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Abstract

The recent flattening of the Phillips curve has stimulated new empirical research and
theoretical discussions regarding the nonlinear nature of the changes in the parame-
ters. The objective of the present paper is twofold: to detect the relevant type of the
implied nonlinearity and look for some general model capable of generating a Phillips
curve mimicking the empirical one. We find evidence of a convex US price Phillips
curve, from 1961 ql to 2019 g4, assessed both by piecewise and threshold mod-
els. The result presents some degree of novelty regarding the role of supply shocks
and model-specific convexities; in addition, it supports the use of a regime-switching
macro system. The latter accomplishes three tasks. It can generate a Phillips curve
resembling its empirical counterparts; it creates a medium-run endogenous cycle
where unemployment is not a NAIRU:; finally, it opens new perspectives on economic
policy issues.

Keywords Phillips curve - Threshold models - Regime switching - Medium-run
growth models - Economic policies - Simulations

JEL Classification E1 - E24 - E3 - E6 - C1 - C53

1 Introduction

The debate on the Phillips curve, present in the economic literature since its inception,
has fluctuated in intensity depending on the conditions of the economy and the the-
oretical paradigms prevailing. Since the Great Recession it has witnessed a renewed
interest, largely driven by a further weakening of the response of the US price infla-
tion to the labour market tightening, during the last recovery. As this missing inflation
followed a missing disinflation period, when the slack abruptly increased but
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inflation did not fall as much as expected, the possible breakdown of the Phillips
curve became a topical issue both for economic research and policy making.!

Figure 1 sets the scene by drawing the price Phillips curve and the dynamics of
inflation and unemployment gap. Figure 1a shows the well-known outward move-
ment of the Phillips curve from the sixties through the eighties, its subsequent
leftward translation and initial flattening, between the mid eighties and the nineties,
and the final downward shifting and further flattening in the last 25 years.? Figure 1b
depicts the unemployment gap, using the US Congressional Budget Office natural
rate of unemployment as a measure of business cycle and overlays the dynamics
of core inflation; again, the mid nineties appear as boundary years: the relationship
between the change in inflation and unemployment gap that is visible until then,
appears to break down in the second part of the period. The picture also conveys that
episodes of very tight labour market are more frequent in the first half of the period.
Similarly, Hooper et al. (2019) show that since the late eighties the unemployment
gap has been less often below -1, relative to the previous three decades and sug-
gest that this can also be ascribed to the Central Bank effort of avoiding events of
overheated economy.>

The long-lasting stability of inflation that characterises the last 25 years raised var-
ious theoretical and policy concerns. Carlaw and Lipsey (2012) argue that as a wide
range of unemployment rates is compatible with a stable inflation, the flattening of
the curve is inconsistent with the strict natural rate hypothesis and, more generally, is
at odds with the implications of ergodic equilibrium theories. On the contrary, it sup-
ports path-dependent historical models according to which, in the medium term, the
economy evolves along a non-stationary path (Lipsey 2016). In addition, as Central
Bank credibility increased and inflation expectations came to anchor to the target rate,
the evidence in support of the accelerationist view (Friedman 1968) largely declined.
In the empirical Phillips curves the weight on past relative to target inflation, which
had approached 1 in favour of the former, thus determining the real economic activ-
ity to affect the change of inflation, decreased while the role of target inflation on

LA flatter Phillps curve implies a larger sacrifice ratio, hence the need for more extreme policy measures
and could challenge the Central Banks inflation targeting strategy. Among others, former ECB Vice Pres-
ident Costancio in his speech at Jackson Hole (Costancio 2015) explicitly recognizes the consequences of
a weakened output-inflation trade-off on the sacrifice ratio and the role of strongly anchored expectations
to mitigate the related difficulties. In a recent speech, FED Vice Chair Clarida also considers pros and
cons of a flatter Phillips curve (Clarida 2019).

2The specific measures of inflation and slack used in empirical Phillips curves do not explain the flatten-
ing. Robustness checks performed using CPI (consumption price index) vs PCE (personal consumption
expenditures), headline vs core inflation (Ball and Mazumder 2011; Doser et al. 2017), short run vs long
run unemployment rate (Kiley 2015; Albuquerque and Baumann 2017) as well as different measures of
inflation expectations (Doser et al. 2017) and (Fu 2020) largely confirmed the flattening of the slope.
3Hooper et al. (2019) argue that this generates a positive correlation between unemployment gaps and
inflation and biases the slope coefficient towards zero. Indeed, using MSA (Metropolitan Statistical Area)
data instead of national ones, the same authors find that the variability of the unemployment gap increases
and the estimated slope coefficient is also higher in absolute value, consistent with MSA data being exoge-
nous to national monetary policy. Similarly, the account of heterogeneity across products also produces a
stronger tradeoff (Stock and Watson 2019), recently confirmed by Del Negro et al. (2020). See also the
recent review in The Economist (2020).
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inflation expectations rose. As (Blanchard 2018) recently stated “We appear to have
returned ... to a relation between the unemployment rate and the rate of inflation,
rather than between the unemployment rate and the rate of change in the rate of
inflation” (p.99).

While changes in slope and inflation persistence became clear through the
decades, Phillips curve nonlinearities across the business cycles, that is asymmetries
in the response of inflation to low vs high rates of unemployment or economic activ-
ity, were already present in the original estimated regressions (Phillips 1958; Lipsey
1960). Though relatively disregarded in the earlier debate, interest in Phillips curve
nonlinearities has been revived in the recent years. Granger and Jeon (2011) use a
convenient approximation for nonlinearities based on Kalman filter to reconsider the
original Phillips curve models through different periods and countries. They find that
the basic relationship accounted for by Phillips continues to be nonlinear and that
the causation from unemployment to inflation is stronger in nonlinear models with
respect to linear ones, a result which feeds back to relevant theoretic issues.

Nonlinearities in the Phillips curve and their relevance for the conduct of mone-
tary policy have been explicitly recognized by policy makers. In a speech delivered
at the Federal Reserve Bank of Boston, Janel Yellen referred to the Phillips curve
convexity and its effects on unemployment level and variability, and the role played
by downward wage rigidities (Yellen 2007). More recently, in Sintra, Jerome Powell,
while accounting for the slope of the Phillips curve, hinted to nonlinear inflationary
effects, which could emerge in presence of very tight labor markets (Powell 2018).

The Phillips curve nonlinearity has various policy implications. The immediate
one is that the same policy action has different real effects depending on the phase
of the cycle: stronger effects in slack periods and weaker ones in tight periods
when most of the action is absorbed by prices (Clark et al. 1996; Macklem 1997).
Moreover, the effectiveness of contractionary policies in reducing inflation would be
greater than what expected on the basis of a linear model; analogously, in periods of
high unemployment, expansionary policies would be less inflationary than expected
(Gross and Semmler 2019). In this sense, more vibrant policies could be adopted to
revive a feeble economy. More specific policy implications depend on the theoretical
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underpinning of nonlinearities; if they are ascribable to capacity constraints, in line
with (Phillips 1958) and with recent results by Boehm and Pandalai-Nayar (2020),4
then a relevant implication is a preemptive monetary policy, as delaying actions
aimed at containing inflationary pressures would exacerbate the business cycle and
lower the average output level (Macklem 1997; Laxton et al. 1999). On the contrary,
in the case of costly price adjustments due to menu costs or contracts of duration
inversely related to inflation, the Phillips curve would be steeper for high levels of
inflation and almost flat for low inflation levels, as in this case firm price changes are
muted (Ball and Mankiw 1995; Dupasquier and Ricketts 1998). This would imply
that the Phillips curve slope relates to the inflation level rather than to the output gap
and monetary policy can enjoy a longer reaction time during low inflation periods
than during high inflation periods. Quite the opposite, if firms would use low prices to
undercut competitors, as in the monopolistically competitive model, the result would
be a concave Phillips curve, a case rarely detected empirically.’

Nonlinearities in the Phillips curve can therefore be of various degrees, taking the
form of convexities or even concavities and could entail discontinuities in correspon-
dence to specific thresholds. We address these points again in the empirical section
where we allow sufficiently flexible specifications.

Finally, the presence of nonlinearities reinforce once more the challenge, to all
paradigms, of accounting for changes in the values of a model parameters. At one
extreme, the strictly microfounded New Classical approach, coupled with the Ratio-
nal Expectation Hypothesis (REH), led to the conclusions that parameters have a
particularly robust stability (Ljungqvist and Sargent 2004) and that business cycles
have substantially been tamed (Lucas 1987); within this framework the Phillips curve
has come to be regarded as a largely archaeological stylized fact (Hall and Sargent
2018). Although the DSGE approach has deeply questioned and largely softened
these conclusions, the evidence of the empirical Phillips curve contrasts with the
benchmark New Keynesian model and seems to imply a flexible inflation targeting
(Blanchard 2016). At the other extreme, frameworks that do not consider micro-
foundation as a sine qua non for economic analysis, recognize the existence of
complex forces underlying parameter changes, ranging from interactions to aggre-
gations and endogeneous technological changes; still, these considerations do not
appear sufficient to deal with the dynamic implications of parameter changes.

The present paper contributes to the recent debate on the Phillips curve nonlin-
earities, adding to the empirical and theoretical literature. From the empirical point
of view, it investigates the types and degree of nonlinearities in the US PCE core
inflation from 1961 ql to 2019 g4. Specifically, by using three different empirical
specifications, we contrast the linear model with an inherently convex one, based on

40n the convexity of the supply curve and its effects on the potency of monetary policy see also the initial
evidence reported by Evans (1986).

30n concavity of the Phillips curve see for example (Eisner 1997; Stiglitz 1997). Dupasquier and Ricketts
(1998) use a model that nests several types of nonlinearities and conclude that it is difficult to precisely
distinguish among them. On a similar vein, see also Huh et al. (2009). Finally, see Dupasquier and Ricketts
(1998) for a thorough review of the microfoundations of the Phillips curve.
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the log-transformation of the unemployment gap, and with two more flexible specifi-
cations, based on piecewise linear regressions and threshold models. The latter allow
to test the type of nonlinearity, whether concavity or convexity and threshold mod-
els also provide an estimated value of the unemployment gap in correspondence of
which the slope of the Phillips curve changes. As it will be clear in the empirical
section, this turns out to be half percentage point higher than the zero level assumed
in the piecewise linear regressions. In addition, the empirical model accounts for sup-
ply shocks, namely, the dynamics of relative import prices and that of trade flows,
and in both cases potential asymmetric effects are allowed across the cycle.

On the basis of the empirical results, which clearly support convexities and dis-
continuities, the paper then adds to the theoretical debate by suggesting a model of
the Phillips curve based upon a regime switching and embedded in a concise dynamic
macro system. As shown by Ferri et al. (2001), the regime-switching approach is
capable of tempering accelerations in the dynamics with the overall stability of the
system and in so doing it can generate endogenous cycles along with Phillips curves
of different shapes. The model is a stylized medium-run growth model compatible
with structural changes in evolving economies; moreover, it accounts for the role of
monetary policy and the interaction between aggregate demand and supply (Fazzari
et al. 2020; Ferri et al. 2019).

The structure of the paper is the following. Section 2 briefly reviews the existing
empirical evidence on the Phillips curve nonlinearities for the US, paying particular
attention to models estimated on quarterly PCE core inflation data; a dedicated sub-
section introduces the empirical specification and compares the econometric results
of linear and nonlinear models. Section 3 sets forth the model of the Phillips curve
embedded in a nonlinear dynamic system; the latter, consonant with evolutionary
forces, is based upon a switching behaviour and is capable of offering a business
cycle perspective. Section 4 characterizes the regimes and Section 5 illustrates the
overall dynamics obtained by means of simulations. Section 6 shows how the Phillips
curve can be generated within the model and Section 7 discusses policy issues.
Section 8 tests the robustness of the results and introduces learning expectations.
Section 9 concludes.

2 Empirical evidence on nonlinearities

As anticipated in the previous section, nonlinearities in the Phillips curve can be
ascribed to capacity constraints and convex supply curves as well as to firm price
decisions. Further rationales are provided by the link between wage and price infla-
tion; hence strategic labor market factors, like downward wage rigidity, differences in
trade union power across the cycle, shifting composition of the labor force in a reces-
sionary or stagnant economy (Daly and Hobijn 2014), as well as structural changes
due to the retirement of high-wage baby boomers and the entry of lower-wage work-
ers (Daly et al. 2016) have been considered. Analogously, union power decline and
globalization have been called into the picture for relieving inflationary pressure.
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Indeed, the decline of union power® is partly connected to globalization as higher
competition has increased the elasticity of labour demand and weakened the ability
of unions to bargain higher wages (Stansbury and Summers 2020). More generally,
since foreign prices are largely unrelated to the US economy stance, their increased
weight in US final prices, due to globalization, is consistent with the increased dis-
connection between US slack and inflation (Gordon 2013; Obstfeld 2020). The effect
of globalization through a higher competition is instead unclear: although competi-
tion has lowered the markup, the responsiveness of the latter to foreign competition
might also have declined (Obstfeld 2020).

Finally, the changing slope of the Phillips curve throughout the decades has been
crucially associated with the conduct of the monetary policy, which underwent sig-
nificant changes in time. After driving inflation down from the high levels of the
eighties, most Central Banks, starting from the early nineties, came to adopt successful
inflation targeting policies, thus stabilizing inflations around the target rates.

From the empirical point view, piecewise linear as well as threshold models have
been used to detect nonlinearities in the Phillips curve.” While the former allow
the slope to differ between negative and positive unemployment gaps, the attrac-
tiveness of threshold regression models is that they treat the threshold parameter as
unknown. Table 1 reports the estimated slope coefficients in a few recent papers that
use quarterly US PCE core inflation and consider a relatively long period of time.?
The slope is always found to be negative and significant in linear, piecewise and
log-transformed models (top panel of Table 1). As expected, in the linear regres-
sions the magnitude of the coefficient is close to zero if the time period excludes
the pre-nineties decades. The spline model captures significantly different slopes
between negative and positive unemployment gaps and in the latter case the estimated
coefficient is almost 10 times lower in magnitude.® The log-transformed model is
inherently nonlinear and allows the asymmetry to enhance with the divergence of
the rate of unemployment from the natural rate; nonetheless, using the data of the
period considered, the estimated nonlinearity is weaker than in the piecewise regres-
sion.! Moving to threshold models, for the period 1961 q1-2002 q4, Barnes and
Olivei (2003) find two thresholds and a significant slope coefficient of -0.29 for
values of the unemployment gap above the highest or below the lowest threshold.

SBy 2019 union membership had dropped to 6% from around 25% in the early seventies and the wage
premium reduced by almost 30% since the early eighties (Stansbury and Summers 2020)

7Non linearities have also been investigated for the wage Phillips curve and significant nonlinearities are
normally detected. See for example (Kumar and Orrenius 2016; Hooper et al. 2019; Donayre and Panovska
2016; Gali and Gambetti 2019).

8 A chronological list of papers testing the Phillips curve nonlinearities by countries can be found in Semm-
ler and Gross (2017) (Table 1) and in St-Cyr (2018) (Annex 2). For evidence on OECD countries see
Turner et al. (2019).

9 According to the results reported in Table 1, the slope estimated in the piecewise model is -0.049 when
the unemployment gap is positive and -0.423 when negative.

10Considering the average level of the natural rate of 5.5 in the period 1961q1-2018q2, a negative unem-
ployment gap of -2 p.p. the log-transformed model would imply, ceteris paribus, an effect on inflation
of -0.913:10g(3.5/5.5)=0.412 while a positive unemployment gap of 2 p.p. would imply an effect of -
0.913-10g(7.5/5.5)=-0.283. Notice that, at the same values of unemployment gap, the spline model implies
an effect on inflation of 0.846 and -0.098, respectively, i.e. a higher nonlinearity.
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1136 A. Cristini, P. Ferri

For values of the unemployment gap ranging between the two thresholds, the trade-
off between inflation and unemployment is not statistically significant. Adopting the
same methodology but stretching the time period to 2007 q4 (Peach et al. 2011),
the slope coefficient remains statistically significant only in the two outer regions
defined by the thresholds but it lowers in magnitude. On an even more recent time
period, 1968 g4-2016 g3, the threshold reduces to one, in correspondence of a posi-
tive and relatively large unemployment gap (Doser et al. 2017); below the threshold
the slope coefficient is negative and significant (-0.21) and above it is positive but
only marginally different from zero.

2.1 Empirical specification and econometric results

The empirical specification of the Phillips curve presented below comprises the three
main ingredients of the so-called triangle model (Gordon 2013): inertia, demand and
supply; the presence of both inflation expectations and lagged inflation makes it also
partly consistent with the hybrid Phillips curve (Gali and Gertler 1999), which is part
of the curve long microfoundation process. The original theoretical formulation of
the Phillips curve, based on the idea of nominal rigidities due to staggered contracts
a la (Taylor 1980), though sufficient to obtain monetary policy non-neutrality, did
not include any inflation persistence of its own. As underlined by Fuhrer and Moore
(1995) this result, by implying disinflation to be costless, was in stark contrast with
the facts. One way to impart persistence to inflation is to assume a contracting rule
based on real wage (Fuhrer and Moore 1995); as shown by Roberts (1997) the same
result can be obtained by keeping to the sticky price model and adding imperfectly
rational expectations.!! In both cases a forward-looking component of inflation is
thereby included in the Phillips curve, in addition to past inflation.'? Gali and Gertler
(1999) put forward some empirical shortcomings of this new specification, especially
on quarterly data, and on the basis of (Calvo 1983) random price adjustment model
and explicitly accounting for the role of marginal costs, derive a new Phillips curve
where current inflation depends on marginal costs, which replace output gap, and
expected future inflation. By allowing a fraction of firms to be backward looking
and set prices equal to the average past price level, Gali and Gertler finally provide
an estimable ‘hybrid’” Phillips curve where coefficients are explicit functions of the
model parameters.!3> While the use of marginal cost as slack variable raises prob-
lems of endogeneity (Gordon 2013), the inclusion of both expected inflation and
a few lags of inflation has become usual practice in the empirical analysis of the
Phillips curve.

1TRoberts (1997) shows that, empirically, the sticky inflation model suggested by Fuhrer and Moore is
outperformed by a model with less than perfectly rational expectations.

12Starting from Phelps (1967), the presence of expected inflation in the Phillips curve is central to
theoretical models and policy making.

13Gali and Gertler find that the forward looking behaviour is the dominant one and that the coefficient on
lagged inflation is small and further inflation lags are not much informative. On the contrary, they reckon
that the cyclical behaviour of the marginal costs is a promising venue to explain the slow response of
inflation to output.
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We investigate the price Phillips curve nonlinearity on US quarterly data, from
1961 ql to 2019 g4, and compare linear, log-transformed unemployment gap, piece-
wise linear and threshold models. The linear and non-linear regressions are based on
the standard specification reviewed above which includes a measure of slack, past
and expected inflation, and measures of supply shocks:

7
mo=a — poUgap: + Pil_ + Y v + Buxio1 + g1+ & (1)

s=1

where 7 is the annualized PCE core inflation,'* Ugap is the slack measure, 7 are
long-term inflation expectations from Michigan consumers survey,'> x and & capture
globalization and measure the annualized rate of growth of the ratio of import price
index to PCE price index (x) and the (change of) the intensity of trade computed
as the sum of exports and imports to GDP (£); they are both lagged to allow suffi-
cient time to feed into domestic inflation (Gordon 2013). We follow Hooper et al.
(2019) and include seven lags of past inflation'® and the price homogeneity con-
straint ZZ: 1 ¥s + B1 = 1. The slack measure Ugap is alternatively defined as the
difference between the rate of unemployment and the natural rate, i.e. the unemploy-
ment gap (U — U™) or as the log of the ratio, log(U/U*). In the first case the model
is linear and in the latter one is inherently nonlinear, as it explicitly introduces a con-
vexity through the log function; the log-transformed model overcomes some limit of
the traditional linear model (Carlaw and Lipsey 2012; Hooper et al. 2019), though it
does not allow the necessary flexibility to capture different degrees of convexity or
concavity.

The piecewise model allows the slope to vary between positive and negative unem-
ployment gaps; in addition we also allow for the role supply shocks to vary across
the cycle.

7
= a— pooUgap, + pim/_; + Z VsTi—s + Br10Xxe—1 + B220&r—1

s=1
+BorUgap; - dpos + Ba11 xi—1 - dpos + Pa1&i—1 - dpos + € (2)

where dpos is a dummy equal 1 if Ugap is positive.
Figure 2 show the evolution of the main variables used in the estimation and
Table 8 in the Appendix reports the descriptive statistics.

4PCE core inflation excludes food and energy prices and thus excludes supply shocks due to these com-
ponents (Ball and Mazumder 2011); it is FED preferred measure of inflation: FOMC focuses on PCE
inflation in its quarterly economic projections and also states its longer-run inflation goal in terms of
headline PCE. It is also largely used empirically.

SMichigan survey of consumers, even if referred to CPI is found to be more effective than professional
forecaster in the Phillips curve estimation (Doser et al. 2017; Coibion and Gorodnichenko 2015). The
Michigan series starts from 1978; we extend it back to 1961 using a VAR on PCE inflation and CPI
inflation, both computed as quarter over corresponding quarter in the previous year. See Fig. 7 in the
Appendix. Details are available upon request.

161 ags should be sufficient to obtain white noise residuals. In the empirical literature lags number vary
but main results are not meaningfully affected by this choice as very long lags are not usually statistically
significant (Hooper et al. 2019).
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Fig.2 PCE core inflation, unemployment rate of the natural rate of unemployment

The linear, log-transformed and piecewise specification results are compared in
Table 2. In all specifications the slope is negative and significant, and RMSEs decline
by moving from the linear to the nonlinear specifications. In the linear regression
the magnitude of the tradeoff is small, indicating that an unemployment gap of -
1%(+1%) increases annual inflation by 0.13%(-0.13%); the slope is robust to the
inclusion of international supply shocks (column 2), a result also found in the log-
transformed and piecewise specifications. At this regard notice that an increase
in trade intensity (£) reduces inflation, consistently with the idea that competition
from globalization lowers the markup, whereas a rise in relative import prices ()
rises inflation.

In the log-transformed specification (columns 3 and 4), the slope of the Phillips
curve, computed at the average value of U, is -0.81/6=-0.13, similar to the linear
model; however, using the average values of the rate of unemployment in correspon-
dence of positive and negative unemployment gaps, the slope, in absolute value, drops
to -0.116 when the unemployment gap is positive and rises to -0.172 in tight labour
markets.

The final columns of Table 2 report the piecewise regression results; they make
clear that the small coefficient found in the linear specification is actually the
result of a relatively strong tradeoff (-0.3) when the unemployment gap is nega-
tive and a coefficient not significantly different from zero when the unemployment
gap is positive, thus suggesting a convexity.!” When international supply shocks
are also allowed to vary through the cycle, (column 7) they both tend to reduce
inflation during slacks while in periods of tight labour market only the growth of
relative import prices (x) exerts an inflationary push. This is consistent with the
expected unambiguous role of foreign prices as opposed to foreign competition, on

17In this case the slope coefficient is the sum of the two coefficients. In all specifications this sum is not
statistically different from zero.
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1140 A. Cristini, P. Ferri

domestic inflation (Obstfeld 2020). Finally, the coefficient of inflation persistence
(the sum of all past inflation coefficients) is rather stable throughout the specifica-
tions and around 0.8 vs 0.2 for inflation expectations, similarly to what found by
Hooper et al. (2019).

A different way to test for nonlinearities is to use threshold models. In addition
to allowing the coefficients to differ across the regions identified by the threshold
variable, the values of the threshold are also unknown and estimated. The empirical
model with m thresholds and m + 1 regions is defined as follows:

m+1

7 =x08+ Y #p;1;(A;, Ugap) 3)
j=1

where X is a vector of covariates containing the lagged values of the dependent vari-
ables and inflation expectations, so that the linear constraint can be imposed, and §
is the vector of region invariant parameters; z is the vector of variables with region-
specific coefficients, i.e. the unemployment gap and the globalization-related supply
shocks previously defined and 8; is the corresponding coefficient vector. Iis an indi-
cator of the j regions defined on the basis of the threshold values A; and threshold
variable Ugap defined as (U — U™). The threshold values are estimated by min-
imizing the SSR obtained for all tentative thresholds, and the optimal number of
thresholds is based on the Bayesian Information Criteria (BIC). Conditional least
squares are used to estimate the parameters of the threshold regression.

Table 3 reports the results. Column (1) and column (2) differ for the inclusion of
the supply shock factors. In both specifications the optimal number of thresholds is
one; the threshold value declines from 1.83 in column (1) to 0.517 (equivalent to a

Table 3 Phillips curve threshold models. 1961q1 - 20194

(1) @)

(U-U%)<1.829 (U-U9>1.829  (U-U¥)<0.517 (U-U%)>0.517
(U-U%)  —0.169%* 0.253* ~0.596%%% ~0.100%*

&1 0.809 17.858

Xi-1 6,535 2.316%*
Constant ~ 0.026 ~1.277%% ~0.553%* 0.039

DRURE N 0.801%%% 0.786%%*

7 0.199%# 0.214%%%

N 236 236

SSR 143.35 111.237

BIC —52.09 —90.09

*#% Significant at 1% level; ** Significant at 5% level; * Significant at 10% level

The estimated coefficients of lagged inflation and expected inflation are invariant across the threshold.
See Table 2 for variable definitions
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Percentage change in annualized core PCE
4
I

Unemployment gap

Threshold Piecewise Convex

Fig. 3 The estimated Phillips curve slopes: threshold, piecewise and log-transformed models. The lines
depict only the slope and provide the percentage change in inflation due a change in the unemployment
gap, ceteris paribus

rate of unemployment of 6.2% using the period average U*) once the supply shock
factors are included in the model;18 the introduction of globalization-related factors
enhances the tradeoff both below and above the threshold. Again, the change in trade
intensity (&) is largely insignificant whereas the ratio of import prices () is relevant
and exerts a stronger effects when the unemployment gap is below the threshold. In
the final specification (column 2), the estimated tradeoff is negative and significant
in both regions although below the threshold its magnitude is six times higher, in
absolute value (-0.60 vs -0.10). Relative to the corresponding piecewise linear results,
the estimated slope is therefore twice as steep in tight labour markets and negative
and significant even during slacks.

Figure 3 draws the estimated slopes of the Phillips curve in the three main models.

On the whole, considering the period 1961-2019 and PCE core inflation, we can
conclude that convexities have been detected in all the models and specifications
used. The degree of convexity however, is model-specific and at this regard thresh-
old models are those estimating a comparatively higher degree of nonlinearity. In
this case, according to our results, inflation rises by 1.2 p.p. in correspondence to an
unemployment gap of -2 p.p. and declines by 0.2 p.p. in correspondence of an unem-
ployment gap of +2 p.p., ceteris paribus. We also find that the extent of nonlinearity
is biased if international supply shocks are not controlled for and, of these, relative
import prices are more important than trade intensity measures. Finally, we find that
the value of the coefficient of inflation persistence is relatively stable throughout the
specifications and the relative weights on past vs expected inflation are 0.8 : 0.2.

18The threshold is correspondence to a lower value than what found by Doser et al. (2017) using PCE core
inflation (2.47 as reported in the above Table 1) but their time period is shorter and controls are different.
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3 A medium-run regime-switching model

The empirical finding of a convex Phillips curve, obtained by methods based upon
a piecewise approach and strengthened by a threshold technique, opens the way to
the consideration of a regime-switching model. Its purpose is threefold: (i) generate
a Phillips curve with properties similar to the empirical counterparts; (ii) identify the
different mechanisms generating the results; (iii) shed new light on economic policy
issues.

The resulting macro model operates in a medium-run perspective, defined as a
period “long enough to encompass the possibility of major or deep depression cycles”
(Minsky 1982, p. 258), and can only be solved by simulations. In the present analysis,
the medium-run has five specific structural characteristics:

— Itis longer than the traditional business cycle.

— In such an interval of time, dynamics cannot be reasonably assumed to be driven
only by exogenous forces, but some endogenous mechanism is to be looked for.

— Investments play a particular role, being both a source of aggregate demand and
a vehicle for capital growth.

— Two regimes are assumed, a stagnating one and an expansionary one.

— In each regime, expectations are anchored, though at different values, as
explained below.

In line with the literature and the results obtained in the empirical section, the
Phillips curve is assumed to differ across two regimes, the good state and the bad
state, in terms of slope, inflation persistence and inflation expectations. Equations 4
and 5 illustrate the two regimes; notice that expectations (;r*) are anchored to two
different levels, and that persistence (f;) is absent in the bad state.

Bad state: slack labour market

= my — ¢11(u—1 — uor) 4)
Good state: tight labour market
= i1+ (1= By — dr2(ur—1 — uo2) (6))

Regarding the threshold separating the two regimes, we are considering a par-
ticular value of the rate of unemployment w1 When u < uyy the good state
is prevailing and vice-versa; as the threshold is crossed, new parameters become
operative. To generalize the results, a stochastic threshold will be considered in
Section 8.

3.1 The macro model
The successive step consists in putting the Phillips curve equation into a broader

macro dynamic model. The latter is based upon the dynamic interaction between
aggregate demand and an endogenous supply, along the lines of (Fazzari et al. 2020).

190n using different variables as threshold, see for example (Tramontana et al. 2010) and on the way the
threshold is implemented see Ferri (2011).
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The model accounts for the monetary policy and its transmission mechanism, it
is nonlinear and expressed in intensive form, i.e. the variables are divided by last
period output, Y;_;. Finally, it generates endogenous dynamics capable of reproduc-
ing Phillips curves of different slopes and intercepts; as intercepts and slopes can
change in both regimes, the overall Phillips curve can then take different forms.

The model consists of the following equations:

= (1 = pij)my; + Prjmi—1 — 1 (ui—1 — uoj) (6a)
Egi =aEg 1+ (1 —a)gi—1 (6b)
R, = Ry; +vi(m—1 — 75,) + v2 (Egr — &7) (6¢)
_(+R)
ry = —(l e 1 (6d)
vi—1(1=9) ir—1
= 6
S e At (6)
¢ = c1(L+g)(1 — k1 (ur—1 — uoj)) (61)
ir = 0+ Egivy + [v*(1+ Eg)? = (1 + Egoue | [1 = &1 = o)) (69)
= fiall Lt s 6h
S = fic1ll — w2 —MOJ)](1+—M (6h)
g =c+ii+fi—1 (61)
gNs; = po — prus—1 (6))
T, = Oy + 61 il (6k)
Vr—1
(I+g)
N = ————1 6l
8Ny a+1) (61
(4N
up =1—0—u—1) dton (6m)
g =0+t +0)—1 (6n)

where the variables are detailed in Table 4, subscript j = 1, 2 identifies the regime,
subscript O stands for steady state, while superscript * means that the variable is
exogenously fixed.

In order to make the explanation easier, the system is considered into three blocks
of equations. The first block refers to expectations; in particular, those in the price
(6a) are anchored to the target rate of inflation credibly pursued by the Central Bank
following a rule a la Taylor (6¢); notice that the Central Bank operates in different
ways according to the prevailing regime.?’ The real rate of interest is determined
accordingly by Eq. 6d. Growth expectations (6b) are specified as an adaptive process;
in Section 8 a learning process will replace this formulation. The steady state values
of expectations are equal to go; which are determined by g}f in Eq. 6h; it follows that
foj in Eq. 6i are to be endogenized.

20This hypothesis tries to overcome the limitations of the REH. See for example (Coibion et al. 2018;
Frydman et al. 2019)
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Table 4 The variables of the model

7; = inflation 7* = anchored inflation expectations
g: = rate of growth of output Eg; = growth expectations

R; = nominal rate of interest r; = real rate of interest

¢t = C;/Y:—1 = non durable consumption v; = K;/Y;—1 = capital output ratio
i; = I;/Y;—1 = investment ft = Fi/Y:—1 = durable consumption
7, = rate of growth of productivity gNs; = growth of labor supply

gN; = growth of labor demand u; = rate of unemployment

gs; = growth of aggregate supply

s(superscript) = exogenous variable O(subscript) = steady state

The second block of equations refers to aggregate demand. In particular, Egs. 6f
and 6h represent consumption in non durable and durable goods, respectively. Both
equations include unemployment. It is worth stressing that the rate of unemployment
interacts with an autonomous component in Eq. 6h; while the presence of the latter
is well known in the literature, the inclusion of unemployment in a Keynesian con-
sumption function has been criticized because of the high correlation between Y and
u. However, this conventional wisdom neglects the impact that the downsizing of the
welfare system has had on the rules of the game. In particular, the inclusion of rate
of unemployment helps considering two phenomena: it allows to introduce hetero-
geneity into the analysis, as employed and unemployed are characterized by different
propensities to consume (see Kaplan and Violante 2018); it stands for a proxy of
uncertainty characterizing non insurable incomes, a point stressed by Carroll (1992),
Malley and Moutos (1996), and Palley (2019). Equation 6e shows the evolution of
the capital/output ratio derived from the accumulation equation; it depends on depre-
ciation and last period investment. Equation 6g introduces the investment function
that plays different roles: i) it replaces depreciation (§); ii) it accounts for steady state
growth in desired capacity and iii) at least partially, it tries to close the gap between
actual and desired capacity, where v* is the optimal capital output.?! This process of
adjustment depends (negatively) on the real rate of interest.

The final block refers to supply equations that determine the rate of unemployment
and the rate of growth of potential supply, i.e Harrod’s natural rate of growth. In this
perspective, the rate of growth of labor supply gNs; (6j) and productivity 7, (6k)
are endogenously determined and contribute to define the rate of unemployment,
expressed in Eq. 6m, where gV, is the rate of growth of labor demand, determined in
Eq. 6l. Finally, (6n) expresses the rate of the growth of potential output ratio.

Given the autonomous component of consumption f*, price expectation 7* and
the expected-optimal capital output ratio v*, the system refers to 14 unknowns: m;,
Egs, Re, 1ty ¢ty Ve, sy frs 815 Tt 8N St, 8Ny, u; and g inserted into 14 equations. The

211t is worth stressing that, while v* refers to contemporaneous value of K and Y, the steady state value of
v, i.e. vp, must take into consideration that the intensive form is expressed in terms of a lagged value of Y.
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nonlinear nature of the model suggests to refer to simulations. In order to make this
task easier, the model has been expressed as a recursive process.

4 Characterizing the regime

The steady state values of the model are easily obtainable. The Harrodian steady state
(the so called warranted rate) is driven by g* in the equation of durable consumption,
while the target inflation rate of the Central Bank fixes the steady state value of
inflation.

Table 5 illustrates the quantitative properties of the two regimes, which are at the
root of the simulations.

It follows that the bad state is characterized by low growth, high unemployment,
and low inflation, while the good state has the opposite properties.

The final step consists in identifying the switching parameters and therefore the
switching equations. Both switching and fixed parameters are shown in Table 6.

Notice that we have tried to minimize the number of changing parameters and that
these changes are not irreversible because the economy switches from one regime
into the other. The parameters of the price Phillips curve are in lines with the results
of the empirical section and the remaining are, more generally, in line with empirical
estimates as discussed in Fazzari et al. (2020).

5 The dynamics of the model

In carrying out the simulations, the values of the steady states and of the parameters
indicated in Tables 5 and 6 have been used. Simulations have been run for 1000
periods, even though in some pictures a smaller interval of values may be indicated.
It is also worth stressing that three constraints have been made operative:

- RT > 0,
— Ur > 0,
~ '+ Eg)*— (14 Eg)v] > 0;

The first constraint is the zero-bound on the rate of interest, well known in the
monetary policy literature. The second constraint, referring to the rate of unemploy-
ment, can be considered as a dual of a ceiling. Finally, the last one refers to the

Table 5 Steady state values in

the two regimes Bad state Good state
8o = 0.02 8y, = 0.04
7 =0.01 my =0.04
Ro; = 0.015 Rp> = 0.05
up; = 0.10 upy = 0.045
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Table 6 Parameters in the two

regimes Bad state Good state Same in two regimes

B =0 B12 = 0.60 c1 = 0.608

¢11 =0.10 ¢12 =0.20 & =7

po1 = 0.061 poz = 0.045 k1 =03

yir =15 yi2 = 2.15 Kk =0.3

yiu =0 712 =0.7 §=0.10
v* =0.80
6o = 0.001
01 =0.15
p1 = 0.60
a=09

investment equation and sets a floor to this variable. These constraints do not deter-
mine the existence of fluctuations but they rather have an impact on their amplitude.

The dynamics are illustrated in Fig. 4.

Some points are worth stressing. First of all, the dynamics of the model is persis-
tent. In the present case, the number of observations n is equal to 100, but it holds
also for n=1000. In the second case, the dynamics are endogenous. In fact, the steady
state value is disturbed by a random shock that only lasts one period. Thirdly, the
dynamics is different in the two regimes. Finally, the variables shown represent the

rowth
0.1 T T T T 9 T T T T T
ok 4
0.1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
unempl
0.2 T T T T T P T T T T
0.1 4
0 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
roductivit
0.04 T T T T P T y T T T T

0.02 »J\_/\/\_/\/\_/\A_/
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T T T
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-0.05 : * : :
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Fig.4 The Dynamics in a regime switching model
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framework in which the Phillips curve is generated (consumption and investment are
been omitted because they are highly correlated with g).

6 Generating the Phillips curve

The ensuing Phillips curve derived from the simulation of the model is shown in
Fig. 5, where also the rate of inflation has been represented. Some points are worth
stressing. The first is that the threshold, which is equal to a rate of unemployment
equal to 0.07, is within the range of values found in the empirical analysis and con-
sistent with the econometric literature. The second is that the Phillips curve appears
to be clearly distinct in the two regimes. The one referring to high unemployment
mimics a situation similar to that of the Great Recession, which, mutatis mutandis,
replicated that of the Great Depression. Thirdly, it is worth underlying that no run-
away situation is generated, in spite of the fact that each regime is not necessarily
stable. Finally, with different values of the parameters possible situations of deflation
can be generated.

7 Policy implications

Table 7 contains a series of information relative to the impact of three kinds of param-
eter changes. In a preliminary way, it is important to underline that they witness the

inflation
0.08 T

0.06 - B

0.04 -

The Phillips curve
0.08

o o o o

o

0.06 -

‘2 0.04 |

0.02 -

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Fig.5 The Phillips curve in a regime switching model
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Table 7 The impact of changes in some parameters

(6] (@) 3 “)

Benchmark ¢12 = 0.40 yi1 = y12 = 2.15 £ =10
v21=yn=07
Mean(g) 0.0236 0.0215 0.022 0.024
Coef. of corr(u, ) —0.766 —0.69 —0.75 —0.73
ox 0.0164 0.021 0.013 0.015
oy 0.0384 0.029 0.029 0.036
Implied ¢ —0.365 —0.495 —0.326 —0.31
Mean() 0.0260 0.026 0.024 0.025
Mean(u) 0.0926 0.096 0.095 0.095

robustness of the model. In fact, dynamics remain the same, implying that fluctu-
ations maintain both persistence and boundedness. However, significant changes in
other aspects are worth stressing. The first experiment consists in increasing the slope
of the price equation in the good state (Table 7, column 2). What is relevant to stress
is that if one fits a simple Phillips curve in the data it turns out that the ex-post value
of this slope (¢1) has increased with respect to the benchmark value. This implies
that the price equation generates the empirical Phillips curve. While this is obvious,
the problem is to understand how the overall pattern of the model impacts on this
result. At this regard, a first aspect to be underlined is that in the present model the
equilibrium rate of unemployment is not a NAIRU (Lang et al. 2020). In fact, it is
equal to:

PO | T0—80 7
p1 pi(1+ 1)

In other words, the rate of unemployment is the variable that allows the natural
rate of growth (i.e. the aggregate supply) to equal aggregate demand in equilibrium.
Differently from the neo-classical literature, the parameter ¢; has no impact on uy.
However, it has an impact on the empirical Phillips curve, conditioned on the working
of the model and on the values of the other parameters.

A first hint on how the overall model affects the result can be derived from
the second experiment, which concerns policy (Table 7, column 3). Suppose that
the monetary authorities reject a regime-switching model and put forward a Taylor
rule which is entirely based upon the values of the good state.?> Two results and a
caveat are to be underlined. The overall rate of growth is lower with respect to the
benchmark, while the rate of unemployment is higher, a result consistent with the
long-standing view according to which the use of a linear monetary policy rule when
the underlying world is convex, reduces output growth (Laxton et al. 1999). Indeed,
the experiment also implies a lower ¢y, i.e. the policy impacts on the Phillips curve,
but this has nothing to do with the Lucas critique. This influence does not occur nec-
essarily through expectations but through the abandonment of a “partial equilibrium’

upg =

22We thank an anonimous Referee for suggesting this policy experiment.
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view of the Phillips curve. In fact, once it is conceived as a system result and not only
as a labor market phenomenon, all the markets may have an impact, as will emerge
from the third experiment. However, before discussing this experiment, a caveat is
to be faced. The impact of monetary policy depends, inter alia, on the presence of
monetary mechanisms of transmission. In the present model they are too simplistic
in the sense that they work only indirectly on the real rate of interest that impacts on
the adjustment of investment. If more room is devoted to the monetary and financial
variables the impact would be certainly greater (Ferri et al. 2019). Let us finally con-
sider the last experiment, where the value of &, the parameters affecting the speed
of adjustment of investment rises with respect to the benchmark (Table 7, column 4).
To our purposes, it is important to observe that the implied value of ¢; changes in a
remarkable way.

The lessons that can be learned from these experiments is the presence of a stone
guest represented by the regime switching, which may alter the results obtained by
models without such regimes. On this point, more will be said in the next Section.

8 A learning mechanism

The results of the model are robust to the changes in the three kinds of parameters
examined in the previous Section. However, the robustness extends to other aspects.
In fact, the co-presence of accelerations, discontinuities and global stability are robust
both to changes in the values of the parameters and to the values of the threshold.
There remains the problem of the abruptness of changes when the model reaches
the threshold. Natura non facit saltus seems to be behind the repulsion of this state
of affairs. There are many ways to soften this discontinuity (Ferri 2011). In what
follows, two strategies are suggested. The first one consists in introducing a stochastic
threshold, which can be specified in the following way: u;j, + €; where ¢, is a normal
stochastic variable of the type (0, o). The second strategy adds a learning in the
process of expectations of the rate of growth. In particular, we assume that agents
do not have a complete knowledge of the model and therefore use simple rules to
forecast the future output growth.>> We suppose that there are heterogeneous beliefs
and that, as in De Grauwe (2011), the agents can be either optimistic or pessimistic.?*
The optimists’ forecast is given by the following relationship:

EP g1 =Egon+ (1 —£)gii (8)

If & = 1 they expect that the steady state rate of growth of the good regime is
always prevailing. On the other hand, the pessimists forecast a smaller rate:

EP**g,11 = ngoi 9)

23 As shown by Dosi et al. (2020) simple rules, for example heuristic-driven strategies, can be the best
response in complex and uncertain environments. See also (Dosi and Egidi 1991).

24This formulation is well known in finance. Dieci and He (2018) name it HAM i.e. Heterogeneous Agent
Model.
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where n < |1| because it can be negative, and go1, is the steady state rate of growth in
the bad state previously used. The market forecast is obtained as a weighted average
of these two forecasts:

Etgt+1 = O50171,tE_‘t0plgt+l + apess,tEtpessgl+l (10)

where otopr,r + U pess,r = 1. Following (Brock and Hommes 1997), a selection mech-
anism is introduced such that agents compute the forecast performance by referring
to the mean squared forecasting error:

00
= 2
Uopt,t = — Z Xk [8t—k - Eupt,t—k—lgt—k] (11)
k=1
- 2
Upess,t = - Z Xk [gt—k - Epess,t—k—lgt—k] (12)
k=1

where x represents geometrically declining weights. The proportions of agents are
determined a la (Brock and Hommes 1997):

exp(y Uopt,t)
exp(y Uopt,l) +exp(y Upess.r)

Qopt,t = (13)
exp(y Upess,t)
exp(y Uopt,t) +exp(y Upess,t)

where y measures the intensity of choice. These formulae indicate that those that had
a success in the past will convince more people to follow them in the future. By using

(14)

A pess,t =

rowth
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Fig.6 The Phillips curve in a stochastic environment with learning
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the same parameters underlying Fig. 5, referring to a stochastic process marked by
N ~ (0, 0 = 0.10) and making use of a Monte Carlo simulations (repeated n=100),
one obtains Fig. 6.

Notice that the introduction of a stochastic threshold along with the operation
of a learning mechanism have softened the discontinuities caused by the threshold,
without altering the structural properties of the model

9 Concluding remarks

The flattening of the Phillips curve has stimulated new theoretical discussions on its
nonlinear nature, along with a methodological deepening concerning both the mea-
surement and the implications of the changeability of its parameters. The story of
the changing Phillips curve has been told many times. Tobin (1972) used the title of
a Pirandello’s famous novel “One, no one and hundred thousand” as a metaphor of
the changing nature of the Phillips curve, which can assume different forms and play
different roles according to the circumstances.

In the present paper, we first test for nonlinearities in the US price Phillips curve
from 1961 ql to 2019 g4 using log-transformed, stepwise and threshold models. All
the nonlinear specifications adopted clearly support convexity and are all preferable
to a linear specification in terms of RMSE. However, the extent of estimated convex-
ity is model specific and responsive to the inclusion of supply shocks. Regarding the
latter, consistently with the theory, we find that relative import prices exert a stronger
inflationary pressure than changes in trade flows and that such pressure is also rela-
tively more intense in booms. Regarding the empirical specification, we find that the
estimated degree of convexity increases moving from the log-transformed model to
the piecewise and the threshold model. In the latter the optimal threshold is in cor-
respondence to a positive unemployment gap (0.517) and the estimated slope is six
times as steep below the threshold than above it. With respect to the piecewise and
log-transformed models, the difference in the slope of the estimated Phillips curve
is especially stark below the threshold, suggesting that the choice of the model can
itself carry policy implications specifically in periods of tight labour market.

Based on the relevance of empirical nonlinearities, a regime switching model
grounded upon dynamic interactions between aggregate demand and supply and
compatible with structural changes is then suggested. We show that the model is
capable of generating Phillips curves akin to those found in the econometric analyses
and at the same it prevents runaway situations from occurring; in other words, while
each regime may be unstable, the overall system is globally stable.

These results, which stress the relevance of nonlinearity and convexity in eco-
nomics studied from the perspective of the Phillips curve, can be extended from both
the empirical and the theoretical point of view. From the empirical point of view,
the description of the links between the price Phillips curve and the set of macroe-
conomic variables considered in the model could be illustrated using a VAR (Del
Negro et al. 2020). From the analytical point of view, three changes are to be put for-
ward. First of all, a structural approach linking wage, price, productivity and income
distribution must be introduced. Secondly, the presence of monetary and financial
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aspects must be strengthened in order to better assess the role of policies (Ferri et al.
2019). Finally, some sort of evolutionary learning must be faced, in keeping with the
evolutionary nature of the underlying process of growth.

Appendix

1950q1 1960q1 1970q1 1980q1 1990q1 20001 2010q1 2020qt

time

CPI PCE PCE core Michigan survey
Fig. 7 Inflation expectations backcasting
Table 8 Descriptive statistics
Variable Obs Mean Std. Dev. Min Max
PCE core annualized inflation 236 3.24723 2.25032 0.18631 11.93717
Unemployment rate 237 5.96224 1.623 3.4 10.66667
Natural rate of unemployment (U*) 280 5.32056 0.64589 4.18303 6.23993
Unemployment gap (U — U*) 236 0.46435 1.56589 —2.43890 4.95477
log(U/U¥) 236 0.05012 0.25634 —0.54077 0.69075
Inflation expectations 237 3.44786 1.81576 0.45197 10.2
Annualized rate of growth (import 236 —0.00092 0.09705 —0.37544 0.74615
price/PCE)
Trade intensity 236 0.19715 0.06582 0.08558 0.31115
ATrade intensity 236 0.00070 0.00595 —0.03799 0.01706
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