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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 pdiffects the economy, and asset
prices contain valuable information about investors’ exaions for the course of policy,

economic activity, and inflation, as well as the risks abbose expectations.” Kohn (2005)

Bond rates are essential conduits for the transmission oktaoy policy. But bond rates contain bond
trader expectations of future policy rates, not recentcgalates. Thus, monetary policy depends on the
policy perceptions of the bond market, and the connectiothege perceptions to announced or recently
observed policy is not fully understood.

The yield to maturity of a zero coupon bond is the average nfdod rates over the maturity of the
bond. If the bond rate is the principal policy transmissibarmnel, what matters for stabilizing policy is that
the bond rate average of the forward rates displays an@lasjponse to expected inflation. Consequently,
perceived inelastic responses by the policy rate to inflaitiothe short-run may be counterbalanced by
elastic responses by forward rates in the remaining pegadempassed by the bond.

Indeed, as noted later, long-run responses of nominal kated to inflation appear to have been greater
than unity since the mid-1960s, both for samples before #fied 8980. As bond rates contain averages
of expected policy rates, this seems inconsistent with sogpievidence in a number of papers, such as
Clarida, Gali, and Gertler (2000) and Lubik and Schorfh€R{#04), that a general feature of US monetary
policy in the 1960s and 1970s was an inelastic response qfaiey rate with respect to inflation.

One explanation of the different inflation sensitivity o&tpolicy rate and of bond rates may be that
forward rate term premiums are also responsive to macrablas, including inflation. If this is so, term
premiums demanded by traders may compensate for modestighla short-run policy.

An additional possible explanation is that bond traders@1t960s and 1970s expected stable responses
in the longer run. But, at a minimum, the concurrence of stagpolicy rate adjustments and elastic bond
rate responses suggests that the connection betweematgitiand recent policy may be more tenuous than
commonly recognized by extrapolations of recently obsgpalicy rate responses.

The central roles of bond rates and the perceptions of b@atits in the transmission of policy are

discussed in remaining sections of the paper. Section 2iagarthe recent use of indeterminacy analysis in



interpretations of US monetary policy during the 1960s a®id0% and indicates that an alternative condition
for determinacy is required if the bond rate is the policysmission channel. Section 3 demonstrates that
frictions in adjusting real expenditures are essentighéatansmission role of bond rates and, consequently,
bond rates play no role in the dynamics of the standard Newn&sgn (NK) model. This section also
compares the responsiveness of historical bond rates toormadables since the mid-1960s. Section 4
briefly sketches a no-arbitrage model of the term structutk t@rm premiums that reflect time-varying
compensation for macroeconomic uncertainty, and extdnsl$hteoretical model to allow for the possibility

of horizon-dependent expectations by bond traders. Sebtfesents estimated responses of forward rates

to forecasts of macro variables, and section 6 concludes.

2 Determinate and indeterminate interpretations of the 190s

Although a number of studies have suggested that US monptdigy was an important contributor to
the size and persistence of inflation in the 1970s, thereirentansiderable disagreement as to the major
flaw in the design of historical policy. This section usesramée model to illustrate dynamic implications
for inflation of two prominent interpretations of U.S. maoaugt policy, one suggesting the policy rate was
influenced by erroneous estimates of the natural rate fonan@ activity and the other indicating the
policy rate did not keep pace with inflation. The model is tegtended to show the dynamic implications
for inflation if the bond rate is the principal conduit of i

Orphanides (2003) suggests that U.S. monetary policy in9i@s was consistent with a Taylor rule but
the central bank severely overestimated the trend of gatenttput, leading to policy rates that were below
those consistent with the Taylor benchmark policy.

The dynamic implications of thisatural rate error interpretation are equivalent to those of a policy rate
feedback response where the effective inflation targetrgetahan that originally intended by the central
bank. Suppose, as suggested by Orphanides, the intendeyg nadé response was generated by the classic

Taylor (1993) rule
re = p+m+.5(m—7P) + 5y — 75, 1)

wherer; denotes the nominal policy ratg,is the equilibrium real rate;” is the intended inflation target,
andys® is the central bank perception of the natural rate for ouighith overstates the true natural rate,

7. The policy rule in equation (1) is equivalent to a policy dgstion where the policy rate responds to the
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output deviation from the true natural rate of output,
re = p+m+5(m— 7))+ 5y — Ye)- 2)
but theeffective inflation target is increased by precisely the overestiroathe output natural rate,
o= T+ (G - )

Because the nominal policy rate response to inflation in thgoF benchmark rule exceeds unity,
this interpretation implies that the transitional periddising inflation following the shift in the effective
inflation target is self-terminating. That is, in well-bekd models of the economy with an elastic response
of the policy rate to inflation, the solution for inflation igt@rminate and will eventually converge to the
new inflation target. Thus, under the natural rate errormegation, rising inflation in the 1970s is due
to the dynamic transition of inflation from the neighborhaafdthe intended inflation targe&®, to the
neighborhood of the effective inflation target,. Ceteris paribus, the dynamic transition of inflation wil b
accompanied by positive output “gapg;’— 7; > 0, induced by the inadvertent reductions in real interest
rates.

An alternative interpretation of the 1970s is proposed lariGa, Gali, Gertler (2000) where the response
of the policy rate is inelastic with respect to expected tidla Under thispassive policy interpretation,
the economy is vulnerable to self-fulfilling expectatiorfsh@her inflation induced by agent forecasts of
inflationary shocks (exogenous sunspots). Unlike the ahtate error interpretation, the sensitivity to
arbitrary sunspots is not self-terminating and will conénas long as the policy response is passive. The
solution for inflation is indeterminate, and there is no naatbm for inflation to remain in the neighborhood

of the central bank target for inflation.

2.1 A model of (in)determinate inflation

A rudimentary model is used to illustrate differences in a@wic behavior under these alternative

interpretations of monetary policy.

g = —aBy(Ty — Tep1) + ey,
T = By + by,
’Ft = CEtﬁ_tJ’_l’ (3)



whereZ; denotes the equilibrium deviation of varialle The first equation in (3) indicates that deviations
in output, 7, are determined by equilibrium deviations in the one-pegrdnte real interest raté&; {7, —
741}, and by a stochastic disturbaneg, In the second equation, equilibrium deviations in the tidta
rate, 7, are determined by a standard New Keynesian (NK) pricin@ggu, and the third equation in (3)
describes a forward-looking policy response by equilitorideviations in the nominal policy raté,. All
coefficients are positive, and the output equation distwrbas a first-order autoregressien,= vye;_1 + ¢;
thus, there is a single structural i.i.d. shoek,

Eliminating the policy rate by substituting the third eqaatof (3) into the first

g = —abi(c—1)T + ey, (4)
and using this to eliminate output from the second equatidB)i, gives a first-order equation for inflation
7~Tt = (1 — Gb(C — 1))Et77ft+1 + bet. (5)

Consistent with the natural rate error conjecture, a detext® solution for inflation will exist if the

policy response lies in the interval< ¢ < 1 + %.1 Definingu = 1 — ab(c — 1), inflation dynamics in this

rudimentary model are driven solely by the autoregressareahd shock,

o
T = ki Zﬂzbetﬂ',
i=0
bet
= ; (6)
L—p

and the one-period forecast error of inflatiomjis; = 7.1 — Eifiir1 = i’e_*—;;.z

By contrast, consistent with the passive policy conjecttine empirical estimates of U.S. monetary
policy in Clarida, Gali, Gertler (2000) indicate that pgliate responses to inflation in the 1960s and 1970s
were inelastice < 1. In the current example, this impligs> 1; consequently, stable solutions to equation
(5) are not unique and can be represented by

- 1. b
T = —Tp1— —€_1+ M, (7)
[ [

Typically, the productb is a small positive fraction. Representative estimate@froduct of output and inflation equation
slopes include014 in Rudebusch and Svensson (1999) aridin Rotemberg and Woodford (1999).

2As with standard NK models, there are no intrinsic dynamassaiated with equation (5). Thus, a lengthy dynamic ttamsi
to a new equilibrium under the natural error interpretatiequires additional sources of lagged adjustment. If thisien in the
effective inflation target is not known to agents under theirg rate error conjecture, lengthy learning lags can ke@ated with
statistical analysis of observed inflation, primarily doehe time required for observations of the new policy reginig. Kozicki
and Tinsley (2001a).



The forecast errony,, is an arbitrary martingale difference, which may or may Imetcorrelated with the

structural disturbance. As in Lubik and Schorfeide (20€48,forecast error can be represented as
N = Me+ Sty (8)

wheres; is an exogenous “sunspot” shock. Thus, in contrast to theiealin (6), rational expectations does
not limit the forecast errory,, to be a unique function of the structural shogk®

The current period responses to the sunspot shgeke

Asmiy = sty
c
ALF S
st 1+ ab(1 —c)st’
~ a(l —c¢)
Agy = 29 9
ot 1—|—ab(1—c)8t ©

whereAgz; = z(s;) — x4(0), and responses are largest for inflation. Similar to the egusnces of an
overestimate of the natural rate of output or, equivaleatlyncrease in the effective central bank target for
inflation, the contribution of a positive sunspot is to irage both output and inflation.

Thus, neither an inadvertent increase in the central baigkttéor inflation nor the sunspot interpretation
is alone able to explain the general tendency towards stagflen the 1970s. The twelve-month moving
average of inflation and the negative of the monthly unempkayt “gap” deviation are displayed in Figure 1
for a 1960-1990 sample. Although the positive associateiween inflation and the negative unemployment
gap is reasonably close in the 1960s, the two series divargeeil1970s, with inflation continuing to rise
and the negative unemployment gap trending toward or betva/z

Kozicki and Tinsley (2005a) suggest an alternative intggiron of the 1970s, where U.S. monetary
policy was directed at achieving designated growth ratethefnarrow money supply. The policy of
money growth targeting is confirmed by transcripts of thedfaldOpen Market Committee (FOMC) and by
empirical estimates of time-varying responses by politgg#o real-time briefing forecasts.

The historical conduct of money growth rate targeting suigptwvo disparate implications of the natural

rate error and passive policy interpretations of the 19Fisst, as in the natural rate error interpretation,

3Alternative solutions to (5) and the additional degree ekffom introduced under indeterminacy are demonstratelgein t
appendix.

“Lubik and Schorfeide (2004) provide posterior estimatesvim types of sunspots in a 1960Q1-1979Q2 sample of US data.
In the case of orthogonal sunspats,= 0, sunspot contributions to the variances of inflation anchitrainal policy rate are about
70%, with nearly all of the variance of output attributed #nthnd shocks. In the case of non-orthogonal sunspots, tispai
contributions to the variances of inflation and the nominggriest rate are modest, about 10%.



intermediate targeting of the money supply in the 1970sdadwan increase in the inflation target. Under
money growth targeting, the effective inflation target itedmined by the natural rate version of the equation

of exchange
T = Amy — Ay + Ay, (10)

where Am, denotes the FOMC target for money supply growth dxag is the trend growth of velocity.
As in the natural rate error interpretation, an unexpeateldiction in the growth rate of trend output in the
1970s,Ay; |, induced an increase in the effective inflation target. Hauethe money growth targeting
policy induced even larger increases in the effective iftetiarget due to sizeable unexpected positive shifts
in the trend growth of velocityAw, 1.

Second, empirical estimates of policy rate responses irickoand Tinsley (2005a) also support the
description of passive monetary policy in the 1970s. As dunted in Kozicki and Tinsley (2005a), FOMC
transcripts in the 1970s indicate that the nominal polidg settings were directed at reversing projected
deviations of money supply growth from target growth raté$owever, empirical results indicate that

long-run responses of the policy rate were inelastic wiipeet to the growth rate of nominal aggregates.

2.2 Inflation determinacy under bond rate transmission

The general presumption in the literature is that eviderfigassive monetary policy in the 1960s and 1970s
implies that the central bank and the private sector may baes influenced by exogenous inflationary
sunspots. However, if the principal transmission of maryetmlicy is through the responses of private
sector borrowing rates to the policy rate, then the sudaiitiof the economy to sunspots depends on the
perceptions of bond traders regarding the passivity otguatied policy. Thus, the sunspot interpretation
is based on two untested assumptions: First, that bondrer@da infer, in real time, that the central bank
policy is passiveé. And second, that the passivity of monetary policy is expkdtepersist over lengthy
forecast horizons. With regard to the first assumption, &dzand Tinsley (2001a, 2001b) indicate that
the mean lag of adjustment of the perceived inflation targasistent with Treasury bond rates exceeded

5 years in the 1970s and 1980s. In addition, FOMC announdsnirethe 1970s regarding explicit policy

®In contrast to the regression analysis in Clarida, Gali aed|& (2000), empirical analysis in Kozicki and Tinslep(®a) uses
the retrospective advantage of access to the central bahkimes forecasts of explanatory variables. If externaesliers are not
privy to central bank information, Beyer and Farmer (20@04}strate that it is not always possible for the observemisariminate
between determinate and indeterminate policies.



targets were limited to one-year horizons. It is not obvitha bond traders would extrapolate difficulties
in reaching one-year objectives to policy failure in thedaan.

To illustrate the difference in conditions for indeternmigdf the transmission role of the bond rate is
made explicit, we return to the simple model used earlierdplace the one-period interest rate in the output

equation by a two-period real bond rate.

Yy = —gEt(ft — 1 + Trp1 — Tey2) + e,
Tt = Eimep + by,
e = BT,
Eiri1 = coEiTiygo, (11)

The fourth equation represents bond traders’ expectationfithe policy rate int + 1, where the perception
of the future policy responsesy, is not restricted to be identical to the response perceivale current
period,c;.

Substituting the first, third and fourth equations in (11pithe second equation gives a second-order
equation for inflation

ab(cg — 1)
2

ab(ep — 1)

7~Tt = (1 — 9 )Etﬁ_t—i-l — Et7~'('t+2 + bet, (12)

The solution for inflation has the form

- bey
o= BT ACLR)(1 - A;lp)}’ (13)

where the roots of the characteristic equation are detexiriiy

2
A1 —_—
172 ab(co — 1)’
2 —ab(c; — 1)
- e ) 14
ALt A ab(ca — 1) (14)

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

2
AMA>1 = o<1+ —,

ab
4
(1+)\1)(1+)\2)>0 = 01<C2+E7
1=MA)(1=X) >0 = %ﬂn. (15)

®The roots of the associated companion form system for (E2larived in the appendix.



The first two conditions in (15) establish upper bounds ferghlicy responses and will depend, in general,
on the particular specifications of the model.

The third requirement for determinacy in (15) is not depemda other model parameters and provides
a lower bound for the average perceived policy rate respofisas, even if the current period response is
passivec; < 1, the average perceived response may satisfy the lower breguitement for determinacy.
This is a generalization of the Taylor Principle for oneipérinterest rates, where the nominal bond rate
response to anticipated inflation over the maturity of thedshould exceed unity.

The next section examines the theoretical basis of the fued&al assumption that bond rates provide
the principal transmission channel for monetary policy presents summary measures of historical bond

rate responses to inflation.

3 The role of bond rates in the transmission of monetary polig

The key to an essential role for the term structure in thestrassion of monetary policy is the presence
of real-world frictions or dynamic adjustment costs. Theeleof the capital stock, and the level of the
associated output or consumption, is determined by thd t#vieond rates. In a frictionless world, the
choice between consumption today or consumption tomorsoavfunction only of the one-period interest
rate, which is equivalent (under risk neutrality) to oneiqe holding returns to bonds.

By contrast, when expenditure decisions are subject tosadpnt frictions, dynamic adjustment of
consumption is a function of the full term structure of ie®rrates. The next two subsections illustrate
the transmission role of bond rates for two examples ofifnict adjustment costs for investment in capital

goods, and the presence of habit in household utility spatifins.

3.1 Bond rates in the demand for quasi-fixed investment

The implication of transactions costs for the policy traission role of bond rates is illustrated using a

marginal g model of investment.

"Here, as elsewhere in this paper, conditions for deterrgitan be extended to include policy responses to equilibrium
deviations in real activity. Strictly speaking, conditiofor determinacy are system properties and not just linietie inflation
responsiveness of current and anticipated real policysratech as models where nominal interest rates may play aortiamp
stabilizing role, vid. Beyer and Farmer (2004). To simpkyposition, discussion in this paper assumes real vagableh as
output, are responsive only to real interest rates, camgistith responses by households and firms in conventionaigtels.



The owner of a depreciable capital asset, with a physicéllifelof i chooses the level of capitdk,
and rate of investment,, to maximize the present value of rents in a competitive etark

o0
o E> B'Ue+(RE K,y — PLIL,), (16)
t=0

syls

subject to a dynamic constraint on the evolution of insthdapital
Ks,t—f—l < (1 - 55)Ks,t + Is,t - C(Is,t/Is,t—l)Is,tv

where is the household discount factdr, ; is the owner (representative household) marginal utilfity o
consumption k¥ is the real return on a unit of capitaP! the relative price of replacement capité,is the
rate of depreciation, ane(/; /I ;1) is the cost of adjustment for investment.

The first-order conditions for optimal capital and investinare, respectively,

0 = E{BUcss1RE, | — BULPE + 8™ U1 P (1 - 65)},

I
0 = B{=0'UeiPuy+ B'UesPs = BUetPisch (ot Tom1)
s, t—
s 2
—ﬁtUc,tPsﬁc(Is,t/Is,pl) + B U 1 P (s 1 /15 ) ( ?t+1> 1, (17)
s,t

where PX | the Lagrangian multiplier of the equation for the evolatiof capital, is the relative price of
installed capital; and, (x; /x2) denotes the partial derivative of the adjustment cost fanatith respect to
the ith argument.

Normalizing the first equation in (17) on the price of insdllcapital gives

U
Ps{(t = Et{ﬁd—tH(Rl;,tH +(1— 55)P£+1)}7

c,t
= Et{R;%(RI;,t-H +(1— 63)PSI§’+1)}’
oo j—1 '
= B{>_[[] Boi )= 0. 'Ry ) (18)
j=1i=0
The second line in (18) uses an implication of a standarddéfmid Euler equation for consumption that the
real rate of interest i%%;,} = UU—tjl The third line indicates that the return to capital in ttte period
of the forecast horizonl — 58)”—1Rf+n, is discounted by the gross real yield-to-maturity omaperiod
bond.

Log-linearizing the second equation in (17) about equdityives a second-order difference equation



for investment expenditurgs

- & - 1 ~ 1 -
Inly; = ——Fnl ——Inlsy 1+ ————F4iqy, 19
nlsy 1+5tns,t+1+1+ﬁns,t1+(1+ﬁ)c,, tqt (19)
whereg; denotes the log of marginal q or the ratio of the price of itetiecapital to the price of replacement
K
capital,ezp(q) = i‘}’t
s,t

By inspection, the eigenvalues of the characteristic éguatre(1, %). Thus, the solution for the level
of investment expenditure
- - 1 & .
Inlsy = Inlsp—1+ 7 > B Erdiyi, (20)
i=0
requires forecasts of margingl, ;, and the associated term structure of interest rates agrdted in (18),

over the indefinite future.

3.2 Bond rates in NK equations for output

The preceding subsection indicates that the demand fadr dgfenditures, aggregated over goods with
disparate durability and adjustment costs, will be a furctof the full term structure of interest rates.
By contrast, the convention in NK models is to include onlyirgke short-term or long-term interest rate
in the output equatiof. This subsection illustrates that the dynamic transmissid of interest rates is
significantly altered by introducing habit preferences ihie utility function of the representative household.
In the standard NK model, the output equation is based on thesdhold Euler equation for
consumption. An infinitely-lived representative househaims to maximize the present value of utility,

Ut1 o)
max Et Z /BtUt, (21)
t=0

"~

subject to the flow budget constraint

Ciyi + Biyi < wipiNepi + RepiBryi1.

whereC denotes consumptior} is the stock of real bonds which earn the one-period gro$seean, R, ;

and household employmeny,, is paid the real wagey.

8As in Christiano, Eichenbaum, and Evans (2005), the lewefmst derivative of the adjustment cost functie(,), are zero in
equilibrium.

°The output equation is a explicit function of the one-perieal interest rate in Rotemberg and Woodford (1999), a fuarter
average of real interest rates in Rudebusch and Svenss88)(¥two-year real bond rate in Coenen and Wieland (200@) aa
ten-year real rate in Fuhrer and Moore (1995). Estimatiooutput equations with either a quarterly real funds rateyadr real
bond rate, or a ten-year real bond rate is examined in FuhceRadebusch (2004).
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Given the additively separable utility functitth

CLf—1

(22)

whereq is the CRRA curvature parameter,> 0, the first-order conditions for consumptiafiy;, and bond

holdings,B;, are, respectively,

0 - Ct_a - At7

0 = —A+ E{BRet+1M41}s (23)

whereA is the Lagrangian multiplier of the budget constraint.
Substituting the first equation into the second equatior28f, (imposing the market clearing condition,
C; =Y;, and taking log deviations from equilibria gives the stadddK output equation, such as developed

in Woodford (2003),

. . 1.
9 = Ed{gi — Ept}- (24)

The NK output equation appears to indicate that the releirgnatest rate for current consumption
decisions is the one-period real interest rate However, successively eliminating the forward consuompti
term indicates that the current level of consumption is &ftion of the future path of expected equilibrium
deviations in one-period real rates or, approximately, ¢aeilibrium deviation in the expected real

yield-to-maturity on am-period bondp,, ;.

1 [oe)
B = ——EY b,
-,

n_, .
~ ——FEipn. (25)
«

In both equations (24) and (25), adjustments of currentudutp perceived equilibrium deviations of
interest rates are instantaneous because there are nonBictr impediments to dynamic adjustments of
real expenditures. In this sense, standard NK output emsatire analogous to the present value price of
installed capital, shown earlier in (18). In other wordsthe absence of frictions, just as the neoclassical
q theory provides a theory of capital demand but not a theorinedstment, the standard NK output
equation reflects a theory of consumption demand but not kdeéhed theory of dynamic adjustment

in real expenditures.

%70 abbreviate notation, the remaining arguments of therabpmutility function are not shown.

11



As an alternative to introducing explicit costs of adjugtithie flow of consumption, we consider the
policy transmission role of interest rates in output equegtiwvhen multiplicative ‘habits” or reference paths

for consumption]';, are introduced into household utility,

CipiIV l=a _ 1
v, = 9 f_)a : (26)

In the case of multiplicative exogenous habit, such as “keppp with the Jones, ” vid. Abel (1990), the
reference level for each household is a function of aggeegatsumption. Alternatively, the habit reference
path may be endogenous and refer to the past consumptidrofatie household, vid. Fuhrer (2000).

Log habit is expressed as a distributed lag of past log copsam
Inl'y = v(L)InCy_q, (27)

wherev(L) is a polynomial in the lag operatof,. The output equation associated with second-order
endogenous habit(L) = 14 + 1, L, is derived in the appendix. Here, we focus on a one-lag exage
habit specification.

For a one-lag exogenous habit specificatibn= C;_1, the first-order equation for consumption is
0 = Ctacty—(i_a) — Ay, (28)

replacing the first equation in (23). Combining (28) with #exond equation in (23) and log-linearizing

about equilibria gives the output equation under exoge haibg

9 = (1= XNEg1 + A\J—1 — )Etﬁu (29)

at+v(a—1

v(a—1)

By inspection, the two eigenvalues of the characteristitaign are(1, ﬁ). There are two solution

formats: If\ > .5, the non-unit root is Iarges{,ﬁ—k > 1, and the solution is

1 (1= AY!
Uy = Y1 — Eipiyi. 30
Yt Yt—1 a+u(a—1);)< \ > tPt+ (30)

By contrast, if\ < .5, the unit root is Iarges% < 1, and the solution is

_ A 1 iE .
Yo = T 3¥17 4 — tPt+is
A n_
i~ Yi—1 — —Eipn i, (31)
1—A I}

12



where the last line in (31) provides a transparent examptéefpolicy transmission role of the-period
bond rate under habit.

As noted earlier, specifications of interest rates in th@watugquations of empirical macro models vary
widely, with some models using one-period rates and othsirggdong-term rates. Models with explicit
one-period rates do not necessarily imply that bond ratesiaimportant in policy transmission. Linear
Euler equations can always be reformulated as functiorfseafihe-period interest rate, although the implied
dynamic restrictions may not be as straight-forward asgfo®utput equations with explicit bond rafés.

The drawback of formulating output equations as functidrib@one-period rate is the usual problem of
asymmetric information. Given that theory indicates fasts of long-horizon returns in bond markets are
important determinants of private sector expendituresijrtformation set of bond traders is more pertinent,
if not larger, than that of a macro modeller. Unless the medehnsures that the averages of forward rates
generated by the model are equivalent to observed bond théesiodel description of policy transmission
will reflect the modeller’s priors regarding long-horizoordcasts, which may differ markedly from the
long-horizon forecasts contained in bond market obsemsat?

Interestingly, there is almost no empirical literature lexipg competing specifications of short-term
and long-term interest rates in output equations. If foicsi in adjusting real expenditures are important,
the theoretical examples in this section suggest that teng-ex ante real interest rates should dominate
competing short-term real rate regressors in reduced-fegressions. A sequence of bivariate tests is
reported in Kozicki and Tinsley (2002), where U.S. manufdng utilization, a proxy for the output gap,
is regressed on competing short-term and long-term ex aaafeinterest rates over a 1967ml - 1997m7
sample. The tests confirm that spreads between the longatednshort-term interest rates are statistically
insignificant when regressions are conditioned on the teng- rates and, conversely, long-short spreads

are significant when regressions are conditioned on thé-gkron interest rate®

For example, compare equation (73) to equation (74) in tperagix.

12The sensitivity of long-horizon forecasts to alternativedelling assumptions regarding time-variation in cordisil equilibria
is illustrated in Kozicki and Tinsley (2001a, 2001b) and éction 5 below.

3The explanatory role of credit risk premiums in private baring rates is also empirically supported in Kozicki andslay
(2002) but ignored in the current paper.
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3.3 The responsiveness of historical bond rates to macro viables

If perceptions of bond traders are an essential link in thesimission of monetary policy then section 2
indicates that the determinacy of policy rests on the sgitgibf nominal bond rates to inflation.

The long-run responses of nominal bond rates to inflatianlebel of unemployment, and the difference
of unemployment are reported in Table 1. Inflation is meabkbyethe annualized first-difference of the log
deflator for personal consumption expenditures (pce), aramployment by the civilian unemployment
rate. The bond rates are the nominal rates on 1-year, 3¥geaar and 10-year zero-coupon bonds from
McCulloch and Kwon (1993). Regressions are reported forreathly samples.

Regressions reported in the bottom panel of Table 1 span ¢hedpafter the abandonment of
nonborrowed reserves targeting to the end of the FOMC claaisimip of Paul Volcker, 1982m1 - 1987m?7.
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 fanigll maturities. Significant long-run mean
responses are also indicated for the change in unemploylyehtyear 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 1966ardpke, ending just prior to the
announcement of the well-known shift in operational policyOctober 1979% The second column in
the top panel indicates that the mean long-run responseflagiam is above unity for bond rates of all
maturities. Perhaps consistent with bond trader peraeptid the emphasis of 1970s central bank policy
on money growth targeting, the mean long-run response tehhage of the unemployment rate is also
significant for all maturities.

As the results of Table 1 are consistent with elastic bonel regponses to inflation in both samples, it
appears that the lower bound condition for determinacy afetery policy derived in section 2 is satisfied in
the 1960s and 1970s, as well as in the 1980s. However, boer togrceptions that, on average, monetary
policy was consistent with stable policy responses to iofleappears to contradict the evidence of passive
policy rate responses in the 1960s and 1970s in such stusliedda, Gali, and Gertler (2000) and Lubik
and Schorfeide (2004). Possible resolutions of this puameexplored in the remaining sections of this

paper.

1The federal funds market was not well-developed prior ta5]19&. Tinsley et al. (1982) and Fuhrer (1996).
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4 No-arbitrage bond pricing under horizon-dependent percetions

The lower bound for determinacy of monetary policy derivegéction 2 requires that equilibrium deviations
in nominal bond rates should be elastic with respect to Bmjwii deviations in expected inflation over the
maturities of the bonds or, equivalently, that equilibrigleviations in ex ante real interest rates should
respond positively to deviations in expected inflation.

Examples in preceding sections have implicitly assumetténen premiums of bond rates are constant
over time and drop out of equilibrium deviations. An altdiveis to allow for term premiums that may
vary systematically with macro variables.

To establish notation, the nominal interest rate omgreriod zero coupon bond is denoted

1 n—1

Tnt = n Z Tt
i=0
n—1

1
= — Z(Etrt,i + i),
320

1 n—1

= — Z Eire; + Wyt (32)
2o

The first line of (32) indicates that the nominal bond ratehis &verage of forward rateg; ;, over the
lifetime of the bond. The second line shows that the forwatd m theith period of then-period forecast
horizon is equal to the expected policy rate in itieperiod, E;r; ;, plus a possibly time-varying forward
rate term premiumy, ;. The last line shows that the term premium of theeriod bond ratey, ,,, is equal
to the average of the forward rate term premidms.

As bond rates consist not only of expected policy rate awsrdyt averages of possibly time-varying
forward rate term premiums, one potential explanationadtat responses of nominal bond rates to inflation
in the 1960s and 1970s is that time-varying term premiumsapayate as automatic stabilizers, reducing the
effective lower bound required for determinate policy nasponses. This explanation rests on systematic
positive responses of forward rate term premiums to exgdenftation.

The next two subsections sketch a class of no-arbitrage Ismofleond rate pricing, developed by Duffee
(2002), that provides a tractable formulation of term pr&miresponses to macro determinants of policy

rates, such as inflatio¥¥This model is extended in the remaining subsections to dboworizon-dependent

%In the terminology of Shiller (1990)¥,, ; is the rollover term premium.

5Recent examples of empirical estimates of the term stre@ploring macro variable determinants of term premiurokiie
Ang and Piazzesi (2003), Rudebusch and Wu (2004a, 2004k, Bong, and Piazzesi (2005), Duffee (forthcoming), and
Dewachter and Lyrio (forthcoming(a) and forthcoming(b)).
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expectations.
4.1 Macro variable dynamics

Explicit macro variables are introduced to characterizadbtrader perceptions of expected policy rate
responses. Bond traders may also price unobserved variahkgent factors associated with additional
determinants of bond prices are assumed to be orthogonia tobiserved macro factors and irrelevant for
the current analysis.

The dynamics of macro variables are described by a firstr@@®panion form system
Xy = o0+PXi g +¢y, (33)
where the stochastic driving vecteg, is denoted by
& = Xe, e ~ N(0,1).

The X vector contains observations on observable macro detantsirof the policy rate, such as
unemploymentu, and inflation,7.1” Each macro variable is partitioned into its perceived doyiilm

attractor or “natural rate,” such as;(u,), and deviations from these natural ratés.

T = T+ T,
U = 'L_Lt‘f’ﬁt, (34)

Variation over time in the natural rate perceptions of baadérs is captured by constant-gain learning

equations,

T = Yam—1+ (1 —v2)Te—1 + €7t
= Yaur—1 + (1 — va)U—1 + az. (35)

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

bivariate vector autoregression,

p—1 p—1
T = a11,17—1 + Z a11,i+1AT—; + a12,1U—1 + Z a12,i418%Us—; + €51
i—1 i=1
p—1 p—1
Uy = a1 1741 + Z a1 i+1 AT —i + aso 1U—1 + Z 22, 410U —; + Eq-, (36)
i=1 i=1

Additional macro determinants might include observabtiidators of disturbances in credit markets.

18n a slight abuse of conventional terminology, it is coneeito refer to the central bank target for inflation perogiig bond
traders;, as the “natural rate” for inflation.
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If the macro system is stable, each macro variable reveits tatural rate in the long run.
4.2 No-arbitrage bond pricing under invariant policy responses

As noted earlier, elastic responses of U.S. Treasury boeg ta inflation in the 1960s and 1970s seem
difficult to square with evidence from studies indicating thassivity of US monetary policy in those
decades. One possible explanation is that bond term presmueny be sufficiently responsive to inflation to
overcome a modest inelasticity in policy rate responses.

The policy rate in period + h, anticipated by bond traders in periadt;r, 5, is assumed to be a linear

function of macro variables anticipated fio# h,
Eyrep = 00+ 0 ErXyph. (37)

The vector of response parametéks,is fixed, both over time and over forecast horizons.
In the absence of arbitrage, the price of a multiperiod absgtdoes 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-couponp-period nominal bond paying $1 at maturity, the currenteigc
Py = E{Mi1Myyo... Mypn},

= E{Mi1Pr111}, (38)

where the last line in (38) follows by the law of iterated exadions.

If investors are risk neutral, the one-period stochasscalint factor reduces to
M1 = exp(—ry), (39)
wherer, is the policy rate, known in. However, if investors are risk sensitive, the stochasticalint factor
is
My = exp(—7t)ée1, (40)

where¢, 1 is the Radon-Nikodym derivative that translates the distion of the discounted asset price to
a martingale by removing predictable drift due to bond riggnpiums!®

In the case of log-normal bond prices, the relevant RaddwdNim derivative takes the form

1
ft+1()\t) = €$P(—)\2€t+1—§)\p\t)’ (41)

1%Change of drift under the Girsanov theorem is discussed ffieD{1996).
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where A denotes the vector of market prices of uncertainty assmtiaith the stochastic determinants of
the asset pricé? The vector of market prices is assumed to be the essentféithe formulation suggested

by Duffee (2002),
Mii = Ao+ N Xpp (42)

Given nontrivial risk pricing, the bond traders’ risk-agljad view of the dynamics of the macro economy

is denoted by
X, = o+0X1 + 3¢, (43)

which differs from the empirical (aka physical) dynamic$38). The difference is demonstrated by deriving
the bond price valuation under the risk-neutral probabitieasure, using the risk-adjusted macro model in
(43).

As in Campbell, Lo and MacKinlay (1997), discrete-time bgmites in this Gaussian affine model of

the term structure can be represented by
Poy = exp(—Ap — B, Xy). (44)
As noted above, in the absence of arbitrage, the price efruaturity bond is determined by

Py = Efe &1 Pru1441),

= E"(e " Pi1441), (45)

where the expectation in the first line of (45) is under thegitgt probability measure, and the expectation
in the second line is under the risk-neutral probability suze.
Substitute from (44) and (43) into the second line of (45) &k expectations under the risk-neutral

probability measure to give,
v oy 1
exp(—A, — B, X;) = ewp(—ry— An_1 — Bl,_1(¢+PX;) + §Bé_1EZ’Bn_1).
Finally, substitute for the policy rate from the perceivedigy response equation, (37), and take logs to give

vy 1
A, +B. Xy = Ay 1+ B, _(¢+PX;) — 53;7122’&1_1 + 80 + 61 X;. (46)

2)f the probability density of the macro shock&e:+1), is Gaussian, the translated density is also Gausgian(\:) f(et+1) =
f(et+1 + At), where the means are shifted by
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Equating constant terms and slope coefficients on both siit®e equal sign in (46) provides recursions

for the bond pricing coefficients under risk-neutral dynesni

o 1
An = An_l—l—B;L,l(b—§B;,122/Bn—1+507

B, = B, ,®+0. (47)

The initial conditions arel; = ¢y and B} = ¢].

Alternatively, bond pricing recursions using the physiyahamics in (33) can be recovered by adjusting
the stochastic disturbances,Recall that the effect of the Radon-Nikodym differentia(45) is to shift the
mean of the disturbances,, by the relevant pricing vecto); ;. The risk-neutral disturbances from this

density translation are

ét = €t + )\tfl. (48)

Substituting (48) into the empirical macro system (33) asidgithe essentially affine definition of the

pricing vector,), in (42) illustrates the risk-adjusted macro perceptidih® bond traders

Xy = o+ 0X 1 + Zey,
= 0+ OXi 1 +2(& — N—1)s
= (¢ —3X) + (P —32N) Xy 1 + 3¢,

= ¢+ dX, |+ 3¢ (49)

Thus, the bond price recursions in (47) can be restated ubagxplicit risk-adjusted parameters of the
empirical macro model, wherg = ¢ — S\ and® = & — S\,

The notation convention is that negative entries)@f contribute towards positive risk premiums.
Consequently, as can be seen in the third line of (49), negatements in\; will increase the sensitivity of

bond rates to variations in the macro variabl&s,?!

2 the absence of an explicit specification of investor tytfiinctions, no theoretical restrictions are imposed @Xhmatrix.
As the dimensions of the pricing matrix can be large, emairiavestigations of essentially affine formulations ofetgsricing
often impose zero restrictions on elements ofXhenatrix, such as Ang and Piazzesi (2003), Ang, Dong, and B&#2005), and
Dewachter and Lyrio (forthcoming(a) and forthcoming(tj)m and Orphanides (2005) suggest fewer zero restrictionsemuired
if measurements include both bond rate data and surveys$esést rate forecasts over short and long horizons. Depgrudi the
structure of the\; matrix, term premium variation linked to a variable may neflect uncertainty in that variable. For example,
suppose-\; X; is a2 x 1 vector,

S11 S12 A1l Az T1,t _ S11A11 + S12A21  S11A12 + S12A22 T1,t
S21 S22 | | A2r o1 | | woy S21A11 + S22 A21  S21A12 + S22A22 | | @2 |
Note that responses of the term premium to movements irmay not be related to the scale of theshock,sas.
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The adjustments to the slope coefficientsXgfwill also alter the dynamics of the risk-adjusted macro

model. To see this, denote the risk-adjusted transitiomixnas

d = &—2N,

O + P~

If both the® and®* matrices were diagonal, it is easy to see that positive elesadd* would increase
the eigenvalues of the matrix sud, Or if the trace of®d* is positive, the sum of the eigenvaluesdis
increased. Although it is difficult to generalize the dynamifects of risk pricing for unrestricted matrices,

it can be show#?. that upper bounds for singular valuesdfre
Titj—1(®) < 0i(®) + 0;(@%), 1+J<q+1, (50)

whereq denotes the minimum rank of( *), ando(A) denotes the singular values of the matfixin
decreasing ordes;; > o9 > ... > g,. For example, when= j = 1, the sum of the largest singular values

of ® and®* is an upper bound for the largest singular valueéof
4.3 Denoting horizon-dependent perceptions

A second potential explanation of elastic bond rate regmms inflation is that bond trader perceptions
of anticipated policy responses may vary over forecasizbos. In other words, even if current policy is
perceived to be insufficiently responsive to inflation, baratlers may assume that future policy will be
more attentive.

The principal difference in specification is that the coédfits of the perceived policy response may

vary over the forecast horizon,
Eiren = dop+ 0 nEiXein, (51)

where (51) replaces the policy rate specification showneganl (37).
Again, the dynamics of macro variables are described by adider companion form system, but it

will ease notation considerably to include a constant segrein theX vector,

Xy = X 1+ Yey,

22Horn and Johnson (1991). For a general mattjxsingular values are nonnegative square roots of the nomgenvalues of
A*Aor AA*. Thus, the inequalities in (50) hold for eigenvalues if takevant matrices are positive semidefinite.
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This altered notation allows horizon-dependent respottsbe compactly represented as

Erep = 01 ErXign, (52)
whereh indexes periods in the forecast horizén=0, ..., H.
The pricing kernel is
1 .
My = exp[—=0;Xri1 — Nyio1€ei — §A£+i71)\t+i—1]v i=12,..., (53)

and the price of risk is the essentially affine formulation
Mi = Ao+ N Xy
The nonrecursive formulation of no-arbitrage bond prices i

n
P = E(]] M),
=1

= eap(— A, — B, X,). (54)

Due to the horizon-dependent structure of the policy ratésR), the no-arbitrage coefficient sequence,
(4;,B;, 1 =1,...,n), is altered from that shown in (47). The revised structdrgomd price coefficients is
illustrated by the following examples.

Under the assumption thaf; is observable ir, the price of a one-period bond is

P, = E/Mpyq,

1
= Eexp[—d X; — 5)\;)\16 — Aerta],

1 1
= ea:p[—(SiXt - 5)\2)\7& + §VCL’I“([)\0 + )\llXt]IEtJrl)],

= exp[—61 Xy,
= exp[—A — BiXy]. (55)
Consequently,
A = 0
B1 = 51

The price of a two-period bond is
Py = Ey(Mpy1Myyo),
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= Eexp[—0X; — %Aﬁ& — A€t — 05 X4 — %A§+1)\t+1 — Np1€et2],
— eap[-0X, — %)\Q)\t _ DX, — %)\QH)\Hl
+%Var([6§2 + Xer1 + Ay et2)],
= caplyBLEE + 85N — (5] + (@ — D)X,
= exp[—A; — BLXY], (56)
where
Ay = Ay %5;22'52 5,
By = B +5[®— )] (57)
Note that the new terms are all functions of the policy respsrin the second period of the forecast horizon,
09. This pattern persists in future periods.

More general non-recursive expressionsAgrandB,, in (54) can be derived as follows:

n
1
P,y = E; 63619{— Z[‘%Xtﬂ‘—l + 5)‘£+i71)‘t+i—1 + )\:s+z'71€t+i]}v

i=1
" 1
(iterated expectations) = FEy -+ Epyn_1 exp{— > [6;Xpyio1 + 5)‘£+i71)‘t+i71 + Nio1€4i)}
i=1
n—1 1
(decrement sum) = E; -+ Eyi,_1 exp{— Z[5§Xt+i—1 + 5)\;“71&“‘—1 + Ni1 €]

i=1
, 1
—0p, Xt4n-1— 5)\t+n71)\t+n71 — Ngn—1€i4n}
n—1

., 1
(conditional Ey—p—1) = E; -+ Epyn_o exp{— Z[%XHZ‘A + 5)\;+Z~_1)\t+i—1 + Mgiz1€t4i] — 00 Xeyn—1}
i=1

n—2

1
(decrement sum) = E; -+ Epn_o exp{— Z[%XHZ‘A + 5)‘£+i—1)\t+i71 + Ngi1€4i)
i=1

1
—0n (P Xt 2+ Berin-1) — 01 Xppn 2 — §A;+n—2)‘t+n—2 — Mn—2€ttn—1}
n—2

., 1
(conditional Eyp-2) = Et -+ Bipn-gexp{— ) [6;Xtri1 + 5)‘;+i—1)‘t+i—1 + Ny 1€t4]
i=1

1 1
—(0p,® 4 1) Xtn—2 — 5)‘£+n—2)‘t+n*2 + ivaTtJrTL*Q[()‘:f—i-n—Q + 0 ) ern1]}

n—2

1
= E - Eypnsexp{— ) _[6;Xiyi1 + 5)‘1,t+i—1)‘t+i*1 + Npio1€t4i]
=1

1
~(0,® + 0, ) Xz 50, E50, + 8, 8N + 6,50 X2}
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n—2

1
= E - Eypnoseap{— ) _[6;X¢yio1 + 5)‘1/5+i—1)‘t+i—1 + Mpio1€eti)
=1

1
—(0(® = X)) + 6, 1) Xin2 + 56,280, + 5,3}
n—3

1
(decrement sum) = E; -+ Eppn_3 exp{— Z[%XHZ‘A + 5)‘;+i—1)‘t+i71 + Ngi 1 €t4)
i=1

1
5058 + 6,5

1
—(0,(® = XX) + 0, 1) Xiyn—2 — 020Xt 1n-3— 5)‘:f+n—3)‘t+n—3 — Mn—3€tin—2}

n—3
" 1
(conditional Eyyp—3) = FEy -+ Epyn_q exp{— E [0; X i1 + 5)\;+Z~_1)\t+i—1 + Ngi1€+i]
i=1

1
+§5;22’5n + 30,50
1
—((6,(® = XX) 4+ 6, 1)+ 6y, _9) Xin—3— 5)‘:‘,+n73)‘t+n73

1
+§Va7at+n—3[()‘:‘/+n73 + (05, (2 = BN + 67 1)E)€t4n—2]
n—3 1
= B - Eipnogexp{— Z[5§Xt+i—1 + 5)‘1/£+i71)‘t+i71 + )\:‘,Hfletﬂ']
i=1
—(0,(® = BX))* 46,1 (® — BN + 6,,_9) Xp4n-3
+0/ 5N + (61(® — ZN) + 0/, 1)ENo

1 1
+§5;22’5n + 5(5;1(c1> — SN+ 6, XX (8 (D —ZN) +6, )}

(58)

Thus,

n n . n 1 -
Ap = =D IO 8(@-SA)YHZE D] 55}(‘@ — XA 4 Aol
=2 j=i Jj=t
B, = ) 6(®-xA)t
=1
= B +6,(®—2X\)" L (59)

4.4 No-arbitrage formulations of forward rates
The formulations in (59) are particularly convenient foabysis of forward rates. The forward ratg, 1,
is

fin—1 = Erin—1+Yin—1,
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= DPn—-1t — Pnyt

= A, —An 1+ By —Bu1)'X,

= Cp+,(®—S\)" X, (60)
where the intercept in the last line of (60) is

Ch

= n—i 1 j—i
= DI0(® = XTSI (Y 585(@ — BT + Aol
i=2 j=i
n—l1 o 1 A
+(>_ dh(@ - EAQ)J_Z)EE’S(S;(@ — XA
Jj=t
Thus, with horizon-dependent perceptions of policy respenthe effective coefficient vector of the

regressors for the forward ratg,;,_, is
(@ —XADL = 8 (1 -2 e ) teh

permitting exploration of “Taylor rule” regressions forrfeard rates with possibly horizon-varying

coefficientsg;,, h =1,2,.... Inthe absence of term premiums, the forward rate regnessiuces to
fino1 = 00X,
- 5;1EtXt+h—1'

Thus, forward rate term premiums are defined by
Vi = Chpi1+ 0 (@ — X)X, — 8], "X, (61)

Recalling the discussion of the singular values of the aidkisted transition matrix in (50), if the effect of
the risk pricing matrix,\}, is such tha{® — ¥ \})" is slower to decay tha@®”, the slope contributions of

forward rate term premiums will increase over the forecasizon with 7.3

5 Empirical responses of forward rates

The possibility of time-varying forward rate term premiuarsd horizon-dependent expectations of future
policy rate responses suggests that forward rate resptms&ectations of future macro variables may
differ from the current-period policy rate responses estéd by Taylor rules.

This section discusses empirical estimates of forwardregggessions for monthly samples before and

after the major shift in US monetary policy in October 1979.

ZThe Jordan form of a matrixd = PAP~ !, impliesA* = PA*P1,
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5.1 Forecast model and learning rate assumptions

A direct test of the combined effects of term premium and etguk policy rate responses is to
estimate forward rate response equations over differemtafl horizons. For monthly observations, the

instantaneous forward rates at twelve month intervalserfahecast horizon are represented by

frazn = (L= p1)fi1on + prfiaag-t) + p2AP fi 1001y + ag12m, (62)

where the forward rate associated with the bond trader ¢xip@c of the policy rate in the absence of policy

lag adjustments is
* _ ~(k -
ftion = E{co + a1 + 027Tt(71)2h + c3uy 120 + C4A(k)ut,12h}-

As before,; denotes the bond trader perception in periad the central bank target for inflatiofy 125,
is the projected deviation of inflation in the&h! month of the forecast horizony, 125, is the projected
deviation of unemployment from bond trader perceptionshef inemployment natural rate;; and the
superscripts(k) and(k), denotek-period averages anigperiod summations, respectiveéf.For monthly
data,k = 12.

As the specification in (62) is amenable to direct regresstas straight-forward to check if estimates
of combined responses, suchcasare consistent with stable bond rate responses, and gmesp 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 sec#io on the forward rate regressions of different
horizons. Consequently, it is not possible to determinetywhaportions of combined responses are due to
forward rate term premium respons&s);, or to expected policy rate respons&s, There is one exception:
under the physical probability measure, the expected nsspto the perceived inflation target is unity,
c¢1 = 1. Thus, significant deviations from = 1 indicate time-variation in forward rate term premiums due
to a time-varying inflation target;.

Monthly predictions of expected inflatiody; ; 12, and unemploymentZ;u, 125, are generated by a
12th-order VAR in inflation and unemployment, whose format whswn in (36).

Kozicki and Tinsley (2001a, 2001b) demonstrate that loagzion predictions from VAR models are
sensitive to specifications regarding the conditional ldaria of state variables. To illustrate differences in

long-horizon forecasts, alternative estimates of ex agaelyond rates for 1-year, 5-year, and 10-year zero

24The k-period summation of the first-difference operatohésit-period differenceA™ = A+ AL+...+ ALF "' =1 L*.
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coupon bonds are shown in the three panels of Figure 2, aldthgtiwe real federal funds rate,. The
multiperiod predictions of inflation used to adjust the noatibond rates are generated by the alternative
monthly VARs discussed in Kozicki and Tinsley (2001a).

The perceived equilibrium or central bank target for inflatis fixed at the sample mean in the top panel
of Figure 2,7. Under this specification, the 5-year and 10-year real batesrappear to be trending up in
the 1970s. In the middle panel of Figure 2, the perceived itiondl equilibrium for inflation,7;, is similar
to a Beveridge-Nelson unit root trend and closely trackememflation. Consequently, ex ante real bond
rates in the middle panel are much more volatile than thosledrother two panels and fall sharply below
zero in the first half of the 1970s. Inflation forecasts incogbed in the real rates shown in the bottom panel
of Figure 2 reflect a change-point learning model of shiftghim conditional equilibriumy;. Here, the ex
ante real rates on 5-year and 10-year bonds appear to beuvithach of a discernible trend in the 1970s.

For the forward rate regressions reported below, the tiargivg perceptions of bond traders for the
central bank target for inflations;, and the natural rate for unemployment, are represented by the
constant-gain learning equations shown earlier in (35i¢d® and Tinsley (2001b) indicate that a monthly
gain ofyz = .015 provides an average approximation of private sector lawigtn forecasts of inflation
in the 1980s. This benchmark constant-gain proxy for boaditr perceptions of the central bank target for
inflation, 7, is shown in Figure 3, along with the 12-month moving averafypce inflation and the Hoey
real-time survey of 5-10 year predictions of CPI inflatiors gce inflation tends to be somewhat less volatile
than CPI inflation, the proxy is about one percentage poimeidn early 1980 but then tracks the survey
closely in the remainder of the 1980s. Reductions in survegiptions of long-horizon inflation and in the
perceived inflation target lag considerably the fall of itifia in the early 1980s.

The same benchmark learning rate is assumed for bond tramteeptions of the natural rate of
unemployment;y; = .015. The associated constant-gain proxy for the natural ratenefmployment
is shown in Figure 4, along with the historical unemploymeaie 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 threspective 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.

However, results in Kozicki and Tinsley (2001a, 2005b) ¢adié that learning rates need not be constant

over time. Faster learning rates are more likely if agentegiee larger forecast errors for observable
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variables and can reduce the real consequences of perceptios in episodes with a time-varying inflation
target. But, faster constant-gain learning rates are @ieffi in more tranquil periods, as larger responses to
transient disturbances increase the dispersion of thelierdastribution of perceived inflation targets about a
fixed central bank target. Given the sensitivity of longihon forecasts to the specification of the perceived
central bank target for inflation, as illustrated in Figuren examine the effects of three constant-gain
learning rates. In the case of a fixed inflation target, thenlag rate is set to zeroyz = 0.0, and the
perceived inflation target is set to the sample mean. Thehpesuik perception of the central bank inflation
target, shown in Figure 3, uses the constant-gain lear@itegy;z = .015, which implies a mean learning
lag of about 5.5 years. Finally, a faster learning rate is alsamined for perceptions of the central bank

target for inflation;yz = .03, with a mean learning lag of about 2.8 years.
5.2 Forward rateregressions

Forward rates at 1-year, 3-year, 5-year and 10-year hariaom shown in Figure 5. Although the forward
rates generally move together, large differences can emergch as the spread of about 2.3 percentage
points between the 10-year forward rate and the 1-year fornate in December 1976. As forward rates
at neighboring horizons tend to move closely, the forwatd ragressions are grouped into three horizon
partitions: 1-3 years, 4-6 years, and 7-10 years. This gngugssumes that perceived policy rate responses
do not vary significantly within a partition. Because themtgoremium responses within a partition are
not likely to be identical, unless they are zero, the redgoesgesiduals will be heteroskedastic reflecting
deviations from estimated average responses.

Forward rate regressions for the three partitions are pteden Tables 2a and 2b for a pre-Volcker
sample, 1966 m1 - 1979 nf?.Emphasis shadings of rows in the tables are judgementadbagpart on
assumptions regarding the reasonableness of the estisigiesd In addition to requiring asymptotic t-ratios
of 1.7 or higher, roughly corresponding to p-values lesgs tii#, estimates of positive mean responses to
unemployment or negative mean responses to inflation arghaoled. Although the signs of term premium
responses may be opposite to the signs of expected poleyasionses, it is unlikely the combined response

would overturn the direction of the expected policy rateoese?

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

28Buraschi and Jiltsov (2005) report positive term premiuansriflation, with larger premiums for longer maturities. vizhter
and Lyrio (forthcoming(b)) estimate positive term premaifar inflation that rise with maturity and negligible termepriums for
GDP gaps. Positive term premiums are also estimated foreavarying central tendency for inflation, similaritg, these premiums
also rise with maturity and are nearly triple the size of #vent premiums for inflation. By contrast, Duffee (forthcogiipresents
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Forecasts of inflation and unemployment regressors foltseisuTable 2a are generated by a VAR fit
to the 1960-79 sample under the assumption of the benchmankihg ratesyz = vz = .015. The mean
long-run response to the equilibrium deviation in inflatiép is statistically insignificant for forward rates
in the 1-3 year partition; is not statistically differenbifn unity for forward rates in the 4-6 year patrtition;
and is greater than unity for forward rates in the 7-10 yeditjsm. Thus, the pattern of increasing responses
over the forecast horizon is consistent with elastic respsiio expected inflation by intermediate-maturity
bond rates in the 1960s and 1970s.

The estimated forward rate responses to the perceivedanfi@rget, =, in Table 2a are around one in
the 4-6 year partition but significantly less than unity ie th3 year and 7-10 year partitions. Under the
physical probability measure, the expected coefficienhefibflation target is one, so this suggests forward
rate term premiums either did not respond, or moved inverselthe perceived inflation target during the
1960s and 1970s. Although mean responses to the forecakotadifference of the unemployment rate are
negative, mean responses are not significant in the 1-3 &ngkés partitions.

Forward rate responses to expected inflation under alteerleirning rates are examined in Table 2b for
the pre-Volcker sample. The pattern of increasing inflatesponses over the forecast horizon is relatively
insensitive to variation in the assumed learning rate. Hewedeterminacy of bond rate responses to
expected inflation is better supported for perceptions ofefinflation targetyz = 0.0, or the time-varying
inflation target generated by the benchmark learning rate; .015.

Tables 3a and 3b present forward rate regressions for thplsa@®82 m1 - 1987 m7, a period that
encompasses the last six and one-half years of the FOMOwdwaship of Paul Volcker but excludes the
unusual interest rate volatility in 1979-81, during theenment with nonborrowed reserves as the operating
policy instrument. In Table 3a, the forward rate responsxfected inflationg, 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 partitiongatgr than unity but the associated p-value is
marginally larger than .10.

As with the earlier sample, forward rates do not appear tosistently respond to forecasts of

unemployment. However, in contrast to results in the prieRér sample, the mean responses to the

evidence of negative term premium responses to inflationpreav/olcker sample. Note that negative term premium resp®mo
inflation could conceivably reverse the historical roleshaf inflation responses by the central bank and bond tradggested in
section 2. That is, system indeterminacy could occur if astéd policy rate response to inflation is accompanied biagtie bond
rate responses to expected inflation.
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perceived inflation target;, in Table 3a are significantly greater than unity in the 1-aryend 4-6 year
partitions. This suggests forward rate term premiums meded positively to the perceived inflation target
in the 1980s.

Forward rate responses to expected inflation in the 1980srwaitbrnative learning rates are examined
in Table 3b. Here, the pattern of increasing responses tects@ inflation over the forecast horizon is
statistically supported when the inflation target learmiaig is equal to or exceeds the benchmark learning
rate. Positive responses of forward rate term premiumsegénceived inflation target; > 1, are also
indicated for the benchmark learning ratg,= .015, and the faster learning ratg; = .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 deria in inflation are generally larger at more
distant horizons and often greater than one, consistehtelastic bond rate responses to inflation. Second,
there is little evidence of systematic responses by forwaties to the level or difference of unemployment.
A notable difference in sample results is that positive oesps by forward rate term premiums to a

time-varying inflation target are supported in the 1980smarbut not in the pre-Volcker sample.

6 Concluding remarks

Central bankers propose monetary policies but bond tradispese, through expectations of future policy
rates and term premiums that price uncertain outcomes. papisr examines several implications of bond
rate transmission of monetary policy.

As discussed in section 2, some interpretations of the Gmélation have focused on the stability of a
Taylor rule description of the policy rate or on central baiskumptions regarding natural rates. If the bond
rate is the transmission channel for monetary policy, tipessible shortcomings in policy are not sufficient
to assess the stability of the economy. The section showsdhditions for determinate equilibrium require
a lower bound on bond rate responses to expected inflation.

The bond rate plays no essential dynamic role in models s#twdtide frictions on dynamic adjustment
of real variables, such as the standard New Keynesian m@&aition 3 illustrates the role of bond rates
in dynamic output equations when endogenous or exogendaits fzaie introduced into household utility

functions. Although dynamic expenditure equations arerofbrmulated as functions only of the one-period

29



interest rate, the elimination of market bond rate obs@ematsubstitutes the information set of the modeller
for the more relevant information set of bond traders in tbigzon forecasts.

It is also noted that nominal bond rate responses to inflatiergenerally elastic with respect to inflation,
even in the 1960s and 1970s when studies have demonstrattethehpolicy rate did not keep pace with
inflation. This is puzzling as the forward rates of bond ratestain bond trader expectations of future
policy rates. One possible explanation is that forward taten premiums that price the uncertainty of
expected inflation may operate as automatic stabilizegsicieg the lower bound requirement for expected
policy rate responses. Another possibility is that bonddraexpectations are horizon-dependent, so that
longer-run expectations of policy are not cloned replaraiof current-period policy responses.

To accommodate these possibilities, the essentially affimdel of no-arbitrage bond pricing is extended
in section 4 to allow for horizon-dependent expectationgadicy rate responses.

Forward rate regressions, presented in section 5, provig@rieal support for the conjecture that
forward rate responses at more distant horizons displggidong-run responses to equilibrium deviations
in expected inflation. The regressions also suggest forwatedterm premiums responded positively to
perceptions of a time-varying inflation target in the 1980s ot in the 1960s and 1970s. lIsolating the
separate contributions of time-varying term premiums amrizbn-dependent expectations of future policy
rates will require imposing no-arbitrage cross-equatstrictions on the forward rate regressions.

If horizon-dependent perceptions are confirmed in futurekwiv would be useful to explore possible
reasons for horizon dependency in expectations. If lonigbo expectations are merely inertial, that inertia
can partially insulate the economy from poor monetary jpedicas may have occurred in the 1960s and

1970s, but may also attenuate responses to new monetaciepoli
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Appendix

Determinate and indeterminate solutions for equation (5).

The first-order equation

Tt = pEim + bey,

is cast into a first-order companion form

Ayipr = Aoyr + acer + ayny,
wherey; | = [y, Eifiia],
[T —p [0 0 _Ib [0
A = L 0},A0_[0 1],%_[0],%%_{1]
Using
_ 0 1
= [ 1)
Heooop
the reduced form is
Y1 = Boys + beey + byny, (63)
where
By — {g }],bez[ob},andbnzm.
w T w

By inspection, the eigenvalues Bf are (0, %), and the Jordan decomposition B is
By = PAP7!,
= Lo 2] 2o )
= 1 1 .
0 & ud L0 n

Multiplying equation (63) byP~! expresses the reduced form as an explicit function of theesys

eigenvalues,
vy = Az +g+ [, (64)
where
Tt — BT [ bey ] { 0 ]
Ty = - = ,andf, = .
t |: ,LLEtﬂ_t—f—l gt _bet ft e
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Accounting for the zero elements d&f and the two forcing termsy; and f; reduces the two equations in

(64) to

Tt = Jit,

1
Top = ;$2,t—1 + g2t + for- (65)

case 1ju| < 1

In this instance, the second equation in (65) is unstable.sblution of the first equation is

o0

T = bEtZMletﬂ',
i=0
bet

L—u’

which impliesE; 71 = 1%7% Substituting this solution for expected inflation into 8econd equation of

(65) gives
ne = pEim — By + bey,
b bybes_
_ _HOyer 070G 1+bet,
L=—yp  1=rp
b(er —ver—1)
L—yp
b€t
L—yu

Thus, when the nonzero ro%t,is unstable, the inflation solution is unique and requiras ftétional forecast

errors,n, are determined solely by the structural erreys,

case 2]u| > 1
In this instance, the nonzero ro%t, is stable and the second equation in (65) provides a solfdgiexpected

inflation,

~ 1 - b 1
B = —Eiam— —ep ++—n;.
v v Y

Substituting this solution into the first equation of (65yyides the solution for inflation, equation (7) in the

text,

- 1. b
Ty = —T—1— —€—1+ Nt (66)
v v

Other than requiring thag;, be a martingale difference, the assumption of rational etgpiens does not

impose additional restrictions on the forecast errors. dditeon to containing an arbitrary exogenous
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(sunspot) shocks;, the forecast error may also be correlated with the strattlisturbance,
M = Me+ S¢.

Thus, the reduced form generates multiple solutions assutivith arbitrary sunspots;. Realizations of

inflation will depend on what mechanisms agents use to coatelion particular sunspot shocs.

Eigenvalues of the companion form for equation (12).

The second-order inflation equation

- ab(c; — 1 - ab(cy — 1 -
o= (1- %)Eﬂ'ﬂrl - %Eﬂ'ﬂﬂ + bey,
is restated in the first-order companion form
Aryerr = Aoys + acer + ayny,
Wherey£+1 = [7~Tt+1, Etﬁ_t-i-2]!
0 __ab(ca—1) 1 _ (2—ab(c1—1)) b 0
— 2 — 2 = =
A [1 . },AO [O : ] [0],andan M
Using
0 1
Afl = |: 2 0:| )
" ab(ea—1)
the reduced form is
Y1 = Boyr + beey + byny,
where
0 1
BO = 2 2—ab(c1—1) | -

ab(ca—1) ab(ca—1)

The text equations for the eigenvalues,(\») in (14) are provided by the trace and determinanBgf

2
A1A T
e ab(cy — 1)’
2 —ab(c; — 1)
M4, = a2
A ab(ca — 1)

Z’Equation (5) is a scalar example of the NK class of forwamkiog rational expectation models. In contrast to Clari@ali
and Gertler (2000), who suggest that the 1970s inflation neagXplained by sunspot equilibria under passive monetaigypo
Honkapohja and Mitra (2004) indicate that sunspot equédilgenerated by NK models with an unstable Taylor rule calveot
learned by adaptive regressions.
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Bond rate transmission under second-order endogenous(higbiequation (27)).

To illustrate the dynamic adjustments associated with ngoraplex specifications of endogenous habit,

consider the case where log habit is a distributed lag oflpgstonsumption,
Inly = v(L)InCy_q, (67)

andv(L) is a polynomial in the lag operatak,?® For 2nd-order habit/(L) = v; + 15 L, the utility function

can be written as

(Ctlflllfllg( Cy )1/1( Cy thl)llg)lfol_l

U(Ct, ) — Ct—l 1 ff;l Ct—2 , (68)

which illustrates that the effect of higher-order endogenbabit in concave utility functions is to smooth
higher-order differences in consumptith.

Using the second-order specification of endogenous hakifjrist-order condition for consumption is
0 = oo, —upeler Ve — ek Ve - A (69)

Substituting in the definition of endogenous habit and lngdrizing about equilibria gives the linear

Euler equation for output under endogenous habit
g = Edlar(L+ BF) + ao(L* + B°F?)]ji — asAe}, (70)

whereL andF' are the lag and lead time series operators, respectivetycaéfficients of (70) are identified
by
ap = dloi(a—1)1 —vf); ay = d lu(a—1); a3 = d (1 —v1f—nf?), (71)
whered = a + Bvy (v (a — 1) — 1) + B2va(va(a — 1) — 1).
The regressor),, in the last term of the linearized Euler equation, (70)his équilibrium deviation of
the log of the Lagrangian multiplief\;. Log equilibrium deviations of the second equation in (2®)icate

that
M = B+ 5

o
= B Y priis
=0

= nEtﬁn,t (72)

28To simplify notation, we assume the sum of the polynomialglis in (67) is equal to the exponent of inverse habit in & (2
description of utility,»(1) = v. In contrast to the logarithmic weighted average in (67ginally proposed in Kozicki and Tinsley
(2002), a linear weighted average is suggested in Fuhr@0j2@orrado and Holly (2004) demonstrate that the linedgkted
average specification can violate desirable propertiesildf/dunctions.

29see discussion and earlier references to polynomial cleizations of frictions in Kozicki and Tinsley (2002).
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where )\, is the equilibrium deviation of the log of the Langrange nplier and g, is the real one-period
interest rate deviation. For large n, the last line indisdtet the infinite forward sum is approximated by
the equilibrium deviation of the expected yield-to-matuon an n-period bong,, ;.
Substituting from (72) into the output equation (70), gives
g = Edlai(L+BF) +as(L® + BF?) G — a3y prei}s
i=0

~ Efla1(L + BF) + ao(L? + B2F?)]§ — nagpn.}, (73)

where the second line in (73) is a transparent illustratibthe policy transmission role of real rates on
long-maturity bonds in dynamic adjustments of output detnamder endogenous habit.

In the absence of habit; = v, = 0. Using the definitions in (71), it is easy to verify that witlidabit,
the Euler equation coefficients aig¢ = as = 0;a3 = é and the last line in (73) reverts to the last line in
(25).

As noted earlier, linear Euler equations can always be maftated as functions of the one-period
interest rate, although the implied dynamic restrictiorsymot be as straight-forward as those in output
equations involving bond rates, such as (31) and (73).

To illustrate, substitute the log-linearized equationemehdogenous habit (70) into the first line of (72).

The result can be rearranged as

A = E{es1 — Gi—1 + di (BAFer2 + Grp1 — Te—1) + a5(B*Afers + Afie—1) — aype},  (74)

where the coefficients are rescaled versions of the coefticefined in (71),

/ —ai / —az / as

- : . = . 75
“ 1+a;’ 1ta° ® 1+ (75)

Again, it is straight-forward to verify that the absence nflegenous habit;;, = v, = 0, implies that the
equation displaying the one-period interest rate, (74)apses to the standard NK output equation, shown

in (24).

35



References

Abel, A., 1990. “Asset Prices under Habit Formation and Giaig Up with the Jones.”American Economic
Review, 80(2), 38-42.

Ang, A. and M. Piazzesi, 2003. “A No-Arbitrage Vector Autgression of Term Structure Dynamics with
Macroeconomic and Latent Variablesdurnal of Monetary Economics, 50, 4, 745-87.

Ang, A., S. Dong, and M. Piazzesi, 2005. “No-Arbitrage TayRules.” University of Chicago working paper,
August.

Bernanke, B., 2004. “The Logic of Monetary Policy.” Speedbecember 2.
http://www.federalreserve.gov/boarddocs/speech84/20

Beyer, A. and R. Farmer, 2004. “On the Indeterminacy of Nesyskesian Economics.” European Central Bank
working paper 323, February.

Buraschi, A. and A. Jiltsov, 2005. “Inflation Risk Premia &hd Expectations Hypothesislournal of Financial
Economics, 75, 429-90.

Campbell, J., A. Lo, and C. MacKinlay, 197The Econometrics of Financial Markets. Princeton, NJ: Princeton
University Press.

Christiano, L, M. Eichenbaum, and C. Evans, 2005. “Nomingidities and the Dynamic Effects of a Shock to
Monetary Policy.”Journal of Political Economy, 13(10), February, 1-45.

Clarida, R., J. Gali, and M. Gertler, 2000. “Monetary PolRyles and Macroeconomic Stability: Evidence and
Some Theory.Quarterly Journal of Economics, February, 147-80.

Coenen, G. and V. Wieland, 2000. “A Small Estimated Euro Afealel with Rational Expectations and Nominal
Rigidities.” European Economic Review, 49, 1081-104.

Congressional Budget Office, 200Phe Budget and Economic Outlook: Fiscal Years 2005-2014, January.

Corrado, L. and S. Holly, 2004, “Habit Formation and Intér&ate Smoothing,” Centre for Dynamic
Macroeconomic Analysis working paper, University of St.dkews, September.

Dewachter, H. and M. Lyrio, forthcoming(a). “Macro Factarel the Term Structure of Interest Ratekurnal of
Money, Credit and Banking.

Dewachter, H. and M. Lyrio, forthcoming(b). “A Joint Modeadrfthe Term Structure of Interest Rates and the
Macroeconomy.Journal of Applied Econometrics.

Duffee, G., 2002. “Term Premia and Interest Rate Forecagiffine Models.” Journal of Finance, 57, 405-43.

Duffee, G., forthcoming. “Term Structure Estimation WithidJsing Latent Factors.”Journal of Financial
Economics.

Duffie, D., 1996 Dynamic Asset Pricing Theory, Princeton: Princeton University Press.

Fuhrer, J., 1996. “Monetary Policy Shifts and Long-Termetest Rates.” Quarterly Journal of Economics,
November, 1183-1209.

Fuhrer, J., 2000. “Habit Formation in Consumption and Itplioations for Monetary-Policy Models American
Economic Review, 90(3), June, 367-90.

Fuhrer, J. and G. Moore, 1995. “Monetary Policy Trade-offfd the Correlation between Nominal Interest Rates
and Real Output.American Economic Review, 85(1), March, 219-39.

Fuhrer, J. and G. Rudebusch, 2004. “Estimating the Euleaimufor Output.”Journal of Monetary Economics,
51(6), September, 1133-53

Honkapohja, S. and K. Mitra. 2004. “Are Non-Fundamentaliligia Learnable in Models of Monetary Policy?”
Journal of Monetary Economics, 51, 1743-70.

Horn, R. and C. Johnson, 199Topicsin Matrix Analysis, Cambridge, UK: Cambridge University Press.

Kim, D. and A. Orphanides, 2005. “Term Structure Estimatiath Survey Data on Interest Rate Forecasts.”
Federal Reserve Board FEDS working paper, 2005-48, October

Kohn, D., 2005. “Monetary Perspectives on Risk Premiums imafcial Markets.” Speech, July 21.

36



http://www.federalreserve.gov/boarddocs/speech85/20

Kozicki, S. and P. Tinsley, 2001a. “Term Structure Views afitary Policy under Alternative Models of Agent
Expectations."Journal of Economic Dynamics & Control, January, 149-84.

Kozicki, S. and P. Tinsley, 2001b. “Shifting Endpoints il ffierm Structure of Interest Rateddurnal of Monetary
Economics, 47, June, 613-52.

Kozicki, S. and P. Tinsley, 2002. “Dynamic Specification®ijptimizing Trend-Deviation Macro ModelsJournal
of Economic Dynamics & Control, 26, August, 1585-1611.

Kozicki, S. and P. Tinsley, 2005a. “Perhaps the FOMC Did Wh&tid It Did: An Alternative Interpretation of
the Great Inflation.” Federal Reserve Bank of Kansas CityRivigrPaper RWP 05-04, October.

Kozicki, S. and P. Tinsley, 2005b. “Permanent and Trangit®olicy Shocks in an Empirical Model with
Asymmetric Information."Journal of Economic Dynamics & Control, November, 1985-2015.

Lubik, T. and F. Schorfeide, 2004. “Testing for IndeternaiyraAn Application to U.S. Monetary PolicyAmerican
Economic Review, 94(1), March, 190-217.

Orphanides, O., 2003. “The Quest for Prosperity Withoutlith.” Journal of Monetary Economics, 50, 633-63.

Rotemberg, J. and M. Woodford, 1999. “Interest Rates RulemiEstimated Sticky Price Model.” in J. Taylor
(ed.)Monetary Policy Rules, Chicago: University of Chicago Press, 57-119.

Rudebusch, G. and L. Svensson, 1999. “Policy Rules for lafiafargeting.” in J. Taylor (ed.Monetary Policy
Rules, Chicago: University of Chicago Press, 203-46.

Rudebusch, G. and T. Wu, 2004a. “The Recent Shift in Termc8tra Behavior from a No-Arbitrage
Macro-Finance Perspective.” Federal Reserve Bank of Samcigco working paper.

Rudebusch, G. and T. Wu, 2004b. “A Macro-Finance Model of Teem Structure, Monetary Policy, and the
Economy.” Federal Reserve Bank of San Francisco workingipap

Shiller, R., 1990. “The Term Structure of Interest Rates Bi Friedman and F. Hahn (ed$iandbook of Monetary
Economics, vol |, Amsterdam: North-Holland, 627-72.

Taylor, J. 1993. “Discretion versus Policy Rules in Praxtic in A. Meltzer and C. Plosser (eds.)
Carnegie-Rochester Conference Series on Public Policy, Amsterdam: North-Holland, 195-214.

Tinsley, P., H. Farr, G. Fries, B. Garrett, and P. von zur Meieh1982. “Policy Robustness: Specification and
Simulation of a Monthly Money Market ModelJournal of Money, Credit and Banking, November, 829-56.

Woodford, M., 2003Interest and Prices. Princeton, N.J.: Princeton University Press.

37



Table 1: Bond Rate Responsiveness to Macro Variables

Tiaon = bo+bim—1+b11(L)Am—1 + baug—1 + baa(L)Aug—1.

Tea2n = b3re_119n + 033(L)Ari_112 + (1 — b3)7y 1o + g 120
bond T u Au test
rate by bo bgz(l) b3 by >1 2

sample: 1966 m1 - 1979 m9
h=1 1.37 -1.28 -1.94 .880 77

28) (20 (31 (12

h=3 1.06  -889  -144  .864 58
(38) (23) (32 (13

h=5 1.05  -853  -1.15 864 58
(36) (21 (32) (15

=
|

[ER

o

112 -904  -812 .898 64
(34) (-1.8)  (-3.0) (20

sample: 1982 m1 - 1987 m7

h=1 1.96 .068 -3.92 704 .99
4.9 (.19 (2.8)  (7.8)

h=3 1.95 214 297 757 .96
(37) (500  (21)  (10)

h=5 1.73 338 242 774 .87
@7 (7)) (15 (11

h=10  1.20 551 2.42 795 60
(1.6)  (1.0) 1.5 (12

1. b;;(L) are 11th-order polynomials in L. Parentheses containgatio
of coefficients to asymptotic standard errors.
2. p-values.



Table 2a: Forward rate regressions, pre-Volcker 1966 - 1979
with benchmark learning ratés

fiaon = Ei {CO +am+ C27~T§?2h + c3ty 120 + C4A(k)ut,12h} .
feaon = pifiaameny + p2A® fi o1y + (1= p1) fiyon + arion.
forward T 7(k) a Ay,
rate c1 C2 c3 C4 P1 P2
time-varying perceived natural rateg, = vz = 0.015

h=1-3 .588 -.042 - - 513 -.009
9.2)  (-0.4) (16)  (-0.2)
581 -.042 -.023 - .509 -.005
(9.1) (-04)  (-0.3) (15)  (-0.1)
581 .056 - =172 .518 -.017
(9.0)  (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)  (-1.5) (39) (2.4)
.860 2.92 - -2.65 .873 211
8.4) (18 (-1.5) (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) (-3.7) (a79) (20)

1. Superscriptk) denotesk-period averages. For monthly data, k = 12.

Parentheses contain ratios of coefficients to HAC standaodse
VAR forecast model sample: 1960 m1 - 1979 m7.



Table 2b: Forward rate regressions, pre-Volcker 1966 - 1979
with alternative learning ratés

ftaon E; {CO +om+ C27~T§?2h + 3120 + C4A(k)ut,12h} .
Jt.12n prfirah—1) + P2 AW f a1y + (1= p1) 7 1on + Ge120-
forward T 7(k) a ARy
rate 1 2 3 C4 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
(10) (2.5) (38) (2.5)
h=7-10 .796 2.70 - - .967 877
(25) (3.9 (178) (20)
time-varying perceived inflation targetz = 0.03;v; = .015
h=1-3 499 -.012 - - .503 -.001
(10) (-0.2) (17) (-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) denotesi-period averages. For monthly data, k = 12.
Parentheses contain ratios of coefficients to HAC standaotse
VAR forecast model sample: 1960 m1 - 1979 m7.



Table 3a: Forward Rate Regressions, Volcker 1982 - 1987
with benchmark learning ratés

ftaon E; {CO +om+ C27~T§?2h + 3120 + C4A(k)ut,12h} .
Jt.12n prfirah-1) + P2 AW f a1y + (1= p1) 7 1on + ar120-
forward 7 7(k) i Ay
rate c1 C2 c3 C4 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) 10)  (-3.1)
3.85 429 - .759 .529 -.120
(9.9) (1.3) (1.9) 9.1  (-2.9)

h=4-6 3.28 1.12 — — .918 -.232
36) (L8 (24)  (-2.3)
.754 9.18 -20.2 - .955 -.265
0.2) (11  (-1.0) 26)  (-2.7)
.226 -1.50 - 13.3 .958 -.268
0.1)  (-0.6) (1.0) Q7))  (-2.8)

h=7-10 -.686 6.64 - - .957 450
(-0.4)  (1.6) (60) (5.4)
1.62 -76.1 119 - .942 .485
(2.0) (28) (2.7 (65) (6.4)
2.15 -7.67 - -28.6 934 467
@7  (-1.9) (-3.2) (60) (6.2)

1. Superscriptk) denotesk-period averages. For monthly data, k = 12.

Parentheses contain ratios of coefficients to HAC standaodse
VAR forecast model sample: 1982 m1 - 1987 m7.



Table 3b: Forward rate regressions, Volcker 1982 - 1987,

with alternative learning ratés

ftron = Ei {CO +om + C27~T§?2h + 3120 + C4A(k)ut,12h} .
feaon = pifiaameny + p2A® fi o1y + (1= p1) fiyon + arion.
forward 7 7 (k) a ARy
rate c1 C2 c3 C4 P1 P2
fixed perceived inflation targetz = vz = 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 target; = 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) 1.7) (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.
Parentheses contain ratios of coefficients to HAC standaodse
VAR forecast model sample: 1982 m1 - 1987 m7.



Figure 1: Inflation and the negative of natural rate deviegtim unemploymerit
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1. Twelve-month moving average of annualized inflation mdleflator for personal consumption
expenditures (pce), and the negative of deviations in tikaci unemployment rate from
the Congressional Budget Office (2004) estimate of the abtate for unemployment.



Figure 2: Sensitivity of real bond rates to inflation targetgeptiong
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1. The central bank target for inflation perceived by bondera, 7, is fixed in the top panel,
difference-stationary in the middle panel, and based ongdpoint learning in the bottom
panel (see text). Thin dotted line is real federal funds; ithia solid line is real rate on a 1-year
zero coupon bond (ZCB); thick dotted line is real rate on &&rZ CB; and thick solid line is
real rate on a 10-year ZCB.



12 Figure 3: Perceived central bank target for inflation
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1. solid line: perceived inflation target with learning gajn = .015 (see text).
dashed: Hoey survey of expected 5-10 year inflation.
dotted: inflation in personal consumption expenditure Ypedlator, 12-month average.
12 Figure 4: Perceived natural rate of unemployment
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1. solid line: perceived natural rate of unemployment wéidrhing gainy; = .015 (see text).

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

dotted: civilian unemployment rate.



16 - Figure 5: Forward interest ratés
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1. thin solid line: 1-year forward rates; thin dotted liney&ar forward rates; thick dotted line:
5-year forward rates; thick solid line: 10-year forwardcesatForward interest rates from
McCulloch-Kwon (1993).





