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ABSTRACT

Sticky-price nodels with rational expectations fail to
capture the inertiain US. inflation. Mdels with
backwar d- | ooki ng expectations capture current inflation
behavi or, but are unlikely to fit other nonetary regi nes.
Thi s paper seeks to overcone these problens with a near-
rational nodel of expectations. |In the nodel, agents nake
uni variate forecasts of inflation: they use information on
past inflation optimally, but they ignore other variabl es.
The paper tests sticky-price nodels with near-rational
expectations for two periods in U S. history, the post-1960
period of persistent inflation and the period from 1879 to
1914, when inflation was not persistent. The nodels fit
the data for both periods; in contrast, both rational-
expect ati ons and backward-| ooki ng nodels fail for at |east
one peri od.



[ . | NTRODUCTI ON

How can we explain the short-run behavior of output and
inflation? Since Fischer (1978), many researchers have sought to
do so wth nodels that conbine nomnal price stickiness and
rati onal expectations. Currently, the nost popul ar nodels of this
kind are Taylor’s (1980) and Calvo’'s (1983) nodels of staggered
price adjustnent. Unfortunately, recent work shows that these
nodels fail to fit key facts about the nmacroeconony. In particular,
the nodels are inconsistent with the inertia in real-world
inflation -- the persistent effects of shocks to inflation, and the
out put costs of reducing inflation (e.g. Fuhrer and Myore, 1995;
Roberts, 1998; Mankiw, 2000).

In searching for better nodels, sone authors suggest relaxing
t he assunption of rational expectations. They argue that sonme or
al |l agents have "backward-| ooki ng" expectations: expected inflation
equal s past inflation (e.g. Ball, 1991; Roberts, 1997; Rudebusch
and Svensson, 1999). Roberts (1998) and Fuhrer (1998) show that
the canonical staggered-price-setting nodel fits the data nuch
better when backward-I| ooking behavior is introduced. However
backwar d-| ooki ng nodels were rejected in the 1970s for a good
reason: the Lucas (1976) critique. VWiile the nodels fit the
behavi or of inflation in the current nonetary regi me, expectations
are likely to change if nonetary policy changes. Ther ef or e,
backwar d- | ooki ng nodel s produce m sl eadi ng predictions about the

effects of policy shifts.



Thus researchers face a dilemmua: rational -expectati ons nodel s

fail to fit key facts, but backward-I| ooki ng nodels are subject to

the Lucas critique. This paper looks for a solution to this
di | emma. I propose a less-than-fully-rational nodel of
expectations that is applicable to any nonetary regine. The

deviation fromrationality is that agents use only a limted set of
information to forecast future variables. Specifically, in
forecasting inflation, they use only the past behavior of
i nflation. They use this univariate information optimally, but
they do not use information on other variables, such as output or
Interest rates. Follow ng Akerlof and Yellen (1985a), | interpret
this behavior as a "near-rational"” approach to forecasting that
reduces the costs of gathering and processing information.

For the postwar United States, ny assunption is close to the
assunption of backward-| ooki ng expectations. For this period, the
uni vari ate behavior of inflation is close to a random wal k; thus
| agged inflation is close to an optimal wunivariate forecast of
inflation. However, ny nodel does not assume that backward-I| ooki ng
expectations are a fixed feature of the econony. In other nonetary
regi mes, the univariate process for inflation can differ greatly
froma random wal k. In such regimes, expected inflation differs
greatly fromlagged inflation.

After discussing alternative theories of expectations, | enbed
the theories in sinple sticky-price nodels and test their

i nplications. Since the goal is to capture shifts in behavior



across regines, | test the nodels using data from two different
periods in U S history. The first is the period from 1960 to the
present, when inflation has been highly persistent. The second is
the period from 1879 through 1914, when the U S. had a gold
standard. In that period, the univariate process for inflation was
close to white noise. As a result, ny assunption of univariate
forecasts inplies that expected inflation was close to a constant.

Li ke previous researchers, | find that sticky-price nodels
fail badly at fitting the data under the assunption of rationa
expect ati ons. For the post-1960 period, the assunption of
backwar d- | ooki ng expectations fits the data well, again as others
have found, but this result does not carry over to the period
before 1914. Model s wi th backward-1 ooking expectations inply
persistent effects of inflationary shocks that do not exist in the
pre-1914 data. |In contrast to these failures, ny new assunption of
optimal univariate expectations perforns well for both historical
periods. Wth these expectations, sticky-price nodels fit both the
inflation persistence in the later period and the [lack of
persistence in the earlier period.

The rest of this paper contains seven sections. Section |
di scusses current nodels of expectations and Section Il proposes
ny new approach. Section IV discusses the two historical periods
that | study, Section V describes ny sticky-price nodels, and
Sections VI-VII present the main enpirical results. Section VIII

concl udes.



1. | NFLATI ON | NERTI A AND CURRENT MODELS OF EXPECTATI ONS
A. The Taylor-Calvo Mbdel with Rati onal Expectations

Since the 1970s, nost researchers studying inflation dynam cs
have used nodels wth rational expectations. To capture the
I nteractions of inflation and output, they often assune frictions
I n wage- and price-setting. In recent years, nany researchers have
converged on a particul ar specification: the Tayl or-Calvo nodel of
staggered price adjustnent and the "New Keynesian Phillips curve”
that it inplies (Roberts, 1995). Goodfriend and King (1997) argue
that the Taylor-Calvo nodel with rational expectations is part of a
"new synthesis" in macroeconomcs, and the nodel has becone a
standard tool for analyzing alternative nonetary policies (e.g.
Rot enberg and Whodford, 1997; MCallum and Nel son, 1999).

Unfortunately, recent research shows that the Tayl or-Calvo
nodel fails to capture a central feature of the nodern econony:
inflation inertia. For the postwar United States, there is strong
evidence that shocks to inflation have persistent effects, and
reducing inflation requires substantial output |osses (e.g.
Christiano et al., 1994; Roner and Roner, 1989; Ball, 1994). Recent
authors use a variety of techniques to show that the Tayl or-Cal vo
nodel cannot fit these facts if one assunes rational expectations.
For exanple, Gli and Certler (1999) show that the nodel produces a
perverse Phillips curve: higher output leads to a fall in
inflation. Simlarly, Mnkiw (2000) shows that the nodel produces

I mpl ausi bl e responses to nonetary shocks, with output and inflation



noving in opposite directions. These counterfactual predictions
make the nodel an unreliable tool for policy analysis.

O course, what the data reject is the conbination of rational
expectations with the particular specifications of price setting
chosen by Taylor and Calvo. In principle, the Tayl or-Cal vo nodel
mght be nodified to nmake it fit the data wunder rational
expect ati ons. Researchers such as Fuhrer and More (1995),
Rot enberg and Wodford (1997), and Gli and Gertler explore
variations on the nodel. However, no consensus has energed on
whet her these variations are successful in fitting the facts. Thus
other researchers, and this paper, take a different approach:
rel axi ng the assunption of rational expectations.

B. Backwar d- Looki ng Expectati ons

Until the 1970s, the standard nodel of expectations was
backwar d- | ooki ng: expected inflation was assuned to equal | agged
inflation (or an average of several |ags). G ven the enpirica
failures of rational-expectations nodels, sonme researchers have
suggested a return to backward-| ooki ng nodels, or nodels with both
backwar d-| ooki ng and rational agents (e.g. Ball, 1991; Roberts,
1997). Backward-| ooki ng behavi or hel ps explain inflation inertia:
since firnms choose prices based on expected inflation, backward-
| ooki ng expectations make inflation depend on |agged inflation
Roberts (1998) shows that the Tayl or-Calvo nodel fits the data nuch
better when he assunmes that some price setters are backward-| ooki ng

t han when he assunes rational expectations for all.



But can one justify the assunption of backward-I| ooking
expectations theoretically? If we examne only the postwar United
States, the answer is yes. |In recent decades, the persistence of
inflation has been strong enough that current inflationis a fairly
good predictor of future inflation. Inflation usually changes
slowy, and the occasional |arge changes are often the result of
unf or ecast abl e shocks, such as OPEC price rises. Consequent |y,
backwar d-| ooking inflation forecasts are not nuch worse than
forecasts that use information optinally.

Thi s reasoni ng suggests that we can interpret backward-| ooking
expectations as a "near-rational rule of thunb" (Akerlof and
Yellen, 1985a). It is costly to gather and process the information
needed for fully rational inflation forecasts. Sonme large firns
pay these costs -- they hire economsts to build forecasting nodel s
and nonitor the Fed. For the |ocal pizza parlor, however, the
costs of these activities are larger than the gains frominproved
inflation forecasts. So the pizza parlor uses the inexpensive and
reasonably accurate rule of setting expected inflation equal to
past inflation. This justification for near-rational inflation
forecasting parallels justifications for near-rational behavior in
price adjustment (Akerlof and Yellen, 1985b) and in consunption
(Cochrane, 1989).

The enmpirical results bel ow support the view that backward-
| ooki ng expectations are near-rational in the current regine. If

one forecasts inflation to equal past inflation, the forecast error



Is sinply the change in inflation. For annual data on the CDP
deflator from 1960-99, the standard deviation of inflation changes
Is 1.16 percentage points. |f one forecasts inflation over 1960-99
wWith a vector autoregression including output, inflation, and a
short-terminterest rate, the standard error of the forecasts is
0.84 percentage points. Thus a substantial increase in the
sophi stication of forecasts reduces the typical error by only a few
tenths of a percentage point. This inprovenent gives firns little
I ncentive to abandon backward-| ooki ng expectati ons.

C. The Lucas Critique

Alimtation of the preceding argunent is that it relies on a
feature of the econony -- the persistence of inflation -- that
arises in a particular nonetary reginme. In other possible regines,
inflation would not be persistent, and so backward-I|ooking
expectations would be far from rational. For exanple, if the
Federal Reserve adopted a strict price-level target, inflation
woul d have negative serial correlation, because policy would
reverse deviations from the target. In such a reginme, the
expectation that inflation will equal past inflation would be
obvi ously unreasonabl e, and would produce |arge forecast errors.
Firme wth backward-Iooking expectations would have strong
I ncentives to change their behavior.

This idea is nore than a theoretical possibility. The
inflation persistence in the postwar United States does not extend

to earlier historical periods. In particular, the serial



correlation of inflation in the decades before 1914 is close to
zero (Barsky, 1987). As docunented below, this fact inplies that
backwar d- | ooki ng expectati ons produce |arge forecast errors for
that period. The pre-1914 behavi or of expectations is likely to
differ fromits recent behavior, leading to different inflation
dynam cs. This idea is supported by evidence that pre-1914
Phillips curves have snaller coefficients on |agged inflation than
postwar Phillips curves (Gordon, 1980; Al ogoskoufis and Smth,
1991).

Because of the Lucas Critique, it is dangerous to assune
backwar d- | ooki ng expectations when conparing different nonetary
regi nes. The usual response to this problemis to assune rationa
expectations -- but in nodels of inflation dynamcs, this
assunption produces unrealistic predictions about the current
reginme. We need a new nodel of expectations that fits the current

period and al so makes pl ausi bl e predicti ons about other regines.

[11. OPTIMAL UNI VARI ATE EXPECTATI ONS
What is the right near-rational nodel of expectations? There
Is inevitably sone arbitrariness in answering this question. Part

of the appeal of rational expectations is that it has an

unanbi guous definition. When one relaxes this assunption,
rationality can fail in many ways -- agents can ignore various
pi eces of information, or nake various systematic errors. (To

par aphrase Tol stoy, all rational nodels are rational in the sane



way, but every non-rational nodel is non-rational in a different
way.) One can inmagine a deep theory of information gathering and
processing that predicts deviations fromrationality, but research
inthis areais inits infancy (e.g. Sargent, 1993). The best one
can do at present is to propose plausible but ad hoc types of
behavi or and see whether they fit the data.'

Thi s paper exam nes one type of near-rational behavior. I
assune that agents predicting inflation make optimal univariate
f orecasts. The deviation from rationality is the fact that
forecasts are univariate: agents ignore relevant variables such as
output and interest rates. Aside fromthis l[imtation, agents’
forecasts are optimal: they use inflation data as best they can.
Met aphorically, one can 1imagine firms who use Box-Jenkins
techni ques to select an ARI MA nodel for inflation, but who do not
go to the added trouble of using nmultivariate techniques.

The justification for this behavior is the same as the earlier
justification for backward-1ooking expectations: uni vari ate
forecasting is a near-rational rule of thunb. It econom zes on
i nformati on costs because it requires examning only a single,
obvious variable, and it produces forecast errors only nodestly
| arger than fully rational expectations. Here, however, the

justification is not specific to a particular nonetary regine. In

'As Sargent puts it, "when we wi thdraw the assunption of a comonly
under st ood environnent, we have to replace it with sonething, and

there are so many plausible possibilities. Ironically, when we
econom sts nake the people in our nodels nore "bounded" in their
rationality...we nmust be smarter...." (p. 2).

9



ny nodel, expectations adjust to changes in the wunivariate
inflation process, allowwng them to remain near-rational. In
particular, | show bel ow that univariate expectations are close to
rational in both the post-1960 and pre-1914 peri ods.

My nodel of expectations has many antecedents. |In the early
days of rational expectations, Sargent (1973) and MCal |l um (1976)
di scussed the idea that expectations m ght be based on univariate
forecasts, calling this nodel "partly rational expectations."
McCal | um suggests that lagged inflation rates are the variabl es
"most likely to be considered by market participants” in
forecasting inflation. More recently, applied researchers such as
Staiger et al. (1997) use univariate forecasts as proxies for
expected inflation when estimating Phillips curves.

At a broader level, | follow a nunber of authors who seek to
explain inflation behavior with deviations fromrationality. For
exanple, "bounded rationality" is central to Sargent’s recent
interpretation of US. inflation history (although Sargent
enphasi zes bounded rationality on the part of policymakers rather
than private agents). Lucas’'s (1973) nodel of the Phillips curve

Is another inspiration for nmy work, although Lucas calls the

friction in his nodel "inperfect information"” rather than near-
rationality. In both Lucas's nodel and m ne, agents ignore certain
observabl e variables -- in his case, they ignore the price level in
estimating relative prices -- but they use the information they do

10



collect optimally. Thus ny nodel builds on a theme that is conmon
to such diverse researchers as Lucas, Sargent, and Akerl of-Yellen
Since ny nodel is just one kind of near-rational expectations,
future research should explore others. One can inmagine
expectations that are closer to full rationality; for exanple,
agents mght use data on output as well as inflation to forecast
future inflation, while still ignoring interest rates. O
expectations could be farther fromrationality;, agents m ght use
AR-1 nodels of inflation rather than optiml AR MA nodels. A
generalization of my nodel mght include a mxture of fully-
rational and |ess-than-rational agents, follow ng Roberts (1997)
and others. Future work can ask which variation on near-

rational ity best captures the behavior of inflation.

I V. EXPECTATIONS I N TWO MONETARY REG MES

In Sections VI and VII below, | test nmacroeconom c nodels with
uni vari ate expectations in two historical periods. As prelimnary
steps, this section describes the two periods and presents evi dence
on what kinds of expectations are near-rational in each of them

A. The Two Peri ods

The first period | examne is the current reginme of highly
persistent inflation, which | date from 1960 through the present
(ny data end in 1999). Sone authors consider the entire period
since Wrld War 11, but Barsky (1987) finds that strong inflation

persi stence energed only around 1960. For the post-1960 peri od,
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Barsky and others find that the process for inflation has a unit
r oot . A comon interpretation is that policy has acconodated
shocks to inflation, |eading the shocks to have pernmanent effects.

For annual data on the CGDP deflator, an augnented D ckey-

Ful ler test confirns the finding of a unit root in inflation over

1960- 1999. Therefore, | construct inflation forecasts with a
stationary nodel for the change in inflation (An). For annua
data, | assume that the wunivariate behavior of Axr can be

approxi mated by an AR-2 process. Table | reports OLS estinmates of
the AR coefficients. Both coefficients are statistically
significant but nodest in size. The small coefficients confirm
that inflation is fairly close to a pure random wal k.

The other period | examne is the gold-standard era from 1879
through 1914. Friedman and Schwartz (1963) argue that there were
I mportant reginme shifts in 1879, when the U S returned to the gold
standard, and in 1914, when the Federal Reserve was established. As
di scussed above, previous work finds that inflation was close to
white noise during this period -- the price |level was close to a
random wal k. Shocks such as gol d discoveries and shifts in noney
demand produced one-tinme changes in the price |evel.

| reexam ne the inflation process for 1879-1914 using the two
| eadi ng series for the output deflator, those of Bal ke and Gordon

(1989) and Roner (1989). For each series, Table | reports

e nodel for AT Thi s nmeans |
e level of inflation.

’] do not include a constant
assune no determnistic drift

=

in t
int
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estimates of AR-2 nodels for the level of inflation. Al the
coefficients are small and statistically insignificant, confirmng
that inflation was close to white noise. The constant in the
equation is also close to zero, inplying that the univariate
forecast of inflation is close to zero in all years.

In the enpirical work below, | assume that the periods 1960-99
and 1879-1914 are stable nonetary regines, and that price setters
know the wunivariate inflation process in each period. The
assunption of stable reginmes appears reasonable. Sonme aut hors
suggest that there were reginme shifts in 1979 (the Vol cker
appoi ntment and change in operating procedures) or 1986 (when
Taylor’s (1993) interest-rate rule begins to fit the data).
However, Chow tests based on these dates fail to reject a stable
i nflation process over 1960-1999 (p=0.20 for 1979 and p=0.77 for
1986) .

Even if the inflation process is stable, it is questionable to
assune that agents know the process throughout the reginme. This
assunption is weaker than the wusual rational-expectations
hypot hesis, in which agents know the entire structure of the
econony. However, as stressed by Sargent (1999), agents are not
endowed wth a priori know edge of inflation behavior. |Instead,
they nmust learn about it over tine, perhaps by reestimating the
inflation process as new data arrive. Future work should conbi ne
this idea about learning with ny idea of Iimted information sets.

One coul d assune, for exanple, that expectations are determ ned by

13



real -time estimates of the univariate inflation process rather than
the true process.

B. What Expectations Are Near-Rational ?

| argue above that optinmal univariate forecasts are a near-
rational form of expectations in many nonetary regines. In
contrast, backward-| ooking expectations are near-rational only if
inflation is highly persistent. Here | confirm these ideas by
conputing forecast errors for various kinds of expectations.

As a benchmark, | first conpute errors based on optinal

mul tivariate forecasts. For both the pre-1914 and post-1960

periods, | forecast annual inflation based on |ags of inflation
output, and a short-term interest rate. Qutput is defined as
detrended real GNP (for the early period) or GDP (for the later
period); the trend is neasured by the Hodrick-Prescott filter with
snoot hi ng paraneter 1000. Inflation is the percentage change in
the GNP or GDP deflator. For the early period, output and
inflation data are taken from both Romer and Bal ke- Gordon. The
interest rate for the later period is the Treasury bill rate; for
the early period it is the comrercial paper rate from the NBER
Macro Hi story Dat abase.

As di scussed above, inflation appears to be non-stationary for
t he post-1960 period. Follow ng Roberts (1998), | assune that the
nomnal interest rate is also non-stationary, and that the rea

interest rate, r=i-mn, is stationary. (Equivalently, i and = are

cointegrated). For the post-1960 period, | forecast inflation by

14



regressing the change in inflation on lags of the stationary

variables y, Amn, and r. For the pre-1914 period, | regress

inflation ony, =n, and i. For each period, | include two |ags of

all variabl es.

Table Il presents the standard errors of these nultivariate
forecasting equations. For the post-1960 period, the standard
error is 0.84. For the pre-1914 period, the standard error is 2.10
for the Bal ke-Gordon data and 3.26 for the Romer data, reflecting
greater inflation variability in the earlier period.

Table 11 also reproduces the standard errors of optimnal
uni variate forecasts from Table |I. These exceed the errors from
mul tivariate forecasts by only a few tenths of a percentage point:
the increase is 0.25 percentage points in the post-1960 period, and
0.30 and 0.15 for the two pre-1914 data sets. Note that output and
interest rates usually do make some contribution to forecasting
inflation: in the nultivariate equations, these variables are
jointly significant for the post-1960 data (p<0.01) and for the
Bal ke- Gordon version of the pre-1914 data (p=0.02). But the size
of the forecast inprovenents fromaddi ng these variables is nodest,
making it plausible that near-rational agents would ignore them

Finally, Table Il presents standard errors for backward-

| ooki ng expectations, m'=mn_,. As discussed in Section Il, these are

not nuch larger than nultivariate forecast errors for the post-1960
period. But in the pre-1914 period, errors for backward-I| ooking

expectations exceed errors for nultivariate forecasts by 1.02
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percentage points in the Bal ke-Gordon data and 1.36 points in the
Roner data. These increases in standard errors are nuch |arger
than the increases fromusing univariate forecasts. These findings
confirmthat backward-| ooki ng expectations are far fromrational in

t he pre-1914 peri od.

V. MODELS OF PRI CE SETTI NG

This section describes two nodels of price adjustnment, which
go on to test under alternative assunptions about expectations.
Both nodels are based on the canonical macroecononm ¢ nodel of
I nperfect conpetition (Roner, 1996, ch. 6), but they differ in the
timng of price changes. The first nodel follows Taylor (1979): |
assune that each firm sets its price for two periods, and that
adjustnment is staggered across firnms. In the second nodel, each
firm adjusts its price every period. In this case, nom nal
rigidity arises because sone firns set prices before observing the
current state.

The nodel wth staggered adjustnent has the advantage that
much recent research uses simlar nodels; thus ny tests of this
nodel are directly conparable to previous work. For ny purposes,
however, the nodel with staggering also has a nmmjor drawback:
estimating it requires data at greater than an annual frequency.
The reason, as detailed below, is that a plausible calibration sets
a period in the nodel equal to half a year. Unfortunately, only

annual data on output are available for the pre-1914 period. |
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therefore use ny second price-adjustnment nodel, which requires only
annual data, to conpare the pre-1914 and post-1960 peri ods.
A. The Mbdel with Staggered Adjustnent

The econony contains a | arge nunber of inperfectly conpetitive

firms. Each firms desired price in period t is given by
(1) o= Pt VY v>0

where p* is the desired nomnal price, p is the aggregate price
level, and y is aggregate output (all variables are in |ogs).
Equation (1) can be derived from profit-maxi mzation when firns
have isoelastic cost and demand functions (Roner, ch. 6).
Intuitively, arise in output shifts out each firnml s demand curve,
raising its desired relative price.

In this version of the nodel, a firmsets a fixed price for
two periods. Let x, denote the price set by firns in periodt for t
and t+1. This price is chosen after firns observe the state of the
econony at t. Followi ng Taylor (1979) and Roberts (1995), firns
set x, equal to the average of expected optinmal prices at t and t+1:

(2) X = %(pf + Ep)

where E denotes firns' expectations at tinme t. Note that E nmay or
may not equal a mathematical expectation, dependi ng on whether we
assune rational expectations.

Price setting is staggered, wth equal nunbers of firns
adj usting each period. Thus the price level p, is the average of x,
and x,

(3) P = %(Xt + %)

17



As shown by Roberts (1995), equations (1)-(3) and al gebra yield an

equation for inflation, m = p, - p,.,:

1

Vv
(4) mo= E(E[ml + E,nq) + E(yt + EYy * Y tELY) * €,

where | add an error g to capture inflation shocks not explained by

the nodel. | assune that € 1is serially wuncorrelated and

:
uncorrelated with vy,.

Equation (4) is one version of the popular "New Keynesian
Phillips curve." According to the equation, inflation depends on
expected inflation in the current and future periods, and on out put
ternms. The enpirical work bel ow exam nes the performance of this
equation.’®

B. The Model with Prices Set for One Period

In the second nodel of price adjustnent, firns’ desired prices
are again given by equation (1). Each firm sets its price one

period at a tine. A fraction w of firns, the "sticky-price"

*Equation (4) is simlar to equation (8) in Roberts (1995).
Roberts, however, wites the equation differently. He replaces the
termE m with m + u, where u, is an expectational error (u, = E 1
- 7). Mking this substitution and rearranging |eads to

(4) m=Em, +v(y+EBy.ty,+tEy) +2g +u .
Here, the only inflation expectation that appears explicitly is
Em, - the Phillips curve appears to be fully "forward-|ooking."

But E_ it enters the equation through the error u,. (This result
depends on Taylor’s assunption of fixed intervals between price
adj ust nent s. As shown by Roberts, Calvo s assunption of random
adj ustments produces a version of (4°) without the u term)

18



sector, nust set prices one period in advance. They set their
prices equal to the expected optimal price:

(5) PP = Eap
The other firnms, the "flexible-price" sector, set prices after
observing the current state. Their prices are

(6) pl = B
I include the flexible-price sector to allow output to have sone
effect on inflation within a period.

The aggregate price level is a weighted average of p° and p":

(7) P = wpS + @1-w)p

This equation and (1), (5), and (6) lead to

1-w)v
(8) pt = Et—l pt + VEt—lyt + ( W) yt

Subtracting p,, fromeach side yields another Phillips curve:

(9) mo= ELm o+ VELY, + (L= wv

Yo v &
where | again add an error ¢. This equation is simlar in spirit

to the earlier Phillips curve: inflation depends on expected
inflation and output terns. However, the dynamc structure is

sinpl er than before.

VI. TESTING THE MODEL W TH STAGGERI NG

The rest of this paper exam nes the enpirical performnce of
ny sticky-price nodels under rational expectations, backward-
| ooki ng expectations, and optinmal univariate expectations. In this
section, | enbed these expectational assunptions in the nodel wth

staggered price adjustnent.
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In calibrating the nodel, a key paraneter is the frequency of
price adjustnent. Fol | owi ng Fuhrer-More and Roberts, | assune
that each firm adjusts once per year. This assunption is
consistent with the finding that the nedian U S. firm adjusts at
this frequency (Blinder et al., 1998). Since a firmin the
staggeri ng nodel adjusts every two periods, annual adjustnment neans
a period is interpreted as half a year. | therefore estimte the
nodel with sem -annual data, which are available only for the post-
1960 period.*

A. The Mbdel with Rational Expectations

A nunber of previous authors test ny nodel of staggered price
adjustnment (or simlar nodels) under the assunption of rationa
expectations. These tests usually produce strong rejections (e.g.
Estrella and Fuhrer, 1998; Mankiw, 2000). Gali and Gertler (1999)
present an especially sinple denonstration of the nodel’s failure.
They estimate the nodel’s Phillips curve, equation (4), and obtain
a negative coefficient on the output term this result contradicts
t he underlying theory. Here | assune rational expectations and
replicate Gali and Gertler’'s negative result. This exercise
provides a benchmark when | exam ne the nodel’s performance with

ot her ki nds of expectations.

‘“In this section, the inflation and interest rate variables are the
sem - annual anal ogues of the variables defined in Section IV. To
obtain the output gap, | detrend quarterly output with the HP

filter (A=16,000) and then aggregate the quarterly gap series.
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To estimate equation (4), | first replace all expected
variables with actual variables plus expectational errors. This
yi el ds

1

V
(10) m = §(7Tt+1 +m) + E(yt_l + 2y, + V)t E FU F UL,

where u, is an expectational error (u = (1/2) (E m-m) +(v/2) (E.y, -

y.)). Note there are two expectational errors, u, and u because

oy
equation (4) includes expectations of variables at t and t+1.
Equation (10) sinplifies to
(11) o=, = V(Y t 2y V) f2(5 + U+ Uy

The paraneter v in (11) can be estimated by instrunental
variables. As instrunents, | use the output gap, the change in
inflation, and the real interest rate fromt-1 through t-4. Under
rational expectations, these |agged variables are uncorrelated with

t he expectational errors u, and u They are also uncorrel ated

t410
with the white-noise error ¢ in the underlying inflation equation
The instrunmental variables estimate of v is -0.049, wth a
Newey- West standard error of 0.016. Thus the estimate is
significantly negative. Recall that v is the effect of output on
firms’ desired prices in equation (1). The nodel of nonopolistic
conpetition underlying (1) inplies that v is positive. Thus, |ike
Gli and Certler, | find that the estimate of v contradicts theory.
There is a straightforward explanation for the nodel’s

failure. For v>0, equation (11) gives a positive relation between
-1, and an average of output fromt-1 to t+1. -1, equals -Arm,,
so this nmeans a negative relation between output and the change in
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i nflation. In the data, however, there is a positive relation
bet ween out put and Am, -- the accelerationist Phillips curve. This

contradi ction between the nodel’s Phillips curve and the one in the
data produces the nodel’s rejection.

B. The Model with Optinal Univari ate Expectations

I now show that the nodel of staggered price adjustnent
perfornms better if rational expectations are replaced by optinal
uni vari ate expectations. As a first step, | reestinmate the nodel’s
Phillips curve, equation (4), and show that the paraneter v has the
correct sign.

In this version of the nodel, | replace the expected inflation
terms in equation (4) wth optimal wunivariate forecasts. For
consi stency, | assunme that output expectations are also given by

uni vari ate forecasts. Sem - annual inflation forecasts are

generated by an AR-4 nodel for Amwth coefficients p,..,p, output

forecasts are generated by an AR-4 with coefficients B,...,[,.
These assunptions determ ne the expectations in (4) in terns of the

AR paraneters and current and |agged variabl es. For exanple, ETm,,

equal s m+p (Am . .+...+p,(AM,,. Substituting expressions like this

into (4) |leads, after algebra, to
1 O@+p,)my + (mp+pg)m, +
1-p H- 0.+ P) s — PaThy ~ PuTE
v O0+B)y, + @+B,+B,) vy + 0, e
1-p, aﬂz +:33)yt—2 + (:83 +:34)Yt—3 + :34 Yiea O

(12) T -

t

O
|:| =
-5
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To estimate this equation, | first estinmate the AR processes
for Am and y and substitute the estimates of p's and s into

equation (12). Wth the AR coefficients replaced by nunbers, (12)

has a single paraneter, v. | can estimate v by ordinary |east
squares, since the error €is uncorrelated with output and its own

lags. The estimate of v is 0.058 with a standard error of 0.014.°
Thus, in contrast to the case of rational expectations, the
estimated v has the positive sign predicted by theory. To

under stand why, recall that inflation is close to a randomwal k in
the post-1960 period; thus, with univariate forecasts, E ,mm is
close to m,. Roberts and others have shown that replacing E i
with 1, helps staggered-price-setting nodels fit the data.
Specifically, if this substitution is nmade in equation (4), the
equation reduces to a positive relation between Am and output - the

Phillips curve that appears in the data.

5 The estimated paraneters substituted into equation (12) are
p,=0. 029, p,=0.049, p,=-0.084, p,=-0.099, B,=1.237, B,=-0.476, PB.,=-

0.114, and B,=0.068. In principle, ny use of generated coefficients
makes the OLS standard error for v invalid (Pagan, 1984). M
problem is sufficiently non-standard that it is difficult to
generate the correct standard error. However, Mnte Carlo evidence
suggests that the OLS standard error is close to correct in this
appl i cation. | generate artificial data that mmc the output-

inflation dynamcs in the true data using a VAR for y and Am and
bootstrap techniques. | create 50,000 artificial data sets, each
the sane size as the true data set (80 observations). For each
artificial sanple, | estimate v using nmy two-step procedure. The
standard deviation of the estimated v's across sanples is 0.015.
This bootstrap standard error is close to the OLS standard error of
0.014.
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Obtaining a coefficient estimate with the correct sign is
fairly weak confirmation of a nodel. | can, however, construct a
stronger test of the nodel’s quantitative inplications. To do so,
| first summarize the inflation-output interactions in the data by
estimating an unrestricted, at heoreti cal Phillips curve.
Specifically, | regress the change in inflation on four |ags of
itself, current output, and four |ags of output; then I transform
the results to obtain an equation for the level of inflation. The
first colum of Table 111 reports coefficient estimtes and

standard errors for this equation. (Once again, | estimate an
equation for Arm because inflation is non-stationary.)

In equation (12), noving the lagged-inflation terns to the
right side yields a restricted version of the atheoretical Phillips
curve. Once the estimated p's and B's are substituted in, the
coefficients on all the output and inflation | ags are determ ned by
one paraneter, V. The second columm of Table II1l gives the

coefficients that arise when v is set at its OLS estinate of 0.058.

To test the nodel, | test the hypothesis that all the coefficients
in the wunrestricted Phillips curve equal their values in the
restricted Phillips curve.®

An F-test fails to reject the equality of restricted and

unrestricted coefficients (p=0.66). Most inportant, Table 111

*This test treats the coefficients in the restricted equation as
constants; it ignores sanpling error in estimating these
coefficients. This appears to bias the test toward rejection of
the nodel’s restrictions. Nonetheless, the restrictions are not
rej ect ed.
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shows that the two sets of coefficients are close in econonmc
terms. In both cases, the first inflation |ag has a coefficient
near one and the | onger |ags have coefficients near zero. And in
both cases, there are positive coefficients on current output and
one or two output lags. The sum of output coefficients is 0.25 in
the unrestricted equation and 0.21 in the restricted equation. Thus
the Phillips curve derived fromthe nodel is consistent wth the
stylized facts.

C. The Model with Backward-Looki ng Expectati ons

The final version of the staggered-adjustnent nodel assunes
backwar d-| ooki ng expectations: E _,m=m_,. The results for this case

are simlar to the results for optinmal univariate expectations.
This reflects the fact that the two nodels of expectations are
nearly equival ent for the post-1960 peri od.

In equation (4), | substitute m, for E_m and m for Em,,. |
assunme that output expectations are also backward-Iooking and
substitute | agged output for expected output. Equation (4) reduces
to
(13) o= My = vy, +2y) + 26

The OLS estimate of the paranmeter v is 0.056 with a standard error

of 0.013.
Equation (13) is another restricted version of the
at heoretical Phillips curve. |In Table Ill, the third colum gives

the Phillips-curve coefficients inplied by (13) with v=0.056. Once

again, one cannot reject the hypothesis that the unrestricted
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coefficients equal the restricted coefficients. And once again, the
restricted and unrestricted equations tell the same econom c story.
I nfl ati on depends on | agged inflation with a coefficient near one
(or exactly one in colum (3)), and on output terns.

I would like to test the nodel wth backward-I|ooking
expect ati ons agai nst the nodel with optimal univariate forecasts.
However, this is not practically possible with post-1960 data,
because the nodels’ inplications are so simlar for this period. |
therefore turn to data for the period before 1914, when the two

ki nds of expectations differ greatly.

VI1. TESTING THE MODEL W TH ONE- PERI CD PRI CES

This section tests the second version of ny sticky-price
nodel, in which a firmadjusts its price every period. | again
assune that prices are adjusted once per year, which nmeans here
that a period is a year. | can therefore test the nodel for the
pre-1914 period, when only annual data are available, as well as
t he post-1960 peri od.

A. Rational Expectations

It is easy to see that the nodel with one-period prices is
rejected if one assune rational expectations. Paralleling the
analysis in the previous section, | start wth the nodel’s Phillips
curve, equation (9), and replace expected variables with actua
vari abl es plus expectational errors. This yields

\)
(14) 7Tt:n-t+v_vyt+£t+ut7
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where u = E . m - m + v(E_y, - vy,). The 1’ s cancel out, |eaving
Vv
(15) 0 = — Yt &ty
w

One can again estimate the output coefficient, v/w, by instrunental
variables. Since the left side of (15) is zero, the estimate is
obviously zero. This inplies v=0, which contradicts the nodel’s
assunption of v>0.

To see the problem nore intuitively, consider the nodel’s

i mplications when v>0. 1In this case, equation (9) gives a positive

relation between T1-E_,mm and actual and expected output. Thus
vari abl es that help forecast output also help forecast m-E_m. This

result contradicts rational expectations, which inplies that 1-E _ T
i s unforecastabl e.

These results depend, of course, on the nodel’s sinple timng
of price adjustnment. As shown earlier, the staggered-adjustnent
nodel with rational expectations produces an estimate of v which is
negative rather than zero. However, both a zero v and a negative v
violate theory. The failure of rational expectations is a robust
result, although the failure takes different forns in the two
price-setting nodels.

B. Optimal Univariate Expectations

Like the earlier nodel with staggering, the nodel with one-
period prices fits the data fairly well if one assunes optinal
uni vari ate expectations. | showthis is true for annual data from

both 1960- 1999 and 1879-1914.
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The Mbdel's Phillips Curve: Wth annual data, | use the

forecasting nodels for inflation in Table I: an AR-2 for Amin the

post-1960 period and an AR-2 for the level of mmin the pre-1914

period. In both periods | use an AR-2 for output to neasure out put
expectations. For each period, | substitute the forecasting nodel s
into equation (9) and obtain inflation in terns of |agged inflation
and current and lagged output. | omt these equations, which are
t he anal ogues of equation (12) for the nodel with staggering. Once
estimates of the AR coefficients are substituted in, there are two
free paranmeters, the coefficients on E_y, and y, in (9). In terns
of underlying paraneters, these coefficients equal v and (1-w)v/w

Table |I1VA presents OLS estimtes of the two output
coefficients for the 1960-1999 and 1879-1914 periods. For the post-
1960 period, the two coefficients are positive, and they are
jointly significant at the one percent level. The estinmates for
1879- 1914 are inprecise, especially for the Ronmer data, reflecting
the high inflation variability in the period. For both pre-1914
data sets, the y, coefficient is positive but the E )y, coefficient
IS negative, contradicting theory. However, the negative
coefficients are far from significant, and confidence intervals
i nclude |arge positive val ues. Thus the pre-1914 data neither

reject nor strongly support the nodel’s predictions about output

effects.
Again paralleling earlier analysis, |I test the restrictions
that the nodel places on an atheoretical Phillips curve. Table |IVB
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presents unrestricted Phillips curves and the Phillips curves
inplied by equation (9) wth wunivariate expectations. The
coefficients in (9) are set at the estimted values in Table | VA

For the post-1960 period, the unrestricted equation is once again

obt ai ned by estimating an equation for Am for the pre-1914 peri od,

| estimate an equation for mdirectly.

One cannot reject the hypothesis that the wunrestricted
coefficients equal the restricted coefficients for either 1960-1999
or 1879-1914 (the p-values are 0.3 and higher). In conparing the
restricted and unrestricted equations, the output coefficients are
not very informative, because they are estimated inprecisely. The
coefficients on inflation lags are nore interesting. For the post-
1960 data, the sum of these coefficients is close to one in both
the restricted and unrestricted equations (as found before wth
sem -annual data). For the pre-1914 data, the sum of coefficients
Is less than 0.3 in both equations. Thus the restricted and
unrestricted Phillips curves shift across tine in the sane way.

Previ ous papers such as Gordon (1980) and Al goskoufis-Smth
(1991) have pointed out the shift across regines in |agged-
inflation coefficients in unrestricted Phillips curves. As shown

bel ow, the success in capturing this shift is what distinguishes ny

nodel of uni vari ate expectati ons from backward-| ooking
expect ati ons. The reasons for the nodel’s behavior should be
clear. In the nodel, lagged inflation rates enter the Phillips

curve to the extent they influence univariate inflation forecasts.
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In going fromthe post-1960 to the pre-1914 period, the inflation
process becones | ess persistent, so |lagged inflation has smaller
effects on forecasts.

| pul se Response Functions: To illustrate the performance of

the nodel, | borrow a technique from Fuhrer-More (1995) and
Roberts (1998): conparison of restricted and unrestricted inpul se
response functions. | first conbine the unrestricted Phillips
curve estimated above wth an equation for output in terns of
| agged output and |agged inflation. These two equations are a
vector autoregression in recursive form (contenporaneous output
affects inflation but not vice-versa). For each tine period, |
derive inpul se response functions fromthe VAR these sumarize the
output-inflation interactions to be expl ai ned.

| then replace the inflation equation in the VAR with the

Phillips curve from ny nodel -- equation (9) with expectations
given by wunivariate forecasts. | leave the output equation
unchanged. The resulting system yields inpulse responses that

enbody the nodel’s restrictions on inflation behavior.

This exercise requires values for the coefficients ony, and E.
Y, in equation (9). For the post-1960 period, | use the point
estimates in Table I VA. For the pre-1914 period, recall that the
E_,y, coefficient is negative, violating theory, but highly
insignificant. For this period, | set the E_y, coefficient to zero

(the lower bound of its theoretical range) and reestimte the
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coefficient on y,. The new y, coefficient is 0.26 for the Roner
data and 0. 11 for Bal ke- Gordon.’

Figure 1 shows the inpulse responses of inflation to output
and inflation shocks for the post-1960 and two pre-1914 data sets.
The solid lines in the graphs are responses derived from the
unrestricted VAR and the dashed lines are restricted responses.
The graphs also show 95% confidence bands for the unrestricted
responses, derived by bootstrap nethods. The central nessage of
the Figure is that the restricted and unrestricted responses are
simlar. |In particular, the restricted responses al nost always lie
within the confidence intervals for the unrestricted responses.’

Recal | that pre-1914 Phillips curves have |ower coefficients
on |lagged inflation than post-1960 Phillips curves. This difference
Is reflected in the persistence of inflation responses in Figure 1.
In both periods, inflation initially rises after an output or
inflation shock. In the post-1960 period, inflation renmains high
permanently (al though, for inflation shocks, the I ong-run response
Is smaller than the initial response). In the early period, by
contrast, the effects of shocks die out quickly. Agai n, these
results arise for both restricted and wunrestricted inpulse

responses.

"1 have also experinented with other coefficient values. \%Y%
qualitative results are robust for w de ranges of values, as |ong
as the coefficients on both y and E _,y, are non-negati ve.

°l have al so conputed responses of output to output and inflation
shocks. The restricted and unrestricted responses are very cl ose,
reflecting the fact that the nodel does not restrict the output
equation in the VAR
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C. Backwar d- Looki ng Expectati ons

Finally, | examne the nodel with one-period prices under
backwar d- | ooki ng expectations. This specification fits the post-

1960 data, but it is strongly rejected for the pre-1914 peri od.

Wth backward-| ooki ng expectations, | substitute i, for E m
and y,, for E_y, in equation (9). | then estinmate the equation’'s
two coefficients by OLS. Table VA presents the coefficient

estimates, which are simlar to those for the univariate-
expect ati ons case.

Again paralleling earlier analysis, Table VB conpares the
Phillips curve derived fromthe nodel to an unrestricted Phillips
curve. The results differ sharply across tine periods. The
hypot hesis that the unrestricted coefficients equal the restricted
coefficients is not rejected for the post-1960 period, but it is
rejected at the 99% | evel for both of the pre-1914 data sets.

These results are explained by the coefficients on | agged
inflation in the Phillips curves. Under backwar d-| ooki ng
expectations, the first inflation | ag al ways has a coefficient of
one in the restricted equation. The unrestricted Phillips curve is
consistent with this result for the post-1960 period, but, as
di scussed before, the pre-1914 coefficient is nuch | ess than one.
The wunrestricted Phillips curve shifts in a way that is not
captured by the backward-I ooki ng nodel .

Paralleling Figure 1, Figure 2 conpares unrestricted inpulse

responses for inflation to restricted responses, derived as before
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by replacing the VAR inflation equation with the nodel’s Phillips
curve. The Figure confirnms the nodel’s failure for the pre-1914
period: for both the Roner and the Balke-CGordon data, the
restricted inpul se responses travel far away fromthe unrestricted
responses. Specifically, the wunrestricted responses die out
qui ckly but the restricted responses do not. The backward-| ooki ng
nodel inposes inflation persistence that does not exist in the pre-

1914 data.’

VII1. CONCLUSI ON

This paper proposes a near-rational nodel of expectations:
agents make optimal univariate forecasts of inflation and out put.
Thi s assunption hel ps to explain the behavior of U S inflation in
two different periods, 1960-99 and 1879-1914. In contrast, neither
fully rational expectations nor backward-I|ooking expectations fits
bot h peri ods.

My nodel of expectations neets Lucas’s (1976) criterion for
reliable policy analysis: it holds across different nonetary
regi mes. In future work, | wll apply the nodel to normative
questions about nonetary policy, such as the choice of an
Instrunment or target rule. This analysis wll account for shifts

I n expectations as new policies change the univariate behavi or of

® To derive the restricted inpulse responses for the pre-1914
period, | again set the coefficient on E_y, to zero in equation (9)
and reestimate the coefficient on y. The new y, coefficient is
0.17 for the Roner data and 0.08 for Bal ke- Gordon.
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output and inflation. | hope this approach yields nore credible
results than policy analysis based on fully rational expectations
(e.g. McCallum and Nel son, 1999) or backward-| ooki ng expectations
(e.g. Ball, 1999).
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Table 1: Univariate Models of Inflation

1960-1999
Dependent Vbl: Dp

1879-1914 (Balke-Gordon)
Dependent Vbl: p,

1879-1914 (Romer)
Dependent Vbl: p,

(OP)t1 0.311
(0.152)
(OP)t.2 -0.333
(0.151)
S.E.E. 1.088

constant 0.235
(0.400)

Pt1 0.194
(0.160)

P2 -0.043
(0.160)

S.E.E. 2.398

0.497
(0.572)

0.070
(0.162)

0.145
(0.159)

3.413

(Standard errors are in parentheses.)



Table 2: Standard Errors of Inflation Forecasts

1960-1999 1879-1914 1879-1914
Balke-Gordon Romer
Multivariate 0.837 2.097 3.261
Univariate 1.088 2.398 3.413

Backward-Looking 1.158 3.112 4.623




Table 3: Alternative Phillips Curves - Semi-Annual Data, 1960-1999
(Dependent Vbl: p )

Unrestricted Optimal Univariate Backward-Looking
Expectations Expectations

Pt1 0.821 1.080 1
(0.118)

P2 0.123 -0.116 0
(0.152)

Pt3 -0.051 -0.152 0
(0.149)

Pta 0.009 0.087 0
(0.148)

Ps 0.097 0.102 0
(0.111)

Vi 0.166 0.134 0.112
(0.104)

Y1 0.037 0.106 0.112
(0.164)

Y2 0.095 -0.035 0
(0.147)

Y3 -0.001 -0.003 0
(0.131)

Yta -0.045 0.004 0
(0.091)

(Standard errors are in parentheses.)



Table 4: The Model with One-Period Prices: Univariate Expectations

(Annual Data)

Part A: Coefficient Estimates

1960-1999 1879-1914 1879-1914
Balke-Gordon Romer
Vi 0.125 0.146 0.416
(0.081) (0.092) (0.202)
Eu Yt 0.237 -0.101 -0.348
(0.118) (0.159) (0.297)
(Standard errors are in parentheses.)
Part B: Phillips Curves
1960-1999 1879-1914 1879-1914
Balke-Gordon Romer
Unrestricted Restricted Unrestricted Restricted Unrestricted Restricted
constant 0 0 0.179 0.235 0.506 0.497
(0.366) (0.555)
Pt1 0.985 1.311 0.176 0.194 0.055 0.070
(0.158) (0.157) (0.165)
Pt2 -0.323 -0.644 0.104 -0.043 0.225 0.145
(0.204) (0.157) (0.161)
Pt3 0.338 0.333 0 0 0 0
(0.146)
Vi 0.089 0.125 0.143 0.146 0.418 0.416
(0.083) (0.089) (0.209)
Yt 0.269 0.193 0.149 -0.053 -0.050 -0.260
(0.104) (0.115) (0.286)
Yt2 0.005 -0.059 -0.285 -0.010 -0.308 0.026
(0.088) (0.101) (0.234)

(Standard errors are in parentheses.)



Table 5: The Model with One-Period Prices: Backward-Looking Expectations

(Annual Data)

Part A: Coefficient Estimates

1960-1999 1879-1914 1879-1914
Balke-Gordon Romer
Vi 0.146 0.204 0.560
(0.081) (0.122) (0.283)
Ei1Vy 0.200 -0.222 -0.588
(0.082) (0.125) (0.291)
(Standard errors are in parentheses.)
Part B: Phillips Curves
1960-1999 1879-1914 1879-1914
Balke-Gordon Romer

Unrestricted Restricted

Unrestricted Restricted

Unrestricted Restricted

constant 0 0 0.179
(0.366)
Pt 0.985 1 0.176
(0.158) (0.157)
P2 -0.323 0 0.104
(0.204) (0.157)
Pts 0.338 0 0
(0.146)
Vi 0.089 0.146 0.143
(0.083) (0.089)
Y1 0.269 0.200 0.149
(0.104) (0.115)
Yit2 0.005 0 -0.285
(0.088) (0.101)

0.204

-0.222

0.506 0
(0.555)
0.055 1
(0.165)
0.225 0
(0.161)

0 0
0.418 0.560
(0.209)
-0.050 -0.588
(0.286)
-0.308 0
(0.234)

(Standard errors are in parentheses.)



Figure 1: Impulse Response Functions — Optimal Univariate Expectations
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Figure 2: Impulse Response Functions — Backward-Looking Expectations
(Annual Data)
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