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ESTIMATING NAIRU FOR THE TURKISH ECONOMY USING EXTENDED
KALMAN FILTER APPROACH

Vuslat Us’

ABSTRAC This paper estimates NAIRU (Nokecelerating Inflation Rate of Unemployme
for the Turkish economlgy systems approach. Based on a Phillips curvetiequeombine:
with an Okun law for output gap and unemployment dhp, systems approach imposes
stochastic laws of motion for NAIRU and potential autpnd also assumdéise paramete
to be time-varyingHowever, the requirement to simultaneously estimatarpeters and
solve the state space problem introduces nonlityeavhich requires the use @&xtende:
Kalman Filter (EKF). Estimation results suggest tN&iRU seriesmoves in tandem wi
the actual unemployment, yet followimgmore volatile path than the latter. Accordinghg
NAIRU series reacts more sharply to the crises tharattual unemployment. Furtherm:
all of the derived series are plausible and capthee significant turning points of t
economy. Meanwhile, the timearying parameters indicate a stable, yet quite akwiak
between unemployment and inflation, and a decliniogt significant passitough tc

inflation. Moreover, the parameters also signalksiderable inflation inertia.
JEL C32, C63, E24, E31.
Keyword: NAIRU, Systems approach, Phillips curve, Okun |&tended Kalman filter, Time-varying parameter,rtize

6z Bu calgmada, Turkiye ekonomisi icin sistem yaytal yoluyla NAIRU (enflasyoni
hizlandirmayanssizlik orani) tahmini yapilmaktadir. Sistem yaktainda Phillips egrisi
denklemi esas alinarak, ciktl gcile issizlik acgl arasinda Okun kanunu c¢ercevesibite
iliski oldugu, NAIRU ve potansiyel Uretimin stokastik hareket yasasigelirlendgi ve
parametrelerin zamanla eglstigi varsayilimaktadir. Ancak, parametrelerin ve du
probleminin ganh olarak ¢o6zilmesi gerekliii dogrusal olmama durumu yaratar
ilerletiimis Kalman filtresi kullanimini zorunlu kilmaktadir.aimin sonugclari, NAIR!
serisinin, daha dalgali bir e izlemekle beraber, gercektn isizlik dizeyiyle uyuml
hareket etflini gostermektedir. Bu cercevede, tahmin edilen NAIR3@risi, kri:
dénemlerinde, gercelden ksizlik serisine gore daha sert tepki vermektedim®ek olarak,
turetilmis tum serilein makul old@gu ve ekonomideki énemli donim noktalarini yakate
gorulmektedir. Ote yandan,amanla dgisen katsayilar, ssizlik ve enflasyon arasin
istikrarli olmakla beraber zayif bir $ki oldugunu, déviz kuru-enflasyon geg&enliginin ise
azaliyor olmakla beraber anlamh bulugidau gdstermektedir. Ayrica, parametreler

enflasyonun kayda @er oranda katilik icerdine isaret etmektedir.

TURKIYE EKONOMSY IC/N ILERLETLMIS KALMAN HLTRES YAKLASIMIYLA NAIRU TAHMN/

JEL C32, C63, E24, E31.

Anahtar Kelimele NAIRU, Sistem yaklgimi, Phillips erisi, Okun kanunuijlerletiimis Kalman filtresi,Zamanla dgiser
parametre, Katilik.
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“I have become convinced that the NAIRU is a usafalydic concept. It is useful as a
theory to understand the causes of inflation. Wiseful as an empirical basis for predicting
changes in the inflation rate. And, it is useful agieneral guideline for thinking about
macroeconomic policy.”

(Stiglitz, 1997)

1. Introduction

Policymakers are confronting the increasing chakertio predict the
future course of price dynamics in meeting theireroding goal of
maintaining price stability. Another important dealge that the
policymakers face in envisaging the general prigtook is to utilize all the
available information. In doing so, NAIRU — the N@wcelerating Inflation
Rate of Unemployment — stands out as a key variablioreseeing the
future course of price dynamics.

NAIRU is the rate of unemployment at which therens upward or
downward pressure on inflation rdt&@he concept arose in the wake of the
popularity of the Phillips curve that summarizeck tbbserved negative
correlation between unemployment and inflation WRisi 1958)* This

1 An early form of NAIRU is found in the work of Leer (1951) that referred to it as "low full emplogmt"
attained via the expansion of aggregate demandomtrast with the "high full employment"”, which add
incomes policies (wage and price controls) to deimsimulation. NAIRU was later on introduced as the
“non-inflationary rate of unemployment” in Modigliaand Papademos (1975) as an improvement over the
natural rate of unemployment concephich was initially put forward by Phelps (1967)dafriedman (1968)

as the level of unemployment that is consistent wijuilibrium in the structure of real wages. Thalgsis
supporting the natural rate hypothesis was contsisdleand empirical evidence suggested that theralatate
varied over time in ways that could not be expldibg changes in the labor market structure. Assaltethe
natural rate terminology was largely replaced battbf the NAIRU. This corresponded to the rate of
unemployment below which inflation would accelerdiat without making a commitment to any particular
theoretical explanation or a prediction that thte mould be stable over time.

2 The inverse relationship between inflation (momege changes) and unemployment was documented by
Phillips (1958) and later extended by significanhtributions from Samuelson and Solow (1960), which
addressed the negative relation between unempldyamehinflation using price inflation instead ofmimal
wage inflation. The inverse relationship betweeftatiron and unemployment, which was described ki t
Phillips curve, implied that it was possible forvgenments to tolerate higher rate of inflation @urn for
lower unemployment and this trade-off became amrgsd part of the policymaking process. However,
during the 1970s, Phillips curve faced some seraftescks as many countries experienced simultafeous
high levels of inflation and unemployment, also wnoas stagflation. On the theoretical side, PhE1967)

and Friedman (1968) rejected the idea of a long4rade-off and suggested that a trade-off between
unemployment and inflation would only be possilighe short run by including expected inflation ahe
natural rate of unemployment to the Phillips cueguation. Accordingly, the trade-off arises duethe
inability of agents to adjust their expectationstticipated inflation in the short run, whereasghia long run,
agents adjust their expectations and actual unemmgot returns to the natural rate of unemployment.
However, Lucas (1972) showed that, assuming rdtierpectations, agents may adjust their expectation
quickly, so Phillips curve is vertical even in thieort run. This neoclassical view was later cdgd by the
new Keynesian approach, which argued that duedgthsence of nominal rigidities in prices and sage
there might be a trade-off between inflation an@mployment in the short run, even assumiational
expectations. This implies that prices and wagemaainstantaneously adjust to changes in economic
conditions (Fuhrer and Moore, 1995; Gali and Ger1l899; Clarida et al., 1999; Blanchard and GAQ7).
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correlation, which was previously seen for the Ub§. Fisher (1926),
persuaded some analysts that it was impossible glmrernments to
simultaneously target low unemployment and priabisty. Therefore, it
was government's duty to settle on an unemploymemd inflation
combination, which is optimal in terms of sociallfaee.

In view of the fact that NAIRU is derived by exgdiog the short-run
trade-off between unemployment and inflation, th@ detween actual
unemployment and NAIRU indicates whether there issl of inflationary
build-up in the economy. In other words, there miost some level of
unemployment, i.e. NAIRU, which is consistent wétlstable inflation (Ball
and Mankiw, 2002). Therefore, if a contractionargnmatary policy shock
increases unemployment above NAIRU, inflation raite decelerate; while
inflation rate will accelerate if an expansionarynatry shock decreases
the unemployment rate below NAIRU.

NAIRU is often associated with the concept of naltuor structural
unemployment, which is the unemployment rate thatientified with the
structural, institutional or behavioral charactees of the economy (Fabiani
and Mestre, 2000). However, the non-acceleratinffation rate of
unemployment may not always coincide with the raturate of
unemployment in the short run. In other words, tmemployment rate
consistent with stable inflation may deviate froi® long-run equilibrium
value when shocks have hysteresis effects on Hue taarket dynamics.

In addition, NAIRU may well vary over time or inflan may accelerate
even if unemployment declines to rates that are patiiole with stable
inflation (Estrella and Mishkin, 2000). Besidestiates when there are large
swings in oil or raw material prices, it is cle&at unemployment would
have to fluctuate sharply in order to stabilizdatén (Boone et al., 2001).
Thus, measuring NAIRU is challenging both at thencaptual and the
empirical level.

There are numerous techniques developed for megsNAIRU. In this
regard, NAIRU can be modeled from an economic fheerspective based
on a Cobb-Douglas production function setting (Ldyet al., 1991; Nickell,
1997). Alternatively, NAIRU can be modeled as aedministic function of
time (Staiger et al., 1997a, 1997b; Cross et &98]) or as a function of
demographics and labor market dynamics (Weiner31®aiger et al.,
1997b). NAIRU can also be modeled as an unobsest@chastic process
(King et al., 1995; Staiger et al., 1997a; Gord897).

% The hysteresis effect was initially introducedRignchard and Summers (1987a). Other seminal wamks
the hysteresis effect are Blanchard and SummeB¥194987c) and Ball (2009).
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Another method for measuring NAIRU is through detlieg techniques
that can be applied by adopting simple statisapgroaches. The detrending
method may be univariate, bivariate or multivariatecordingly, a simple
way for univariately estimating NAIRU is by regregsunemployment on a
linear time trend or a quadratic time trend. Anothey for univariately
estimating NAIRU is to implement conventional fiiteg techniques, which
are the Hodrick-Prescott (HP), Baxter-King (BK) a@bristiano-Fitzgerald
(CF) filters? These filters decompose unemployment series toyittical
and trend components.

NAIRU can be estimated bivariately on the basisaoPhillips curve
equation assuming that shifts of the Phillips cust\are a common trend
with the unemployment rate (Laubach, 2001). Altauedy, NAIRU can be
estimated via a multivariate filter by using a miodleat specifies the
relationship between inflation, output and unempiepnt through the
Phillips curve equation and the Okun law (Laxtord ahetlow, 1992;
Richardson et al.,, 2000; Benes and N'Diaye, 2004).this setting,
exogenous variables are also taken into consideratiorder to account for
supply-side factors that explain inflation.

Finally, another methodology for estimating the 1amcelerating inflation
rate of unemployment is to treat NAIRU as an unolesvariable. In doing
so, an unobserved components model is developedewkaman filter
features out as the appropriate estimation algoritKalman filter has been
used extensively in the recent economics literatigra recursive estimation
technique. It is a powerful algorithm that can lgase employed in linear
state space models, as noted in Harvey (1990)n&u{tL994) is a seminal
paper that utilizes this approach for analyzing th&. economy, while
Gerlach and Smets (1999) adopt this approach &Etlropean economies.

Even though the use of Kalman filter in linear stapace models works
for industrialized economies with rare incidencésexcessive boom-bust
cycles, it may fail in emerging market economierehextreme volatility is
typical? In order to handle the volatility and the struatuthange that seem
to be likely in these economies, one might allow {harameters of an

4 For further details, see Hodrick and Prescott {)98axter and King (1999) as well as Christiand an
Fitzgerald (2003).

5 Kalman filter is discussed extensively in Kalmam &ucy (1961), Kalman (1960) and Hamilton (1994a,
1994b).

% As discussed in Aguiar and Gopinath (2007) as a&INeumeyer and Perri (2005), business cyclesttend
be more volatile in emerging market economies tdranced economies.
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unobserved components model to vary over tirkwever, this requires
the adoption of a nonlinear state space form.

In a nonlinear state space setting where stateahas and the time-
varying parameters need to be estimated simultahgoialman filter
should be extended in order to handle the nonlityedtence, the EKF can
be proposed as the only possible algorithm. EK& pswerful algorithm for
solving nonlinear state space models; yet it han lmployed in a rather
limited number of studies (Grillenzoni, 1993; Mckian, 1996; Bacchetta
and Gerlach, 1997).

As for the Turkish economy, there are only a fewd&s that implement
EKF (Ozbek et al., 2003; Ozbek and Ozlale, 2005akKa al., 2007; Kara et
al., 2007). However, these previous attempts ingiZKF do not estimate
NAIRU. Meanwhile, there are several studies thainege NAIRU in
Turkey QSiklar et al., 1999; Yavan, 1997; Kaya and YavarQ7Z2®ildirici,
1999; Yigit and Gokge, 2012; Temurlenk andsBg 2012; Gianella et al.,
2008). Yet, none of these studies adopt a nonlifnaarework.

The absence of previous works on NAIRU that consithe highly
volatile nature of the Turkish econofrigaves us with a gap for estimating
the non-accelerating inflation rate of unemploymesing time-varying
parameters in a state space form. This gap edtablthe main motivation of
this study. To our knowledge, this is the firstnfial attempt to estimate
NAIRU for the Turkish economy in a nonlinear segtin

We believe that this paper serves useful in sewsmls. First of all,
findings of this study provide guidance for futuresearch on NAIRU,
which is an important tool for monetary policy. &ddition, this paper
contributes to the existing literature by jointlgtienating NAIRU and its
time-varying relationship with inflation in a Phgs curve setting. The
estimation of NAIRU in this multivariate framewoidso produces other
significant variables like unemployment gap, patnoutput, output gap
and inflation. Moreover, the results shed lighttba course of time-varying
parameters that indicate inflation persistencethadontribution of demand
and supply-side factors to inflation. Furthermdies findings also lay the

" There is a vast amount of evidence for paramdtange in most macroeconomic variables suggestity th
the assumption of constant coefficients may bea poe (Stock and Watson, 1999). In the meantinheige
number of econometric models are present that dbowme variation in parameters (e.g. Markov shing,
structural break models, threshold models, etackafdingly, time-varying parameter models are béogm
an increasingly popular choice (Cogley and Sargf@2, 2005; Primiceri, 2005).

8 Ertugrul and Selcuk (2001), Kibritgigu et al. (2002) and Metin (1998) give a detailettaunt of the
Turkish economy, while Alp and Elekgl§2011), Bac¢l and Kara (2011), Ba et al. (2007) and Kara (2008,
2013) provide a closer analysis of the recent nagedolicy practices.
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basis for prospective work that may adopt EKF. Bwist importantly, this
study confirms the view that the conduct of mongepalicy should be based
on a flexible and comprehensive framewdrk.

It should be underlined that this paper does ntgnth to explain the
evolution of unemployment dynamics in the Turkigior@omy, nor does it
seek to determine the underlying structural fo@gng the natural rate of
unemployment. Also, the paper does not attempipdaen output or price
developments, but it solely tries to exploit théormation contained in the
dataset in order to extract the unobservable NAIRU.

It should also be kept in mind that the modelsesh this paper are
chosen according to their in-sample propertiesthaddegree to which they
are able to match the behavior of the original eseriThus, the model
selection is based on the informal optimizationtloé plausibility of the
resulting estimates, but without any regard tortfeeecasting properties.

The organization of the paper is as follows: Thet section presents the
baseline empirical model on NAIRU and its statecspeepresentation as
well as the alternative model specification withe thorresponding state
space representation. The third section discussesdtimation results. The
following section presents results of the sensyti@nalysis for robustness
test. The fifth section presents the time-varyiagameters. Finally, the last
section concludes this paper. The state spacesesgagion of the EKF is
provided in the appendix.

2. System Specification

Models that have been used to estimate NAIRU aentislly based on a
system of equations. The system of equations, whiohstructs the
empirical framework, is in the spirit of Fabiani darMestre (2004).
Accordingly, the system is composed of a Phillipsve, which determines
the relation between unobserved cyclical factosiafiation; an Okun-type

° Obviously, a more flexible and comprehensive frami in the conduct of monetary policy can be
provided by means of a wide-ranging set of politstiuments, the use of which can be supported ds/ le
amendments and relevant changes to the operatitnaiture. As for Turkey, the Central Bank of the
Republic of Turkey (CBRT) has already increased ftéeibility and the scope of its monetary policy b
conducting a new framework starting from late 20k0this regard, the conventional inflation targeti
regime was modified by adopting financial stability a supplementary objective and a new monetdigypo
mix was designed that included additional policglsofor pursuing multiple objectives (Ba and Kara,
2011; Kara, 2013, Alper et al., 2013; Kiigiiksarag &zel, 2012). The new monetary policy framework,
which addressed both price stability and finanstability, was already backed by the required légeasis. In
other words, as stipulated in Central Bank Law N1, in addition to maintaining price stabilithetCBRT

is liable to take precautions for enhancing théibtg of the financial system. In doing so, the RB is
empowered to use, determine and implement monptdigy instruments at its own discretion (CentrahR
Law No. 1211 is available at http://www.tcmb.galyéni/banka/law.pdf).
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relationship between output gap and unemploymemt gad a set of

equations defining the law of motion for potentialtput and NAIRU as

well as equations defining their trend component® analysis is conducted
using a baseline and an alternative model spetidita

2.1. Basdline Model Specification

The baseline model specification follows Fabiand ddestre (2004).
However, given the highly volatile nature of therHigsh economy as
discussed in the previous section, the baselineemddparts from the
original paper by assuming parameters to be tinmgivg The variables

used in the baseline model are as follows: is the inflation rate (first
difference of the log of consumer price index); is the vector of supply-
side variables (normally taken to be changes iromnprices, real exchange
rate or the nominal exchange rate) that pose messuinflation;u, is the
unemployment ratey, is the (log of) output levely; and y, represent
NAIRU and (the log of) potential output, respecliwveCorrespondingly,
ugap and ygap are the unemployment gap and the output gap.

Accordingly, dynamics of inflation can be descrilisdan accelerationist-
type Phillips curve equation such that:

L= 0y TG+ 0,7t agugan +a, 7+& @)
where inflation is assumed to be a function ofthuilinflation, demand-pull
inflation and cost-push inflation, which can be tcapd by the inclusion of

lagged inflation terms, the unemployment gap arel dhange in nominal
exchange rat¥. The coefficientsa,, and a,,, Which show the degree of

inflation persistence, are expected to be gredtsn zero. The coefficient
a,, denotes the degree of demand-pull inflation arsl éxpected to be less

than zero. Finallya,, represents the degree of pass-through from exehang

rate to inflation and it is expected to be gre#tan zero. Obviouslyg” is
the disturbance term.
Okun law runs from output gap to unemployment gaghghat:

ygap = B, ugap, + £ )

1 Based on the triangle model of Gordon (1991)atidh is viewed to have three root causes: built-in
inflation (inflation results from past events andrgists into the present), demand-pull inflatioallifig
unemployment rates or rising output feeds intoatifh), and cost-push inflation (increases in thet ®f
goods and services raise inflation).
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where g, , is expected to be negative and™ is the error term.
The unemployment gap is modeled as an autoregeessicess:
ugap = J,, ugap, + &% (3)
where g, , is expected to be positive agf*" is the error term.

The Beveridge-Nelson (1981) decomposition of outpaind
unemployment is as follows:

Y, = Y + ygap 4)
U = U, +ugap (5)

Potential output and NAIRU are assumed to followo@al linear trend
model such that:

Vi = Viatha e (6)

U=+, e (7)
where the two stochastic trengigand /7 are defined as:

Ve = Vgt & (8)

M =Nyt & ©)

u

Obviously, £ty* ,£t* , & and g’ are the disturbance terms.

The model can be represented in state space awsoll
X(t) = Fx(t-1)+ Gu() + e() (10)

y(t) = Hx(t) + &(9 (11)
where X(t) is the state vectory(t) is the observation vectof; is the
transition matrix,H is the observation matrix an@ is a known matrix.
g(t) and e, (t) denote vectors of normally distributed i.i.d. sk&cwhich

are assumed to be uncorrelated with each other hetvé covariance
matrices Ry and R,, respectively. Furthermoreuy(t) is the vector of
exogenous variables.

The measurement equation, which shows the evolutfaiie observed
variables, can be described in terms of the statabes as follows:
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The transition equation can be expressed as:
% | [a, a, 0 a, 000 0% | [a,] &
Tty 1 0O 0 0 O O0OO T, 0 0
ysaR| |0 0 0 B, 0 0 0 0fygap.| |o &
ugap | _| 0 0 0 5, 00 0 0ugaR,| o0 2]+ &1 @3
i 0O 0 0 0 10 1 0y, 0 &’
u 0 0 0 0 010 1y, 0 g
% 0 0O 0 0 001 Yia 0 &
7 | 0 0O 0 0 O O0O i 10 | &

2.2. Alternative Model Specification

In order to analyze the robustness of our reswtdifferent model
specifications, we investigate the possibility tloatput gap might better
capture inflation dynamics than the unemploymeni.’ddn this respect,
instead of the unemployment gap, the output gajsesl as an indicator for
measuring the stance of aggregate demand in thdip®hicurve.
Correspondingly, Okun law is reversed from unemmplent gap to output
gap. Therefore, the baseline model is modified eguations (1) and (2) are
replaced with the following equations such that:

" The output gap is a measure of how far away anauy is from a desirable level of output. Outpup ga
can be important in policy discussions as it pressangauge of when the economy might be overheating
underperforming. Typically, during a recessionuatbutput drops below potential, thus creatingegative
output gap. In a boom, actual output rises ab®vpatential, resulting in a positive gap. In thiéelacase, the
economy can be described as overheating, which gieothe central bank to cool the economy by raising
interest rates. On the other hand, an economyishpérforming below its potential can be referredas
underheating, in which case the central bank may e implement a more stimulating monetary policy
(Lubik and Slivinski, 2010).
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—_ m i
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-

ugap = B, ygap, + & 2)
where a,, >0 and g, <0. Furthermore, the output gap is modeled as an
autoregressive process, and hence, equation if®)dgied as:

ygap = d,, ygap, + & (3)
where J,, is expected to be greater than zero. These matidits imply a
re-definition of the transition equation as below:

7% ] [a, a, a, 0 00 0 0% | [a,] g‘
., 1 0 0 000 0 7%, 0
ysap| [0 0 45, 0 0 0 0 0| Yoap,| |o &>
ugap | |0 0 B, 00 0 0 0 ugap:| |0 (2]+ &7 a3
A 0O 0 0 01010y, 0 &
U 0 0 0 0010 1, 0 g
y 0 0 0 0001 qly, 0 &
n | Lo o o o0o000 1, ||o] o
Lt _

Meanwhile, the observation equation remains unab@ng

3. Estimation Results

This section reports and discusses the estimaéeults of the models
described above. The models utilize quarterly datainflation, output,
unemployment and nominal exchange rate for thei$likconomy between
2000Q1 and 2013Q3 perid8® Inflation is measured as the logarithmic

2 Our publicly available data come from the eledodata dissemination system of the CBRT at
http://fevds.tcmb.gov.tr.

3 The time period covered in the analysis is cruinthe Turkish economy as it witnessed majoresriand
regime changes. To be more specific, between 2000@12001Q1, the CBRT conducted an IMF-backed
exchange-rate-based stabilization (ERBS) progratnctweventually collapsed with the outbreak of the
financial crisis in February 2001. Starting from 2001, the CBRT has implemented the transitiomgym

for strengthening the Turkish economy (CBRT, 20012002, the implicit inflation targeting regimeas put
into effect. This was followed by the implementatiof strict inflation targeting regime in 2006. tine last
quarter of 2008, the CBRT faced challenges stemifinorg the global crisis that occurred in Septen268.
Consequently, the CBRT adopted anti-crisis measwiegh were later withdrawn in April 2010. Finallgs

of end-2010, the CBRT has engineered a new mongtaligy framework, which departed from strict
inflation targeting by the inclusion of financiahbility as a supplementary objective to its priyngoal of
maintaining price stability (Erfirul and Selguk, 2001; Kibrit¢iu et al., 2002; Bg1 and Kara, 2011; Ba!

et al., 2007; Kara, 2008, 2013).
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difference of the seasonally adjusted consumerepmex. Output is
seasonally adjusted gross domestic product serieg$ and unemployment
is seasonally adjusted series in percentages. Bgehate is the logarithmic
difference of the USD/TRY spot rate. Seasonal anjast is handled via
TRAMO/SEATS (Gémez and Maravall, 1996). The initidlues are set
according to Chan and Hsiao (2011).

3.1. Basdline Model Results

Figure 1 presents the estimation results of theellvees model.
Accordingly, one can conclude that NAIRU followslaghtly more volatile
path than unemployment. This is an expected outcgiven the reported
evidence on the higher sensitivity of NAIRU to ecomc fluctuations than
the actual unemployment as well as the relativabhér persistence of
actual unemployment than NAIRU (Clark and Laxtor§97). More
specifically, during the implementation of the eanbe-rate-based
stabilization program, the estimated NAIRU seriesves in tandem with
the actual unemployment rate series. Remainindntyfigabove the actual
unemployment despite the parallel course, the astidh NAIRU series
follows a rather volatile pace during the implicilation targeting regime.

The estimated NAIRU series moves very close toaatnemployment
throughout the implementation of the strict infbeti targeting regime.
However, during the global crisis period, both egriregister a sharp
increase, while the estimated NAIRU responds meverely to the crisis by
displaying a more dramatic rise. As the adversecedfof the global crisis
wane, the actual unemployment series starts tangetlack to pre-crisis
levels. This is accompanied by a sharp fall inesmated NAIRU series,
which remains even below actual unemployment atetin@ of the global
crisis episode.

Finally, with the adoption of the new monetary pglmix, the estimated
NAIRU and the actual unemployment series declineserably below the
levels posted during the implementation of bothliompand strict inflation
targeting regimes. In fact, this period even wisessthat the estimated
NAIRU series is occasionally lower than actual upyment.

1 The state space representation for EKF is givetiénappendix. Accordingly, it should be noted thet

EKF needs pre—defineE)o‘o,Q, R, Xo‘ofor initialization. It is acceptable to assigl?o‘0

however, the values must be large enough to allmvd dracking of the parameters. If the states arasured,

Xo\o can be specified by taking the average of the finstdata points.

arbitrarily;
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As for the unemployment gap, which is modelled asaatoregressive
process, the series is mostly negative throughmaitahalysis, except for a
brief period at the midst of the global crisis. e potential output front,
the baseline model produces a series that is sengtthe crisis episodes in
the economy. In other words, estimation resultsgssgthat the potential
output series declines during crisis periods in12@@d 2008, whereas it
continues to trend upwards otherwise. Meanwhile,déstimated output gap
series, which is measured as the deviation of hotuput from the potential
output, follows a volatile path around zero. Thes e observed especially
during the implementation of the new monetary pofitx, where demand-
side pressures on inflation have seemingly beehgilgg.

Regarding the estimation of inflation, the modeduscessful in capturing
the inflation dynamics over the period of analysidlation settles on a
downward course with the adoption of the ERBS p@mogrwhich is halted
with the outbreak of the financial crisis in 200hem inflation surges
significantly. Inflation re-settles on a decliningack during the implicit
inflation targeting regime. Afterwards, inflatioroliows a volatile, yet
steady path.

It should be noted that during periods when the RlAlfollows a stable
course and moves close to actual unemploymenétioif is also stable, i.e.
non-accelerating as expected. This coincides with implementation of
implicit inflation targeting regime from 2002 to @® and the launch of strict
inflation targeting regime in 2006. However, the IRAN starts to climb
during the global crisis period. After reachingeak as the adverse effects
of the global crisis are felt markedly on the Tstkieconomy, the NAIRU
starts to fall down gradually amid the implememtatiof anti-crisis
measures. Finally, the NAIRU follows a relativelieady path after the
adoption of the new monetary policy mix.

3.2. Alternative M odel Results

Figure 1 presents estimation results of the altermanodel. Accordingly,
the NAIRU and the unemployment gap estimations ypced by the
alternative model specification are very similatite baseline model results.
However, the alternative model yields a more vidgbotential output and
output gap series than the original model. Thibasically due to the fact
that unlike the baseline model where unemploymaept ig included in the
Phillips curve equation, the output gap entersRh#lips curve equation in
the alternative model specification, and so NAIRW ainemployment gap
are indirectly derived from potential output ance tbutput gap. This
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obviously causes the potential output and the dugap to be estimated
with a higher precision. On the other hand, inflatestimations are quite
similar in both specifications.

Figure 1. Estimation Results
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4. Sensitivity Analysis

In order to check the robustness of our resultserssitivity analysis is
conducted for comparing the performance of EKF to aternative
measurement approach. In this regard, one optitm éstimate NAIRU by
adopting a simple statistical approach. In doingtlse HP filter is applied,
where unemployment series is basically split irte dyclical and trend
components®

Another option for checking robustness is to impodgnamic
homogeneity constraifitto our system of equations by restricting the sum
of the coefficients of the explanatory inflatiorrites in the Phillips curve
equation to be equal to unity. Alternatively, them® constraint can be
forced by using differenced inflation terms in tRkillips curve equation,
and s% the unity restriction is automatically degts (Fabiani and Mestre,
2004).

4.1. Estimated Seriesby HP Filter

The results of the sensitivity analysis presente@igure 2 demonstrate
that NAIRU series follows an extremely smootherhpahen estimated by
the HP filter. The fact that NAIRU is “too smootWwhen estimated by a
conventional statistical method, which was discdssarlier in the paper, is
thus confirmed with the data. Accordingly, the updmgment gap series
estimated by the HP filter displays higher volatilicompared to
unemployment gap series produced by other spetbifica

As for potential output, the HP-filtered series smoother than the
potential output series estimated by the EKF. Hakethe corresponding
output gap series under the HP filter specificatthlows a quite similar
pattern to the output gap series estimated by #selime model. Hence,
applying the HP filter proves that EKF is undenyabuperior in capturing
the highly volatile dynamics of the Turkish economy

!> Smoothing parameter lambda is set to its defallte; which is 1600 for quarterly data.

16 Dynamic homogeneity is the condition that permamtianges in inflation should not affect outputlie
long run. Imposing dynamic homogeneity to the absystem of equations implies that the existenca of
trade-off between inflation and output is only lied to short run. Hence, the restriction of dynamic
homogeneity enables to derive a more meaningfulRA(Greenslade et al., 2003; Batini and Greenslade,
2006). The restriction also implies that prices @egermined by nominal factors such as wages apdried
costs (Gémez and Julio, 2000).

7 Since our original Phillips curve equation doeseantain any differenced inflation terms, this gapticks

to the former approach in imposing dynamic homotgn&hus, the sum of lagged inflation terms in the
Phillips curve equation is restricted to be eqoalrity.
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Figure 2. Estimated Seriesby HP Filter
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4.2. Estimated Series by Dynamic Homogeneity Constraint

The results of the sensitivity analysis presente@igure 3 demonstrate

that NAIRU follows a smoother path when dynamic logeneity is
imposed in the baseline model. Accordingly, theropieyment gap series
estimated by the restricted baseline model disptaysarked divergence
from unemployment gap series derived under otheciBpations, especially
prior to 2001 and after 2008. In other words, unieympent gap estimated
under the dynamic homogeneity restriction in theeliae model points to
higher inflation, while unemployment gap seriesineated by other
specifications implies lower inflation during thesgisodes (Figure 3).
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Dynamic homogeneity constraint does not notablgafpotential output
and output gap estimations in the baseline modelév¥er, imposing the
dynamic homogeneity condition causes potential wugind output gap

ore sharply to the crisis incislémtthe alternative model

series to react m
specification. As for the inflation, the constrafot dynamic homogeneity
leads to virtually no change under both speciforai

Figure 3. Sensitivity Analysis
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5. Time-Varying Parameters

This section presents the analysis of time-varypagameters measured
by EKF under all specifications, including the dgna homogeneity
constraint. Accordingly, the results reveal thahoag all the specification
estimates, the pass-through from lagged inflation ctrrent inflation
estimated under the baseline model is the lowes¢reas the one estimated
by the alternative model specification with the aymnc homogeneity
constraint is the highest. The results show thettefficient of7z_, declines

over time and reaches a lower plateau in all spatibns, except for the
baseline model yielding a stable coefficient thtomg the period of

analysis (Figure 4).

The impact of7z_, on current inflation is initially the strongest the

baseline model specification under the dynamic tgeneity constraint,
while the weakest impact is produced under therrateve model
specification. When dynamic homogeneity constrastimposed, the
coefficient of 77_, declines in both the baseline model and the altem

model. The coefficient ofz_, is stable in the alternative model, whereas it
increases over time in the baseline model (Figiwre 4

Figure 4. Inflation Persistence
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The analysis shows that demand-pull inflation isakveyet stable. This
can be proven by the steady course of the coait€i®or unemployment
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gap and the output gap over the period of analy$ise dynamic
homogeneity restriction causes both coefficientintwease, implying that
demand-side factors are more effective in inflattymamics if dynamic
homogeneity is imposed (Figure 5).

Figure 5. Degree of Demand-Pull Inflation
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Finally, the estimation results indicate that qmssh inflation as
measured by the degree of pass-through from exehsaig to inflation
declines considerably over the period of analySigithermore, the pass-
through coefficient produced by the alternative glad slightly higher than
that of the baseline model (Figure 6).

Figure 6. Degree of Cost-Push Inflation
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6. Conclusion

NAIRU is a vital concept in explaining the exteot which aggregate
demand may expand without accelerating inflationdBfinition, NAIRU is
the unemployment rate that corresponds to a statbd¢ion. Yet, attempting
to model NAIRU in a period where inflation has been stable is obviously
a challenge. This challenge is even more magnifi@d the Turkish
economy, which is characterized by rapidly changimgcroeconomic
dynamics. Apparently, conventional methods forneating NAIRU may
fail to capture these dynamics and produce too #mtoends.

This study takes the above discussion as its stgpibint and attempts to
estimate NAIRU for the Turkish economy. The systhequations, which
constructs the empirical framework, is in the $pofi Fabiani and Mestre
(2004). Accordingly, the system is composed of d@lips curve, which
determines the relation between unobserved cydhacabrs and inflation; an
Okun-type relationship that links output gap tomp®yment gap; and a set
of equations defining the law of motion for potahtutput and NAIRU.

In view of the highly volatile nature of the Turki®conomy, this study
improves over the methodology in Fabiani and Me&@94) by introducing
time-varying parameters into the model. Since tiar/ing parameters and
state variables are estimated simultaneously, thedeim presents
nonlinearity, which can be handled via EKF — the o$ standard Kalman
filter equations to the first-order Taylor approstion of the nonlinear
model about the last estimate.

EKF is a useful algorithm that can successfully tamnthe issue of
nonlinearity introduced by the requirement to si@uogously estimate time-
varying parameters and to solve the state probMoreover, the use of
EKF avoids the problem of finding a “too smoothénd without having to
resort to the strong restrictions that are imposedthe parameters in
previous studies.

The results reveal that the estimated parameterdaanly reasonable.
NAIRU moves in tandem with the actual unemploymédnti, it follows a
more volatile path than the latter. Consequently,gstimated NAIRU series
is more responsive to the crisis episodes thanatiteal unemployment,
which is characterized by a relatively more peesishature.

The same observation is true for the potential @itwhich seems to be
more volatile than the actual output. Hence, unékéier work on NAIRU,
this study succeeds in deriving a NAIRU and a pméoutput series that
do not appear to have an overly smooth trend. Alingly, the two major
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crises in 2001 and 2008 are successfully captuyetid estimated NAIRU
series.

The time-varying parameters indicate a stable, vbeak demand-pull
inflation as evident by the considerably low anelagty parameter for the
unemployment gap. This result is in line with thewgous studies in the
literature citing the poor link between unemployinand inflation in the
Turkish economy. This can be attributed to the faat unemployment and
inflation have very different dynamics and deteranits'® In fact, an earlier
work by Karahan et al. (2012) shows that inflattord unemployment trade-
off only exists in the short run. Another work byugtepeli (2005)
investigates the existence of a Phillips curve urk€y and the results
indicate the absence of a meaningful relationst@pvben inflation and
unemployment for the Turkish economy. Finally, Uymad Erdgan (2003)
report evidence for a statistically significantt geiite a weak link between
unemployment and inflation in Turkey.

The same conclusion holds true when output gagsesl un the Phillips
curve equation. This result is in line with thegprfindings by Ozbek and
Ozlale (2005), which contradict with the more gehesew that demand-
side dynamics are the main determinants of inflatioTurkey.

Meanwhile, estimation results suggest a weakefingsignificant pass-
through from nominal exchange rate to inflationisTiesult confirms earlier
observations, which indicate that pass-throughxchange rate to inflation
has gradually declined in the post-2001 period @&and @iing, 2005,
2008; Kara et al., 2007; Karasoy et al., 2005).

The estimation findings also point to the presentea considerable
inertia in inflation. This can be proven by theesias well as the relative
stability of coefficients for past inflation. Thesesults confirm previous
findings by Ozgicek (2011) and Tunay (2009) hintatgsignificant inflation
persistence even after the disinflation period unkey.

18 Economic theory and previous empirical studiesehaentified the determinants of unemployment, Wwhic
include unemployment benefits, taxes, trade uniemgdining power and the structure of collective
bargaining, employment protection legislation, ammpetitive product market regulation, active kabo
market policies, minimum wages and housing poli¢@assanini and Duval, 2006). Bildirici et al. (201
report that rapid population growth, internal andeenal migration, technological advances, intdmeal
differences in development, productivity and wagscational policy, political and economic inski&pi
lack of sufficient investment, labor quality, loagacity utilization ratios, the inadequacy of tma@) credit
and organization facilities for entrepreneurs & main determinants of unemployment in Turkey.t@mn
other hand, major determinants of inflation in Teylkare viewed to be credit growth and exchange @te¢he
former plays an important role on the demand chamvigle the latter is the main determinant of duest
channel (Kara, 2013).
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It should be noted that the estimations are basedggregate data on
unemployment, output and inflation. Obviously, th&tructure of
unemployment may vary by sectors. Similarly, aggtegdemand and
inflation may have different dynamics by subcateggr This may affect
Phillips curve assumptions. More specifically, tegree of persistence and
pass-through as well as the sensitivity of inflatto unemployment gap and
output gap in the Phillips curve equation may ditffepending on whether
aggregate data is used for inflation, output aneénysloyment. This
obviously influences the derivation of the NAIRUiss!®

In conclusion, this paper serves useful for fut@search on the Turkish
economy and it provides guidance for further wonkNAIRU. In addition,
this study contributes to the existing literatugejdintly estimating NAIRU
and its time-varying relationship with inflation & Phillips curve setting.
The estimation of NAIRU in this multivariate framem also produces
other significant variables like unemployment gpptential output, output
gap and inflation. Moreover, the results shed lightthe course of time-
varying parameters that indicate inflation persisteand the contribution of
demand and supply-side factors to inflation. Furti@e, the findings lay
the basis for prospective work that may adopt EB& most importantly,
this study confirms the view that the conduct ofnetary policy should be
based on a flexible and comprehensive framework.
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Appendix

Nonlinear State Space Modelsand the EKF
A nonlinear state space model can be represented as

a= R(X)+ H(x&, (A1)

Yk =gk(Xk)+/7k (A2)

The f, and g, are vector-valued functions, whig andn, represent
white noise processes with the covariance matr@gesndR,,, respectively.
The starting values for the EKF algorithm are:

R = cov(xo) (A3)

X9 = E(%) (A4)

As mentioned in Chui and Chen (1991), the updaéiqgations can be
written as:

F?(‘k—l {ka_l ()&—1)} k—l{ ){:1(3&—1):] + Ho (%) Qi H %) (a9)

)A(k‘ = fa(Xec) (AB)

-1

6 | a '

Re=|1-K l: = (kaljljl Kk-1 (A8)

§<k‘k - qu-1+ Ky [ Y~ gk(A)ﬁ*H)} (A9)

where equations A5-A9 denote the optimal Kalmanngdhe updated
estimate covariance, the updated state estima&e,pthdicted estimate
covariance and the predicted state, respectively.

In order to apply EKF, the matrices in the stat&csprepresentation above
should be written in terms of functions, which degeon the unknown
parameter vectof,. In other words, let the matrices be represented b
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D, (04), G (6,) andH, (6,). Furthermore, le, be a random walk process.
In this case, the above equations can be rewiaten

Xy =P (6%, + G w, (A10)
v, =H, (B)x, +V, (Al1)
and the parameter vector is:
G =6, +¢, (A12)
The state space representation using functionad fer
{Xkﬂ} _ {cbk CuR {Gk (Hk)""k} (A13)
61 6k ¢y
Y =[H (@)X, 0] Xk_+v (A14)
k kWY Mk 6 k

where equations A13 and Al4 denote the state ge@cesentation for the
state vector and the observation vector, respégtiVde above model is
nonlinear where EKF can be readily appli€d. shows the white noise
process for which the covariance matrix is assutoelde cov({;) = S =

S > 0. In the particular case whefe= 0, the parameter vector is assumed
to be time-invariant and EKF cannot be operatifeEKF algorithm is
applied to equations A13 and Al4, depending orsthding values, which
are as follows:

% :{E(XO)} (A15)
8| |E@)
andp0 :{COV(XO) 0 } (A16)
0 S)

We obtain the following equations:

)’Z o A
Kk-1 _ CIDI(“(_l((9k_1)Xk_1 A7)

~

ek\k—l 8.
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0 | 0 I

| Ga@)6.Gi6.) 0
0 S

9 . d . ]
quk—l :{q)k-l(@-l) a_g(cbk—l(gk—l))xle 1} Fﬁ_l{q; e () a_g(q) LG DX ﬂ
(A18)

-1

K= Pk\k-l[ H(Ge) O] P@H{[ H(6ed) 0| R | H@d 0} + Rk} (A19)

P :[| Ky HiG) Oﬂ Pkt (A20)
X Rkt A
[;(k] = | +K {yk - [ H.(6,.1) )Aﬁ(‘ k_lﬂ (A21)
k k|k-1
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