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1 Introduction

Natural rates are important, but infrequently discussasmponents of macro models that describe
equilibrium levels of economic activity and anchor agenpeastations. Defined by Frisch (1936) as
equilibrium solutions of models in the absence of dynamictibms, natural rates are often neglected
background scenery in theoretical macro models where fiatdal rates are collected in equation intercepts
and time-varying natural rates are accommodated by regagtiriables in equilibrium-deviation or “gap”
formats. Even with such real-world experiences as the sdamdof trend growth and the acceleration of
inflation in the 1970s, time-variation in natural rates cohk ignored in theoretical models that assumed
full information on the size and timing of structural breaks

The assumption of full information continued to be prevaleith the development of New Keynesian
(NK) policy models in the mid-1990s. These models gener@lytained an output gap, with deviations in
output from a time-varying natural rate, and invariant reteates for inflation and the real interest rte.

More recent work has relaxed the assumption of common irdtian generally associated with rational
(model-consistent) expectations, and examined imptinatiof natural rate measurement errors by agents
in the private sector. Examples include errors in estingdtire trend growth of labor productivity by wage
earners in Ball and Mankiw (2002), and errors in estimatimg ¢entral bank target for inflation by bond
traders in Kozicki and Tinsley (2001a, 2001b).

A wide variety of empirical techniques have been used tonedé time-varying natural rates, including
the Hodrick-Prescott filter used by Ball and Mankiw (2002he trend polynomials, and Beveridge-Nelson
(1981) time series partitions. Kozicki and Tinsley (2002@01b) suggest that the limits of long-horizon
forecasts can often provide reasonable estimates ofinealfierceptions of natural rate equilibrium, and
use surveys of expected inflation over 5-10 year horizonlutstriate variations in bond trader views of the
central bank target for inflatiof.

Curiously, there is almost no empirical work to recover carnbank real-time perceptions of natural

rates’ Consequently, this paper will draw on the history of multipé forecasts presented to the Federal

1This mixture of a time-varying natural rate for output andsiriant natural rates for the remaining state variablessisple of
the models discussed in the influential volume edited byora{l999).

2The survey estimates are also used to confirm the relevaneeesfl-time learning algorithm that does not use the inffatio
survey information.

3A notable exception is the construction by Romer and Rom80Zp of central bank estimates of the natural rate for
unemployment, which will be discussed in section 4.



Open Market Committee (FOMC), the US monetary policy cortesitto estimate the evolving perceptions
of the central bank of natural rates for unemploymeaptand inflation,r;, since 1970.

The natural rate estimates are based on forecasts presetited=OMC at policy meetings and recorded
in the Greenbook (GB), the staff briefing document. Greehliaia have several advantages over other
real-time data sources. The multiperiod forecasts provigeated observations of predictions by the
implicit forecast model of that Greenbook. Importantlye@nbook forecasts provide measures of real-time
central banlperceptionghat are not evident in real-time data releases. Thus, uSesgnbook forecast data
provides sufficient summary measures of the ex ante inféomaf forecasters, reduces model identification
issues, and eliminates estimation biases due to unanédighisturbances in ex post data.

Despite the potential advantages, previous studies haitedl their analysis to subsets of the Greenbook
data. Data are typically excluded because the reportingdbof the dataset presents several computational
challenges, including variations in the number of Greekboger year, differing forecast horizons per
Greenbook, and the influence of judgmental add factors onteea forecasts. An advantage of the
methodology outlined in this paper is that it allows exartioraof the entire data set rather than ad-hoc
selections of data subsets.

Estimation of central bank perceptions of natural rates aldlo sharpen the focus of ongoing debates
regarding historical monetary policy. Theoretical exsesi provide a large number of possible descriptions
of the conduct of past policy. If we assume, for the purposdisfussion, that a Taylor-type rule for the

overnight policy rate controlled by the central bank,
re=p+ 7+ co(mp —7) 4 c3(ye — Yt) + €rts 1)

provides an adequate characterization of the responsesigr US monetary policy, then the three natural
rates (of outputy;, inflation, 7, and the real interest ratg) and two parameters of this equation fully
describe the determinants of policy. Under this assumpsimificant differences in one or more of these
five arguments during the 1970s must necessarily explaimt¢bemmodative US monetary policy during
the Fed chairmanships of Arthur Burns and William Millerdéed, if combinations of variations in the five
arguments are considered, it would not be surprising ibeatfion exercises using alternative initializations

5
of equation (1) could suppoiX’ (i,(55il.),) = 31 possible theories of policy failure during the Greatdtifin*
i=1 '

“*Inconclusive calibration exercises of two competing tieoof the Great Inflation are discussed in Collard and D¢#684).
Recent surveys of alternative interpretations of US irdtatn the 1970s are presented in Nelson (2004) and Velde 2004



Among data-based interpretations of US monetary policyh@ 1970s, there appear to be two
leading candidate theories of the Great Inflafo@ne interpretation has been labelled fassive policy
explanation. In the influential work of Clarida, Gali, andr@ar (2000), this interpretation is supported by
empirical estimates of the policy rate equation that indithe estimated policy response of the funds rate in
the 1970s did not keep pace with inflatii©ne limitation of documented regression analyses of hicstbr
policy responses is that the central bank target for inflaifoassumed to be invariant and captured in a
fixed equation interceptA more subtle identification problem is raised by Beyer andrfea (2004) where
estimation of reduced form policy response functions, guginly historical realizations of inflation and
output, may be unable to distinguish between competing rdimapecifications of central bank responses
and of other structural relationships in the macro systemddd asymmetric information, this source of
ambiguity can be mitigated by using prior information on sfireicture of central bank forecast models and
by fitting policy responses to the central bank historica¢éasts.

The other leading explanation of the Great Inflation isrthtural rate errorinterpretation. In a series of
important papers, Orphanides (2001, 2003a, 2003b) sugpgekty responses in the 1970s to inflation and
the output gap, such as andcg in equation (1), were consistent with stable policy respendHowever,
lower levels of the policy rate were induced by substantia persistent overestimation by the central bank
of the natural rate for outpufj;. Although this research has instigated useful work on aqunseces of
real-time errors in estimates of the natural rate of output thend productivity, the applicability to policy
formation in the 1970s is conjectural. A major obstacle tofitming this interpretation of monetary policy
in the 1970s is the lack of a continuous historical recordesftal bank estimates of the natural rate for
output. In the absence of evidence that staff estimatgs wfere routinely reported to the FOMC in the
1970s, Orphanides (2003a) uses output natural rates peddarannual reports of the Council of Economic

Advisors (CEA) as a real-time proxy. Given representatpectfications of aggregate pricing equations in

SA third policy-based interpretation is that the Fed atteadpb exploit a perceived permanent tradeoff between uremmnt
and inflation, as in Sargent (1999) and Sargent, Williamd,Zma (2004). However, this conjecture is not supported bittime
implementations of the Phillips curve in the 1970s, as inl&nand Pierce (1974), which assumed the absence of a lang-ru
tradeoff. In a sequel, Cogley and Sargent (2005) suggegtypwmiay have optimized a collection of competing macro medel
where the model with a permanent tradeoff (and low postexols) predicted infinite costs for disinflations in the 1970s

®In terms of equation (1), the passivity of policy is summediby the inequalityé; < 1. Analytical determinacy conditions for
a variety of interest rate response formats are exploredaadférd (2003). In the absence of a stable policy responsgl&tion,
Clarida et al. (2000) suggest that private sector expectsitdf inflation in the 1970s may have been driven by non-foreddal
(sunspot) shocks. However, using the model suggested byd€lat al. (2000) for the 1970s, Honkapohja and Mitra (2004)
demonstrate that neither fundamental nor sunspot RE brailivere accessible to agents using adaptive learning.

A sizeable literature explores regression estimates ofdliSyresponses over postwar samples, including Judd adefusch
(1998), Taylor (1999), Romer and Romer (2002), and Nels6042



the 1970s, it is more plausible that the FOMC gauged realrescslack by aggregate unemploymént.

Using new measures of real-time central bank estimatestafalaates, this paper re-examines U.S.
monetary policy in the 1970s. An important difference fronppstudies is that the effective inflation
target is not treated as implicit in fixed intercepts or asstino be a known constant. While the empirical
evidence confirms that real-time natural rate estimates@fployment were below retrospective estimates,
the errors are modest and do not appear to be the main detertnoiflow real funds rates in the 1970s. The
empirical results generally support the passive policpthef Clarida et al. (2000). However, the results
also suggest an alternative interpretation that providigktianal insights into the design of US monetary
policy in the 1970s.

The next two sections of the paper lay the framework for sgibsiet empirical analysis. Section 2
sketches a NK theory of time-varying natural rates thaediffrom the long-run constructs often associated
with equilibria. Section 3 introduces the organization @tdrical multiperiod forecasts presented to the
FOMC, and discusses time series specifications used inqudrsiesections to estimate natural rates. Section
4 presents estimates of time variation in the natural ratarfiemployment implied by Greenbook forecasts.
Section 5 discusses estimates of the natural rate for mflathplied by historical policy responses to
Greenbook forecasts. The empirical results suggest a sitmation of policy responses in the 1970s.
Consequently, section 6 explores an alternative desanigf US monetary policy in that period. Section 7

concludes.

2 Theories of time-varying natural rates

An obstacle to explicit consideration of natural rates iatthatural rates are not directly observable.
Consequently, a model is required to identify the dynamigildmjia of variables. Two types of dynamic

equilibria are common in macroeconomic analysis.

8CEA natural rate estimates are infrequently cited in the FEOMemorandum of DiscussiofMOD) during the 1970s, and
do not appear to have been supported by staff forecasts. aarmclude: “(T)he potential GNP as estimated by the Cibunc
of Economic Advisers is based on a 3.8 per cent unemploynaat rThat may well be too low an unemployment target for
sustainable economic growth without inflation,” Partee M&OEconomist (MOD, 11/17/1970, p.31) and “Mr. Partee obedrv
that the target for the unemployment rate referred to in thaual Report of the Council of Economic Advisers alreadynses
to have been increased from 4 to 4-1/2 percent....accotdirtbe (Greenbook) projections, even a 5 per cent unemployme
rate would be associated with considerable continuingtiofian the short run.” (MOD, 3/19/1973, p.28). Staff esttes of
the “high-employment fiscal surplus or deficit” are reportedGreenbook forecasts since April 1970 to measure changes i
discretionary fiscal policy, based on the methodology ssiggkin Okun and Teeters (1970), but estimates of high-gmm#at
GNP are not recorded in 1970s Greenbook forecasts or usedite gnflationary pressure.



In the case of anchoring long-run forecasts, such as imjptichodelling long-maturity bond rates, the
asymptoticnatural rate anchor for forecasts of the real interest yatdpr example, is the infinite-horizon
forecast,p, = kli_)rg() Eipi.2 Asymptotic natural rates are often measured by the limiforgcasts of
atheoretic time series models, such as the natural ratssraoted for VAR models in Cogley and Sargent
(2003). In univariate analysis, such as the example of takiméerest rate, the asymptotic natural rate of
a stationary real rate is a constant, often approximated lopgsample mean. Alternatively, if the real
interest rate contains a unit root, the asymptotic natatal will vary in each period and can be represented
by a moving average of recent observations, which includesdm walk as a special cae.

In analyses of natural rates in structural models, howewer,concept often associated with natural
rate deviations or “gaps,” follows that of Frisch (1936) whmstantaneousatural rates of macro models
are, by construction, equilibria for a subset of variabled aonditioned on the current values of the
remaining state$! In this approach, even if the real interest rate is statigrfar example, the associated
instantaneous natural rate may vary from period-to-pe&gdt is conditioned on existing realizations of
hidden or unobservable variables such as current capiaduptivity growth, and preferences of agents.
Another feature of instantaneous natural rates is thatelevant structural model will generally impose
relationships among the natural rates of the state vagalilensequently, time variation in the natural rate
of the real interest rate, for example, may not be indepenalevariations in the natural rate of output or
employment.

The remainder of this section provides a sketch of the détemts of natural rates in a standard NK
structural model. Relationships among the instantaneatisal rates are highlighted, in part, to rationalize
an Okun’s Law relationship between output and unemploygaps.” The latter is useful in capturing

real-time specifications that emphasized unemploymehérdbhan output gaps.
2.1 Natural rates in a NK model

While approaches to modelling dynamics and expectations kBaolved over the past several decades,
specifications of certain equilibrium relationships in mamodels have remained relatively stable since the

1970s, such as log-linear production functions and veticey-run Phillips curves.

®Kozicki and Tinsley (2001a, 2001b) associate the term “eimtp” with long-run asymptotic natural rates.

10Nonstationarity is not always due to unit roots, and Kozahé Tinsley (2001a) explore time variation in asymptotiturel
rates due to infrequent shifts of model parameters.

1A notable example is Woodford’s (2003) revival of the Widkis@ natural rate of interest under flexible pricing.



By contrast, the NK model is an invention of the mid-1990s,itamay seem historically inaccurate
to impose NK equation formats on real-time forecast datawéder, intertemporal first-order conditions
were used to derive macro model specifications by the eail¥d,%although forward expectations were
often represented by distributed lagsThus, historical empirical models may have provided caests but
inefficient, estimates of reduced form representations adets with explicit forward expectations, and “as
if” model specifications, such as NK Euler equations, preyithusible descriptions of relationships among
real-time forecasts.

A structural macro model of private sector behavior, basea@gent optimization, provides a starting
point for formalizing discussion of natural rates. The feawork referenced here is a simple three-equation

version of the NK macro model:

Y — U = Eyir1r — Jer1} — aaBi{ps — pe} + €yt 2)
m =T = bE{mp — Tt +bo(ye — i) + €ns (3)
re = pp+ e+ co(m — ) +es(ye — Ue) + € (4)

where the household demand for log outpytand the inflation consequences of Calvo-type delayed price
adjustments by monopolistic firms, are represented by equations (2) and (3). The remainiratiegu(4),
is a description of the policy rate, controlled by the central bariR.In standard formulations, all parameters
are nonnegative, and the expectations operdipf,.}, denotes rational (model consistent) expectations.
Anticipating examination of time-varying natural ratdsg natural rates of outpug, inflation, 7, and real
interest ratesy;, are explicitly included in model equations and assignee tsubscripts.

The household demand for output, equation (2), and the imfldamplications of pricing by firms,
equation (3), are consistent with the following assumgion

The representative household is infinitely lived and, inheperiod, consumeg’;, an index of
differentiated commodities using a CES aggregator. Pseshaf consumption, bonds, and equity are
financed by household income from financial assets and caapiens for supply of labor, N, and labor

utilization, X, to firms, where the range of labor supplyis< N < 1. The allocation of income and the

2Eyler equations were introduced to characterize the dymdmhavior of firms by Roos (1927); additional references on
intertemporal optimization in economics and approximaiof forward-looking producer behavior are discussedmsi€y (1970).

BMicrofoundations of IS and Phillips equations, such as (&) €3), are discussed in Woodford (2003). Equation (3) is an
approximation of an NK inflation equation when > 0, as shown in Kozicki and Tinsley (2002b). Equation (4) isikimto
monetary policy descriptions in Bryant et al. 1993) and day1993).



supplies of labor and utilization are determined by maxingza discounted sum of expected utility,

E{Y} = Ef)_ Buul, 5)
i=0

given the fractional discount factor, 3. Household utility is represented by a CRRA specification,

(Qesis Covis Nevis Xesi) = QuuiCli =1 Ni7 XY
t+is Cttis Vi Nt - 1—a 1+’Y 1-|—5’

whereQ is a preference shock, and the paramelers, §] are nonnegative.

In the business sector, the production function of the ith fg
Yi(i) = ZeN{ (D) X7 (). (6)

Each firm has access to a common labor-augmenting prodycpivocess,Z. The nominal cost of
production for the ith firm igV; N, (i) + V; X;(i), where the compensation rates for labidf;, and labor
utilization, V;, are also the same for all firms.

Conditioned on its labor input, the cost-minimizing labdtization demanded by the ith firm%$

.=
Xt(i) :(g)mNtHé

a

(4). (7
Using (7) to eliminate utilization from (6), the effectivegauction function of the ith firm is represented as
Yi(i) = ZKNE (i), 8)

where K = (%)beS andd = a + b%' Thus, conditioning only on household labor suggests that t
effective short-run labor elasticity of productiom, may exceed unity if the supply of labor utilization is
substantially more elastic than the supply of laldog< ~.

Consistent with short-run real output effects of monetaojicy, prices of differentiated goods in
monopolistic product markets are sticky. Interpretatiohthe New Keynesian supply equation, (3), include
guadratic costs or Calvo-delays in adjusting price levetkowever, in a flexible-price equilibrium, the

relative price set by the ith firm will be

= = W4(i), A= g5 ©)

HAs the discussion is focused on equilibrium relationships,ignore friction specifications such as convex costs afsditjg
the labor input.



wherefi denotes the equilibrium monopolistic price markayis the price elasticity of demand, afdi) is

the equilibrium real marginal cost of the ith firkp,

U(i) = (aQe) YNV, (6N (i), (10)
whereY andN denote indexes of aggregate equilibrium output and labor.
In a symmetric equilibriumpP;(i) = P, N¢(i) = N, andY;(i) = Y;. Consequently, equation (9)
implies that the natural rate for output in a flexible-pricgidibrium is

i = (gl

or, in logs, the time-varying natural rate of log outpiit= logY;, is a linear function of the log preference

shock,q: = logQ; and log productivityz; = logZ;,

Yt = k‘] + k‘gqt + k‘th, (11)
wherek, = S — andks = T — .
2 T+v+ad (a—1) 3 1+y+a/ (a—1)

In NK models, the natural rate for the real interest rate nisy lae a time-varying function of preference
shocks and the growth rate of productivity, vid. Woodfor@@2). For example, evaluating the household

first-order conditions underlying equation (2) at equilibn gives®
k k
P = kit —EAzy + — EAgyy. (12)
a9 a9

As noted in section 1, macro analyses of production resocwostraints throughout the 1970s and
1980s were dominated by unemployment “gap” approximataimaarginal cost, rather than by output gap

representations. The log of the production function ingisahat the natural rate of labor is
= —2logK — Lz + &,

wheren; = logN;. Thus, in the NK model, the natural rate of unemployment is

Uy = —Ny,

ks —1 ko

= k’o - 7 2t — _/qt) (13)
a a

‘First-order conditions for the household requike = Q; ' C{* N;/; and the cost-minimizing conditions for the ith firm require

%ﬁ = a¥(q) ;’,((?) Using the market clearing conditiof;; = Y, and eliminating the real wage yields the expression far rea

marginal cost in equation (10).

5The interceptk., in equation (12) is a function of the expected covariatibthe real rate and the stochastic discount factor,
vid. Kozicki and Tinsley (2002a). Estimations of time-vauy p: using specifications similar to equation (12) are discussed
Laubach and Williams (2002) and Clark and Kozicki (2004).
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whereky = %(logK — k1). By equation (13), the natural rate for unemployment isriiavd to shifts in
productivity if k5 = 1, which will occur if the utility of consumption is logarithim (o = 1).17
Finally, combining equation (13) with the log of the prodant function provides a New Keynesian

variant of Okun’s Law,

v — G = —a (ur — Gy). (14)

Substituting this relationship into equations (3) and @Bult in expressions involving the unemployment
rate and the unemployment natural rate—variables moreudrgty emphasized in historical policy

deliberations than the output gap. For example, the regulthemployment-based Phillips curve,
m— 7 = biEf{mg1 — T} — bea (us — W) + €x g, (15)

will be used to construct central bank estimates of the ahtate for unemployment in section 4.

One source of time-variation in the US natural rate for imdlatr,, is through changes in the effective
preferences of the central bank policy committee. Althoaghindividual decision-maker may maintain an
invariant preference distribution over the domain of natuate objectives, the historical record of FOMC
discussions suggests differences in preference digtitsiamong members of the FOMC. Because US
monetary policy is determined by a twelve-member subsdi@FOMC, rotations of voting eligibility and
of tenure on the FOMC, as well as variations in framing vothgices, vid. Arrow (1951), imply that the

effective natural rate for inflation selected by the certitk will likely vary over time.

3 Estimating time-varying natural rates in multiperiod for ecast data

This section discusses an organization of the data set 6fimea central bank predictions that takes
advantage of the multiperiod forecast format, and reviees time series models used to estimate
time-variation in the perceived natural rate of unemplogtne

The historical record of central bank forecasts has notablleantages for estimating the associated
forecast model. Each forecast document has multiperiast&mts, providing multiple observations on the
predictions of the forecast model of that document. Alsogdasts are often available for both dependent

variables and standard model regressors. Thus, regremspfeee of simultaneous equation bias that is

Comovements of labor productivity and of actual and permkimatural rates of unemployment under lagged learning are
explored in Ball and Mankiw (2002) and Reis (2003).



attributable to unobserved shocks in current and futureget®

In addition to the bookkeeping complications inherent ip Bral-time analysis, the real-time data used
here present certain computational challenges, such iasiwas in forecast horizons across policy meetings
and different frequencies of policy meetings per year. Alsecause the forecast data are assumed to be
sufficient statistics for all information accessed by fargers, they are likely to include effects of short-run
judgemental “add factor” adjustments which are not systimaty recorded in redacted FOMC documents.

Apart from theoretical reasons for anticipating time vémia in natural rates, as illustrated in the
preceding section, reasons to expect time-varyiageptionsof natural rates in real-time forecast models

include expanding samples and rotations in staff forecgggaments.
3.1 Characterizations of Greenbook natural rates

A versatile model for estimating time-varying natural sitethe time-varying parameter (tvp) specification.
A simple atheoretic model of unemployment, often assogiatith asymptotic natural rate estimates, is the

p-th order autoregression,
pt1
up = by + bogup1 + ZQ bjr1,t AU j11, (16)
]:

where the natural rate can be identifiediyy= 131—1); for0 <by; < 1.
A time-varying structural model, associated with instaptaus natural rate estimates, is the

unemployment gap variant of the pricing equation in equatg)®
T = bt + E{me )+ bagug, (17)

where the natural rate of unemployment can be identified; by —Ib’;—:z for by # 0.

Data are drawn from historical Greenbooks. The Greenbo® {§&a staff briefing document presented
to FOMC members during a policy meeting of the FOMC. Part ltams background analyses of recent
economic and financial data, and Part Il presents the stdffperdod forecast of economic activity. The
baseline Greenbook forecast is a “judgemental” forecasmdnents of the forecast are selected in a series
of meetings by the senior staff and sectoral specialist®y prepare initial projections for their area of

expertise. Although forecast preparation meetings irecfodecast inputs from economy-wide econometric

180f course, simultaneous equation bias can still occur ifiitant forecast model arguments that affect both dependen
variables and explanatory regressors are omitted.

1%Equation (17) is a simplified version, where the coefficiengxpected inflationd;, in equation (3) is set to unity. This is a
reasonable approximation if the household discount faBtds near one, see Table Al in Kozicki and Tinsley (2002b).

10



models, such as the quarterly MPS model (used from the B&6slthrough the mid-1990%) the dominant
inputs are sectoral forecasts from staff specialists. it to monitoring a broader set of high-frequency
data releases than are incorporated in the economy-wideegyanodel, each specialist generally considers
forecasts from a range of alternative sectoral models bdémmulating a sectoral forecast.

The baseline Greenbook forecast is considered the modamast-likely, outcome, given recent
policy decisions and objectives. Forecast assumptionglibmmed on perceived current policy and
objectives include the senior staff’s judgement of likelytammes in financial markets over the forecast
horizon, including the behavior of intermediate- and ldegn interest rates. These forecast conditioning
assumptions are not systematically recorded in FOMC dontsmedacted by the FOMC Secretariat.

Because the Greenbook forecast model is judgemental, itatieqs are not formally documented.
Thus, an econometric reconstruction of the implicit macraded underlying GB judgemental forecasts
confronts many of the same problems as do estimations of anacdels from government agency
measurements of economic activity. There are some adwesitdgwever, including real-time records
of agency measurements and the judgemental multiperiagtdists generated for each Greenbook. For
example, the Greenbook forecast generated in pérgaherally contains not only staff forecastsmgfand
ug, but also the current forecast of next quarter’s inflatiBpg; 1, as would be required by the structural
equation (17).

To introduce a more general model notation, the forecasvafiable in the current quartey;, reported

by a Greenbook generatedtipis represented by

Yet, = w:e\tgﬁt\t_q T Gyt s tg=1,...,Ty, (18)

where thet, date is contained in quartert — 1 < ¢, < t). Thep,,, vector contains the coefficients of
a linear approximation of the forecast model consistent Wit Greenbook forecasts #p; anday;, is a
measurement error to account for transitory forecast aegismot recorded in the Greenbooks.

The z,,, vector contains the explanatory variables, which may doragaunit intercept and variables
recorded in the current Greenbook, including Greenboadknasts of activity for periods that lead or lag the

period of the dependent variablgt,. For example, the relevantvectors for the autoregression equation

20plthough forecasts by the staff quarterly model are refeedras a benchmark check on judgemental forecasts, therprima
FOMC products of the quarterly model are simulations ofratiive forecast scenarios and policy options that diffemf the
assumptions of the baseline GB forecast.

11



(16) and the structural equation (17) are, respectively,

/
Tyjty = [17ut—1|tg7Aut—1|tg7"'7Aut—p|tg]7

/ J—
Tijty, = (1, g1ty s Wt )-

Unless otherwise indicated, all variables referenced @athvector denote GB forecasts or real-time
measurements, not retrospective measurements.

An advantage of access to contiguous multiperiod foreéastach Greenbook is that iterative forecast
functions are not required to generate future forecastepéndent and explanatory variables. Rather, the
forecast of the dependent variable in the h period of the forecast horizon of the current Greenbook can

be represented by

Yt+hty, — $;+h|tgﬂt|tg + Qiinlt, h=0,... s Heys (19)

where H,, indicates the forecast horizon for the Greenbookin Here, thez;, ;;, vector contains the
same explanatory variables asaif,,, except each variable is advanced/bperiods. Note also that the
coefficients of the forecast modél,;,, remain in a linear format, rather than the usual multipieaform
associated with forecast functions.

An important assumption of this paper, illustrated in eguma{19), is that the same model is used
to predict the multi-period forecasts in a given Greenbo@k,,;, = By,,h > 0. In other words,
the parameters of the linear forecast modg),,, are assumed to be invariant across all forecast periods
within the forecast horizom, = 0,1,..., H,. This is not always a tenable assumption, in part due to the
potential for extensive judgemental adjustments of fastscen initial periods of the forecast horizon, and an
adjustment for this is discussed later.

However, the structure of the Greenbook forecast modehpsutated in the parameter vectgy, ,
may vary in succeeding Greenbooks or calendar quarters. néomniplete list of reasons for variation
in the Greenbook forecast model includes: new developmienezonomic or econometric theories of
macro modelling; recent forecast performances of comgetactoral models; rotation of staff forecast
assignments; replacement of senior staff and forecasdio@tors; and inquiries from members of the
FOMC.

The sample used in this paper includes the 126 quarters f&86Q3 through 199704, a span that

contains 315 Greenbooks. Greenbook forecasts were magaefne in early years of the sample, but

12



the frequency has remained at eight per year since 1981. vdrage forecast horizorf/ + 1, is 5.7
guarters. However, as shown in Figure 1, the forecast honzas much shorter in the 1960s and early
1970s, sometimes including only the current quartér= 0. Typically, the forecast horizon is longest
for Greenbooks prepared before the semi-annual congredgiestimony of the Fed chairman, and then
diminishes in the next few Greenbooks with the passing df sabsequent quarter.

Finally, as the originating date of a representative GBdastis contained in quartéerthe conditioning

subscriptt,, is generally dropped in subsequent discussion to eastamta
3.2 Alternative time-varying parameter (tvp) estimators oftugal rates
Stacking the multiperiod forecasts associated with Greekibin period gives themeasuremergquatior?t

Yy = Zifb+oay,

_Ex) [%} +a (20)

where the dependent variablg, and the measurement erray, are equal length vectors to account for the
number of observations in periad The matrix of regressor$Xt,Xt], conforms to the dimensions gf
and the parameter vectqu’t, A]’, and X; containsk regressors, including a unit vector. Tﬁgvector is
partitioned into & x 1 fixed vector,3, and ak x 1 time-varying vector of deviations},, whose unconditional
mean is zero. The effective time-varying coefficients of fihbiecast model3;, are obtained by summing
the fixed and time-varying deviation vectors

s = a+[ 2] (21)

k—k

where0, ;isa(k — k) x 1 zero vector. Note that < k if the lastk — k elements of3; are invariant over
time 22 The measurement error is normally distributede~ N (0, R;), whereR; = o21.
The format of theransition equation is

G = ®F 1 +e, (22)

where the partitions of the transition matrix and the trémsishock vector are

o = [‘3 I(”,andet: [%t] 23)

ZlEach calendar quarter contains more than one GreenbookroVimle some smoothing gf; estimates, forecast observations
from the Greenbooks of a single calendar quarter will ofteistacked in a quarterly measurement vector or matrix.

22The matrix X; is a subset ofX; whenk < k. Also, thet subscript is generally reserved for either Greenbook gsrio
t=1,...,T, or calendar quarters,= 1,...,T,. In some instances, it is useful to refer to components afigisiforecast in the
stack of all Greenbook forecasts by theubscriptr = 1,...,T, whereT = T, + ZtTle Hy,.
o=
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The nonzero transition shocks are also normally distrihute~ N (0, Q).

We consider three different specifications of time-varyiagression parameters that have appeared in
the macro literature. Each amounts to different restm&ion the dimension of the time-varying patrtition,
5;, and on the eigenvalues of the associated transition matrixAs the competing specifications make
different assumptions about the scope and persistenaa@f/ariation in the structure of the forecast model,
and we did not initially have strong priors over these aléues, all three specifications are estimated in

each application.

random walk intercept (RWI)

A widely-used specification of time-varying natural ratesdécent macro papers rests on the assumption that
the intercept follows a random walk; ; = 311 + 617,5.23 As noted by Stock and Watson (1998), if the
variance of the random walk transition shoa&, is small, the maximum likelihood estimate may be biased
toward zero. Consequently, we use the Stock and Watson madtziased estimator of the variance of the
transition shockg? = %02, whereu denotes residuals of the fixed-coefficient regression= X3,
andv is a function of a changepoint testpF.., for intercept shifts over the middle (70%) observations of
the samplerso, < 7/ < Ty59.2* After obtaining the median-unbiased estimate of the ttamsivariance,
the remaining parameters, such as the time-varying inteaoed fixed slope coefficients, are estimated by
recursive filtering and smoothing equatidfis.

Although means and sampling errors are estimated for thairéng regression coefficients;, i =
2,...,k, the fixed partition of the random walk intercept is the adittondition, 3, ;, = (1. To provide
an approximate comparison with estimates of mean coeffgigam alternative specifications, the finite
sample average of the random walk intercept estimates dstegpas the estimated me@, = Tiq t%l @1@

along with the estimated standard deviation of this finitagia averag&®

Zppplications that employ random walk intercepts to estevatime-varying natural rate for unemployment include ggtgi
Stock and Watson (1997), Gordon (1997), and Orphanides altidié (2002). Time-varying intercepts have also beerliaggo
estimation of the natural rate of the real interest rateh siscl aubach and Williams (2002), Kozicki (2004), and Clar#l Kozicki
(2004).

Z4Following Stock and Watson (1998), = % where the probability of a zero pileup by maximum likelidomoves inversely
with the local-to-zero parametey, vid. Stock and Watson (1998, Table 1).

Reviews of Kalman filters include Shumway and Stoffer (2080) Durbin and Koopman (2001). In imitating real-time
forecasting procedures, it is not uncommon to use filteréthates, such as|., So as to not overstate the information available to
forecasters. However, the information available to Greeklforecasters is fixed in the recorded forecasts, and wemsethed
natural rate estimates, |, to reduce the inference errors of the constructions.

T ..
L ¢ b,. For a known initial

*For the random walk specification; = b;—1 + e, denote the sample average as= 7~ >,%,
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random walk coefficients (RWC)

In the examples of autoregressive equations, such as ({@&ruatural equations, such as (17), recovery of
the natural rate requires transforming the estimateddagerby one or more slope coefficients of regressors.
Depending on the scales of regressors, even modest vagaticlope coefficients can imply large changes
in natural rates. To allow for the possibility of economigaheaningful variations in slope coefficients,
the second approach extends the random walk specificatitve &lope coefficients of regressofs,., k =
2,... k.

Estimation is similar to that for the random walk intercepse, with appropriate modifications for the
larger dimension of thé, vector. The transition matrix is an identity matrik, = I;.. Following Boivin
(2004), thek x k variance matrix of the transition shocks is pre-estimatgdgia median-unbiased estimator,
Q= (0)*(+X'X)"'Q(+X'X)~! whereX denotes the full sample column stackXf. As the format of
potential heteroscedasticity in the residuals due to tmarging coefficients is not known prior to model
estimation, a heteroscedasticity-consistent estimatosed§2 = %X 'DX, where the nonzero elements of
theT" x T diagonal matrix areD, . = %u% Again, v is determined by theupF,: test statistic but here

T
the test is formulated for shifts i elements of the coefficient vectat,

stationary coefficients (SC)

There are several pragmatic advantages of a random walkptgaspecification, including parsimonious
identification of the transition matrixp. However, this is only a tractable approximation with pbbsi
unrealistic implications for model parameters and somerrahtrate constructions, such as and 7,
especially in lengthy sampl&$.1f the evolution of empirical macro models is broadly viewssian example
of statistical learning of stable underlying relationshijt seems reasonable to allow for the possibility that
forecast model parameters may be approximated by autgsigns about a central tendency.

Principal differences in the stationary coefficient speatfbn are that both the transition matrix, and
the covariance matrix of transition shockg, are estimated by maximum likelihod8l Access to maximum

likelihood estimation also permits likelihood tests of queting specifications with stationary coefficients.

2
Ty 2g2 o HEHITit

condition, by, the variance of the sample averagmfs = % Ziﬂ o 5T, e which can be large in lengthy
Z 2ui=

samples.

Z’postwar aggregate unemployment and inflation rates in thbav& remained within relatively narrow ranges, and emgiric
tests supporting unit root behavior appear to be sensititleet choice of sample.

28To~initialize maximum likelihood estimation in the statany coefficients specification, each diagonal elemeripfs set to
.8 andQy is set to the median-unbiased estimator used in the randdkceefficients estimator.
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Finally, in evaluating effects of stochastic parameterateim, it is useful to gauge the relative economic
importance of estimated movements in a parameter. Graghe ebtimated trajectories of slope coefficients
are not always informative because, as noted earlier, fhetiwke contributions of slope parameters depend
on regressor scales. In the case of stationary parameterstgady-state variance of the dependent variable

due to variation in3 is
var(y) = XV(3)X',

where elements of the x k steady-state covariance of the stationary parameldrs), can be recovered
from the column stack

vedV (B) = [I;, — @ @] 'ved).
In tables of the next section, a variance decomposition rted for the stationary coefficient

specificatioR® 100 )
ardecont3;) = ——[X?Vii+=Y X, X,V 24
oo = IV, 5 K @)

4 Estimates of the natural rate for unemployment

This section briefly reviews several influential estimatiethe natural rate of unemployment and inferences
drawn from these constructions. These estimates are thepared with alternative estimates@fbased

on historical Greenbook forecasts using tvp regressionefsod

4.1 Representative estimates of the natural rate of unemployitne

A real-time estimate of the quarterly unemployment rate,and several estimates of the natural rate for
unemployment,i;, are charted in Figure ¥. Natural rate estimates based on retrospective samples of
historical data are represented by Staiger, Stock and W#1€97§* and the Congressional Budget Office
(2004). Both peak in the 1970s, with the CBO estimates aimgag half-point below the Staiger et al.

estimates over the twenty-year sample shown.

2Equation (24) assigns half of the covariantg;, to 3; and 3;, following Swamy and Tinsley (1980). Consequently, some
elements of the variance decomposition may be negativer thideconvention.

%0Annual dates on the horizontal axis denote the start of a yesmwith other real-time estimates of historical variablsgd
in this paper, the real-time estimate of the unemploymetat iraperiodt, w., is drawn from the last Greenbook of the second
following quarterit + 2.

nterpolated from first-quarter estimates provided on:Htpvw.wws.princeton.edu/ mwatson/.
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As shown in Figure 2, there is much less agreement amondinealestimates of the behavior of the
natural rate in the 1970s. The HP filter estimate is appligtidéaeal-time estimates of the unemployment
rate, and rises from about 4% to the level of the Staiger etedfospective estimate by the mid-1978s.
The smoother short series ending in 1976 is from Perry (19147@ remaining short series, ending in 1972,
1975, 1976, and 1978, are estimates of the natural rate ofipiogment obtained by reverse engineering
the real-time output gaps in Orphanides (2003a) using GKuav33

These real-time estimates of the natural rate for unempdoyreupport the view that monetary policy
could have mistakenly eased in the 1970s, but with conditkeraariation in the size of the implied errors.
Using the CBO retrospective estimate as an estimate of the™hatural rate, underestimates of the natural
rate range from 3%, for the real-time estimates ending ir6,18¥1%, for the real-time estimates ending in
1978. However, the output gaps used in the reverse engigeanidoubtedly reflect also real-time errors in
measuring GNP.

The conventional view of the natural rate for unemploymarihe 1960s was 4% so an upper bound for
natural rate errors in the first-half of the 1970s is about 2%&uming Perry (1977) represents a conventional
estimate of the natural rate by the mid-1970s, an upper bamahderestimates in the second-half of the
1970s is 196* This suggests that if the FOMC had been using a stable Taylras empirically supported
by Orphanides (2001), errors in estimating the naturalobtmemployment could have mistakenly reduced
the policy rate by 100 to 200 basis poiffs.

As noted earlier, standard models for predicting inflatiorthie 1970s were variations of a Phillips
curve with the unemployment gap; — u;, as an explanatory regressor. Romer and Romer (2002) have
suggested that the “very low estimates of normal unemployrtteat characterized the economic beliefs
of policymakers in the 1960s and 1970s would naturally temdetd policymakers to systematically

underpredict inflation.” The forecast errors of Greenbookent-quarter predictions of GNP inflation are

%2The smoothing parameter for the filter of quarterly obséowatis 1600. Of course, the two-sided HP filter uses forward
information not accessible in real time.

33We are indebted to Athanosios Orphanides for supplyingehktime output gap data. The estimates in Figure 2 arerwtai
by 4: = ur — %(yt — @), using an Okun’s Law coefficient af = 2.2. Although Okun (1962) initially suggested estimates of
around 3.2, Tatom (1978) indicates an estimate around 2éhisistent with 1955Q1-1969Q4 and 1955Q1-1977Q3 samples.

3%4The Perry (1977) estimate af reaches 4.9 in 1976Q4. This likely overstates the error fmyrestimates of the unemployment
natural rate by the mid-1970s. Whereas Hall(1970) ind&catest economists agree that this is somewhere betweenZlgardent
unemployment,” Hall (1974) suggests that the natural sagbout 5.5 percent.

%An Okun’s Law coefficient of around two implies the coeffidier a Taylor rule response to the unemployment gap is one.
By contrast, Orphanides (2001, Figure 4; 2003a, Figure gyssis shortfalls of the funds rate, due to central banktieel
measurement errors, approach 600 basis points duringafgen the 1970s.
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charted in Figure 3% The mean of the inflation prediction errors is near zero, %.,08ver a 1969Q1 -
1997Q2 sample. The largest inflation underpredictionsenl®i70s follow crude oil price shocks in 1973-4
but precede oil shocks in 1979-80. The mean prediction eqositive, 0.83%, in the first-half of the 1970s
but negative, -0.14%, in the second-half.

If the inflation-bias conjecture is correct, a reduction lie measurement error of the natural rate of
unemployment might explain the smaller inflation forecasbrs in the last-half of the 1970s. Romer and
Romer suggest -.125 as an estimate of the slope of the Bhillipre. Assuming the measurement error
of conventional estimates af fell by one percentage point in the 1970s, as suggested atiusevould
explain only 13% of the net reversal of the mean forecast efrimflation in the first and second halves of
the 1970s.

However, Romer and Romer (2002) do not rely on conventiosilmates ofu;, and present an
innovative use of Greenbook forecasts to support theirtipasthat the central bank made large errors
in measuring the natural rate of unemployment. Their cantns are based on inverting a standard

“accelerationist” Phillips curve to give

2
A 1
up = E (Ugn + 195 ATyip), (25)
h=0 :

Wl

where, using our earlier notation, all variables on the if(29) are forecasts from the Greenbook in

Even though the Romer and Romer (2002) constructions inU@&saverages of the three initial forecasts
in the Greenbook forecast horizoh,= 0, 1, 2, their estimates ofi; are quite volatile over time. Romer
and Romer (2002) list averages over subperiods, which aredaced in the second column of Table 1.
When contrasted with the CBO estimatesugfin the first column of the table, these estimates suggest a
more dramatic interpretation of central bank perceptionthé 1970s. In contrast to the underestimation
by conventional estimates af of about 2 percentage points in the first-half and 1 percenfamnt in
the second-half of the 1970s, the Romer and Romer estinrafdy the natural rate estimates implicit in
Greenbook forecasts underestimatgdby nearly 3 percentage points in the first-half, and overestd by
0.9 percentage points in the subsequent sixteen quartdirsgenith the Miller tenure, a swing of nearly 4
percentage points in Greenbook revisions of the naturalfeaitunemployment.

For an initial comparison with real-time estimators, thetlawo columns of Table 1 list common

%Current-quarter prediction errors of real-time inflatioeasurements are measured by the average of the forecasfetire
last Greenbook in the current quartegnd in the preceding quarter;- 1.
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“real-time” constructions of the unemployment naturaéraaised on expanding sample me#n each of
the last two columns, the civilian unemployment rate at thg sf the sample is around 4%, the conventional
estimate of the natural rate in early postwar peridd#n the first two subsampleg/artin and Burns;,

the expanding sample estimates are sensitive to the sasgale Eor the first half of the 1970Burns1, the
underestimate of the natural rate is about 1% in the thirdroal (A4), and 1.7% in the fourth columij3).
Neither of the expanding sample estimates is able to gen#ratunderestimate of nearly 3% indicated in

the second column.

4.2 Implicit Greenbook estimates af; from tvp autoregressions

Atheoretic estimates of natural rates of unemployment iedpby Greenbook forecasts are provided by
fourth-order tvp autoregressions, using the format in 8qu#16).
4
Urh = P+ Botlerh—1 + ng Bit1,6 AU h—j1 + Qpphs (26)

In the applications summarized in the top panel of Table@ntp autoregression is fit to the multiperiod
forecasts of all 315 Greenbooks in the 1966Q3 - 1997Q4 sarapietal of 1784 observatiors. After
examining a number of tvp applications, our experienceas tifie means of the time-varying coefficients,
the maximum and minimum of the implied natural rates, andviireance decompositions provide useful
summary contrasts among alternative specifications. Wieéeant, these statistics are shown for the three
tvp specifications: the random walk intercept (RWI) modeé tandom walk coefficients (RWC) format;
and the stationary coefficients (SC) specification.

Both mean coefficients and bounds of the natural rates ariéasiatross the three tvp specifications
in the top panel of Table 2. This is born out in Figure 4, whiblowgs that the natural rates of the three
specifications move closely together. The 70% confideneaviak shown is for the stationary coefficients

specificatiorf® This interval is large, containing not only all three tvp sifieations, but also the HP filter

%"Hall (1999, p.433) suggests: “There is a robust estimattitehatural rate available....As Friedman pointed, thenpheyment
rate fluctuates around the natural rate irrespective of thieetary regime. Hence the average of the unemploymentsatgdood
estimate of the natural rate.”

%8Retrospective CBO (2004) estimates of the natural rate efmoyment (and the GDP gap) are 5.4% (1.1%) for 1956Q1 and
5.7% (4.9%) for 1966Q1.

%9Change-point tests for the unemployment autoregressiplyitn= 16.2. For this level of the local-to-zero parameter, Table
1 in Stock and Watson (1998) suggests the probability of @ ggeup by maximum likelihood is less than 13%.

“°The confidence interval of the natural rate is constructethbydelta method, using smoothed estimates of the covarianc
matrices of the coefficient vectgs;.
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and CBO estimates of the natural rate for most of the samplee SC autoregression remains stable
throughout the sample, with the coefficient of the laggeellgs. ;, remaining well below unity. Some
of the remaining slope coefficients were rather volatileghsas3; ; which oscillated between values of
.07 to .77 over the sample. However, the unemployment sffecthese movements are not necessarily
guantitatively important. A more informative measuremisrihe variance decomposition shown in the last
line of the top panel of Table 2. This decomposition showsttheilargest stochastic unemployment effects
are those associated with movements in the two determichithe natural rate: the intercept, ;, and the
coefficient of the lagged leveti; ;.

An interesting property of the tvp natural rates shown inukég4 is that turning points of these
constructions tend to lead those of the two-sided HP filtimese, whose turning points are coincident
with those of the real-time unemployment rate. This suggtstt conventional estimators of natural rates,
fit to historical data, may significantly underestimate thdity of judgemental forecasters to anticipate
movements in natural raté$. One difference is that the tvp estimators used here are fituitipariod
forecasts of future activity.

A second feature of the tvp natural rate estimates in Figueetdat they are almost as volatile as the
HP filter estimate. One reason is that forecasts in the limjtiarters of the forecast horizon, say= 0, 1,
are often heavily adjusted by judgemental “add factorsat@taccount of information that is not contained
in Greenbook records, such as high-frequency data relemgadgement about the persistence of recent
forecast erroré? This is less of a problem for more distant autoregressivectsts in the forecast horizon
because the influence of initial transitory add factorsipi&s and, by construction, persistent adjustments
of the forecast are captured either in the time-varying faents of the forecast model or in the forward
forecast regressors that replace lagged real-time measuts of past behavior &sadvances.

To reduce the influence of transitory adjustments in ingjizgdrters of the forecast horizon on estimated
natural rates, the lower panel in Table 2 reports the residiltyp autoregressions where the first three
forecasts in a Greenbook,= 0, 1, 2, are dropped from the sample. As can be seen from the edrhetirng
of forecast horizons in Figure 1, this requires droppinge@b®oks with short forecast horizon$,, < 3,

from the sample. To provide a sample with contiguous quartee sample span is now the 116 quarters

“Un analyses of incomplete or asymmetric information, staal learning models generally impose lengthy learnigg!

“2Although the term “add factors” suggests intercept corest, judgemental adjustments may also reflect time-vgryieights
placed on competing models. Use of disparate informatiamces in the Greenbook forecast is discussed in Kalchbreams
Tinsley (1977).
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from 1969Q1 to 1997Q4, containing 261 Greenbooks. The totalber of observations for forecasts that
contain the fourth quarter of the forecast horizon or latey, 3, is 879, a reduction of about 50%.
Differences in the tvp estimators of the shorter stack addasts are evident in the lower panel of Table 2.
The bounds of the natural rate constructions are closethtegendicating that the shorter stack reduces the
influence of transient judgemental forecast adjustmengsluRed effects of idiosyncratic add factors are also
evident in the variance decomposition of the stationarffiwdents estimator, where the relative importance
of intercept variations has been reduced by nearly 60%.o8tth not shown, the unemployment natural
rate implied by the reduced stack of Greenbook forecastm@ther and less subject to large amplitude
movements than the natural rate constructions implied byful stack of forecasts shown in Figure 4.
However, as indicated in Table 3, the natural rate constmtof either of the SC autoregressions do not

support the substantial underestimateg,ah the 1970s reported by Romer and Romer (2002).
4.3 Implicit Greenbook estimates af, from tvp structural specifications

This subsection explores time-varying natural rates ofmleyment implied by tvp estimators of structural
pricing equations. To reduce distortions associated watirterm judgemental add factors, the short stack
of forecasts is used in estimation, whége = 3, ..., H; .43

g9

backward-looking specifications

The equation described in the top panel of Table 4 is the sartteeaRomer and Romer specification noted
in equation (25), except that the mean slope of the Phillgpsation, 3,, is freely estimated and, in the
case of the RWC and SC specifications, both the interceptlapd soefficients can vary over time. The
backward-looking equation described in the bottom parakes the assumption that expected inflation is a
random walk and uses ahR(2) autoregressive predictor of expected inflation but mamst#ie assumption
that there is no long-run tradeoff between inflation and ysleyment** The mean coefficient?s, of the
additional lag in inflations; 5o, is significant with zero p-values in both the RWI and SC Spetions.
Both panels of Table 4 indicate that the Romer and Romerigtistr on the mean slope of the pricing
equation, 5, = —.125, is contained within 95% confidence intervals. Howevers tiiasks sample
movements in the time-varying estimates ®f;. Evidence of this movement is seen in the variance

decompositions of both panels, where movements in the gdap@meter dominate the variance of the

“3For comparability, all tvp structural pricing equationbe local-to-zero parametex:= 8.6.

4“pccording to Enzler and Pierce (1974), macro data samptes 8871 supported a unit sum for the estimated coefficieints o
lagged inflation in empirical Phillips curves.
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unemployment rate. Although not shown, both the RWC and Sithates of 3, ; remain around -.10

in the 1970s and then rise sharply and level off around -.05984. The sizeable reduction in the slope of
the pricing equation after 1979 was a major contributor todaberage increase of about 1 percentage point
in the constructions of the unemployment natural rate.

As shown in third column of Table 6, the backward-lookiA& (2) specification of the pricing equation
supports underestimation of the natural rate for unempémtnn the Greenbooks of the 1970s, with
rising from 4% in the early Burns years, to 4.3% in the Millea,eand to about 5.5% in the remainder
of the sample. Of the equations estimated, the unemployraaotal rate implied by the pricing equation
with AR(2) inflation expectations provides a lower-bound estimatehefW.S. central bank natural rate

perceptions in the 1970s.

forward-looking specifications

A risk of theory-based specifications is that they may notuwapthe undocumented relationships used by
historical Greenbook forecasters. Inspection of repitasign staff Phillips curves from the 1970s suggests
that additional regressors usually included one or mors iaghe first-difference of the unemployment
rate, sometimes called “speed effects,” and additiona$ lafginflation, e.g. Enzler and Pierce (1974).
One parsimonious way to capture the forecast implicatidreslditional regressors and unknown dynamic
specifications is to include forecast leads of these vastabl

The tvp estimators presented in the top panel of Table 5 esfitvard-looking specification

Tt = Bi + Botiern + BaiAupinir + BsiTevni1 + (1 — B50)Tegn—1 + Gigns (27)

wheref, ; captures forecasts of the forward change in unemploymadt3s; is the weight on the forward
forecast of inflation. Thus, this equation is similar to hglonodifications of the NK pricing equation.

For all three tvp estimators in the top panel of Table 5, theammmefficient of the unemployment rate,
B2, is smaller in absolute value, indicating that the slopéhefforward-looking Phillips curve is flatter than
the backward-looking equations in Table 3. Although notwahathe coefficient of forward inflationgs .,
rises from around 0.4 in the early 1970s to around 0.6 in the18BO0s, indicating more weight on the
forward inflation forecast regressor in the 1980s and 1990® largest slope coefficient movements are
associated with the coefficient of the forward change in themployment rateg, ;, which moves from

negative values of around -.30 in the 1970s to positive wabfearound .15 by the mid-1980s. The zero
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crossing in 1984 also explains why the estimated m@garis not significantly different from zer®.

Although the maximum and minimum bounds in Table 5 for thairatrate constructions of the RWI
and SC equations are consistent with reasonable estimfates anemployment natural rate, the bounds
for the RWC estimator imply implausible values. This is dadlifferences in the estimated behavior of
the coefficient of the unemployment rat,;, in the random walk coefficients estimator, RWC, and in the
stationary coefficients estimator, SC. As charted in Figurdne SC estimate rises towards zero, similar to
the motion observed for this coefficient in the backwardklng equations. However, the RWC estimate of
B2,+ continues to climb and crosses zero in 1984, where the RW&tiegucannot identify the unemployment
natural rate. Whep, ; is in the neighborhood of zero, the RWC specification geesraéry large positive
and negative constructions of.

Using the stationary coefficients, SC, estimators for catapa, the lower bound for the natural rate of
the backward-looking equation in the bottom panel of Tabie 3.8 whereas the lower bound foy in the
forward-looking equation of the top panel of Table 5 is 5.8eTikelihood ratio of the two equations is 4.1,
favoring the forward-looking specification. Assuming wamifi priors across the two equations, one way to
proceed would be to construct a weighted average of the twoalaate constructions, with approximate
posterior weights of 0.8 on the forward-looking estimatd @r2 on the backward-looking estimate.

As an alternative to fixed-weight averaging, suppose bathbickward-looking and forward-looking
models are considered by the judgemental forecaster inem gieriod, where the probability of choosing
the forward-looking specification is;, and the probability of choosing the backward-looking ipeation
is 1 — oy. Estimates of the forecast model implied by this time-vagyaveraging are presented in the
bottom panel of Table 5. Although realizations @af are not identified, most of the mean coefficients of
the combined equation move in directions consistent wighikelihood ratio. For example, the mean slope
of the Phillips curve,3,, is closer to the mean slope of the forward-looking spedifica and the mean
coefficient on the lagged difference of inflatiofy, is about one-third the size of the mean estimate of the
backward-looking specification. As with the forward-loogiequation, the natural rate bounds implied by
the RWC estimator are unrealistically large due to the saemeling behavior in the estimate 6f ;.

Subsample averages of the natural rate estimates implid¢debiwp averaging equation from Table 5

and by thed R(2) expectations equation from Table 4, are listed in the lastd@lumns of Table 6. Relative

“SNote that the mean of a time-varying parameter can be zergyetnprovide a significant contribution to the variation oéth
dependent variable. The variance decomposition indi¢httghis is not the case here but we have retained the fifstatice of
the unemployment rate because of the prior evidence tHaPstiflips equations used this regressor.
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to the CBO (2004) retrospective estimates, both of the &tratequation estimates confirm central bank
underestimation of the natural rate for unemployment inl®ig0s. The average underestimate in the 1970s
of the AR(2) equation is about 2%, smaller than the nearly 3% underestimarror of the Romer and
Romer (2002) natural rate estimates in the first-half of he0s.

However, the statistical evidence supports the estimat@dded by the tvp averaging equation. As
indicated by the last column of Table 6, the natural rataregtipbn errors of the tvp averaging equation are
quite modest, with underestimation errors of about 1% inli®e0s and about 0.5% during the tenure of
Chairman Volcker.

Interestingly, the tvp averaging estimates in the lastroolof table 6 are not substantially different from
the simple expanding sample mean estimatésshown earlier in Table 1. The two series diverge in the
mid-1990s, as the tvp averaging estimates fall markediyénlast half of the 1990s, as indicated for the
Greenspany subsample in Table ¥

Because the statistical evidence supports the tvp averagjnation, the remainder of the paper uses the
stationary coefficients estimator of this equation as tieégpred Greenbook estimate of the natural rate of

unemploymentii;.

5 Historical policy responses and estimates of the naturalate for inflation

This section discusses implicit Greenbook estimates otémtral bank target for inflatiorr;, from tvp
descriptions of policy response rules.

Under asymmetric information, the private sector perceptf the natural rate for inflation plays a
major role in anchoring forward expectations of inflatiorhieh appear in both the pricing equations of
firms and the forward policy rate perceptions of traders iarfoial asset markets. However, the true central
bank target for inflation explicitly appears only in the dgstion of policy rate responses, such as equation
(4). Consequently, estimation in this section uses a potisponse function to identify variations in the true

policy target for inflation.

4®The tvp averaging natural rate estimate of 5.6 percent tegéor the 1995Q1-1997Q4 subsample in Table 6 is identicte
staff estimate assumed for forecasts presented at thedrgldr@97 FOMC meeting, reported in Svensson and Tetlow (2005
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5.1 Implicit Greenbook estimates af; from tvp policy response equations

The following description of FOMC policy responses is exptbwhere, as noted earlier, the employment
gap provides a plausible indicator of historical policyeattjves regarding economic slack. In the absence
of policy rate smoothing, the desired setting of the fedaratls rate at the FOMC meeting in periogis

the forward-looking specification

*
Tt

;= Pt T At CQ,t(ﬂ-fitg — Tt) + 3 (Uppk)r, — Ut) + CaDuyy, - (28)

Both the date of the relevant Greenbook forecastand the date of the FOMC meeting, > t,, are
contained in the current quartér, The inflation and unemployment regressors on the rhs oftiequé8)
are drawn from the Greenbook in period The inflation measurerlfjtg, is an average of forecasts up to
quartert + k in the forecast horizon and may also include Greenbook agtignof recent inflation, and
ug ke, 1S the Greenbook forecast of the unemployment rate in quarek. The desired policy rate may
also be a function of the projected change in the unemploymae, Av,; . This addition approximately
nests several alternative specifications of FOMC policpoases’’

Dynamic adjustments of the funds rate are represented by

re, = (L= B60)ry, + BstArp—1 + Boerep—1 + ay, (29)

which contains a partial adjustment of the funds rate lewehé desired setting and a term capturing any
continuation of the policy rate change selected in the lase@book. Combining equations (28) and (29)

gives
k _
rey = Pt Boamyy, + B3 (Urkle, — Ure,) + BaDugy,

+B54Art, 1 + Bot(re,—1 — pt) + pr + ar,, (30)

To identify the natural rate of inflation, implied Greenboodnstructions from the previous section are
used as estimates of the natural rate for unemploymgntThe natural rate of the real policy ratg, is
approximated by an HP filter of the historical funds rate kesGreenbook forecast of inflation,— 7.4

Under these assumptions, the natural rate of inflation eddy equation (30) i8; = —51¢/(82,++ 06, —1).

47Judd and Rudebusch (1998) and Lansing (2002) suggest FONiGepaafter the 1970s placed a greater emphasis on the
change in output.

“8The average of the natural rate construction is 2.6 overuthsgmple, withg; falling below the average value in the mid-1970s
and rising above the average in the first half of the 1980s.
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The policy rate on the Ihs of equation (30) is the averagedadria funds rates in the interval following
the FOMC meeting ity to the next meeting iy + 1. The lagged policy rate regresseg, 1, is the
average funds rate since the previous FOMC meéfings noted previously, column stacks of expected
future funds rates are not feasible because Greenbookafirassumptions about future policy rates over
the forecast horizon are not publically available. To featié some smoothing of natural rate estimates, data
associated with Greenbook dates falling in the same quartare stacked in the observation vectors and
matrices,y; and X;. To simplify subscript notation, the FOMC and Greenbookditioning datesf; and
tq, are generally suppressed in the remaining discussion.

As shown in Figure 1, the horizon of forward expectatiohsis limited in early years of the sample.
The policy equation using a two-quarter le&ds 1, is estimated by the three tvp estimators over a 1969Q1
- 1997Q4 sample containing 280 GreenbodgkFhe tvp estimators accommodate two shifts in the variance
of the measurement errar,, to account for the change in operating procedures from Q@6 1982Q¥?!

The top panel of Table 7 useés, the natural rate of unemployment estimated by the pricougagon
with tvp averaging, and the bottom panel uggsthe natural rate of unemployment from the pricing equation
with AR(2) inflation expectations. In both panels, the maximand minimum bounds of the implied natural
rate for inflation,7;, are large, suggesting difficulty in identifyirigg over part of the sample. The variance
decomposition indicates a substantial source of stocheatiation in the policy rate is due to time-varying
movements in the response to inflatigh,. This suggests that movements in the policy response teiarfla
may be contributing to the implausible movements of thevestied natural rate for inflation.

Estimates of the long-run policy responses to inflatigyn, from the RWC and SC estimators in the
top panel of Table 7 are charted in Figure 6. Although the danmgresponse appears to be greater than
one for much of the sample, large estimates of the naturalfoatinflation, 7;, occur whernc, ; enters the
neighborhood of unity. As shown in Figure 6, there are twd arossings by ; in the 1970s for the SC

estimator and an additional crossing in the 1990s for the RAtinator?

4As FOMC dates are not evenly spaced over the calendar, thearushidays in the funds rate averages will vary but the tvp
specification may partially compensate for this. Fixedfficient regressions of meeting-to-meeting adjustmentheffunds are
explored in Froyen and Waud (2002).

0The Greenbook of November 15, 1972 contains only a curreateuforecastf = 0. For this Greenbook, the current quarter
forecast is repeated when a two-quarter forecast horizeagisired, as fok = 1.

*1The use of a nonborrowed reserves instrument during the-8278terval increased the effective variancepby introducing
shocks from money demand and the banking reserves mariefingley, von zur Muehlen,and Fries (1982). For the FOMIzpo
response rule, a mid-sample changepoint test estimatéscileto-zero parameter as= 11.1.

%2In the case of the fixed slope estimator, RWI, in the top pafels slightly below one, and the natural rate of inflation is
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Previous studies, such as Orphanides (2001), have suddbatehe policy response equation exhibits
stable responses to inflation, > 1, when real-time estimates of the natural rate of output aeslin the
policy regression. The lower panel of Table 7 uses the nlatata of unemployment;i?, that represents
the upper bound on real-time measurement errors in the Goe&rforecasts. This substitution generally
increases the bounds of the implied natural rate for infhatibhe reason for this additional deterioration
is that the long-run responses to inflatien,, for the RWC and SC tvp estimators in the lower panel are
generally smaller than those in the top panel and not onlsotre the unit crossings of the top panel but
also remain in the neighborhood of unity from the mid-19%0the mid-1980s.

Although both Clarida, Gali, Gertler (2000) and Orphani2301) estimate forward-looking policy
rules, a number of studies including Taylor (1999) havenestied policy responses to backward-looking
averages. As both recent measurements and forecasts tibmftan be subject to sizeable revisions over
time, it seems plausible that FOMC members may differ in tmpleasis placed on forecasts or recent
measurements in weighing their policy decisions.

A four-quarter average of inflation is introduced in TablevBgre the inflation regressor is now averaged
over Greenbook real-time estimates of inflation in the twevimus quartersh = —2, —1, in addition to
forecasts of inflation in the next two quarters, = 1 le 7.45-2° In the case of the random-walk intercept
(RWI) and stationary coefficients (SC) specificati(];:;,2 dhersome tendency for the estimated natural rate
bounds to draw closer together but unit crossingsxqfare still encountered for all estimators. In addition,
use of the alternative estimate of the natural rate for uMnmnt,ﬂ?, in the lower panel of Table 8, does
not provide sensible estimates of the natural rate for infiat;.

Tests for structural changes in the coefficients of the padiguation indicate a major shift at the end
of the 19709* As the alternative construction of the natural rate for uplelyment,afz, is not sufficient to
explain the policy transition, the remainder of this set#éxplores estimations of separate policy responses

for the Burns/Miller era and the Volcker/Greenspan tenures

Policy during the Burns/Miller tenures

Results of fitting equation (30) to Greenbook forecasts @Bhrns/Miller era are presented in the top panel

obtained by scaling the time-varying intercept by 333.3.

%3In the case of the stationary coefficients estimators, ilikeld ratios prefer the use of four-quarter averages foirtfiation
rate, and four-quarter averages are used in subsequess.tabl

*4The test statistics are robust to residual heterosceigstithe largest test statistics occur in early 1980 withozevalues,
using the tables in Hansen (1997).
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of Table 9. The policy regime, 1970Q1 through 1979Q2, sp&mgu@rters and 115 Greenbooks. In the top
panel of Table 9, mean responses to both inflation and thelfffstence of unemployment are statistically
significant>® The mean response to the unemployment gap; — u;, is marginally significant, with a
p-value of .09, for the RWI estimator and insignificant foe tBC estimator. However, the lower bounds for
the implied natural rate of inflation are negative for alkttvp estimators.

Fixed coefficient regression studies of US monetary poliegagally indicate that policy in the 1970s
responded significantly to gap measures of real acfifitin exploring this suggestion, the second panel
in Table 9 drops the unemployment change regressor anditbgtnel eliminates the unemployment gap
regressor.

When the first-difference of the unemployment rate is drdpae a regressor, in the middle panel of
Table 9, mean policy responses to the unemployment @amre insignificant, with p-values around .20.
By contrast, mean policy responses to the first-differerfidb@unemployment rate in the bottom panel of
Table 9 are significant, as are the mean responses to inffdtion

In all three panels of Table 9, the upper bounds for the irdptigtural rate of inflationg,, are large for
the random walk coefficients estimator, RWC. The princigalson is that the estimated long-run response
to inflation, ¢, ¢, either remains in the neighborhood of unity or exhibits & arossing. Figure 7 charts
estimates ot ; for the three tvp policy rules of the bottom panel in Table BeTong-run policy response
to inflation remains below unity for both the RWI and SC poleyuations, but,; has a unit crossing in
1972 for the RWC policy equation. In addition, the estimdted)-run response to inflation falls in 1974 for
both the RWC and SC equations.

Recalling the two leading interpretations of US policy ie ttB70s, the evidence of the tvp estimators
presented in this section supports the passive policyprettion. Indeed, the natural rate error explanation

appears to be largely irrelevant, as there is little emgliritipport for a systematic policy response to the

SSExamining the significance of the mean policy responsesfiation and the two unemployment measures are meaningful as
there are no zero crossings by the tvp coefficients on thgsessors in the remaining sections of the paper.

%6significant mean responses to output gaps in the 1970s avgtedpn Judd and Rudebusch (1998), Taylor (1999), Clarida,
Gali, and Gertler (2000), Orphanides (2001), and Nelsof420

*In addition to the statistical insignificance of mean poliegponses to the unemployment gap, a Chi-squared test of the
likelihoods of the SC equations in the top and bottom parfelable 9 does not reject zero restrictions on the additipasghmeters
required for a tvp policy response to the unemployment gap.
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unemployment gap?® An alternative interpretation of US policy in the 1970s iplexed in section 6.

Policy during the Volcker/Greenspan tenures

The policy equation (30) is estimated for the Volcker/Gegem policy era, 1979Q3 through 1997Q4, a span
of 75 quarters and 152 GreenboSR<Estimates of the three tvp specifications are summarizedtifeTl0.

The construction of the inflation regressar, varies in the two panels of Table 10. Inflation is
averaged over the first two quarters of the Greenbook horamhthe two preceding quarters in the top
panel,h = —2,—1,0,1. In addition, given the availability of longer Greenbookdoast horizons in the
Volcker/Greenspan sample, the four-quarter inflationayelis shifted ahead by two quarters in the bottom
panel,h =0,1,2,3.

The estimated mean policy responses to all regressorsidingl both the unemployment gap and the
first-difference in unemployment, are generally stat@ljcsignificant in Table 10. The lower bound of the
natural rate for inflations;, is negative for the random walk coefficients, RWC, equationboth panels.
As with the policy equations estimated for the Burns/Milkample, these negative bounds are due to unit
crossings of the estimated long-run policy response totioflacy ;. Figure 8 displays estimates of the
policy response to inflation for the three tvp estimatorshef top panel. The,, response estimate by
the SC equation is smaller in the early 1990s but remainseabae throughout the sample, whereas the
response by the random walk coefficients, RWC, equatiorirased to drop and falls below one in 1994.

The estimated characteristics of the stationary coeffisiestimator, SC, are similar in both panels of
Table 10. A likelihood ratio suggests a slight advantagettier specification in the top panel where the
four-quarter average of inflatior’m{C , contains both forward forecasts and backward real-tintienates,

h = —2,—1,0,1.89 The time profile of the natural rate for inflatiof, in the Volcker/Greenspan sample
that is implied by the SC equation in the top panel is presemd-igure 9. The remaining variables in

Figure 9 are discussed in the next section.

8The absence of a policy response to unemployment gaps aisodmaubt on interpretations of 1970s US monetary policgdas
on a difference between the natural rate of unemploymentaghtral bank target for unemployment, such as positeckitirtre
inconsistency literature or the central bank misperceptitalysis of Sargent, Williams, and Zha (2004).

9Fixed-coefficient residuals;;, exhibit less volatility in the Volcker/Greenspan samgiart in the Burns/Miller sample. The
estimate of the local-to-zero parameter for the Volckez&Bispan sample is lowered o = 6.9, a result consistent with a
mid-sample changepoint test for the Volcker/Greenspamrrobtions. Estimated outcomes in the Burns/Miller samgleh as
statistical insignificance of mean policy responses to ttemployment gap, are maintained if the lower local-to-zem@meter is
used also for the 1970s.

0Several papers demonstrate that indeterminacy may oqguolid/ responds to arguments in distant forecasts; seautierical
analysis in Batini and Pearlman (2002).
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6 An alternative interpretation of policy in the 1970s

“If you can remember anything about the sixties (and segshtiyou weren't really there” - Paul Kantner
Simple policy response equations that relate movementheopolicy interest rater, to changes in
arguments of the central bank preference function, suchflasion, 7, and real economic activity, or Ay,
are the basis of many useful empirical descriptions of Hisitbmonetary policy. However, positing a direct
link between the policy instrument and ultimate policy alijes conceals a major flaw in the design of
monetary policy in the 1970s. This section indicates thirinediate targeting of monetary aggregates—a
monetarist strategy that dominated FOMC policy in the 19p@svides a unified interpretation of the Great
Inflation, explaining the irrelevance of the natural rat@emterpretation and providing a more historically

accurate description of policy design in the 1970s.

The gathering influence of monetarism on US monetary policy

In a collection of highly influential essays, Milton FriedmfL960) indicated that “I share the doubts that
the Federal Reserve has repeatedly expressed about thabdidgi of using price level stability as an
intermediate guide to policy.” Instead, he proposed thatdéntral bank pursue constant growth of the
money stock. In 1960, a unified measure of the money supplywilgshed in the October Federal Reserve
Bulletin. In the June 1966 FOMC meeting, the FOMC Policy Directivehi trading desk of the Federal
Reserve Bank of New York contained the first “proviso” refere to the required reserves aggregate as
a secondary target. Finally, in the second FOMC meetingretiddy Arthur Burns, the Policy Directive
adopted at the March 10, 1970 meeting selected the growthboktary aggregates as principal targets of
US monetary policy.

Policy forecasting and FOMC policy discussions in the 19%@se shaped by the two-stage design
that is characteristic of intermediate targeting. Greektdorecasts of economic activity were conditioned
on the assumption of a trajectory for the money supply overftiecast horizon, vid. Kalchbrenner and
Tinsley (19778 As noted earlier, to assist sectoral specialists, the sstaff translated the money supply

assumption into staff expectations of bond yields over thhedast horizon.

®1Generally, the monetary policy assumption of the Greentiocast was th@/; growth rate target selected at the last FOMC
meeting. For example: “That growth rate of money (4%) hachkessumed for projection purposes because the Committee had
been employing such a rate as a target over the past seven#hsrioPartee, FOMC Economist (MOD, 6/23/70, p.31); and “In
developing our base projection, which is laid out in detaitie green book, we have adopted several policy assumptidns
monetary policy assumption calls for a continuation of thespnt policy stance through 1976, as indexed by the grawthe
narrow money supply at around the 6-1/4 per cent midpoirt@fange that has been announced by the Committee.” Par@b (M
6/16/75, p.4).
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By contrast, short-run policy options were formulated aspeting money growth paths associated
with alternative settings of the policy instrument, usydtle funds rate. In principle, the competing options
for the money supply represented different short-run ptithard the baseline money supply trajectory
assumed in the Greenbook. These short-run policy optiome presented in the Blue Book. Each Blue
Book contained a brief summary of recent activity in moneg banking markets and suggested, generally,
three policy options for discussion by the FOMEForecasts of money growth associated with alternative
policy rate settings appear in the Blue Book presented dirgi&-OMC meeting chaired by Arthur Burns on
February 10, 1970. Although alternative forecasts of theegasupply were initially limited to the current
guarter, as in the February 4 Bluebook, or also included éxé quarter ahead, as in the March 4 Bluebook,
horizons of the Bluebook conditional money supply foregasere eventually lengthened to four-quarter

horizons in 1975, including the current quartee= 0,1, 2, 3.

Empirical evidence for intermediate targeting in the Bulidler era

Intermediate targeting of the money supply is summarizethi®e equations,

Amy = w4+ Ay — Avy, (31)
Amy = 7+ A — Ady, (32)
Tzkf = ﬁt + 7+ CZ,t(Amt — Amt + (A’Ut — A@t)), (33)

where equation (31) is the monetarist equation of exchamagdihks Greenbook forecasts of inflation and
output growth to the projected growth of the monetary agaegEquation (32) is a natural rate variant that
indicates what target growth of the monetary aggregaterisistent with the natural rates for inflation and
output growth. The desired setting of the funds rate at thelEMeeting in period is defined by equation
(33). This is an adjusted variant of intermediate targetimgere monetary aggregate growth is adjusted for

the staff prediction of transient velocity growthy, — At;.%3

®2Two examples of staff interpretations of the Bluebook potiptions are: “Mr. Axilrod observed that among the alteieasets
of relationships between monetary aggregates and mondsetrmditions presented in each blue book, there was aloragyshat
represented a continuation of the Committee’s currentdomgn target for the aggregates. There was always anotieenative
that represented a continuation of prevailing money martatiitions.” (MOD, 11/20/72, p.52); and “Mr. Partee saichight be
helpful if he explained how the staff proceeded in formulgtthe blue book alternatives. One of the alternatives avedapwn
involved the maintenance of prevailing money market caooia; in the present case, that was alternative C, the sgbfehe three.
Another alternative always shown involved the longer-ruowgh rate for M1 adopted by the Committee at its previoustinge
Since on this occasion that alternative called for a ratizerable near-term decline in the Federal funds rate foltblayean upturn
before the end of the 6-month projection period, the staftigit it probably would be as liberal a policy as the comraitias
likely to consider within the range of reasonableness. Eguantly, that alternative was labeled "A,” and the thirsi@mulated
to fall between the other two.” (MOD, 1/21/75, pp. 61-2).

3By construction, a persistent shift in trend velocity atére natural rate estimatAg,. “Shift-adjusted™ monetary aggregate
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Substituting the first two equations, (31) and (32), intotthied equation (33), gives the desired funds

rate explicitly conditioned on averages of Greenbook fasés;

r:f = P+t C2¢((7Tf — ) + (AyéC — Ayy)),

= Dt +ﬁt+c2,t(5ﬂf —Zy), (34)

wherezf — 7, is a proxy for the gap of nominal output growth using Okun'sv.alf — z; = 7f — 7; —
a’ Aul;5% and the superscripk;, indicates averaging over forecast periods throlgh .

Note that equation (34) is a restricted version of the dddirads rate equation specified earlier in (28).
Three restrictions are required by money growth interntediargeting: First, the policy response to the
unemployment gap is zerez; = 0. Second, the difference in the unemployment réte}, is averaged
over the same number of periods as the inflation rate regreBbwd, the long-run policy responses to the
inflation averager, and the average of the unemployment rate difference preauy\u’, are the same,
c2.+. The dynamic adjustment of the funds rate is the same asphaeifigd earlier in equation (29).

Time-varying estimates of the policy rate response eqgudtitplied by money growth intermediate
targeting are presented in Table 11. Equations in the botanel are estimates of the policy response
equation when all three restrictions associated with inggliate targeting of the money growth are imposed.
The unemployment gap regressoy, . — ., is added to equations in the top panel of Table 11. Similar to
the results in section 5, the estimated mean policy resgansiie unemployment gaps, are statistically
insignificant. In addition, the average difference in themployment rateAu}, is added to the equations
reported in the middle panel of Table 11. These equatiorsiaticate that the mean policy response of
the Burns/Miller sample to the difference in the unemplogbrate does not differ significantly from the

response expected under money growth intermediate taggeti

targets, to account for the estimated effects of financiabvations such as the nationwide introduction of negatiabster of
withdrawal (NOW) accounts, were not publically announcetlld981. The transient velocity growth adjustmenty, — Awy,

of equation (33) approximates the “zone of indifference® FOMC adopted in the 1970s to accommodate transient mo¥smen
within growth rate target ranges. The evolution of the “zaféndifference” is illustrated by the following selectisrirom the
Memorandum of DiscussiofOn balance he would not object to some shading of the fuatks if the aggregate growth rates
appeared to be close to the upper or lower limits. Howeverenigorous action should be taken only if the growth rateseaped

to be outside the range.” Burns, (MOD 10/17/72, p.40). "@hain Burns remarked at the last meeting he had initially ddfthe
ranges for the aggregates as zones of no action. He had thdifieddhat—in response to Mr. Holmes’ remarks—to provide fo
a movement in the funds rate of up to but no more than 1/8 of tepeage point as the aggregates approached their limits. In
the event that the aggregates appeared to be moving beyedirtits, however, full and free use was to be made of thgean
for the funds rate.” (MOD, 11/20/72 p. 50). “(Governor Paitg preference was for (a range) of 4 to 8...for M-1...wittoae of
indifference of 5 to 7....Chairman Burns observed that hédcaccept the zones of indifference proposed by Mr. PartstOD,
3/16/76, p.74).

64As discussed earlier, the Okun's Law coefficierdt= 2.2, is based on estimates for the 1970s in Tatom (2977).
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Although not shown, the estimated long-run policy respsnsg;, to the nominal growth proxies;,
implied by the tvp estimators in the bottom panel of Table Xivenbetween 0.5 and 0.7 during the 1970s.
Thus, the implied long-run responses to inflation are evehdu below one than those estimated in section
5 for the Burns/Miller sample.

Finally, differences between the natural rate for inflatimplied by Greenbook forecasts;, and
estimates of private agent perceptions of the central barget for inflation,, are charted in Figure
9. The two thick lines are estimates®ffor the Burns/Miller era from 1970Q1 through 1979Q2 (froma th
SC estimator in the bottom panel of Table 11), and for theRéal&Greenspan sample from 1979Q3 through
1997Q4 (from the SC estimator in the top panel of Table 10)e fhick dashed line is a concatenation
of real-time survey estimates of long-term inflation exp#ons by private agenfS. The thin line is an
estimate of the evolution of private sector perceptionshefdentral bank target for inflation from Kozicki
and Tinsley (2001&°

Using the vertical distance between the private perceptibnand the central bank target for inflation,
7, as a measure of the credibility of the US central bank, Ei@usuggests that credibility was positive and
large at the beginning of the 1970s and steadily evaporatexdtbe decade. By the beginning of the 1980s,
the gap in credibility was negative and quite large, abowt ffiercentage points, and only slowly returned to

a value near zero by the end of the sample.

Consequences of money growth intermediate targeting

The most striking outcomes of the tvp estimators of policthie 1970s are the rather high estimates of the
central bank target for inflatiorx;, and the uniformly low estimates of the long-run policy m@sgesc; ;.

A monetary policy that targets the growth rate of the moneypbuis vulnerable to two types of
fundamental shocks, and both occurred in the 1970s. Refligimgaequation (32), the effective central

bank target for inflation under intermediate targeting il by
T = Amy — Ay + Avg. (35)

Given atarget growth rate for the money supgyn;, the effective inflation target is increased if the central

85Until July 1990, survey estimates are drawn from the Hoeyesuof expected inflation in the second five years of a 10-year
forecast horizon. The remainder of the series is long-ryreeted inflation from the Survey of Professional Forecastaiblished
by the Federal Reserve Bank of Philadelphia.

®This estimate is based on multinomial logit aggregationlfraative changepoint estimators@f. Although the perceived
natural rate estimate is similar to the survey of long-texpeeted inflation, survey information was not used in thénested
learning model of private sector perceptions.
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bank is unable to detect a reduction in the natural rate tofditput, Ay, or an increase in trend velocity,
A7,;. The natural rate of trend output growth slowed in the la®0k%nd early 1970%. Subsequently, due
to financial innovations fuelled by higher inflation and dgdation of banking and financial markets, the
trend of velocity began a long march of upward shifts in thd-4®70s. Both the reduction iy and the
increase iM\v induced increases in the effective natural rate of inflaitnotne 1970s.

Note that the policy errors caused by erroneous predictidrisend velocity are unique to a policy
based on money supply intermediate targeting. The unpgesti&hifts in trend velocity were not small. The
December 12, 1980 Bluebook contains an analysis of monegémodels. Conditioned on retrospective
measurements of explanatory variables, the annual urnigeats of velocity growth over the last half of
the 1970s by the 1980 vintage of the staff model was 1.8%udliey errors of 5.1% in 1975 and 2.9% in
1976%8

The second unusual characteristic of policy in the 1970kasthe estimated long-run policy response
to the money supply growth proxy, ¢, remained well below one in the Burns/Miller sample.

Contemporaneous critiques of money growth targeting irl®i@s included criticism of the relatively
tight FOMC ranges on inter-meeting variations of the poliaje, vid. Poole (1975). The inter-meeting
tolerance ranges on the policy rate are charted in FigureltlB. evident that tight inter-meeting ranges
did not prevent sizeable meeting-to-meeting adjustmetiseopolicy rate in 1973 and 1974. By contrast,
FOMC decisions led to only modest meeting-to-meeting antjaats of the policy rate level after 1974, until
the large upward adjustments of the policy rate in the iINR@MC meetings chaired by Paul Volcker.

The passivity of policy through much of the second-half af 1970s is also illustrated in Figure 11
where the policy rate is plotted against the Greenbook gtiedi of the four-quarter average of the nominal

1
growth proxy,z} = i >~ x4 Evenif velocity had been perfectly predicted, variatiohshe funds rate

did not keep pace with Greenbook predicted movements ofmalrgrowth.

One interpretation of the 1970s is that the FOMC did not kelig had popular support for large
increases in the policy rate, vid. DeLong (1997) and Mel{2804). This explanation is not consistent with
policy actions in mid-1974, when the funds rate was drivear 1%, nor with discussion in the FOMC

Memorandum of Discussion

®’See a literature review of estimated shifts in trend praditgtin Bullard and Duffy (2004).

®8Goldfeld (1976) indicates that a representative money demaodel of the early 1970s generates larger predictiomsenndth
an out-of-sample RMSE of 6.3% from 1974Q1 to 1975Q2.
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“Chairman Burns said he might offer his appraisal of thetexgssupport for current Federal Reserve
policy. He agreed that support in Congress was strong; hé&ea receiving almost no critical mail
from that source. Of the letters that reached his desk fralivioluals across the country, a majority

were still commendatory.” (MOD, 6/18/74, p.62).

"More generally, in his many recent conversations with Gesgman he had found widespread
acceptance of the need for slow economic growth: they regdhteir constituents were more anxious

about inflation than unemployment.” Burns (MOD, 7/16/784)°

Another possible interpretation is that the FOMC may haveobee disenchanted with intermediate
targeting of the monetary aggregates in the mid-1970s. ®leaof intermediate targets in operational
policy was reviewed in the Stage Il report of the Subcommitbe the Directive (1976) distributed to
FOMC members in early 1978. The initial portion of this report reviewed a staff propotiat the policy
instrument, such as the funds rate or nonborrowed resediextly target ultimate objectives, such as
unemployment and inflation, relegating the money supphyntaf many potential indicators of unobserved
movements in ultimate objectives. However, the remainfiénereport endorsed the two-stage strategy of
intermediate targeting with monetary aggregates. FOM@Eudision of this report in the 3/15/76 meeting

supported a continuation of intermediate targeting:

"Mr. Wallich added that if optimal control were applied to maiary policy it would tend to focus
attention on such ultimate objectives as full employmenitjaiice stability. However, he had strongly
endorsed the Subcommittee’s recommendation that monptdicy continue to focus primarily on
intermediate objectives, rather than on ultimate objestiv.In further discussion individual members
of the Subcommittee commented on the reasons why they hadawarted directly relating an
operational instrument, such as nonborrowed reserve® detleral funds rate, to ultimate objectives.
These reasons included the difficulty of linking instrunaéntariables to ultimate objectives, both
intuitively or through use of econometric models; the peoblof reaching an agreement on necessary
tradeoffs among ultimate objectives; and the complicatioreated by the fact that monetary policy

was but one of many influences on the ultimate objectivesQM3/15/76, p.16)

%It might be noted that these real-time quotes differ consiolg from the retrospective Per Jacobsson Lecture wherasBu
(1979) suggests: “As the Federal Reserve, for example, tksfihg and probing the limits of its freedom to underndutise
inflation, it repeatedly evoked violent criticism from bdtre Executive Branch and the Congress.”

"The Subcommittee was chaired by Governor Holland, with GueWallich, President Balles (Federal Reserve Bank of San
Francisco), and President Morris (Federal Reserve Banlosfd®) as members.
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The FOMCMemorandum of DiscussiofMOD) suggests several issues that may have contributed to
passive responses to nominal growth gaps.

One possibility is that the FOMC may been optimistic abotérnest rate elasticities, selecting policy rate
adjustments that were too small to reverse predicted néminath gaps’® In particular, two procedures
could have led to effective overstatement of interest riieis:

In framing final voting choices, FOMC members were free tdkgolicy rates from one Bluebook
option and monetary target ranges from another option. Tolelgm of inconsistent choices from an “a la

carte menu” was occasionally addressed in Bluebook pretbems.

"The blue book can be viewed as a menu of consistent targ€ke.Committee is, of course, free to choose
among the various objectives presented, taking due acabuhé risks being run. There is the risk,
for instance, of choosing incompatible objectives. Howgthgs risk has to be weighed against the
probability there will be errors in the staff’s estimatesrefationships likely to prevail among bank

reserves, monetary aggregates, and interest rates. b xHOMC Economist (MOD, 11/20/72, p.43)

A more direct route to optimistic views of interest rate effeis that projections of interest rates
associated with alternative options were judgmentallyustéd by senior staff. Especially after staff
models began to overpredidt; growth in the mid-1970s, there appear to have been nortdeianward

judgmental adjustments of interest rate changes assdaiatie alternative money growth paths.

“(Mr. Partee) believed that (interest) rates would be egigchigh if the rate of growth in M1 was at
the midpoint of the Committee’s long-run range....Actyalhe econometric model had yielded still

higher rates, but the staff believed the model tended tcstaterrate increases.” (MOD, 8/19/75, p.58)

"Mr. Gramley said there was considerable uncertainty abfmeiprojections of interest rates, which were
among the most difficult variables to project. As Committezrmbers knew, the staff tended to make
rather large judgmental adjustments to the interest raiggtions produced by the model. In the
latest projection,...the model had produced a short-taterest rate in the fourth quarter of 1976 that

was 2-3/4 percentage points above the staff’s judgemgmadjected rate.” (MOD, 9/16/75, p.25)

"In view of recent projection errors of the model, the stadflitended to lower the level of interest rates it

associated with any assumed rate of monetary growth.” 8xiiMOD, 11/18/75, p.33)

"The full system interest rate elasticity of the money supplgecessarily greater than the interest rate elasticityoatinal
output if the interest rate elasticity of money demand is alsgative.
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A second interpretation of the effective passivity of pplis that increased uncertainty about properties
of empirical money demand functions after the mid-1970s rhaye induced more cautious policy

adjustments.

“Shortfalls in M1 growth may also reflect a weakening of eaoim activity relative to staff
projections....one option for the Committee to considevhgther it wishes to await somewhat more
sustained weakness in M1 before contemplating a policypbanhits relatively sizeable interest rate

declines.” Axilrod, FOMC Associate Economist (MOD, 9/10/pp.35)

“In recent years, the Committee had been focusing more oretapnaggregate targets because of
the problems it had experienced earlier with interest raigets. At present there would be less risk
associated with a reduction in interest rates than, say, thmaago, both because the aggregates
had been falling short of the Committee’s targets and becthes economic outlook had weakened
considerably. Even so, the precise consequences of a sbduption in interest rates remained
unclear. Growth in the aggregates would be stepped up stiaditg but it is hard to say by how
much; and the effects, over time, that the rate reductionidvioave on expectations and on spending
behavior were highly uncertain. To advocate a prompt, bieegeduction in rates was to ignore all

such uncertainties.” Partee, FOMC Senior Economist (MO /74, p.71)

"The actual stock of money has been running well short of veftaer our quarterly or monthly money
market models would have predicted for some time, givenahdBNP and interest rates....given
uncertainties with respect to the meaning of recent monpplgibehavior as well as still unresolved
issues affecting the municipal market, the committee mahwd consider giving somewhat more
weight than usual to money market conditions in framingritgructions.” Axilrod, FOMC Economist

(MOD, 11/18/75, pp.33-5)

"Mr. Volcker said he felt rather strongly that the right apach to policy today was to hold interest
rates fairly steady....Mr. Axilrod’s remarks, which he hfadind stimulating and even persuasive,
provided a further indication of how little was known abobttshort-term relationship between
interest rates and the money supply....because he wasneda@bout the uncertainties in the business
outlook and the possible implications of the New York Cityuation, he would not want to raise
interest rates even if the monetary aggregates shouldggem in the period immediately ahead.”

(MOD, 11/18/75, p. 39)
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"Mr. Axilrod said he felt highly uncertain about the currgnbjection. In particular, he was not sure
whether the demand for money would keep shifting down, ktabior shift back up.” (MOD, 3/16/76,
p. 60)

"(A)n additional element of uncertainty was introduced bg tisparity between the projections made
by the New York staff and those made by the Board staff for thming period—with the former

showing stronger growth, particularly for M1. Against thetckground, this did not seem to him to
be an appropriate time for a major change in policy.....Igno the specifications for the Federal
funds rate, he favored maintaining the present range amrigethe rate at about its current 4-3/4 per

cent level.” Volcker (MOD, 3/16/76, pp. 63-4)

Finally, a third conjecture concerning the framing of pplahoices is that differences in the underlying
relationships and forecast horizons of the short-run paljgtions of the Bluebook and of the multiperiod
predictions of the Greenbook may have made it difficult folMROdeliberations to connect current policy

decisions to longer-run predicted outconiés.

"Mr. MacLaury remarked that he was disturbed by what he peedeas a lack of clarity in the
Committee’s methodology. While the Committee now was mlyplannouncing its longer-term
targets, he has less confidence than before in his undeirsgapicthe path by which these objectives
were to be achieved....it seemed strange for the blue boskate that all of the three alternatives
it presented were generally consistent with the 12-montiges. He believed it made a difference
whether the Committee embarked on the path indicated byigedtternative or on that indicated by
the low alternative.” (MOD, 5/20/75, p.59)

2Judgemental adjustments of interest rates associateckétimative policy options, discussed earlier, were naogig not only
by money demand forecast errors in the 1970s but also byeliftes among competing staff models, such as the monthlgynon
market model used in Bluebook analyses and quarterly models for Greenbook analyses. "Mr. Gramley replied that thi's
interest rate projections depended on the relationshiwdmat growth in money and growth in nominal GNP. Personalrreo
was used only in the monthly model, because no better momttilgators of aggregate expenditures was available.. AMilrod
remarked that recent work done by the Board’s staff inditaéibat in the first year of recovery interest rate projectibased on
nominal GNP were too high while those based on personal irasete too low. In making its interest rate projections far fue
book, the staff had taken those results into account.” (M@D6/75, pp. 32-3) As noted earlier, it is not historicalbcarate to
assume that all judgemental forecast adjustments wereneatifd intercept adjustments. Kalchbrenner and Tinsley{)L8iscuss
differences between policy use of auxiliary measurememisuse of competing models.
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7 Concluding remarks

Recent studies, including Kozicki and Tinsley (2003), aadé that dynamic properties of empirical macro
models are often more realistic if the relevant naturalsratiee time-varying, and allowance is made for
differences in natural rate perceptions among private abtigpagents. The current paper provides estimates
of the US central bank perceptions of natural rates for uh@ynmpent and inflation, using Greenbook briefing
forecasts presented at FOMC meetings from the mid-19608sghrthe mid-1990s.

As discussed in section 2, the concept of natural rates ismainbiguous and depends on the context
of use. A distinction is drawn betweeasymptoticnatural rates that anchor long-horizon expectations
andinstantaneousatural rates that are associated with dynamic equilibril@wviations of selected macro
variables. The former are often estimated by atheoretie theries models and the latter by structural
equation models.

As noted in section 3, fitting models to real-time, multiperforecasts has several advantages, including
multiple observations on predictions generated by thectffe forecast model used in each period and
the elimination of estimation biases associated with uendesl future shocks over the forecast horizon.
A tractable framework for organizing the multiperiod foast data is suggested that is amenable to
time-varying parameter estimation of changes in the inddiaeecast model over time.

A number of studies suggest that the US central bank sevesrsdyestimated potential output or,
equivalently, underestimated the natural rate of unemmpéoy in the 1970s, but there appears to be little
direct empirical evidence for this claim. This paper esteaahe natural rate of unemployment that was
implied by the real-time, multiperiod macro forecasts pri#ed to the FOMC, the policy committee of the
US central bank.

Relative to retrospective estimates of the natural ratememployment by CBO (2004), the central bank
perceptions of the unemployment natural rate estimatedHspeetic tvp autoregressions show no evidence
of systematic underestimation. The natural rate estimatpbed by tvp structural equations are sensitive
to specifications of the forecast equations. The structgahtion format best supported by the Greenbook
forecast data suggests the US central bank underestinatibie unemployment natural rate in the 1970s
was modest, generally not more than one percentage point.

Natural rate estimates of inflation implied by inflation aetgressions and policy rate responses to

Greenbook forecasts are presented in sections 5 and 6. eUnliky preceding analyses of US monetary
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policy, the results of the estimated policy rate respongggest the central bank target for inflation not only
varied over time but was substantially different from piévaector perceptions in the 1970s and 1980s.

Of the two leading empirical interpretations of the Gredtaliion, thepassive policydescription is
perhaps the most optimistic, as empirical analyses offiiisidJS monetary policy generally indicate stable
policy responses have been maintained since the 1980snakheal rate errordescription has a seductive
appeal for central banks for it suggests that unlucky mésakere made, but carries also the pessimistic
inference that these mistakes will likely occur in the fetulhe empirical evidence presented in section 6
indicates that monetary policy in the 1970s is better represl by money growth intermediate targeting.
This implies that US central bank errors in estimating redtrate gaps for output or the unemployment rate
are largely irrelevant to explanations of the Great Inflatio

The empirical evidence in section 5 also supports the pagsilicy interpretation, as adjustments of the
central bank policy rate in the 1970s were not sufficientfyovous to result in stable responses to movements
in inflation. However, the passive policy interpretatiomigrely a description of unstable policy, not an
explanation. A description of the Great Inflation based darimediate targeting of money supply growth
offers a neglected search area for explanations of passligy pesponses.

Given the advantage of hindsight, there will always be rkesdain the execution of monetary policy,
including errors in estimating current values of naturdésa The deeper flaw of intermediate targeting
in the 1970s is that it obscured the ultimate objectives dicpdoy shifting the official gauge of policy
performance from inflation and economic activity to the gitowate of the money supply. Empirical results
in this paper support the assessment of the architect of tmetarist strategy that dominated US monetary
policy during the Great Inflation: “The use of the quantitynebney as a target has not been a success,” M.

Friedman (2003).
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Table 1: Unemployment natural ratés)(

natural rate source

Romer & expanding expanding’

policy regime CBO (2004) Romer (2002) sample means (A) sam@ans (B)
Martin 5.8 2.5 5.0 3.7
67Q4-690Q4

Burns 6.0 3.1 5.0 4.3
70Q1-75Q2

Burns, 6.2 8.2 53 5.2
75Q3-78Q1

Miller 6.3 4.6 5.4 55
78Q2-79Q2

Volcker 6.1 8.0 5.8 6.0
79Q3-87Q2

Greenspan 57 6.7 6.0 6.3
87Q3-96Q4

Greenspan 5.2 n.a. 6.0 6.2
96Q1-97Q4

1. Expanding samples begin in 1956Q1 with an initial uneyplent ratez; = 4.0.
2. Expanding samples begin in 1966Q1 with an initial unemyplent ratex; = 3.9.



Ut+h =

Table 2: Unemployment autoregressibns

Bt + Botirn—1 + B3t AU rn—1 + BaiAurp—o + Pt Atypn—3 + Gqp-
u = Pi/(1— Pay).

tvp format estimated; 2 estimatedu;
GB horizon forecastsy =0, ..., H 3
e 3o Bs By Bs max min
random walk 487 .926 478 .022 .050 8.5 5.0
intercept (.052) (.004) (.017) (.017) (.014)
random walk 499 .924 .386 .034 .078 8.7 4.9
coefficients (.221) (.035) (.368) (.268) (.190)
stationary 476 .924 314 .082 .093 8.5 4.9
coefficients (.052) (.007) (.052) (.043) (.021)
(var decomp) 61 38 1 0 0
GB horizon forecastsy = 3,..., H *
e 3o Bs By Bs max min
random walk 217 .966 511 .145 -.011 7.4 5.8
intercept (.018) (.003) (.027) (.026) (.014)
random walk 247 .961 466 133 .002 7.4 5.8
coefficients (.100) (.016) (.237) (.188) (.142)
stationary 223 .965 .455 141 .006 7.1 6.0
coefficients (.035) (.006) (.088) (.064) (.027)
(var decomp) 26 73 1 0 0

1. usr,— GB forecast civilian unemployment, > 0.

2. (.) - std error;3;— sample average ¢f; ; for random walk specifications.
3. sample 1966Q3-1997Q4.
4. sample 1969Q1-1997Q4.



Table 3: Unemployment natural ratés)(
with tvp autoregressions

natural rate source

Romer & AR(4)1! AR(4)1!
policy regime CBO (2004) Romer (2002) h=0,...,H h=3,....H
Martin 5.8 2.5 5.3 n.a.
67Q4-690Q4
Burns 6.0 3.1 6.2 6.6
70Q1-75Q2
Burns 6.2 8.2 6.6 6.5
75Q3-78Q1
Miller 6.3 4.6 7.1 6.9
78Q2-79Q2
\olcker 6.1 8.0 7.4 6.6
79Q3-87Q2
Greenspan 5.7 6.7 6.2 6.1
870Q3-96Q4
Greenspan 5.2 n.a. 55 6.0
96Q1-970Q4

1. Based on the stationary coefficient variants of the feartter autoregressions in Table 2.



Table 4: Pricing equation
w/ autoregressive expected inflation

Tern = B+ Bottirn + EiTipn1 + appn.
Eimithir = Tigh—1 + 03, AT n—1-
u = —[it/Pax
tvp format estimated; 2 estimatedi,

random walk expected inflation

B B O max  min

random walk 421 -.083 6.9 3.3
intercept (.095) (.016)

random walk .396 -.078 7.1 3.1
coefficients (.459) (.068)

stationary .408 -.085 7.0 3.9
coefficients (.142) (.029)

(var decomp®) 20 80

AR(2) expected inflation

5 Ba B3 max min

random walk A78 -.097 -.213 6.9 3.0
intercept (.092) (.016) (.022)

random walk 431 -.087 -.212 7.3 2.6
coefficients (.434) (.065) (.175)

stationary .506 -.109 -.260 7.0 3.8
coefficients (.130) (.026) (.035)

(var decomp®) 7 93 0

1. sample 1969Q1-1997Q4; . ,— GB forecast GNP/GDP deflator inflation;
ug4,— GB forecast civilian unemployment, = 3, ..., H.

2. (.) - std error;3;— sample average ¢f; ; for random walk specifications.



Table 5: Pricing equation
w/ Greenbook expected inflatibn

Tiph = PBrt+ Boitirn + B3t AT p—1

+0a Attt pi1 + O5 t(Tebht1 — Terh—1) + Teph—1 + Qeth.

= —[it/Pax

tvp format estimated; 2 estimatedi,

Greenbook expected inflation

5 Ba B35 Ba B35 max min

random walk 117 -.019 -.077 573 9.3 4.0
intercept (.068) (.013) (.103) (.021)
random walk .082 -.015 -.032 .582 947 -88.3
coefficients (.383) (.058) (.644) (.153)
stationary A71 -.029 -.087 .567 7.1 55
coefficients (.099) (.016) (.188) (.052)
(var decomp) 46 54 0 0

tvp averaging of Greenbook and autoregressive expectexdianf]

5 Ba B35 B4 Bs max min
random walk 173 -.030 -.072 -.138 .543 6.9 4.5
intercept (.067) (.014) (.018) (.103) (.022)
random walk 107 -.022 -.072 -.083 .558 1746 -11.9
coefficients (.371) (.057) (.134) (.649) (.137)
stationary .209 -.038 -.075 -.156 .538 6.7 4.8
coefficients (.099) (.016) (.030) (.203) (.046)
(var decomp) 42 58 0 0 0

1. sample 1969Q1-1997Q4; . ,— GB forecast GNP/GDP deflator inflation,
uy+,— GB forecast civilian unemployment, = 3, ..., H.

2. (.) - std error;3;— sample average ¢f; ; for random walk specifications.



Table 6: Unemployment natural ratés)(
given alternative expected inflation specifications

natural rate source

policy regime Romer & AR(2) tvp averaging
CBO (2004) Romer (2002) expectations expectations

Burng 6.0 3.1 3.9 5.2
70Q1-75Q2

Burnsg 6.2 8.2 4.3 5.3
75Q3-78Q1

Miller 6.3 4.6 4.3 5.3
78Q2-79Q2

Volcker 6.1 8.0 54 5.6
79Q3-87Q2

Greenspan 5.7 6.7 5.7 6.2
87Q3-96Q4

Greenspan 5.2 n.a. 5.0 5.6
96Q1-97Q4

1. Based on stationary coefficients equation, bottom panEle 4.
2. Based on stationary coefficients equation, bottom pdrilae 5.



Table 7: Federal Funds Rate Policy Rule,
full sample(h = 0,1) !
ry = pt+ T+ C2,t(7rf — ) 4 3 (U1 — ) + caAuy,

re = (L= Beu)ri + BsiAri—1 + Beri—1 + ay,
= Bua+ Boam) + Baa(wsr — W) + BagAug + Bs Aryy + Bou(rie1 — pr) + pr + au,

T = —Pi/(Boy + B —1).

tvp format estimated; 2 estimatedr;

., preferred estimate

B B2 Bs B4 Bs Bs max min

random walk .060 101 -.058 -.166 439 .896 49.4 -13.0

intercept [.69] [.00] [.01] [.03] [.03] [.00]

random walk -.018 .140 -.056 -.263 403 .873 76.6 -240.6
coefficients [.97] [.45] [.58] [.67] [.49] [.00]

stationary -.082 .160 -.065 -.252 402 871 229.1 -14.6

coefficients [.28] [.00] [.00] [.00] [.01] [.00]

(var decomph) 11 34 1 0 0 54

a?, lower bound estimate

B B2 Bs B4 Bs Bs max min

random walk .062 .098 -.043 -.164 445 .902 488.5 -76.6
intercept [.69] [.00] [.04] [.03] [.00] [.00]

random walk -.003 134 -.038 -.238 402 .879 257.4 -228.8
coefficients [.99] [.47] [.65] [.70] [.48] [.00]

stationary -.061 .145 -.032 -.234 401 .882 10.6 -113.8
coefficients [.41] [.00] [.09] [.01] [.00] [.00]

(var decomp) 10 34 1 0 0 55

1. sample 1969Q1-1997Q4: avg federal funds rate in FOMC meeting-to-meeting intexval GB
unemployment rate forecast® - GB annualized inflation, averaged over the forecast psribd 0,1.

2.[.] - p-values;3;— sample average ¢f; ; for random walk specifications.
3. Implied by stationary coefficients equation, lower pasfelable 5.
4. Implied by stationary coefficients equation, lower pasfelable 4.



T = —Pi/(Boy + B —1).

= (1= B + B50A1—1 + Boare—1 + ay,
= B+ Boaml + Bap(upir — ) + BasAug + Bs s Ar_1 + Boi(re1 — pr) + e + ar,

Table 8: Federal Funds Rate Policy Rule,
full sample(h = -2, —-1,0,1) !

pt+ T + C2,t(7rf — ) 4 3 (U1 — ) + caAuy,

tvp format estimated; 2 estimatedr;
., preferred estimate

A 3o Bs B4 Bs Bs max min
random walk -.002 .149 -.081 -.269 428 .866 5.6 -4.2
intercept [.99] [.00] [.00] [.00] [.00] [.00]
random walk -.110 .207 -.084 -.345 400 .835 805.0 -171.8
coefficients [.80] [.36] [.51] [.61] [.45] [.00]
stationary -.150 .249 -.099 -.362 400 .806 28.0 -30.0
coefficients [.07] [.00] [.00] [.00] [.00] [.00]
(var decomph) 8 49 1 0 0 42

a?, lower bound estimate

A 3o Bs B4 Bs B max min
random walk .009 141 -.061 -.260 435 .876 5.2 -6.0
intercept [.95] [.00] [.00] [.00] [.00] [.00]
random walk -.083 .199 -.066 -.305 .396 .844 51 -50.7
coefficients [.87] [.28] [.43] [.62] [.49] [.00]
stationary -.096 .182 -.055 -.283 412 .859 63.7 -77.1
coefficients [.21] [.00] [.01] [.00] [.00] [.00]
(var decomp) 8 45 1 0 0 46

1. sample 1969Q1-1997Q4: avg federal funds rate in FOMC meeting-to-meeting intexval
u - GB unemployment rate forecast - GB annualized inflation, averaged over the forecast
periods, h=-2,-1, 0, 1.

2.[.] - p-values;3;— sample average af; ; for random walk specifications.

3. Implied by stationary coefficients equation, lower pasfélable 5.

4. Implied by stationary coefficients equation, lower pasfélable 4.



Table 9: Federal Funds Rate Policy Rule

Burns/Miller samplé

T = =B/ (B + Por — 1).

pr+ 7+ cop(mf — ) + esauers — W) + cagAuy,

= (1= Peu)r{ + P51 Are—1 + Poiri—1 + as,
= B+ Boaml + Bai(upiyr — ) + BasAug + Bs 1 Ar_1 + Boi(re1 — pr) + pr + ar,

tvp format estimateg; > estimatedr;

A Ba B3 B4 Bs Bs max min
random walk .025 116 -.067 -.229 .532 .893 -.10 -3.7
intercept [.60] [.01] [.09] [.03] [.00] [.00]
random walk .052 132 -.081 -.240 521 .879 193 -207
coefficients [.77] [.01] [.06] [.08] [.00] [.00]
stationary .017 120 -.066 -.242 523 .891 11 -9.0
coefficients [.90] [.01] [.11] [.03] [.00] [.00]
(var decomp’) 17 42 1 0 0 40
random walk .148 .076 -.057 .604 .908 10.7 6.1
intercept [.00] [.07] [.20] [.00] [.00]
random walk .166 .084 -.058 584 .899 21.6 8.4
coefficients [.38] [.08] [.17] [.00] [.00]
stationary A11 .081 -.048 .606 .908 15.6 8.2
coefficients [.41] [.06] [.24] [.00] [.00]
(var decomph) 23 37 1 0 38
random walk .049 .073 -.208 551 .920 9.7 6.5
intercept [.31] [.04] [.04] [.00] [.00]
random walk .070 .078 -.204 .545 914 287 -16.8
coefficients [.61] [.01] [.01] [.00] [.00]
stationary .045 .075 -.209 .545 920 14.8 6.7
coefficients [.74] [.04] [.05] [.00] [.00]
(var decomph) 19 38 0 0 42

1. sample 1970Q1-1979Q2;- avg federal funds rate in FOMC meeting-to-meeting intexval

7% - GB annualized inflation forecasts, averaged over the &stgueriods, h =-2, -1, 0,1.

2.[.] - p-values;3;— sample average df; ; for random walk specifications.



Table 10: Federal Funds Rate Policy Rule,

Volcker/Greenspan sample

re = pr+ T+ C2,t(771{,€ — 7)) + e3¢ (Urrr — Ur) + capDuy,

re = (1= Bes)ri + Bs5:Ari—1 + Boiri—1 + ay,
= Br+ ol + Baa(usr — ) + BagAuy + Bs 1 Ary—1 + Bo.4(re—1 — pr) + pr + ay,

T = =B/ (Bai + Ber — 1).

tvp format estimated; 2 estimatedr;

) 77"77- GB forecast average, h=-2,-1,0,1; k=1,

b1 B2 B3 B Bs Bs max min
random walk -.159 222 -.073 -.296 .364 .833 35 2.2
intercept [.05] [.00] [.01] [.01] [.00] [.00]
random walk -.170 234 -.074 -.336 377 .817 6.3 -31.9
coefficients [.47] [.04] [.11] [.43] [.07] [.00]
stationary -.154 .229 -.066 -.286 .406 .819 3.4 3.1
coefficients [.20] [.02] [.03] [.09] [.00] [.00]
(var decomph) 5 58 0 0 0 37

7% - GB forecast average, h=0,1,2,3; k = 3.

B B2 B3 B Bs Bs max min
random walk -.205 214 -.050 -.237 .361 .845 4.0 2.7
intercept [.02] [.00] [.08] [.04] [.00] [.00]
random walk -.165 .203 -.046 -.285 .361 .838 69.9 -39.8
coefficients [.49] [.02] [.23] [.40] [.07] [.00]
stationary -.149 194 -.049 -.273 371 .846 4.0 35
coefficients [.19] [.00] [.06] [.03] [.00] [.00]
(var decomph) 14 37 1 0 0 48

1. sample 19790Q3-1997Q4: avg federal funds rate in FOMC meeting-to-meeting intexval
uy— tvp average expectations.

2.[.] - p-values;3;— sample average af; ; for random walk specifications.



Table 11: Federal Funds Rate Policy Rule,

_ /
mF — 7 —d Auk,

Burns/Miller sample: money growth targetifig

T = —Puie/(Boy + Ber — 1).

= (1= Pee)r{ + P51 Ar¢—1 + Botri—1 + as,
= Bis+ Posal + Bas(uprr — @) + BagAuf + Bs i Are—y + Bos(ri—1 — pi) + pr + as,

o+ + Cz,t(ﬂﬁiC — ) + c3p(uppr — Ug) + C4,tAUf,

tvp format estimated; 2 estimatedr,

A 3o Bs B4 Bs Bs max min
random walk .156 .037 -.008 518 .942 7.5 6.3
intercept [.00] [.03] [.80] [.00] [.00]
random walk .189 .039 -.018 499 .936 8.5 7.0
coefficients [.23] [.07] [.67] [.00] [.00]
stationary .149 .040 -.009 .509 .940 7.8 6.8
coefficients [.21] [.02] [.78] [.00] [.00]
(var decomp) 30 11 2 0 56
random walk .024 .093 114 .557 .906 27.1 9.4
intercept [.61] [.02] [.12] [.00] [.00]
random walk .040 .102 .130 540 .894 360 -27
coefficients [.82] [.03] [.19] [.00] [.00]
stationary .037 .092 114 .545 .904 118 7.4
coefficients [.78] [.02] [.13] [.00] [.00]
(var decomp®) 16 33 0 0 51
random walk .146 .037 .523 941 7.1 6.1
intercept [.00] [.03] [.00] [.00]
random walk .169 .038 511 .937 7.6 6.4
coefficients [.27] [.07] [.00] [.00]
stationary 142 .038 515 .940 7.2 6.5
coefficients [.21] [.02] [.00] [.00]
(var decomph) 32 10 0 58

1. sample 1970Q1-1979Q2:- avg federal funds rate in FOMC meeting-to-meeting intexval
7%, AuF - GB annualized forecasts, averaged over the forecastdsetio= —2, —1, 0, 1.

2.[.] - p-values;3;— sample average f; ; for random walk specifications.



s - Figure 1: Greenbook forecast horizohs

1
s |
-
s |
s
4
s
=
1
o — T T T T T
1966 1974 1976 1981 1986 1991 1996
1. H - horizon of Greenbook forecadét,= 0,1,..., H.
12 Figure 2: Alternative Natural Rate Estimates for Unempleytri
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1. Real-time civilian unemployment: U.
Retrospective natural rates: CBO, Congressional Buddated2004); SSW, Staiger, Stock,
& Watson (1977).
Real-time natural rates: HP, Hodrick-Prescott filter; A&ty (1977); 073, O76, O77, O79,
calculated from Orphanides (2003a), see text.



Figure 3: Greenbook One-Quarter Forecast Errors of Infiatio
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1z Figure 4: Natural Rates of Unemployment from Greenbookragtessionsh =0, ..., H
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1. Unemployment autoregressions described in top pandmé .
Thin solid line: random walk intercept estimator, RWI;
thick dotted line: tvp random walk coefficients estimatoy&,;
thick solid line: tvp stationary coefficients estimator,.SC
Thin dotted lines are 70% confidence intervals of SC estimato
CBO and HP estimates of natural rates described in text.



o.o5 Figure 5: Coefficient of unemployment in forward-lookindgoimg equations
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1. Coefficients from estimators in the top panel of Table 5.
B2(RWC) -3, from random walk coefficients estimator, RWC.
B2(SC) -2, from stationary coefficients estimator, SC.

Figure 6: Long-run policy response to inflation conditiomei;, 1969-1997"
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1. Coefficients from estimators in top panel of Table 7, ushegpreferred natural rate;.
C2(RWI) - c2 ; from random walk intercept estimator, RWI.
C2(RWC) -c,; from random walk coefficients estimator, RWC.
C2(SC) -cy,; from stationary coefficients estimator, SC.



1.z - Figure 7: Long-run policy response to inflation, Burns/kiiltenures
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1. Coefficients from estimators in the bottom panel of Table 9
C2(RWI) - c2 ; from random walk intercept estimator, RWI.
C2(RWC) -c,; from random walk coefficients estimator, RWC.
C2(SC) -co,, from stationary coefficients estimator, SC.
1.5 Figure 8: Long-run policy response to inflation, Volcke@@&nspan tenurés
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1. Coefficients from estimators in the top panel of Table 10.
C2(RWI) -5 ¢ from random walk intercept estimator, RWI.
C2(RWC) -c, ;. from random walk coefficients estimator, RWC.
C2(SC) -cy,; from stationary coefficients estimator, SC.



10 - Figure 9: Historical and perceived natural rates of inflatib970-1997
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1. Central bank target#, implied by SC estimator: bottom panel of Table 11 for Burndévsample.
and top panel of Table 10 for Volcker/Greenspan sample.
Perceived target - private sector perceptief, from Kozicki and Tinsley (2001a).
Survey - Hoey survey of 5-10 year expected inflation (seg.text
HP - HP filter of real-time inflation.

1a o Figure 10: Federal funds rate and FOMC tolerance rangesisBuiller tenures
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14 -, Figure 11: Federal funds rate and the predicted nominal thrpvoxy, Burns/Miller tenures$

-=2 T T T T T T T T T
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

1. R - Federal funds rate; X - 4-qtr avg of the predicted nofhgnawth proxy, using Greenbook
forecasts foh = —2, —1,0, 1; (see text).



