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Abstract

The aim of this paper is to estimate the NAIRU afuia during the period of 1997-2006.
Based on a modified Basistha and Startz (2006) dvaonk, a multivariate approach is
applied and the time-varying NAIRU of medium-terrstimated. The NAIRU is
estimated step by step starting with the constahiRN, the time-varying NAIRU by
Kalman filter, and ending with the implicitly degd time-varying NAIRU using Okun’s
Law. Results show that the NAIRU has decreased ftdm4% in 1997 to 4.85% in
2006. The range of confidence interval is 1.26%sURe are statistically feasible and
plausible according to theory. Currently, accordingeconometric results, there is no
negative unemployment gap in the medium term. Amighcunemployment rate is
approaching full employment, there is an increapngssure on inflation. The author
concluds that current unemployment rates might hr@aehed short-term overshooting
and could reach medium term full employment by émel of this year. The author
suggests the implementation of labor and outpuketaestructurization that will reduce
labor intensity in low value-adding production.

Keywords: NAIRU, Okun’s Law, Kalman filter, unemploymentyfiation, supply shock,
the augmented-expectations Phillips Curve.
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1. Introduction

The economy of Latvia has been booming for the fiast years, reaching one of the
highest growth rates in the European Union {EThe growth of aggregate output,

structural changes and labor force outflow to tleakhiest EU countries is tightening the
labor market of Latvia. The unemployment rate hasreiased from 13.7% in 2000 to
6.8% in 2006, by 6.9 percentage points (Eurostéarinonised Unemployment”, 2007).

At the same time with the decrease of unemployrtiere was a significant increase in
CPI inflation that reached 6.9% and 6.6% in 2008 2006 (Eurostat, “Harmonized

indices of consumer prices”, 2007). Currently, @Hllation data does not indicate any
pressure from actual unemployment rates becauseatods moved in one direction in

2006. However, the varying part of CPI inflationgimi be dependent on supply shocks
while trend could be significantly influenced bycdeasing actual unemployment rates.

According to Friedman (1968) there is an inflatiomemployment tradeoff in the
short run. If the initial unemployment rate fallsldwv the natural rate of unemployment
(full employment), there is associated increaséhm inflation rate due to increase in
labor costs. A tight labor market enhances labpplubargaining power, thus increasing
wages, fringe benefits and improving working coioais.

Figure 8 shows that Latvia has experienced smathoderate (0.4-6.6%) labor
cost growth in a period of 1997-2004. Moreoveryaibn changed in 2005 and 2006
when labor costs reached 7.6% and 15.6% of anmaedtly. The announcement by Erkki
Raasuke (2006), Head of Baltic Banking of Hansahamnkorms that the Latvian labor
market is overstretched. The actual unemploymetat isa close to the natural rate of
unemployment (hereinafter NAIRY and any other decrease in unemployment wilerais
the risk of overheating and additional pressurén@iation.

The problem is that nobody knows how big the uneypent gap is. The Central
Statistical Bureau of Latvia and State Employmemgiedcy can provide data for the
actual unemployment rate, but there is no estinoht¢he NAIRU because it is an
unobservable macroeconomic variable. The estinfateedNAIRU is not only a problem

for Latvia, but also for the rest of the world. i§& et al (1996) identified three main

! Here and hereinafter, the author implies the EWEBppean Union before January 1, 2007.
2 Non-accelerating Inflation Rate of Unemploymenisddssion on both terms is described in Section 2.
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issues that do not make agreement between ecosaomigte estimation of the NAIRU,
and raise high uncertainty around figures:
= Mode uncertainty — many models for the NAIRU are offered, but nopod
knows which one shows the closest picture of rgalit
= Parametric uncertainty — due to the statistical approximation of exogenou
variables that affect the NAIRU.
» Filtering uncertainty — unpredictable stochastic shocks may signifigantl
influence the smoothness of the NAIRU.

Two authors have tried to estimate the NAIRU ofviatsuch as Stikuts (2003)
and Camarero et al. (2005), by applying two différ@pproaches of estimation.
However, their approaches lack completeness andeotration to the case of Latvia.
This paper is aimed at applying a multiple indicato common cycle approach by
Basistha and Startz (2006) that offers theoreticalell grounded and a statistically

feasible estimate of the NAIRU and deals with theartainties listed above.

1.1 Relevance of the Study
Unemployment is one of the key variables to faatiitthe adjustment process through

macroeconomic equilibrium (Basistha and Startz,6200he Phillips Curve and the
Okun’s Law show the links between unemploymentlatidn and outpdt The basic
conclusion says that the positive unemployment gajuces output growth, but the
negative unemployment gap induces higher inflataga.

The positive unemployment gap indicates that tenemy does not utilize full
potential (Richardson et al., 2000). It has exdalssr resources that may lose their skills
if not employed over long periods of time. Wherdélas negative unemployment gap,
shows inefficiency of the economy as people with@gjuired skills are hired (due to a
lack of labor force) and employees are overpaidgévgrowth is not dependent on

productivity growth) (Richardson et al., 2000). 8ho the negative unemployment gap

% The Phillips Curve shows an inverse relationshépreen inflation and the unemployment gap (actual
unemployment rate minus the natural rate). The Gkuaw shows negative relationship between the
unemployment gap and the output gap (the poterd#lGDP minus actual real GDP) (Blanchard, 1997).
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causes high inflation and decline in productivity.is also one of the causes of
overheating

High inflation has a negative impact on the econarhyatvia - both internally
and externally. Firstly, there is postponed Latviaegration in the European Monetary
Union (EMU) as Latvia cannot fulfill the MaastricBbnvergence Criteria that allows no
more than 1.5 percentage points higher inflatioantihe 3 best-performing member
states of the EU (European Central Bank, 20072006, Poland (1.3%), Finland (1.3%)
and Sweden (1.5%) showed the lowest inflation ie EU (Eurostat, “Harmonized
indices of consumer prices”, 2007). As we see, iaperforms still far from fulfilling
the inflation criteria. Secondly, high inflationdeces the competitiveness of Latvia’s
exports due to a reduction in the difference betwadmmestic and foreign prices. Thirdly,
high inflation induces high relative consumption gaving rates, as the population
expects the decrease of purchasing power in thesfut

To reach long term stability of the economy, Latvmeas to adjust its
unemployment towards its NAIRU. The estimate of MA&IRU would be a good target
and measure economic policies should stick to. firhe-varying NAIRU is also a good
tool to evaluate the impact of structural changethé natural rate of unemployment. For
policy makers it is advised to reduce the NAIRUheatthan affect actual unemployment
rates. However, stable NAIRU should indicate tHatrsterm fluctuation of the actual

unemployment rates might be more adequate.

1.2 Research Question
The primary purpose of this paper is @éstimate the NAIRU of Latvia during the

period of 1997-2006To be more specific, the paper has the follovahppctives:
Firstly, the paper will adjust a multiple indicatercommon cycle model to the
case of Latvia by choosing the best fit of depehded independent variables, number of

lags and model specifications.

* Overheating is a state of an economy when its ymidee capacity cannot meet aggregate demand
(aggregate supply < aggregate demand = excess dgifinonomist, 2007)
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Secondly, the model will be explored in three stegstimation of constant
NAIRU, estimation of time-varying NAIRU and integi@n of gaps using the Okun’s
Law.

Finally, results will be interpreted and politicahplementation of the NAIRU
will be discussed to solve current macroecononublems of Latvia concern to inflation

and labor market.

1.3 Delimitations
Research area is bounded to several conditionsniagt not be avoided or expands

research territory too wide. Therefore, the auieis delimitations to the paper.

Firstly, the paper does not deal with substard&th adjustments or corrections.
Despite data is taken from reliable sources, sulEa@rostat, the Central Statistical
Bureau of Latvia, State Employment Agency and ttamkBof Latvia, persistence of
“shadow economy”, statistical errors and other eoais and statistical imperfections
make data partially inconsistent.

Secondly, the study does not compare or evaluéitgeacy and relevance of
other methods and frameworks. The author criticédigks at previous studies and
methods, but do not analyze statistical efficieangl method reliability.

Finally, the research is not analyzing elastieityl sensitivity of the results. Due
to significant number of input variables and comjile of the econometric model,

sensitivity analysis is not employed.

1.4 Structure
This paper will be organized as following: Secti@ summarizes the historical

development of the NAIRU concept and its estimattenhniques starting with the
Phillips Curve and constant NAIRU till the time-yarg NAIRU, Kalman filter and
multivariate approach. Section 3 presents the miogi@asistha and Startz (2006) that is
adjusted to the case of Latvia. Section 4 desculla¢s and data series, as well as adjusts
data for the econometric analysis. Section 5 dediveesults of regressions and
econometrical interpretation. Section 6 is devadi®@dhe economical interpretation of

results and discussions. Section 7 concludes apbpes questions for further research.
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2. Review of Literature

2.1 Development of the NAIRU Concept and Estimation
The link between money supply, inflation and unesgpient has been identified already

in 1752 by the classic David Hume’s essay “Of Mdn@all and Mankiw, 2002). He
wrote that the effect of monetary injections, sashgold discoveries, penetrate through
the whole economy and affect each individual betbesincrease of wages. Later in the
20" century Samuelson and Solow (1960) founded thenpteyment-inflation tradeoff
relationship that is now known as the Phillips Gurivain conclusions until now were
that the persistence of unemployment cannot beirediied at all. Then Friedman (1968)
definedthe natural rate of unemployment as “the level which would be ground out by the
Walrasian system of general equilibrium equatigeyided that there is imbedded in
them the actual structural characteristics of #i®t and commodity markets, including
market imperfections, stochastic variability in dems and supplies, the cost of
gathering information about job vacancies and labailabilities, the cost of mobility,
and so on”. The concept involved in the inflatiaremployment tradeoff is known as
Non-Accelerating Inflation Rate of Unemployment (NAIRU) that is used for econometric
analysis.

The first estimations of the NAIRU started withn8glson and Solow (1960)
who called it ‘full employment unemployment levelhd estimated it at 6%. Over
decades the NAIRU estimate has varied in a nareowe converging to 6% and many
papers by Summers (1986), Juhn et al (1991), Stagal (1997a, 1997b), Gordon
(1997,1998), Shimer (1998), Salemi (1999), Laubgd01), Ball and Mankiw (2002)
show how stable this estimate has been over thes y&ardon, 1996). The time-varying
NAIRU shows that the most explored economy - the-l@$perienced the increase of the
NAIRU in the late 1970s and early 1980s due to ssio& caused by oil shock. The
falling NAIRU took place in the 1990s when techrgpéal advancement stimulated rapid
growth in the world.

Despite the estimation of the NAIRU dating backesal decades, the studies
conducted since the 1990s indicate that the NAIRLhat well indicative to policy

makers. This is due to a wide confidence intervaluad the estimate. Almost 2%
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interval of the NAIRU is so uncertain, that the ualthat may say nothing about the
existence of the negative unemployment gap. Stawith Staiger et al (1996), the issue
of estimate range reduction was the key issueefegarchers in this field. They proposed
several areas that may influence uncertainty: éoictheory, model specification and
assumptions behind variables. The NAIRU modelsctassified into two groups — with
univariate and bivariate behavidrd\ext, they find substantial imprecision whethee t
natural rate is measured as a constant, as anvedsemndom walk, or as a slowly
changing function of time. The choice of theordtitamework, statistical methods and
filters® matter in the estimation of the NAIRU.

Ball and Mankiw (2002) went to significant effortis explain the theory of the
NAIRU and its practical applicability. Moreover,eth have good arguments why the
NAIRU may change over time:

= change in the labor force structure;

* increase in competition via greater competition;

» Detter job matching through professional skillsenchangeability;
= productivity acceleration.

The recent and actual study of the NAIRU measurénsdoy Basistha and Startz
(2006). They solve the problem of model, paramedind filtering uncertainties and
reduce the variance of the NAIRU estimate by 50% @mnfidence interval by 29%. The
significant improvement is based on the appropriziedel choice, shock variance
estimation and the choice of a multiple variabl@rapch. Their model is used in this
paper as a benchmark framework.

A good paper about the NAIRU is presented by StarfR002), Bachelor Thesis
of the Stockholm School of Economics in Riga, aliéstbnia and Lithuania. He used the
augmented-expectations Phillips Curve from whighMAIRU is derived as a dependent
variable of supply shock and productivity growtre Elstimated the long-term NAIRU of

Estonia and Latvia. The author admits that he asgge equation-regression estimation,

*The univariate model assumes that over time unemysat returns to its natural rate, while the bisti
model allows also deviation in the NAIRU
® Filtering — statistical method of smoothing théreated graph (reduces curvature of the line)
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thus excluding the dynamic nature of the modeadldb assumes fixed mark-ups on wages

and other inputs as the determinant of prices.

2.2 Previous Studies of the NAIRU of Latvia
There are two previous studies of the NAIRU of Lat{Stikuts (2003) and Camarero et

al. (2005)) that are explored with different apmteas. One is focused more on the long-
term NAIRU, the other on the short-term NAIRU. Tald summarizes the two studies
and Stankus (2002) paper about Estonia and Lithutnat will be used for the model
construction of the research. Stankus (2002) papeonsidered to be appropriate as it
describes two similar economies of Latvia - Est@md Lithuania.

Simplistic trait is done by Stikuts (2003) who esdted that the NAIRU (more
precisely, NAWRU) be use as an input variable e ¢alculation of the potential output
of Latvia. The author used the NAWRUNdn-Accelerating Wage-Inflation Rate of
Unemployment) concept because it is better linked with the outgap, rather than
inflation. According to Torres (1990), “in equiliom the unemployment rate is equal to
the NAWRU and potential output is equal to actuabpat”. It implies that the NAWRU
in the potential output “ensures consistency betwkdbor market equilibrium and
product market equilibrium”. Therefore, the NAWRLUW icalculated as actual
unemployment adjusted with the relationship betwaeemployment change and wage-
inflation’. The smoothness of trend is reached with the dkdPrescott filtet. Figure 1
shows that the NAWRU sharply decreased between 48661998 from around 18% to
around 14%, further decrease slowed down and ¢&ell3% in 2001. This approach
proves that there is a strong link between unenmpént and wage, but it is not the only
determinant of wage — productivity, technologicabgress, demographics, mobility,
taxes and other factors influence wage growth. &#go the natural rate of

unemployment is affected by structural changes ahatcommon to transition countries;

" Elmeskov (1993) approach is used wheye- utNAWRU =4 2Wt (A4 < 0) and after the modification of

A
equality the NAWRU is derived astNAWRU =u, -

u i . .
3—IA2Wt where the first term on the right-hand side
t
is actual unemployment and the second term iselationship between the unemployment change and
wage-inflation.
8 Hodrick-Prescott filter is a mathematical tool dise obtain a smoothed non-linear representatian of
time-series. It is more sensitive to long-term tt@mshort-term fluctuations (Hyeongwoo, 2004).
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therefore, there are structural breaks in the shmasts of the NAIRU. Finally, this model
eliminates unemployment from the cyclical movements linking it with output and
inflation.

Figure 1 The estimate of the NAWRU (orange line) btikuts (2003)

OPTIMAL EMPLOYMENT e
(million people; ) 105 4

— Labour demand
— Optimal employment rate
MAWRL -
i, 100 T T T T T T T T T T T T T T T T T T T
1995 1996 1997 1958 1999 2000 2001

Source: Stikuts (2003)

Another significant paper has been written by Sgfamiconomists, Camarero et al.
(2005), who analyzed the NAIRU of the accessingntoes of the EU. He used the M
unit root testto find structural breaks in a dataset of Estohéyia, Lithuania, Poland,
Czech Republic, Slovenia, Slovakia and Hungary. Huwthor says that it is not
appropriate to use any filtering method to analymemployment for the “net® EU
because transition economies experience frequéarme that change the equilibrium of
the labor market.

Figure 2 Unemployment rate and the NAIRU, OLS base@stimate (Camarero, 2005)
15

14

13 4

12 4

114

10 4

9

1992 1994 1996 1998 2000 2002
Source: Camarero (2005)

° M-unit root test — a statistical method to captomeaks in a dataset
19 Here, Estonia, Latvia, Lithuania, Poland, Czecpukdic, Slovakia, Slovenia and Hungary (EU-2004)
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He found four structural breaks of Latvian NAIRU1Q996, Q4-1998, Q3-2000
and Q3-2002 (Figure 2). The first two structuradks are associated with the decreasing
exports to Russia and the Russian financial criBiee second two are explained by
recovery from the Russian financial crisis and @éasing economic activity with the EU.
The result does not completely describe the adt#dRU because it changes gradually
over time, not with sharp jumps as in the Camaegra. model. The same concerns also
short-term unemployment between breaks. Thereftire, model might be poor in
forecasting the dynamics of the NAIRU.

3. Theoretical Framework
Three distinctive concepts of the NAIRU are defirtbdt differ according to the time
horizon to which they refer (Richardson et al., @00
» The NAIRU - “the equilibrium rate towards which umgloyment converges in
the absence of temporary supply influences oncedimamic adjustments of
inflation is completed (medium term)”.
» The short-term NAIRU — “the rate of unemploymenhsistent with stabilizing
the inflation rate at its current level in the npetiod”.
= The long-term NAIRU (equilibrium unemployment rate)“corresponds to a
long-term steady state, once the NAIRU has fullyustgéd to all supply and
policy influences, including those having long-iagteffects”.
There are different approaches to estimate eachepbnThe choice of NAIRU to be
estimated fell to the medium-term NAIRU (hereingftdAIRU) because it might be the
only relevant estimate that could describe theerurstate of unemployment in Latvia.
Long-term NAIRU is not a relevant estimate as i Iséill not reached an equilibrium
state of the labor market. Latvia also undergoegimoous structural changes. A short-
term NAIRU might be an insignificant indicator besa inflation was stable in the
period of 1999-2004, thus the decreasing unemplaymates might not show a strong
enough correlation between two variables. The ¥alg sections describe the choice of

framework and the model that describes the medaerm-NAIRU.
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3.1 Choice of Framework
There are two main distinguished approaches of NA¢RU analysis: augmented-

expectations Phillips Curve and a univariate apghddcAdam and McMorrow, 2003).
The first one uses labor market variables as datamts of the NAIRU and is more
appropriate to long-term NAIRU. The second, runetiseries that are purely analyzed by
statistical methods are more appropriate to slkeontt NAIRU. The augmented-
expectations Phillips Curve is chosen for analygsause it is highly integrated in the
economic cycle, supply shock variables include ottegiables that affect prices and it
partially contains the hysteresis effect. Here,rstesm estimate is rescheduled to the
medium-term via filtering and inclusion of outpwmas reduction of unemployment has
positive leading effect on production.

Plausibility of a model can observed in Figure @ttpresents change in CPI
inflation versus previous period unemployment r3teis makes it evidently clear of a
negative relationship between the two indicators, senaller unemployment rate is
associated with higher inflation change. Howevenbiguity might arise in statistical
significance of the NAIRU estimate - that is a linéersecting unemployment rate zero
axis. In Figure 9 we see that in 3 out of 5 quar{60%) when the unemployment rate
was 8-10% there was an associated increase im@i&tion; moreover, the same increase
was observed in 6 out of 10 quarters (60%) whempheyment was 10-12%. From the
data, we see that there is no difference betweangds of CPI inflation over different
unemployment levels. However, important variables amitted that might improve
measurements of the NAIRU, such as additional &g$ supply shock variables. It is
concluded that there is no doubt about the augrdemtpectations Phillips Curve

plausibility.

3.2 The Model
The baseline framework is taken from Basistha atalts (2006) as well as previous

studies that developed estimation of constant and-tarying NAIRU. This method
seems to be more plausible and more precise aiegrates unemployment, employment
and output gaps. The model is simplified and adpisio the case of Latvia. The

employment gap is excluded from equation systemsrder to simplify estimation
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procedures and reduce parametric varighdestead unemployment and output gaps are
integrated by the Okun’s Law. The framework is ded into three subsequent parts:
estimation of constant NAIRU, estimation of timeyiag NAIRU and output gap
integration with unemployment gap using Okun’s L&kun’s Law is the newest and an
effective feature in the estimation of the NAIRUtHavors the choice of this model and
substantially differentiates this paper from presaesearches done on the NAIRU of
Latvia.

Constant NAIRU
The simplest and most basic concept is a constaiRN that was said to be true in the

1960s when economists believed that over long-tem@mployment converges to its
natural rate of unemployment and is a constantréigéollowing Staiger et al (1996)
procedures, a benchmark model of the augmenteczwtipns Phillips Curve is
exploited to reach a target. It says that changmfiation is ‘implicitly driven by the

unemployment gap and supply shock’ (Staiger €1396),
1) oz -x= ﬂ(ut_l - G)+ X, +V,

where u, is the unemployment rater, is the rate of inflationz; is expected inflation,

u is the NAIRU, X, is supply shock variable, and, is an error term. Empirical

implications require an estimate for expected tidla Previous studies by Gordon
(1990), Weiner (1993) and Eisner (1995) stick tstrietion on “random walk” thus

imposing that inflationary expectations have a ilegdature, z; = 7, , (Staiger et al.,

1996),
(2) Az, = ﬂ(ut_l —G)+ X, +V,

In order to address uncertainty of the NAIRU estanthat was raised in the previous
section, lagged effects of unemployment, inflataord supply shock are added to deal

with serial correlation in the error term,

™ As a result three equations and employment gdjsisgarded and multicollinearity between
employment and unemployment gap avoided.
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3)  Ar = BL)u, —u)+S(LAT, + 7 (L)X, +2,,

where L is a lag operator. Despite an unobserved variabliae equation is run via OLS
after respecification of variables. Choice of lamsd respecification of variables is
discussed in Section 5.1. This model is used ithé&urprocedures that will allow NAIRU

to vary and integrate the unemployment gap withothtput gap, using the Okun’s Law.

Time-Varying NAIRU
The time-varying parameter (TVP) is added, brealasgumption that was set in the

previous section - NAIRU follows a “random walk’o@pared to other TVP models that
allow all parameters to vary, Basistha and St&@06) and Staiger et al (1996) sticks to

one time varying parameter — NAIRU,

4) U =ue+7,
where 7, is an independent, identically distributed eremnt from a normal distribution
with zero mean, and does not correlate with egonts, from equation (3). Estimation

of the TVP model and the NAIRU proceeds by maximikalihood using the Kalman
filter. The Kalman filter is a widely used methdtat combines prediction and smoothing
of realized values, removing the effect of the eaasd getting a good estimate of the
prediction target (Sorensen, 2005). It eliminatestable/short-term fluctuations, thus
targeting to long-term trends which change gragualler time. Practically, the Kalman
filtering is obtained via ARIMA(p,d,q) (autoregréss integrated moving average)

process that is described by the following equation

P ) _ q i
(5) (1—2(,4 L'j(l— L) ue :(1+ oL jgt

i=1 i=1
where L is a lag operatorg, are parameters of the autoregressive part of theem
6, are parameters of the moving average part, apdare error terms (i.i.d. and

N (0,Ac7)). Here, equation (4) is ARIMA (0,1,0) and includedy an integrated term.
According to Pindyck and Rubinfeld (1988), afterdabspecification diagnostic checks

are needed by looking at autocorrelation functi®®esiduals should be uncorrelated and
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autoregressive parameters — stationary (sum ton@ausmaller than 1 in magnitude).

Further analysis can be permitted only after disgjn@hecks.

Okun’s Law
NAIRU got time-varying dynamics after the inclusioh equation (4) and letting it to

follow a “random walk”. Here it follows the innovah of Basistha and Startz (2006)
who managed to reduce variance of the NAIRU esarbgtdynamic interaction between
output and unemployment gaps. Now, similar proceslusire applied to generate a
Phillips-type relationship between GDP (chained)atier and the output gap,

(6)  Azmg =Be(DA7g 4 +76(L)Gny + 56 X + 66,

whereY, is current outputy is potential output and other variables are timeesas this
relationship can describe only constant potentiébuat, it is let to vary-over-time,

(M) Y =T+

where the permanent stochastic treNd, follows a random walkg,, with a constant
drift - T,. The output gap and the unemployment gap aredifiea dynamic version of

Okun’s Law,

K
(8) Ou = Z Oy x G«
k=0

Now, the model gains a dynamic nature and theantem between output and labor (the
most important input). Stikuts (2003) estimatedolamput factor as 0.775 in Cobb-
Douglas production function. Dynamic Okun’s Lawaishieved by 3SLS (Three-Stage
Least Squares) approach that allows regressionimtiltaneous equations. Three
simultaneous equations will be run:

1) Augmented-expectations Phillips Curve of GDP defiat

2) Okun’s Law;

3) Augmented-expectations Phillips Curve of CPI inflat
As potential output level is needed, it will be igded in the same framework as time-
varying NAIRU by Kalman filter. Here, NAIRU will bamplicitly derived with the help
of potential output that is a key input variable foree equations. Several authors note

that 3SLS method has poorer statistical performgiceerms of result significance);
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however, it is not proved and is one of the sinmplagproaches for simultaneous
equations. It works similarly to 2SLS, but it allewnultiple equations where one
endogenous variable is an exogenous variable Far @quation, and all of equations are

connected with such links.

4. Data Description

The theoretical framework identifies seven variab®r NAIRU estimation: CPI
inflation, wage inflation, GDP deflator, GDP, undoyment rate, energy - food inflation
and REER. It is a source of model and parametroedainty reduction. Previous studies
prove consistency of an augmented-inflation Plullurve. Despite inconsistency of the
Phillips curve that appeared in the 1970s and 198@ke shade of supply shocks, the
inclusion of supply shock variables regained tintthis model.

Three different inflation measures are tested is thodel: CPI inflation that
characterizes both export and import prices affgctieneral purchasing power of the
population, GDP deflator that includes change lootaand raw material costs (goods and
services), but mainly indicates export price changend wage inflation that purely
present labor cost changes. Each of the inflatradicators have different impact on
markets (labor, capital, imports, exports etc.)ysttshould be used in estimation of
NAIRU, as NAIRU is a common indicator of an economy

Unemployment rate can be calculated with three austhLabor Force Survey
(LFS), registered unemployment and institutionaldaf employed persons (employed
persons / economically active persons). All thresasures should strongly correlate in
perfect market. Latvia’s case is unique, becaubé¢hete estimates are different. The
explanation of such behavior is termed in a “shadoanomy” that is estimated to be 20-
25% of GDP according to the most recent HafBenfelde, 2005), low social benefits
(35-45% from average wage) and uninformed employees

Figure 10 shows that the gap between average wadawerage unemployment
benefits slowly increasing. An increase in wagesl am decrease in marginal

unemployment benefits have a positive impact onredsing unemployment rates.

12 Oskars Spurdgs, the Minister of Finance mentions these figurb#enestimates of economic experts
varies from 15% to 40%
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Moreover, Figure 11 presents data of LFS and SHpstered unemployment rates. It
shows that the gap between two estimates has decrdsy almost 5% from 2002 to
2006. The inconsistency of data appears by largebgaveen SEA registered and LFS
unemployment rates in the beginning of 2002 anatieggap in 2006 Q3.

Shock variables for the model are energy-food ikedatnflation and REER.
Energy-CPI relative inflation is substituted by egyefood and soft beverages in order to
avoid multicollinearity and achieve a higher semgit of variables (Stankus, 2002).
Energy inflation is calculated from PPI inflatios prices change in electricity, gas and
fuel. Food and soft beverages inflation is takeymfrCPI inflation. Literature suggests
that supply shock variables for an open economynapert prices. Unfortunately, import
price indices are available from 1999 Q1; therefbeeimport price index was substituted
by a real effective exchange rate (REER). Pearscoreelation shows negative trends
between two variables (Figure 12). Additionallye t6DP indicator is needed to calculate
the GDP deflator inflation.

4.1 Construction of Variables
Despite data for the paper being general macroesmnmdicators, they should fulfill

two main requirements for time series: they shoodd quarterly and present annual
change. As wage inflation is not available from @entral Statistical Bureau of Latvia
sources, it was calculated using the gross avesage of the economy. Monthly wage
data was available, thus allowing quarterly avesamgebe calculated. Indices of annual
change in a period then were calculated. The saroeegure was applied for the
construction of REER.

Significant adjustments were needed for LFS unegmpént rates because no
data for 1997 and only semi-annual rates were @vailfor the period of 1998 — 2001. It
means that missing values and backward forecast made. Based on 28 observations,
difference between LFS and SEA unemployment ratese walculated and regressed.
Figure 13 shows a linear relationship of the dédferes between LFS and SEA
unemployment rates and time trend. Linear regrassgtimates were significant at 1%

level and they explained 81.2% of data (R-square.812). Based on this linear
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regression, missing difference values were estidnatel added to SEA unemployment

rates to get estimates for LFS data.

4.2 Data Series
For the purpose of the research, quarterly daiassér the period of 1997 Q1 to 2006

Q4 were employed. That particular period was chdserseveral reasons. Firstly, the
author planned to cover periods starting from 1@d5 but quarterly data of GDP for
1994 and quarterly data of REER for 1995 were natlable. As the study used annual
change of data, four observations were lost. Sdgpnidere was an unstable macro
economical situation in Latvia until 1996: hypelation, the “Baltija” Bank crisis,
economic restructurization and others. Thus, the diated from 1997 should be of
higher relevance and explanatory power. Annuahtidh in 1995 and 1996 was 25.0%
and 17.6% compared to the previous year.

Data was collected from different sources and faflyeevaluated in order to
choose the most truth-worthy source for input dataconometric regressions. All the
data of GDP, CPI inflation, wage inflation, eneigflation, and food and soft beverage
inflation was taken from the Central Statisticalr®u of Latvia on-line database, CDs
and their calculations. Data on unemployment ratS] and GDP deflator were taken
from Eurostat on-line database. Missing values raefnoployment rates were calculated
by the author. REER data was provided by the Bédlatvia.

Inflationary indicators (CPI inflation, wage inflah and GDP deflator) have
peculiar structures that should be discussed. Ei@upresents the movement of these
indicators in the target period. Here, wage inflatshows different dynamics to CPI
inflation and GDP deflator. As we see, the growthwages varies from 5-27% and
shows similar trends to CPI inflation and GDP deila This can be explained by
stronger forces, rather than macroeconomical onasdffect wage setting: increase in
productivity, new technologies, stronger negotiapmwer of employees and others. The
slowdown of wage inflation in 1998-2004 is assamiawith the Financial Crisis of
Russia in 1998 and economic stabilization beginmmg001. Moreover, the growth of
wage inflation since 2004 was due to decreasingbeurof free labor force and high

inflation expectations. CPI inflation and GDP daflashows smaller dynamics, being
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under 5% growth level most of time. Higher volayilis presented by the GDP deflator

(compared to CPI inflation) that is more sensitivexternal shocks, such as the

Figure 3 CPI inflation, wage inflation and GDP defator, 1997Q1 — 2006Q4 (index values compare to
previous year respective period)
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Source: Author’'s compilation based on the dataaftéal Statistical Bureau of Latvia and Eurostat
Financial Crisis of Russia in 1998, “dot-com bulibfe2000, terror attack in the U.S in
2001, and Latvia’s integration into the EU markitce 2004. Since 2004, the GDP
deflator has higher inflation growth rate compatedhe CPI inflation. It is based on a
sharp increase in input prices (e.g. labor, eneagy)taxes.

GDP growth and LFS unemployment rates for thgteeve period is presented
in Figure 4. It proves strong relationship betwé&eth macroeconomic indicators, thus
confirming theories of business cycles (Table 3, Mpreover, negative correlations
might be stronger if data were more consistent i@ode precise. GDP growth varies
across external shocks that disturbed the econdrhgtuia (Financial Crisis of Russia,
“dot-com bubble” and terror attacks in the US). pdoyment rates have constantly
reduced over time from 15-16% to 6-7%, indicatingpa@sitive development, despite
external shocks. Some data inconsistency until @10k observable in the graph, as
strong demand shock had little effect on unemploymate. Table 3 (2) and (3) presents
correlation results of two data blocks: the firebws a very weak correlation that is

insignificant, while the second data block corredastrongly and is significant at a 1%
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level. Despite poor confidence of the first blodldata, overall time series are significant

and relevant for further analysis.

Figure 4 GDP growth and LFS unemployment rate, 19991 — 2006 Q4
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Demand and supply shocks of Latvia are charaerizy energy-food and soft

beverage relative inflation, and REER. Energy-faad soft beverage inflation is the best

estimate for demand shock because it describesyiuah purchasing power has gone to

Figure 5 Energy, food and soft beverages, and botlariables relative inflation, 1997Q1 — 2006Q4
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Source: Author’'s compilation based on the datdef@entral Statistical Bureau of Latvia

first necessity needs - energy (heating, elegrieit.) - relative to other first necessity

needs, such as food and soft beverage. Accordifggare 5, over the target period
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energy inflation had a stronger impact over the loSpurchasing power than food and
soft beverage. Due to a weaker energy price grofethg and soft beverage inflation
exceeded energy inflation in 2002 and 2005. Itdat#is the persistence of demand shock
that has impacted on inflation. REER in Figure 6adibes supply shock of the economy
in terms of import price impact on domestic infteiti REER has inverse relationship with
import prices: if import prices increase, REER deases; if import prices decrease,
REER increaséd The graph clearly shows that until 2001 impoitgs decreased, while
they rose during 2001-2006. Here, we see that gugipbck had both negative and

positive effects on inflation.

Figure 6 Relative effective exchange rate (REER)997Q1 — 2006Q4
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5. Results of Econometric Analysis

Econometric analysis is based on theoretical frabnkweveloped in Section 3 and data
described in Section 4. All regressions and fittgrivas run using STATA (statistical
software).

Constant NAIRU
First, constant NAIRU is estimated using OLS. Asis an unobserved variable in

equation (3), either filtering or re-specificatics needed to run regression. When the

13 Increase in import prices reduce the purchasingepof domestic currency — more local money is
needed to buy the same amount of foreign goodgeldre, domestic currency appreciates.
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NAIRU is treated as constant over sample, it caedienated directly from unrestricted

regression, including an estimate (Staiger et al,996L It says
— — p
thatB(L)(u, , —u)= B(L)u,, + S@QuU, where BM=>p (p is order of lag
i=0
polynomial),

(9) Az, =u+ L, +o(L)Ax, , +y(L)X, + ¢,

Thus, specification (1) in Table 5 includes constand the unemployment gap is
substituted by actual unemployment. Based on tlexifggation of lags, one lag is
estimated to be significant for unemployment and iG@fation. It might be reasonable to
assume that only one lag is significant for mosinglicators due to high volatility of
macroeconomics in Latvia. Neither energy-food aoitl Iseverages relative inflation nor
REER were significant, therefore being excludednftbis specification. Table 4 presents
Pearson’s correlation between CPI inflation anchtmipply shock variables. Possible
explanation of such weak correlation could be mankperfections or small weights in
CPl inflation.

Taking into account many discussions and previeggarch, wage inflation is
tested in the augmented-expectations Phillips Cuovelentify which indicator (CPI
inflation or wage inflation) is the most explanagtavhen regressed by unemployment
rate. Table 5 specifications (1) and (2) compamesrheasures. As we see, wage inflation
is strongly influenced by unemployment based onga hegative estimate, -0.60 that is
almost four times larger than one at CPI inflati@pecification (2) could be more
suitable for constant NAIRU while CPI inflation wghow better fit with the output gap
from Okun’s Law.

The estimate of regression’s constant is signific@onstant NAIRU is estimated
as a negative quotient of the estimated intercedtthe sum of coefficients on lagged
unemployment that should be negative and statilstisggnificant, G:[z/,é(l). The
constant NAIRU is estimated to be 11.46% over teeod of 1997 and 2006 for
regression with CPI inflation. This figure is a s#oestimate to the sample mean of
unemployment rate that is 11.88% because of orgethgperator and excluded supply

shock variables. NAIRU (more precisely, NAWRU -nraccelerating wage rate of
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unemployment) from wage inflation Phillips curveepents more than one percentage
point lower estimate, 10.28%. Therefore, | conclutteat wage inflation and
unemployment rate are more plausible variables @Rhinflation and unemployment.
Despite CPI inflation is used for further analysecause general consumer price level is
stronger linked to output rather than wages thatpartially represent in macroeconomic
driving forces.

Confidence intervals of the constant NAIRU cannetchlculated easily. This is

due to a nonlinear function of the regression c¢oefits. Here, it can be calculated
testing the hypothesis that the NAIRU is a speaifittie, us. Assuming strict erogeneity
of equation (9) regressors and thatre i.i.d. normal, the null hypothesis against-two

sided alternative can be obtained by comparing siime of squared residuals from

equation (3) and equation (9), using the F-statisti

(10) F— =[SSR(Uo) — SSR(U)]/[SSR(U)/ df ]

where SSR(GO) is computed from equation (3) with, —Upas a regressorSSR(G) IS
computed from unrestricted equation (4), adfd is degrees of freedom (Staiger et al.,
1996). Based on results F-statistic is equal t& @u3d is significant at 95% CI. Further
Gaussian confidence interval is used to determmmt@rval of 95% confidence around
the constant estimate of NAIRU via STATA softwaFegure 14 depicts results of 95%
confidence interval. Cl covers 3.86% and can bd saibe a poor indicator for policy
makers because it is in a range between 9.01% 28d%. It rejects the theory that the
NAIRU returns to its long term level; however, thitseory cannot be rejected at all
because the research covers 10 year period thiat lseuegarded as a recovery period in

business cycle.

Time-Varying NAIRU
Constant NAIRU results showed a wide range of ctanfce intervals that might not be

useful for economic policy and interpretation. Téfere, time varying estimate is
researched. First, the ARIMA process was run tomesé the best fit function for
historical prediction function. Based on the estedafunction, standard errors were

searched that were regressed with function. Asaltresmoothed function was estimated
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with no short-term fluctuations to be found. Figli® depicts unemployment rates and
smoothed “long-terf?” unemployment rate by the Kalman filter. As we saléthe time
NAIRU has been changing with the actual rate —hysteresis effect is strong enough,
and the gap between actual and optimum level istaotly decreasing. If it was around
12.5% in the beginning of 1997, now it is a bitdyel5.5%. This indicates significant
structural changes in the labor market. Possiblévie® will be discussed in the next
section. Figure 16 presents results of 95% confidemterval around time-varying
NAIRU. Due to a non-constant NAIRU, the range ohfodence interval has fell from
3.86% to 2.55% signaling that during a decade thdiom-term NAIRU has decreased.
Despite narrower range of confidence interval, éeemate of NAIRU is still too wide

and is useless for economists to identify macroecoa targets.

Okun’s Law
Now, when there is an estimate for time-varying RBI 3SLS can be applied to

estimate time-varying NAIRU with reduced uncertgintia Okun’s Law. Table 5
specification (4) presents results of STATA outAg.we see, lags of inflation variables
are now substituted with gap variables. All vargsbhnd y*- statistic is significant at

95% confidence interval, thus the model seems twobsistent. Significance has reduced
compare to previous specifications, disRsmaller and output gap is significant at 90%
confidence interval. As we see, the unemploymenpt fgds in between CPIl and wage
inflation specifications with medium strong inflem So, a percent decrease of
unemployment gap has almost a half percent upwesdspre on CPI inflation. The
coefficient of output gap is quite small and sigraht only at 90% confidence interval,
thus it is evident that output gap has no strofigemce on unemployment gap that could
be explained by increase of productivity and grolbaked on technological advancement
rather than labor force. Impact from lagged CPlatidn also reduces indicating to
increased explanatory power of unemployment gajia:. Figure 17 presents results of
confidence interval that has substantially decr@ased now is 1.26% compare to

constant NAIRU 3.86% and 2.55% of time-varying NAIRGraph presents also higher

4 Here, long-term is associated with an oppositehefit-term. Thus it includes both medium and long-
term trend.
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volatility of NAIRU that is caused by implicit destion from the Okun’s Law. Function
shows weaker correlation with actual unemploymenit as not anymore built on pure
dynamics of actual unemployment. This specificaisomore realistic as it presents not
only hysteresis effect, but also interaction witlsiness cycle that is a benchmark for all
theoretical reasoning. A range of 1.26% might seton wide for economic
implementations; however, structural changes anehogconomy suffers from high
volatility that increases higher measurement errors

6. Interpretation and Discussion of Results
Econometric analysis supports theoretical intuitimwards NAIRU, which is an
equilibrium value of the labor market. Basistha &talrtz's (2006) model seems plausible
because inclusion of the output gap using Okunis Eagnificantly reduces confidence
intervals around the time-varying NAIRU. It alses®s reasonable because the NAIRU
is implicitly derived from three equations rathkan trusting only on the Kalman filter -
which is a purely statistical method that squeeaes short-term fluctuations. Here,
economic interaction (business cycle) and integpieat play bigger roles than statistical
smoothing. It indicates a weaker hysteresis effectNAIRU itself can follow actual
unemployment, but in general most structural changave an indirect effect and
different lagging periods. In general, statistigatl econometric tools should have similar
results when treated equally. It is more likelytttieere will be similar results for great
economies like US, UK, Germany, Japan etc. Howeseall open economies suffer
from very complex macroeconomical models that sthowdt be treated as large ones.
This is one of the explanations why supply shoakaldes were insignificant for analysis
despite trade occupying around 2/3 of the Latvieanemy. Another important factor for
analysis is relevance of data. Most of the datriscturally split in periods of different
methods. After 2000-2002 data for most indicatdrsutd be treated as consistent, but
before they were incomplete. However, as it wastioead before this paper is limited
not to correct data.

Results are not surprising and show that sinc& 18 NAIRU has fallen from
12.56% to 5.48% according to Kalman filter methgpkcification (3), and from 11.54%
to 4.85% according to Okun’s Law equation systgmgcHication (4), in the end of 2006.
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Thus, it indicates a dynamic progress in a laborketastructure that allows 6.7-7.1%
decrease in structural and frictional unemploynw@r one decade. Possible reasons for
that are output growth, re-qualification of labarde, increase in mobility, increase in
elasticity, sharp growth of wages, emigration didaforce, as well as legalization of
hidden employment. These are some of the mainr&athat have strong and collinear
influence on unemployment rates in Latvia.

Figure 17 shows that the path of the NAIRU coredatith actual unemployment
rates. Indicatively, the NAIRU cannot decreaseass$ &s the actual unemployment in the
long-run. The structural break that happened iM2@8und observation 29 in Figure 17,
was highly determined by emigration and wage grothét reduced inactive part of the
population. As graph presents medium-term NAIRUyent situation might hide short
term overshooting in labor market. In 2006, thepatigrew by 11.9% that benefited in
reduction of unemployment by around 2%. It mightkvor a short period that output is
growing without substantial reduction of unemploymefirms pay higher wages to
maintain at least the same number of employeese@sig workload), earn less profits
and compete with other companies. However, competsqueezes out smallest and
weakest companies, thus freeing capacity and war&foChanges in microstructures
could recover the whole economy unless there isaropetition between industries or
sectors. Therefore, there is a high certainty ttafabor market of Latvia is overshooting
in short-term.

As a proxy for short-term overshooting in labor kedy productivity and real
wage growth comparison can be used. Labor markevesstretched when real wage
growth exceeds productivity growth — employers pay higher wages to employees
despite their value added is smaller than wagefiterenly for a short-time of period.
Table 1 depicts real GDP growth that is split betwéabor and capital, as well as real
wage growth. Data shows that short term overshgatias observed in 2002, 2003 and
2005. The discrepancy between productivity and wgagevth was relatively small (0.6-
1.8%). Such gap in data may appear also when tleeriagged real investment
implementation — capital and labor resources astliled but technological learning is in
progress. However, real wage growth in 2006 is ntloae twice as large as productivity
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growth. Neither current CPI inflation nor inflati@xpectations could explain such a high
growth. It certainly indicates to overshootingatdr market in short-term.

Table 1 Real GDP and wage growth structure, 2000-26

GDP Employment Productivity Real wage
Year growth, % growth,% growth, % growth, %
2000 6.9 -2.9 9.8 3.0
2001 8.0 2.2 5.8 35
2002 6.5 2.3 4.2 6.0
2003 7.2 1.0 6.2 7.8
2004 8.7 1.1 7.4 2.4
2005 10.6 1.5 9.1 9.7
2006 119 4.8 7.1 15.6

Source: Author’'s compilation based on the datBwbstat

This year, a sharp decrease of unemployment ireticdtat the labor market is
very dynamic and its activity is speedier than autpr capital market. There is a great
threat that in the second half of the year, aata@imployment could reach 5-5.5% of full
unemployment. Then, inflation growth will be fastend squeezed up by the labor
market. If we currently observe the lack of empks/en retail, construction, timber
processing, teaching, health care etc., then tpheo§@mployees will increase in many
other industries as growth of capacity and proaductvill not be satisfactorily supplied.

According to the recent informative report of thenMtry of Economics, the
inflation of Latvia in 2007 is influenced by follamg four factors (The Cabinet of
Ministers, 2007):

1) Expectations of inflation;

2) High volumes of mortgages;

3) Increase in prices of regulated goods/servicestfeday, gas and heating);

4) Wage increase in private sector.
The government is preparing provisions for reductid budget deficit, taxes on real
estate transactions, loan control, influence tagnprices, increase of labor productivity

and increase of competition. It is self-evidentt tinflation is largely influenced by lack
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of labor force. Three out of four inflation affeuyj factors are rooted in the labor market
(Figure 7).

Figure 7 Connecting factors of unemployment and irié&tion
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Regulated prices of energy are purely external lsh@riables as energy prices are
determined by suppliers rather than consumers. Baseabove mentioned reasons, |
conclude that government solutions are effectiveshiort term, as they do not deal
directly with labor market. However, more activ@tishould be implemented to make
significant changes in labor market structure.

Currently, there is a need for fast action to redine NAIRU — structural changes
of the labor market to avoid overshooting in longeriod. The National Development
Plan 2007-2013 expects huge investments in soadiatepses and technological
development. Most of them are long-term activitiest will take 5 — 15 years, but there
are instruments that could be applied in short tdr® years:

= Change demographic structure of active populatiGupport the young and the
retired involvement in labor force. Tax reductianspecial social benefits should
be applied to these groups that might be more wa¢bin labor processes.

» Integration of discriminated groups - educating andolving the disabled,
widespread childcare for working mothers, socialrkvéor the homeless to
integrate them into the labor market.

= Prevent labor emigration and benefit the returraitigens — increase wages and

social benefits to the public sector, tax reductiomnd support for new
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entrepreneurs (citizens) that have just immigrated, well as simplify
bureaucratic procedures for those who return.

= Enhance cheap labor force emigration — despiteqinstion is very sensitive in
political agenda, it should be recommended to imnfowra while labor force from
less developed countries to employ them in low e-aldded industries of Latvia.
Target audience could be Russians, BelarusiansWHadinians as they can
communicate with locals in Russian. Target indastrcould be construction
works, timber processing, agriculture and elemgrggstemized work.

= Technological advancement of industry - state stpijoo innovations in private
enterprises, financial support for science reseamfiers, wide spreading e-
commerce, introduction of competence centers, stafgort for experience
exchange.

» Restructurization of the economy - financing andrguatees for high-tech and
high value-added enterprises, restructurization tbé education system
(supporting specialists for value-adding indusjri@screase competition among
companies. This tool is somewhat medium or longytdsut some of the results

can be observed in short-term.
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7. Conclusions

The aim of this research was to find an estimathefNAIRU for the last decade. The
estimate was achieved step by step - starting wetistant-NAIRU, proceeding with
time-varying NAIRU and ending with implicitly derd NAIRU from output gap using
Okun’s Law. The result shows that the estimatehef NAIRU has decreased from
11.54% in 1997 to 4.85% at the end of 2006. Thegeaof confidence interval is 1.26%
wide. The econometric analysis seemed to be sctisfaas the target was achieved
successfully and comparatively narrow confidenderual for the NAIRU was found.
Based on results, it is concluded that:

= unemployment gap has been decreasing steadily;

= actual unemployment has not reached NAIRU in medierm while been

overshooting short-term equilibrium;

» there is expected full employment by the end of yl@ar in medium-term.

Basistha and Startz’'s (2006) model was good foordteal and practical
reasoning and significantly reduced uncertaintyecss of data did not allow more than
one lag operator and inclusion of shock variablest twere insignificant. Detailed
analysis can be run if data is consistent and gpkaraflects the realistic situation of the
market. Therefore, more thorough analysis couldubeusing this model if better quality
data could be obtained.

As for the future, the first study could be of anprovement of data and
complication of a multivariate approach. “Shadowrezmy” in labor market and wage
determination could be identified to adjust officdata and get a clear picture of the
current situation. Elasticity of the Phillips Curgeuld be tested to understand how the
decrease of unemployment affects inflation. Sensitand elasticity are important tools
for the choice of economic instruments that coudgldwith inflation-unemployment
tradeoffs. As for a model, new approaches and fwaories could be tested for the case of

Latvia.



Lauris Gavelis 35

Works Cited
Ball, Laurence and N. Gregory Mankiw. “The NAIRU@&dry and Practice.” Apr 2002.

National Bureau of Economic Resear@hlan, 2007

http://www.nber.org/papers/w8940

Basistha, Arabinda and Richard Startz. “MeasuriregNAIRU with reduced
Uncertainty: A Multiple Indicator-Common Cycle Amach.” 15 Jun, 2006. The
University of Maryland 5 Jan. 200Tttp://gemini.econ.umd.edu/cgi-
bin/conference/download.cgi?db_name=SCE2005&pagedt

Benfelde, Sallija. “Paliktitizsvaa starp valsti un cilgkiem”. 28 Dec. 2005. TVNET12
Feb. 200http://www.tvnet.lv/zinas/intervijas/article.php2iti19972

Blanchard, Olivier. Macroeconomicsew Jersey: Prentice-Hall, Inc, 1997

Camarero, Mariam et al. “Unemployment Dynamics BAJRU Estimates for
Accession Countries: A Univariate Approach.” JobwfaComparative Economics
Vol. 33. p584-603.

Economist.com2007. “Overheating” The Economist Newspaper L&ahit29 Apr. 2007.

http://www.economist.com/research/Economics/alphielcén?LETTER=0

Elmeskov, J. (1993) "High and Persistent Unemplaym&ssessment of the Problem
and Its Causes.”" OECD Economics Department WorRengey No0.132.

European Central Bank. 2007. “Convergence Critefiae European Central BanR9

Apr. 2007.http://www.ecb.int/ecb/orga/escb/html/convergenceega.en.html#fiscal

Eurostat 2007. “Harmonised unemployment - Total - RateA-" Statistical Office of
the European Communities. 12 Feb 2007.
http://epp.eurostat.ec.europa.eu/portal/page? ¢=at@96,39140985& dad=portal&




Lauris Gavelis 36

schema=PORTAL&screen=detailref&language=en&proddttiROIND LM&root
=EUROIND LM/euro Im/Im un/Im010rt

Eurostat 2007. “Harmonized indices of consumer prices §20M0) - Monthly data
(annual rate of change).” Statistical Office of Eheropean Communities. 12 Feb
2007.

Eurostat. 2007. “Labor cost index — Annual datatiStical Office of the European
Communities.” 29 Apr. 2007.
http://epp.eurostat.ec.europa.eu/portal/page? @ati@96,45323734& dad=portal&
schema=PORTALG&screen=welcomeref&open=/labourfiglanguage=en&produc
t=EU_MASTER _labour_market&root=EU_MASTER_labour_k&t&scrollto=135

Friedman, Milton. “The Role of Monetary Policy.” Agrican Economic Review. Vd38.
No. 1. pp. 1-17 JSTOR!} Feb. 2007http://links.jstor.org/sici?sici=0002-
8282(196803)58%3A1%3C1%3ATROMP%3E2.0.CO%3B2-6

Gordon, Robert J. “The time-varying NAIRUand itspiiwations for economic policy.”
1996. NBER working paper seriéd/orking paper no. 5735
http://epp.eurostat.ec.europa.eu/portal/page? =at@96,45323734& dad=portal&

schema=PORTAL&screen=welcomeref&open=/prc/prc &iapguage=en&produ
ct=EU MASTER prices&root=EU MASTER prices&scrolltdo=

Hyeongwoo, Kim. “Hodrick-Prescott Filter.” 12 M&004. Ohio State University. 30
Apr. 2007._http://econ.ohio-state.edu/hwkim/hpfilelf

McAdam, Peter and Kieran McMorrow (2003). “The NAIRConcept. Measurement
Uncertainties, Hysteresis and Economic Policy Rdlbe Brazilian Journal of
Business and Economicgol.3 (3), p27-62.




Lauris Gavelis 37

Pindyck and Rubinfeld. Econometric models and esoadorecastsMcGraw-Hill.
1988

Raasuke, Erkki. “Capturing Baltic business oppattes.” Hansapank?006. 23 Jan.
2007 .http://www.hansapank.ee

Richardson et al. “The concept, policy use and omessent of structural unemployment:
Estimating a time varying NAIRU across 21 OECD does.” Jun, 2000. OECI?4
Dec, 2006 http://www.oecd.org/dataoecd/14/51/1885410.pdf

Samuelson, Paul A., Robert M. Solow. “Analyticalp&sts of Anti-Inflation Policy.”
American Economic Review Papers and Proceedigy 1960. Vol. 50. p177-194.

Sorensen, Bent E. “The Kalman Filter.” 1 Mar, 200Be University of North Carolina at

Chapel Hill 16 Feb, 2007.

Staiger, Douglas et al. “How Precise are Estimate¢se Natural Rate of
Unemployment?” Mar, 1996. National Bureau of EcoimResearch7 Jan. 2007.

http://www.nber.org/papers/w5477.pdf

Stankus, Mantas (2002). “Prices, Wages and Unempmay in the Baltics: 1995-2001.”
Bachelor Thesis, Stockholm School of EconomicsigaR

Stikuts, Dainis. “Measuring Output Gap in Latvia007. Bank of Latvial3 Dec. 2006.

http://www.bank.lv/eng/main/research/pubrun/workiag/measuringoutputgap/

Torres, R., Martin, J. P. (1990) "Measuring Potr@iutput in the Seven Major OECD
Countries." OECD Economic Studiddo. 14. 21 Jan, 2007.




Lauris Gavelis

Appendices

38

Table 2 Summary and analysis of papers that were ad for the model of this paper

Author, Paper,
Purpose of Research

Model, Results,
Conclusions

Pros and Corns

Stikuts (2003)

“Measuring Output
Gap in Latvia”

NAWRU of Latvia is

estimated as an input
variable of the potentia
output function

Elmeskov (1993) model where
NAWRU consists of actual
unemployment and relation
between unemployment change
and wage growth. Trend is
smoothed by Hodrick-Prescott
filter.

Estimates show that NAWRU hasg
fell from ~18% in 1995 to ~14% in
1998, slower fall happened next
four years to ~13% in 2001.

+ NAWRU is chosen as the best
approach to link unemployment
with the output gap;

+ NAWRU has stronger
relationship between labor and
goods’ market (according to
Torres, 1990);

+ It proves that there is a weak
linkage between the output gap and
inflation due to high openness of
economy where imports and own
outputs are interrelated;

+ Labor supply and demand is
used for calculations instead of
LFS series;

- Model lacks integration of
unemployment in the cyclical
economics chain with output and
inflation;

- It assumes that wage includes
other employment determinants:
productivity growth, technologies,
demographics, taxes, business
practices and others that may not
fully appear in wages;

Camarero et al. (2005)

“Unemployment
Dynamics and NAIRU
Estimates for
Accession Countries: A
Univariate Approach”

NAIRU of Latvia is

estimated to analyze
the natural rate of

unemployment for new
accessing countries ary
use new approach for
transition economies.

Short-term NAIRU is estimated in
three methodological perspective
1) small sample problem, M
unit root tests when
testing for hysteresis;
endogenous multiple
structural breaks;
The univariate approach assume
that unemployment reverts to its
mean or natural rate over time.
The natural rate hypothesthe
unemployment rate fluctuates
around an equilibrium level that
depends on fundamentals in the
conomy (labor productivity,
qeechnology, real interest rates and
the real exchange rate).
The hysteresis effects
unemployment never attains its
equilibrium, it reflects the
cumulative effect of all past
shocks, both demand and supply

2)

>

to the economy.

s;problem;

5 - Implicitly derived data for 1994-

+ Model solves small sample

+ Model assumes structural breal
and reforms that has significant
impact on the equilibrium level;
- Model has no economical
interpretation and background;

1998;

- Choice of model: the NAIRU
should not be a step-like function
(smooth function);

- Hysteresis effect may have
leading nature on the NAIRU;

- Author lacks understanding of th
historical path of economy since
1991 and experienced crises;

e
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The results show four structural
breaks in Latvia: 1996:1, 1998:lll,

2000:11 and 2002:1I that indicate tp

the bank crisis, Russia crisis and
recovery from the loss of Russian
market.

Stankus (2002)

Bachelor Thesis
“Prices, Wages and
Unemployment in the
Baltics: 1995-2001"

Paper explores
inflation-
unemployment trade-
off in Estonia and
Lithuania and identify
the NAIRU

The paper uses augmented-
expectations Phillips curve where
the tradeoff stems from wage ang

price setting and examine the long- Paper delimits to a single

term NAIRU.

1) check unemployment data
series;

2) missing values are interpolated
3) annual price inflation and
annual nominal gross monthly
wages and salaries are calculated
in each quarter;

4) relative energy-food prices are
expressed as inflation of energy
products less inflation of food ang
non-alcoholic beverages;

5) labor productivity is measured
by average real output per quarte
of one worker in the economy
Hodrick-Prescaott filter is used to
tune the smoothness of the trend

=

+ It successfully adjusts model and
data to such transition economies
as Estonia and Lithuania;

equation-regression estimation;
- Author assumes that prices are
proportional to wages as wages
;comprise a large proportion of total
production costs, whereas resultg
show that prices and wages are rjot
co-integrated and do not move
together;

Source: Author's compilation

Figure 8 Labor cost index of Latvia (1997-2006), aual change in percentage

18

16 -

14 -

12

10 -

15.6

1997

1998 1999

2000 2001 2002

2003

2004 2005 2006

Source: Author’'s compilation based on the datawbEtat



Lauris Gavelis

40

Figure 9 Change in annual CPI inflation versus unemloyment rate, quarterly data for Latvia,

1997Q1 — 2006Q4
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Figure 10 Average unemployment benefit, average natage and unemployment rate, 1998-2005
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Figure 11 LFS and registered unemployment rate, 2a@4 — 2006 Q3
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Figure 12 Correlation between import price index anl REER, 31 obs (1999 Q1 — 2006 Q3)
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REER -0.5097 1.0000

Source:

Author’s calculation based on the dath®fBank of Latvia and Eurostat
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Figure 13 Difference between LFS and SEA registereghemployment rate with time trend and
STATA output, 1998Q2 — 2006Q4
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Table 3 Correlation between GDP growth and LFS unemloyment rate

Periods Observations CZ??;; ct)irgﬁ t-test P-value
(1) 15807%4‘ 40 -0.6938 5.94 0.000
@) 1;35(%4‘ 16 -0.0988 0.37 0.716
3) 220801%4‘ 24 -0.7691 5.64 0.000

Source: Author’s calculation based on the dathefGentral Statistical Bureau of Latvia and Eurosta

Table 4 Pearson’s correlation between CPI inflationand energy-food and soft beverages and REER,
1997Q1 - 2006Q4

Energy-food inflation REER

CPI inflation 0.1678 0.1967

Source: Author’s calculation based on the datdhef@entral Statistical Bureau of Latvia and the Bah
Latvia
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Table 5 Regression results
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1) ) 3) 4)
# of obs 39 39 39 39
Method OLS OoLS Filter and OLS  Filter and 3SL
NAIRU 11.4582% 10.2831% Figure 12 Figure 13
Narane | A " | A g
Constant 1.7067** 6.1236** 5.7772*
u, , -0.1489** -0.5955*** -0.2118**
oy 0.8355*** 0.8631** 0.7641**
P 0.8598%** 0.7887**
g, -0.4842**
9’ -0.1593*
Regr. stat.
Adjusted R? 0.8533 0.8844 0.6954 0.7791
F-statistics 111.48 146.39 34.12
2 - statistics 235.36

* significant at 90% confidence interval, ** sigigént at 95% confidence interval, *** significant a
99% confidence interval

Source: Author’s calculation
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Figure 14 Unemployment rate, constant estimate of ARU (bold line) and 95% Gaussian confidence
interval (long dashes)

Time

Source: STATA output

Figure 15 Estimate of NAIRU by Kalman filter (dark green trend line)
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Figure 16 Confidence intervals around exogenouslyedived estimates of NAIRU (dashed lines)
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Figure 17 Confidence intervals around implicitly deived estimates of NAIRU (dashed lines)
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