End
45 Dec 19, 1995  5.50 -0.25 -0.11 -0.09 -0.09 -0.07 -0.06 -0.08 -0.06 -0.04 -0.06 End
46  Jan 31, 1996 5.25 —-0.25 -0.08 -0.07r -0.07 -0.09 -0.07 -0.05 -0.05 -0.03 -0.01 Ex

47  Mar 25, 1997  5.50 +0.25 +0.04 40.02 40.03 +40.04 40.03 40.05 +40.03 +40.03 +40.01 End

New level and adjustment of the federal funds rate target, one-day changes in market interest rates, and
classification of 47 policy events October 1988-May 1997.

Sources: Funds rate target 1988-92, Rudebusch (1995); Funds rate target 1993-97, Federal Reserve Bank of New
York; Market interest rates, Federal Reserve Bank of St. Louis.
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F Calculating the imputed coefficients and stand-

ard errors

F.1 General case

Before analyzing our special case, let us consider a more general problem. Suppose

we would like to estimate the regression
Y = a+ 1214 + BoTay + &4, (72)

where 1 and x5 are independent variables. Recall that the least-squares estimate of

B,,©=1,2 is given by

= el (73)
and its variance is
Var(b;) = i , (74)
(N —1)Var(z;)
where the residual variance o2 is estimated as
6% = Znci (75)

N-Fk
The parameter N is the number of observations in regression (72), and k is the
number of explanatory variables (here k = 3).
Suppose we cannot observe z; and s directly, but only their sum x = 7 + xs.
Thus, equation (72) cannot be estimated. However, if we have estimates from other

sources of Var(z;) and Cov(zq,y), then we can calculate Var(zy) and Cov(zs,y) as
Var(zy) = Var(z) — Var(z,) (76)
and
Cov(ze,y) = Cov(z,y) — Cov(zy,y) (77)

since x; and x5 are independent, and Var(x) and Cov(z, y) are known. Consequently,
we can calculate the least-squares estimates of the slope coefficients for the hypothet-

ical regression (72) from equation (73).
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As for the variance of the slope coefficients, we need an expression for the hypo-

thetical residual sum of squares. This sum can be computed as?
Zeh = 1) [Var(y) — byCov(z1,y) — boCov(za,y)] - (79)

The estimated variance of b; is then calculated from equations (74) and (75). Finally,

given the residual sum of squares, we can compute the measures of fit as

o
and
= Yo 62/(N - k/’)
RZ=1- h . 81
S /(N 1) (81)

F.2 Our case
To translate these results into our setting, the regression we would like to estimate is
A = o, + BTN+ BT AT 4 el (82)

on our 9 exogenous policy events, where A" is the truly exogenous component of
the policy innovation at ¢ and AiNF™ is the non-policy event of exogenous policy days.
We cannot observe Aif*" and AiNY" directly, however, but we can observe the

total policy innovation

A = AP 4 AP (83)
Thus we can estimate the regression

Al = &y, + B,A8™ + &Y, (84)

and the results are reported in Table 4.

23Note that

2
<

h

> enlyn — a—bywp — byway)
A
= Zeh [(yn — ¥) — bi(@1n — T1) — ba(w2n — 1)
= Zeh(yh )
3
= > wn 9 n—7) — ba(wrn — 41) — ba(wan — 71)]
A
= ) (n— 251 Yn —7) (x1n — 1) sz Yn —7) (z2n — T2) (78)
A
giving the expression in equation (79).
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Table 4: Original regression results

Maturity Bn Zh (eﬁ)z &2 R? R?

6 months 1.28344 ¢« 0.01321 0.00189  0.84785 0.82612
(0.20549)

1 year 0.95276 «  0.01019 0.00146  0.79925 0.77057
(0.18048)

2 years 0.86101 *  0.00843 0.00120 0.79724 0.76828
(0.16412)

3 years 0.57708 ¢ 0.00801 0.00114  0.65019 0.60022
(0.15998)

5 years 0.52710 ®*  0.00881 0.00126  0.58505 0.52578
(0.16778)

7 years 0.30159 0.00989 0.00141  0.29127 0.19002
(0.17781)

10 years 0.19791 0.00827 0.00118  0.17465 0.05675
(0.16261)

30 years —0.00945 0.00795 0.00114  0.00050 —0.14228
(0.15943)

Notes: OLS estimation of
Aip =G + B, AT &

on 9 exogenous observations. Constant terms not reported, standard errors in parenthesis. ¢ denote significance
at the 1%-, 5%-, and 10%-level, respectively.

Assuming that the non-policy event of exogenous policy days behaves like on any
non-policy day, we can approximate its variance and covariance with the dependent
variable A} by those calculated over the 2135 non-policy days. Also, the variance of
the policy innovation As?™ and its covariance with the interest rate response A} on
the 9 exogenous events are known.

Thus, assuming that the truly exogenous component and the non-policy event are
independent, we can compute the variances of the truly exogenous component and

the covariance with the dependent variable on the exogenous events as

Var(Ai®") = Var(Ai™) — Var(AiN") (85)
and

Cov(Ai™" Ai?) = Cov(AT™, Ai?) — Cov( AN Am). (86)

The resulting variances and covariance for all maturities are reported in Table 5.
Following the general discussion above, we are then able to calculate the least-
squares estimates from the hypothetical regression (82) as
- Cov(Ail, Aip)
Var(Ad])

(87)
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Table 5: Variances and covariances

Var(Aid™) Var(AiNP™) Var(Aif*™)

Policy innovation  0.00559 0.00209 0.00349

Maturity Var(Ai}) Cov(Ai?, AiZ™)  Cov(Ai?, AiNPT)  Cov(Adl, AP
6 months 0.01085 0.00717 0.00169 0.00548
1 year 0.00634 0.00532 0.00162 0.00370
2 years 0.00519 0.00481 0.00174 0.00307
3 years 0.00286 0.00322 0.00165 0.00158
5 years 0.00265 0.00294 0.00151 0.00143
7 years 0.00174 0.00168 0.00130 0.00038
10 years 0.00125 0.00111 0.00117 —0.00006
30 years 0.00099 —0.00005 0.00089 —0.00094

Notes: See text for an explanation of how the variances are calculated.

for j = Ex* NP*. To calculate the estimated variance of b’

/. we first calculate the

residual sum of squares as
> (ep)? = (N=1) [Var(Aif) — b5 Cov(Aif", Aiy) — Y Cov(Ai™", Aiy)] ,(88)

h

and the variance of b/, is given by

N don (52)2
Varln) = TN = DVar@)’

(89)

and R? and R? are calculated from equations (80) and (81). The results from the
hypothetical regression (72) are presented in Table 6.
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Table 6: Hypothetical regression results

Maturity g5 AP Y (en)? 62 Y (ai)” R? R B =B

Gmonths 156825 @  0.80787 7 0.00716 _ 0.00119 0.08870 0.91032 080242 5.07468 ©
(0.20658)  (0.26694)

1 year 1.06016 @ 0.77342° 000933 0.00155  0.06010 0.84479 079305  0.55365
(0.23585)  (0.30477)

2years 087858 ¢  0.83169° 0.00840  0.00140  0.04600 0.81733 075645  0.01643
(0.22384)  (0.28025)

Byears  045125° 078718 ° 0.00683  0.00114  0.02400 0.71561  0.62081  1.03852
(0.20174)  (0.26069)

5years 041017  0.72235° 000779  0.00130  0.02140 0.63618 051491  0.78629
(0.21547)  (0.27843)

Tyears 011005  0.62143° 000715  0.00119  0.01530 0.53249 037665  2.29650
(0.20653)  (0.26687)

10 years 001738 055740 ° 000481  0.00080  0.01030 0.53271 037604  4.31150 ©
(0.16941)  (0.21891)

30 years 027020 ¢ 0.42609° 0.00287  0.00048  0.00800 0.64067 052080  10.50662
(0.13093)  (0.16918)

Notes: Hypothetical OLS estimation of

. * o xk * .. *
AT} = -+ G5 AP 4 GNP AR 4 &7

on 9 exogenous observations. Constant terms not reported, standard errors in parenthesis. ¢ denote significance
at the 1%-, 5%-, and 10%-level, respectively.
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