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Abstract

The evolution of inflation,7t), and unemploymentJE(t), in Japan has been modeled. Both
variables were represented as linear functiond@fchange rate of labor foradl,F/LF. These
models provide an accurate description of disiiffain the 1990s and a deflationary period in
the 2000s.

In Japan, there exists a statistically reliabR?=0.68) Phillips curve, which is
characterized by a negative relation between iofladnd unemployment and their synchronous
evolution: UE(t) = -0.947(t) + 0.045 Effectively, growing unemployment has resulted in
decreasing inflation since 1982.

A linear and lagged generalized relationship betwia#ation, unemployment and labor
force has been also obtained for Japdt):= 2.8*dLF(t)/LF(t) + 0.9*UE(t) - 0.0392

Labor force projections allow a prediction of iritan and unemployment in Japan: CPI
inflation will be negative (between -0.5% and -1%r pyear) during the next 40 years.
Unemployment will increase from ~4.0% in 2010 t8%.in 2050.



Introduction

In a series of research papers we have carried thdrough investigation of the change rate of
labor force level as the single driving force behinflation and unemployment - Kitov (2006ab;
2007ab); Kitov, Kitov and Dolinskaya (2007ab). Imist framework, inflation in Japan was
successfully modeled for the period between 1984 2003 (Kitov, 2006c). It has been
demonstrated in all previous studies conductedHferUSA, Japan, France, Austria, Germany
and Canada that there exists a linear and potnkzgged link between labor force, inflation
and unemployment. In some countries, this genedlizlation can be split into two independent
linear links between inflation and labor force abetween unemployment and labor force.
Obviously, these individual linear dependenciestlom same defining variable result in the
existence of reliable Phillips curves in these ¢oas. These Phillips curves are not defined in
standard form, however, since in many cases theyrepresented by lagged dependences
between inflation and unemployment, any of theselkes likely to be in. An important feature
of our empirical study consists in the fact thatefficients in these linear dependencies
sometimes are positive and sometimes are negadtivehe former case (positive slope),
increasing inflation is associated with increaqingt lagged) unemployment, as is it observed in
the USA (Kitov, 2006ab). In the latter case, insieg inflation results in a decreasing
unemployment rate, as observed in Germany (Kit60,/B).

This paper is primarily aimed at the estimationtted generalized relationship between
the change rate of labor force levek(t), inflation, 7£t), and unemploymentJE(t), in Japan.
Also, individual relationships between the chargfe ofLF and inflation, and the change rate of
LF and unemployment are investigated. Such relatipasillow answering important practical
questions addressed in numerous studies of inflatiod unemployment. For example: Do
central banks really affect inflation and unempl@yiwhen conducting monetary policy?

Leigh (2004) studied influence of monetary policytbe liquidity trap in Japan. In other
words, was there some monetary policy which thekBainJapan could conduct to avoiding
deflationary slump? He found that the trap arosebecause of monetary policy mistakes and
that “a policy of responding more aggressively e inflation gap while keeping the low
inflation target would have provided little improwent in economic performance”. This
conclusion is partly in line with our findings, vehi deny any possibility of the influence on
inflation except that transmitted through inflatid@pendence on labor force and unemployment.

There exists, however, a common opinion in the ewosts and central bankers
community that inflation is a monetary phenomengalson (2006) investigated this assumption
as applied to Germany and Japan and argued thakpegiences of these countries in the 1970s
indicate that once inflation is accepted by poliekers as a monetary phenomenon, the main
obstacle to price stability has been overcome. Eleocentral banks are able to control inflation
through monetary policy.

Currently, many popular inflation models are coricard around the New Keynesian
Phillips Curve (NKPC) approach. De Veirman (200@)dged, in the NKPC framework, the
output-inflation trade-off in Japan as a lineaati@nship with a time-invariant slope during the
period between 1998 and 2002. He found that larggative output gap did not cause
accelerating deflation, which would be expectedoediog to the NKPC. Kamada (2004)
investigated the importance of various real-timeasuges of output gap for inflation prediction
and development of monetary policy by the Bankagah and reported that some measures of
output gap to be marginally useful for the inflatiprediction despite problems with high



uncertainty in real-time estimates. The Taylor niéeded more ingredients “for preventing for
preventing the asset bubble”. These findings diocoatradict our model since deflation is a
natural result of decreasing labor force leveldpah, not output gap.

Sekine (2001) studied inflation function and forgsaat one-year horizon for Japan using
equilibrium correction model. He demonstrated anlgrginal forecast improvement, relative to
the simplest AR model, even when such variablemakup relationships, excess money and
output gap are included. Feygio and Willard (2006) found that foreign countrigpgecifically
China, have no influence on prices in Japan. Thiesalts also confirm the dependence of
inflation only on labor force.

The evolution of unemployment in Japan was alsootnghly studied. Caporale and Gil-
Alana (2006) tested unemployment time series imddpr structural breaks at unknown points.
They showed that “structuralist” approach to uneient works well in Japan and interpreted
this observation using specific features of labarkat. Only one structural break was identified
in the Japanese unemployment time series. Pad@4l@ud) found a long-run equilibrium relation
between unemployment rate, productivity, and reafj@s in Japan. All the involved variables
had a unit root and, thus, cointegration tests wih-linear error-correction mechanisms were
applied. He reported relatively longer persisteatynemployment shocks. In our framework,
these findings are random and reflect statisticap@rties of the evolution of labor force level in
Japan.

Kitov (2006c) estimated for Japan empirical coéfics in the inflation model based on
the link between inflation and labor force chandestandard best-fit procedure applied to
cumulative values of CPI inflation (with imputedhtggave a slope of 1.77 and constant term -
0.0035. It was also found that the change in ldxae occurred practically simultaneously with
that in inflation. This paper extends the periodh& measured inflation modeling to 2006, and
also provides a prediction of inflation to 2050heTevolution of unemployment is also modeled
as a linear lagged function of labor force. Froma thflation and unemployment models, a
Phillips curve for Japan is estimated. Finally, engralized relationship between inflation,
unemployment and the change rate of labor forcel isvobtained.

The remainder of this paper consists of two Sestiand Conclusion. Section 1 is
devoted to the constriction of a Phillips curve 3apan. Section 2 presents quantitative results
for the generalized link between three involvediatdes. Labor force projections are used to
predict the evolution of inflation and unemploymdrgtween 2007 and 2050. In Conclusion,
some principal findings are highlighted.

1. TheJapanese Phillipscurve

Data on labor force, inflation, and unemploymentrevebtained from various sources. The
Statistics Bureau (SB, 2006) of the Ministry ofdmtal Affairs and Communications provides
information on various economic and demographiciabdes. The U.S. Bureau of Labor

Statistics (BLS, 2007) provides two sets of datae obtained according to national definition
(NAC) and another obtained according to US debnitof corresponding variable. Japan is a
country with a modern statistical service. The @rgation of Economic Cooperation and

Development (OECD, 2006) along with Eurostat (E&)&) publishes very useful data on labor
force measurements for a relatively long period.

There are several measures for inflation. The npogtular definitions for the overall price

change are GDP deflator and Consumer Price Indemany countries, the CPI definition was
extended recently by inclusion of imputed rent. §hwuarious inflation time series might be



studied, but only two of them are used in this papegure 1 shows corresponding curves for
these two inflation estimates: the OECD GDP deflaind CPI provided by the Japanese
Statistical Bureau. The difference between the esing minor but very illustrative. The GDP
deflator curve is below that for the CPI inflatismce 1990. One has to bear in mind that the
latter variable is a constituent part of the fornmve. The accuracy of CPI inflation
measurements in Japan is also under doubt as skxtuxy Shiratsuka (1999) and Ariga and

Matsui (2002).
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Fig. 1. Comparison of two measures of inflation:l @Rd GDP deflator. The curves are slightly
different during some periods of time. Notice thia GDP deflator curve is below that for CPI
after 1990. The gap between the curves seemsdoolbeng over time.

For any quantitative analysis, the most importasue is the quality of corresponding
measurements. There are two main requirementsese tata: they have to be as precise as
possible in respect to any given definition, and ttata must by comparable over time. The
precision is related to methodology of measuremamd implementation of corresponding
procedures. The comparability is provided by thaststency of definitions and methodology.
For example, the OECD (2005) provides the followimfgrmation on the comparability of labor
force and unemployment time series for Japan:

Seriesbreaks: In 1967 the “household interview” method was re@ddy the “filled-in-by-
household” method and the survey questionnaireneaised accordingly.



According to this statement one should not expegtlaeaks in linear relationship between the
studied variables: labor force, inflation, and upésgment. However, as shown in below, the
Phillips curve for Japan demonstrates a break, lwimiclicates the presence of some other
problems in the general comparability of the meaisients before and after 1982.

We use two different estimates of unemploymentajpah provided by national statistics
and according to US definition. Figure 2 demonssathat they are very close and almost
undistinguishable before 2000. Kitov (2006c) alsedian unemployment series provided by the
OECD. This series was also close in shape to tho$égure 2, but underwent a significant
divergence after 1974. True unemployment, as mklate some perfect (but not currently
available) definition of unemployment, might beweén these curves and out of the curves as
well. At the same time, both presented measures@mployment are similar and it is likely that
the true unemployment accurately repeats theireshiapthis case, any of the measures can be
used in quantitative modeling as representing #@es portion of the true unemployment.
Similar statement is valid for inflation measur@pparently, actual problems are associated not
with the difference between measured and true bl@sabut with sudden jumps in the definitions
of measured variables.
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Figure 2. Comparison of two definitions of unenyml@nt. The curves are slightly different
since 2000.

The trade-off between the rate of change in monegew (later inflation) and
unemployment was originally introduced by A.W. Rpd. Since 1958, the concept related to the
Phillips curve has undergone numerous revisiongo8d review of the currerdtatus quois
given by Rudd and Whelan (2005). As discussed gbaeeobtained different results when
modeling the Phillips curve in developed countri@aly the same driving force behind inflation
and unemployment unify them and allow building dlls-curve-type relation between them.



The links between inflation and unemployment atyudemonstrate various and even
opposite dependencies. In the USA, this dependencearacterized by a positive influence of
inflation on unemployment (Kitov, 2006a). Effectiyelow inflation in the USA leads low
unemployment by three years because of empiriedtymated 3-year lag between these two
variables. Germany (Kitov 2007b) provides a cadé winegative slope, i.e. low unemployment
results in high inflation.

Figure 3 presents a scatter plot for unemploymE&Q) and CPI inflation in Japan. A
linear regression gives a negative slope of -Or8#l@nstant term 0.041 for the period between
1982 and 2006. This regression has been calculaiéd various time shifts between the
unemployment and inflation time series. The bes(Rf=0.68) was obtained in the case when
the unemployment curve and the inflation curveratshifted. Before 1982, there is no linear
relation between unemployment and inflation, asufégl demonstrates, where the CPI inflation
curve is modified according to the results of thedr regression in Figure 3.
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Figure 3. Inflation/unemployment scatter plot dinear regression for the period between 1982
and 2006. Neighboring years are connected by aecdivis curve represents the Phillips curve
for Japan. B=0.68. Regression coefficients are -0.94 and 0.0#g&refore, increasing inflation
leads to decreasing unemployment and vice versamila link between inflation and
unemployment is observed in Germany.

The slope obtained by linear regression is negali'e same situation is observed in
Germany, where unemployment leads inflation by omar. These countries also have
similarities in their inflation history (Nelson, @6). In the USA, where inflation leads
unemployment, the slope is positive. This swaphef lead is likely to be the reason for the
difference in the sign of the slope in the Phillqpsves for USA and Japan.
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Figure 4. Measured unemployment and that predicted CPI inflation for the period between
1971 and 2006 using the results of linear regrassid-igure 3. Free term in the relationship is
elevated by 0.004 in order to better describedbeten years. Before 1982, the curves diverge.

Figure 4 demonstrates a relatively good agreemettden the measured and predicted
curves and Figure 3 actually provides the Japanilips curve:

UE(t) = -0.94[0.14)t) + 0.045[0.005] (1)

Standard deviation of the difference between tleglipted and measured curvestdev=0.007
Statistical estimates show a relatively high religbof the Japan’s Phillips curve, especially
during the last 15 years. Therefore, one can expattdecreasing inflation in the years to come
will be accompanied by increasing unemployment.

The existence of the Phillips curve in Japan sesauestion about the consistency of
monetary policy of the Bank of Japan. Does the lmmduct a monetary policy, which balances
inflation and unemployment? Unlike Germany, whére Bundesbank has been showing during
the last twenty five years the unwillingness tousa unemployment in exchange for higher
inflation, the BoJ was not able to decrease uneynpdmt in order to get positive inflation
figures.

2. Modéding inflation and unemployment in Japan
As many economic parameters, labor force estimateslso agency dependent due to various
definitions and different population adjustmentgyufe 5 compares the change rate of labor
force provided by the OECD (2006), Eurostat (20G6)cording national and US definition
(BLS, 2007). Despite strong similarity, some digenecy reaching 0.1 (or 10% of the total labor
force) is observed. Such a difference is an imporitadicator of the difficulties in labor force



definition. Further investigations are necessaryelaborate a consistent understanding of the
term “labor force”. The model linking labor forceange and inflation is likely a good candidate
for quantitative consolidation of various definit®and approaches.
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Figure 5. Comparison of four versions of the clearage of labor force level in Japan: Eurostat,
OECD, national accounts (NAC) and US definition.

There exists a generalized relationship linkindaitndn and unemployment to the change
rate of labor force level. Therefore we analyze @rdl GDP deflator in Japan in relation to
unemployment and labor force level according tonddad procedure described in previous
papers. The preliminary step consists in an irngpeof general features of all involved time
series, as described above.

First, we test the existence of a link betweenatidh and labor force. Because of the
structural break in the 1980s, we have chosendhedafter 1982 for linear regression analysis.
Varying time lag between labor force and inflatibme series one can obtain the best-fit
coefficients for the prediction of CPI inflatior(t), according to the relationship:

T(t) = A + BALF(t-t)/LF(t-to) )

where A andB are constants ang is the time lag, which can be zero or some pasitialue.
Figure 6a depicts the best-fit case with 0.0007 [0.002]B= 1.31 [0.19], andy=0 years. Kitov
(2006c¢) obtained slightly different coefficients filne period between 1981 and 2003, but these
differences are negligible. Because of the shostridsthe modeled period, the estimate of
coefficientB is not very reliable. There is no time lag betwadtation and unemployment in



Japan. CoefficienA, defining the level of inflation in the absence labor force change,
practically is undistinguishable from zero.

A more precise and reliable method to compare obdeand predicted inflation consists
in comparison of cumulative curves (Kitov, Kitovplihskaya, 2007ab). Short-term oscillations
and uncorrelated noise in data induced by inaceursasurements and a bias in definitions of
the measured variables are smoothed out in cumelatirves. Any actual deviation between
two cumulative curves persists in time if measukedues are not matched by defining
relationship. Predicted cumulative values are sensitive to the coefficients in relationship (2).
Therefore, we use in Figure 6a the coefficientsaioled from the matching process between
cumulative curves shown in Figure 6b. The cumwuatiurves are characterized by complex
shapes. There are periods of intensive inflati@wgin and a deflationary period. The labor force
change, defining the predicted inflation curve)dais all the turns in the measured cumulative
inflation. One can conclude that relationship &yalid and the labor force change is the driving
force of inflation.

For obvious reasons, it is difficult to preciseltimate the change in labor force level
during one year. However, there are some benchiygaks when all previous estimates are
revised in order to match some better measured t@viabor force. So, one can expect an
increasing relative precision of the change in tdbece level with increasing time baseline. The
net change during 10 years should be measurediovitér relative uncertainty than during one
year.

Second step consists in the modeling of unemploymaena function of labor force
change. Figure 7 presents the results of a simpleual trail-and-error matching process for the
period between 1980 and 2006. Since such a progesllrased on visual fit only, no statistical
estimates are made. The resulting relationship detwnemployment and labor force in Japan is
as follows:

UE(t) = -1.5*dLF(t)/LF(t) + 0.045 3)

The observed and predicted curves demonstrateasisilapes between 1980 and 2006 with
higher volatility in the predicted unemployment. Anportant feature of (3) is the negative
relation between unemployment and labor force. Aayease in the labor force level between
1980 and 2006 resulted in a decrease in unempldyr@anh a trade-off provides a useful tool to
treat high unemployment — one needs to increase fabce somehow.

The ultimate part of the modeling gathers threeividdal relationships in one
generalized relation. So, we are trying to find thest-fit coefficients for the generalized
equation:

74t) = Dy*dLF(t)/LF(t) + D,*UE(t) + D3 (4)

As before, the estimation of coefficient is (4)based on the procedure developed in (Kitov,
Kitov, Dolinskaya, 2007ab). The best-fit coeffidiermproviding the lowermost RMS deviation
between cumulative curves are as follow3i=2.8, D,=0.9, D3=-0.0392. Figure 8 depicts this
case with the NAC definition of labor force. Theokution of the cumulative curves (Figure 8b)
of the observed and predicted CPI inflation is véose. Therefore, the three involved variables
are linked by an equilibrium long run relation.
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Figure 6. Measured inflation (CPI) and that preslicirom the labor force change rate: a)
dynamic curves; b) cumulative curves. Linear relahip between the variables is given in the
upper right corner. A good agreement between theesullustrates the prediction accuracy.
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Figure 7. Comparison of measured unemployment lzaitdoredicted from the labor force change
rate. Coefficients in the linear relationship abtained by trail-and-error method as the best fit
between the observed and predicted curve.
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Figure 8. Comparison of the observed and prediajedynamic, and )ocumulative (starting
from 1981) inflation curves.

Having relationships (2) and (3), one can easilgdpmt the evolution of inflation and
unemployment between 2007 and 2050 in Japan usanigus labor force projections. The
National Institute of Population and Social SeguRtesearch (http://www.ipss.go)jprovides
quantitative projections of total population, whican be used for labor force projection. We
consider the case of constant labor force participaate fixed to 0.521 as measured in 2000.
Figure 9 demonstrates the level of labor forceajpah will decrease from 67,000,000 in 2010 to
57,000,000 in 2050. Figure 10 displays the preaictof inflation and unemployment for the
period through 2050. According to this predicti@907 is the last year of positive inflation
(CPI) and Japan steps into a very long period téatien.

Conclusion

There exists a Phillips curve for Japan with a tiegacoefficient of the linear link between
inflation and unemployment, both variables evolvimgync. The existence of the Phillips curve
does not facilitate the fight against deflation floee Bank of Japan. The deflationary period will
last before the level of labor force will startihcrease.

In Japan, the change rate of labor force levehésdriving force behind unemployment
and inflation. This finding confirms the existenaiea generalized linear and lagged relationship
between labor force, unemployment, and inflatiodeweloped countries. The same relationship
holds in the USA, France, Japan, Austria, Canadazermany.

The change in labor force in Japan does no lefidtion and unemployment. This
observation differs from those in other developedntries, where time lags as large as 6 years
are observed (Germany). Labor force projectionswala reliable prediction of inflation and
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unemployment in Japan: CPI inflation will be negat{between -0.5% and -1% per year) in the
next 40 years. Unemployment will increase fron?4i@ 2010 to 5.3% in 2050
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Figure 9. Projection of the labor force evolutietween 2005 and 2050.
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Figure 10. Prediction of the evolution of a) CPllation rate, and b) unemployment rate in
Japan.
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