Modeling Inflation After the Crisis

James H. Stock and Mark W. Watson

L. Introduction

The past five decades have seen tremendous changes in inflation
dynamics in the United States. Some of the changes arguably stem
from transformations in the U.S. economy. Energy is a smaller share
of expenditures than it was during the oil price shocks of the 1970s,
labor union membership has declined sharply over the past 40 years,
and there has been a shift from production of goods to production of
services. Monetary policy, too, has undergone dramatic transforma-
tions: The stance against inflation has become more aggressive, there
have been discussions of formal or informal inflation targets, and
there has been a recognition of the importance of expectations—and
of expectations management—in determining the path of inflation.

These changes have created major headaches for inflation forecasters.
Research over the past decade has documented considerable instability
in inflation forecasting models, see, for example, Cogley and Sargent
(2002, 2005), Cogley, Primiceri and Sargent (2010), Levin and Piger
(2004), and Stock and Watson (2007); the literature on this instability
is surveyed in Stock and Watson (2009). Given this instability, infla-
tion forecasters have a dearth of reliable multivariate models for forecast-
ing inflation. In fact, it is exceedingly difficult to improve systematically

The complete set of charts from this paper can be found at: http://www.economics.harvard.
edu/faculty/stock/files/w16488_rev.pdf:
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upon simple univariate forecasting models, such as the Atkeson-Ohanian
(2001) random walk model (although that model seems to have broken
down in the 2000s) or the time-varying unobserved components model
in Stock and Watson (2007).

Yet this picture of the instability and unreliability of multivariate
forecasting models conflicts with the broad historical regularity that
the major postwar U.S. disinflations have all occurred during or just
following recessions. Chart 1 plots the paths of the unemployment
rate and the four-quarter rate of inflation' (%) in the core personal
consumption expenditure (PCE) price index over the eight National
Bureau of Economic Research (NBER)-dated recessions from 1960
to 2010. Because the 1980Q1 recession was only six quarters peak-
to-peak, Chart 1 combines the 1980Q1 and 1981Q3 recessions
into a single episode, so the eight recessions and their aftermath are
presented as seven recessionary episodes. The plotted series are devi-
ated from their values at the date of the NBER peak. For example,
in the recession beginning in 1960Q2, the unemployment rate rose
from 5.2 percent in 1960Q2 to 7.0 four quarters later (1961Q2),
an increase of 1.8 percentage points. Over those four quarters, the
four-quarter rate of core PCE inflation fell from 1.9% to 1.2%, a
decline of 0.7 percentage points; these changes, relative to 1960Q2,
are plotted in the first panel of Chart 1. In five of the seven recession-
ary episodes since 1960, inflation fell through the date at which the
unemployment rate reached its peak, and then either plateaued or
continued to fall for at least several more quarters. The most notable
exception is the 1973Q4 recession, which was accompanied by sharp
oil price increases and, as discussed below, much higher oil price pass-
through to core than is currently observed.

One way to see the commonality among these episodes is to su-
perimpose the panels of Chart 1. This is done in Chart 2, where the
data for each episode have been scaled so that the unemployment
rate increases by one unit between the NBER peak (time 0) and the
unemployment peak (time 1).> Chart 2 also plots the mean of these
scaled unemployment and inflation rates, along with one-standard
error bands. The 1973Q4 recession is omitted from Chart 2—but
not from our econometrics—because of the atypical sequence of
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Chart 1
U.S. Rates of Unemployment and Inflation in
All post-1960 Recessions.
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energy price increases through the first six months of the recession.
Averaged over the six episodes in Chart 2, by the time that the un-
employment rate peaks, the four-quarter rate of core PCE inflation
has fallen by 0.37 percentage points (standard error = 0.13) for each
percentage point rise in the unemployment rate. By the time that
the episode is 50 percent beyond the peak unemployment rate (that
is, at time scale 1.5 in Chart 2), the four-quarter rate of core PCE
has fallen by 0.59 percentage points (SE = 0.23) for each percentage
point peak increase in the rate of unemployment.

Two of the episodes in Chart 2 are of particular interest. The first
is 2001Q1. Inflation fell through the first 10 quarters of this episode:
by the second quarter of 2003, four-quarter core PCE inflation had
fallen to 1.5% and there was increasing concern about deflation (e.g.,
Bernanke [2003]). In 2004, however, inflation deviated from the his-
torical pattern by increasing. The second episode of interest is the
recession that began in 2007Q4. Based on currently available data,
the path of core PCE inflation in this episode is only slightly above
the post-1960 average. We return to both of these episodes below.

Chart 2 captures the essential empirical content of the Phillips
curve: Inflation declines during periods of economic weakness. On
average over these recessionary episodes, inflation at first falls slowly,
then more rapidly as the unemployment rate increases. At some point
after the unemployment rate peaks, the inflation rate stabilizes at a
lower level. With only six episodes, the standard errors are fairly large
and increase with the time after the NBER peak, so these dynamics
are estimated imprecisely.

The goal of this paper is to reconcile the apparent contradiction be-
tween the instability of Phillips curve forecasting models (and mul-
tivariate inflation forecasting models more generally) and the em-
pirical regularity in Chart 2. We do so by drawing upon four sets of
evidence. First, we provide nonparametric and parametric evidence
of a stable linear relationship between inflation and a new gap mea-
sure, which we term a recession gap. The unemployment recession
gap is the difference between the current unemployment rate and
the minimum unemployment rate over the current and previous 11
quarters. This new gap is designed to turn the empirical regularity
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in Chart 2 into a variable that can be used in a regression. Second,
we provide nonparametric evidence of nonlinearities in the relation
between four-quarter inflation and traditional unemployment and
output gap measures; this evidence is consistent with the nonlinear
parametric specification found by Barnes and Olivei (2003). Third,
we conduct a pseudo out-of-sample forecasting exercise using the
unemployment recession gap along with other activity measures, in-
cluding both parametric and nonparametric forecasts; we find that
simple linear models using the unemployment recession gap provide
episodic improvements over univariate forecasts of four-quarter in-
flation, where the forecasting improvements occur during economic
downturns. These episodic improvements are consistent with, but
sharper than, those noted in Stock and Watson (2009). Fourth, we
conduct a dynamic simulation of inflation using the recession gap
model and find a good match between the actual and predicted infla-

tion paths, given the unemployment path, over the five downturns
of Chart 2.

The econometrics in this paper consider a multivariate forecast-
ing model in which a candidate variable, say X, is used to predict
the forecast errors from a univariate forecast of inflation over the
next four quarters, T,, . The univariate model we adopt is the unob-
served components model of inflation proposed in Stock and Watson
(2007), in which the rate of inflation is represented as the sum of a
stochastic trend, T,, and a transitory component, where the volatility
of the two components varies over time. In this model, the forecast
of future inflation using date # information is the best estimate of
the trend at date 4 T, , so the forecast error for four-quarter ahead
inflation is nf+4—'cm. Cogley, Primiceri and Sargent (2010) refer to
the deviation of inflation from 7T, as the inflation gap, and like them
we focus on predictability of this gap. Specifically, the multivariate
forecasting models we consider have the form,

4 4
T =T, +YX+ e, (1)
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. . 4 .

where 7y, is an unknown coefhicient and €, is an error term, and
where the subscript/superscript “4” indicates that (1) applies to the
four-quarter inflation rate.

Our primary focus is on the unemployment recession gap as the
predictor variable x in (1). However, we also estimate (1) using oth-
er predictors x, in particular other measures of economic activity,
survey expectations of inflation, and measures of the money sup-
ply. The findings using other activity variables are consistent with
those using the unemployment recession gap: Activity variables pro-
vide episodic improvements over the univariate model, which are
sharpest if the activity variable is a recession gap. In contrast to the
findings in Ang, Bekaert, and Wei (2007), we find that, on average
over our sample period, augmenting activity variable forecasts with
survey measures of inflation expectations tends to make little differ-
ence, relative to using only the activity measure. Consistent with the
literature, monetary variables produce forecasts of inflation that are
less accurate out of sample than univariate forecasts, both on average
over the full sample and episodically.

Before turning to our analysis, we make several remarks about the
interpretation of our forecasting model and our results. First, the reces-
sion gap is not a standard gap measure, in the sense that it measures
only the severity and timing of economic contractions. This paper fo-
cuses on only one part of the Phillips curve—what happens during
downturns—and is silent about the behavior of inflation in booms.

Second, we think of the estimated trend in (1), T,, as capturing
long-term inflation expectations. The extent to which these expec-
tations, as captured by T,, are “anchored” or “resilient” is allowed
to change over time. We show in Section III that our trend mea-
sure closely tracks inflation expectations as reported by the Survey
of Professional Forecasters. In a sense, this should not be surpris-
ing: It is very difficult to beat univariate inflation forecasting mod-
els, and T, is computed from a competitive univariate forecasting
model that allows for time variation in the resilience of trend infla-
tion, so it makes sense that the forecasts from this model would line
up with professional forecasts. Because our trend is derived as a uni-
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variate long-run forecast, conceptually T, differs from private-sector
inflation expectations, although as a practical matter this difference
seems to be slight. Our interpretation of T, as long-term expected
inflation also accords with Cogley, Primiceri and Sargent’s (2010)
interpretation of T as the Fed’s perceived inflation target.

Third, our analysis focuses on backwards-looking models, in which
expectations are in effect estimated by a reduced-form time series
model. To the extent that T, captures inflationary expectations, (1) can
be thought of as a New Keynesian Phillips Curve in which observed
expectations are used for estimation. An alternative approach is to use
model-based expectations in conjunction with a New Keynesian Phil-
lips curve. Fuhrer and Olivei (2010) provide simulations using this
latter approach in the context of the current recession and those simu-
lations complement the forecasting approach in this paper.

There are several other recent papers related to ours. Liu and Rude-
busch (2010) provide different evidence that the behavior of infla-
tion in the current downturn is consistent with the historical U.S.
Phillips curve, and Meier (2010) provides international evidence that
recessions are associated with declines in inflation. Williams (2009)
provides Phillips-curve forecasts of the decline in inflation during
this recession, in which he emphasizes the importance of the substan-
tial increase in expectations anchoring in muting the disinflationary
pressures of the currently large gaps. Giannone, Lenza, Momferatou,
and Onorante (2010), using quite different methods, also provide
evidence of a Euro-zone Phillips curve during the current episode.

Section II of this paper shows that the pattern in Chart 2 also holds
for core CPI, the GDP price index, headline PCE, and headline CPI.
Section III presents our econometric analysis of using the unemploy-
ment recession gap and other unemployment rate gaps. Section IV
extends this analysis to other predictors. Section V discusses implica-
tions for the current recession, and Section VI concludes.

Data note: All the data used in this paper are quarterly from 1959Q1
—2010Q2. The values of monthly series are averaged over the quarter.
The data are the most recent revised data as of August 26, 2010. All
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Chart 3
U.S. Rates of Unemployment and Inflation in post-1960

Recessions: Other Price Indexes
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Unemployment rate (upper lines) and four-quarter rates of inflation (lower lines) over six U.S. recessions from 1960
to 2010, including the mean and + 1 standard error bands, for four price indexes. Construction and line schemes are
the same as in Chart 2.
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predictors X are constructed to be one-sided using revised data; we do
not consider issues raised by data revisions. Gaps and trend inflation
are computed using pre-1959 data for initial conditions when avail-
able. Except for Section II, we focus on inflation as measured by the
PCE price index less food and energy (core PCE) because it is meth-
odologically consistent and because it eliminates the noise from energy
price fluctuations, which have recently been very large (e.g., Hamilton
[2009]); results for other inflation measures can be computed using
the replication files that are available for this paper.

1I. Price Inflation During Recessions, 1960 — 2010: Other
Price Indexes

In addition to core PCE inflation, other measures of price inflation
also fall during periods of economic weakness. Chart 3 plots the re-
cession behavior of four-quarter inflation computed using four other
price indexes: core Consumer Price Index (CPI), the chain-weighted
GDP price index, the headline PCE price index, and the headline
CPL. The construction of Chart 3 is the same as Chart 2, except for
the price index used.

The pattern of inflation for the four price indexes in Chart 3 is
similar to that seen using core PCE in Chart 2. The magnitudes of
the decline in inflation depend on the price index. By the time that
the episode is 50% beyond the peak unemployment rate (a value
of 1.5 on the time scale in Chart 3), four-quarter core CPI infla-
tion has fallen by 0.83 percentage points (SE = 0.25), inflation mea-
sured by the GDP price index has fallen by 0.45 percentage points
(SE = 0.27), and headline PCE and headline CPI have respectively
declined by 0.74 (SE = 0.33) and 1.02 (SE = 0.33) percentage points.
The standard errors of the mean declines for headline inflation are
larger than for core because of movements in energy and food prices
that differ from one recession to the next. Nevertheless, the basic pat-
tern remains the same.’

Because the behavior of the four inflation measures in Chart 3
matches the overall pattern observed for core PCE inflation in Chart
2, for the rest of this paper we focus solely on core PCE inflation.



Modeling Inflation Afier the Crisis 183

II1. Price Inflation During Recessions, 1960 — 2010:
Econometrics

The graphical evidence of the previous section is suggestive but
informal, so we now turn to an econometric investigation of price
inflation during recessions. In this section, we continue to focus on
unemployment-based measures of activity. We begin with addition-
al details about our forecasting model (1), including our measure
of trend inflation, the implications of time variation in our trend
estimate for the long-run effect of a change in x.0n inflation, and un-
employment gaps including our new unemployment recession gap.
We then report the results of four complementary econometric in-
vestigations. First, we examine nonlinearities in the Phillips curve as
suggested by recent work by Barnes and Olivei (2003), Stock and
Watson (2009), and Fuhrer and Olivei (2010); we confirm that there
is evidence of Barnes-Olivei (2003) nonlinearities using a standard
gap measure, but not using the recession gap. Second, we estimate
parametric (linear) Phillips curve models and find that models with
the recession gaps exhibit less instability than models with conven-
tional gaps. Third, we conduct a pseudo out-of-sample forecasting
study that compares various unemployment-based forecasts; all the
unemployment gap measures exhibit the “episodic” improvements
(during recessions) discussed in Stock and Watson (2009), but those
improvements are sharpest for the recession gap measure. Finally, we
conduct a dynamic simulation using a full-sample, one-quarter ahead
forecasting model based on the recession gap and find that, given the
unemployment path, the predicted inflation path matches the actual
path of inflation in each of the six episodes plotted in Chart 2. This
model contains only two estimated coefficients, a time-varying mov-
ing average parameter and a single (stable) short-run Phillips curve
slope coefficient. Thus this model provides a parsimonious paramet-
ric summary of Chart 2.

III.A. Measures of Trend Inflation and Real-Time Gaps

Trend inflation. Implementation of (1) as a forecasting equation re-
quires a measure of trend inflation computed using contemporaneous
and past, but not future, data—that is, a one-sided measure of trend
inflation. The trend measure we use here is derived from the univariate
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Chart 4
UCSV Model of Core PCE Inflation: Estimated Time-Varying
Standard Deviations of the Trend and Transitory
Components (panels (a) and (b)) and the Implied
Time-Varying Moving Average Coeflicient.
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Chart 5
The Estimated Trend in Core PCE (Trp) and the Five-year Ahead
Median Inflation Forecast From the
Survey of Professional Forecasters
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time series model of inflation developed in Stock and Watson (2007),
in which the rate of inflation is represented as the sum of two unob-
served components, a trend T and a transitory disturbance n, where
the variances of these two disturbances can change over time:

T=1+m, En=0,varm)= G, )

T =1_+¢e, Ee =0, var(e )= 0,,, cov(n ,£ ) =0. (3)

The time-varying variances are modeled as evolving as random
walks in logarithms. This so-called unobserved components-stochas-
tic volatility (UC-SV) model is estimated using nonlinear filtering
methods, for details see Stock and Watson (2007). The estimate of
trend inflation (t,) which we use to estimate (1) is the one-sided
(that is, filtered) estimate of T, obtained from the UC-SV model.
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The UC-SV model implies that inflation has a time-varying moving
average representation in first differences (a time-varying IMA(1,1)
representation),

At =a—-0a Ea =0, var(a) = (55,z , (4)

1’
2 .
where Gt and 0 are functions of (5112 , and ¢ 52 -

From the perspective of inflation forecasting, the key feature of
the UC-SV model is that, conditional on 67, and ©,

€.t n.z>

in a linear forecast of inflation with potentially long lags where the

it results

lag structure is time-varying but parsimoniously parameterized by
only two parameters. The variances 67, and G, determine the
variability of the trend and transitory components. Allowing these
innovation variances to change over time produces time variation in
the resilience of the trend. In particular, a regime shift in monetary
policy that induces a change in the extent to which expectations are
anchored will be captured by a decrease in the variance of the trend

innovation and an increase in the resilience of the estimated trend.

Chart 4 presents the standard deviations 0, and O, and the im-
plied time-varying moving average coefficient 0, for core PCE infla-
tion. Over the past decade, the volatility of the trend (c,) has been at
historic lows, and the persistence of inflation forecasts, as measured
by 0, has been at historic highs. During the 2000s, inflation tended
to revert to a stable trend, whereas in the 1970s and 80s the trend
moved to track inflation.

Chart 5 plots the estimated trend T, from the UC-SV model along
with the median five-year ahead forecast that has been reported in the
Survey of Professional Forecasters since 2007. The two series move
together very closely. Although the time span is very short, Chart 5
suggests that the trend T, can be thought of as a substitute measure
of long-term inflation expectations.

The equivalence of the unobserved components and IMA(1,1)
representations allows a useful link between the value of 0 and
the resilience of the trend. Setting aside time variation for the
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moment, the filtered trend can be expressed as a distributed lag of
past inflation, specifically,

1=(1-0>0'n . (5)
i=0

The weights in this expression sum to one, and the smaller is 0, the
more weight is placed on recent observations and the more volatile is
the trend. In the limit that © approaches one, the estimated trend is
simply the sample average of past inflation.

From (1) to a backwards-looking Phillips curve with time-vary-
ing parameters. In the UC-SV model, T, is the optimal univariate
time-¢ forecast of T, for all /> 1, so that a, =T —-T, where ais
the forecast error in (4), the MA(1) version of the univariate mod-
el. We consider the possibility that this univariate forecast error is

. . . 1
redictable using some variable x, so that 2 =7y x + e,,,, where the
& I t 17 r+l

1
subscript/superscript “1” indicates that ¥, and e,,, apply to this one-
step ahead projection. This yields the one-step ahead model,

1
T, =T, +Y,X+¢€,. (6)

24

If we continue to ignore time variation in 0, then substituting (5) into
(6) and rearranging yields the autoregressive-distributed lag model,

Am, = —ezeiATC,_i +Y,%, + e s 7)
i=0
Equation (7) is just a tightly parameterized backwards-looking Phil-
lips curve forecasting model with potentially long lags in the tra-
dition of Gordon (1982, 1990, 1998) and Brayton, Roberts, and
Williams (1999), without the dummy variables and supply shock
variables found in the Gordon (1990) “triangle” model.

Equation (7) provides a useful framework for understanding two
implications of time variation in 0 (with time variation, (7) is an
approximation which holds for slow time variation). First, time
variation in 0 implies time variation in the Phillips curve coeffi-
cients on lagged inflation. Second, time variation in 0 implies time
variation in the long-run effect on inflation of a change in x. Spe-
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cifically, the long-run effect on inflation of a unit exogenous change
in x is (I — 0)y,. Thus, even if Y, is constant (we provide evidence
below that this is so, when x is the unemployment recession gap),
the long-run effect on inflation varies over time because © varies
over time. In particular, when 0 is large (close to one), then the long-
run multiplier is less than when 0 is small. Said differently, when the
innovations to trend inflation are relatively small—that is, when
inflation expectations are well-anchored—then 0 is near one. Even if
the one-quarter ahead effect of a change in x on inflation is constant
over time, the anchoring of expectations means that the long-run im-
pact of a change in x is less than if expectations were less well anchored.

Tterating (4) forward four quarters yields 7t/ , = T, + b, or, equiva-
lently, 7t4 - =027, QiAIZT L +b, where b =[a  +(2-0)a,, +
(3-20)a , + (4-30)a, ]/4. As in the one- step forecast suppose that

future univariate forecast errors 4, a

t+2’ . 4., (and thus &) are

predictable using x,sothat b =vyx+e€.,. Thus we have that T,

=T, +Yx + €., , which is (1), or equivalently,

Ram - 03ean, syse de©®

=0
When derived in this way the coefficient y, in (8) is seen to depend
on O because bH s a function of 0.* Thus, time variation in © may
lead to time variation in 7y, even if ¥, is time invariant.

Real-time gaps. A challenge in forecasting inflation using activ-
ity variables is constructing reliable one-sided measures of activity
gaps, which can differ substantially from two-sided gaps estimated
with the benefit of subsequent data. Here, we consider two one-sided
gaps, one standard in the literature and one new, plus a “differences”
transformation of activity.

The new one-sided gap measure, which we refer to as a “recession
gap,” focuses attention on economic downturns by computing the
gap as the deviation of unemployment from its minimum over the
current and previous 11 quarters. That is, the unemployment reces-
sion gap Is,

unemploymmt recession gap, = u, — min( Upooor U ) 9)
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Chart 6
The Unemployment Rate (panel (a)) and Three Activity Mea-
sures based on the Unemployment Rate (panel (b)): the One-
Sided Bandpass Gap, the Four-Quarter Difference, and the
12-quarter Unemployment Recession Gap
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UCSV Forecast Error

UCSV Forecast Error

Scatterplot of UCSV 4-quarter ahead forecast error ( 77
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Chart 7

Nonparametric Phillips Curves
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where #_denotes the unemployment rate at date # In effect, the un-
employment recession gap takes on the value of the unemployment
rate in Chart 2 during downturns and is zero otherwise. Thus, the
unemployment recession gap translates Chart 2 into something that
can be analyzed using linear regression.’

We also examine a conventional one-sided gap computed using
a one-sided bandpass filter. Following Stock and Watson (2007),
one-sided bandpass gaps are computed as the deviation of the series
augmented with univariate forecasts of future values from a symmetric
two-sided MA(80) approximation to the optimal lowpass filter with
pass band corresponding to periodicities of at least 60 quarters.

The third unemployment-based predictor we consider is a differ-
ence (or changes) transformation, in which the predictor is the four-

quarter change in the unemployment rate, # —u,_,.

Chart 6 plots the unemployment rate and these three unemploy-
ment-based measures. The three measures have broad similarities but
important differences. Most notably, the bandpass and differences
measures vary during economic expansions, whereas the recession
gap essentially varies only during downturns.

III.B. Nonlinearities in the Phillips Curve
Does the Phillips curve slope depend on the size of the gap?

Chart 7 provides scatterplots of nf+4— T,,against the one-sided band-
pass gap (upper panel) and the unemployment recession gap (lower
panel). Both panels also show a nonparametric kernel regression
line (with 95 percent confidence bands) and a parametric regression
function. Barnes and Olivei (2003) found evidence supporting a
piecewise linear Phillips curve, so for the one-sided bandpass regres-
sion the parametric regression is a piecewise linear function, with the
thresholds chosen so that 70 percent of the observations fall in the
middle section and 15 percent in each outer section. The parametric
regression in the recession gap scatterplot is linear.

Chart 7 provides support for the Barnes-Olivei (2003) specifica-
tion applied to the one-sided bandpass gap: the Barnes-Olivei (2003)
type piecewise linear function is remarkably close to the nonpara-
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Chart 8
Dependance of y, on the Level of Inflation
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Nonparametric regression (gray solid) and 95% confidence bands (gray dashed) of the slope coefficient y, as a
function of the value of trend inflation at date t (7, ), using the unemployment recession gap. Black solid line is the
parametric estimate (-0.18, SE = 0.06). Parametric and nonparametric regressions are full-sample.

metric regression function. There is a large central region—normal
times of moderate and small gaps—in which the Phillips relation
is essentially flat, but in periods of large (bandpass) gaps, the curve
steepens.® In the pseudo out-of-sample forecasting exercise reported
below we therefore consider both linear and nonlinear (nonparamet-
ric) specifications for the bandpass gap.

In contrast, there is little evidence of nonlinearities in the Phil-
lips curve using the recession gap, so the work below adopts a linear
specification as a function of the recession gap.

Does the Phillips curve slope depend on the level of inflation?
The possibility that the Phillips curve flattens at low levels of infla-
tion has long been an element of the literature, see for example Ball,
Mankiw, and Romer (1988), Akerlof, Dickens, and Perry (1996) (on
downward wage rigidity), and, for a recent empirical treatment, Aron
and Muellbauer (2010). We investigated this type of nonlinearity, in
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Table 1
Estimated 1- and 4-Quarter Ahead Forecasting Regressions
Using Unemployment Gaps

1959Q2 - 1959Q2 - 1984Q1 — t-test for | QLR stability
2009Q2 1983Q4 2009Q2 break in | = test p-value
1984Q1
1-quarter ahead % R? Y R? Y R?
Recession gap -0.10 0.035 | -0.11 0.037 | -0.07 0.033 | 0.55 0.96
(0.04) (0.06) (0.03)
1-sided bandpass gap | -0.20 0.028 | -0.30 0.045 | -0.09 0.010 1.23 0.75
(0.09) 0.15) (0.08)
Fourth difference -0.13 0.033 | -0.18 0.046 | -0.08 0.018 1.12 0.63
(0.05) (0.07) (0.06)
4-quarter ahead Y R? A R? A R?
Recession gap -0.18 0.077 | -0.21 0.084 | -0.11 0.066 1.00 0.32
(0.06) (0.07) (0.07)
1-sided bandpass gap -0.41 0.079 | -0.60 0.120 | -0.11 0.017 2.76** 0.02
(0.10) (0.12) (0.13) (1983Q1)
Fourth difference -0.29 0.111 | -0.42 0.166 | -0.08 0.028 | 2.66** 0.08
(0.09) 0.11) (0.07) (1983Q1)
Notes: The one-quarter ahead regressions are T, —T, =,x, + e}ﬂ , and the four-quarter ahead regressions are 7 tlﬂ -1,

=Y*x,, ‘where x, is a predictor known at date # The first six numeric columns present the estimates of ¥, (or v,, as ap-
propriate), its standard error (in parentheses), and the regression R? for the row predictor and column sample. Standard
errors are heteroskedasticity-robust for one-quarter ahead regressions and are Newey-West standard errors (6 lags) for
four-quarter ahead regressions. The QLR (sup-Wald) statistic was computed using symmetric 15% trimming. If the
QLR test rejects stability, the estimated break date appears in parentheses. The t-statistic in the second to last column is
significant at the *5% **1% significance level.

which the slope of the Phillips curve, specifically y, in (1), depends on

the level of inflation; here, we focus on the recession gap Phillips curve.

Chart 8 presents a nonparametric estimate of the slope 7y, (the
coefficient on the unemployment recession gap) as a function of
the current estimate of trend inflation (t,).” The estimated slope is
clearly less in absolute value for small values of trend inflation than
for large values, however the 95% confidence bands are wide and the
full-sample linear regression estimate of -0.18 is contained within the
confidence band for almost all values of trend inflation. Parametric
models incorporating this nonlinearity do not seem to be particularly
robust, with the statistical significance of the nonlinearity depend-
ing on the details of the specification. One reason for this impreci-
sion and apparent lack of robustness is that there is limited historical
experience at very low levels of inflation, so the evidence we have
essentially rests on two historical episodes: the early 1960s and the
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early 2000s. This imprecision and lack of robustness is underscored
by pseudo out-of-sample forecasting experiments (not reported) in
which specifications in which the slope depends on T, were found to

exhibit instability.

Because the time series evidence is limited, we also consider evi-
dence from the micro literature on price setting. One argument for a
flattening of the Phillips curve at low levels of inflation is that there is
resistance to reducing nominal wages and prices. The micro literature,
however, presents little evidence of a price change floor at zero. For
example Nakamura and Steinsson (2008) find that one-third of price
changes for the same goods are negative, a finding consistent with
Klenow and Kryvtsov (2008). Some additional evidence on wheth-
er the distribution of price changes truncates or piles up at zero is
provided in the Appendix, which examines annual price changes for
233 disaggregated components of the PCE price index. Price changes
at this level of disaggregation accord with the micro finding of lit-
tle price resistance at zero. While the absence of resistance to price
declines does not imply an absence of resistance to wage declines, this
micro and subaggregate evidence does not on its face suggest that a
price Phillips curve would flatten at low levels of inflation.

Given the limited evidence in the time series data and the lack of
evident price resistance at zero in the micro and subaggregate data,
for the rest of this paper we adopt specifications in which the Phil-
lips curve slope does not depend on the level of inflation. This said,
the hint of nonlinearity in Chart 8 remains an intriguing topic for
further research.

III.C. Gap Models: Estimates and Stability

Table 1 reports various regression statistics for estimates of ¥, in
(6) (one-quarter ahead) and vy, in (1) (four-quarter ahead) using the
three unemployment gaps. All R’ are low, underscoring that infla-
tion is difficult to forecast. The final two columns report statistics
testing for stability of the slope coefficient, first by testing for a break
in 1984Q1 (a common choice for the Great Moderation break) and
second using the Quandt Likelihood Ratio (QLR) statistic (also
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Chart 9
Pseudo Out-of-Sample Forecasts of Four-Quarter Core PCE
Inflation Using Various Unemployment Gaps
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Plots are rolling root mean squared errors (top panel), rolling RMSE:s relative to the UCSV model (middle panel),
and forecasts (bottom panel). Forecasts are one-sided bandpass gap, nonlinear one-sided bandpass gap, four-quarter

. . 4 .
change in unemployment, and recession gap. In panel (c), actual values of 7., — 7, are in black.

known as the sup-Wald statistic) testing for a single break at an un-
known time. For the one-step ahead regressions, these test statistics
fail to reject the null hypothesis of coefficient stability. The one-step
ahead point estimates of 7y, for the unemployment recession gap and
the R also indicate stability of this predictive regression. In contrast,
the coefficients on the one-sided bandpass gap and the fourth differ-
ence change by a large factor across the subsamples, as do the regres-
sion R’, suggesting less stability than the unemployment recession
gap regression despite the failure of the stability tests to reject for any
of the one-step ahead specifications. Consistent with the discussion
in Section 3.1, the estimates of Y, in the four-step ahead regression
appear less stable than in the one-step ahead specification. Indeed,
both stability tests reject for the four-quarter ahead bandpass gap and
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fourth-differences specifications, and the estimated coefficients and
R?s change dramatically for these two measures from the pre-84 to
post-84 parts of the sample. In contrast, the hypothesis of stability
is not rejected for the recession gap coefficient in the four-quarter
ahead specification, the magnitude of its change is small relative to
the other variables, and its R? is stable across the two samples.

III.D. Pseudo Out-of-Sample Forecasting Results

The pseudo out-of-sample forecasting method. This section examines
the forecasting performance of the three unemployment variables,
relative to the univariate UC-SV benchmark, in a pseudo out-of-
sample forecast experiment. At a given date 7 forecasts of th ., using
each model are made using data only available through date # For the
exercise here, the first forecast date is the later of 1970Q1 or the date
necessary for the shortest regression to have 40 observations, and the
final forecast date is four quarters before the end of the sample.

A useful statistic is the centered rolling root mean forecast error
(RMSE). This is the square root of a weighted moving average of
the squared pseudo out-of-sample forecast error, centered so that the
moving average extends seven quarters on either side.®

Chart 9 presents rolling RMSEs, the rolling RMSE:s relative to the
rolling RMSE of the UC-SV model, and the pseudo out-of-sample
forecasts for the three unemployment gap models. Because of the
possible nonlinearity in the Phillips curve using the bandpass gap,
for that gap forecasts were computed using both a linear model and a
nonparametric nonlinear forecast (the predicted value is read off the
recursively estimated nonparametric regression curve).

Five findings are apparent in Chart 9. As is documented in the next
section, these results are robust to using other activity measures and
including other variables, so we spend some time discussing them here.

1. Consistent with findings elsewhere in the literature, there
is considerable variation over time in the predictability of
inflation. In 2006, the rolling RMSEs were near historic lows,
but they have recently crept up to levels of the early 1990s.
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2. The forecasting improvements made by Phillips curve fore-
casts are episodic, and the greatest improvements are evident in
downturns. This finding is similar to that in Stock and Watson
(2009).

3. The recession gap model improves upon the UC-SV model dur-
ing the disinflations of the early 1980s, the early 1990s, and (by
a smaller margin) during the current recession. The only two
periods in which the recession gap model does relatively poorly
is during 1976-7 and 2004. Both of these failures correspond to
the unusu