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We devel op a simple, quantitative model of the U.S. economy

to demonstrate how an* inflation scare” may occur when the

Federal Reserve lacksfull credibility. In particular,we show

that the long-term nominal interest rate may undergo a sud -
den increase if an adverse movement in the inflation rate

triggers a deterioration in the public’s beliefs about the Fed -
eral Reserve's commitment to maintaining low inflation in

the future. We find that simulations from our model capture

some observed patterns of U.S. interest ratesin the 1980s.

After two decades of rising inflation during the 1960s and
1970s, the Federal Reserve under Chairman Paul Volcker
undertook adeliberate disinflationary policy that was suc-
cessful inreducingtheU.S. inflation ratefrom well over 10
percent in 1980 to around 3 percent by 1985. The cost of
this victory, however, was an extremely severe recession:
the civilian unemployment rate peaked at about 11 percent
in 1982—the highest level observed in the U.S. economy
since the Great Depression.

It iswidely recognized that an important factor govern-
ing the cost of disinflationary policiesisthe degree of cen-
tral bank credibility.! Credibility is important because it
influencesthe public’ sexpectationsabout futureinflation.?
These expectations, in turn, affect the current state of the
economy becausethey areincorporated into wagesviafor-
ward-looking labor contracts and into the level of long-
term nominal interest rates, which govern borrowing
behavior. When the central bank enjoys a high degree of
credibility, rational agentswill quickly lower their inflation
expectationsin response to an announced policy to reduce
the prevailing rate of inflation. This shift in expectations
helps to lower current inflation, leading to afaster and less
costly disinflation episode. In contrast, when central bank
credibility islow, agents’ expectations respond only grad-
ually asthey become convinced of the central bank’ scom-
mitment to reducing inflation. In such an environment,
nomina wages and long-term interest rates adjust slowly
to the new inflation regime, contributing to amisallocation
of resources and a more costly transition to low inflation.

The above reasoning suggests that low credibility on
the part of the Federal Reserve may help to explain the
severity of the recession induced by the Volcker disinfla-
tion. Indeed, it seems likely that the Federal Reserve's
commitment to reducing inflation was viewed with con-
siderabl e skepticismin 1980. Two previous attemptsto re-
duce inflation begun in April 1974 and August 1978 had

1. See, for example, Sargent (1982, 1983), Taylor (1982), and Fischer
(1986).

2. Thisideaisthe basis for many game theoretic models of credibility
in monetary poligy. See, for example, Barro and Gordon (1983), Backus
and Driffill (1985ab), Barro (1986), and Cukierman and Meltzer
(1986). For an excellent survey of this literature, see Blackburn and
Christensen (1989).
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proven unsuccessful.® Contributing to this skepticism in
the early stages of the disinflation were large and erratic
fluctuations of monetary aggregates, which were fre-
guently outside their target ranges.* Moreover, U.S. fiscal
policy during the early 1980s was characterized by large
and growing federal budget deficits which, if projected
forward, might have been seen to imply the need for future
monetization of the debt to maintain solvency of the gov-
ernment’ s intertemporal budget constraint.®

Inthispaper, we develop asimple, quantitative model of
the U.S. economy to demonstrate how imperfect credibil-
ity on the part of the Federal Reserve may give rise to an
episode known as an “inflation scare.” Following Good-
friend (1993), we define an inflation scare as a significant
increase in the long-term nominal interest rate that takes
place in the absence of any aggressive tightening by the
Fed that would serve to push up short-term rates. Hence,
during an inflation scare, the increase in the long rate is
driven primarily by an upward shift in agents expectations
about future inflation. In our model of an inflation scare,
an adverse movement in the inflation rate triggers a dete-
riorationinthe public’ sbeliefsabout the Federal Reserve's
commitment to maintaining low inflation in the future.
This leads to a sudden increase in the long-term nominal
interest rate, even while the short-term rate can actually be
falling. We find that simulations from our model capture
some observed patterns of U.S. interest ratesin the 1980s.

Theframework for our analysisisaversion of theratio-
nal expectations macroeconomic model developed by
Fuhrer and Moore (1995a,b). Thismodel is quite tractable
and has the advantage of being able to reproduce the dy-
namic correlations among U.S. inflation, short-term nom-
inal interest rates, and deviations of real output from trend.
The model consists of an aggregate demand equation, a
nominal wage contracting equation (that embedsaversion
of an expectations-augmented Phillips curve), a Fed reac-
tion function that defines monetary policy, and a term
structure equation. A simple version of Okun’slaw relates
the unemployment rate to the deviation of real output from
trend.

3. See Shapiro (1994) for an analysis of the relative success of Federal
Reserve attempts to reduce inflation following seven postwar dates
marking the start of an explicit disinflationary policy, as identified by
Romer and Romer (1989, 1994).

4. For details on monetary policy in the early 1980s, see Friedman
(1984), Blanchard (1984), Hetzel (1986), and Goodfriend (1993, 1997).

5. The crucial importance of the fiscal regime in determining the cred-
ibility of disinflationary policiesisemphasized by Sargent (1982, 1983,
1986). For applications of this idea, see Flood and Garber (1980) and
Ruge-Murcia (1995).

We consider an experiment where the economy is ini-
tially inaregime of high and variableinflation and the Fed
announces a program to reduce both the mean and vari-
ance of theinflation rate. The announced program (which
isimmediately implemented) involves a change to the pa-
rametersof thereaction function. Specifically, theinflation
target islowered and moreweight is placed on minimizing
the variance of inflation versus stabilizing output. We for-
malize the notion of credibility as the public’s subjective
probabilistic belief that the reaction function parameters
have in fact been changed. The true parameters are as-
sumed to be unobservable due to the presence of exoge-
nous stochastic shocks that enter the reaction function.
These policy shocks, together with stochastic disturbances
to other parts of the economy, give rise to a distribution of
observed inflation rates around any given inflation target.

Under full credibility, the economy is assumed to be pop-
ulated by agents who, upon hearing the Fed’ s announce-
ment, assign a probability of one to the event that the
reaction function has changed. These agents continue to as-
sign a probability of one regardless of the time path of in-
flation that is subsequently observed. In contrast, partial
credibility implies that agents update their prior assessment
of thetrue reaction function in a (quas) Bayesian way on the
bas's of the Fed' s success or failurein reducing inflation over
time. Our setup is similar to one used by Meyer and Web-
ster (1982) in which agents' expectations are constructed as
a probability weighted average of the expectations that
would prevail under an “old” and “new” policy rule®

The behavior of the long-term nominal interest rate in
the model is governed by the pure expectationshypothesis,
that is, the long-term rate is aweighted average of current
and expected future short-term rates. If the short rate rises
as aresult of tighter monetary policy, the implications for
thelong rate aretheoretically ambiguous. In particular, up-
ward pressure stemming from the increase in the current
short rate may be offset by downward pressurefromthean-
ticipation of lower short rates in the future, due to lower
expected inflation. Thus, by affecting the level of expected
inflation, the degree of Fed credibility can exert a strong
influence on the long-term nominal interest rate.

Using reaction function parameters estimated over the
two sampl e periods 1965:1 to 1979:4 and 1980:1 t0 1996:4
we trace out the economy’ sdynamic transition path for the

6. Other research that applies Bayesian learning to models of monetary
policy includes Taylor (1975), Flood and Garber (1980), Backus and
Driffill (1985a,b), Barro (1986), Lewis(1989), Baxter (1989), Bertocchi
and Spagat (1993), Gagnon (1997), and Andolfatto and Gomme (1997).
For related models with least squares learning, see Friedman (1979),
Fuhrer and Hooker (1993), and Sargent (1998).
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two specifications of credibility described above. The
speed at which agents adjust their inflation expectationsin
response to the change in monetary policy depends cru-
cially onthe Fed' s credibility: expectations adjust quickly
with full credibility and slowly with partia credibility.

Under both specifications of credibility, wefind that the
inflation rate exhibits damped oscillations as the economy
transitions to the new stationary equilibrium. Following
the change in Fed policy, the inflation rate undergoes an
initial drop, but ends up overshooting the new target level.
The inflation rate then starts to increase as it approaches
the new target from below. When the Fed does not have
full credibility, agents interpret this interval of rising in-
flation as evidence that monetary policy has not in fact
changed and therefore will continue to tolerate an envi-
ronment of high and variable inflation. Consequently,
agents' expectationsof futureinflation arerevised upward,
and the long-term nominal interest rate experiences asud-
den increase. In this way, our model generates an endoge-
nous inflation scare.

Numerical simulations of our model produce a 2 per-
centage point jump in the long-term nominal interest rate
that begins about 24 gquarters after the change in Fed pol -
icy. A similar pattern can beobservedintheU.S. dataabout
29 quarters after the start of the Volcker disinflation.’
Specifically, from 1986:4 to 1987:4, theyield on a 10-year
Treasury bond increased sharply, despite only asmall in-
creaseinthe 3-month Treasury bill rate. Over thissame pe-
riod, the inflation rate (based on the GDP deflator) was
rising. This pattern suggests that the increase in the U.S
long rate was driven by an upward shift in the public’ s ex-
pectations about futureinflation, thus conforming with our
definition of an inflation scare. Given thisinterpretation of
the data, the 1987 scare episode illustrates the long mem-
ory of the public in recalling the high and variable infla-
tion of the 1970s, and serves as an important reminder of
the fragility of Federal Reserve credibility.

Although Goodfriend (1993) identifies three other in-
flation scare episodes in U.S. data that occurred much
closer to the start of the VVolcker disinflation,® we choose

7. Wetake the starting date of the VVolcker disinflation to be October 6,
1979, which coincideswith Fed’ sannouncement of anew operating pro-
cedure for targeting nonborrowed reserves. This starting date is consis-
tent with the findings of Romer and Romer (1989), who use evidence
from the minutes of Federal Open Market Committee meetingsto iden-
tify October 1979 as a date when the Federal Reserve decided to un-
dertake an explicit disinflationary policy.

8. The approximate dates of these episodes are: (1) December 1979 to

February 1980, (2) December 1980 to October 1981, and (3) May 1983
to June 1984.

to emphasize the 1987 scare for two reasons. First, the
magnitude and timing of the 1987 episode is reasonably
closeto theinflation scare that we are able to generate us-
ing the model, and second, the episode stands out readily
inaplot of quarterly U.S. data. Interestingly, the 1987 scare
occurred shortly after U.S. inflation “bottomed out” and
again started to rise. Thisfeature of the dataresemblesthe
dynamic overshooting behavior of inflation in our model.
The point of the exercise, however, is simply to illustrate
the mechanics by which an inflation scare may occur—not
to identify any one episode as being more significant than
the others.

Theremainder of the paper isorganized asfollows. Sec-
tion | describesthe model and our specification of Federal
Reserve credibility. Section Il presents our parameter esti-
mates and examines their sengitivity to different sample
periods. Section |1l presents our simulation results. Sec-
tion 1V concludes.

|. THE MODEL

The model is a version of the one developed by Fuhrer
and Moore (1995a,b). This framework has the advan-
tage of being able to reproduce the pattern of dynamic
correlations exhibited by an unconstrained vector au-
toregression system involving U.S. inflation, short-term
nominal interest rates, and deviations of rea output
from trend. In the model, agents’ expectations are ra-
tional and take into account the nature of the monetary
policy regime, as summarized by the parameters of the
Fed reaction function. However, since the other parts of
the economy are specified as reduced-form equations,
the model is susceptible to Lucas's (1976) econometric
policy critique. Our estimation procedure attempts to
gauge the guantitative importance of the Lucas critique
for our results by examining the stability of the model’s
reduced form parameters across different sample
periods. The equations that describe the model are as
follows:

Aggregate Demand / I-S Curve

1) Ve=aYii+aY +a (r_,—T)+e,

where Y, isthe so-called “output gap” defined as the devi-
ation of log per-capita real output fromtrend andr,_, is
the lagged value of the ex antelong-term real interest rate.
Theerror term g, ~ N (0,s3,) capturesrandom fluctuations
in aggregate demand. We assume that the steady-state
value of ; is zero, which impliesthat r isthe steady-state
real interest rate.
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Wage Contracting Specification / Short-Run
Phillips Curve

2 Pe=% (P + Epen) + 3 (h+ %o) + €

where p, is the inflation rate defined as the log-difference
of thepricelevel, E; isthe expectation operator conditional
oninformation available at timet, and e, ~ N (0, s%)) isan
error term. Fuhrer and M oore (1995a) show that (2) can be
derived from a two-period model of staggered nominal
wage contracts, where the real value of the contract price
negotiated at timetis a simple average of the real contract
price negotiated at t — 1 and the real contract price that
agents expect to negotiate at t + 1, adjusted for the level of
aggregate demand. The forward-looking nature of wage
contracts creates an environment where current inflation
depends on expected inflation. The error term represents a
stochastic disturbance that affects|abor supply decisions.®
Equation (2) can also be interpreted as a version of an
expectations-augmented Phillips curve.'® Evidence of a
short-term Phillips curvetrade-off can befoundinthe pos-
itive correlation between inflation and the real output gap
in postwar U.S. data, and the corresponding negative cor-
relation between inflation and the unemployment rate.!*
The steady-state version of (2) implies that there is no
long-run trade-off between inflation and real output.

Federal Reserve Reaction Function

) =rea+a, (p—p) +ay+e,

wherer, is the short-term nominal interest ratep isthein-
flation target, and e, ~ N (0, s %) is an exogenous stochas-
tic shock that is not directly observed by the public. The
policy rule implies that the Fed strives to smooth short-
term interest rates, but responds to deviations of inflation
from target and to deviations of output from trend. The
strength of the interest rate response to these deviationsis
gowerned by the parametersa, and a,.'? We interpret e, as

9. Wedo not explicitly link the supply shock ey to the real price of oil.
Fuhrer and Moore (19953, footnote 15) report that oil prices are uncor-
related with the residuals of their contracting equation, suggesting that
their omission does not affect the model’ s performance. See Bernanke,
Gertler, and Watson (1997) for an empirical study of the potential links
between oil prices and monetary policy.

10. See Roberts (1997).

11. King and Watson (1994) document the robust negative correlation
between inflation and unemployment at business cycle frequencies.

12. The policy ruleis similar to one proposed by Taylor (1993), which
takestheform: r, = (r + p)+ a, (P, —p) + &%, wherer isthe steady-
state real interest rate. The Taylor rule usesr = 0.02,a, =a, = 0.5, and
p = 0.02. See Taylor (1998) and Judd and Rudebusch (1998) for histor-
ical analyses of how policy rules of thisform fit U.S. interest rate data.

capturing random, nonsystematic factors that arise from
the political process or the interaction of policymakers
with different preferences, different target rates of infla-
tion, etc. Alternatively, we could interpret e, as reflecting
operational or institutional features that preclude perfect
control of r.*® The presence of the unobservable shock
term is crucial for our credibility analysis because it pre-
vents agents from being able to quickly learn the true val-
uesof p, a,, and a, from a sequence of four observations
onr, p, and ¥;. Equation (3) implies that the steady-state
inflation rate isp.

Real Term Sructure
4 re—=D (B re—r9 =r.—E P

where D is the duration of area consol that is used here
to approximate afinite maturity long-term bond. Equation
(4) isan arbitrage condition that equates the expected real
holding-period return on a long-term bond (interest plus
capital gains) with the expected real yield on a short-term
Treasury security. In steady-state, (4) impliesthe Fisher re-
lationship:r =r + p. By repeatedly iterating (4) forward
and solving the resulting series of equationsfor r ;, we ob-
tain the following expression:

(5) re= 1715 Eté_- (%)i(rtﬂ - H+1+i)1

which shows that the ex ante long-term real rate is a
weighted average of current and expected future short-
term real rates!4

Nominal Term Sructure

(6) R-D(ER«s—-R)=r1,
™ R =rsE A (F) i
i=0

where R, isthe nominal yield on the long-term bond. The
above equations are the nominal counterparts of (4) and
(5). In steady-state, equation (6) impliesR=r.

Okun’s Law

(8) w=(1-b)u+byu_,+b,¥+b¥_;+b¥_,+ey

13. Cukierman and Meltzer (1986) develop a model in which the cen-
tral bank intentionally adopts an imprecise monetary control processin
order to obscure its preferences, and thereby exploit a more favorable
output-inflation trade-off.

14. In going from (4) to (5) we have applied the law of iterated mathe-
matical expectations.
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where u; is the unemployment rate, u is the corresponding
steady-state, and e, ~ N (0, s3)) isan error term.»®

Credibility

In modeling the role of credibility during the VVolcker dis-
inflation, we abstract from the Fed' s adoption of anew op-
erating procedurefor targeting nonborrowed reserves from
October 1979to October 1982. Studiesby Cook (1989) and
Goodfriend (1993) indicate that the mgjority of federal
funds rate movements during this period were the result of
deliberate, judgmental policy actions by the Fed, and not
automati c responsesto deviationsof the money stock from
its short-run target.'® Moreover, it has been suggested that
the Fed’ semphasis on monetary aggregates during thispe-
riod was simply a device that allowed it to disclaim re-
sponsibility for pushing up short-term nominal interest
rates to levels that would otherwise have been politically
infeasible. Based on the above reasoning, we interpret the
Fed' s statement on October 6, 1979, as an announcement
of achange in the parameters of the reaction function.t”
We consider an experiment where the economy is ini-
tialy inaregime of high and variableinflation and the Fed
announces a program to reduce both the mean and vari-
ance of theinflation rate. The announced program (which
isimmediately implemented) involves a change to the pa-
rameters of the reaction function (3). Specifically, thein-
flation target p islowered, the parameter a, isincreased,
and the parameter a, is decreased. This congtitutes a
regime shift that is consistent with the empirical evidence
of astatistical break in U.S. inflation occurring around Oc-
tober 1979.18 Theincreasein a,, relativeto a, impliesade-
cision on the part of the Fed to place more emphasis on
minimizing the variance of inflation and less emphasis on
stabilizing output.’® It is important to recognize that we
have simply posited the Fed’ sdecision to change monetary
policy, since our model abstracts from any economic ben-

15. Sinceu is independent of p,, it can be interpreted as the “Natural
Rate of Unemployment.”

16. It is straightforward to append a money demand equation that de-
termines how much money the Fed must supply in order to achieve the
value of r, given by (3). This would have no effect on the model’s dy-
namics.

17. Evidence that the public perceived the statement in thisway can be
found in published newspaper reports of the time. See, for example,
“Fed Takes Strong Stepsto Restrain Inflation, ShiftsMonetary Tactic,”
The Wall Sreet Journal, October 8, 1979, p. 1.

18. See, for example, Walsh (1988).

19. See Svensson (1997) and Ball (1997) for analyses of “ efficient” morn+
etary policy rulesthat minimize adiscounted weighted-sum of the vari-
ances of inflation and output.

efits of low and stable inflation. Moreover, we do not at-
tempt to explain how the Fed allowed inflation to become
too high and variable in the first place?°

We define credibility as the public’s subjective proba-
bilistic belief that the announced policy change hasin fact
occurred. Toformalizethisidea, we endow agentswith the
knowledge of two possible reaction functions and the cor-
responding equilibrium distributions of p; that arise under
each. The two reaction functions are defined by the para
meter combinations {pH, af, at} and {pt, ak, al}, where
pt<pH, ak>al, anda} <all. Inastationary equilibrium,
the linearity of the model, together with the assumptions
that ey, &), and &, arei.i.d. norma implies

(9) p.~N @, s),

where the mean of the inflation distribution is the steady-
state and the variance s 3 depends on the variances of the
stochastic shocks.

We assume that the economy isinitially in a stationary
equilibrium with the reaction function parameters
{pH, al}, al} . These parameters give rise to the distribution
P~ N (", s34). Att = t* the Fed adopts the new reaction
function parameters{pt, ak, al} and announcesthisaction
to the public. The unobservable error term e, in (3) pre-
vents the public from being able to verify the Fed's an-
nouncement from a sequence of four observationsof r, p;,
and ;.. Hence, the public’s beliefs regarding the reaction
function parameters are used to form expectations while
the true parameter values are used in (3) to compute the
period-by-period values of r. Learning takes place (as de-
scribed below), and the economy eventually converges to
anew stationary equilibrium with p, ~ N (pt, s3,), where
SjL < SZu. In other words, the change in Fed policy ulti-
mately brings about an inflation distribution with a lower
mean and a lower variance.

We consider two specifications of credibility, labeled
“full” and “partial.” Full credibility impliesthat agents as-
sign the probability p, = 1 to the parameter combination {pt,
ak, al} fordlt® t*. Under partial credibility, agents assign
a*“prior” probability to the parameter combination {pt, ak,
aj} at thetime of the Fed’s announcement. Thisprior isa
free parameter that is influenced by the Fed’ s past track
record in maintaining control over inflation. Agents com-
pute a sequence of posterior probabilities{ p} £.. by updat-
ing their prior in a (quasi) Bayesian way on the basis of
observed redlizations of theinflation rate and knowledge of
the two (long-run) distributions of inflation centered atp™
andpt. The degree of Fed credibility isindexed by p.

20. See Sargent (1998) for amodel that seeksto endogenizetheriseand
fall of U.S. inflation.
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We make the simplifying assumption that agents do not
take into account the evolving nature of the inflation distri-
bution during the transition to the new stationary equilib-
rium. Furthermore, we follow Meyer and Webster (1982),
Baxter (1989), and Fuhrer and Hooker (1993), in assuming
that the Fed' s policy action is a once-and-for-all change.
Thus, agents do not consider the possibility of any future
regime shifts when forming their expectations.?

Under partial credibility, the public’s beliefs regarding
the reaction function parameters for t 3 t* evolve accord-
ing to aversion of Bayes' rule:

(10)
- L L
i} R.Pr(p. £p.4[P.3,.8))
P Pr(p £ p.1P"a,,8,) +(1- p.)P(p Ep.,P"a;.a;)

P

with p. _; given. The posterior probability p, © Pr(pt, ak,
ay [pEp, -1) iscomputed by combining the prior probabil-
ity p_,1° Pr (pt, aj, a}) with in-sample information.
Soecifically, the prior is weighted by Pr (p£p,_ 4| pt, ak,
ay), which represents the probability that inflation in pe-
riod t will be lower than inflation observed in periodt — 1,
conditional on the parameter combination {p-, a}, al}.
The relevant probability weightsin (10) are given by

(1) Pr(p. £ p..lP"a,.8,)=Q, | (Ddz,

12 Pr(p,£ p.,IP".af )= g, h(D)dz

where | (2) andh (2) arethe normal density functionsthat
describe the stationary inflation distributions centered at
pt andp™, respectively.

Three features of the above specification warrant com-
ment. First, theintegralsin (11) and (12) are computed us-
ing the observation of p;_,, not p,. Thisisdoneto preserve
themodel’ slinearity in p,. In particular, since p, is used to
construct the expectation E;p,,, (as described below), the
specification p, = p(p,) would imply that (2) isnonlinear in
the current period inflation rate. Maintaining linearity in p;
is desirable because it greatly simplifies the model solu-
tion procedure.?

Second, (11) and (12) imply that probability inferences
are made using observations of asingle economic variable
(inflation), and that the relevant data sample includes only
the most recent inflation rate, not the whole history of in-

21. See Gagnon (1997) for aunivariate model of inflation that relaxes
both of the foregoing assumptions.

22. Our solution procedure is described in Section 1.

flationrates{p,_}!z}" observed sincethe announcement.?
While our setup maintains tractability, it introduces some
non-rationality into agents' forecaststo the extent that they
ignore the potentially valuable information contained in
the history of joint observationson inflation, interest rates,
and the real output gap.?

Third, equation (10) differs from the standard classifi-
cation formula for computing the conditional probability
that a given observation comes from one of two popula-
tions with known densities.?> In our model, the standard
formulawould take the form

_ Pl (P1)
R-ll (pt—l) + (1' pt—l)h(pt— 1) ’

which saysthat p, dependson therel ativeheights of thetwo
density functions evaluated at p;_;. In contrast, equation
(10) says that p, depends on the relative areas of the two
density functions to the left of p,_;. In quantitative simu-
lations, we find that (10) quickens the pace of learning in
comparisonto (10°) and thusleadsto morearealistic tran-
sition time between steady states. Thisoccurs because (10)
introduces an implicit bias into agents inferences such
that p; is higher than that implied by (107) for any given
value of p,_;. For the parameter values we consider, both
specifications exhibit the desirable property that the cred-
ibility index p, declines monotonically as inflation rises,
for any givenp,_,.%

After computing the posterior probability, agents’ ex-
pectations are formed as a weighted average of the ratio-
nal forecasts that would prevail under each of the two
possible reaction functions:

(13  Ep., = RE[p.lD".a.a)]
+(1' pt)E[[lelﬁH,a;',a;'],

(109 P

(4 Er.=RE[r./ptapa)]
+(1- pt)E([rHllﬁH ’ag’ayH]’

23. The history of inflation doesinfluencecredibility, howewver, because
it isincorporated into agents' prior beliefs, which are summarized by

pi—1in (10).
24. See Ruge-Murcia (1995) for a model where credibility is inferred
using joint observations on fiscal and monetary variables.

25. See Anderson (1958), Chapter 6.
26. This property will obtain when the ratios

(8,12 /(&5, he@raz) ena 1 o)Mt0ce)

are monotonically decreasing in p.
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(15  ER.,=pE[R.IP".a;.a)]
+(1- p)E[R.IP"a}.a)],

where p; is given by (10). Sincep, is afunction of past in-
flation, the model with rational expectations and partial
credibility will now exhibit some of the backward looking
characteristics of amodel with adaptive expectations.?’

[l. EsTiMATIONAND CALIBRATION

For the purpose of estimating parameters, we adopt abase-
line model specification that incorporates full credibility.
The resulting parameter set is then used for both credibil-
ity specificationsin order to maintain comparability inthe
simulations. The data used in the estimation procedure are
summarized in Table 1.

The model’ s reduced-form parameters are assumed to
be “structural” in the sense that they are invariant to
changes in the monetary policy reaction function (3). We
attempt to gauge the reasonabl eness of this assumption by
examining the sensitivity of the parameter estimatesto dif-
ferent sampl e periods. Following Fuhrer (1996), we do not
estimate the duration parameter but instead calibrate it to
the value D = 28. This coincides with the sample average
duration (in quarters) of a10-year constant maturity Treas-
ury bond. Equations (1) through (4) form a simultaneous
system that we estimate using full-information maximum
likelihood.?® The estimation results are summarized in
Table 2.

Despitesmall differencesin our model specificationand
data, estimatesfrom thefull sample (1965:1to0 1996:4) are
very muchinlinewith those obtained by Fuhrer and Moore
(1995b). With the exception of a, and g, the parameter es-
timatesareall statistically significant. In contrast, the esti-
mates from the first subsample (1965:1 to 1979:4) are
highly imprecise, most likely due to the strong upward
trendsin U.S. inflation and nominal interest rates over this
period. Estimates from the second subsample (1980:1 to

27. A similar effect obtains in the models of Fisher (1986), Ireland
(1995), King (1996), Bomfim and Rudebusch (1997), and Bomfim, et
al. (1997). In these models, credibility is determined by a backward-
looking, linear updating rule. In contrast, Ball (1995) models credibil-
ity using a purely time-dependent probability measure.

28. We use the Matlab programs developed by Fuhrer and Moore
(1995h), as modified to reflect the differences in our model specifica
tion and data.

TABLE 1
QUARTERLY DATA, 1965:1 10 1996:4

VARIABLE DEFINITION

Vi Deviation of log per capitareal GDP from itslinear trend.
o Log-difference of GDP implicit price deflator.

ry Yield on 3-month Treasury bill.

R Yield on 10-year constant-maturity Treasury bond.

U, Nonfarm civilian unemployment rate.

1996:4) are much closer to the full-sample results. Evi-
dence of subsample instability seems to be concentrated
mostly in the I-S curve parameters a;, a,, and a,. Notice,
however, that all subsample point estimates lie within one
standard error of each other. We interpret these results to
be reasonably supportive of the hypothesis that the re-
duced-formparametersa,, a,, a,, r and gdo not vary across
monetary policy regimes.

A comparison of the subsample point estimates of a,
and a, suggeststhat the Fed has placed more emphasis on
targeting inflation and less emphasis on stabilizing output
in the period after 1980. For the simulations, we choose
alf=al=0.07 for the high inflation regime and a}; = 0.10
and ay = 0.05for thelow inflation regime. To completethe
specification of the reaction function, we require values
for pH and pt . We choosepH = 0.06 to coincide with the
sample mean from 1965:1 to 1979:4. Thus, we assumethat
the U.S. inflation rate prior to October 1979 can be char-
acterized by astationary distribution centered at 6 percent.
While this assumption is undoubtedly false, it servesto il-
lustrate the effects of partial credibility on the disinflation
episode. Sincept isintended to represent the new steady-
state after the disinflation has been compl eted, we choose
pt = 0.03 to coincide with the sample mean from 1985:1 to
1996:4. In computing this average, we omit the period of
rapidly fallinginflation from 1980:1 to 1984:4 becausethis
can be interpreted as the transition to the new steady
state.?° For the other model parameters, we adopt the full-
sample estimatesin Table 2.

Our disinflation simulations abstract from stochastic
shocks because these have the potential to obscure differ-
ences between the dynamic propagation mechanisms of

29. The values p = 0.06 and p- = 0.03 are very close to those used by
Fuhrer (1996, figure 11b) to help reconcile the pure expectations theory
of the term structure with U.S. nominal interest rate data.
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TABLE 2

MaxiMuM LIKELIHOOD PARAMETER ESTIMATES

1965:1 10 1996:4 1965:1 710 1979:4 1980:1 10 1996:4
PARAMETER EsTiMATE STANDARD ERROR EsTiIMATE STANDARD ERROR EstiMATE STANDARD ERROR
=Y 123 0.09 0.94 4.97 124 0.10
a -0.26 0.08 0.10 4.62 -0.31 0.09
a -0.20 0.12 -0.57 2.17 -0.05 0.05
r 0.02 0.01 0.02 0.36 0.00 0.04
g 0.01 0.01 0.04 0.47 0.01 0.01
ap 0.06 0.03 0.07 1.04 0.10 0.05
ay 0.08 0.03 0.07 1.05 0.05 0.06
p 0.05 0.01 0.04 0.45 0.05 0.01

the two credibility specifications.®® We assume, howeer,
that agents make decisions as if stochastic shocks were
present. This assumption is necessary for a meaningful
analysis of credibility because without stochastic shocks,
agents can always learn the true values of p, a,, and a,
within four periods. To compute the integralsin (11) and
(12), wesimply calibratethe standard deviations of thetwo
long-run inflation distributions centered at pt* and p*. For
the high inflation regime, we choose s ,,; = 0.023 to coin-
cide with the sample standard deviation from 1965:1 to
1979:4. For the low inflation regime, we choose s, =
0.011 to coincide with the sampl e standard deviation from
1985:1 to 1996:4. In computing this statistic, we once
again exclude the transition period from 1980:1 to 1984:4.

For the steady-state unemployment rate, we choose
u = 0.06 to coincide with the average over the full sample.
Givenu, we estimate the parameters of Okun’slaw (8) us-
ing ordinary least squares to obtain b; = 0.96, b, =-0.30,
b; =0.10, and b, = 0.18, which are all statistically signifi-
cant.

Our solution procedure can be briefly summarized asfol-
lows. Given a set of parameters, we solve the full-informa-
tion version of the model for each of thetwo reaction
functions described by {p™, af}, al} and {p*, a}, aj}.In
each case, the solution consists of aset of time-invariant lin-
ear decision rulesfor p;, r;, and R, defined in terms of the
“state” vector s = {¥i_1, Yi_2, Pi—1, Fi_1, Fi—1}. The deci-
sion rulesfor ¥, and r, are simply given by (1) and (3), re-
spectively. For each reaction function, we use the decision

30. For studies that explore disinflation dynamicsin models subject to
stochastic shocks, see Meyer and Webster (1982), Orphanides, et al.
(2997), and Bomfim and Rudebusch (1997).

rulesto construct linear expressions for the conditional ex-
peCtationS Et [pt+1| a! a;i)! a)i/]! Et [r t+1| av a:ﬁ a}i/]v and
E[R.1lp" a}, a}],i =L, H. Next, we form the unconditional
expectationsE; p.., Eif 1+, ahdER.,; using the current value
of p, (which does not depend on p,) and (13) through (15).
Finally, the unconditional expectations are substituted into
(2), (4), and (6) which, together with (1) and (3), form asys-
tem of five linear equations in the five unknownsy,, p,, f ;,
r, and R.

Under full credibility, it is straightforward to show that
the model possesses a unique, stable equilibrium for the
parameter values we employ.® Under partial credibility,
agents use observations of an endogenous variable (infla-
tion) to form expectations that are crucial for determining
the period-by-period values of that same variable. The
presence of this dynamic feedback effect between the tra-
jectory of inflation and the inputs to the learning process
may create an environment where learning goes astray. In
particular, thereisno way to guarantee that the model will
converge to a new steady state withp =p* .32 However, for
the parameter values we empl oy, we find that convergence
is achieved in the quantitative simulations.®

31 The steady states associated with the two reaction functionsboth ex-
hibit the well-known saddle point property.

32. In contrast, Taylor (1975), Meyer and Webster (1982), Baxter (1989),
and Andolfatto and Gomme (1997), among others, consider Bayesian
learning models in which agents’ expectations do not affect the evolu-
tion of the variables they form expectations about. Hence, convergence
follows from standard results on the asymptotic properties of estimators.

33. Marcet and Sargent (1989) develop an analytical framework for
proving the corvergence of “self-referential” modelsin which the evo-
lution of an endogenous variable is governed by an adaptive learning
process.
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[11. QUANTITATIVE RESULTS
Deterministic Disinflation Smulations

In our experiments with the model, we find that avery low
prior p_ is needed for the model to generate an endoge-
nous inflation scare. Therefore, in our specification with
partial credibility, we set theinitial prior to 0.001 percent.
This choice aso reflects our view (noted earlier) that the
Federal Reserve had very little credibility at the start of the
Volcker disinflation.*

The evolution of credibility isshownin Figure 1A. With
full credibility, p; jumpsimmediately to 100 percent on the
strength of the Fed’ s announcement at t* = 0. With partial
credibility, p; increasesslowly over time as agents observe
that p, isfalling (see Figure 1B). This feature of the model
isconsistent with the findings of Hardouvelisand Barnhart
(1989) who show that an empirical proxy for Fed credibil-
ity increased only gradually in the period following Octo-
ber 1979. Moreover, they find that credibility isstatistically
linked to the rate of inflation.®®

Credibility approaches the value p; = 100 percent ap-
proximately 16 quarters after the change in Fed policy.
Once full credibility is reached, Bayes' rule (10) implies
that p, = 100 percent will be sustained forever. However, as
long asp; < 100 percent by even asingle decimal point, the
economy will be susceptible to an inflation scare. In the
simulation, credibility peaks at a value of 99.97742 per-
cent and then begins to deteriorate rapidly. This loss of
credibility istriggered by the period of rising inflation (ob-
served in Figure 1B) that results from the dynamic over-
shooting characteristics of the model.3

Figure 1B showsthat disinflation proceeds more slowly
under partia credibility. The intuition for this result fol-
lows directly from equation (2). With partial credibility,
the sluggish behavior of E;p,,, delays the response of cur-
rent inflation p, to the policy change. This, in turn, delays
the accumulation of credibility, which feeds back to infla-
tion expectations.®’

34. A similar view is put forth by Mankiw (1994), who showsthat fore-
casts made by the Council of Economic Advisersin January 1981 pre-
dicted a gradual and moderate decline in the inflation rate, in contrast
to the rapid and pronounced disinflation that actually occurred under
Fed Chairman Volcker.

35. The Hardouvelis-Barnhart measure of credibility is inversely pro-
portional to the response of commodity prices (such asgold and silver)
to unanticipated changes in the M1 money stock.

36. For the parameter val ues we empl oy, the model’ sdynamical system

exhibits complex elgenval ueswhich give rise to damped oscillatory be-
havior.

37. Inthewords of Fed Chairman Volcker: “Inflation feedsin part on it-
self, so part of thejob of returning to a more stable and more productive

Figure 2A shows that both credibility specificationsim-
ply aninitial monetary contraction, as evidenced by anin-
crease in the short-term nominal interest rate r..* With
partia credibility, the Fed undertakes a greater degree of
monetary tightening, as measured by the peak level of r..
This is due to the form of the reaction function (3) that
makes r, an increasing function of the distance p, — p.
Since p, fals more sowly under partial credibility, the
level of r.implied by (3) ishigher. Moreover, the sluggish
adjustment of E;p,,; meansthat a higher level of inflation
is built into expectations of future short rates. These two
effects combine to raise the level of the current long rate
R, in comparison to the model with full credibility. Figure
2B shows that, under partia credibility, the inertia built
into agents' inflation forecasts is sufficient to cause R, to
increase dightly in response to the tighter monetary pol-
icy. In contrast, full credibility generates an immediate fall
in R, as agents quickly lower their inflation expectations.
Empirical studies generally indicate that tighter monetary
policy leads to an increase in long-term nominal interest
rates.®®

The key feature of Figure 2B is the inflation scare that
occurs about 24 quarters after the change in Fed policy.
The scare produces a 2 percentage point jump in the long-
term rate R, that coincides with the interval of deteriorat-
ing credibility and rising infl ation described above. Notice
that the jJump in R, takes place in the absence of any ag-
gressive tightening by the Fed. In fact, Figure 2A shows
that the short-term rate r, is actually falling during the in-
flation scare. Equation (13) implies that a decrease in p;
will cause expectations of futureinflation to be revised up-
ward. This forecast of higher inflation implies higher fu-
turevaluesof r, which, inturn, areincorporated into R, via
theterm structure equation (7). In thisway, the model gen-
erates an endogenous inflation scare.

Figures 3 and 4 show that the Fed's tighter monetary
policy leadsto a prolonged recession: real output declines
relative to trend, and the unemployment rate goes up. No-
tice that the recession is considerably more severe in the
caseof partia credibility. Thisresult hel psto provide some
insight into the high unemployment rates observed during
the Volcker disinflation which, as we argued earlier, was
initiated when the Fed' s credibility was very low.

economy must be to break the grip of inflationary expectations.” See
Volcker (1979), pp. 888-889.

38. Since r, rises and ¥, falls, a traditional Keynesian money demand
equation with a predetermined price level would imply acontraction of
the nominal money stock.

39. See Akhtar (1995) for asurvey of the enormous empirical literature
on this subject.
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FIGURE 1

CREDIBILITY AND INFLATION

A. MopEeL CREDIBILITY
Prior = 0.001%

B. MobpEL INFLATION RATE
Prior = 0.001%

FIGURE 3

MobpEeL ReaL OuTtput GaP

Prior = 0.001%

FIGURE 2

NoMINAL INTEREST RATES

A. MopEL SHORT-TERM NOMINAL INTEREST RATE
Prior = 0.001%

B. MopEL LonGg-TERM NoMINAL INTEREST RATE
Prior = 0.001%

FIGURE 4

MobpEL UNEMPLOYMENT RATE

Prior = 0.001%
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FIGURE 6

MODEL SIMULATIONS
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The time paths of the model variablesin Figures 3 and
4 illustrate a potentially important stabilization property
of full credibility. In particular, stabilization of the model
is aided by the elimination of the backward-looking dy-
namics associated with the learning process. Thisresult is
consistent with the findings of Fuhrer (1997), who shows
that a stronger forward-looking component in the con-
tracting equation (2) helps to stabilize the model .4

Comparison with Volcker Disinflation

Figures 5 and 6 compare the evolution of U.S. macroeco-
nomic variables during the Volcker disinflation with the
corresponding variablesin our model. The vertical linein
the U.S. figures marks the start of the Volcker disinflation
in October 1979. The model captures many of the qualita-
tivefeaturesof theV ol cker disinflation. Noticethat theU.S.
variables appear to exhibit some low frequency, damped
oscillations that resembl e the dynamic overshooting char-
acteristics of themodel variables. It should be noted, how-
ever, that the 16-year period following October 1979 may
include some additional monetary policy actions that are
not present inthemodel. For example, Taylor (1993) shows
that the time path of the federal funds rate since 1987 is
well-described by a policy rule with an inflation target of
2 percent (seefootnote 12). In addition, Romer and Romer
(1994) find evidence that the Federal Reserve made a de-
liberate decision to reduce inflation in December 1988.

In Figures 5A—-C, we highlight the classic pattern of an
inflation scare that can be observed in U.S. data about 29
quarters after the start of the \VVolcker disinflation. Specifi-
cally, from 1986:4 to 1987:4, theyield on a 10-year Treas
ury bond increased sharply from 7.3 percent to 9.1 percent
(Figure 5C), despite only asmall increase in the 3-month
Treasury bill ratefrom 5.3t0 6.0 percent (Figure5B). Over
this same period, the inflation rate increased from 2.9 to
3.9 percent (Figure 5A). This pattern fits our definition of
an inflation scare, suggesting that the increase in the U.S.
long rate was driven by an upward shift in the public’s ex-
pectations of future inflation. Notice that the 1987 scare
episode occurred shortly after U.S. inflation *bottomed
out” and again started to rise. Interestingy, this feature of
the data resembl es the dynamic overshooting behavior of
inflation in themodel (Figure 6A). Given our intepretation
of the data, the 1987 scare episode illustrates the long
memory of the publicin recalling the high and variablein-

40. For arelated discussion, see Taylor (1980, section 1V).

flation of the 1970s, and serves as an important reminder
of the fragility of Federal Reserve credibility.*

Asnoted earlier in the introduction, Goodfriend (1993)
identifies three other inflation scare episodesin U.S. data
that occur much closer to the start of the Volcker disinfla-
tion. Our model does not capture these episodes because
the dynamic overshooting behavior of the inflation rate
(which triggers the inflation scare) takes a long time to
ewlve. We note, howewer, that our simulations abstract
from stochastic shocks which may have played a role in
triggering these earlier episodes.

Another feature of the U.S. data that we do not capture
is the dramatic increase in the long-term nominal interest
rate in the period following October 1979 (Figure 5C). In
Huh and Lansing (1998), we show that a version of this
model that combines adaptive expectations with partial
credibility can exhibit more sluggish adjustment in infla-
tion expectations. As aresult, we find that R, can rise sig-
nificantly in response to atightening of monetary policy.

IV. ConcLUSION

This paper developed a simple, quantitative model of the
U.S. economy to show how an inflation scare may occur
when the Federal Reservelacksfull credibility. Our simu-
lation exercise was reasonably successful in capturing the
magnitude and timing of the 1987 U.S. inflation scare
episode that produced a sharp increase in the 10-year
Treasury bond yield. Our model also captures many of the
qualitative features of the VVolcker disinflation of the early
1980s.

The potentia for an inflation scare will continue to ex-
ist solong asthe public believesthat the U.S. economy may
someday return to an environment of high and variablein-
flation. Oneway of addressing thisproblemisthrough leg-
islation designed to enhance credibility by requiring the
Fed to pursue some notion of “price stability” as its pri-
mary or sole objective. An arrangement such as this was
put in placefor the central bank of New Zealand in 1989.42

41. See Gagnon (1996) for some cross-country evidence that inflation
expectations exhibit a“long memory” of past inflation.

42. See Romer and Romer (1997) for a discussion regarding the merits
of legidlated rules and other institutional arrangements for the conduct
of monetary policy.
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