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Inflation, unemployment, labor force changein European countries
lvan O. Kitov

Abstract

Linear relationships between inflation, unemploymemd labor force are obtained for
two European countries - Austria and France. Ths fiemodels of inflation as a linear
and lagged function of labor force change ratelar@mployment explain more than 90%
of observed variation #0.9). Labor force projections for Austria providdorecast of
decreasing inflation for the next ten years. InnEm inflation lags by four years behind
labor force change and unemployment allowing foreaact prediction at a four-year
horizon. Standard error of such a prediction isdpthan 1%. The results confirm those
obtained for the USA and Japan and provide stremdeaces in favor of the concept of
labor force growth as the only driving force behumemployment and inflation.

Introduction
Current discussions around the Phillips curve aemeanore active and extensive than 30
year ago with a full set of models exploring vagassumptions on real forces behind
inflation. There is no unique and comprehensive e@hotlowever, which is able to
explain all observations relevant to inflation eveloped countries.

There are three principal ways to follow in theatission on sources of inflation.
The first way is to continue the investigation wfiation in the framework of the Phillips
curve (PC). The second way is to admit that thereireal driving force behind inflation
except unpredictable exogenous shocks of unknowimauch as productivity or supply
shocks in modern real business cycle (RBC) modéie. third way is to abolish the
current paradigm and to use a different mechaniguing inflation and unemployment
together, which is based on natural first pringpliheoretical foundations) and validated
by observations (empirical foundations). This pagaals to the development of the third
concept using labor force change as the drivingefobehind both inflation and
unemployment.

Conventional economists running along the firstlevavenue are numerous and
represent a good part of the theoretical poweroedimg monetary policies of central
banks in developed countries. In fact, the Philbpsve allows for a feasible monetary
policy because of the assumption that there is ramrdction between monetary
controllable impulses or exogenous shocks and Masadescribing real economy such as

real GDP, output gap, marginal cost, labor costestetc. (Unemployment is missing in



this list of the variables associated with realrezuy because, according to our concept,
it does not belong to the list). In the absencsuah an interaction, no monetary policy is
necessary with inflation completely reflecting mgmgowth in developed economies, as
mentioned in the Robert Lucas’ Nobel Prize Lec(lngcas, 1995). The money supply is
an arbitrary choice of central banks, which dogsmftuence any real economic variable.
In the framework of the conventional Phillips cusyé&owever, inflation is not neutral
relative to the performance of real economies aedtral banks have to balance
smoothing of price fluctuations and losses in reedbnomic growth. These are only
assumptions, however, not confirmed by empiricatl@wces to the extent adopted in
hard sciences. Statistical inferences supportiad®@ assumptions are not objective links
or trade-offs between involved economic variables mon-zero correlation. See, for
example, Anget al. (2005), Ball (2000), Ball and Mankiw (2002), Bail al. (2005),
Stock and Watson (1999, 2002a, 2002b, 2003, 20B&), and Gertler (1999), Gali,
Gertler, and Lopez-Salido (2001, 2005), Sbordori®22 2005), Rasche and Williams
(2005), Piger and Rasche (2006), among others, entier statistical character of the
links between inflation and many other economic famaincial parameters is the primary
objective. These authors have successfully fouatl fiimctional dependencies between
inflation and studied parameters unpredictably wargugh time.

Despite similar outcomes sought under the PC aghraone can distinguish
several “schools of thought” elaborating variousprapches both empirical and
theoretical. There is a large group of economigte wdopted numerous techniques of
econometrics, which link inflation to own laggediues and some measures of real
activity, which differ from unemployment as origityaintroduced by A.W. Phillips. In
the simplest approximation, a NAIRU concept hasnbekaborated by Gordon (1988,
1998), Steiger, Stock, and Watson (1997a, 1997h), &d Mankiw (2002), among
many others, in order to improve the original mod&bre complicated econometric PC
models include hundreds of variables related tbaetavity aggregated in few indices, as
presented by Marcellinet al. (2001), Stock and Watson (1999, 2002a, 2002b, 2003
Ang et al. (2005), Canova (2002), Hubrich (2005).

Another conventional approach is associated witle thccelerationist or

“expectation augmented” Phillips curve allowingyfdr backward-looking expectations



(Friedman 1968, Phelps 1967). Despite the Lucasgland Sargent (1971) critique and
failure to predict actual observations in the USW ather developed countries during the
1970s and 1980s, the model has survived and is oféed by central bankers in the
elaboration of actual monetary policy (Rudd and \&hg2005).

Fast growing in number and evolving in theoretabigkrsity is the group related to
the New Keynesian Phillips Curve (NKPC) based diomal expectations not on lagged
inflation. The expectations are usually modeledabsandom price adjustment process,
and thus intrinsically related to real marginaltc#s the most recent models developed
by Gali and Gertler (1999), Gali, Gertler, and Lpj®alido (2001, 2005), Sbordone
(2002, 2005), among others, unit labor marginat 8sed as a marginal cost proxy. A
hybrid model including lagged and future inflatiealues, various parameters related to
real activity, and exogenous shocks, monetary ar nes, is also considered as an
alternative to the pure cases of conventional PRKIPC models with various degree of
success (Rudd and Whelan, 2005).

One can also distinguish a group of economistsyaggpa modern behavioral
approach in order to explain the price adjustmaocgss - Akerlof (2002), Mankiw
(2001), Mankiw and Reis (2002), Bal al. (2005), among others. In this framework,
sticky prices used by the NKPC group are replacéti ¥sticky” information. This
makes individual decisions on price change, i.e.overall inflation when aggregated
over the whole economy, to be imperfect due to megéness in processing of available
information. Effectively, it means that the inflati expectations resulted from the
imperfect information processing are not “rationadhd do not meet axiomatic
requirements of rational expectations used by tKe Gl

In practice, the conventional explanation of thee inflation lacks empirical
justification extended beyond autoregressive pitogeerof inflation itself and is also
theoretically challenged by modern growth modelsisiing on independence of real
economic performance on monetary issues, as inteatby Kydland and Prescott
(1982). The real business cycle theory implies thaiations in real economies are
almost completely described by exogenous shocksdductivity and supply. Money is
absent in RBC models or artificially introducedsome of them Gavine and Kydland

(1996), Prescott (2004). Numerous econometric studonfirm the RBC assumption on



money neutrality by statistical inferences: Atkesoil Ohanian (2002), Piger and Rasche
(2005), Rasche and Williams (2005), among manyrefheave found that AR models
explain evolution of inflation almost completely,tiv a marginal improvement from
usage of real economic variables being only asstedl and transient one.

A study of inflation and unemployment as economéiables driven solely by
labor force change has been carried out by Kitdd0§2, 2006b, 2006c) for the two
largest economies — the USA and Japan. The studyrdwgealed linear relationships
between inflation, unemployment and labor forcehi USA, the linear relationships are
also characterized by time lags with the changéabor force leading inflation and
unemployment by two and five years, respectively. Japan, labor force change,
unemployment and inflation evolve synchronouslye Tevealed linear link allows a
partial inflation control and provides clear foutidas for a reasonable economic policy
related to inflation and unemployment.

In this paper, the same approach linking inflatiord unemployment to labor force
change is applied to Austria and France. The reemnindl the paper is organized in four
sections. Section 1 briefly presents data sources the model. Data on inflation,
unemployment, and labor force for European cousiseavailable from various sources.
This diversity creates a number of problems buival for an indirect estimation of the
uncertainty related to various data series.

Section 2 is devoted to Austria as a country widberated statistics providing
long time series with changing definitions and pehares. The changes are well
documented and clear in corresponding curves. Thmgoitance of information on
definitions and procedures for a successful maugis illustrated and discussed.

Inflation and unemployment in France are considene®&ection 3. The country
represents an economy with a size in between thiokee USA and Austria. The case of
France is of a large importance for our conceptabse of the outstanding changes
related to the rules of the European Monetary Utliwing allowed inflation to figures
near 2%. The limitation violates the partition abbr force change into inflation and
unemployment, which was natural for France and mesesince the 1960s. An elevated
unemployment is observed as a response to thgrasth in labor force started in 1996

and the fixed inflation. Section 4 discusses ppatfindings of the study and concludes.



1. Data sourcesand the model

The principal source of information relevant to teudy is the OECD database
(http://'www.oecd.org/scripts/cde) which providesngyehensive data sets on labor force,
unemployment, working age population, and partibgpe rate. National statistical
sources are used for obtaining original data ofatioh (CPl and GDP deflator) and
corroborative data on unemployment and labor fofsea rule, the data are available at
the Eurostat web-site (http://epp.eurostat.cempu.iAn extended set of data on
economic and population variables in Austria isaoi#d by the courtesy of Austrian
national Bank employeés

In some cases, readings associated with the sam&bieabut obtained from
different sources do not coincide. This is due ififecent approaches and definitions
applied by corresponding agencies. Diversity ofrdgbns is accompanied by a degree
of uncertainty related to corresponding measuresadrar example, figures related to
labor force are usually obtained in surveys coygpapulation samples of various sizes:
from 0.2 per cent to 3.3 per cent of total popolat{(Eurostat, 2002). The uncertainty
associated with such measurements cannot be essilyjated but certainly affects
reliability of the inflation/labor force linear r&ionship (Kitov, 2006a, 2006c).

When using the term “accuracy” we refer not to #bsolute difference between
measured and actual values but to some estimategltamty of measurements. This
uncertainty might be roughly approximated by viéoiad in a given parameter between
consequent surveys or between different agencmseXample, the US Census Bureau
(2002) gives a very low measurement related unogytdor the annual population
estimates. At the same time, some micro-surveyslward after decennial censuses
indicate the presence of deviations from the ceesusnerated values as large as 5 per
cent in some age groups (West and Robinson, 188)h errors are far above those
guarantied by pure statistical approach used inetfsuation of survey/census results.
Therefore, one can consider the uncertainty of re¢yeercent as the one characterizing
the population estimates during and between cessweleast in some age groups.

Survey reported uncertainties are just a formatissizal estimate of the internal

! The author thanks Dr. Gnan from the OeNB for piing an extensive data set for Austria.



consistency of the measurements. (It is worth gothat population related variables
could be potentially measured exactly because dheyountable not measurable). In any
case, the discrepancy between model predicted sy@ne corresponding measurements
has to be considered in the framework of measuresatertainty.

The model, which we test in the study, links inflatand unemployment to labor
force change rate. It is important to use the o&igrowth not increment as a predictor in
order to match dimension of inflation and unemplewt) which are defined as rates as
well. An implicit assumption of the model is thaflation and unemployment do not
depend directly on parameters describing real enanocactivity (Kitov, 2006a).
Moreover, inflation does not depend on its own pes and/or future values because it
iIs completely controlled by a variable of differematture.

As defined in Kitov (2006a), inflation and unemphognt are linear and potentially

lagged functions of labor force:

()= AcdLF (t-ta)/LF (t-tp)+ Ao (1)
UE(t)=B1dLF(t-t)/LF(t-t2)+ By ()

wherez(t) is the inflation at time (represented by some standard measure such as GDP
deflator or CPI),UE(t) is the unemployment at time (which is also potentially
represented by various measurés)(t) is the labor force at timg t; andt;, are the time

lags between the inflation, unemployment, and ldbore, respectivelyd;, B;, A2, and

B, are country specific coefficients, which have to determined empirically. The
coefficients may vary through time for a given ctvynas different measures (or
definitions) of the studied variables are used.

Linear relationships (1) and (2) define inflatiand unemployment separately.
These variables are two indivisible features ohmue process, however. The process is
the labor force growth, which is accommodated &l ezonomies though two channels.
The first channel is the increase in employment emaesponding change in personal
income distribution (PID). All persons obtainingweaid jobs or their equivalents
presumably change their incomes to some higheildeWéere is an ultimate empirical

fact, however, that the US PID does not change vwitle in relative terms, i.e. when



normalized to the total population and total incofkétov, 2005b). The increasing
number of people at higher income levels, as relaébethe new paid jobs, leads to a
certain disturbance in the PID. This over-conceimna(or over-pressure) of population
in some income bins above its neutral value mustdmepensated by such an extension
in corresponding income scale, which returns the fl its original density. Related
stretching of the income scale is called inflatifititov, 2006a). The mechanism
responsible for the compensation and the incomke steetching, obviously, has some
positive relaxation time, which effectively sepasin time the source of inflation, i.e.
the labor force change, and the reaction, i.eintation.

The second channel is related to those persoftiseitabor force who failed to
obtain a new paid job. These people do not leagdaihor force but join unemployment.
Supposedly, they do not change corresponding Pifause they do not change their
incomes. Therefore, total labor force change equalemployment change plus
employment change, the latter process expressedghragged inflation. In the case of
a "natural" behavior of an economic system, whighdéfined as a stable balance of
socio-economic forces in corresponding society, pletition of labor force growth
between unemployment and inflation is retaineduglotime and the linear relationships
hold separately. There is always a possibility, &eev, to fix one of the two dependent
variables. For example, central banks are ablextanflation rate by monetary means.
Such a violation of the natural economic behaviould undoubtedly distort the partition
of the labor force change — the portion previowstgommodated by inflation would be
redirected to unemployment. To account for thigaffone should to use a generalized

relationship as represented by the sum of relatipsg1) and (2):

7(t)+ UE(t)= ArdLF(t-t1)/LF(t-ty)+ BidLF(t-to)/LF(t-to)+ A+ By (3)

Equation (3) balances labor force change, inflagma unemployment, the latter two
variables potentially lagging by different timeshbel the labor force change. The
importance of this generalized relationship is desti@ated in this paper on the example

of France.



For the USA, there has been no need so far to ambiionship (3) because
corresponding monetary policies and other potestiatces of disturbance do not change
the natural partition of labor force change, aseoled since the late 1950s. Coefficients
in relationships (1) and (2) specific for the US#ke as follows:A;=4, A,=-0.03, t;=2
years (GDP deflator as a measure of inflati@a¥2.1,B,=-0.023,t,=5 years.

For Japan/A;=1.77,A,=-0.003,t;=0 years (GDP deflator as a measure of inflation)
(Kitov, 2006b). The labor force change rate measurelapan is negative since 1999 and
corresponding measures of inflation, GDP deflatwt @PI, are negative as well. There is
no indication of any recovery to positive figures/dime soon if to consider the decrease
in working age population and participation ratebserved in Japan from 1999.

The formal statistical assessment of the lineaaticaiships carried out by Kitov
(2006d) for the USA indicates that root mean sqt@necasting error (RMSFE) at a two-
year horizon for the period between 1965 and 28@hiy 0.8%. This value is superior to
that obtained with any other inflation model by abna factor of 2, as presented by
Stocks and Watson (1999, 2005), Atkeson and Oha(#801), Anget al. (2005),
Marcellino et al. (2005). When the entire period is split into twegsients before and
after 1983, the forecasting superiority is retaiveith RMSFE of 1.0% for the first
(1965-1983) and 0.5% for the second (1983-2002) pahbod. In a majority of inflation
models, the turning point in 1983 is dictated bghitity to describe inflation process
with one set of defining parameters. Therefore,cisppediscussions are devoted to
statistical, economic, and/or financial justificati of the split and the change in
parameters (see Stock and Watson, 2005). Our ndedéts the existence of any change
in the US inflation behavior around 1983 or in anlyer point after 1960. Every inflation
reading is completely defined by the labor forcarge occurred two years before.

The linear relationships between inflation, unergpient, and labor force change
perform excellent for the two largest world econesniduring a long period. These
relationships are expected to be successful fogradleveloped economies with similar
socio-economic organization. European countriesigeoa variety of features related to
inflation and unemployment as one can conclude ftleeneconomic statistics provided
by OCED and Eurostat. This diversity includes pdsioof very high inflation
accompanied by high unemployment, periods of loflaiion and unemployment, and



other combinations complicated by transition pesidtlis a big challenge for any theory
of inflation to explain these empirical facts.

Currently, the diversity resulted in a well-recapd and thoroughly discussed
failure of conventional economics to provide a cstemit and reliable description
covering the past 50 years and all developed ciegntAs a consequence, the current
monetary policy of the European Central Bank isedasnainly on invalidated
assumptions and subjective opinions of economists @ntral bankers, but not on a
robust model predicting inflation behavior undeffatent conditions. In the USA, the
current (and historical') practice aimed at infbati control, as implemented by the
Federal Open Market Committee, definitely, has mbie influence on the observed

inflation, if labor force change is the driving fex.

2. Austria
The first country to examine is Austria. It provadan example of a small economy in
terms of working age population. At the same tintlee Austrian economy is
characterized by a long history of measurements aradlability of time series and
descriptive information relevant to the conceptemstudy.

Austria has been demonstrating an excellent ecanpseriormance since 1950 and
is characterized by an average per capita GDP amarament of $467 (Geary-Khamis
PPP - The Groningen Growth and Development CemigiConference Board, 2006) for
the period between 1950 and 2005. This value ig glerse to that for the USA ($480)
and Japan ($485) (Kitov, 2006e). Such a good padaoce distinguishes Austria from a
raw of relatively weak performances of larger E@wap economies such as France
($406), the UK ($378), Italy ($405), and Sweden83during the same period.

It was discussed in Kitov (2006a, 2006b, 2006d} tlea quality is the principal
characteristic defining the success of any atteropt modelling inflation and
unemployment as a function of labor force chandgeer@ are two main sources of
uncertainty in the data related to our study. Thst fsource is associated with
measurement errors. It is a more important issu¢hi® accuracy of labor force surveys,
which usually provide original data on unemploymantl labor force. In the surveys,

measurement accuracy depends on sampling and nplsgnerrors. The former is



estimated using population coverage and some sthrglatistical principles, and the
latter is more difficult to evaluate (CB, 2002).

The second source of uncertainty is important fothblabor force, including
unemployment as a constituent part, and inflatiemasarements and is associated with
variations in definitions given to these economariables. The definitions are often
revised and modified, sometimes dramatically, as oan judge from the description
given by the OECD (2005). When applied to labocégrsuch revisions introduce severe
breaks in corresponding time series associatedthélthange in units of measurements.
(In physics, it would have been practically impbssito obtain any reliable empirical
relationship if measurement units had varied inhsumcontrollable way as in
economics.) Moreover, European countries have im@hged the changes at different
times creating asynchronous breaks. Modificatiohamethodologies and procedures
related to inflation measurements are accomparyedtimduction of new measures such
as harmonized index of consumer prices (Eurosti6@). The latter index has replaced
the old CPI definition in official statistics of Eapean countries.

Therefore, we start with a detailed descriptiorthef data obtained for Austria. We
use six sources providing annual readings for GEIP deflator, population estimates,
unemployment rate, participation rate, and labacdolevel: Eurostat, OECDAMS
(Arbeitsmarktservice) Osterreich (http://www.amsatyy HSV (Hauptverband der
Sozialversicherungtraeger)  Osterreich  (http://wvewn.br.at), — Statistik  Austria
(http://www.statistik.at), and the OsterreichischeNationalbank (ONB —
http://www.oenb.at). These sources estimate theesaariables in different ways.
Comparison of equivalent (by title) time seriesoa#t a quantitative evaluation of
differences between them. The main purpose of auctoss-examination is twofold: 1)
demonstration of the discrepancy between the sesea quantitative measure of the
uncertainty in corresponding parameters and 2)rgh@tation of the degree of similarity
between the series. The estimated uncertainty gggong constraint on the level of
confidence related to statistical estimates usimg data sets. One cannot trust any
statistical inference with a confidence level highiean allowed by the uncertainty. On
the other hand, equivalent time series obtainedordety to various definitions

(procedures, methodologies, samples, etc.) of #mesparameter represent different
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portions of some actual value of the parameter. é&@mple, various definitions of
employment are aimed at obtaining the number o$dghmersons who work for pay or
profit. The persons are the only source of goods services sold for money. The
definitions are designed in a way for correspondasgimates to approach the actual
value. If consistent and successful, the defingialways provide close to constant and
different estimates of the portions of the actuglle. Thus, the estimates are scalable -
one can easily compute values according to alind&fns having only one of them. In
this sense, various definitions and related esémate exchangeable in the framework of
the linear relationship between inflation, unempheyt, and labor force.

Three different definitions of inflation rate areepented in Figure 1: CPl and GDP
deflator as obtained using prices expressed iromaticurrency (national accounts -
NAC), and GDP deflator estimated using the Austshilling/Euro exchange rate (Euro
accounts - EUR). The latter variable is characteriay the largest variations. The curves
corresponding to the inflation measurements reptedeby the NAC CPI and NAC GDP
deflator are closer (correlation coefficient of Df@r the period between 1961 and 2004),
but differ in amplitude and timing of principal afges. There are periods of an almost
total coincidence, however. The EUR GDP deflatoreseas characterized by correlation
coefficients 0.86 and 0.82 as obtained for the NAIOP deflator and CPI, respectively.
Therefore, one can expect a better exchangeabdityeen the NAC CPI and NAC GDP
deflator than that in the two other combinationsic8 the middle 1970s, inflation in
Austria has a definition-independent tendency terese. The last 25 years are
characterized by annual inflation rates below 5%itie NAC representations.

Standard labor force surveys conducted in Europercemall portions of total
population (Eurostat, 2006b). Levels of labor foared unemployment are estimated
using specific weights (population controls) foegyvperson in the survey to compute the
portion of population with the same characteristisgshe person has. Population controls
or population portions in predefined age-sex-rames lare primarily obtained during
censuses, which theoretically cover entire poputatiBetween censuses, i.e. during
postcensal periods, estimated figures are usethtaghed by the population components
change: births, deaths, net migration, as, for gteymeported by the US Census Bureau

(2002). Because of low accuracy of postcensal eséisy every new census reveals some
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“error of the closure”, i.e. the difference betwgae-estimated and census enumerated
values. To adjust to new population figures, thigetence is proportionally distributed
over the years between the censuses; similar tpriteedures applied by the US Census
Bureau (2004). Such population revisions may blar@e as several percent. Thus, when
using some current figures of labor force and urleympent, one has to bear in mind that
the figures are prone to further revisions accaydomthe censuses to come.

Figure 2 illustrates the differences in populati@vision procedures between
OECD and Statistik Austria (NAC): two curves remmsthe rate of change in the
population of 15 years of age and over in AustBiatween 1960 and 1983, the curves
coincide since OECD uses the national definitiofteA1983, the curves diverge, with
the OECD curve being almost everywhere above tbatesponding to the national
approach. There are three distinct spikes in thE@Eurve: between 1990 and 1993 and
in 2002, which are related to population revisiohs.explained by OECD (2005), "From
1992, data are annual averages. Prior to 1992, atatanid-year estimates obtained by
averaging official estimates at 31 December for teosecutive years". And - "From
2002, data are in line with the 2001 census". To@22evision impulsively compensates
the difference between OECD and Statistik Austoeuaulated during the previous 20
years: the populations in 1982 and 2002 coincidehStep adjustments are observed in
the USA population data as well (Kitov, 2006a). Yhatroduce a significant
deterioration in statistical estimates, but arelgasmoved by a simple redistribution as
demonstrated by Kitov (2006d). Sometimes such stdjpstments are confused with
actual changes in the economic variables under §nd has to be careful to distinguish
between actual changes and atrtificial correctiogigally associated with the years of
census or large revisions in definitions.

The national estimates in Figure 2 are visually atiner indicating some measures
applied to distribute the errors of the closure atier adjustments over the entire period.
In average, the population over 15 years of agaustria has been changing slowly so
far — at an annual rate below 0.5% - with occadigmaps to 0.7% - 1.0%. Such weak
but steady growth supports, however, a gradualeass in labor force and prevents

deflationary periods.
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The level of labor force can be represented asodugt of total population and
corresponding participation rate (LFPR) both takesome predefined age range. There
is no conventional definition concerning the agege however. Popular is an open
range above 15 years of age and that between 15%4gdars. The OECD series using
the former definition is presented in Figure 3. @ef2005) provides another measure of
LFPR - "the fraction of the working-age populatidimat is employed or seeking
employment"”, also presented in Figure 3. The cuhage been evolving more or less
synchronously, with the OECD curve well above tiegorted by the OeNB.

The LFPR is responsible for a substantial parheflabor force total change: ~ 8%
increase from 1976 to 1996, i.e. 0.4% per year.cheent LFPR value of about 59%, as
reported by the OECD, is historically high. One ¢temdly expect a further increase in
LFPR. A decrease is more probable, as some otkhetaped countries demonstrate.

The rate of labor force growth was very low in Aigsduring the last 10 years, as
Figure 4 demonstrates. There are three labor ftomee series displayed, as estimated by
the OECD, Eurostat, and NAC. The Eurostat seriespgeesented by civilian labor force.
Prior to 1994, armed forces were included in thaian labor force (CLF), in services.
The NAC readings include the estimates of employmmeade according to the HSV
definition and those of unemployment level madeAMS (Statistik Austria, 2005). Both
agencies base their estimates on administrativerdec Thus, their approach has been
undergoing weaker changes in definitions and pra@esdsince the 1960s compared to
that adopted by the OECD and Eurostat.

The curves in Figure 4 have inherited the featuvdsch are demonstrated by
corresponding working age populations in Figur@tZ OECD curve is characterized by
several spikes of artificial character, as discds#®ve. The Eurostat curve is similar to
that reported by the OECD with minor deviationshaioly associated with differences
between LF and CLF. The NAC LF curve is smoothedemonstrates a period of a slow
growth with a high volatility in the 1970s, a peatiwith an elevated growth with a high
volatility between 1981 and 1995, and again a goewth period with a low volatility
during the last ten years (from 1995 to 2005). $heond period is characterized by
significant changes in the labor force definition both for employment and
unemployment (OECD, 2005):

13



"In 1982, re-weighting of the sample was made, tdugn underestimation of persons

aged 15 to 29 years.

* In 1984, the sample was revised and a change ecturtthe classification of women
on maternity leavethey were classified as unemployed before 1984aareimployed
thereafter.

* In 1987, a change occurred in the definition of themployed where non-registered
jobseekers were classified as unemployed if thaly been seeking work in the last
four weeks and if they were available for work witifour weeks. In previous
surveys, the unemployment concept excluded mostmplogyed persons not
previously employed and most persons re-enteriadatihor market.

 Employment data from 1994 are compatible with ILOidglines and the time
criterion applied to classify persons as emplogacduced to 1 hour. "

Therefore, one can expect some measurable changge iunits of the labor force

measurements during the period between 1982 anddr@8in 1994. The latter change is

potentially the largest since the time criterioogped from 13 hours, as had been defined
in 1974, to 1 hour. For the sake of consistencgéfinitions and procedures, the NAC
labor force is used as a predictor in this studye DECD labor force time series is also
used in few cases to illustrate that the defingigmovide similar results. For the labor
force series, quantitative statistical estimatessiofilarity (such as correlation) are
worthless due to the spikes in the OECD time series

There are three curves associated with unemployestimhates for Austria shown
in Figure 5, as defined by the national statistipproach (AMS), Eurostat, and OECD. It
is illustrative to trace changes in the definitiomsed by the institutions over time.

Currently, OECD and Eurostat use very similar apph@s. There was a period between

1977 and 1983 when OECD adopted the national diefmiwhich was different from the

one used by Eurostat. During a short period betvi®&3 and 1977, the three time series

were very close to each other. A major changelithede series occurred between 1982

1987 according to the changes in definitions, ascrilged above. Therefore, the

unemployment curves in Figure 5 are characterizedwm distinct branches: a low

(~2%) unemployment period between 1960 and 1982 armkriod of an elevated

unemployment (~4% for the OECD and Eurostat, an&%6for the AMS) since 1983.
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The switches between various definitions, as adbpyethe OECD, also do not facilitate

obtaining of a unique relationship between labacéochange and unemployment. The
AMS definition based on administrative records nhigé the most consistent among the
three, but it definitely differs from the definitorecommended by the International
Labor Organization, as adopted in European counffatistik Austria, 2005). We use

the national and OECD time series to represent ptegment in the linear relationship

linking it to labor force.

The above discussion explains why one cannot ntbdelvhole period by a unique
linear relationship. There was a period of subshichanges in units of measurement
between 1982 and 1987. Therefore, we model theridastinemploymentUYE) during
the periods before 1982 and after 1986 separakély.period between 1982 and 1987 is
hardly to be matched by a linear relationship. Resaf the modeling are presented in

Figure 6, where the AMS unemployment curve is maddby the following relationships:

UE(t)=0.35* dLF(t)/LF(t)+0.0260 (t<1982) (4)
UE(t)=0.70* dLF(t)/LF(t)+0.0705 (t>1986) (5)

The NAC labor force time series is used for thedmteon with no time lead ahead of the
unemployment. The absence of any lag might be preduas a natural behavior of labor
force and unemployment as one of the labor foreepaments, but labor force change in
the US leads unemployment by 5 years. Hence, pesdsehind labor force change and
unemployment growth are different. Coefficientgétationships (4) and (5) provide the
best visible fit between the observed and predicedes. From the Figure and the
relationships, one can conclude that there wasep shange in the unemployment
average level from approximately 0.03 during thargebefore 1982 to 0.07 for the period
after 1986. In addition, the linear coefficient likibled indicating a higher sensitivity of
the unemployment to the labor force change under rtaw definitions introduced
between 1982 and 1987.

The annual OECD unemployment readings present&tgure 7 vary by less than
1%, if to exclude a short period between 1980 a®83]1when changes in definitions

resulted in a step-like unemployment increase. fiammaof this period of changing
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definitions is different from that related to theA® unemployment according to the
timing of the changes as adopted by AMS and OEQis jump in the unemployment
rate from 2% to 4% during the two years betweenl1&& 1983 is not well modeled.
Otherwise, the following relationships are usedntatch the observed unemployment

readings:

UE(t)=0.35* dLF(t)/LF(t)+0.0405 (t>1983) (6)
UE(t)=0.30* dLF(t)/LF(t)+0.020 (t<1980) (7)

For the period before 1980, the NAC labor forcediegs are used, and the OECD labor
force is used after 1981. We combined the labarefatata sets in order to demonstrate
their exchangeability in the description of the mmpdoyment. Cumulative curves in the
lower panel of Figure 7 illustrate the quality betoverall match between the measured
and predicted values. The cumulative curves arg gensitive to the intercepts in
relationships (6) and (7) as they are summed tlrauge. Therefore, the intercepts
0.0405 and 0.020 are significant to the last digiRetential variation in the linear
coefficients in (6) and (7) is not so well resolved

Amplitude of the variations in the unemploymentidgrthe entire period except
the short period between 1980 and 1983 is so lavrttakes the prediction according to
(6) and (7) of a limited reliability. To obtain a ome reliable prediction, the
unemployment has to undergo an actual (not dedimitelated) change at an annual rate
of several percent, what would have been a bigrserfior Austria with its stable socio-
economic conditions and demographic structure. dgmeement observed between the
cumulative curves also is not statistically sigrafit since it just reflects the unchanging
unemployment and labor force growth rates durimgtéto separately modeled periods.

These results can be interpreted, however, asdicaiion of a weak dependence of
the unemployment on the labor force change. Therl& transmitted only by one third
into the unemployment as the linear coefficient800and 0.35 indicate. These
transmission coefficients are an order of magnirmaller than that for the USA (Kitov,
2006a). The difference is of a potential importabheeause labor force participation rate

and unemployment in both countries are close.
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Table 1 consistently lists results of linear regr@s analysis carried out in the
study for various measures of unemployment andtiofh with labor force as a predictor,
as obtained for Austria. First row of the Table gerets standard deviation (stdev) as
obtained for the OECD readings of unemployment ustAa during the period between
1983 and 2003. The standard deviation is 0.003@or#k and third rows present
regression coefficients with their standard errBfs,and stdev as obtained for the OECD
unemployment between 1983 and 2003 with a predmbonputed by relationship (6)
with the OECD labor force readings. (A linear resgien analysis for the whole period
between 1969 and 2003 would be meaningless beadutbe artificial change in the
predicted curve around 1982.) For the anruBl readings after 1983,°Rs very low
(0.11) and stdev=0.0035, i.e. marginally lower te&dev for thaJE series itself. For the
cumulative curves during the same period=0R999 and stdev=0.007. Therefore,
relationships (4) through (7) are accurate onenrmitreliable. In fact, only large and
synchronized in time and amplitude actual chang@sptovide a more reliable evidence
for the model. Inflation in Austria provides a \able with higher fluctuations to predict.

Figure 8 depicts observed and predicted, annuatanmdilative, inflation values in
Austria for the period between 1960 and 2003. Astioeed above, there was a
significant change in the labor force (employmemnid aunemployment separately)
statistics in the 1980s. Thus, the two differentiqus are described by two different
linear relationships without any time lag betweeariables. The GDP deflator, as
determined by the national statistics approachressmts inflation. Labor force is also
taken according to the NAC (AMS+HSV) definition. &hrelationships predicting

inflation are as follows:

#(t)=2.0% dLF(t)/LF(t)+0.033 (1960<t < 1985) 8)
7(t)="1.25* dLF(t)/LF(t)+ 0.0075 ( t > 1986) (9)

Coefficients in the relationships are obtained itynf the cumulative curves over the
entire period, with 1986 being the point wheretreteship (8) is replaced by relationship
(9). Ratio of the linear coefficients in (8) ang {8 2/1.25=1.6 and the intercept dropped
from 0.033 to 0.0075. The change in the linearfadehts is consistent with the changes
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in the definition of labor force in between 1982at987 — gradually more and more
persons were counted in as employed and unempleiteca substantial increase in the
labor force level. The increase resulted in comasing growth in annual increments and
the decrease in the linear coefficient (or sengpivin relationship (9). Thus, the
sensitivity of the inflation to the new measure labor force (or new units of
measurement) in Austria decreased. This does nah et the observed inflation path
has changed, but, if to use relationship (8) fer ¢kcond period, the inflation would be
overestimated, as shown in Figure 8. The devialietween the two predicted curves
after 1986 demonstrates the importance of the asamg definition for quantitative
modeling of economic parameters.

The two predicted curves are in a good agreemehtthve actual inflation readings
within relevant periods. A prominent feature isadmost complete coincidence between
1968 and 1975, when the highest changes in thatioi rate were observed: from 0.027
in 1968 to 0.095 in 1973, and back to 0.056 in 19Z&nventional inflation models,
including the Phillips curve, the NKPC or any otherodel using autoregressive
properties of inflation, fail to describe such andgnic behavior as a rule. They require
introduction of some artificial, i.e. based on was invalidated assumptions, features
such as structural breaks. Another opportunity usedonventional models is to split
corresponding time series into two segments bedaceafter such inflation peak, as was
observed in Austria in 1973. Our model describesvthole period without any difficulty
and the best description of the inflation is achawuring the period of the largest
changes. This provides the best evidence of anuatiegnodeling by relationship (8).

Similar conclusion is valid for the period after8® where an excellent timing and
amplitude correspondence is observed between thsured inflation and that predicted
according relationship (9). In addition, there idransition period between 1982 and
1987, where neither of relationships (8) and (9expected to be accurate due to the
reported changes in the labor force definition.

A quantitative measure of the agreement betweenotieerved and predicted
curves is provided by a linear regression analy@ble 1 lists standard deviation for the
NAC GDP deflator time series between 1965 and 2@128ev=0.022 (2.2%). The

inflation computed according to (8) and (9) is ussd predictor and results if=R0.81
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and stdev=0.01 (1%). Hence, the prediction basetherabor force explains 81% of
variation in the original inflation series. Standlateviation could be considered as an
equivalent of root mean square forecasting errdAQRE) — for “in-sample” forecasts in
the case of Austria. For the USA’#.62 and stdev=0.014 for the original annual
readings of GDP deflator and labor force coverihg same period (Kitov, 2006d).
Perhaps, the Austrian labor force and inflation sneaments are characterized by a
higher accuracy.

A number of simple measures is proposed by Kit@062) in order to improve the
quality of labor force measurements and to obtammemmeliable statistical estimates. Due
to the lack of information on quantitative charaistics of the revisions applied to the
Austrian labor force series, similar to that avalgafor the USA, we cannot correct for
probable step revisions. Thus, a natural nextistép apply a moving average technique.
A two-year moving average suppresses the noiseciassd with the labor force
measurements and also removes the shift in timatgden the inflation and labor force
readings - by definition, annual values of labarcé&correspond rather to July than to
December. Averaging over two years effectively nsotlee center of the measurement
period to December. Table 1 represents the restilislinear regression when two-year
moving average is applied to the labor force aridtion. Averaging of the labor force
solely before usage in relationships (8) and (8sults in B=0.85 and stdev=0.009.
When both variables are averaged in two-year wirsdé%=0.88 and stdev=0.007. These
results quantitatively evidence an excellent priacecpower of relationship (8) and (9)
over the entire period between 1965 and 2003. fetall that the period between 1983
and 1986 is poorly modeled due to the turbulenddénlabor force definitions, one can
expect that further improvements in the accuracyheflabor force measurements are
possible, which might lead to a higher confidere@r@sented by statistical estimates.

Regression of the cumulative curves is charact@rizy R=0.999 and
stdev=0.0011. Thus, one can precisely replacentifegion cumulative curve or, in other
words, inflation index with that obtained from tha&bor force measurements. This
substitution is a reciprocal one- it is possiblexactly estimate the total increase in the
labor force between 1965 and 2003 by measuringe inflation.

Currently, inflation is Austria, as representediby NAC GDP deflator, is close to
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2%, as explicitly defined by the monetary policyopted by the European System of
Central Banks (ECB, 2004) and correspondingly leyAlstrian National Bank (OeNB,
2005). The inflation obeys the revealed dependemcéhe labor force change as well.
Hence, the new monetary policy oriented to pricabiity does not disturb the
relationship describing the last 40 years of thetAan inflation.

Linear relationship (9) obtained for the currentige implies that one per cent of
the labor force change produces inflation of 2%5%20.75%, where 0.75% is the
persistent inflation level, i.e. the inflation etkig) even when no labor force change is
observed. Thus, an annual change in labor forcel®b produces the OeNB’s target
inflation.

Obviously, labor force change in Austria is affecteot only by the OeNB's
monetary policy. There are demographic, socialtipal, economic processes behind the
change. Therefore, it is probable that the laboceawill change in future in a way not
matching the target inflation. In the case of arease in the labor force, a deflationary
period is probable starting from -0.6% annual lafooce change rate, as relationship (9)
defines: 1.25*(-0.006) +0.0075=0.

Labor force participation rate is stable in Austtiging the last ten years and close
to 59% (the OECD definition). If this tendency h®loh future, the labor force will be
defined by the level of the population of 15 yeafsage and above. Statistics Austria
(2006) provides a good population projection andesponding approximation for this
variable as a sum of the population aged betweean@%0 years and that above 60 years

as presented separately:

Year From 15 to 60 years of age  >60 years of age talTo
2004 5059 1789 6848
2010 5112 1928 7040
2015 5120 2053 7173

The population above 15 years of age will grow 822 between 2004 and 2010 and by
another 1.9% during the following five years. Thean growth rate of 0.4% per year
provides a 1.2% inflation growth rate during thetnien years. The value is below the
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2% target and the Austrian monetary authoritiesehavprovide an approximately 0.8%
average annual growth in the participation rate, from 59% in 2005 to 67% in 2015.
Otherwise, the target inflation rate will not betoeed.

Figures 9 and 10 show the results of a similarymmalfor the other two measures
of inflation: the NAC CPI and the GDP deflator edited at the exchange rate to Euro.
The NAC CPI readings are very close to those obthifor the NAC GDP deflator.
Therefore, coefficients in relationship (1) areocatsose:A;=2, A,=0.0315 before 1986,
A;=1.35, A,=0.0095 after 1986. The linear relationships foe tBUR GDP deflator
readings are characterized by larger coefficieAts4, A,=0.047 before 19864,=2.5,
A,=0.00 after 1986. Results of the regression arebs presented in Table 1.

The CPI time series is characterized by stdev=0f622he period between 1965
and 2003, which is equal to the standard deviatedated to the NAC GDP deflator
series. At the same time, a linear regression ef @l NAC against the predicted
inflation results in a lower &®0.60 and larger stdev=0.014. Therefore, even small
differences between the GDP deflator and CPI, &ineteby correlation coefficient 0.92,
result in a large difference in statistical estiesat

The Eurostat GDP deflator demonstrates a highdtesitey: stdev=0.046 for the
period between 1965 and 2003. Correspondingfy0R6 and stdev=0.027, i.e. much
poorer than the results shown by the NAC GDP dafldspecially, it concerns the high
standard deviation, which is by a factor of 2.9éarthan that for the NAC GDP deflator.
However, if normalized to standard deviation ofresponding inflation series, i.e. to
0.014/0.022=0.64 and 0.027/0.046=0.59, the relatndatility does not differ much in
the cases of the NAC and Eurostat GDP deflatore Wmo-year moving average
technigue provides a gradual improvement on thelteesf the regression of the annual
values, as presented in Table 1.

It is confirmed above that both inflation and unéoyment in Austria are linear
functions of labor force change rate with no tinag.l There is no need to apply
generalized relationship (3) to the data in ordebalance some potential disturbances,
which might be induced by the ESCB fixed inflati@te. Relationships (1) and (2) work
excellent separately and its sum should also wak Where is another issue associated

with usage of (3), however. Measurement errors maileeliction of the annual time
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series unreliable during the periods of weak chamgelefining parameters, i.e. when the
change in labor force is lower than the accuractheflabor force measurements. In such
a situation, the observed change is statisticalygnificant, as we have obtained for the
unemployment. Relationship (3) provides a potentiay to improve the match. All the
involved variables have almost independent measemeerrors. Thus, one can expect an
additional destructive interference of the errohewthe variables are used together, such
as relationship (3) defines.

Figure 11 displays the observed and predictedtiofiaThe former is presented by
the NAC GDP deflator. The latter is obtained usretationship (3) with coefficients
computed for the case of the predictor based orNth€ (AMS+HSV) labor force and
the AMS unemployment. This representation of imdlatis less sensitive to the changes
in the unemployment and labor force definitionsfdat, the unemployment is a part of
the labor force and any change in unemploymentiisnaatically included into the labor
force change, but the changes in the unemploymehieaployment definitions are not
synchronized. The latter observation makes the gdmnin the labor force and
unemployment also to be asynchronous. In any thsagreement between the predicted
and observed curves is remarkable over the whtdgeviad between 1965 and 2003.

There is a small deviation starting in 1994, howeas the cumulative curves in
Figure 11 show. One can explain the discrepancgsaeciated with the change in the
employment definition in 1994 - the time criterisas decreased to 1 hour, as mentioned
above. Obviously, the change resulted in the irszred the overall labor force level and
corresponding change rate. In addition, the lalwocef survey procedures, including
population coverage and timing, were changed aatisBk Austria became responsible
for the labor force estimates in line with the Estad and ILO definitions since 1994
(Statistik Austria, 2004). These modifications abubsult in the observed change of the
inflation sensitivity to the labor force change dwethe introduction of new units of
measurements. So far, the inflation in Austria &ih the three representations) was
modeled for the period after 1986 separately. Thigerdnce between units of
measurement in the 7-year long interval betweer7 1&8 1994 and during the nine
years after 1994 was so weak that is could noebelved using the short intervals. The

difference was balanced in (9), i.e. a small oueregion of inflation in the first interval
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was compensated by a small underestimation dunegécond period. The generalized
approach has a higher resolution because of |dragalines: 29 years between 1965 and
1994 and 9 years between 1994 and 2003. Therdfareleviation between two branches
has been revealed and successfully modeled bintitweluction of new coefficients in

the generalized linear relationships after 1994

2(t)=1.2* ALF(t)/LF(t)-UE()+0.066 (1965 t < 1994) (10)
(t)=0.9* dLF(t)/LF(t)-UE()+0.0074 (t> 1995) (11)

The predicted values of inflation according to tielaships (10) and (11) with the NAC
labor force and the AMS unemployment are used @&daictor for a linear regression of
the NAC GDP readings. For the annual readings ltwl®65 and 2003, Table 1 lists
the following values: B=0.86 and stdev=0.008. This is an outstanding resuisidering
the uncertainty associated with the measurementhef inflation, labor force, and
unemployment. The predictor explains 86% of inflatvariation including the periods of
high and low inflation, and the periods of intersgrowth and decrease of the inflation,
as presented in Figure 11. The choice of 1965h#rary and an extension of the period
to 1960 does not chang€ Riuch - it drops to 0.84. Standard error of theessjon is
only 0.008. The slight improvement in statisticasdription related to usage of (3)
instead of (1), as expressed b¥iRcrease from 0.81 to 0.86 for the annual readliigys
apparently related to a stabilizing role of the mpboyment readings. Averaging in two-
year moving windows provides almost no additiongbiovement in statistical estimates.
When the predicted values are averaged0RB7 and stdev=0.008. When both observed
and predicted readings are average@0R01 and stdev=0.007. In any case, generalized
relationship (3) provides a very accurate desaiptf inflation in Austria between 1960
and present.

In this Section, we have scrupulously consideret@its of the procedures related
to measurements in order to obtain the best agmemmetween the observed and
predicted values. As a result we have obtained rg wecurate, in statistical sense,
description of unemployment and inflation in Auatrduring the last 45 years. In

addition, a prediction of inflation for the nextnteyears has been computed using
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population projections provided by Statistik AusiriWe have also learned several

important lessons for future investigations:

» Data related to labor force and unemployment nepdsial consideration because of
numerous revisions of definitions and procedures.

* There is not break or any other discontinuity ifhaithon behavior around its peak and
trough values. Linear dependence of inflation aménoployment on labor force
change is very consistent and reliable over time.

* The larger is the amplitude of inflation (unemplam) change the better is its
prediction based on labor force change. An altereabpportunity to increase
resolution is to improve accuracy of correspondirgasurements.

* The GDP deflator is the best representation ohiith, at least in Austria and the
USA.

* The generalized linear relationship linking togetl@lation, unemployment, and
labor force potentially provides an additional imgement in prediction of inflation.

+ Quantitatively, the best fit model of inflation Austria is characterized by*R0.86
and RMSFE=0.008, as obtained for the period betvi®é® and 2003.

Concluding this Section, it is worth noting thatustria provides a good
opportunity not only to model the dependence betwiedlation, unemployment, and
labor force change, but also evaluate consistefioyaous definitions of the studied
variables. Despite the documented changes in ahiteeasurements, the variables do not
lose their intrinsic links persistent through thstl45 years. There is no reason to think

that these bounds will disappear in the near future

3. France
France is characterized by an outstanding prodtctwnd has the largest GDP per
working hour among large developed economies, esepted by the Groningen Growth
and Development Center and Conference Board (2@@éhe same time, real economic
performance in France is far from a stellar onerduthe last twenty-five years with the
mean annual real GDP growth of 2%. Therefore, FFaaan example of an economy
different in many aspects from those in the USAyadg and Austria. This is especially

important for the concept we examine. Linear retahips (1) and (2) with country
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specific coefficients are supposed to be intrimsies to any developed economy and to
express deep socio-economic bounds between pdoglen, the linear relationship for
inflation does not depend on such parameters ¢fe@mmomy as output gap, marginal
labor cost, and so on.

OECD (2005) provides relatively long time seriestfoe variables involved in the
study: GDP deflator (between 1971 and 2004), CRlethaon the national currency
(between 1956 and 2004), labor force level (betwi#s6 and 2004), unemployment rate
(between 1960 and 2004), working age populatiotw@en 1960 and 2004), and labor
force participation rate (from 1960 to 2004). Itifda estimates are also available at the
web-sites of Eurostat- the Euro based CPI betw®&® And 2005, and at the National
Institute for Statistics and Economic Studies (IEpEhttp://www.incee.fr.

There are three different measures of inflatiorFiance shown in Figure 12: the
OECD CPI, the CPI based on the Euro, and the OEOP @eflator. The time series for
CPIl and GDP deflator published by the INSEE (20@Bhost coincide with those
provided by OECD and Eurostat and start from 1982 aule. Therefore, they are not
presented in the Figure. The OECD GDP deflator@Rdinflation are very similar with
only relatively small discrepancies during somershervals. These curves show a high
inflation rate between 1975 and 1985 and a gradealease to the current level close to
2%.

Only two measures of inflation from the three aafalié are modeled in the study.
The Eurostat CPI based on the Euro is limited nmetiand volatile due to the exchange
rate fluctuations. So, this time series is negkbct8DP deflator is probably the best
variable reflecting inherent links between inflatiand labor force change, as found for
the USA, Japan, and Austria. So, our primary geabimodel the GDP deflator provided
by the OECD. The OECD CPI time series is also jgtedifor a comparison. CPI is of a
lower interest for our study because it hardly espnts a valid economic parameter to
model in our framework.

Figure 13 displays the principal variable of thed®lo— labor force change rate,
dLF/LF, in France for the period between 1956 and 200w Eurostat web-site also
publishes time series for the number of unempldii®®83 through 2004) and employed
(1978 through 2004) separately. The sum of the serees gives a labor force estimate
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between 1983 and 2004 also presented in FigureB&8ause of the limited interval
spanned by the Eurostat labor force series anugts volatility of unknown origin only
the OECD labor force readings are used to predietmployment and inflation rate.

The OECD labor force series can be split into sawvaistinct periods. From 1958
to 1963, a very low and even negative change ra® observed, which is potentially
associated with statistical definitions or methodgl of measurements in the past. From
1963 through 1981, a strong labor force growth massured with the mean annual rate
of +0.94%. A relatively slow growth between 19821 a@®95 with the mean annual rate
of +0.48% is followed by a new period of a stromgvgth started in 1996 with the mean
annual rate of +0.84%. According to the linear tiefeships under study, inflation and
unemployment have to evolve in the same way.ifttexesting that the recent increase in
the labor force has not been accompanied by amlerishange in the inflation, as Figure
12 evidences.

Taking into consideration a gradual decrease irrdbe of working-age population
growth in France (OECD, 2006), one can expect a&nsive growth of labor force
participation rate (LFPR) started in 1996 to bgoesible for the rapid increase in the
labor force. Figure 14 proves that the expecteshgtigrowth in the LFPR has been an
actual and consistent one since 1996. During teeigus forty years, the participation
rate in France was as low as 55% compared to 53%eitSA and above 60% in Japan.
So, it is natural that the participation rate iarfte has started to grow at some point.

The current period of the labor force growth almagiincides with the
establishment of a new entity of the French natidank, Banque de France, as an
independent monetary authority having a fixed tavgéue of inflation rate. In 1993, the
European System of Central Banks (ESCB) cardircignged its approach to inflation
managing — the main target is currently to readbepstability at a level near 2% of
annual growth (ECB, 2004). Whatever reasons ardqptlt to justify the new approach
they are not theoretically and empirically sound, there are no reliable evidences for
the assumptions underlying the current concepisfiattion to be valid. The most recent
models rely on exogenous shocks as the drivingefdrehind inflation (Rudd and
Whelan, 2005; GG (1999); Gaht al., 2002, 2005; Hall, 2005). Such shocks are

inherently unpredictable and uncontrollable in tigwed amplitude. So, the approach
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based on an aggregated opinion of central bankergeonomists is barely valid in view
of unpredictable exogenous shocks. Our conceptigeeva clear understanding of the
nature of these exogenous forces and thus a caveolunemployment and inflation.

For France, as for the US, Japan, and Austria weetlws same procedure to fit
annual and cumulative inflation and unemploymeatiegs by linear functions of labor
force change rate. The most sensitive to coeffisiém relationship (1) is a cumulative
curve. Even a small systematic error in predictegblaude cumulates to a high value
when aggregated over thirty-five years. Predicted measured annual and cumulative
curves for the OECD unemployment rate between BEt02004 are presented in Figure
15.

The predicted curve in Figure 15a is obtained ftbe OECD labor force change
rate and shows large-amplitude fluctuations arotinedmeasured unemployment curve.
This is a result of a very large coefficient in thelationship betweetJE(t) and
dLF(t)/LF(t):

UE(t)=0.165-13* dLF(t)/LF(t) (12)

Linear coefficient in (12) amplifies labor forceastge and any measurement error in the
labor force by a factor of 13. This coefficientalso a negative one, i.e. any increase in
labor force is converted in a synchronized (no tlage between the labor force and the
unemployment change) and 13-time amplified droghefunemployment rate in France.
On the other hand, in the absence of any growthdrabor force the unemployment rate
reaches a 16.5% level. (The high sensitivity of timemployment to the labor force
change provides a good opportunity to control thenoployment through a reasonable
labor market policy. At the same time, the highs#iarity demands any such a policy to
be thoroughly and deeply discussed before impleatient) From 1970 through 1995,
there is a good agreement between the observegraditted curves. The period before
1970 is neglected in the study. As we have leafr@d the case of Austria, the earlier
period is characterized by some changes in theadetbgy of labor force survey and/or
the definitions of labor force itself. The modelipéd after 1970 is also in line with many

other studies devoted to the modeling of varioudlip$ curves in European countries,
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where the period before 1970 is rarely covered fssgelini et al. (2001); Canova, F.,
(2002), Cristadorcet al. (2001); Espasat al. (2002); Galiet al. (2001), Ihrig and
Marquez (2003); Marcellinet al. (2001); Hubrich (2005), among others).

The observed unemployment curve gradually eleviabes 3% in 1970 to almost
10% in 2004, with the predicted curve fluctuatingumd the observed one with an
amplitude reaching 0.1. In 1996, a sudden drophédredicted curve started a major
deviation from the measured curve. The predictedectalls from 10% in 1996 to 4% in
2003. It is possible to compute the total numbeumémployed people who could get
paid jobs under the theoretical curve in excess toé measured number:
4%*27,000,000~1,000,000 per year. Thus, approxilpatee million less than expected
persons have job in France every year since 1996.

There are three potential explanations of the diewiaThe first one is associated
with a probable change in unit of measurement$iaasbeen found for Austria. There is
no documented change in the labor force and ungmmant definitions in the 1990s in
France, however. Therefore, this explanation is wotking for France. The second
possibility is that coefficients in relationship2jlwere changed in 1996 by some external
forces to new values, but the linear link to lafmyce is retained. We have discussed such
a situation is Section 1 and suggested that gepedatelationship (3) has to replace
individual relationships (1) and (2). We will exaraithis assumption in detail later on.
The third explanation is that there is no linedatienship between unemployment,
inflation, and labor force and the deviation sthri@ 1996 is unpredictable and
spontaneous.

A standard linear regression analysis is carriegdauhe period between 1970 and
1995. The OECD unemployment rate is a dependerdblarand the theoretical curve is
used as a predictor. Table 2 lists some resultiseonalysis. The measured time series is
characterized by stdev=0.032. As expected fronhifle volatility in the annual readings
of the predictor (see Figure 15a) correspondingression gives 0.48 with
stdev=0.023. Hence, the annual time series is poedicted.

Figure 15b represents a cumulative view on the igiedl and observed
unemployment in France. This view emphasizes thgatlen started in 1996. The

cumulative curves provide a good way to demonstthtd the oscillations in the
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predicted curve are induced by some uncorrelatedsarement errors, not by actual
change. At the same time, the curves definitelywslsome problematic years in the
beginning of the period. Overall, the curves alnumshcide and confirm the reliability of
the linear relationship betweedE(t) and dLF(t)/LF(t). A linear regression of the
cumulative curves gives?R0.998 and stdev=0.028.

Moving average is thoroughly used in this studyoirder to obtain a better
agreement between the observed and predicted cuiigs technique effectively
suppresses the noise associated with measurenmerd. éfigure 16 displays the annual
measured curve and that obtained by a 2-year m@axiagage as applied to the predictor.
There is a significant improvement in the predietpower of relationship (12), especially
between 1978 and 1995 - the curves practically citén The improved overall
agreement is also reflected in a highée®75 and lower stdev=0.016, as presented in
Table 2. When a 5-year moving average is applietthégpredictor, Rincreases to 0.90
and stdev falls to 0.010. Hence, moving averagelg efficient in noise suppression and
provides an explanation of about 90% of variatiothie unemployment rate. One can not
expect any further improvement beyond the levelo@ased with some intrinsic
measurement uncertainty, however. More accuratesumeaents of the labor force are
necessary for obtaining a higher correlation betwde observed and predicted time
series.

According to relationship (2), inflation is alsoliaear function of labor force
change. Figure 17 illustrates the fit between olekrthe OECD GDP deflator) and
predicted inflation. Figure 17a compares the meabannual values to those obtained

according to the following relationship:

7(t)=17* dLF (t-4)/LF (t-4)-0.063 (13)

wherez(t) is the inflation at time, LF(t-4) is the labor force four years before. Thus,
there is a four years lag in France between therl&trce change and corresponding
reaction of the inflation. The linear coefficierit indicates that the inflation is aslo very
sensitive to the labor forced change. The interc@f63 means that a positive labor

force change rate has to be retained in order twdadeflation. The threshold for a
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deflationary period is a labor force change rate) 8037(=0.063/17) per year. Actual
change rate was consistently higher than the thldsralue over the studied period, as
Figure 13 demonstrates.

The predicted inflation has been rapidly increasimgge 2000 according to the
labor force increase started in 1996 and the fearYag. The observed inflation has been
fluctuating near 2% since 1995, however. This iidla rate is the one defined by the
ECB (2004) and Banque de France (2005) as thettafgaonetary policy. Therefore,
one might suppose that the observed inflationxediby some special measures applied
by the ESCB such as a monetary supply constramedal GDP growth plus 2%. The
effect of the inflation rate fixed by force is erpsed in the observed deviation of the
predicted unemployment and inflation from those soeed in France. The
unemployment reacts immediately to the labor fomerease started in 1996. The
inflation reacts four years later. In the abserfci® fixed inflation rate or price stability,
the observed inflation and unemployment would felltheir predicted paths: in 2004,
9% inflation would be accompanied by 4% unemploytnen

Since the discrepancy between the observed ansumeghinflation starts in 2000,
a linear regression analysis is carried out for geegod between 1971 and 1999. The
GDP deflator is a dependent variable and a predistobtained according to relationship
(13). Some results of the analysis are presentebable 2. Standard deviation of the
actual time series for the studied period is 0.04f regression of the annual readings is
characterized by 0.47 and stdev=0.0312Fs a low one and close to that obtained for
the unemployment. In both cases, the reason fofotlecorrelation is low accuracy of
labor force measurements accompanied by the higditséty of the predicted values to
the labor force change rate.

Moving average provides a more accurate represemtaf the labor force change
rate. For the four-year lag, as observed in Fraeeen a 7-year moving window applied
to the predictor does not include the labor foreadings contemporaneous to the
predicted inflation. Therefore, the lag guaranteesatural "out-of-sample" inflation
forecast at various time horizons - from 1 yeadtgears. Table 2 lists standard errors
(deviations) and & which are obtained by linear regressions withioter moving

averages. Obviously, the larger is forecastingzuor i.e. the shorter is corresponding
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averaging window, the larger is the forecast umagety. On the other hand, there must be
some optimal width of moving windows. For a verydeiwindow, the readings at the left
(early) side of the window introduce some additlonaise rather than improve the
modeled leading value. In fact, for a 2-year movawgrage applied to the predicted
inflation R?=0.74 and stdev=0.022, for a 3-year windof¥®91 and stdev=0.013, and
for a 7-year window R=0.89 with stdev=0.014. So, the best result isiobtafor the 3-
year moving average, which explains 91% of varaiio the original inflation time for
the period between 1971 and 1999. Figure 17b demnades the outstanding predictive
power of the 3-year moving average.

One can potentially reach an additional improvenmnthe results obtained with
the 3-year moving average by using more powerfahrigues for noise suppression.
This is not the purpose of this study, however. \& reveal inherent links between
unemployment, inflation, and labor force at a hig\el of confidence, as represented by
R®. Further improvements in’Related to the annual readings above 0.91 haebenye
any additional effort and potentially fall into ardlict with the level of uncertainty in the
inflation and labor force measurements.

In our framework, the residual difference betwebr bbserved and predicted
readings is related solely to measurement errorrance, labor force is measured with
an uncertainty, which is not appropriate to the atiog of the more accurately measured
unemployment and inflation. One-year long measuroageline is not enough for
obtaining a reliable estimate of labor force chamgt. Moving average takes an
advantage of a longer baseline for the calculatibrthe change rate and provides a
substantial increase in the predictive power citrehships (12) and (13). Therefore, a
longer basic time unit will potentially result in l@gher accuracy of corresponding
measurements and in a better correlation betweennibdeled variables. Table 2
supports this assumption by an example of a reigres$ 7-year moving averages of the
observed and predicted inflation?#.97 and stdev=0.006. Hence, if to replace the
current one-year basic interval with a seven-yeag lone, the inflation prediction would
be as accurate as 0.006 for the period between d831999. The same effect might be
obtained by improvements in the current measuriraggrures, however. There is a

direct trade-off between the efforts invested iohsimprovements and the accuracy of
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predicted inflation and unemployment. Since thebfmm of low measurement accuracy
is a resolvable one we leave it to appropriate eigen

Figure 17c compares two cumulative curves as obtiailor the measured and
predicted inflation. There is a good agreementrduthe years between 1971 and 1999.
We do not provide in Table 2 statistical estimdteghe cumulative curves of inflation in
France. Obviously, Rhas to be very close to 1.0 and standard deviisimilar to that
for the case of the annual readings. The cumulativees evidence that the labor force
cumulative change provides a precise measure ofnfteion index growth and vice
versa.

Figure 18 and Table 2 represent results of a sirailalysis as applied to the OECD
CPI inflation. The actual time series is charaettiby standard deviation of 0.043 for
the period between 1971 and 1999, which is justgmally higher than that for the
OECD deflator during the same period. The bestipt@dfor the annual readings is also
obtained with a 3-year moving averagé=&85 and stdev=0.017. These values indicate
a slightly lower predictive power of the labor ferchange rate compared to that obtained
for the GDP deflator. This is a common situation tfee countries studied so far. GDP
deflator is a consistently better measure of iidtats related to labor force change rate.
Caveats in CPI definition and measuring proceduanes well known and have been
actively discussed since the Boskin’s report (19€8)viously, the problems associated
with the uncertainty in CPl measurement lead to pgherer performance of the labor
force as a predictor.

Having discussed the potentially resolvable prollemssociated with the
uncertainty in labor force measurements, we statatkle the problem associated with
the discrepancy between the observed and prediateds. This problem is a critical one
for the concept. Potentially, the discrepancy soamted with the new monetary policy
first applied by the Banque de France in the begmmf the 1990s. The policy of a
constrained money supply, if applied, could obvipusturb relationships (12) and (13).
New coefficients in the linear relationships arempoited and presented in relevant
Figures for the periods after 1995 for the unemmlegt after 1999 for the inflation,
respectively. The coefficients are unreliable, hesve due to the shortness of

observations, but definitely different from the aldes. Probably, one could conclude
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that the Banque de France has created some new liekveen the unemployment,
inflation, and labor force.

Our assumption is a different one. Money supplexcess of that related to real
GDP growth is completely controlled by the demahgdrowing labor force because the
excess is always accommodated in a developed egotiowugh employment growth,
which causes inflation. The latter serves as a am@sim which effectively returns
personal income distribution (normalized to totapplation and nominal GDP growth)
in the economy to its original shape (Kitov, 20@paThe relative amount of money that
the economy needs to accommodate a given relatier Iforce increase through
employment is constant through time in correspapdoountry but varies among
developed countries. This amount has to be suppliede economy, however. Central
banks are responsible for this process. In the @84 Japan, central banks provide
adequate procedures for money supply and individapendence on labor force change
does not vary with time both for inflation and un@ayment. The ESCB limits money
supply to achieve price stability. In Austria, ibeb not affect the individual linear
relationships because actual money supply almoséleghe amount required by the
observed labor force growth. For France, the ldboce growth is so intensive that
demands a much larger money input for creationnaf@propriate number of new jobs.
The 2% atrtificial constraint on inflation (and thosney supply) disturbs relationships
(12) and (13). The labor force growth induces aafyincrease in employment, which
accommodates the given 2% inflation instead oP#tepredicted inflation. Those people
who enter the labor force in France in excess aff élowed by the target inflation have
no choice except to join "the army of unemploydadénce, when inflation is fixed, the
difference between observed and predicted chandkeeinnflation must be completely
compensated by an equivalent change in unemploymestcess of the predicted one.
Generalized relationship (3) mathematically dessithis assumption.

For France, generalized relationship is obtaired sum of (12) and (13), which

gives the following equation:

a(t)= 4*dLF(t-4)/LF(t-4)-UE(t-4)+0.095  (1971<t<2004) (14)
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where the intercept 0.095 is slightly differentrfrahat obtained as a straight sum of
corresponding free terms: 0.165-0.063=0.102. THerdnce is dictated by the fit of the
cumulative curves presented in Figure 19, whichsitlates results of the generalized
approach. It is important to emphasize that retastigp (14) is valid for the entire interval
where the OECD GDP deflator readings are available.

Annual readings are presented in Figure 19a. Aafimegression of the observed
inflation against that predicted according to (isttharacterized by an outstanding for
annual curves &0.88 and stdev=0.014. Moving averages of the ptediprovide an
additional improvement on the annual results: f@year moving average’®0.89 and
stdev=0.015, for a 3-year moving average®93 and stdev=0.011, and for a 7-year
moving average &0.93 and stdev=0.011 as well. These values aréébe we have
obtained for France so far. They explain the imdlatto the extent beyond which
measurement uncertainty should play a key rolectRRedly, there is no room for any
further improvements in Rgiven the current time series. The regressionltesiiso
undoubtedly prove the success of the generalizptbaph.

The 7-year averages displayed in Figure 19b givadaiitional visual evidence of
the excellent predictive power of relationship (14)linear regression of these averages
during the period between 1977 and 2004 is chaiaeteby R=0.99 and stdev=0.004.
We have already discussed the importance of aanititreduction in the uncertainty of
the labor force measurements. The 7-year movingrages provide a good
approximation of the results one can potentiallyaobfrom the improved labor force
measurements. A standard error of prediction 0349 #&nd even lower might be obtained
at a four-year horizon for inflation forecasts inakce. Figure 19c shows cumulative
curves and provide a prediction of the GDP deflatdex four years beyond 2004. One
can expect a slight increase in the inflation dyiriine years if labor force estimates for
the years between 2001 and 2004 are accurate. tunédely, the estimates are prone to
potential adjustments in future than new data ftbennext census will be available.

In this Section, we have successfully modeled uheynpent and inflation in France
as a linear and lagged function of labor force gearate for a relatively long period. The
unemployment is characterized by a very high arghtiee sensitivity to the labor force

change rate, i.e. even a small increase in the fabce level leads to a substantial drop
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of the unemployment rate. Both variables evolvechyonously. The inflation lags four
years behind the labor force change and also i semsitive to it. This lag provides a
basis for an out-of-sample inflation forecast dbar-year horizon with an accuracy of
1.0% for the whole period between 1971 and 2004ddtailed study of the properties of
GDP deflator and CPI forecast in France at various horizons will be presented in a
paper, which is currently under preparation.)

The lags and sensitivities found for the unemplaytmend inflation in France are
quite different from those obtained for the USApaa and Austria. The latter two
countries are characterized by the absence ofiargylags and low sensitivities. In the
USA, inflation lags by two and unemployment by fiyears behind labor force change,
with sensitivities much lower than those in Frangpparently, the variety of lags is the
source of the problems with Phillips curves of was kinds. In France, inflation lags by
four years behind unemployment, and in the USAad$eby three years. Nevertheless,
the Phillips curve in its original form does exisecause both variables are linear
functions of labor force change and thus also @linlked by a linear dependence.

The high sensitivities of the inflation and unenypl@nt to the labor force change in
France require very accurate labor force measuresmér a reliable modeling.
Unfortunately, the OECD labor force time seriessinet meet this requirement and only
poor statistical results are obtained for annualiys. The best agreement between
observed and predicted time series is obtained avithoving average technique applied
to the labor force values. For the period betwe6illand 1996, linear regression
analysis provides as high values &f&& 0.9 for the unemployment and 0.91 for the GDP
deflator for 5-year and 3-year moving average of thabor force, respectively.
Corresponding standard deviations (errors) arevasab 0.010 and 0.013, respectively

As a result we have obtained a very accurate gesunrTi of unemployment and
inflation in France during the last 35 years. Imttast to Austria, a prediction of inflation
for the next four years has been computed using medt readings of the labor force. No
population projections are necessary for the iilaforecast at a four-year horizon. At
longer horizons, one can use labor force foreca&turacy of such long-term
unemployment and inflation forecasts is proportidnathe accuracy of the labor force

predictions. Monetary policy of the ECB is also iamportant factor for the forecast
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because of its influence on the partition of tHeolaforce growth between inflation and
unemployment. The sum of these two variables isagda linear function of the labor
force change, however. Therefore, it is for the E€C#l Banque de France to decide on
the partition of the labor force growth into unemywhent and inflation. There is no
opportunity to compensate the past high unemployrbgrireeing monetary supply. To
achieve the predicted 4% unemployment rate a furtiiensive growth in labor force is

necessary. Otherwise, the unemployment will banethat its current level.

4. Conclusion

It is demonstrated at a very high level of confickethat Austria and France are
characterized by linear relationships between tioieand unemployment from one side
and labor force change from the other side. The freslictions explain more than 90%
of observed variation in unemployment and inflationboth countries. The residual
variation is hardly to be explained using the datailable due to intrinsic uncertainty in
corresponding measurements. The relationships iconégs associated with some
dynamic processes of internal transformations ieduxy labor force change. These lags
are large and distinct in France and in the USfefwesent strong evidences in favor of
the assumption that labor force change is the dnbling force behind inflation and
unemployment. This linear dependence on labor fprogides a new approach to the
conventional Phillips curve linking inflation andnemployment. The relationship
between inflation and unemployment does exist,tbatunemployment in many cases
lags or leads the inflation by several years, ohing confusion in standard econometric
analysis. The conventional Phillips curve doesatlow inflation to lead unemployment,
how it happens in the USA.

Among economic and econometric models explainingabier of inflation and
linking it to various economic parameters, inclydinhose related to behavioral
characteristics of human beings, there is no oriehwliould explain the whole variety of
empirical facts. What the models lack is first piples when a simple and measurable
variable drives other economic parameters. In suchse the whole set of observations
aligns in a clear pattern with obvious links. Irrdhaciences, this is a standard situation.

In economics, such first principles connecting rueasle economic variables are absent
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so far. The new concept fills this lacuna puttiogth population characteristics as the
only parameter defining all the studied macro amct@economic characteristics.

Other concepts meet inevitable obstacles due tospmdfication of actual
relationships: measurable variables are substitutgkd unobserved or immeasurable
variables. For inflation, the NKPC ends with a niaay cost which is unobservable,
accelerationists rely on some natural (but thecatlyi undefined and empirically
unobservable) level of unemployment, and “behasistidemand some mechanism of
imperfect information processing. In fact, mardgicast, which in practice is often
represented by a unit labor cost, not only unolz#evbut also unpredictable in the
NKPC framework as associated with exogenous prodtycand supply shocks. Natural
level of unemployment, which can also vary throughe, seems to be rather an
additional degree of freedom in the Phillips cutiven a measurable parameter.

Similar problems arise in the real business cyder& real economic growth is
determined mostly by exogenous productivity andpsughocks. The only positive
features known about the shocks are that they amelom, persistent in time and
characterized by decaying amplitude during the PAstyears. No explanation of the
shocks’ nature is given what actually leaves thestjan of the real growth driving force
open.

All these problems have been successfully overcaom#he population related
models. At the same time, the developed concep doecontradict to the conventional
consideration. Let us try to reverse some statesneinthe NKPC approach and assume
that inflation is driven by some exogenous forced amolves according to some strict
relationships (for example, according to the linésyged equations obtained in this
study). In a given developed country, which undesga permanent real and nominal
economic growth, firms creation and extinction, rap@ in labor force quantity and age
structure, one can always distinguish in the setxidgting firms a subset of firms, which
can set new prices according to some “expectedttioh change, some firms, which are
able only to match previous inflation values, anths firms, which can not change price
at all. In practice, more than three groups cadibnguished and the distribution of the
firms against price setting capabilities is mordess continuous. The distribution may

have various shapes with only one requirement tthetintegral price change over the
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firms has to give the observed inflation value (fug sake of simplicity we presume here
real economic growth to be zero). In other wortlg, firms are allowed to change the
prices according to the inflation rate driven bg #xogenous force represented by labor
force change and do that through a “monopolistimpetition process” whatever it
means. In the framework of the NKPC, the distribmitis used to estimate rigidity of
nominal marginal cost. If the distribution does obange fast in time, the rigidity might
be close to a constant one and the NKPC modeltH#sobservations to the extent
nominal marginal cost is represented by unit latmmst. Same is valid for sticky prices,
sticky information, labor market imperfectness, €orresponding characteristics can be
easily obtained from the observed behavior but arly derivatives not the driving
forces.

Advantages of the labor force change as the driforge for inflation are as
follows:

1. It is measurable, what guarantees increasing acgwh fit with development of
more accurate methodology and procedures.

2. Meets requirement of the fixed personal incomerithistion because directly follows
from the internal redistribution in the PID.

3. Represents a part of a broader economic conceetl lmaspopulation characteristics.

There is a standard scientific problem associated the applicability of some
empirical relationship to a broader set of probldioth in logical and historical sense. In
philosophy of science, this area of applicabilignde reformulated in the principle of
falsifiability, i.e. a possibility to find an exartgwhen a given relationship does not hold.
In other words, this principle confines the areapplicability, where the relationship can
be verified and validated. A fame example in physscthe Newton’s second law, which
needs to be reformulated for speeds approachiniigtitespeed.

In economics, such a distinct point in time betwemriods where a given
relationship holds and not applicable is usuallgesih due to unidirectional evolution in
time. There is no possibility to repeat the pastnésy and to re-measure economic
variables of interest if they were not measuredpaiper time. Thus, empirical
relationships in economics lack the beginning tiras, a rule. Actually, necessary

observations are not conducted in a methodologicgbpropriate manner due to the
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absence of contemporaneous demand. Despite a mmentof economic information
both qualitative and quantitative accurate measangsnof some fundamental economic
variables are very limited in time and accuracy.

France is currently enjoying a low inflation rateedto the limitations induced by
the European Monetary Union in the field of mongtpolicy. Due to the strict rules
France does not allow people to get into employmemd occupy their otherwise
available positions in the personal income distidou Money supply in the country does
not meet the requirements of the natural employngoivth associated with the
observed labor force growth. The people enterirggRlench labor force are forced to
become unemployed. The principal question is s dloaffect real economic growth? In
the case of a natural behavior, i.e. the one rgiticted by external non-economic rules
similar to those superimposed on economies of Bsicieountries, real growth of an
economy does not depend on inflation and vise ve¥ghen monetary authorities
artificially suppress inflation by a restricted negninput one can expect a diminishing
real economic growth due to the increase in uneympémt above its natural level and
corresponding decrease in labor force. If the lafooce growth is independent, less
people obtain paid job. Total production suffetse economy slows down, and the
personal income distribution is disturbed. All thesffects are obviously country-
dependent due to variation in sensitivity of inflat and unemployment to labor force
change. The driving force behind the sensitivitiss apparently personal income
distribution.

There are four countries studied so far - the USpan, Austria, and France. The
results obtained in the study indicate the existeot a linear link between principal
economic parameters: inflation, unemployment, aabol force. There are many
developed countries not studied yet, however. Ahaxe learned already, every country
potentially represents a unique case with spes#itsitivities and lags to be determined
empirically. Problems related to measurement uac#yt, especially in labor force, raise
additional difficulties for the study. Thereforeitdire work will be focused on the largest
economies such as the UK, Germany, ltaly, SwitneflaCanada, etc. Results of
individual cases should provide an extended basia tomparative analysis, which may

potentially help to understand the mechanisms respte for varying sensitivities and
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lags.
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Tables

Table 1. Results of linear regression analysig\iastria

Period Dependent variable | Predictor A B R” stdev

1983-

2003 annual UE (OECD) 0.0036

1983- 1.03 0.026

2003 annual UE (OECD) | annual dLF(t)/LF(t) (OECD) | (0.020) | (0.007) 0.11 | 0.0035

1983- cumulative UE cumulative dLF(t)/LF(t) 1.00 0.010

2003 (OECD) (OECD) (0.006) | (0.003) | 0.999 | 0.007

1965- annual GDP

2003 deflator (NAC) 0.022

1965- annual GDP 0.880 0.005

2003 deflator (NAC) annual dLF(t)/LF(t) (NAC) (007) (0.003) 0.81 | 0.010

1965- annual GDP 2-year moving average 0.95 0.003

2003 deflator (NAC) dLF(t)/LE(t) (NAC) (0.07) | (0.003) 0.85 | 0.009
2-year moving

1965- average GDP 2-year moving average 0.93 0.003

2003 deflator (NAC) dLF(t)/LF(t) (NAC) (0.06) | (0.002) 0.88 | 0.007

1960- cumulative GDP cumulative dLF(t)/LF(t) 1.03 0.003

2003 deflator (NAC) (NAC) (0.004) | (0.005) | 0.999 | 0.011

1965-

2003 annual CPI (NAC) 0.022

1965- 0.76 0.010

2003 annual CPI (NAC) annual dLF(t)/LF(t) (NAC) (0.10) | (0.004) 0.60 | 0.014

1965- 2-year moving average 0.85 0.006

2003 annual CPI (NAC) dLF(t)/LF(t) (NAC) (0.10) | (0.004) 0.64 | 0.013

1965- 2-year moving 2-year moving average 0.83 0.007

2003 average CPI (NAC) | dLF(t)/LF(t) (NAC) (0.09) | (0.004) 0.72 | 0.011

1965- annual GDP

2003 deflator (Eurostat) 0.046

1965- annual GDP 0.82 0.010

2003 deflator (Eurostat) annual dLF(t)/LF(t) (NAC) (0.10) (0.007) 0.66 | 0.027

1965- annual GDP 2-year moving average 0.88 0.008

2003 deflator (Eurostat) dLF(t)/LF(t) (NAC) (0.10) (0.007) 0.68 | 0.027
2-year moving

1965- average GDP 2-year moving average 0.87 0.008

2003 deflator (Eurostat) dLF()/LF(t) (NAC) (0.07) (0.005) 0.78 0.02

1965- annual GDP

2003 deflator (NAC) 0.022

1965- annual GDP annual dLF(t)/LF(t)-UE(t) 0.89 0.04

2003 deflator (NAC) (NAC) (0.06) | (0.03) 0.86 | 0.008

1965- annual GDP 2-year moving average 0.89 0.004

2003 deflator (NAC) dLF(t)/LE()-UE(t) (NAC) (0.06) | (0.003) 0.86 | 0.008
2-year moving

1965- average GDP 2-year moving average 0.91 0.003

2003 deflator (NAC) dLF(t)/LE()-UE(t) (NAC) (0.05) | (0.002) 0.91 | 0.007
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Table 2. Results of linear regression analysis-fance

Period Dependent variable Predictor A B R” stdev

1970- annual unemployment

1995 (OECD) 0.032

1970- annual unemployment | annual dLF(t)/LF(t) 0.45 0.04

1995 (OECD) (OECD) (0.10) | (0.008) 0.48 | 0.023

1970- annual unemployment | 2-year moving average 0.71 0.02

1995 (OECD) dLF(t)/LF(t) (OECD) (0.08) | (0.006) 0.75 | 0.016

1970- annual unemployment | 5-year moving average 1.00 0.000

1995 (OECD) dLF(t)/LF(t) (OECD) (0.07) | (0.005) 0.90 | 0.010

1970- cumulative cumulative dLF(t)/LF(t) 1.01 0.04

1995 unemployment (OECD) | (OECD) (0.009) | (0.001) | 0.998 | 0.028

1971-

1999 GDP deflator (OECD) 0.042

1971- annual GDP deflator annual dLF(t-4)/LF(t-4) 0.48 0.03

1999 (OECD) (OECD) (010) (0.008) 0.47 | 0.031

1971- annual GDP deflator 2-year moving average 0.74 0.01

1999 (OECD) dLF(t-4)/LF(t-4) (OECD) | (0.08) | (0.006) 0.74 | 0.022

1971- annual GDP deflator 3-year moving average 0.94 0.001

1999 (OECD) dLF(t-4)/LF(t-4) (OECD) | (0.06) | (0.004) 0.91 | 0.013

1971- annual GDP deflator 7-year moving average 1.09 0.01

1999 (OECD) dLF(t-4)/LF(t-4) (OECD) | (0.07) | (0.005) 0.89 | 0.014

1977- 7-year moving average | 7-year moving average 0.97 0.001

1999 GDP deflator (OECD) dLF(t-4)/LF(t-4) (OECD) | (0.03) | (0.003) 0.97 | 0.006

1970-

1999 CPI inflation (OECD) 0.043

1970- annual CPI inflation annual dLF(t-4)/LF(t-4) 0.50 0.03

1999 (OECD) (OECD) (010) (0.008) 0.48 | 0.031

1970- annual CPI inflation 2-year moving average 0.81 0.01

1999 (OECD) dLF(t-4)/LF(t-4) (OECD) | (0.09) | (0.007) 0.74 | 0.022

1970- annual CPI inflation 3-year moving average 1.00 0.000

1999 (OECD) dLF(t-4)/LF(t-4) (OECD) | (0.08) | (0.006) 0.85 | 0.017

1977- annual CPI inflation 7-year moving average 1.15 0.01

1999 (OECD) dLF(t-4)/LF(t-4) (OECD) | (0.09) | (0.007) 0.83 | 0.018

1971-

1999 GDP deflator (OECD) 0.042

1971- annual GDP deflator annual dLF(t-4)/LF(t-4)- | 0.89 0.004

2004 (OECD) UE(t-4) (OECD) (0.06) | (0.004) 0.88 | 0.014
2-year moving average

1971- annual GDP deflator dLF(t-4)/LF(t-4)-UE(t-4) 0.91 0.003

2004 (OECD) (OECD) (0.06) | (0.004) 0.87 | 0.015
3-year moving average

1971- annual GDP deflator dLF(t-4)/LF(t-4)-UE(t-4) 0.97 0.000

2004 (OECD) (OECD) (0.05) | (0.003) 0.93 | 0.011
7-year moving average

1971- annual GDP deflator dLF(t-4)/LF(t-4)-UE(t-4) 1.03 0.003

2004 (OECD) (OECD) (0.05) | (0.004) 0.93 | 0.011
7-year moving average

1977- 7-year moving average | dLF(t-4)/LF(t-4)-UE(t-4) 0.99 0.000

2004 GDP deflator (OECD) (OECD) (0.02) | (0.001) 0.99 | 0.004
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Fig. 1. Comparison of three variables representirfig@tion in Austria: GDP deflator determined using
national currency (NAC) and Euro (EUR), and CPledsined by using national currency. The GDP
deflator curves coincide since 2000. Inflation Wity is much lower when it is represented in oatil
currency. Correlation coefficients for the perioetvoeen 1961 and 2004: CPI NAC/GDP deflator NAC -
0.92; CPI NAC/GDP deflator EUR - 0.82; GDP deflatkC/GDP deflator EUR - 0.86.
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Fig. 2. Comparison of the rate of change in workagge population (aged 15 and over) in Austria as
determined by the OECD and national statistics (NAMtice the spikes in the OECD curve related to
step adjustments according to population surveys.
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Fig. 3. Labor force participation rate (LFPR) in dia as determined by OECD and obtained from the
OeNB. A weak tendency to growth was observed irbeginning of the 2000s.
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Fig. 4. Comparison of labor force change rate egtisas reported by OECD, NAC, and Eurostat. Notice
the smoothness of the NAC curve.
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Fig. 5. Estimates of unemployment rate in Austdecading to definitions given by the AMS, Eurostatd
OECD.
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Fig. 6. Comparison of the observed (AMS) and pitedibdy the linear relationships (shown in lowehtig
corner of the panel) using the NAC (AMS+HSV) lalfarce and the AMS unemployment rate. Changes in
the unemployment and labor force definitions betw&@83 and 1987 make it impossible to fit the
unemployment curve during this period. Otherwike, firedicted curve is in a good agreement with the
measured one.
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Fig. 7. Comparison of the observed (OECD) and ptedi (AMS before 1980 and OECD after 1980)
unemployment rate in Austria. The upper frame digplannual readings and the lower one — cumulative

unemployment since 1968. Notice a major changen@mployment definition between 1981 and 1984
(OECD, 2005)
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Fig. 8. Comparison of the observed (NAC GDP deflaamd predicted inflation in Austria. The upper
frame displays annual readings and the lower ocrulative inflation since 1960. Notice a major rga

in labor force definition between 1981 and 1987 QDE 2005). The periods before and after 1986 are
described separately.
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Fig. 9. Comparison of the observed (NAC CPI) aretted inflation in Austria. The upper frame déagd
annual readings and the lower one — cumulativatiofh since 1960. Notice a major change in laboreo
definition between 1981 and 1987 (OECD, 2005). Peeiods before and after 1986 are described
separately.
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Fig. 10. Comparison of the observed (EUR GDP dafladnd predicted inflation in Austria. The upper
frame displays annual readings and the lower ocwrulative inflation since 1965. Notice a major nga

in labor force definition between 1981 and 1987 QDE 2005). The periods before and after 1986 are
described separately.
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Fig. 11. Comparison of the observed (NAC GDP deflatnd predicted inflation in Austria. The upper
frame displays annual readings and the lower otignulative inflation since 1960. The predictedatifin

is a linear function of the labor force change andmployment as defined by relationship (3). Notiee
absence of the major change in 1986 due to effeatampensation of the labor force change by the
unemployment. There is a slight discrepancy staitedl994 with corresponding change in linear
coefficient and intercept, as described by thetimahips in the lower right corner of the lowesairfre.

57



0.20

—6— GDP deflator (OECD)
—e— CPINAC (OECD)
—¥— CPIEURO (Eurostat)

0.16 -

0.12 ~

inflation

0.08 -

0.04 -

0.00 T T T T VAN
1955 1965 1975 1985 1992K 2005
-0.04

calendar year

Fig. 12. Comparison of various measures of inflafio France. There are three time series: GDP tdefla
and CPI based on national currency obtained froenQECD web-site and CPI inflation based on the
exchange rate to Euro, as given by Eurostat. The® @&flator and CPI NAC time series start from 1971
and 1956, respectively. The CPI EURO starts froif919
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Fig. 13. Labor force change rate in France as ghsethe OECD and Eurostat. The OECD time series
starts from 1956 and the Eurostat’s one - in 198 latter curve is characterized by higher flutitres.
The mean growth rates of the OECD labor force @ shown for three different periods as definethin
text. Notice a period of strong growth started 996.
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Fig. 14. Labor force participation rate in Fransedafined by OECD for the population above 15 ye#rs
age. There was a long period of a gradual decilieasePR between 1975 and 1995 when the lowermost
level was measured -54.4%. In 1996, a period ohgtrgrowth started with the average annual incrémen
of ~0.2%. In 2004, the LFPR reached 55.7%.
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Fig. 15. Comparison of the observed and predicteelnployment in France: the upper frame for the
annual readings and the lower for the cumulatiiaesaof the unemployment since 1970. There isme ti
lag between the unemployment and labor force chadgtce the discrepancy started in 1996 — the year
when the labor force participation rate startedgtow fast, and two years after the Banque de France
obtained a new status and introduced a new monptdigy - price stability. The predicted unemployme

is about twice as low as the observed one, as qexbén the upper panel. The period after 1996 lan
described by a different dependence of the unemmoy on the labor force with a higher intercep198)

and a lower (in absolute value) linear coeffici¢tl), as given in the legend. Results of corredpan
regression analysis are given in Table 2.
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Fig. 16. Same as in Fig. 15a, but with the predicigrve smoothed by a 2-year moving average. Tibexe
better agreement between the observed and prediicteceries, especially between 1978 and 1995.
Notice a slightly higher intercept 0.167 insteaddf65 for the annual readings in Fig. 15.
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Fig. 17. Comparison of the observed and predictéldtion, as defined by the relationship giventia text
and in the legend (OECD GDP deflator) in France:aahual readings, b) real annual readings and
predicted readings smoothed by a 3-year movingaaegrc) cumulative inflation since 1970. The infiat
lags by four years behind the labor force changsicl the discrepancy started in 2000 — four yadtey

the start of the labor force. The predicted inflatbscillates around 10% after 2000. The perioer &999
can be described by a different dependence of DB @eflator on the labor force with a slightly larg
intercept (-0.060 instead of -0.063) and a muchelolinear coefficient (9 instead of 17), as givarthe
legend.
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Figure 18. Same as in Figure 17, for the obsemtation expressed by the OECD CPI.
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Fig. 19. Comparison of the observed and prediatéidtion in France a) annual readings, b) real ahnu
readings and predicted readings smoothed by a7ryeaing average, c) cumulative inflation since Q97
The predicted inflation is a linear function of tkebor force change and unemployment. There is no
discrepancy starting in 2000.

68



