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Abstract

There is no Phillips curve in the United States, iinemployment does not drive inflation at anyetimorizon. There
is a statistically robusanti-Phillips curve - inflation leads unemployment by 10 quartékpparently, the anti-
Phillips curve would be the conventional one, ¥ tfime would flow in the opposite direction. Sevdests for
cointegration do not reject the hypothesis thatettexist a long-term equilibrium relation betweeafiation and
unemployment in the US.

The cointegrating relation between inflation an@mployment is not the proof of causality, howewaerg
both variables are driven by the same externakfoftso presented are some statistical evidenastltiere exist

conventional Phillips curves in Germany and Frarmé, there is no causality link between unemploytreard
inflation as well.
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Introduction

The Phillips curve is a fundamental axiom of theénstieam economics that links inflation to
unemployment. In some modern models, like the newni€sian Phillips curves, other measures
of economic activity may be used instead of uneympknt. The process behind the curve is so
crystal clear from the point of view of common waesdl, as introduced by A.W. Phillips (1958)
and elaborated by several generations of econgntingts it has been easily accepted by major
schools of economic thought. Even central bankh®fmost advanced and richest countries do
not hesitate to use the Phillips curve in the mtésh of price growth for purposes of inflation
targeting, which is the Holy Grail of monetary pgli(Kohn, 2008). The only problem is left for
both theorists and practitioners — the Phillipsveutloes not work (Atkeson and Ohanian, 2001).
Essentially, even the simplest approach “tomorrasvteday” gives better of comparable
predictions when the most elaborated model basetherPhillips curve (Stock and Watson,
2008). At best, the input of from unemploymentay other measures of economic activity in
the prediction of inflation at time horizons of otetwo years is between 10 and 15 percent
(Piger and Rasche, 2006). The residual 85 to 9€epers explained by autoregressive properties
of inflation itself. In other words, the accuraclyioflation prediction depends critically on the
predominant frequency in its spectrum. At time homis sufficiently larger than the predominant
period, one should not observe any sound prediction

There are two possible explanations of the absafceeliable correlation between
inflation and unemployment in the United Statese @nbanal — there is no link at all. Second
explanation is a more productive one — both vaeslare driven by some external force. The
failure of the Phillips curve is caused by the eli#nce in time lags of inflation and
unemployment behind this driving force. We havenid that in such developed countries as the
United States, Japan, Germany, France, Canada&usida this force is the change in the level
of labor force (Kitov, 2006ab, 2007a-d; Kitov, Kitoand Dolinskaya, 2007ab, 2008). In the US,
the lag of inflation behind the change in laborctors 2.5 years, and the lag of unemployment is
5 years. Accordingly, the inflation leads the unéyment by 30 months. One can formulate
such order in time as amti-Phillips curve. Due to the time lag, the unemployment ctnddy
mistake considered as a consequence of the inflafibiis strict sequence in time is not
causality, however. The cause for both variables is of theEmes origin, but the
inflation/unemployment sequence varies between tciesn

The main objective of this paper is to reveal gkistence of an anti-Phillips curve in the
United States and to estimate its statistical ptogse including the conduction of appropriate
tests for cointegration. It is also important tomdastrate that the presence of a cointegrating
relation between inflation and unemployment is thet proof of causality and both variables are
driven by the same external force. In support e tonclusion, we present some statistical
evidences that there exist conventional Phillipyes in such developed countries Germany and
France.

The anti-Phillips curve

We start with plotting of quarterly readings oflaifon and unemployment, as measured by the
US Bureau of Labor Statisticht{p://www.bls.gov/datd and the Bureau of Economic Analysis
(http://bea.gov/national/nipawgbtespectively. Straight away, Figure 1 reveats akistence of
the anti-Phillips curve. In order to highlight thead of inflation, represented by GDP deflator
(DGDP), ahead of unemploymentE), the latter is scaled, displaced, and shifte@ layyears
(t+2.5) or 10 quarters back relative to its truneet

DGDP(t) = 1.444* UE(t+2.5) - 0.0488 (1)

Both the slope and free term in (1) are determibgdrsisual fit only, but with keeping the
average residual very close to 0. Overall, we tneatching the amplitude and timing of the
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highest peaks in 1973 and 1980 by the trail-andremethod, with the emphasis on the latter
one. The consideration behind this approach isonlsvi- to obtain the best results one should
always fit the measurements with the highest sitmaloise ratio.

Effectively, the unemployment lags behind the GD#lador by 2.5 years. The mean
difference between the observed and predictedtimfias 8.3E-5 for the period from 1960Q1 to
2006Q2: one can use the reading of inflation or@yqglarters back from 2008Q4 (the last
reading currently available). The anti-Phillips\eiin its scatter-plot form is displayed in Figure
2 (left panel). The goodness-of-fit is 0.49 and shape of the linear regression curve is 0.42.
Due to the presence of random (measurement) emnotsoth independent and dependent
variable, the slope is underestimated relativéab in Figure 11/1.444=0.69
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Figure 1. GDP deflatoGDP) vs. scaled and lagged unemploymemE) in the United States between
1950Q1 and 2006Q2. The DGDP and unemployment teniessare represented by quarterly readings
(226 in total). The scaled unemployment is shitvgd2.5 years ahead (10 quarters), i.e. actual mgadi
start from 19520Q3.
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Figure 2.Left panel: scatter plot: theDGDP vs. unemployment for the years between 1960Q1 and
2006Q2. The slope obtained by linear regressiatightly underestimated: 0.42 instead of 1/1.44880.

as related to the uncertainty of tB&DP and unemployment estimates. This scatter plottex#oook
example of the anti-Phillips curv®ight pane: the residual of the observed and predicB@DP
normalized tdDGDP between 1968Q1 and 2006Q2. The average relathiguad is -0.11 with standard
deviation of 0.5. The scatter is higher in the 080d 2000s supporting the conclusion by Stock and
Watson (2007) that inflation is getting harder tedct.

An important characteristic of the overall congistgis the residual of the observed and
predictedDGDP. The right panel of Figure 2 depicts this residasinormalized to thBGDP
between 1968Q1 and 2006Q2. Such normalization allavdifferent view on the residual as
related to the ratio of signal and noise. When #@oge of a signal is high relative to that of
noise, one can expect lower relative residuals uscthe input of the noise is negligible. When
the noise is of the amplitude of the signal, oneusth observe a higher scattering in the residual
due to partly stochastic character of the noise dverage residual in Figure 2 (right panel) is -
0.11 with standard deviation of 0.5. The scattdrigher in the 1990and 2000s supporting the
conclusion of Stock and Watson (2007) that inflatis getting harder to predict. The cause is
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likely related to the constant level of absoluteoerin the measurements of inflation and
unemployment and, thus, objective.

The goodness-of-fit is relatively low, however. Thigh scatter in Figure 2 is directly
mapped into large root-mean-square forecasting éRWISFE), as presented in Table 1 for the
empirical anti-Phillips curve. In normal situatiathe DGDP would be used to predict théE,
but since we follow the conventional economic cqn@nd the reversed time direction, i.e. the
anti-Phillips curve, we predict tHeGDP using future readings of tRéE. Therefore, we obtain
a pseudo out-of-sample forecast, i.e. the forewh®n “..., one simulates standing at a given
date and performing all model specification andap@eter estimation using only the data
available at that date, then computing lthgeriod ahead forecast” (Stock and Watson, 2008), bu
from the future into the past. Otherwise, it istanslard pseudo out-of-sample forecast. (When
forecasting th&JE using theDGDP, one is fully complying with the definition of ps#o out-of-
sample forecast.)

Table 1. Comparison of the RMSFE obtained in ttuslysto those reported by Stock and Watson (2008)
for the same periods. Time horizons are 2.5 aneat, yespectively. RMSFE for tiGDP MA(5) has a
time horizon of 2 years

Length, RMSFE, % RMSFE, % RMSFE, %

Period qguarters anti-Phillips MA(5) DGDP-UE| SW UC-SV
1960Q1-1967Q4 32 2.04 2.00 0.72
1968Q1-1976Q4 36 2.54 2.68 1.76
1977Q1-1984Q4 32 1.81 1.80 1.28
1985Q1-1992Q4 32 1.56 1.05 0.70
1993Q1-2000Q4 32 1.00 0.72 0.41
2001Q1-2006Q2 22 1.35 1.23 0.57

The unobserved component-stochastic volatility {8N) model developed by Stock and
Watson (2007) has a somewhat smaller RMSFE at ay@aehorizon than our model at a 2.5-
year horizon. Stock and Watson (2008) have spifpiériod between 1960 and 2007 into several
segments (see Table 1) in order to investigatectismge in relative performance of various
models over time. For the most recent periods, RK®as 0.41% and 0.57%. Our model
provides 1% and 1.35%, respectively.

One of possible reasons for the scatter and l[aRJ}ISFEs consists in a higher
measurement noise associated with quarterly maasmts. TheDGDP is prone to continuous
revisions by the Bureau of Economic Analysis. Tiheraployment is measured in the Current
Population Surveys covering only 60,000 househd@adsh variables suffered numerous changes
in definitions over the past 60 years, which somet make them incompatible through time.
Therefore, the overall fit between tB&DP andUE should not be too high and one needs to use
some additional tools to suppress the measurenoésg.n

Moving average is a well-know tool to reduce thiguence of high-frequency noise. We
have applied a five-quarter (centered) moving wimd®A(5)) to smooth theDGDP time
series. As a result, the horizon of pseudo outaoide forecast is now 8 quarters, or 2 years.
The prediction error has been sufficiently redudeolvever, especially in the past 25 years,
when the measurement noise was the highest inveeltgdrms. The RMSFE at a two-year
horizon is only 0.72% between 1993 and 2000 contbtryed.41% for the UC-SV model at a
one-year horizon. At this stagey autoregressive properties of both time series ha&en used
yet. This is the pure statistical link between EeDP andUE.

The anti-Phillips curve is not designated to Kk tconventional Phillips curve, but to be
used for the prediction of the rate of unemploymaerhe United States using inflation. Figure 3
illustrates this possibility. Since the 1980s B@DP andUE have been moving synchronously
(with 10 quarter shift) and the next move in themployment in the US should be down, from
the height it climbed in the end of 2008 and thgitr@ng of 2009. Accurate prediction of such a
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sudden and deep fall would be a good validatiorrdtationship (1). This event should happen
because both variables are driven by the chan@or force (Kitov, 2006ab; Kitov, Kitov, and
Dolinskaya, 2007b).

We have also tested the link between the GDP deflabhd unemployment for the
presence of cointegration relation. First, we uteddifference of the measured and predicted
DGDP between 1960Q1 and 2006Q2 (186 readings) obtdigedsual fit as a proxy to the
residual of corresponding linear regression. Thgreanted Dickey-Fuller test for unit root with
lags up to 4 gave test statistics of -3.64 with 18€ critical value of -3.48. At this level of
confidence, one can reject the hypothesis of tlesgomce of unit root in the difference. The
Phillips-Perron unit root tests resultedzjp)=-54.0 (1% critical value -13.4) araft)=-5.6 (1%
critical value -2.6). Therefore, both tests demiatstthat the difference between the observed
and predicteddGDP is an 1(0) process and the variables are likelye@ointegrated.
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Figure 3. Comparison of tHeGDP and scaled unemployment in the United States le#t#875Q1 and
2008Q4. A sudden and deep drop intheis expected in 2009-2010.

The Johansen (1988) approach allows both the test cbintegration and the
determination of its rank. With the maximum lagluded in the underlying VAR model of 1
and trend specification “rconstant” we have obtdintbe eigenvalue of 0.15 and rank 1
Corresponding statistics is as follows: trace stias 6.4 (1% critical value 13.0, 5% critical
value 9.2), SBIC=-13.39 and HQIC=-13.4 — both maximat rank 1. Hence, one cannot reject
the hypothesis that there exist a cointegratingticd between thBGDP and unemployment. In
other words, there exists a long-term equilibritetation between these two variables with the
DGDP leading the unemployment by 10 quarters, anditieat regression shown in Figure 2 is
valid.

All in all, the anti-Phillips curve revealed forehUnited States practically prohibits
predicting inflation by using unemployment. On ttentrary, the existence of a cointegrating
relation allows improving the prediction of unemyieent using its own autoregressive
properties and those of inflation. The best VECNhwhe largest lag of one quarter predicts the
rate of unemployment with RMSFE of 0.6 percent @Gtgliarters horizon. The VAR provides
R?=0.84 and RMSFE also of 0.6 percent at the samiedror Therefore, the anti-Phillips curve
is much more practical than its counterpart.

The anti-Phillips curve is a specific feature af thS economy, however. Other countries
demonstrate rather the presence of conventiondlig8hcurves. Figure 4 illustrates the link
between inflation PGDP) and unemployment in Germany, where the formerabse lags
behind the latter one by one year. Correspondintlky,slope obtained by linear regression is
negative. The relation obtained by visual fitssf@llows:

UE(t+1) = -1.477*DGDP(t) + 0.1147

for the years between 1971 and 2008. Linear reigresgives a slope of -1.50 with*R0.86.
Therefore the Phillips curve in Germany is a rd#albelationship between inflation and
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unemployment. Both are driven by the same exteiorak — the change in labor force level
(Kitov, 2007c).

— UE(-1) NAC
— -1.477*DGDP(1)+0.1147 s Y= 1.5044x + 01163
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Figure 4. The anti-Phillips curve in Germany isoaventional Phillips curve with inflation laggedHied
unemployment by one year.

In France, the Phillips curve existed before thexddee de France introduced a new
monetary policy restricting the emission of monkitdv, 2007d; Kitov, Kitov, and Dolinskaya,
2007a). Figure 5 displays the observ@e@DP annual time series and that predicted from
unemployment. The latter time series was obtaineithé following relationship:

DGDP(t) = 1.3*UE(t-4) + 0.155

i.e. the inflation lags the unemployment by foyryéars. The goodness-of fit as obtained from
linear regression, shown in Figure 5 (right pansl)).89 for the years between 1971 (the start of
the DGDP measurements) and 2007. The Phillips curve waatstically reliable link between
unemployment and inflation; both are driven by ti@ange in labor force levetli(F/LF), as
Figure 6 demonstrates. The change in labor foree lelads inflation by four years, and thus is
contemporary with the unemployment. The agreemetivden the observed and predicted
curves is characterized by0.9.

0.15 0.13
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Figure 5. The anti-Phillips curve in France is avantional Phillips curve with inflation lagged lueth
unemployment by four years.

The slope of the regression line in Figure 5 isatieg. Similar result was obtained for
Germany. In both countries, any decrease in ungmmat indicates a delayed increase in
inflation, and vice versa. The French and Germamtral banks should be very careful in
formulating a sound monetary policy. Our analyssndnstrates that inflation does no harm in
terms of real economic growth (Kitov, Kitov, and Ibskaya, 2008), but high unemployment
directly affects the sustainability of social deyghent.
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Figure 6. The link between the change in laborddevel @LF/LF), unemployment, and inflation in
France (Kitov, 2007d).

Conclusion

In addition to the US, Germany and France we haatyaed the link between the change in
labor force, unemployment and inflation in Japaitq¥ 2007a), Canada (Kitov, 2007b), and
Austria (Kitov, 2007d). All these countries and @thbiggest developed countries (working
papers in preparation) demonstrate the presensendar linear lagged relationships. In several
countries, the conventional Phillips curves areeoled, but some central banks destroy the
statistical link between unemployment and inflatiby monetary policy similar to that
introduced by the European central bank. All in @ik anti-Phillips curve found in the United
States is just a funny peculiarity, not a fundarakebbund. The Phillips curve has the same
nature.
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