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Abst r act

Thi s paper exam nes a nodel of dynam c price adjustnent based
on the assunption that information dissem nates slowy throughout
t he popul ation. Conpared to the commonly used sticky-price nodel,
this sticky-information nodel displays three related properties
that are nore consistent with accepted views about the effects of
nonetary policy. First, disinflations are always contractionary
(al though announced disinflations are |less contractionary than
surprise ones). Second, nonetary policy shocks have their maximm
inmpact on inflation with a substantial delay. Third, the change
in inflation is positively correlated with the |evel of economc

activity.
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The dynamic effects of aggregate demand on output and
inflation remain a theoretical puzzle for nmacroeconom sts. In
recent years, much of the literature on this topic has used a
nodel of time-contingent price adjustnent. This nodel, often
called "the new Keynesian Phillips curve,” builds on the work of
Tayl or [1980], Rotenberg [1982], and Calvo [1983]. As the recent
survey by Cdarida, Gli, and GCertler [1999] illustrates, this
nodel is widely used in theoretical analysis of nonetary policy.
McCal  um [1997] has called it "the closest thing there is to a
standard specification.”

Yet there is growing awareness that this nodel is hard to
square with the facts. Ball [1994a] shows that the nodel vyields
the surprising result that announced, credible disinflations cause
boons rather than recessions. Fuhrer and Mobore [1995] argue that
it cannot explain why inflation is so persistent. Manki w [ 2001]
notes that it has trouble explaining why shocks to nonetary policy
have a del ayed and gradual effect on inflation. These probl ens
appear to arise fromthe same source: Al though the price level is
sticky in this nodel, the inflation rate can change quickly. By
contrast, enpirical analyses of the inflation process [e.g.
Gordon, 1996] typically give a large role to "inflation inertia."

This paper proposes a new nodel to explain the dynanmc

effects of aggregate demand on output and the price |evel. The
essence of the nodel is that information about macroeconom c
conditions diffuses slowy through the popul ation. This sl ow



diffusion could arise because of either costs of acquiring
information or costs to reoptimzation. In either case, although
prices are always changing, pricing decisions are not always based
on current information. W call this a sticky-information nodel
to contrast it to the standard sticky-price nodel on which the new
Keynesian Phillips curve is based.

To formalize these ideas, we assune that each period a
fraction of the population updates itself on the current state of
t he econony and conputes optimal prices based on that information.

The rest of the population continues to set prices based on old
plans and outdated information. Thus, this nodel conbines
elements of Calvo's [1983] nodel of random adjustnment wth
el enents of Lucas's [1973] nodel of inperfect informtion.

The inplications of our sticky-information nodel, however,
are closer to those of Fischer's [1977] contracting nodel. As in
the Fischer nodel, the current price |evel depends on expectations
of the current price level forned far in the past. In the Fischer
nodel , those expectations matter because they are built into
contracts. In our nodel, they matter because sone price setters
are still setting prices based on old decisions and old

i nformation.*

" W should also note several other intellectual antecedents.
Gabai x and Lai bson [2001] suggest that consunption behavior is
better understood with the assunption that househol ds update their
opt i mal consunption only sporadically; it was in fact a
presentation of the Gabai x-Lai bson paper that started us working
on this project. Another related paper is Ball [2000], who tries



After introducing the sticky-information nodel in Section I,
we exam ne the dynam c response to nonetary policy in Section I
In contrast to the standard sticky-price nodel, which allows for
the possibility of disinflationary boons, the sticky-information
nodel predicts that disinflations always cause recessions. In
some ways, the dynamc response in the sticky-information nodel
resenbles Phillips curves with backward-|ooki ng expectations. Yet
there is an inportant difference: In the sticky-information nodel
expectations are rational, and credibility mtters. In
particular, the farther in advance a disinflationary policy is
anticipated, the smaller is the resulting recession.

In Section Il we nmake the nodel nore realistic by adding a
sinmple yet enpirically plausible stochastic process for the noney
suppl y. After calibrating the nodel, we exam ne how output and
inflation respond to a typical nonetary policy shock. W find

that the sticky-price nodel yields inplausible inmpulse response

functions: According to this nodel, the maxinmm inpact of a
nmonetary shock on inflation occurs imediately. By contrast, in
the sticky-information nodel, the nmaxinum inpact of nonetary

to explain price dynamcs with the assunption that price setters
use optimal univariate forecasts but ignore other potentially
rel evant information. In addition, Rotenberg and Wodford [1997]
assune a one-period decision lag for sone price setters. Finally,
after developing our nodel, we becane aware of Koenig [1997];
Koenig's nodel of aggregate price dynamics is notivated very
differently from ours and is applied to a different range of
questions, but it has a formal structure that is simlar to the
nodel expl ored here.



shocks on inflation occurs after 7 quarters. This result nore
closely matches the estimates from econonetric studies and the
conventional w sdom of central bankers.

Section IV then exam nes whether the nodels can explain the
central finding from the enpirical literature on the Phillips
curve--nanely, that vigorous economc activity causes inflation to
rise. The standard sticky-price nodel is inconsistent with this
finding and, in fact, yields a correlation of the wong sign. By
contrast, the sticky-information nodel can explain the wdely
noted correlation between econonmc activity and changes in
inflation.

The sticky-information nodel proposed here raises nmany
guesti ons. In Section V we examne the evidence that mght be
brought to bear to evaluate the nodel, and we discuss how one
m ght proceed to give the nodel a nore solid mcroeconomc
f oundat i on. In Section VI we conclude by considering how the
nodel relates to the broader new Keynesian literature on price

adj ust nent .

|. A Tale of Two Mddel s
VW begin by deriving the two nodels: the standard sticky-
price nodel, which yields the new Keynesian Phillips curve, and

t he proposed sticky-information nodel .



A. A Sticky-Price Mdel: The New Keynesian Phillips Curve

Here we review the standard derivation of the new Keynesian
Phillips curve, as based on the Calvo nodel. |In this nodel, firns
follow time-contingent price adjustnent rules. The tine for price
adj ustnent does not follow a determ nistic schedule, however, but
arrives randomy. Every period, a fraction A of firns adjust
prices. Each firm has the same probability of being one of the
adjusting firms, regardless of howlong it has been since its | ast
price adjustnent.

W start with three basic relationships. The first concerns
the firms desired price, which is the price that would maximze
profit at that nmonment in tinme. Wth all variables expressed in
| ogs, the desired price is:

p*. = Pt ay,.
This equation says that a firmis desired price p* depends on the
overall price level p and output . (Potential output is
normalized to zero here, so y should be interpreted as the output
gap.) A firms desired relative price, p*-p, rises in boons and
falls in recessions.

Al though we won't derive this equation froma firms profit
maxi m zation problem one could easily do so, follow ng Bl anchard
and Kiyotaki [1987]. Imagine a world populated by identical
nmonopol i stically conpetitive firns. Wen the econony goes into a
boom each firm experiences increased demand for its product.

Because marginal cost rises with higher levels of output, greater



demand neans that each firm would like to raise its relative
price.

In this nodel, however, firnms rarely charge their desired
prices, because price adjustnent is infrequent. Wen a firm has
the opportunity to change its price, it sets its price equal to
the average desired price until the next price adjustnent. The

adjustnent price x is determ ned by the second equati on:

X, = A 50(1-A)j Ep*..,.
j =0

According to this equation, the adjustnent price equals a weighted
average of the current and all future desired prices. Desi red
prices farther in the future are given |ess weight because the
firm may experience another price adjustnent between now and t hat
future date. This possibility nmakes that future desired price
|l ess relevant for the current pricing decision. The rate of
arrival for price adjustnents, 2, determ nes how fast the weights
decl i ne.

The third key equation in the nodel determ nes the overall

price | evel p:

w .
P = A% (1-2)" x.,.
j=0
According to this equation, the price level is an average of all

prices in the econony and, therefore, a weighted average of all



the prices firns have set in the past. The rate of arrival for
price adjustnments, A, also determnes how fast these weights
decl i ne. The faster price adjustnment occurs, the |ess relevant
past pricing decisions are for the current price |evel.
Solving this nodel is a matter of straightforward al gebra
VW obtain the foll ow ng:
m = [od7(1-2)]y, + En.,,

where m,=p,-p,, is the inflation rate. Thus, we obtain the new
Keynesian Phillips curve. Inflation today is a function of output
and inflation expected to prevail in the next period. This nodel

has beconme the workhorse for nuch recent research on nonetary

policy.

B. A Sticky-Information Mdel

This section proposes an alternative nodel of price dynam cs.

In this nodel, every firmsets its price every period, but firns
gather information and reconpute optinmal prices slowy over tine.
In each period, a fraction A of firnms obtains new information
about the state of the econony and conputes a new path of optinal
prices. Qher firnms continue to set prices based on old plans and
outdated information. W meke an assunption about information
arrival that is analogous to the adjustnment assunption in the
Calvo nodel: Each firm has the sane probability of being one of
the firnms updating their pricing plans, regardless of how long it

has been since its | ast update.



As before, a firms optimal price is

p*. = Pt ay,.
Afirmthat |ast updated its plans | periods ago sets the price
X' = E p*..

The aggregate price level is the average of the prices of all

firms in the econony:

m . .
p, = A 2 (1-12)' xX..
j=0
Putting these three equations together vyields the follow ng

equation for the price level:

w .
p. = AT (:l-_}\)J E(-j(p[ + O(y[)'
j=0
The short-run Phillips curve is apparent in this equation: Qutput

is positively associated with surprise novenents in the price
| evel .

Wth sone tedious algebra, which we |leave to the appendix,
this equation for the price level yields the follow ng equation

for the inflation rate:

o= [ (1-0)]y, + & 2 (1-2) By (m + by.).
j =0

where Ay,=y,-y,, is the growmh rate of output. I nfl ati on depends

on output, expectations of inflation, and expectations of output



growmh. W call this the sticky-information Phillips curve.

Take note of the timng of the expectations. |In the standard
sticky-price nodel, current expectations of future economc
conditions play an inportant role in determning the inflation
rate. In this sticky-information nodel, as in Fischer [1977],
expectations are again inportant, but the relevant expectations
are past expectations of current economc conditions. Thi s
difference yields large differences in the dynamc pattern of
prices and output in response to nonetary policy, as we see in the
next section.

One theoretical advantage of the sticky-information nodel is
that it survives the MCallum critique. McCal | um [1998] has
criticized the standard sticky-price nodel on the grounds that it
violates a strict form of the natural rate hypothesis, according
to which "there is no inflation policy--no noney creation schemne--
that will keep output high permanently.” Follow ng Lucas [1972],
McCal | um argues that "it seens a priori inplausible that a nation
can enrich itself in real terns pernmanently by any type of
nmonetary policy, by any path of paper noney creation." The
sticky-price nodel fails this test because a policy of permanently
falling inflation will keep output permanently high. By contrast,
the sticky-information nodel satisfies this strict version of the
natural rate hypothesis. Absent surprises, it nust be the case
that p=E_ p,, Wwhich in turn inplies y=0. Thus, the MCallum

critique favors the sticky-information Phillips curve over the

10



nore commonly used al ternative.

1. Inflation and Qutput Dynamics in the Sticky-Information Mdel

Havi ng presented the sticky-information Phillips curve, we
now examne its dynamc properties. To do this, we need to
complete the nodel with an equation for aggregate demand. W use
t he sinpl est specification possible:

m=p +Yy.

where m is nomnal CDP. This equation can be viewed as a
guantity-theory approach to aggregate denmand, where m is
interpreted as the noney supply and log velocity is assuned
constant at zero. Alternatively, mcan be viewed nore broadly as
incorporating the nmany other variables that shift aggregate
demand. W take m to be exogenous. Qur goal is to exam ne how
output and inflation respond to changes in the path of m?

As we proceed, it will be useful to conpare the dynam cs of
our proposed sticky-information Phillips curve with nore famliar
nodel s. W use two such benchmarks. The first is the sticky-

price nodel presented earlier, which yields the standard new

Keynesi an Phillips curve:

2

There are other, perhaps nore realistic, ways to add
aggregate demand to this nodel. One possibility would be to add
an | S equation together with an interest-rate policy rule for the
central bank. Such an approach is nore conplicated and invol ves
nore free paraneters. W believe the sinpler approach taken here
best illustrates the key differences between the sticky-
i nformation nodel and nore conventional alternatives.

11



m = By, + Em,
where p= [oA (1-A)] and the expectations are assunmed to be forned
rationally. The second is a backward-1| ooki ng nodel :

m, = RY, * 1,
Thi s backward-1 ooki ng nodel resenbles the equations estimated in
the enpirical literature on the Phillips curve [as discussed in
e.g., Cordon, 1996]. It can be viewed as the sticky-price nodel
together with the assunption of adaptive expectations: Em,, = m .

When we present sinulated results from these nodels, we try

to pick plausible parameter values. Sone of these paraneters
depend on the tine interval. For concreteness, we take the period
in the nodel to equal one quarter. W set o=.1 and a=.25 (and,

thus, p=.0083). This value of A nmeans that firnms on average nake
adjustments once a year. The small value of o nmeans that a firms
desired relative price is not very sensitive to nacroeconomc
conditions. Note that the firm s desired nom nal price can now be
witten as

p*. = (1-o)p, + om.
If o is small, then each firm gives nore weight to what other

firnms are charging than to the | evel of aggregate denand.’

3

In the backward-|ooking nodel, the paraneter g determ nes
the cost of disinflation. According to this nodel, if output falls
1 percent bel ow potential for one quarter, then the inflation rate
falls by p if nmeasured at a quarterly rate, or 43 if annualized.
If output falls by 1 percent below potential for one year, then
the annualized inflation rate falls by 16B. Thus, the sacrifice
ratio--the output |oss associated with reducing inflation by one
percentage point--is 1/(16B). Qur paraneters put the sacrifice at

12



W now consider three hypothetical, policy experinents. In
each experinent, we posit a path for aggregate demand m W then
derive the path for output and inflation generated by the sticky-
i nformation nodel and conpare it to the paths generated by the two
benchmar k nodel s. The details of the solution are presented in
t he appendi x. Here we discuss the dynamic paths followed by

out put and inflation.

A. Experinment 1: A Drop in the Level of Aggregate Denand

The first experinent we consider is a sudden and permanent
drop in the |level of aggregate demand. The denmand variable m is
constant and then, at tine zero, unexpectedly falls by 10 percent
and remains at this new | evel.

The top graph in Figure I shows the path of output predicted
by each of the three nodels. In all three nodels, the fall in
demand causes a recession, which gradually dissipates over tine.
The inpact of the fall in demand on output is close to zero at 16
gquarters. The backward-1|ooking nobdel generates a oscillatory
pattern, whereas the other two nodels yield nonotonic paths.
O herwi se, the nodels seemto yield simlar results.

D fferences anong the nodels becone nore apparent, however,

when we exam ne the response of inflation in the bottom of Figure

7.5. For conparison, Okun's [1978] classic study estimated the
sacrifice ratio to be between 6 and 18 percent; Gordon [1997,
footnote 8] puts it at 6.4. Thus, our backward-|ooking nodel is
in the ballpark of simlar nodels used the previous literature.

13



. In the sticky-price nodel, the greatest inpact of the fall in

demand on inflation occurs inmediately. The other two nodel s show

a nore gradual response. In the sticky-information nodel, the
maxi mum inpact of the fall in demand on inflation occurs at 7
quarters. Inflation could well be described as inertial.

The inertial behavior of inflation in the sticky-information
nodel requires the paraneter o to be less than one. Recall that
the firms desired price is

p*. = (1-o)p, + om.
If o=1, then the desired price noves only with the noney supply.
In this case, firnms adjust their prices inmmediately upon |earning
of the change in policy; as a result, inflation responds quickly
(rmuch as it does in the sticky-price nodel). By contrast, if o<l
then firnms care al so about the overall price |evel and, therefore,

need to consider what infornation other firns have. For small ¢,

even an informed firmw Il not adjust its price nuch to the change
in aggregate demand until many other firns have also |earned of
it. A small value of o can be interpreted as a high degree of

real rigidity (to use the term nology of Ball and Ronmer [1990]) or
a high degree of strategic conplenentarity (to use to term nol ogy
of Cooper and John [1988]). In the sticky-information nodel, this
real rigidity (or strategic conplenentarity) is a source of

inflation inertia.

14



B. Experinent 2: A Sudden Disinflation

The second experinent we consider is a sudden and permanent
shift in the rate of denmand growt h. The demand variable m is
assuned to grow at 10 percent per year (2.5 percent per period)
until time zero. In period zero, the central bank sets m the
same as it was in the previous period and, at the sane tine,
announces that m wll thereafter remain constant. Figure 11
shows the path of output and inflation predicted by the three
nodel s.

According to the sticky-price nodel, inflation falls
imediately to the |ower |evel. Price setters, realizing that
disinflation is underway, imrediately respond by naking smaller
price adjustnents. Prices are sticky in the sticky-price nodel,
but inflation exhibits no inertia. The response of output, of
course, is the other side of the coin. Because inflation responds
instantly to the fall in noney growth, output does not change. As
in Phel ps [1978], disinflation is costless.

By contrast, the sticky-information nodel predicts a gradual
reduction in inflation. Even after the disinflationary policy is
in place, nost price setters are still marking up prices based on
old decisions and outdated information. As a result of this
inertial behavior, inflation is little changed one or two quarters
after the disinflation has begun. Wth a constant noney supply
and rising prices, the econony experiences a recession, which

reaches a trough 6 quarters after the policy change. Qutput then

15



gradual ly recovers and is al nost back to normal after 20 quarters.
These results seemroughly in line with what happens when nations

experience disinflation.*

C. Experinent 3: An Anticipated D sinflation

Now suppose that the disinflation in our previous experinent
i s announced and credi ble two years (8 periods) in advance. Let's
consider how this anticipated disinflation affects the path of
out put and i nflation.

Figure Il shows output and inflation according to the three
nodel s. The predictions for the backward-|ooking nodel are
exactly the sanme as in Experiment 2: The assunption of adaptive
expectations prevents the announcenent from having any effect.
But the results are different in the other two nodels, which posit
rati onal expectations.

In the sticky-price nodel, the announced disinflation causes
a boom As Ball [1994a] enphasizes, inflation in this nodel noves
in anticipation of denand. Wen price setters anticipate a
sl owdown in noney growth, inflation falls inmediately. This fal

in inflation, together with continued increases in the noney

* Ball [1994b] examnes disinflation for a nunber of
countries. For the nine countries for which quarterly data are
avail able, he identifies 28 periods of disinflation. In 27 of
t hese cases, the decline in inflation is associated with a fall in
output below its trend |evel. This finding is related to the
accel erati on phenonenon we docunent and di scuss bel ow.

16



supply, leads to rising real noney bal ances and hi gher out put.

By contrast, the sticky-information nodel does not produce
boons in response to anticipated disinflations. In this nodel,
there is no change in output or inflation until t he
disinflationary policy of slower noney growh begins. Then, the
di sinflation causes a recession.

It would be wong to concl ude, however, that the announcenent
has no effect in the sticky-information nodel. Because of the
announcenent, many price setters have already adjusted their plans
in response to the disinflationary policy when it begins. As a
result, an announced slowdown in noney growh |eads to a quicker
inflation response and a smaller output |oss than does a sudden
sl ondown in noney grow h. For these paraneters, a disinflation
announced and fully <credible 8 quarters in advance has a
cumul ative cost that is about one-fifth the size of the surprise
di si nfl ation.

In a way, the sticky-information nodel conbines el enments of
the other two nodels. Like the backward-I|ooking nodel (but unlike
the sticky-price nodel), disinflations consistently cause
recessions rather than boons. Li ke the sticky-price nodel (but
unl i ke the backward-1ooking nodel), expectations, announcenents,
and credibility matter for the path of inflation and output.
These features of the sticky-information nodel seem consi stent

wi th how central bankers view their influence on the econony.

17



I11. The Response to Realistic Mnetary Shocks

So far, we have conpared how output and inflation respond to
hypot heti cal paths for aggregate denand. VW now take a step
toward greater realism In particular, we assunme a plausible
stochastic process for the noney supply and then exanine the
inplied processes of output and inflation. As Christi ano,
Ei chenbaum and Evans [ 1999] di scuss, econonists have a good sense
of the dynamc effects of nonetary policy shocks. One way to
gauge a nodel's enpirical validity is to see if it can generate

pl ausi bl e responses to such shocks.

A. The Stochastic Process for the Mney Supply

VW nodel the growth in the demand variable mas following a
first-order autoregressive process: Am = pAm, + «,. In this
environment, the price level is nonstationary, but the inflation
rate is stationary.

To calibrate p, we |ooked at quarterly U S. data from 1960 to
1999. The variable m can interpreted as a measure of noney
supply, such as ML or M, or nore broadly as a neasure of
aggregate demand, such as nominal GDP. The first autocorrel ations
for these tinme series are 0.57 for ML growmh, 0.63 for M2 grow h,
and 0.32 for nomnal GDP growmh. Based on these nunbers, we set
0=0. 5. The standard deviation of the residual is 0.009 for M,
0.006 for M2, and 0.008 for nom nal CDP, so we assune a standard

deviation of 0.007 (although this choice affects only the scale

18



and not the shape of the dynam c paths).

The positive value of p neans that a nonetary shock builds
over tinme. That is, a positive shock e« causes mto junp up and
then to continue to rise. Wth p=0.5, the level of m eventually
asynptotes to a plateau that is twice as high as the initial
shock. This pattern for nonetary shocks is broadly consistent

with that found in enpirical studies.’

B. I nmpul se Responses

Figure 1V show the response of output and inflation to a one-
standard-devi ati on contractionary nonetary policy shock. In all
t hree nodel s, output exhibits a hunp-shaped response. The i npact
on output at first increases because demand is building over tine.

It eventually decays because prices adjust. The backward-| ooking
nodel vyields oscillatory dynamcs, whereas the other two nbdels
yi el d a nonotonic recovery fromthe recession.

The inpulse responses for inflation to the nonetary shock

show the differences between the sticky-price and sticky-

information nodels. In the sticky-price nodel, inflation responds
quickly to a nonetary policy shock. 1In fact, the |argest inpact
on inflation occurs immediately. By contrast, the sticky-

i nformation nodel displays sonme of the inflation inertia that is

5

For exanple, Christiano, Eichenbaum and Evans [1998]
conclude that an AR(1) process offers a good description of
nonetary policy shocks when using M2 as the neasure of noney.
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built into the backward-I|ooking nodel. For these paraneters, a
nmonetary policy shock in the sticky-information nodel has its
maxi mum i npact on inflation after 7 quarters.

The inmpulse response function for the sticky-information
nodel is far nore consistent with conventional views about the
effects of nonetary policy. Economi sts such as Friednan [1948]
have enphasized the long |ags inherent in macroeconom c policy.
In particular, a long lag between nonetary policy actions and
inflation is accepted by nost central bankers and confirned by
most econonetric studies.”® Figure IV shows that the sticky-
information nodel can explain a long |ag between nonetary policy
shocks and inflation, whereas the standard sticky-price nodel

cannot .

C_Inflation Persistence

Fuhrer and Moore [1995] argue that the standard sticky-price
nodel "is incapable of inparting the persistence to inflation that
we find in the data." [p. 127] In the nodel, they claim "the
autocorrelation function of inflation...wl]l die out very
rapidly.” [p. 152] This contradicts the enpirical autocorrelations
of inflation, which decay slowy.

Motivated by these argunents, we calculated the inplied

autocorrelations of inflation in our three nodels. W& nmaintain

* See, for exanple, Bernanke and Gertler [1995] or Christiano,
Ei chenbaum and Evans [ 1999].
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the enpirically realistic process for noney growh used above: Am
= 0.5am, + g. Table | presents the first eight autocorrelations
of inflation inplied by the nobdels, as well as the actual
aut ocorrel ations of inflation using the GDP deflator, the consuner
price index, and the core CPI. (The core CPlI is the index
excluding food and energy.) Notice that inflation is highly
autocorrelated in all three nodels. That is, given the
enpirically realistic process for the noney supply, all the nodels
del i ver plausible persistence in inflation.

In the end, we agree with Taylor [1999, p. 1040], who
responds to Fuhrer and Mwore by observing that "inflation
persi stence could be due to serial correlation of noney." This is
why all three nodels deliver high autocorrelations in Table 1I.

Yet we also agree with Fuhrer and Moore's deeper point: The

standard sticky-price nodel does not del i ver enpirically
reasonabl e dynamcs for inflation and output. The key enpirica
fact that s hard to match, however, is not the high

autocorrelations of inflation, but the delayed response of

inflation to nonetary policy shocks.’

7

Fuhrer and Moore al so enphasi ze the persistence of inflation

in response to shocks to "inflation shocks,” which could be
interpreted as supply shocks. The nodel we have devel oped here
cannot address this issue, because there are no supply shocks. In

Mankiw and Reis (2001) we take a step toward renedying this
om ssi on.
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I11. The Accel erati on Phenonenon

When economists want to docunent the Phillips curve
relationship in US data from the last few decades of the
twentieth century, a conmmon approach is to |look at a scatterplot
of the change in inflation and sone |evel of economc activity,
such as unenpl oynent or detrended output. This scatterplot shows
that when economic activity is vigorous, as represented by |ow
unenpl oynment or high output, inflation tends to rise. W call
this correlation the accel erati on phenonenon.®

Panel A of Table Il denonstrates the accel erati on phenonenon
using US. quarterly data from 1960 to 1999. For these
cal culations, output y, is the deviation of log real GP from
trend, where trend is calculated using the Hodrick-Prescott
filter. W use three nmeasures of inflation: the GP deflator, the
CPl, and the core CPI. W use two timng conventions: W
correlate y, with m,-m, the one-year change in inflation
centered around the observation date, and with oo, the two-
year change in inflation. Al six correlations are positive and
statistically significant. In U S data, high output is associated
with rising inflation.

VW now consi der whether the nodels can generate the positive

8

For sone exanples of econom sts using such a scatterplot to
denmonstrate the acceleration phenonenon, see Abel and Bernanke
[ 1998, p. 457], Blanchard [2000, p. 155], Dornbusch, Fischer,
Startz [2001, p. 109], Hall and Taylor [1993, p. 217], and Stock
and Watson [1999, p. 48].
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correl ati on between output and the change in inflation. W assune
the sanme stochastic process for the noney supply as in the
previous section (Aam = 0.5Aam, + ¢) and the sanme paraneters (o=.1
and a=. 25). Then, as explained in the appendix, we conpute the

popul ati on correl ati on between output and the change in inflation.

Panel B of Table Il shows the correlation predicted by the
nodel s. Not surprisingly, the backward-Iooking nodel predicts a
high correl ation. Because m, - 1m,, = By, in this nodel, the

correlation is perfect for the one-period change in inflation and
only slightly lower for |onger changes. In essence, the nodel
builds in the acceleration phenonmenon through the assunption of
adaptive expectations. This is hardly a mjor intellectual
victory: The appeal of the backward-I|ooking nodel comes not from
its theoretical underpinnings but fromits ability to fit this
phenonenon.

W next look at the two nodels with better foundations.
Table Il shows that the sticky-price nodel yields no association
between output and the change in inflation. For the one-year
change, the correl ati on between these variables is -0.13, which is
small and the wong sign. By contrast, the sticky-information
nodel yields a strong, positive association. According to this
nodel , the correl ation between output and the change in inflation

is 0.43.°

® aur finding that the calibrated sticky-price nodel predicts
a negative correlation between y and Am (in contrast to the
positive correlation in the data) is related to Gali and Certler's
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To understand these results, recall the inpulse response
functi ons. In the sticky-price nodel, when the econony
experiences a contractionary nonetary shock, output falls for a
whi | e. Inflation falls inmmediately, and then starts rising.

Thus, low output coincides with falling inflation at first, but

then coincides with rising inflation for a |long period. Thi s
generates the snmall, negative correlation.
By contrast, in the sticky-information nodel, inflation

adjusts slowy to a nonetary shock. Wen a contractionary shock
lowers output, it also leads to a prolonged period of falling
inflation. This generates the positive correlation between out put
and the change in inflation.

Table Il presents a sensitivity analysis of this correlation
to alternative paraneter values. Panel A of the table shows the
correlation produced by the sticky-price nodel for different
par anet er val ues. Panel B shows the correlation produced by the
sticky-information nodel. The sticky-price nodel consistently
generates a small correlation of the wong sign, whereas the
sticky-information nodel typically yields a positive correlation

bet ween out put and the change in inflation.™

finding [1999] that econonetric estimation of this nodel yields a
coefficient on output of the wong sign. Gali and Certler's
proposed fix to the sticky-price nodel, however, differs
substantially fromthe sticky-information nodel proposed here.

10

These sinulated correlations are conputed under the
assunption that all fluctuations are due to demand shocks. If we
were to append supply shocks to this nodel, the predicted
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| V. Responses to Skeptics
A skeptic of the sticky-information nodel m ght naturally ask
two questions: Wiat is the evidence for the nodel? What are the
nodel 's m croeconom ¢ foundations? At this point, we cannot give

definitive answers, but we can offer some suggestive insights.

A. Evi dence

VW were notivated to explore the sticky-information nodel by
a set of enpirical anomalies. As we have di scussed, the canoni cal
sticky-price nodel of inflation-output dynamcs cannot be
reconciled with the conventional w sdom about the effects of
nmonetary poli cy, whereas the sticky-information nodel is
consistent with the conventional w sdom This fact is itself
evidence in favor of this nodel conpared to the |eading
alternative.

Qur skeptic mght say that the backward-1ooking nodel, wth
its assunption of adaptive expectations, can also be reconciled
with the conventional wisdom O he might claimthat the sticky-
information nodel is little nore than a revival of adaptive
expect ati ons. There are, however, at least two key differences
between the sticky-information nobdel and the backward-I1 ooking

nodel, and they argue in favor of the sticky-information nodel.

correlations would |ikely be driven down, because such shocks push
inflation and output in opposite directions. Thus, supply shocks
woul d make it even harder for the sticky-price nodel to match the
positive correlation in the data.
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Both of these differences arise fromthe fact that agents in the
sticky-informati on nodel form expectations rationally, even though
they do not do so often.

One difference relates to changes in regine. As Bar sky

[1987] and Ball [2000] point out, inflation has been close to a

randomwal k in the period since Wrld War 11, whereas before Wrld
War |, when the gold standard was in effect, it was close to white
noi se. The sticky-information predicts that the reduced-form
Phillips curve should shift in response to this reginme change. In

the recent period, expected inflation should roughly equal past
inflation, and output should be related to changes in inflation
that is, the data should conformwi th the accel erationist Phillips
curve. In the early period, expected inflation should be roughly
constant, and output should be related to the Ievel of inflation;
that is, the data should conformwith the classic Phillips curve.
Ball [2000] reports that these two predictions hold true in the
data, which is inconsistent wth the backward-|ooking nodel
strictly construed as a structural relationship."”
A second difference between the sticky-information nodel and

t he backward-1 ooki ng nodel concerns the role of credibility. In

11

Al though the sticky-information nodel is consistent with

Ball's findings, other nodels may be as well. Ball proposes his
own explanation: Agents are assuned to follow optimal univariate
forecasts but to ignore information in other variables. In Ball's

theory, the optimal univariate forecasting rule changes when the
nonetary regi ne changes.
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the nodel wth backward-1ooking expectations, credibility in

nmonetary policy has no role. By contrast, in the sticky-
information nodel, credibility can reduce the costs of
di sinflation. Most central bankers believe that credibility is

inmportant, but this belief is hard to confirm enpirically. One
intriguing study is that of Boschen and Wise [2001], which
exam nes 72 disinflationary episodes from 19 CECD countries. This
study neasures credibility as the probability of success
condi tional on econom c and political variables known at the start
of the disinflation. They report that credibility lowers the
out put cost of reducing inflation. This finding is consistent
with the sticky-information nodel but not wth the backward-
| ooki ng nodel

Qur skeptic mght also ask for evidence on whether price
setters actually respond to information slowy. One piece of
evi dence cones from Mark Zbaracki et al. [2000], a study of the
costs associated with changing prices at a |large nmanufacturing
firm In this extensive case study, the authors find that only a

smal | percentage of these costs are the physical costs of printing

and distributing price |lists. Far nore inportant are the
"managerial and custoner costs,”™ which include the costs of
i nf ormat i on- gat heri ng, deci si on- maki ng, negoti ati on, and

comuni cation. \Whether our sticky-information nodel captures the
effects of such costs is an open question, but this mcroeconomc

evi dence suggest that macroecononists need to think broadly about
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the frictions that inpede price adjustnent.

In a recent paper, Carroll [2001] reports sonme direct
evi dence on the slow dissem nation of information about inflation.
Motivated in part by our sticky-information nodel, Carrol
conpares the inflation expectations from surveys of two groups:
pr of essi onal forecasters and the general public. Not
surprisingly, he finds that the professional forecasters are
better at forecasting inflation than the general public is. Mre
inmportant, he finds that the general public's expectations respond
to the professionals' expectations with a |ag. Based on the
assunption that professionals do not suffer from sticky
information, he estinmates a paraneter simlar to our A that
measures how quickly the public's expectations catch up.
Remar kably, the estimated value of A is alnobst exactly the 0.25

that we assumed above. ™

Carroll also reports tw related pieces of evidence that
cannot be explained with the sticky-information nodel as presented
her e. He finds that the professional's and the public's
expectations are closer on average when there are nore news
stories about inflation. In addition, when there are nore news
stories about inflation, the public's expectations adjust nore

rapidly to the professional's expectations. Thus, al t hough

“ I'n Mankiw and Reis [2001] we econonetrically inplement a
nodel closely related to the one devel oped here. W also find
that A=0.25 fits the data well.
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Carroll's study is consistent wth the hypothesis that the
public's inflation expectations adjust slowy, it suggests that

the rate of information acquisition A is not constant over tine.

B. M crof oundati ons

The starting point of this paper is the prem se that sone
price setters respond to information about nonetary policy with a
| ag. This hypothesis raises many questions. Wiy, exactly, do
people set prices based on outdated information? \Wat set of
constraints on the process of decisionmaking leads to this
out come? How can econom sts nodel these inperfections in human
under st andi ng?

One approach to answering these questions is to use the tools
of information theory, as exposited, for instance, in the textbook
by Cover and Thomas [1991]. Drawing on these tools, Sins [2001]
suggests nodel i ng humans as having a Iimted channel for absorbing
information. Wodford [2001] uses this idea to build a nodel of
i nflation-output dynam cs. In his nodel, because price setters
| earn about nonetary policy through a |imted-information channel,
it is as if they observe nonetary policy with a random error and
have to solve a signal-extraction problemalong the Iines of Lucas
[1973].

As Wodford notes, his noisy-information nodel is proposed in
the sane spirit as the sticky-information nodel explored in this

paper . The difference between the nodels is how information
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arrives. In Whodford's nodel, price setters get a noisy signal
about nonetary policy in every period. In our nodel, price
setters obtain perfect information about nonetary policy wth
probability A in every period. This difference in information
arrival leads to sone differences in the dynamic response to
monetary policy.”

I nformati on theory, however, may not be the best approach to
m cr of oundat i ons. For nost people, it is easy to find out what
the nonetary authority is doing, but it is much harder to figure
out what it neans. As Begg and Inperato [2001] enphasize, the
real cost is the cost of thinking. One interpretation of the
sticky-information nodel is that because thinking is costly,
people do it only once in a while and, at other times, continue
wi t h outdated pl ans.

At best, this tinme-contingent approach to thinking is only an
approxi mati on. How rmuch a person thinks about an i ssue depends on
the benefit of doing so. Most people spend little time thinking
about nonetary policy, but circunstances can affect the allocation
of their mental resources. This mght explain Carroll's finding
that the public's expectations of inflation adjust nore rapidly

when there are nore news stories about inflation. Simlarly, the

“ Qur nodel, like Wodford' s, starts by sinply assuning the
nature of the information flow Alternatively, one could start by
assum ng sone cost of using an information channel and then derive
the optimal flow of information. See Moscarini [2001] for an
exploration of this issue in a different context.
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ends of hyperinflations (as studied by Sargent [1982]) may be
different than nore typical disinflations (as studied by Bal
[ 1994b]) because the mmjor institutional reforns that end
hyperinfl ati ons are exceptionally newsworthy events.

In the end, mcrofoundations for the Phillips curve nmay
require a better understanding of bounded rationality. But unti
t hose foundations are established, the sticky-information nodel as
descri bed here may offer a useful tool for the study of inflation-

out put dynam cs.

V. Concl usi on
Thi s paper has explored a dynam c nodel of price adjustnent.
In particular, we have proposed a nodel to replace the wdely
used "new Keynesian Phillips curve." In this nodel, prices are
al ways changing, but decisionnmakers are slow to update their
pricing strategies in response to new i nfornmation.

Al t hough the choice between the sticky-information nodel and
the standard sticky-price nodel is ultimately an enpirical issue,
three of our findings suggest that the sticky-information nodel is
nore consistent with accepted views of how nonetary policy works.

First, in the sticky-information nodel, disinflations are always
contractionary (although announced disinflations are |ess costly
than surprise ones). Second, in the sticky-information nodel
nmonetary shocks have their maxinmum effect on inflation with a

substanti al del ay. Third, the sticky-information nodel can
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explain the acceleration phenonmenon that vigorous economc
activity is positively correlated with rising inflation.

The dynamic patterns inplied by the sticky-information node
resenble those fromthe Fischer [1977] contracting nodel, although
| ong-term contracts have no role. In both nodels, past
expectations of the current price level play a central role in
inflation dynam cs. In a sense, the slow disseni nation of
information in our nodel yields a nomnal rigidity simlar to the
one Fi scher assuned in his contracts.

Critics of the Fischer contracting nodel [e.g., Barro, 1977]
have noted that it is hard to rationalize signing such contracts
ex ante or enforcing them ex post in light of the obvious
i nefficiencies they cause. Such critiques do not apply to the
nodel proposed here. The assunption of slow information
di ffusion, perhaps due to costs of acquiring or acting on new
information, |eaves no apparent, unrealized gains from trade.
Thus, sticky information offers a nore conpelling rationale for
this type of nomnal rigidity.

Movi ng the theory of price adjustnment away from sticky prices
toward sticky information may seem |i ke a radical suggestion, but
we tenper it with an inportant observation: Many | essons fromthe
"new Keynesian" l|iterature on price adjustnent apply as well to
our sticky-information nodel as they do to the standard sticky-
price nodel

An early lesson about price adjustnent by firnms with sone
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degree of nonopoly power is that the private |osses from sticky
prices are only second order, even if the social |osses are first
order. [Mankiw, 1985; Akerlof and Yellen, 1985]. Thus, if firns
face small costs of price adjustnent or are only near rational
they may choose to mintain sticky prices, even if the
macr oeconom c effect of doing so is significant. When we nove
from sticky prices to sticky information, this |esson applies in
somewhat nodified form If there are small costs of acquiring
information or reconputing optimal plans, firns nmay choose not to
update their pricing strategies. The private loss from
mai ntaining old decisions, I|like the cost of mnmaintaining old
prices, is second order.

Another lesson from the literature on price adjustnent is
that real rigidities anplify nonetary non-neutralities. [Ball and
Roner, 1990] Real rigidity is defined as a |lack of sensitivity of
desired relative prices to nacroeconom c conditions. Here, this
translates into a snmall value of the paranmeter o«. Real rigidities
also play a role in our sticky-information nodel. Price setters
who are wupdating their decisions are aware that other price
setters are not, and this knowedge limts the size their
adjustmments, especially when o is small. As a result, real
rigidity tends to exacerbate the effects of nonetary policy.

An advantage of sticky-information over sticky-price nodels
is that they nore naturally justify the wdely assuned tinmne-

contingent adjustment process. If firms have sticky prices
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because of nmenu costs but are always collecting information and
optimzing in response to that information, then it is natural to
assune state-contingent adjustnent. Dynamic nodels of state-
cont i ngent adj ust nent, however, often yield enpirically
i nplausible results; Caplin and Spul ber's [1987] conclusion of
nmonetary neutrality is a fanobus exanple. By contrast, if firns
face costs of collecting information and choosing optinmal plans,
then it is nore natural to assune that their adjustnment process is
time-contingent. Price setters cannot react between schedul ed
adj ustnents, because they are not collecting the information and
perform ng the cal cul ati ons necessary for that purpose.

Yet we nust admit that information processing is nore conpl ex
than the time-contingent adjustnent assumed here. Model s  of
bounded rationality are notoriously difficult, but it seens clear
that when circunstances change in |arge and obvi ous ways, people
alter the nmental resources they devote to |earning and thinking
about the new aspects of the world. Developing better nodels of
how qui ckly people incorporate information about nonetary policy
into their plans, and why their response is faster at sone tines
than at others, nmay prove a fruitful avenue for future research on

i nflation-output dynam cs.
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Appendi x: Details of Sol utions
This appendi x explains the solutions of the three nodels

presented in the text.

A. The Derivation of the Sticky-Price Phillips Curve

From the equations for the adjustment price x, and the price
level p,, breaking the sum and using the law of iterated
expectati ons, we obtain:

(A1) X, = A p* + (1-2) Ex.,
(A2) P,

But then solving for x, in (A2) and replacing in (Al) for x, and

A X, + (1-)\) P s

X together with the definition of p*, = p, + ay,, yields the

t+17

desired expression for inflation presented in the text.

B. The Derivation of the Sticky-Information Phillips Curve

Begin with the equation for the price level derived in the
t ext:
m .
(A3) p. = AT (1-)\)] E[-j(pt + O(yt)'
j=0
By taking out the first term and redefining the sunmation index,

this equation can be witten as:

@ j+1
(A4) p. = )\(p[ + O(y[)+ A3 (1-)\)] E[-l-j(pt + O(yt)'
j=0

Anal ogous to equation (A3), the previous period s price |level can
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be witten as:

m .
(A5) Py = A 2 (1-2)" B (P + oY)
j=0
Subtracting (A5) from (A4) and rearranging yields the follow ng

equation for the inflation rate:

[00]
(A6) mo= NP+ oY) * A3 (1-3)) By (m o+ oy
j=0
2 *© j
- A3 (:l-_}\)J E(-l-j(p[ + O(y[)'
j=0
Now equation (A4) can be rearranged to show that:
m .
(A7) P - [/ (1-2)]y, = 2 2 (1-2)" E.;(p + ay).
j=0

VW now use equation (A7) to substitute for the last term in

equation (A6). After rearranging, we obtain

w .
(A8) o, = [O()\/(l_}\)]yt + A3 (1-)\)] E[-l-j(nt + O(Ay[)'
j=0
This is the sticky-information Phillips curve presented in the
text.

C. _The Response of Qutput and Inflation in the Policy Experinents

The three policy experinents we undertake can be described as
fol | ows:

(E1) An unexpected fall in the level of aggregate demand by

10% at date 0. Thus, m=-10g(0.9) for t<0 and m=0 for t3>0.
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(E2) An unexpected drop in the rate of noney growh _m at
date 0, from 2.5% per period to 0% Thus, m=0.025(1+t) for
t<-1, m=0 for t3>0.
(E3) Same as (E2) but announced at date t=-8.
W focus on finding solutions for p, as a function of m. The
solution for y, then follows fromthe aggregate demand equati on.
For the backward-1ooking nodel, the solution follows
imediately once the aggregate denmand equation is wused to
substitute out for vy:
(A9) p(1+g) = 2p., - p., + pm.
This is a second-order difference equation. The associated roots
are [1x(-p)"*/(1+B), which are conplex (since p>0), generating
the oscillatory behavior.
For the sticky-price nodel, rewite the Phillips curve, using
t he aggregate demand equati on, as:
(AL0) EP.. - (2 +B)p, + P, = -BM.
This is an expectational difference equation, which can be sol ved
by the nethods explained in Sargent [1986]. First, take
expectations at t and express all expectations at t variables with
*., Then using the lag operator L, such that LEp,=Ep,, and its
inverse, the forward operator, F=L" such that FEp,=Ep,, Ieexpress
(A10) as:
(AL1) (FF - (2 +B)F + 1)Lp, = -pm’.
The quadratic (x* - (2 + B)x + 1), has two positive roots: o and

1/ 6, such that (1-6)%/6 = B. Pick © to correspond to the snaller
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of the roots. Then (All) becones:

(A12) (1-6L) p, =(1-0)?*(1- Fo)'m.

But using the fact that 6 < 1, the inverse on the right-hand side
is well defined and can be expanded. Finally, because p, and p,,

are part of date t information set, we obtain the final solution:
(AL3)  p =op,+(1-0)° 1 0 Em,.
i =0

For the policy experiment E1, up to date 0O, p,=m=-10g(0.9).
From 0 onwards, Em,=m,=0, so the price level is given by the
recursion p,=6p,, wth initial condition p,=-10g(0.9). For E2, p,=m
until t=-1, and after again p,=6p,, but now the initial condition
is p,=0. Thus p,=0, t>0 and so y,=0 at all t. For E3, in the period
-8<t<-1, then the terns of the sumin the right hand side of (Al3)
are Em,=0.025(1+t) for -8<t+i<-1 and Em,=0 for t+i>0. After
that, for t>0, p,=6p,,.

Finally, consider the sticky-information nodel, as captured

by the equati on:

(AL4) P = A.zo(l-x)" E,[(1-0)p + om].
J:

The price level at tine t>0 can then be broken into two
conmponents, where the first includes price setters aware of the
new path for aggregate demand, and the second those agents who

decided on their prices before the change:
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t 00

(A15) p, = 2 3 (1-2N)'E [(1-o)p+am)] + 2 % (1-2)'E [(1-0)p,+om)].
j =0 j=t+1

Because the agents represented by the second term are still
setting prices based on their old information sets, their
expectations are given by E_ p=E ,m=109g(0.9). As a result, the
second term reduces to -10g(0.9)(1-A)'". The agents represented by
the first term have responded to the new path of aggregate denand,
so E;m = 0, and because there is no further uncertainty, E_p, =
p,. Collecting terns and rearrangi ng, we obtain the sol ution:
(A16) p, =[-10g(0.9)(1-2)"]/[1-(1-0)(1-(1-2)")].
This equation gives the solution for the price level in the
sticky-information nodel under policy experinent El

W can find the outconme under policy experinment E2 wth
simlar steps. Under E2, however, E_ p, = E ;m = 0.025(1+t) for t-
] <0. Thus, the solution is:
(A17) p, = [0.025(1+t)(1-2)""/[1-(1-) (1-(1-0)'].
This equation gives the price level in the sticky-information
nodel under policy experinent E2.

Finally, for E3, for t<0, the path is the sane as expected by
all agents, so p,=m=0.025(t+1) and y,=0. After date 0, p, is given

by (note the limt of the suns):

t+8 00
(A18) p, = A 3 (1-N)'E [(1-0)p+om)] + A 3 (1-2)'E [ (1-o)p,+am)] .
j =0 j=t+9

All else is the sane as in E2. The solution foll ows as:
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(AL9) p, = [0.025(1+t)(1-2)"1/[1-(1-0) (1-(1 - A)'].
This equation gives the path of the price level for the sticky-

i nformati on nodel under policy experinment E3.

D. Qutput and Inflation Wen Mney Gowh is AR(1

Suppose Am = pAm, + g, where g is white noise and [prx 1.

It will prove convenient to wite this in MA(w) form
o 00 0

(A20) Am = % p] €t or m=23 b pj €k
j=0 k=0 j =0

Consi der first the backward-1ooki ng nodel. First-differencing
both sides of (A9), multiplying through by (1-pL) and rearranging
yields the following AR(3) for the inflation rate:

(A21) m, = [1+p] " {[2+p(1+R)] ., - (2p+1) m., + prm+ Be}.
From this equation, we can calculate inpulse responses and all
nonents of inflation.

Consider now the sticky-price nodel. W find the general
solution of these rational expectation nodels by the nethod of
undeterm ned coefficients as outlined in Taylor [1985]. Because
the noney gromh rate is stationary, it is a reasonable conjecture
that the inflation rate is also stationary and so can be expressed

in the MA(w) general form

o0 [o¢] o0
(A22) m, ='Z @ £ or p, = % 'Z @ €
j =0 k=0 j =0
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where the ¢ are coefficients to be determi ned. Then realize that
E{en =€, for i-j<k and is zero otherw se. Using the

solution of the nodel in (Al3):

00 0 0 o 00
(A23) & S ¢ &,,=6 % 3@ g.,,.+H1-0" 26 3 5 ¢ e,
k=0 j =0 k=0 j =0 i =0 j=0 k=Max{i-], 0}

But then, because this nust hold for all possible realizations of

e, matching coefficients on both sides of this equation yields

for the coefficient on g:
0 i

(A24) 9 = (1-0)° 36 3 ¢ = (1-6)/(1-96p).
i=0 j=0

And for a general v, the coefficient on ¢

t-v*®

v v-1 o IV
( A25) 2o =63 ¢ +(1-8)° 36 3 0.
j=0 j =0 i=0 j=0
Thi s yiel ds:
v-1
(A26) 0, = (6-1) = ¢ + [(1-6)7(1-p)][1(1-8) - ™/ (1-0p)].
j=0

Equations (A22), (A24) and (A26) fully describe the stochastic
process of inflation. The inpul se response of inflation for a unit
shock to aggregate demand is given by {¢}. The autocorrelation
coefficients of order j are then given by [see Hami |lton, 1994, p.

52):

[o¢] [o¢]
(A27) 0, 0., I = o).
vIj v=0
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Consider now the sticky-information nodel. Simlarly to
(A22), conjecture the solution: m = 3 v, g, OF P, = 3 2 Vi €.
where the suns go from O to infinity. Taking the relevant

expectations and substituting in (A8), the equation for the

Phillips curve, we obtain:
(o)) © (o)) (o))
(A28) = v, g, = [ (1-N)][ = pl HE-NOE D HVARD N B
i =0 i =0 k=0 i=0 k=0
00 ) 00 (I
+ A2 (-2 [ (1-0) S v e, +aZp g, ],
j =0 i =) +1 i =) +1

So, again matching coefficients:

(A29) v, = o/ [1-A(1-)],
k | k-1 k Kk |
oA[1-A(1-a) % (1-2)' 17 [(1-3 v;) + 3 p + " 3 (1-1)].
i =0 i =0 i =1 i =1

(A30) v,

This provides the full characterization of the stochastic process
for inflation. | mpul se responses, autocorrelations, and cross-

correlations can be easily cal cul at ed.

E. Inpul se Responses of Qutput and Popul ation Correl ati ons between
Qut put _and the Change in Inflation.

For the backward-Iooking nodel, corr(m,,-m_, Y,)=corr[um,,, o,
o (m-m,_ )/ B], which we can evaluate using (A21). Corr(m,, ., Y,.)
follows |ikew se.

For the sticky-price nodel, note that output growh is given

fromthe quantity theory: Ay, = Am - o, = 3 (5—@) e.. Fromthis,
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we can obtain the MA(w) for output: y, = 3 oe; Wth the recursion
W = o, * pﬁ<g, initiated by o, = 1 - ¢, The inpul se response to a
unit shock is given by the sequence {w}. To solve for the change

ininflation m-m_, start with o, = 3 ¢ ¢ the coefficients in

tj
the MA(w) representation for the change in inflation m-m, = %
ijst-j are then gl ven by ij = N with io = Qo gl = ¢n iz = 0y
and ¢, = ¢, Gven these results, the popul ati on cross-correl ation

bet ween the change in inflation and output, corr(m.,,-m,, Y,), IS:

[00] (o] ) [00] 5
(A31) Z (pv €v+2 / (Z ('pv)(z iv)
v=0 v=0 v=0

The cross-correlation corr(m,m.,Y,) 1S derived in the sane
fashi on.

The derivation of the population cross-correlations in the
sticky-information nodel is precisely the sanme, except we start

wWth o =3 vy, ¢, as the process for inflation.

Depart nent of Econonics

Harvard University

43



Ref er ences

Abel, Andrew B., and Ben S. Bernanke Macroeconomcs 3rd ed.
(Readi ng MA: Addi son-\Wesl ey, 1998).

Akerl of, CGeorge A, and Janet L. Yellen. "A Near-Rational Mbdel of
the Business Cycle with Wage and Price lnertia," Quarterly
Journal of Economics C (1985), 823-838.

Ball, Laurence, "Credible D sinflation wth Staggered Price
Setting," Anerican Econom c Review LXXXIV (1994a), 282-289.

, "What Determnes the Sacrifice Ratio?" in Mpnetary

Paolicy, N G Mankiw, ed. (Chicago, IL: University of Chicago
Press, 1994b), 155-182.

, "Near Rationality and Inflation in Two Monetary

Regi mes, " NBER Wor ki ng Paper No. 7988, 2000.

Ball, Laurence, and David Roner, "Real Rigidities and the Non-
Neutrality of Money," Review of Econom c Studies LVII (1990),
183- 203.

Barro, Robert, "Long-term Contracting, Sticky Prices, and Mnetary
Policy," Journal of Mnetary Economcs Il (1977), 305-316.

Bar sky, Robert B., "The Fisher Effect and the Forecastability and
Persistence of Inflation,"” Journal of Monetary Economcs X X
(1987), 3-24.

Begg, David KH and Isabella Inperato "The Rationality of
I nformati on Gathering: Mpnopoly," The Manchester School LXI X
(2001), 237-252.

Bernanke, Ben S. and Mark Gertler, "Inside the Black Box: The

44



Credit Channel of Monetary Policy Transm ssion,” Journal of
Econoni ¢ Perspectives | X (1995), 27-48.

Bl anchard, divier, Mcroecononcs, 2nd ed. (Upper Saddle River,
NJ: Prentice Hall, 2000).

Bl anchar d, Aivier, and Nobuhi ro Ki yot aki , "Monopol i stic
Conpetition and the Effects of Aggregate Demand,” Anerican
Econoni ¢ Review LXXVI1 (1987), 647-666.

Boschen, John F. and Charles L. Wise, "The Ex Ante Credibility of
Disinflation Policy and the Cost of Reducing Inflation,”
Journal of Macroeconomics XXl (2001), 323-347.

Calvo, Quillermbo A, "Staggered Prices in a Uility Maxim zing
Framewor k, " Journal of Monetary Economics X1 (1983), 383-
398.

Caplin, Andrew, and Daniel Spul ber, "Menu Costs and the Neutrality
of Money," Quarterly Journal of Economics C1I (1987), 703-
725.

Carroll, Chri st opher, "The Epi dem ol ogy of Macr oecononi ¢
Expectations,” NBER Wirki ng Paper No. 8695, 2001.

Carida, Richard, Mark Gertler, and Jordi Gali, "The Science of
Monetary Policy: A New Keynesian Perspective,” Journal of
Economi c Literature XXXVII (1999), 1661-1707.

Christiano, Lawence J., Martin Ei chenbaum and Charles L. Evans,
"Model i ng Money, " NBER Wor ki ng Paper No. 6371, 1998.

Christiano, Lawence J., Mrtin Ei chenbaum and Charles L. Evans,

"Monetary Policy Shocks: Wat Have W Learned and To What

45



End?" Handbook of Macroecononics, eds. J.B. Taylor and M
Wodford, (Ansterdam Elsevier, 1999). 65-148.

Cooper, Russell, and Andrew John, "Coordinating Coordination
Failures in Keynesian Mdels," Quarterly Journal of Econom cs
Gl (1988), 441-463.

Cover, Thomas M, and Joy A Thomas, Elenents of Information
Theory (New York: John Wley and Sons, 1991).

Dor nbusch, Rudi ger, Stanley Fischer, and Richard Startz.
Macr oeconom cs, 8th ed. (Boston, MA: McGawH |1, 2001).

Fi scher, Stanley, "Long-term Contracts, Rational Expectations, and
the Optimal Mney Supply Rule, Journal of Political Econony
LXXXV (1977), 191-205.

Friedman, MIlton "A Mnetary and Fiscal Framework for Econom c
Stability,"” Anerican Econom c Review XXXVII| (1948), 279-304.

Fuhrer, Jeffrey, and George Mvore, "Inflation Persistence,"”
Quarterly Journal of Economcs CX (1995), 127-160.

Gabai x, Xavier, and David Laibson, "The 6D Bias and the Equity
Prem um Puzzle," NBER  Macroeconom cs Annual : 2001,
forthcom ng.

Gli, Jordi, and Mark Certler, "Inflation Dynamcs: A Structural
Econonetric Analysis, Journal of Mnetary Economcs XLIV
(1999), 195-222.

Gordon, Robert J. "The Time-Varying Nairu and Its Inplications

for Economc Policy," Journal of Economc Perspectives Xl
(1997), 11-32.

46



Hal |, Robert E., and John B. Tayl or, Macroeconomcs, 4th ed. (New
York: Norton, 1993).

Ham | ton, Janes, Tine Series Analysis (Princeton, NJ: Princeton
Uni versity Press, 1994).

Koenig, Evan F., "Aggregate Price Adjustnment: The Fischerian
Al ternative," unpublished paper, 1997.

Lucas, Robert E., Jr., "Econonetric Testing of the Natural Rate
Hypothesis, in O Eckstein, ed., The Econonetrics of Price
Determi nati on (Washington, DC Board of Governors of the
Federal Reserve System 1972).

, "Some International Evidence on Qutput-Inflation

Tradeoffs,” Anmerican Economic Review LXI Il (1973), 326-334.

Mankiw. N. Gregory, "Small Menu Costs and Large Business Cycles: A

Macr oeconom ¢ Mddel of Monopoly,” Quarterly Journal of
Econonics C (1985), 529-537.

, "The Inexorable and Msterious Tradeoff Between

Inflation and Unenploynent,"” Economic Journal CXI (2001),
CA5- Co1.

Mankiw, N. Gregory, and Ricardo Reis, "Sticky Information: A Mdel
of Monetary Nonneutrality and Structural Slunps,” NBER
Wrking Paper No. 8614, 2001; forthcomng in Know edge,

Information, and Expectations in Mdern Microeconomcs: 1In

Honor of Edmund S. Phelps, P. Aghion, R Frydman, J.
Stiglitz, and M Wodford, eds.

McCal | um Bennett, "Comment," NBER Macroecononics Annual: 1997,

47



355- 359.

McCal | um  Bennett "Stickiness: A Comment," Carnegie-Rochester
Conf erence Series on Public Policy XLVIIT1 (1998), 357-363.

Moscarini, G useppe, "Limted Information Capacity as a Source of
Inertia,” Yale University, unpublished paper, 2001.

Ckun, Arthur M "Efficient Disinflationary Policies,” Anerican
Econonmi c Review Papers and Proceedings LXVIII (1978), 348-
352.

Phel ps, Ednund S., "Disinflation Wthout Recession: Adaptive
Qui deposts and Monetary Policy," Wltw rtschafliches Archiv,
C (1978), 239-265.

Rot enberg, Julio, "Monopolistic Price Adjustnent and Aggregate
Qut put, " Review of Economc Studies XLIV (1982), 517-531.

Rot enberg, Julio, and M chael W.odford, "An Optim zation-Based
Econonetric Framework for the Eval uation of Monetary Policy,"
NBER Macr oeconom cs Annual : 1997, 297- 346.

Sargent, Thomas J. "The Ends of Four Big Inflations,” In

Inflation: Causes and Consequences, R Hall, ed., (Chicago,
IL: University of Chicago Press, 1982), 41-97.

, Macroeconomic Theory, 2nd ed., (New York, NY:
Academ c Press, 1987).

Sins, Christopher A "Inplications of Rational Inattention,”
Princeton University, unpublished paper, 2001.
Stock, Janes H., and Mark W Watson, "Business Cycle Fluctuations

in u. S Macr oecononi ¢ Ti ne Seri es" Handbook of

48



Macr oeconom cs, eds. J.B. Taylor and M Wodford, (Ansterdam
El sevier, 1999), 3-64.

Taylor, John B., "Aggregate Dynam cs and Staggered Contracts,”
Journal of Political Econony LXXXVIII (1980), 1-22.

, "New Econonetric Approaches to Stabilization Policy

in Stochastic Mddels of Macroeconomc Fluctuations,” in
Handbook of Econonetrics, vol. 3, 2vi Giliches and MD.
Intriligator, eds. (Amsterdam North Holland, 1985), 1997-
2055.

, " St agger ed Price and Wage Setting in

Macr oeconom cs, " Handbook of Macroeconomics, eds. J.B.
Taylor and M Wodford, (Ansterdam Elsevier, 1999), 1009-
1050.

Wodford, Mchael, "Inperfect Common Know edge and the Effects of

Monetary Policy,"” Princeton University, 2001, forthcomng in

Know edge, I nf ornati on, and Expect ati ons in Mbder n

Macr oeconom cs: In Honor of Ednmund S. Phel ps, P. Aghion, R
Frydman, J. Stiglitz, and M Wodford, eds.

Zbaracki, Mark J., Mark Ritson, Daniel Levy, Shantanu Dutta, and
Mark Bergen, "The Managerial and Custoner Costs of Price
Adj ust nent : Di rect Evidence from Industrial Mar ket s, "

unpubl i shed paper, Enory University, 2000.

49



TABLE |

Aut ocorrel ations for Inflation: Predicted and Actual

Sticky- Sticky- Backwar d- Act ual Act ual Act ual

i nformation price | ooki ng GDP CPI core

nodel nodel nodel def | at or CPI
1 0.99 0.92 0. 99 0. 89 0. 76 0.76
2 0. 95 0. 85 0. 98 0. 83 0.72 0.71
3 0. 89 0.78 0. 96 0.81 0.73 0. 69
4 0. 82 0.71 0.94 0.78 0. 62 0.59
5 0.74 0. 65 0. 90 0.71 0. 57 0. 55
6 0. 66 0.59 0. 86 0. 65 0.51 0. 54
7 0. 57 0. 54 0.81 0.61 0. 44 0. 46
8 0. 48 0. 50 0.75 0. 58 0. 33 0. 38

The first three colums of this table show the autocorrel ati ons of

inflation predicted by three nodels. These cal cul ati ons assune
that noney growh follows the process am = 0.5am, + «,. The
nodel paraneters are set to o=.1 and A=.25. The last three

colums show the actual autocorrelations of quarterly inflation

rates.
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TABLE ||

The Accel erati on Phenonenon

Corr(y[, By HI-Z) Corr(y[, g™ Ht-4)
A. Act ual
GDP defl at or .48 . 60
CPI .38 . 46
core CPI . 46 .51
B. Predicted
Backwar d- | ooki ng nodel .99 .99
Sticky-price nodel -.13 -.11
Sticky-1nformation Model .43 . 40

Panel A shows the correlation between output and the change in
inflation in US. quarterly data from 1960 to 1999. The variable
y is nmeasured as log real CGDP detrended with the Hodrick-Prescott
filter. Panel B shows the correlation between output and the
change in inflation predicted by three nodels. These correlations
assunes noney growh follows the process: am = 0.5am, + ¢. The

nodel parameters are set to o=.1 and a=. 25.

51



TABLE 111

The Accel erati on Phenonenon: Sensitivity Anal ysis

A. _Sticky-price nodel

o=. 05 o=.1 o=.5 o=1.0
A= 1 -0.08 -0.09 -0.12 -0.13
A=. 25 -0.12 -0.13 -0.15 -0.15
A=.5 -0.15 -0.15 -0.13 -0.11

B. Sticky-information nodel

o=. 05 o=.1 o=.5 o=1.0
A= 1 0. 49 0.39 0. 05 -0.04
A=. 25 0.51 0. 43 0.12 0. 02
A=.5 0.52 0.44 0.21 0. 13

This table shows the correlation between output y, and the change
in inflation m,, - m_. These correlations assune noney grow h

follows the process: am = 0.5am, + «,.
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Figure 1.
Dynamic paths after a 10% fall in the level of aggregate demand at time 0
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Figure 2.
Dynamic paths given an unanticipated fall in the growth rate
of aggregate demand at date O
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Figure 3.
Dynamic paths given an announcement at date -8 of a fall in the growth rate
of aggregate demand at date O
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Figure 4.
Dynamic paths after a negative one standard deviation (-0.007) shock
to the AR(1) aggregate demand
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