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RESEARCH PROGRAM ON CYCLICAL RECOVERIES AS
MEASURED BY UNEMPLOYMENT
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HALL AND KUDLYAK’S RESEARCH PROGRAM ON CYCLICAL
RECOVERIES AS MEASURED BY UNEMPLOYMENT,

> “The Inexorable Recoveries of Unemployment” Journal of Monetary
Economics

> “Why Has the US Economy Recovered So Consistently from Every Recession
in the Past 70 Years?” Macro Annual

> “The Unemployed with and without Jobs” Labour Economics

> Google Marianna Kudlyak for these and other papers.
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THIS PAPER

Considers a Phillips curve, which links inflation to the unemployment gap, in a
setup adhering to the principles of the New Keynesian model.

Demonstrates that in a simple widely-used regression framework, the key
parameters of the Phillips curve—the slope and the natural rate of
unemployment—are not identified.

Shows that the slope is downward biased if a constant natural rate of
unemployment is used in place of the true natural rate which is positively
correlated with actual unemployment.

Proposes a new identification framework and analyzes recent methods that find
that the natural rate is quite closely correlated with the actual rate.
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IMPLICATIONS: IS INFLATION STICKY OR FLEXIBLE?

The resolution of the natural-rate identification puzzle ultimately feeds back into a
key macro question—is inflation sticky or flexible?

We propose that rather than being a slow-moving function of mainly demographic
forces uncorrelated with actual unemployment, the natural rate of unemployment
is substantially positively correlated with the actual rate of unemployment.

We believe that there is a case that the natural rate is an active causal determinant
of the systematic downward movement of the unemployment rate during recoveries.

Under our view of inflation, during recoveries, inflation pressure is low because the
unemployment gap is close to zero. Under a contrasting, sticky-price view,
inflation pressure is low because the Phillips curve’s slope is close to zero.



THE NEwW KEYNESIAN MODEL: PHILLIPS CURVE AND THE
NATURAL RATE OF UNEMPLOYMENT
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PHILLIPS CURVE

T — T = = - (ur — uy)

7 is the actual rate of inflation.
m; is the inflation anchor.
uy is the natural rate of unemployment

—¢¢ - (up — uf) is the downward effect on inflation from higher unemployment.

We consider the possibility that 7%, ¢, and u* change over time.



THE INFLATION ANCHOR T}

is the inference that a price-setter makes about how to set a price that will
remain in effect for some time into the future.

Often, 7 is taken to be expected inflation.

It reflects the success and failure of monetary policy in stabilizing inflation.

It depends on the current speed of adjustment of prices—if information
becomes more volatile, sellers will choose to change prices more frequently.



RESPONSE OF INFLATION: —¢; - (uy — uy)

> measures the decrease in inflation when unemployment rises relative to the
natural rate.

» Sellers choose the amount of inertia in pricing by varying the time between
repricing events: more frequent repricing reflects greater response to the
pressure. Sellers can also vary the size of the repricing change.
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» Phillips curve
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PRICE FLEXIBILITY VERSUS PRICE STICKINESS

» Phillips curve
T =T = = (U — uy)

> or in an aggregate-supply form

1
up =uy — — - (m — ;)

bt

» ¢ controls the influence of inflation on real activity, as measured by
unemployment
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gb CAPTURES THE PRICE-FLEXIBILITY OF THE ECONOMY

» If high, the economy has flexible prices and fits the real business cycle
paradigm.

» With full monetary neutrality, ¢ is large and unemployment tracks u;.

» If close to zero, prices are somewhat or fully sticky, and monetary factors have
important involvement in the determination of real variables.
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OBSERVED DATA AND INFERRED MEASURES

M= == (u —uy)

» Only two of the Phillips curve’s variables are unambiguously
observable—unemployment and inflation.

» The natural unemployment rate, the inflation anchor, and the slope of the
Phillips curve are theoretical constructs that have observable counterparts
provided by modeling.

» This paper focuses on the natural unemployment rate and the Phillips curve’s
slope, and presumes that the anchored value of inflation has been properly

modeled.
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IDENTIFICATION ISSUE IN ESTIMATION OF THE PHILLIPS
CURVE BY REGRESSION



REGRESSION OF INFLATION UNEMPLOYMENT

» 7 —m; and u; are observed and ¢; and uj are unknown.

» Suppose the natural rate u; is unobservable and so, is left out. The regression
then is
T — T = —
» The coefficient is
Cov(—(m — 7)), ut)

0= V()

or

d=(1-0)0

where C' is the unobservable regression coefficient of u; on u;.

» If C is zero, the regression gives the true slope of the Phillip’s curve, ¢.

» If the natural rate is a positive component of total unemployment, C' is positive,
and the regression coefficient (5 understates the true relation between inflation
and the unemployment gap.

11



FAILURE OF IDENTIFICATION

» The explicit or implicit reliance on a belief that C' = 0 is close to universal in
research based on a regression of the inflation gap on unemployment.

» The Phillips curve regression with unobserved uf rests on the identifying
assumption that C has a known value. Absent a persuasive reason to believe
this assumption, regression yields no usable information about the slope
coefficient, ¢, or the natural rate, u*.

» The basic regression model is not identified—observations of the inflation gap
and unemployment do not pin down the slope of the Phillips curve, ¢.

12



HOW IDENTIFICATION IS ACHIEVED

» The burden of identification is profound. It is not possible to extract the slope
of the Phillips curve from data on inflation and unemployment alone, without
bringing in special assumptions or additional data.
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HOW IDENTIFICATION IS ACHIEVED

» The burden of identification is profound. It is not possible to extract the slope
of the Phillips curve from data on inflation and unemployment alone, without
bringing in special assumptions or additional data.

» We propose a new method and describe three existing methods that achieve
identification, explicitly or implicitly.
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INFERRING THE NATURAL RATE OF UNEMPLOYMENT
DURING PERIODS OF ANCHORED INFLATION



THE NATURAL RATE OF UNEMPLOYMENT

» is the unemployment rate when the rate of inflation is equal to the inflation
anchor (Friedman (1968)):
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» When inflation equals the anchored rate, the actual unemployment rate equals
the natural rate of unemployment.
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THE NATURAL RATE OF UNEMPLOYMENT

is the unemployment rate when the rate of inflation is equal to the inflation
anchor (Friedman (1968)):

* 1 *
Uy :ut—f—*(ﬂ't—’ﬁt)

bt

When inflation equals the anchored rate, the actual unemployment rate equals
the natural rate of unemployment.

This statement requires that inflation responds to the gap, so that ¢ is
positive.

14



WE DESIGNATE OBSERVATIONS WITH INFLATION RATES THAT
COINCIDE WITH ANCHORED RATES

In the 2009-2019 recovery, u* stayed close to us, given an inflation anchor of 2%

Unemployment when PCE
inflation is between 1.5
and 2.5 percent marked
with red dots

Unemployment

2 PCE Inflation, YoY
0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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OTHER APPROACHES TO MODELING AND CALCULATING
THE NATURAL RATE OF UNEMPLOYMENT



APPROACH 1. THE UNEMPLOYMENT-TREND METHOD—THE
NATURAL RATE AS A LONG-RUN TREND IN ACTUAL UN-NT

» Assume that the natural rate of unemployment is constant or follows a
smooth, low-volatility path determined by demographics (Congressional
Budget Office and others)

» Estimates of the long-run path of the natural rate of unemployment: CBQO’s

noncyclical rate of unemployment, Barnichon and Matthes (2017), Tasci (2018)
Barnichon and Mesters (2018), Hornstein and Kudlyak (2019)

)
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NATURAL RATE AS A LONG-RUN TREND IN ACTUAL UN-NT

» Assume that the natural rate of unemployment is constant or follows a
smooth, low-volatility path determined by demographics (Congressional
Budget Office and others)

» Estimates of the long-run path of the natural rate of unemployment: CBQO’s
noncyclical rate of unemployment, Barnichon and Matthes (2017), Tasci (2018)
Barnichon and Mesters (2018), Hornstein and Kudlyak (2019)

» The resulting time series for the unemployment gap inherits most of the
cyclical volatility of unemployment

)
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THE ACTUAL AND THE NONCYCLICAL RATE OF
UNEMPLOYMENT FROM THE CBO
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APPROACH 2. SUB-MODEL FOR THE NATURAL RATE TO BE
JOINTLY ESTIMATED WITH THE PHILLIPS CURVE

The statistical sub-model method—the natural rate as a latent variable that
follows a specified stochastic process
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APPROACH 2. SUB-MODEL FOR THE NATURAL RATE TO BE
JOINTLY ESTIMATED WITH THE PHILLIPS CURVE

The statistical sub-model method—the natural rate as a latent variable that
follows a specified stochastic process

» State-space models in which the natural rate follows a specified, typically
random walk process
» Gordon (1997), Laubach (2001), Crump et al. (2019), Crump et al. (2022), and
Bok et al. (2023) (with many more cites)
» Existing state-space models of the natural rate may overstate the pressure
following recessions.

> Vector-autoregression models in which the unemployment rate is estimated as
an unobserved shock under certain identifying restrictions

> King and Morley (2007) and the related literature

18



u AND u* FROM KING AND MORLEY (2007)
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APPROACH 3. GE MODELING

Alternative definition of the natural rate of unemployment: It is the rate that
would prevail if there were no wage frictions.

This definition presumes that other types of friction are responsible for some
part of the volatility of actual unemployment.

Uses the Diamond-Mortensen-Pissarides model of unemployment to generate
unemployment fluctuations in the absence of wage-price stickiness.

Uses a well-known New Keynesian model stripped of its nominal stickiness to
generate a counterfactual equilibrium with unemployment that satisfies the
alternative definition of the natural rate—Gali, Smets and Wouters (2011).
See also Furlanetto and Groshenny (2016).
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u AND u* FROM GALI, SMETS, AND WOUTERS
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THE NATURAL RATE AND THE FLAT PHILLIPS CURVE



SUMMARY OF THE APPROACHES TO MODELING AND
CALCULATING THE NATURAL RATE

» The approaches deliver vastly divergent time series for the natural rate in
terms of their correlation with the actual rate.

» We show that if the true natural rate of unemployment is highly correlated
with the actual rate, Phillips curves estimated with constant natural rates or
natural rates uncorrelated with the actual unemployment rate will inevitably
be close to flat.
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IMPLICATIONS OF MIS-SPECIFYING THE NATURAL RATE IN
THE PHILLIPS CURVE REGRESSION

» Consider a Phillips-curve regression that includes an assumed path 7n; for the
natural rate:

T — 7 = —P(ug — )
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IMPLICATIONS OF MIS-SPECIFYING THE NATURAL RATE IN
THE PHILLIPS CURVE REGRESSION

» Consider a Phillips-curve regression that includes an assumed path 7n; for the
natural rate:

T — 71? = —gb(ut — 77Lt)

» The regression coefficient is

. Cov(uy, (ug — ny))
o

)-o=-0)0

» (' is now the regression coefficient of uj on u; — ny:
> If C =0, the assumed natural rate is effectively correct and the regression
coefficient (,ZAS will be an unbiased estimate of the Phillips-curve slope, ¢.
> If C'=1, then ¢ = 0—the Phillips curve appears to be totally flat with the
assumed natural rate, even though the true slope is robustly positive. In that
case, the assumed natural rate is completely off base.

23



THE RELEVANCE OF THE NATURAL RATE

» Our discussion of the omission of a time-varying natural rate from a regression
for the slope of the Phillips curve, is an application of the standard analysis of
the bias from an omitted right-hand variable.
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THE RELEVANCE OF THE NATURAL RATE

» Our discussion of the omission of a time-varying natural rate from a regression
for the slope of the Phillips curve, is an application of the standard analysis of
the bias from an omitted right-hand variable.

» A particularly salient conclusion from this analysis is the following: If the true
natural rate is highly correlated with the actual rate, Phillips curves estimated
with constant or nearly constant natural rates of unemployment uncorrelated
with the actual rate will inevitably be close to flat.

» Using Gali et al. (2011)’s estimates of the series of the natural rate, C' = 0.60,
1966-2015. So, the estimated slope of the Phillips curve is depressed to
1 — C = 0.40 times its true value during that period.
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IS INFLATION STICKY OR FLEXIBLE?



VIEWS ON THE SLOPE OF THE PHILIPS CURVE

> Whether inflation is sticky or flexible is a key question of macroeconomics.
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VIEWS ON THE SLOPE OF THE PHILIPS CURVE

> Whether inflation is sticky or flexible is a key question of macroeconomics.

» One view, widely present in the literature, is that the Phillips-curve slope, ¢,
is small. The profession call this the sticky view of the slope of the Philips
curve.

» According to the flexible view of inflation, the slope of the Phillips curve, ¢,

is substantial, while the unemployment gap, us — uf, is small and transitory. A
frequently used name in the literature is the “real business cycle model”.

25



ALTERNATIVE BELIEFS ABOUT THE IDENTIFIED PARAMETERS
OF THE PHILLIPS CURVE

» Near one end, ¢, is close to zero and m; — 7} is correspondingly large. Near
the other end, ¢; is large and the unemployment gap u; — uf is small.
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ALTERNATIVE BELIEFS ABOUT THE IDENTIFIED PARAMETERS
OF THE PHILLIPS CURVE

» Near one end, ¢, is close to zero and m; — 7} is correspondingly large. Near
the other end, ¢; is large and the unemployment gap u; — uf is small.

» The range of opinions about the 2009-2019 recovery illustrates this point:

» The low-and-sticky view of the slope of the Philips curve: ¢; was small, while the
inflation pressure, u; — u; was large and negative.

» The flexible view: ¢ was material during the recovery, while the inflation
pressure, u; — u;, was small and positive.

» Both views fit the data. Additional data helping to reveal u; or ¢ would be
needed to determine which view is correct.
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THE FLEXIBLE VIEW OF THE SLOPE OF THE PHILIPS CURVE

» In the flexible view of the Phillips curve, low unemployment does not
necessarily signal high inflation pressure.
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THE FLEXIBLE VIEW OF THE SLOPE OF THE PHILIPS CURVE

» In the flexible view of the Phillips curve, low unemployment does not
necessarily signal high inflation pressure.

» Our finding is that it is hard or impossible to see the effects of the inflation
pressure because, during recoveries, inflation pressure is essentially zero.

» That is, during recoveries, an economy resembles a real business cycles
economy, with é being relatively low and the Phillips curve being steep.

> The flexibility of prices is the key differentiating factor. Our view requires
that prices are somewhat flexible, so the Phillips curve is reasonably steep,
whereas the opposing low and sticky view posits stickier prices and a flatter
Phillips curve.
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THE PANDEMIC AND THE PHILLIPS CURVE
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ENDOGENOUS INERTIA IN THE PHILLIPS CURVE

> Sellers choose the amount of inertia in pricing by varying the time between
repricing events.

» When sellers choose more frequent repricing, prices move back toward the
flexible-price equilibrium more quickly.

» This change weakens the inflation anchor and increases the sensitivity of
inflation to its determinants such as the unemployment gap.
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THE EFFECT OF THE PANDEMIC ON THE PHILLIPS CURVE

» During the long 2009-2019 recovery, inflation became anchored at just below 2
percent per year.
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THE EFFECT OF THE PANDEMIC ON THE PHILLIPS CURVE

» During the long 2009-2019 recovery, inflation became anchored at just below 2
percent per year.

» The turbulence that the pandemic brought to sellers’ economic situations
induced more frequent price changes than in the tranquil pre-pandemic times.
The pandemic loosened the anchoring of the inflation rate that prevailed
during 2009-2019.

» In the Phillips curve framework an increase in turbulence represents a regime
change—the Phillips curve becomes more sensitive to changes in the
unemployment gap. The Phillips curve became steeper.

» That means that the cost in terms of elevated unemployment of a policy to
restore price stability may be lower than it would have been if inflation had
become anchored at its current high rate.
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RUNAWAY INFLATION FOLLOWED BY RAPID DISINFLATION
DURING AND AFTER THE PANDEMIC

The behavior of price changes that accompanied and followed the pandemic
illustrates how a major shock frees up the process.
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RUNAWAY INFLATION FOLLOWED BY RAPID DISINFLATION
DURING AND AFTER THE PANDEMIC

The behavior of price changes that accompanied and followed the pandemic
illustrates how a major shock frees up the process.

First, a burst of inflation greater than expected from the Phillips curve of 2019.

Followed by rapid disinflation without much increase in unemployment
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CONCLUSIONS

> We propose that the natural rate of unemployment may have an active role in
the business cycle, in contrast to a widespread view that the rate is fairly
smooth and at most only weakly cyclical.
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CONCLUSIONS (CONT.)

» The labor market can gradually tighten in the sense of the
Diamond-Mortensen-Pissarides model’s measures of labor-market tightness,
while inflation remains at a constant low level:
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CONCLUSIONS (CONT.)

» The labor market can gradually tighten in the sense of the
Diamond-Mortensen-Pissarides model’s measures of labor-market tightness,
while inflation remains at a constant low level:

» The labor market of 2009 through 2019 exemplifies this point. During that
recovery, the natural rate of unemployment glided down with the actual rate.

» The gap, u — u*, stayed fairly close to zero, with an inflation anchor of a
constant 2 percent and actual inflation close to that level.
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