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1 Introduction

“Monetary policy works largely through indirect channefs—particular, by influencing
private-sector expectations and thus long-term inteegssr” Bernanke (2004)

“Financial markets are the channel through which our podiffects the economy, and asset
prices contain valuable information about investors’ etaions for the course of policy,
economic activity, and inflation, as well as the risks abbose expectations.” Kohn (2005)

Most studies of monetary policy focus on the policy interasg, typically a very short-term rate, such
as an overnight rate. However, as suggested by the abovatigust longer-term bond rates are essential
conduits for the transmission of monetary policy. As bortégacontain bond trader expectations of future
policy rates, not recent policy rates, monetary policy @feness depends on the policy perceptions of the
bond market. The connection of these perceptions to aneduacrecently observed policy is not fully
understood. Thus, for instance, it is not known whether #@meterization of an invariant policy rate
reaction function provides sufficient information for evating the effectiveness of monetary policy.

The importance of this issue is revealed by revisiting therdiure investigating the Great Inflation.
Clarida, Gali, and Gertler (2000), Lubik and Schorfheide04®), and Kozicki and Tinsley (2007) provide
empirical evidence that in the period before Paul Volckes wppointed Chairman of the Federal Open
Market Committee (FOMC) of the Federal Resetwggminal policy rates exhibited a passive, or inelastic,
response (i.e., less than one-for-one) with respect taimflaHowever, in the broader context of bond rate
transmission, it seems important to consider also the ressyggness of bond rates to inflation. To the best
of our knowledge, such an analysis has not been done befbis missing feature of the literature implies
important shortcomings in some interpretations of the Gird&ation. In particular, if the bond rate is the
transmission channel for monetary policy, explanatioas fincus on the stability of a Taylor rule description
of the policy rate or on central bank assumptions regardetgral rates are not sufficient to assess the
stability of the economy and the determinacy of inflation.

Inflation determinacy imposes conditions on policy reacfionctions. However these conditions may
change if bond rates have a distinct influence on economiidtgdieyond the current policy rate and rational
expectations of future policy rates based on the currentyokaction function. This paper argues that
real-world features give bond rates such a distinct rolausTwhen introduced into structural models, these
features will alter well-accepted determinacy conditiongnonetary policy. Specifically, in some situations,
passive current policy may be consistent with determinafiation and the Taylor Principle may not be
necessary for policy stability. Under bond rate transroissieal-world features that likely play a key role in
assessing policy effectiveness include asymmetric inddion about policy goals, term premium sensitivity
to inflation, and the responsiveness of the fufpath of the policy rate to inflation.

Asymmetric information on the part of the private sector and the central bank isatifor understanding
the relationship between short- and long-term interestsraiparticularly in the 1980s (Kozicki and Tinsley
(2001 a,b); Dewachter and Lyrio (2006b)). Moreover, as showy Kozicki and Tinsley (2005b) in an
empirical model of the U.S. economy, asymmetric informatidout the inflation goal of policy also affects
the transmission of monetary policy shocks.

The key role otime-varying term premiumsfor capturing time variation in yields has been emphasined i
several studies including Shiller, Campbell, and Schoknltib983), Duffee (2002), and Dai and Singleton
(2002) among others. Other research, such as Ang and Hi&2@68), and Dewachter, Lyrio, and Maes
(2006) relate yields to macro factors. However, in typic8GE formats, the possibility of a distinct role

“The FOMC of the Federal Reserve is responsible for U.S. mopeblicy.

5Term premium sensitivity to other macro variables and rasjpeness of the future path of the policy rate to other macro
variables may also be relevant.



for bond vyields in explaining economic behaviour is gerlgmabt admitted. For instance, Rudebusch and
Wu (forthcoming), Hordahl, Tristani and Vestin (2006) dabewachter and Lyrio (2006a) use no-arbitrage
term-structure models and structural macroeconomic rsotielrelate bond yields to macroeconomic
variables through policy responses of short-term inteegss, but the focus remains largely one of explaining
yield-curve behaviour given macroeconomic data, and @xpla macroeconomic behaviour given policy

rate responses. In related work, although they comment@itatik of a structural link, Rudebusch, Sack,
and Swanson (2007) establish an empirical link between peemiums and economic activity.

Explicit links between théuture path of policy responsiveness to economic conditions and bond rates is
explored in Ang, Dong, and Piazzesi (2005). However, by taitsng the parameters of the policy reaction
function to be constant in their formulation, the currergtation function provides sufficient information to
summarize the responsiveness of the path of policy to fteaomomic conditions. Thus, their specification
limits the ability of the bond rate to have distinct effectseconomic activity, independent of those implied
by an invariant policy response. One contribution of therenirpaper is that it generalizes the Ang, Dong,
and Piazzesi format by introducing horizon-dependentcpgierceptions into a no-arbitrage term structure
model.

In contrast to existing term structure analyses, includingtributions noted above, the current study
is directed at implications for inflation determinacy wheamd rates are the principal transmission channel
for monetary policy. The central (and distinct) roles of Balates and the perceptions of bond traders
in the transmission of policy are discussed in remainindizes of the paper. Section 2 investigates the
responsiveness of historical bond rates to macro varigilelsiding inflation, since the mid-1960s. Section
3 uses a simple illustrative macroeconomic model to sudbasif the bond rate is the principal transmission
channel then, rather than the Taylor Principle, what matfr stabilizing policy is that thaverage of the
bond forward rates displays an elastic response to expé@diation. In addition, shortcomings of DSGE
models with symmetric information are discussed. Secti@kelches a no-arbitrage model of the term
structure with term premiums that reflect time-varying cemgation for macroeconomic uncertainty and
the possibility of horizon-dependent expectations by btraders. Within this structure, there are two
possible explanations for different inflation sensitegtiof bond rates compared to policy rates. Both of
these features provide for a distinct role for bond ratesfluénce economic activity. As suggested by
the simple macroeconomic model in the prior section, ondaegpion is that perceived inelastic responses
by the policy rate to inflation in the short run may be couraéahced by elastic responses in the longer
run. A second possible explanation is that forward rate f@m@miums may also be responsive to inflation.
If this is the case, term premiums demanded by traders mapeasate for modestly unstable short-run
policy. Section 5 presents estimated responses of forvedes to forecasts of macro variables, and section
6 concludes.

2 The responsiveness of historical bond rates to macro varides

In this section, we present empirical evidence on the respeness of historical bond rates to
macroeconomic variables, including inflation. Regressesults are reported for two monthly samples:
one includes the “passive policy” period prior to 1980 arelghcond covers a period of aggressive policy in
the 1980s. An important question addressed is whether taiad may exhibit elastic responses to inflation
in periods of passive policy.

We estimate the long-run responses of nominal bond r&gs,; for h = 1, 3, 5, 10, to inflation, 7, the
level of unemploymenty;, and the difference of unemploymemy,:

Riont = bsRiopt—1 + bss(L)ARiop -1 + (1 — b3) Rigp 4 + at12n,
tont = bo+bim—1+b11(L)Am—1 + boup—1 + boa(L)Auy—1,



whereb;;(L) are 11th-order lag polynomials. Inflation is measured okiergrior 12 months using the
deflator for personal consumption expenditures (pce), ammployment is measured by the civilian
unemployment rate. The bond rates are the nominal ratesyear] 3-year, 5-year and 10-year zero-coupon
bonds from McCulloch and Kwon (1993). Results are repometable 1.

Regressions results reported in the bottom panel of Tabfef the period after the abandonment of
nonborrowed reserves targeting to the end of the FOMC claaisimnip of Paul Volcker, 1982m1 - 1987m7.
The results are consistent with bond trader forecasts akagiye policy responses to inflation. Long-run
mean responses by bond rates to inflation are well above famigll maturities. Significant long-run mean
responses are also indicated for the change in unemploybyehtyear and 3-year bond rates. No mean
responses to the level of unemployment are significant.

The top panel in Table 1 reports on regressions for a 1966arfpke, ending just prior to the
announcement of the well-known shift in operational polityctober 1979. The second column in the top
panel indicates that the mean long-run response to inflaiahove unity for bond rates of all maturitiés.

Overall, the results of Table 1 are consistent with elagdiwcbrate responses to inflation in both samples,
raising the question of how to evaluate the determinacy ¢ityo The specific question we examine is
whether it is possible for policy to be passive yet for inflatto be determinate. In the remaining sections of
this paper, we show that such apparently contradictoryrgbgens are indeed possible.

3 Bond rate transmission of monetary policy

In this section we use a simple model to show how determinaagliions for policy may change when
policy anticipations are allowed to be horizon dependehe fesults highlight the importance of considering
anticipations of the future path of policy.

Specifications of interest rates in the output equationsmgfiecal macroeconomic models vary widely.
However, in structural macroeconomic models, many spedifics use one-period interest rates, with few
identifying independent roles for long-term rates. Thadl,senodels with explicit one-period rates do not
necessarily imply that bond rates are unimportant in pdliagsmission.

Consider, for instance, the purely forward-looking IS doua

Ut = Eyfi1 — a(Fy — Eyftygr) 1)

relating equilibrium deviations in outpul; to equilibrium deviations in the ex ante one-period reak.rat
Here, the latter is represented as the difference betwedahbeigm deviations in the nominal raté;, and
equilibrium deviations in expected inflatiaf, ;. 1. After recursive forward substitution, this expression
implies a relationship between output and long-horizorrayes of real-rate deviations from equilibrium:

n

i 1o~ 1~

Ut =~ _aEt(E Zrt+i - Zﬂ't+i+1)' (2
=1 i=1

Assuming constant term premiums and equilibrium deviatidhat converge to zero in expectation,

EL >, Ty, is typically taken as the equilibrium deviation of an nipdmominal-bond rateRn,t,

n

i - 1.
Ut ~ —a(Ryt — Etﬁ Z; Tititl)- 3

5The federal funds market was not well-developed prior to6]19&1. Tinsley et al. (1982) and Fuhrer (1996).

"Perhaps consistent with bond-trader perceptions of thehasip of 1970s central bank policy on money-growth targets
discussed in Kozicki and Tinsley (2007), the mean long-rsponse to the change of the unemployment rate is also sagtifor
all maturities.



Thus, such structural models can be used to provide a linkemat macroeconomic activity and bond yields.
Indeed, (1) motivates the simple macroeconomic model us#teinext subsection to discuss conditions for
determinate policy.

It is important to note, however, that while (1) and (2) arelf@ngeable under standard assumptions,
neither (1) nor (2) is likely exchangeable with (3) under engeneral assumptions such as asymmetric
information, time-varying term premiums, or horizon-degent expectations of policy responses.
Moreover, even more sophisticated model specifications itftude, for example, habit formation in
consumption or time-to-build in investment, may miss intaot aspects of bond rate transmission of policy.
Shortcomings are likely because even with these gendiializa typical DSGE implementations continue to
maintain restrictive assumptions such as time-invarianzé¢ro) risk premiums and symmetric information.
The second subsection expands on limitations of typical B&®dels.

3.1 Determinacy conditions with horizon-dependent policyperceptions

The general presumption in the literature is that eviderfcpagsive monetary policy implies that agent
behavior may have been influenced by exogenous inflationangpets. However, if the principal
transmission channel of monetary policy is through the aesps embedded in private sector borrowing
rates, then conditions for determinacy of inflation dependpassivity of theanticipated path of future
policy rates. Thus, the sunspot interpretation is basedvoruhtested assumptions: First, that bond traders
can infer, in real time, that the central bank policy is pas3i And second, that the passivity of monetary
policy is expected to persist over lengthy forecast howszolVith regard to these assumptions, Kozicki
and Tinsley (2001a, 2001b) indicate that private sectocgmions of the implicit central bank target for
inflation were very slow to adjust—the mean lag of adjustnafrthe perceived inflation target consistent
with Treasury bond rates exceeded 5 years in the 1970s ari$.188addition, FOMC announcements in
the 1970s regarding explicit policy targets were limiteat®-year horizons. Overall, it is not obvious that
bond traders would extrapolate difficulties in reaching-gear objectives to policy failure in the long run.
We introduce horizon-dependent policy in a simple lineadESnodel:

G = —a(Ryy — %Et(ﬁtﬂ + Tiv2)) + e
T = Eymye1 + by
Ry, = %(m +71,2)
Tegp = By k=1,2 @)

wherez; denotes the equilibrium deviation of variable The first equation in (4) indicates that deviations
in output, 77, are determined by equilibrium deviations in the two-persdante real bond rateEt{Rgi —
%Et(imrl + m12) }, and by a stochastic disturbaneg, To facilitate the derivation of closed-form results,
a 2-period bond rate replaces the n-period rate in (2). Iisétvend equation, equilibrium deviations in the
inflation rate,7;, are determined by a standard New Keynesian (NK) pricingag under assumptions
necessary for the output gap to be proportional to margiost. cThe notatiorr, ;. is used to represent the
expectation irt of the policy rate int + k. This notation will facilitate analysis of horizon-depemd policy.
The third equation defines the two-period bond rate deviatia to be equal to the average of one-period
nominal rate deviations for each of the next two periods g®ebed int. The fourth equation describes
the expected policy path and relates equilibrium deviationthe nominal policy rate to expected inflation

8In contrast to the regression analysis in Clarida, Gali aadI€r (2000), empirical analysis in Kozicki and Tinsle@(?) uses
the retrospective advantage of access to the central bahkine forecasts of explanatory variables. If externaeers are not
privy to central bank information, Beyer and Farmer (2004dstrate that it is not always possible for the observemisoriminate
between determinate and indeterminate policies.



deviations. Note that the perception of the future poligprnse s, is not restricted to be identical to the
response perceived in the current periad?

The model is a two-period illustration of multi-period expetions at a point in time;,. The stylized
convention is that; represents near-term policy expectations @anepresents expectations of more distant
policies1® For example, ift is positioned in the 1970s, one might expecto be consistent with passive
policy (perhaps reflecting recognition of pressure to dorifae negative output consequences of the large
negative supply shock associated with the oil price in@ea$ the time) whereas expected policy 5-10 years
ahead might be viewed as likely revert to active policy. Bytcast, if¢ is located in the 1980s, one might
expect bothe; ande, to be consistent with active policy perceptions. Note that¢tharacterization does not
imply systematic time-inconsistency in market percesidn

Substituting the first, third and fourth equations in (4)pitlhe second equation gives a second-order
equation for inflation

ab(c; — 1)
2

ab(ca — 1)

o= (1— ;

VEi Ty — Eymyyo + bey. %)

The solution for inflation has the form:

b€t
(1-17' (1 - 1;'F)

2 (6)

ﬁ't = Et{

where the roots of the characteristic equation are detewairixy-?

2
lily, = —/———
1 ab(cg — 1)’
2 —ab(c; — 1)
h4ly, = —————. 7
1+ 102 ab(cs —1) (7)

The perceptions of the bond traders must satisfy three ttongifor determinacy, vid. Woodford (2003)

2
lils>1 = cp<1+4+ —,

ab
4
(1—|—l1)(1+12)>0 = 61<62+%,
1-0L)1—=1l)>0 = ¥>1. (8)

®Here, as elsewhere in this paper, conditions for deterninan be extended to include policy responses to equilibrium
deviations in real activity. Strictly speaking, condittofor determinacy are system properties and not just lintiettie inflation
responsiveness of current and anticipated real policysyatech as models where nominal interest rates may play aortiamp
stabilizing role, vid. Beyer and Farmer (2004). To simpkfyposition, discussion in this paper assumes real vagablech as
output, are responsive only to real interest rates, cargistith responses by households and firms in conventionaidgels.

1°The model depicts expectations at a single paijtr(time. More generally, one expects market expectatiors/blve over
time. A fully specified model might include a specific leagnimechanism for market perceptions of policy targets anécyol
responses, as well as a description of time variation imfitstl (as opposed to perceived) policy.

"That said, there is no reason that historical forward ratigghtmot exhibit ex post dynamic inconsistency. For example
markets in the 1980s might have been sceptical about theatdé@ink’s commitment to active policy. Such a possibilgybuilt
into the Markov-switching model with active and passive@otegimes of Davig and Leeper (2007) where policy alwaysswme
positive probability of reverting to the passive regime.rtker, as illustrated by Farmer, Waggoner and Zha (2007tdohastic
regime-switching models, the indeterminacy of a passigeme can spillover into the active regime regardless of trength of the
active policy regime.

2The roots of the associated companion form system for (Sjleniged in the appendix.



In this formulation, upper bounds for the policy responsessammarized by the first two conditions in
(8). These bounds will depend on the particular specifinataf the model. In the case where= c¢,, the
second condition puts no constraints on the parameter&gfdiceived policy path.

The third requirement for determinacy in (8) is a generébhraof the Taylor Principle. If policy is not
horizon-dependent, then = ¢, and the determinacy condition simplifies to the standardora8rinciple
that the nominal policy rate must respond more than one1fierio expected inflation.

With horizon-dependency in the perceived policy path, meitgacy requires that theverage anticipated
response to expected inflation over the maturity of the bond shouldeexicunity. Thus, even if the current
period response is passivg, < 1, the average perceived response may satisfy the lower begudement
for determinacy® The general point here is well known: local determinacy isletspecific and affected
by a convolution of parameters, not just the inflation resgocoefficient in the near-term policy reaction
function. Yet, a large literature evaluates policy ratesgarity to inflation to judge the stability of policy
and, in particular, to assess whether passive policy wasile of the Great Inflation. The simple illustrative
model described above suggests that such an evaluatissuffidient. Moreover, the model provides a clear
illustration where the bond rate has a distinct effect opoubeyond the current policy response.

3.2 Pitfalls of standard NK specifications

Standard NK models contain rudimentary links between palades and bond rates, where policy rate
responses are invariant and bond rates are averages @ fuglicy rates. In addition to the assumption that
parameters of the policy reaction function are time invarithis mapping ignores two potentially important
features of the real world—time-varying term premiums asgnametric information on the part of the
central bank and the private sector.

The treatment of time-varying term premiums in a no-argérenodel of the term structure is explored in
the next section. In NK models, term premium effects are galyeabsent by assumption. A recent exception
is Rudebusch, Sack, and Swanson (2007) who develop a sauctadel in which the sign of the correlation
between the term premium and output depends on the natuhe shbck hitting the economy. However,
they note that their structural model is unable to reprodheemagnitude and variation of term premiums
observed in the bond market. Moreover, while their modebiporates time-varying term premiums, it
assumes symmetric information.

The failure to address the issue of asymmetric informatsoani important drawback of most structural
models that formulate output equations as functions of theperiod rate. Given that theory indicates
forecasts of long-horizon returns in bond markets are itapbideterminants of private-sector expenditures,
the information set of bond traders is more pertinent that tf a macro modeler. The bond-trader
information set is likely to differ, and may be larger thae timacro modeler. Unless the modeler ensures
that the averages of forward rates generated by the modebarealent to observed bond rates, the model
description of policy transmission will reflect the modé&lgpriors regarding long-horizon forecasts, and
these may differ markedly from the long-horizon forecaststained in bond market observatiofis.

In contrast to the assumptions made in structural modelpijraal results from reduced-form analyses
are generally supportive of an independent role for lomgitenterest rates. Kozicki and Tinsley (2002)
explore competing specifications of short-term and lomgitmterest rates in output equations. If frictions
in adjusting real expenditures are important, we might eijpmg-term ex-ante real interest rates to dominate

Note that the exercise conducted here is different tharinidtGough, Rudebusch, and Williams (2005), where the baitel r
is the monetary policy instrument. For comparison, in treeaa the two-period bond rate, determinacy in their setegires that
the bond rate i respond more than one-for-one to inflatiortjme., Rz = cpm: with cg > 1.

¥The sensitivity of long-horizon forecasts to alternativedeling assumptions regarding time-variation in condaicequilibria
is illustrated in Kozicki and Tinsley (2001a, 2001b, 2005a)



competing short-term real-rate regressors in reduced-fiiagressions. Indeed, they provide empirical

evidence indicating that long-term real rates are relgtiveore important. Results are reported for a

sequence of bivariate tests, where U.S. manufacturingattdn, a proxy for the output gap, is regressed

on competing short-term and long-term ex-ante real inteses over a 1967ml - 1997m7 sample. The
tests confirm that spreads between the long-term and shantihterest rates are statistically insignificant

when regressions are conditioned on the long-term ratescamsiersely, long-short spreads are significant
when regressions are conditioned on the short-term intesitss. Rudebusch, Sack, and Swanson (2007)
construct several estimates of time-varying term premiamg use these estimates to examine the link
between movements in the term premium and subsequent e@aotivity.'®> In general, they find that

a decline in the term premium has typically been associattddhigher future real GDP growth.

Overall, these results suggest that an important diredoorfuture research will be to incorporate
time-varying premiums and asymmetric information intaistural models. In addition, while not examined
in the current paper, the explanatory role of credit risknptens in private borrowing rates is empirically
supported in Kozicki and Tinsley (2002), arguing for aduitil consideration of market perceptions of
private sector risk in the transmission of policy.

4 No-arbitrage bond pricing with time-varying risk premium s and
horizon-dependent perceptions

As noted earlier, bond rates may exhibit elastic respomsieflation at the same time that policy rate settings
appear to indicate passive policy. This section explorespwssible real-world features that may admit such
an outcome. One possibility, as suggested in the previat®eeis that coefficients of the perceived policy
response may vary over the forecast horizon. Another pitigsibone not examined in section 3—is that
term premiums may vary systematically with inflatith.

The next subsection describes a no-arbitrage model of bdoihg that incorporates term premium
responses to macroeconomic determinants of policy ratash @s inflation, and also allows for
horizon-dependent expectatiot{sTo establish terminology, the nominal yield on an n-perietbzcoupon
bond is denoted,

1 n—1
Rn: = ” th,u
i=0
1 n—1
= = (rei+ ),
iz

1 n—1
e — Z Tt,i + \I’n7t- (9)
n =0

The first line of (9) indicates that the nominal bond rate esdlierage oforward rates, f; ;, over the lifetime
of the bond. The second line shows that the forward rate iritthperiod of then-period forecast horizon

15As Rudebusch, Sack, and Swanson note, estimates of termiupnentepend on assumptions regarding long-horizon
expectations of the equilibrium real rate and the inflatiooteor.

8n the model of section 3, term premiums of bond rates werenasd to be constant over time and drop out of equilibrium
deviations.

"Recent examples of empirical estimates of the term stre@xploring macro variable determinants of term premiurokide
Ang and Piazzesi (2003), Rudebusch and Wu (2007, forthagmhng, Dong, and Piazzesi (2005), Duffee (2006), Dewadchtel
Lyrio (2006a), and Dewachter, Lyrio, and Maes (2006).



is equal to the expectegblicy rate in the ith period,r,;, plus a possibly time-varying forward raterm
premium, 1), ;. The last line shows that the term premium of th@eriod bond ratey, ,, is equal to the
average of the forward rate term premiutAsHorizon-dependence of the expected policy rate will imply
that the mapping between; and expected measures of macroeconomic variables iitithgeriod of the
forecast horizon may depend an

This format clarifies possible roles of time-varying terremiums. Positive term premium responses to
inflation may reconcile elastic nominal bond rate respomstrspassive policy. In addition, with systematic
positive responses to inflation, time-varying term prensumay operate as automatic stabilizers, reducing
the effective lower bound required for determinate policy.

4.1 The model

In the model we present, bond prices depend on the currdatasid future evolution of the macroeconomy.
We represent the dynamics of macroeconomic variables wiiisteorder companion-form system, where,
for notational simplicity, a constant is included in tievector®

Xt = (I)Xt_l + EEt, € ~ N(O, I) (10)

The policy rate in period + h anticipated by bond traders in periodr, ;, is assumed to be a linear
function of macroeconomic variables anticipatedifer h:

Tt,h = 5;1+1EtXt+h7 (11)

where the vector of response parametéss; may vary over the forecast horizon. This generalization has
not been considered in the literature.
In the absence of arbitrage, the price of a multiperiod atbsgtdoes not pay dividends is determined
by the expected product of stochastic discount factbfs,;, over the lifetime of the asset. In the case of a
zero-coupon n-period nominal bond paying $1 at maturigy,dirrent price is:
Poi = E{Mi 1Mo, My},
= E{Mi1Pi 111}, (12)

where the last line in (12) follows by the law of iterated esja¢ions. The yield on this bond is:

1
Ry = _EZOQ(Pn,t)- (13)
The stochastic discount factor is assumed to satisfy:

1
3 tridei} (14)

Myyiv1 = exp{—ry;yexp{—Ai €rriv1 —
where, following Duffee (2002), the price of risk is the essaly-affine formulation:
AMgi = Ao + A Xpi (15)

The second term in (14) is the Radon-Nikodym derivative tratslates the distribution of the discounted
asset price to a martingale by removing predictable drié& ttubond risk premium# If investors are risk

8In the terminology of Shiller (1990)¥,, ; is the rollover term premium.
9This format nests the reduced form of linear structural me@conomic models.

2change of drift under the Girsanov theorem is discussed ffiddli996).

8



neutral, \ry; = 0, and My, ;11 = exp{—ry+,;}. To facilitate interpretation of term premiums, the vectgr

is included separately in (15) and elements pthat multiply the constant itX; are restricted to equal zero.
In the absence of an explicit specification of investor wytilunctions, no additional theoretical restrictions
are imposed on th#, matrix. As the dimensions of the pricing matrix can be laggapirical investigations

of essentially affine formulations of asset pricing oftepase zero restrictions on elements of Mematrix,
such as Ang and Piazzesi (2003), Ang, Dong, and Piazzesb)280d Dewachter and Lyrio (2006 a,b). Kim
and Orphanides (2005) suggest fewer zero restrictionsegréred if measurements include both bond rate
data and surveys of interest-rate forecasts over shorioagchorizons. Depending on the structure of the
matrix, term premium variation linked to a variable may reftect uncertainty in that variable. For example,
suppose\; X, is a2 x 1 vector,

[ 511 812 } [ A1 A2 } [ 1 ] _ { S11A11 + 81221 S11A12 + 512422 } [ 1 ]
S21 S22 A2t Aot oy S21A11 + 2221 S21A12 + 522 A2 To

Note that responses of the term premium to movements, jnmay not be related to the scale of the
shock,sgs.

As in Campbell, Lo and MacKinlay (1997), discrete-time bgmites in this Gaussian affine model of
the term structure can be represented by:

Poiy = BT M ]
= exp{—A, — B, X}, (16)

where expressions fot,, and B,, can be derived by substituting fat,, ; from (14). Under the assumption
that X; is observable in, the price of a one-period bond is

P, = E/Myy,

)

1
= Etexp[ (51Xt 2)\)\ )‘tet-i-l]

= 6$p[—(5£Xt - 5)\2)% + §Var([)\0 + )\llXt]/EH_l)],

= exp[—61 Xy,
= eapl-A1 - BJX)] (17)

Sincer;; = Ry = —log(P1;) andr,; = 61X, it follows that

A = 0
B, = 6.

More generally, Kozicki and Tinsley (2005c) show that for- 1

A= S DRI G0 - B )
=2 J=t
B, = ) &(®-SA\) (18)

These expressions differ from those found elsewhere initdrature through possible horizon dependence
in the parameter§;, i = 1,...,n. The notation convention is that negative entriesptontribute towards
positive risk premiums. Consequently, sinBg; = (1/n)(A,, + B, X;), the sensitivity of bond rates to
variations in the macro variableX;, may be increased if elements bf are negative, as can be seen in the
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final line of (18). If the perceived policy response is constaver the bond maturityy; = 6,i = 1,...,n,
these equations collapse to the standard affine results:

n 1
A4, = =D [B D[ 5 Biit Aoll;
i=2
B o= 83 (- n) 19)

1=1

whereB; in the first equation of (19) is defined in the second equation.

4.2 Forward rate expressions

The formulations in (18) are particularly convenient foabssis of forward rates. The forward ratg, 1, is

ftn-1 = Tepo1+ a1,
= DPn—-1t — Pnyt
= A,— A1+ (B, — Bn_l)’Xt
= Cp+ 0, (®—SN)" Xy, (20)

where the intercept in the last line of (20) is

- n—i — 1 j—i
Co = =D [00(® = EX)"Z[E' (Y 535(® = XYY + Ao
i=2 j=i
n—l o 1 ,
+(O 5@ - m’l)ﬂ—Z)zz'(iag(cp — 2N
Jj=t
Thus, with horizon-dependent perceptions of policy respenthe forward ratef, j,_, satisfies

frno1r = Cp+8,(@ —SX)" X,

= Cp+0,(I - 2N Hrloilx,

= Ch+0,(I-SXN o Hr 1B X, .
Estimates of”; X; ;1 obtained from projections of the empirical model in (10)méstimated coefficients
permit exploration of “Taylor rule” regressions for forvdarates with possibly horizon-varying coefficients,
S —SNeHr=1 h=12....

To determine an expression for the term premiums, noticeiththe absence of term premiums, the

forward rate regression reduces to

fino1 = Cn+08,0" 71Xy,
= Chp+ C%EtXt—l—h—l-

Thus, forward rate term premiums are defined by
Vi = Chir +0hy (@ — IN)"X; — 8], "X, (21)

If the effect of the risk-pricing matrix)\}, is such tha{® — X\,)" is slower to decay tha®”, the slope
contributions of forward rate term premiums will increaserthe forecast horizon with.?!

2The Jordan form of a matrixd = PAP ™!, impliesA® = PA'P~ 1,
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5 Empirical responses of forward rates

This section provides a direct evaluation of the combinéetces of term-premium and expected-policy-rate
responses by estimating forward rate response equati@rsdidferent forward horizons. The possibility

of time-varying forward rate term premiums and horizonateent expectations of future policy rate
responses suggests that forward rate responses to eiqestat future macro variables may differ from

the current-period policy rate responses, providing a rfilexéle framework for exploring bond rate effects
on economic activity than extrapolations of invariant Teyules.

The macro variables we use to summarize economic activityirdiation, =, and the unemployment
rate,u;. The unemployment rate appears to be an appropriate sunmeagure of real activity because, as
discussed in Kozicki and Tinsley (2007), it seems likelyt the FOMC used aggregate unemployment as a
measure of resource slack. Moreover, the change in the Uogment rate provides a proxy for economic
growth.

Each macro variable is partitioned into its perceived dguilm attractor or “natural rate,” such as
(7, ), and deviations from these natural ratés.

T = T+ T,
U = ﬂt—I-’llt. (22)

The empirical macro model describes the dynamics of fourakbes: the perceived natural rate of
unemployment,u,;, deviations of the unemployment rate from its perceivedinahtrate,i; = u; — Uy,
the perceived central bank target for inflation, and deviations of inflation from this perceptiof, =
m — 7¢. In the first subsection we provide more details on the datd asd the structure of the empirical
macroeconomic model.

For monthly observations, the instantaneous forward ratesvelve-month intervals in the forecast
horizon are represented by

feaon = (L= p0)fiion + p1feaon-1) + p2A% fi 19001y + ar1om, (23)

where the forward rate associated with the bond-traderatapien of the policy rate in the absence of policy
lag adjustments is

* _ ~(k -
frion = EdBo+ Oim + 527@(71)% + Baii12n + BaA®uy 101},

whereT, 125, is the projected deviation of inflation in tHeh! month of the forecast horizoni; 124, is the
projected deviation of unemployment from bond trader pgaioas of the unemployment natural ratg;
and the superscript$k) and (k), denotek-period averages anid-period summations, respectivéfy. For
monthly dataf = 12.

As the specification in (23) is amenable to direct regressios straightforward to check if estimates of
combined responses, such@s are consistent with stable bond rate responses, and ibmesp vary over
different partitions of the forecast horizon. The regressireported here do not impose the cross-equation
restrictions implied by no-arbitrage, as derived in sect#io on the forward rate regressions of different
horizons. Consequently, they do not provide informationwdrat proportions of combined responses are
due to forward rate term premium responsgs;, or to expected policy rate responsés, There is one
exception: under the physical probability measure, theeetqul response to the perceived inflation target
is unity, 5; = 1. Thus, significant deviations frorfi;, = 1 indicate time variation in forward rate term
premiums due to a time-varying inflation target,

2In a slight abuse of conventional terminology, it is conesmito refer to the central bank target for inflation perceiog bond
traders;t, as the “natural rate” for inflation.

23The k-period summation of the first-difference operatohésk-period differenceA® = A+ AL+ ...+ ALF ' =1-L*.

11



5.1 Forecast model

The structure of the empirical model, particularly the egsions describing the evolution of the natural rates,
is very important when making long-horizon forecasts. IKkizand Tinsley (2001a, 2001b) demonstrate that
long-horizon predictions from VAR models are sensitivegedfications regarding the conditional equilibria
of state variables. For instance if the perceived equiliorior central bank target for inflation were to be
fixed at the sample mean, then implied constructions of ¢éx-&fyear and 10-year real bond rates would
appear to be trending up in the 1970s. By contrast; iivere to closely track recent inflation, as would be
the case ift; is estimated as the Beveridge-Nelson (1981) unit-rootitréren ex-ante real bond rates would
appear to be much more volatile and fall sharply below zerthénfirst half of the 1970s. Finally, more
gradual movements ifi; that are consistent with survey data imply ex-ante reakrate5-year and 10-year
bonds that move without much of a discernible trend in theD$97

For the forward rate regressions reported below, the tierghvg perceptions of bond traders for the
central bank target for inflationy,, and the natural rate for unemploymemt, are represented by the
constant-gain learning equations:

T = Yam—1+ (1 — )1 +€ry,

u = vaw—1 + (I —ya)l—1 + ay- (24)

Kozicki and Tinsley (2001b) indicate that a monthly gaimgf= .015 provides an average approximation
of private-sector long-horizon forecasts of inflation i tt980s. This benchmark constant-gain proxy for
bond-trader perceptions of the central bank target fortiofia7;, is shown in Figure 1, along with the
12-month moving average of PCE inflation (i.e., inflationdzhen the price index for personal consumption
expenditures) and the Hoey real-time survey of 5-10 yeatigiiens of CPI inflation. Reductions in survey
predictions of long-haorizon inflation and in the perceiveflation target lag considerably the fall of inflation
in the early 1980s.

The same benchmark learning rate is assumed for bond-trzeteeptions of the natural rate of
unemployment;y; = .015. The associated constant-gain proxy for the natural ratenefmployment
is shown in Figure 2, along with the historical unemploymeate and the Congressional Budget Office
(2004) retrospective estimate of the natural rate. As wiinynreal-time estimates of the natural rate of
unemployment, the constant-gain proxy tracks below thespective CBO estimate in the 1970s, with an
average underestimation error of about 1.25 percentagrspioi the first half of the 1970s before the error
sharply diminishes in the remainder of the 1970s.

Given the sensitivity of long-horizon forecasts to the #jpeation of the perceived central bank target for
inflation, we examine the effects of three constant-gaimieg rates. In the case of a fixed inflation target,
the learning rate is set to zerg: = 0.0, and the perceived inflation target is set to the sample m€he.
benchmark perception of the central bank inflation tardeiws in Figure 1, uses the constant-gain learning
rate,v= = .015, which implies a mean learning lag of about 5.5 years. Rialfaster learning rate is also
examined for perceptions of the central bank target fortioftayz = .03, with a mean learning lag of about
2.8 years?

Time-variation in the natural-rate deviations of inflatiand unemployment is captured by a pth-order,

%4Results in Kozicki and Tinsley (2001a, 2005b) indicate thatning rates need not be constant over time. Faster tegpraies
are more likely if agents perceive larger forecast errorefservable variables and can reduce the real consequefieception
errors in episodes with a time-varying inflation target. ,Baster constant-gain learning rates are inefficient inevi@naquil periods,
as larger responses to transient disturbances increadesfigsion of the ergodic distribution of perceived inflattargets about a
fixed central bank target.
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bivariate vector autoregression,

p—1 p—1
T = 0q117¢—1 + g 11,i+1 AT + 12,101 + E 012,i+1 AU —; + €7 4,
i=1 i=1
p—1 p—1
U = o111+ E Q21,i+1 AT + Qo011 + E 22 i1 AU —i + €q-, (25)

i=1 i=1

If the macro system is stable, each macro variable reverits toatural rate in the long run. Monthly
predictions of expected inflationy;; 12, and unemploymentf;u, 12, are generated by #2th-order
empirical model of inflation and unemployment, whose forimahown in (25).

5.2 Forward rate regressions

The empirical analysis of forward rates uses data for fodwates at 1-year, 3-year, 5-year and 10-year
horizons. As forward rates at neighbouring horizons tenchdoe closely, the forward rate regressions are
grouped into three horizon partitions: 1-3 years, 4-6 yeansl 7-10 years. This grouping assumes that
perceived policy rate responses do not vary significantthiwia partition. Because the term premium
responses within a partition are not likely to be identicalless they are zero, the regression residuals will
be heteroskedastic reflecting deviations from estimatedage responses.

Forward rate regressions for the three partitions are ptedein Tables 2a and 2b for a pre-Volcker
sample, 1966 m1 - 1979 nf?. Forecasts of inflation and unemployment regressors foitsesu Table
2a are generated by fitting the empirical macro model to tf&)I® sample under the assumption of the
benchmark learning rates; = v; = .015. The mean long-run respons®,, to the equilibrium deviation
in inflation, 7, is statistically insignificant for forward rates in the ly8ar partition; is not statistically
different from unity for forward rates in the 4-6 year pactit; and is greater than unity for forward rates in
the 7-10 year partition. Thus, the pattern of increasingarses over the forecast horizon is consistent with
elastic responses to expected inflation by intermediatewitabond rates in the 1960s and 1970s. While
mean responses to the forecast level or difference of theployment rate are negative, mean responses
are not significant in the 1-3 and 4-6 year partitions. Altfothe signs of term premium responses may be
opposite to the signs of expected policy rate responsesuiilikely the combined response would overturn
the direction of the expected policy rate respoffse.

Forward rate responses to expected inflation under alteenigarning rates are examined in Table 2b
for the pre-Volcker sample. The pattern of increasing iffaresponsesfs,, over the forecast horizon
is relatively insensitive to variation in the assumed legsgnrate. However, determinacy of bond rate
responses to expected inflation is better supported forepgons of a fixed inflation targetyz = 0.0,
or the time-varying inflation target generated by the berattearning ratey= = .015.

Tables 3a and 3b present forward rate regressions for thplead®82 m1 - 1987 m7, a period that
encompasses the last six and one-half years of the FOMOnhadwaship of Paul Volcker but excludes the

25During this interval, the FOMC was chaired by William McCheg Martin, Jr, Arthur Burns, and G. William Miller.

Z8Buraschi and Jiltsov (2005) report positive term premiuatsriflation, with larger premiums for longer maturities. iehter,
Lyrio, and Maes (2006) estimate positive term premiumstifiation that rise with maturity and negligible term premsifor GDP
gaps. Positive term premiums are also estimated for a tengng central tendency for inflation, similar#@; these premiums also
rise with maturity and are nearly triple the size of the temenpiums for inflation. By contrast, Duffee (2006) presenisi@nce of
negative term premium responses to inflation in a pre-Volskenple. Note that negative term premium responses toioflebuld
conceivably reverse the historical roles of the inflatiospanses by the central bank and bond traders suggestedionsgcThat
is, system indeterminacy could occur if an elastic polidg r@sponse to inflation is accompanied by inelastic borelrestponses
to expected inflation.
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unusual interest-rate volatility in 1979-81, during th@esiment with nonborrowed reserves as the operating
policy instrument. In Table 3a, the forward rate responsxpected inflationy,, is not statistically different
from unity in the 1-3 year partition, and greater than unityhie 4-6 year partition, although not significantly
so. The mean inflation response in the 7-10 year partitiomeiatgr than unity but the associated p-value is
marginally larger than .10. As with the earlier sample, fardvrates do not appear to consistently respond
to forecasts of unemployment.

The estimated forward rate responses,to the perceived inflation target, in Table 3a are significantly
greater than unity in the 1-3 year and 4-6 year partitions.dddrthe physical probability measure, the
expected coefficient of the inflation target is one, so thggests forward rate term premiums responded
positively to the perceived inflation target in the 1980s;antrast to results in the earlier sample.

Forward rate responses to expected inflation in the 1980srwaitérnative learning rates are examined
in Table 3b. Here, the pattern of increasing responses tectag inflation over the forecast horizon is
statistically supported when the inflation-target leagniate is equal to or exceeds the benchmark learning
rate. The case with no learning is likely to be a particuladg assumption for this sample, as it incorporates
a period immediately after a large change in policy regimthgizable reductions in inflation. Paositive
responses of forward rate term premiums to the perceivedatimil target,3; > 1, are also indicated for the
benchmark learning rate; = .015, and the faster learning rate; = .03.

Although the forward rate regressions provide only rougpraximations of combined forward rate
responses to macro variables, two results appear to be cortortbe pre-Volcker sample and the 1980s
sample. First, forward rate responses to equilibrium di@na in inflation are generally larger at more distant
horizons and often greater than one, consistent with elbstid rate responses to inflation. Second, there is
little evidence of systematic responses by forward ratédsttevel or difference of unemployment. A notable
difference in sample results is that positive responsesobyard rate term premiums to a time-varying
inflation target are supported in the 1980s sample but ndigipte-Volcker sample.

6 Concluding remarks

This paper re-examines the stability of monetary polickirntg into account the transmission role of bond
yields. Some interpretations of the Great Inflation have$ed on the stability of a Taylor rule description of
the policy rate or on central bank assumptions regardingralatates. However, these possible shortcomings
in policy are not sufficient to assess the stability of thenecoy if the bond rate is the transmission channel
for monetary policy. With bond rate transmission, we shoat ttonditions for determinate inflation require
a lower bound on bond rate responses to expected inflationsegoently, passive current policy may be
compensated by bond trader perceptions of aggressivey ialar.

Such horizon-dependence in policy anticipations may exgéastic nominal bond rate responses to
inflation, even in the 1960s and 1970s when other studiesdewenstrated that the policy rate did not keep
pace with inflation. Another resolution of possible conitéaty sensitivities to inflation by policy rates and
bond rates is that risk prices in forward rate term premiurag depend on expected inflation and operate as
automatic stabilizers, reducing the lower-bound requieinfior expected policy rate responses.

In investigating historical behaviour of policy rates anoh rates, we also note the importance of
allowing for asymmetric information on the part of the cahtbank and the private sector. Although
structural dynamic expenditure equations are often foaed| as functions only of the one-period interest
rate, the elimination of market bond rate observationstgubss the information set of the modeller for the
more relevant information set of bond traders in long-hariforecasts.

To accommodate these possibilities, we present a variagheaéssentially-affine model of no-arbitrage
bond pricing that allows for horizon-dependent expectetiof policy rate responses and incorporates
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time-varying term premiums. This model provides a framdwior interpreting forward rate responses
to equilibrium deviations in expected inflation. Forwarderaegressions provide empirical support for
the conjecture that forward rate responses at more distaizoms display larger long-run responses to
equilibrium deviations in expected inflation. The regressi also suggest forward rate term premiums
responded positively to perceptions of a time-varying tidtatarget in the 1980s but not in the 1960s and
1970s.

In future work, we look to isolate the separate contribugioof time-varying term premiums
and horizon-dependent expectations of future policy ratéghis will require imposing no-arbitrage
cross-equation restrictions on the forward rate regrassild horizon-dependent perceptions are confirmed,
it would be useful to explore possible reasons for horizopeddency in expectations. If long-horizon
expectations are merely inertial, that inertia can pdytiasulate the economy from poor monetary policies,
as may have occurred in the 1960s and 1970s, but may alsoateresponses to new monetary policies.
Horizon-dependent expectations may also offer a richendkork for interpreting central bank policy
communications.
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A Eigenvalues of the companion form for equation (5)

The second-order inflation equation

~ ab(e; — 1 ~ ab(cg — 1 .
o= (1- %)Eﬂrz%l - %Eﬂtw + bey,
is restated in the first-order companion form
Aryirr = Aoys + acer + ayny,

wherey;, | = [Ti11, Eiial,

_ab(ca—1) _ (2—ab(c1—1))
A = [0 2 ]7140:[1 2 ]7%:[8}7&”(1@77:[(1)]'

1 0 0 1
Using
0 1
Al_l == |: o 2 0 :| )
ab(ca—1)
the reduced form is
Yir1 = DBoyi + bees + bymny,
where
0 1
By = _ 2 2—ab(c1—1) .
ab(ca—1) ab(ca—1)

The text equations for the eigenvalués {;) in (7) are provided by the trace and determinanBgf

2
ab(cg — 1)’
2 —ab(c; — 1)
ab(ca — 1)

iy =

i+l =
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Table 1: Bond Rate Responsiveness to Macro Variables

tont = bo+bim—1+b11(L)Am—1 + boug—1 + boa(L)Auy1.
Riont = b3Riong—1 +b33(L)ARop 1 + (1 — b3)Rigpy + ag 121

bond s U Au

rate by by bgg(l) b3 Pl’Obbl > 1)
sample: 1966 m1 - 1979 m9

h=1 1.37 -1.28 -1.94 .880 a7

28) (200 (31 (12

h=3 1.06  -889  -144  .864 58
(3.8) (23) (32 (13

h=5 105  -853  -1.15  .864 58
(36) (21) (32) (15

h=10  1.12  -904  -.812 898 64
(3.4) (-1.8) (-3.00  (20)

sample: 1982 m1 - 1987 m7
h=1 1.96 .068 -3.92 .704 .99
(4.9) (.19) (-2.8) (7.8)

h=3 1.95 214 -2.97 757 96
(3.7)  (50)  (21) (10

h=5 1.73 338 -2.42 774 .87
@7 (7)) (15 (11

h=10  1.20 551 -2.42 795 60
(16)  (1.0) (1.5 (12

1. Dependent variable is h-year, zero-coupon bond rate ofird&sury securitiesb;;(L) are
11th-order polynomials in L. Parentheses contain ratiosoefficients to asymptotic standard
errors.
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Table 2a: Forward rate regressions, pre-Volcker 1966 - 1979
with benchmark learning ratés

fiaon E; {50 + O + 527@(,]?% + B3t 12K + 54A(k)ut,12h} -
Jt12n prfiroh—1) + P2 AW fva1y + (1= p1) 7 1on + Gr120-
forward 7 7 &) ﬂ ARy
rate IS B2 B3 B4 p1 p2
time-varying perceived natural rateg, = vz = 0.015

h=1-3 .588 -.042 - - 513 -.009
92)  (-0.4) 16)  (-0.2)
581 -.042 -.023 - .509 -.005
©1)  (04)  (-0.3) (15)  (-0.1)
.581 .056 - =172 518 -.017
90)  (0.3) (-0.6)  (16)  (-0.4)

h=4-6 .904 .661 - - 877 219
(10) (2.5 38)  (2.5)
.861 375 -.564 - .873 211
85 (15  (-15) 39 (2.4)
.860 2.92 - -2.65 .873 211
84) (18 -15)  (39)  (2.4)

h=7-10 .796 2.70 - - .967 877
25  (3.9) 178)  (20)
.813 1.32 -2.86 — .967 .873
25  (1.8) (3.7 179)  (20)
.813 13.8 - -13.1 .967 .873
25  (4.3) (37) (179  (20)

1. Superscriptk) denotesk-period averages. For monthly data, k = 12. Parenthesesinont
ratios of coefficients to HAC standard errors. VAR forecastlel sample: 1960 m1 - 1979 m7.
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Table 2b: Forward rate regressions, pre-Volcker 1966 - 1979
with alternative learning ratés

frion = Ei {50 + 17 + ﬁZ’ﬁ-IS’kl)gh + B3ty 121 + ﬁ4A(k)ut,12h} .

frazn = pifiaame) + 2B ooy + (1 - p1) fi1on + ata2n.
forward T 7®) & ARy
rate B B2 B3 B P1 P2
fixed perceived inflation targetz = vz = 0.0
h=1-3 1.0 .320 — - .540 -.037
(5.1) (14) (-0.7)
h=4-6 1.0 .929 - - .970 312
(1.8) (54) (3.1)
h=7-10 1.0 1.59 — - .981 .870
(13) (346) (20)
time-varying perceived inflation target; = vz = 0.015
h=1-3 .588 -.042 — - 513 -.009
(9.2) (-0.4) (16) (-0.2)
h=4-6 .904 .661 — - 877 219
(20) (2.5) (38) (2.5)
h=7-10 .796 2.70 - - .967 877
(25) (3.9) (178) (20)
time-varying perceived inflation target; = 0.03;~v3 = .015
h=1-3 499 -.012 - - .503 -.001
(20) (-0.2) a7 (-0.0)
h=4-6 .670 422 - - .866 216
(9.9) (2.1) (36) (2.3)
h=7-10 .694 1.24 - - .965 .879
(26) (4.0) (164) (20)

1. Superscriptk) denotesk-period averages. For monthly data, k = 12. Parenthesesinont
ratios of coefficients to HAC standard errors. VAR forecastel sample: 1960 m1 - 1979 m7.
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Table 3a: Forward Rate Regressions, Volcker 1982 - 1987
with benchmark learning ratés

frion = Ei {50 + 17 + ﬁzﬁt(i)% + B3ty 121 + ﬁ4A(k)ut,12h} .

ftaion = Plft,lz(h—1) + pZA(k)ft,H(h—l) +(1— Pl)ft*,mh + ag12h-
forward T 7®) a ARy,
rate B B2 B3 B P1 P2
time-varying perceived natural rateg; = vz = 0.015

h=1-3 3.63 732 - - 0.574 -.155
(8.4) (2.6) (9.9 (-3.1)
3.62 731 .007 - 574 -.155
(9.5) (2.8) (0.0) (20) (-3.1)
3.85 429 - .759 .529 -.120
(9.9) (1.3) (2.9) (9.2) (-2.4)

h=4-6 3.28 1.12 - - .918 -.232
(3.6) (2.8) (24) (-2.3)
754 9.18 -20.2 - .955 -.265
(0.2) (1.2) (-1.0) (26) (-2.7)
226 -1.50 - 13.3 .958 -.268
(0.2) (-0.6) (2.0) (27) (-2.8)

h=7-10 -.686 6.64 - - .957 .450
(-0.4) (2.6) (60) (5.4)
1.62 -76.1 119 - .942 .485
(2.0) (-2.6) (2.7) (65) (6.4)
2.15 -7.67 - -28.6 .934 467
(2.7) (-1.9) (-3.2) (60) (6.2)

1. Superscriptk) denotesk-period averages. For monthly data, k = 12. Parenthesesinont
ratios of coefficients to HAC standard errors. VAR forecastlel sample: 1982 m1 - 1987 m7.
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Table 3b: Forward rate regressions, Volcker 1982 - 1987,
with alternative learning ratées

fiaon = Ei {50 + O + 527@(,]?% + B3tig,121 + 54A(k)ut,12h} -
frazn = pifiaamey +p2A® fo i1y + (1= p1) fiyon + ari2n-
forward 7 7®) ﬂ ARy
rate B B2 B3 B P1 P2
fixed perceived inflation targetz = v = 0.0
h=1-3 1.0 4.37 - - .850 -.262
(2.1) (24) (-4.8)
h=4-6 1.0 75.7 - - .978 -.285
(1.1) (53) (-2.9)
h=7-10 1.0 36.2 - - .936 412
(0.9) (80) (4.6)
time-varying perceived inflation targetz = vz = 0.015
h=1-3 3.63 732 - - 574 -.155
(8.4) (2.6) (9.9) (-3.1)
h=4-6 3.28 1.12 - - .918 -.232
(3.6) (1.8) (24) (-2.3)
h=7-10 -.686 6.64 - - .957 450
(-0.4) (1.6) (60) (5.4)
time-varying perceived inflation target; = 0.03; vz = .015
h=1-3 2.22 774 - - .617 -171
(5.7) (2.3) (10) (-3.3)
h=4-6 2.04 1.38 - - .933 -.240
(2.8) 2.7) (26) (-2.3)
h=7-10 1.40 4.01 - - .934 441
(3.1) (3.2) (61) (5.6)

1. Superscriptk) denotesk-period averages. For monthly data, k = 12. Parenthesesinont
ratios of coefficients to HAC standard errors. VAR forecastel sample: 1982 m1 - 1987 m7.
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Figure 1: Perceived central bank target for inflatlon

perceived inflation target

Hoey survey

T T
1965 1970 1975 1980 1985

1. solid line: perceived inflation target with learning gaja = .015 (see text).

dashed: Hoey survey of expected 5-10 year inflation.
dotted: inflation in personal consumption expenditure \pelator, 12-month average.
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percentage Figure 2: Perceived natural rate of unemployment
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1960 1965 1970 1975 1980 1985 1990
1. solid line: perceived natural rate of unemployment waidrhing gainy; = .015
(see text).

dashed: Congressional Budget Office (2004) estimate ofalatte for unemployment.
dotted: civilian unemployment rate.
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