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CENTRE FOR PLANNING AND ECONOMIC RESEARCH

The Centre for Planning and Economic Research (KEPE) was established as a
research unit, under the title “Centre of Economic Research”, in 1959. Its primary
aims were the scientific study of the problems of the Greek economy, the
encouragement of economic research and the cooperation with other scientific
institutions.

In 1964, the Centre acquired its present name and organizational structure,
with the following additional objectives: first, the preparation of short, medium and
long-term development plans, including plans for local and regional development as
well as public investment plans, in accordance with guidelines laid down by the
Government; second, the analysis of current developments in the Greek economy
along with appropriate short and medium-term forecasts, the formulation of proposals
for stabilization and development policies; and third, the additional education of
young economists, particularly in the fields of planning and economic development.

Today, KEPE focuses on applied research projects concerning the Greek
economy and provides technical advice on economic and social policy issues to the
minister of the Economy and Finance, the Centre’ s supervisor.

In the context of these activities, KEPE produces five series of publications,
notably:

Studies. They are research monographs.

Reports. They are synthetic works with sectoral, regional and national dimensions.
Statistical Series. They refer to the elaboration and processing of specified raw
statistical data series.

Discussion Papers series. They relate to ongoing research projects.

Research Collaborations. They are research projects prepared in cooperation with
other research institutes.

The number of the Centre’s publications exceed 650.

The Centre is in a continuous contact with foreign scientific institutions of a
similar nature by exchanging publications, views and information on current
economic topics and methods of economic research, thus furthering the advancement
of economics in the country.



Owovopkog Asiktng Luykvpiog yio tnv

Owovopkn Apaostnprotnte otnv EALGoa

Awatepivn Toodpa

I[NEPIAHYH

H korooxeon kou avaloon cOvOETwV 01KOVOULKOV OEIKTWV GOYKUPIOS YIo. TV
EYKOIPT OVOYVOPIoH THS TPEXOVGOS OIKOVOUIKNG GUYKVPLOS OTOTEAEL TAEOV TapddoTn
otic HIIA kou dAles avertoyuéves otkovouies. Me atdyo v amoktnon evog allomioTon
Kol Eykoupo. o100¢aion avvolikod ueyéfovg ae unvioio coyvotnta. yio. my ocioloynon
NS TPEYODOOS OIKOVOUIKNG OpOaTHPIOTNTOS, OTHYV TOPODCO. EPYATLO. EICAYETOL EVOG
oOVBeTO¢ 01KOVOUIKOS OETKTNG avyKkvpiag yia Ty EAAnvikn otkovouia. O mpoteivousvog
OEIKTNG KOTOOKEDOLETOL OTNY PAon TV 00O TPOTOLOPIOTIKMOV YOPOKTHPIOTIKDV TWV
OLKOVOULKWV O10KVUOVTEWV: TOD OTI 01 UEUOVWUEVES OIKOVOLUKES UETOPINTES DelyvovY
va. ooufadilovy kai 0TI TOPATHPEITOL OTOUUETPY] COUTEPLPOPA UETOLD OIKOVOUIKDV
vpéoewv ka1 emektaoewy. O advOetog otkovouikog Jeiktns ovykovpiog yio. v EAlnvikn
OIKOVOULO. KOTOOKEDOLETOL UHECW THG EPOPUOYNS THG ovvletikng ueBodoloyiogs tov
DIOOETYUATOS OVVOUIKOD TOPAYovTa Kol evailayns kabeotwtog. H ovykekpiuévn
uebodoloyio emiAéyetan d10T1 KOO1GTA OVVOTH THY ATOKTHON UEGO. OTTO TO DITOOELYUA O)1
HOVO TOD dOVOETOV JEIKTH TVYKVPIAS WG UELOVWUEVNS UETOPANTHS TOD avVTaVaKAd TV
‘Kataotoon ¢ owkovouiag’, alra kol Ty mbavotntwv deeons kot exéktacns. To
EMIAEYUEVO  DOOEIYUO.  EKTIUATAL  YPHOYUOTOLOVIOS — UEUOVUEVES — OIKOVOUIKES
HETAPINTES 0E umviaio. cLYVOTHTO. Kol 1] TEPIOOOS KAAVWNS €ival amd tov lovovapio
1970 éwg tov Aexéufpio 2007. Ta sureipika. omoteléouata atnpilovy v epopuoyn
700 GVVOETIKOD VIOJETYUOTOS EMIPELALDOVOVTOS THYV OOTVUUETPIO, UETOCD DPETEDV KOl
ETEKTAOEWV KOL TOPEYODY YPNOYUN TANPOPOPNTN VIO, TIGC KOKAIKES OIOKDUAVOELS GTHV
Elinvikn oikovouuxn opootnpiotnta. O advOetog 01kovouikog OgiKTnG oUYKVpIag Kol o1
mBovotnteg dpeons mov eayoviar amo TNV EKTIUNGY TOV GLVOETIKOD VTOOEIYUATOS
QPOIVETAL VO OTEIKOVICODY IKOVOTOINTIKG TODS OIKOVOUIKOUS KOKAOUS yia. v EAAdda

KaTa TV IO EETOGN YPOVIKY TEPIOVO.



ABSTRACT

In the USA and other advanced economies, it has long been a tradition to
develop and analyze composite coincident economic indicators to provide a broad
representation of the underlying economic conditions. In order to develop a similar
indicator of the direction of economic activity in Greece on a monthly basis, in this
paper we introduce a composite coincident indicator of Greek economic activity. The
proposed indicator is developed on the basis of the two determining features of
economic fluctuations: co-movement among individual economic variables and
asymmetric behavior in recessions and expansions. The indicator is constructed by
applying a dynamic factor model with regime switching. The selected methodology
allows us to obtain both the composite coincident indicator as a single unobserved
variable, and the implied probabilities for the regimes of expansion and recession. We
use monthly data covering the January 1970-December 2007 period. The evidence
supports the application of the Markov switching framework. The empirical results
indicate that the applied model with regime switching leads to a satisfactory
representation of the sample data. The estimated coincident indicator appears to be
adequate for an evaluation of Greek economic activity, since stylized facts of the

Greek business cycle are well captured by the model.



1. Introduction

Business and economic policy decisions require a timely understanding of the
current status of aggregate economic activity. However, in most cases no broad
measure indicating the direction of economic activity is available on a monthly basis.
To respond to this need, it has long become a tradition in the USA and other advanced
economies to develop and analyze composite coincident economic indicators. Such
research was initiated by Burns and Mitchell (1947) for the USA. It relies on the
concept that the combination of the information incorporated in individual economic
series into a composite indicator can provide a broad representation of the underlying
economic conditions.

In Greece, where there is also no available measure of aggregate economic
activity on a monthly basis, the existence of a timely available and reliable composite
coincident economic indicator is essential for economic policy and business decision
making. Hence, in this paper we propose a composite coincident indicator of
economic activity in Greece on the basis of the two determining features of economic
fluctuations: co-movement among individual economic variables and asymmetric
behavior in recessions and expansions. We apply the dynamic factor model
methodology with regime switching according to Diebold and Rudebusch (1996),
Chauvet (1998) and Kim and Nelson (1999). Within this framework, we obtain both
the composite coincident indicator as a single unobserved variable, “the state of the
economy”, and the implied probabilities of expansion and recession. To our
knowledge, this is the first attempt to construct a composite coincident indicator of

Greek economic activity using the selected methodology. We think such an extension



of the existing empirical literature, which is indeed very limited, is important for two
basic reasons: first, the combination of the individual variables and the derivation of
the indicator rely on a formal econometric approach and, second, the methodology
applied provides us with signals of changes in aggregate economic activity. The
results support the application of the specific methodology and stylized facts of the
Greek business cycle are well captured by the model.

The rest of the paper is organized as follows. Section 2 provides a review of
the relevant literature. Section 3 outlines the underlying empirical methodology and
presents the applied model specification. Section 4 discusses the data and Section 5

presents the empirical results. The last section concludes.

2. A Review of the Literature

Since the introduction of cyclical indicators for monitoring economic
conditions in the USA by Burns and Mitchell in the 1920s and 1930s, coincident
indicators' have been widely used to indicate the direction of economic activity
worldwide. The pioneering work of Burns and Mitchell (1947) has led, on the one
hand, to serious criticism such as the Koopmans’s (1947) “measurement without
theory” critique; on the other hand, it has spurred the production of a wide literature
dealing with the development of sophisticated methods for the combination of
individual series into composite indices and the construction of coincident indicators

of economic activity.

! According to whether the fluctuations in the monitored series persistently led, coincided or lagged
turning points in US BC, Burns and Mitchell classified economic variables as leading, coincident and
lagging, respectively.



Composite indicators for the US economy were first published in November
1968.% The construction of the composite coincident index of economic activity was
based on a weighting scheme developed and applied by Moore and Shiskin (1967)°.
To date, the official coincident index for US economic activity released by the
Conference Board is calculated as a weighted average of four well-established, broad-
based, timely series, namely, industrial production, personal income less transfer
payments, employees on non-agricultural payrolls and manufacturing and trade sales.
The underlying weighting procedure has been extensively used until the late 1980s. It
still forms the basis for numerous applications for the construction of coincident
indices of economic activity,4 such as the work of Layton and Moore (1989) for the
US service sector, Phillips, Vargas, and Zarnowitz (1996) for the Mexican economy,
Altissimo, Marchetti, and Oneto (2000) for the Italian economy and Lamy and
Sabourin (2001) for Canada. Despite the popularity of the weighting approach and the
satisfactory results it has provided, there was still the argument that the associated
weights were chosen subjectively and the analysis did not rely on any formal

econometric framework.

* They were published by the Bureau of the Census. of the US Department of Commerce in the
Business Conditions Digest. In 1968, the original monthly report Business Cycle Developments was
renamed Business Conditions Digest. The publication of the first was initiated in 1961 by the US
Government in cooperation with the NBER (see Business Cycle Indicators Handbook, Conference
Board, 2000). In 1972, the indicators were shifted to the Bureau of Economic Analysis and in
December 1995 the release of the indicators was taken over by the Conference Board.

3 According to that scheme, variables were scored based on specific criteria. These criteria were
economic significance, statistical adequacy, cyclical timing and business cycle conformity. Composite
indicators for the US economy were first published in November 1968 by the Bureau of the Census of
the US Department of Commerce in the Business Conditions Digest. In December 1995 the release of
the indicators was taken over by the Conference Board.

* For a comprehensive survey on non-model based and model based approaches for the construction of
composite coincident indicators, see the reference to the choice and construction of the target variable
that the leading indicators are supposed to lead in Marcellino (2005). The author concludes that the
estimation of the current economic condition is rather robust to the choice of methodology. In a paper
reviewing the main statistical techniques for constructing coincident indicators, Carriero and
Marcellino (2007) come to similar conclusions on the comparability of the derived coincident
indicators.
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To face such criticism, Stock and Watson (1988a, 1989) developed an
econometric approach to derive, among other indices, a new composite coincident
indicator for US economic activity. As a result, the work of Stock and Watson
(hereafter S&W) significantly enriched the analysis of cyclical composite indicators
of economic activity. Within the framework of an explicit probability model, the
dynamic factor model, the composite coincident indicator is derived as a single
unobserved variable, “the state of the economy”. The constructed index, which is
quantitatively similar to the DOC index, is based on four series: industrial production,
real personal income less transfer payments, real manufacturing and trade sales, and
employee-hours in non-agricultural establishments. The S&W dynamic factor model
became very popular and caused a surge in related work, mostly in/for the USA and
several advanced economies.” The S&W approach has been also applied by
researchers to construct coincident indices on the regional or state level, but also for
specific sector economic activity. Various modifications and extensions to the basic
S&W model have been also developed.®

An important extension to the basic S&W model is introduced in Mariano and
Murasawa (2003), who develop a factor model of time series with mixed frequencies.
In an attempt to improve the basic factor model, they include quarterly real GDP in
order to take into account the important information contained therein. On the basis of

this earlier work, Mariano and Murasawa (2004) derive a two-factor model for the

> Similar applications can be found in Kim and Nelson (1999) for the US, Gaudreault, Lamy and Liu
(2003) for the Canadian economy, Fukuda and Onodera (2001) for Japan, Chen (2007), in research on
the synchronization of the Eurozone Business Cycles, for the Eurozone aggregate, individual Eurozone
countries (such as Germany, France, Austria, Belgium, Italy, the Netherlands, Spain, Finland, Portugal)
and to the USA, UK and Canada, and Hall and Zonzilos (2003) for the Greek economy.

® Clayton-Matthews and Stock (1998) use the S&W methodology to estimate a coincident index for the
Massachusetts economy, Megna and Xu (2003) for the New York State economy, Phillips (2004) for
Texas economic activity, Crone and Clayton-Matthews (2004) for all 50 states and Cafias, Gilmer, and
Phillips (2003) for Houston. Lahiri, Yao, and Young (2003) and Lahiri and Yao (2004) apply the S&W
dynamic factor model to the transportation sector of the US economy using sectoral data. Using a
modification to the basic S&W dynamic factor model, Nieto and Melo (2001) construct a coincident
indicator for the Colombian economy.
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observable mixed-frequency series. Crone and Clayton-Matthews (2004) also
consider an extension with mixed frequency series in the construction of coincident
indices for the 50 states. In an application of dynamic factor analysis to construct
coincident indices for the USA and the Euro area, Proietti and Moauro (2006) take
into account the non-linear temporal aggregation constraint when using mixed-
frequency data. Kholodilin (2002) extends the basic S&W one-factor model to a two-
factor model of the common coincident and leading economic indicators, where the
two factors are estimated simultaneously.

Limitations faced regarding large data sets due to computational problems and
the need to identify and select the coincident variables to be included in the model
prior to estimation (basically by heuristic criteria) are the most cited drawbacks of the
basic S&W methodology. To cope with these problems, Forni, Hallin, Lippi, and
Reichlin (FHLR 2000a), FHLR (2000b, 2001) and S&W (2002a, 2002b) developed
alternative procedures for the analysis of dynamic factor models. FHLR (2000a)
introduced the generalized dynamic factor model which relates/reconciles dynamic
factor analysis with dynamic principal component analysis. The model underlying the
method for the construction of the EuroCOIN coincident indicator compiled for the
Euro area belongs also to the class of FHLR models.” In a recent work on the Belgian
economy using a large data set, Van Nieuwenhuyze (2006) also applies the specific
version of the FHLR generalized dynamic factor model and derives (among others) a

common component driven by the Belgian business cycle.

” The project for the construction of a coincident indicator for the Euro area, as described in Altissimo
et al. (2001), has led to regular monthly release of the EuroCOIN coincident indicator since January
2002. The innovation introduced in the FHLR (2005) model also initiated refinements in the procedure
applied for the production of the real time EuroCOIN indicator (Altissimo et al. (2006)), so that no
future information be/is required.
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The basic S&W dynamic factor model and all the related extensions and
modifications which were developed thereafter incorporated one key attribute
outlined in Burns and Mitchell’s definition of business cycles: co-movement among
individual economic variables. However, the same did not hold for the second
prominent feature, i.e. the separate treatment of expansions and contractions. This key
element was considered by Hamilton (1989) in a non-linear model for real GNP with
discrete regime switching between periods of expansion and contraction. In an effort
to combine the two main ideas used by scholars of the cycle, Diebold and Rudebusch
(1996) argue that the dynamic factor and regime switching literatures should not be
considered in isolation. They propose an empirical synthesis and describe a
framework for the analysis of business cycle data incorporating both factor structure
and regime switching,” even though they do not fully estimate the synthesized model.
The task of estimating such a model was tackled by Kim and Yoo (1995) and Chauvet
(1998) who used filtering and smoothing methods developed by Kim (1994) for the
maximum likelihood estimation. Kim and Nelson (1998a, 1998b) also apply dynamic

factor models with regime switching relying on different estimation procedures.

Similarly to the basic S&W factor model, the synthesized dynamic factor
model with regime switching caused a surge in similar applications, as well as
extensions and modifications.” Kholodilin (2003) considers a similar model (among
others) for the Japanese business cycle and in extending earlier work he proposes and
estimates (Kholodilin (2001)) a dynamic factor model with regime switching with
mixed frequencies for the US economy and, furthermore, introduces and estimates a

two-factor model which takes into account coincident as well as leading variables

¥ They also offer an extensive survey of related literature and provide some links between
macroeconomic theory and factor structure and regime switching.

? Such applications refer also to the construction and estimation of composite leading indicators. See
for example Bandholz and Funke (2003) for Germany and Bandholz (2005) for Hungary and Poland.
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(Kholodilin (2002)). Similar models are applied to the German and to large European
economies in Kholodilin (2005) and Kholodilin (2006), respectively. In an application
to the UK economy, Mills and Wang (2003) propose and estimate a common factor
regime switching. In his work mentioned above investigating the synchronization of
the Eurozone Business Cycles, Chen (2007) further applies the common factor model
with regime switching. Finally, in applications to the US transportation sector, Lahiri,
Yao, and Young (2003) and Lahiri and Yao (2004) apply dynamic factor models with

regime switching.

3. Data

We use five monthly coincident economic variables to estimate the above described

1.' The selected series, as described in Table 1, are chosen to provide a broad

mode
coverage of the underlying conditions in the Greek economy. The selection of
variables is further dictated by data availability considerations and is also based on
statistical criteria.'' The data sample covers the time period from January 1970 to
December 2007 and includes the following series: (a) industrial production, (b) retail

sales, (c) imports, (d) tourism (arrivals of foreigners) (e) and passenger cars (licenses

issued). We believe the series under consideration to be satisfactorily diversified in

' Nominal variables are deflated and, wherever necessary, series are seasonally adjusted using the US
Census Bureau X12 procedure. See also Table 1.

" Although data on employment and/or unemployment and personal income belong to the basic
components used to construct coincident economic indicators for the US and other advanced
economies, we do not include such data due to data availability restrictions. More generally, it is noted
that the selection of the data series to be used for model estimation is highly constrained by the
restricted availability of historical monthly data. An alternative would be the examination of a
considerably shorter time period, possibly enlarging the set of available monthly series. However, it is
believed that the validity and robustness of the indicator should be in a fist stage established by
showing its consistence with historical stylized facts of the Greek business cycle.
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their coverage of the Greek economic sectors so that the index to be constructed can
be expected to capture the cyclical movements in aggregate economic activity. '

To evaluate the usefulness of the proposed variables as potential coincident
series, we check for their contemporaneous correlation with GDP."* For all series but
imports the correlations at lag zero are significantly high. Furthermore, the tourism
series appears to exhibit a slightly lagging structure. Moreover, we do not find high
correlations between industrial production and the other four series and, as a result we
do not expect the estimated indicator to be dominated by movements in industrial
production. We further conduct ADF unit root tests to check for stationarity and
cointegration tests to check for cointegration. The test results are presented in Table 2.
In all cases we cannot reject the null hypothesis of the existence of a unit root for the
series in levels but the test results suggest rejection of the null when first differences
are considered. Moreover, according to the conducted Johansen cointegration test we
cannot reject the hypothesis of no cointegration. As a result, the model is estimated in

first differences of the logarithms of the selected variables.

4. Empirical methodology and model specification

In this paper we apply the dynamic factor model with regime switching to
develop a coincident index of economic activity for the Greek economy. To the best
of our knowledge, this is the first attempt to construct such a coincident indicator for

Greece on the basis of the specific methodology. The selection of this methodology is

"2 Our data sources are the General Secretariat of National Statistical Service of Greece and Eurostat.

" Note, that we use real GDP quarterly data which are converted into monthly data (via a low-to-high
frequency conversion procedure applied in EViews) as a benchmark series for the GDP series. It
should be further noted that, against the background of the significant 2007 upward revision of GDP
the General Secretariat of National Statistical Service of Greece provides adjusted GDP data only back
to 2000. In order to construct a continuous GDP time series, we adjust the data backwards on the basis
of the g-o0-q percentage changes of the non-revised earlier quarterly data provided by Eurostat back to
1970.
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based on considerations relating to the ability of the model to encompass the two
defining features of business cycles and to provide us with implied probabilities of
recessions and expansions which can be used to date turning points.

In the following model which synthesizes the S&W (1989) dynamic factor
model with Hamilton’s (1989) regime-switching model, the coincident indicator is
extracted as the common component out of a group of exogenous economic variables
signaling the current state of the economy. At the same time, the cyclical movement
of the indicator is translated into probabilities of being in a recession or expansion.
Defining Ay, =AY, —AY, and Ac, =AC, &, the applied model is expressed in

.. 14
deviations from means as follows:

Ay, =y,(L)Ac, +e,, i=123,4)5 (1)
P(L)Ac, = pu, +v,, v, ~1.i.d.N(0,]), (2)
w,(Lye, =¢,, g, ~iid.N(0,07), (3)
w, = py(1=S,)+ 5, S, ={0.1}, @)
Pr[S, =1|S,, =1]=p, Pr[S,=0|S,_,=0]=¢, (5)

where in equation (1), Ay, represent the differences of the logs of the economic
variables, Ac, is the growth rate of the common factor, hence of the composite
coincident index, y, are the individual weights measuring the variables’ sensitivity to
the business cycle. Equation (2) expresses the dependence of Ac, on whether the

economy is in recession or expansion.'” Hence it incorporates the asymmetry
characteristic of business cycles since, according to equations (4) and (5), the

common component is assumed to be generated by a two-state Markov switching

' Otherwise the means of the processes are overdetermined and the model is not identified.

> As in Kim and Yoo (1995), Chauvet (1995) and the application in Chapter 5 of Kim and Nelson
(1999), we allow here for the intercept term of the common component to be regime dependent. In the
model of Diebold and Rudebusch (1996) it is the mean of the common component which is allowed to
be regime dependent.
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process. The unobservable state variable S, switches between the recessionary 0 and
the expansionary 1 regimes, where the respective transition probabilities ¢ and p are
given by equation (5). The processes of the idiosyncratic components e, are
described by equation (3) and the innovations v, and ¢, are assumed to be

independent for all 7 and i .

For estimation purposes, the model is cast into state space form. Parameter
estimates as well as the unobserved common factor and the inferred probabilities are
obtained by maximum likelihood estimation. However, due to the non-linearity of the
model, the usual Kalman filter is not applicable.'® The applied estimation procedure
therefore consists of a combination of Hamilton’s algorithm and a non-linear version
of the Kalman filter, as introduced by Kim (1994)."7

We select AR(2) processes for the common factor and the idiosyncratic terms.
Other higher parameterized specifications were also used, but they did not provide
any additional statistically significant coefficients or a significantly different estimate

of the common factor. Furthermore, a second lag of Ac, is allowed to enter the

1-18

tourism equation of the mode For purposes of identification, all series are

demeaned by subtracting the mean difference and the variance of v, is set equal to

unity. The selected model specification can be described by the following

. . 1
measurement and transition equations: '’

' For an intuitive explanation for that see Kim and Nelson (1999).

7 The basic filtering and also smoothing procedures involve some approximations. Kim and Nelson
(1999) argue that in cases where exact maximum likelihood estimation is not feasible, the
approximation-based algorithms can be employed, since the approximations appear to be quite accurate
with only marginal efficiency cost. They also introduce the Gibbs sampling approach to enable
approximation-free inference in non-linear models.

' See also Section 3.

' The GAUSS programs written to estimate the models draw on routines that are referred to and
presented on the website of Kim and Nelson (1999).
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5. Empirical results

The estimated dynamic factor model with regime switching appears to
successfully provide information about cyclical movements in Greek economic
activity. Furthermore, the model seems to fit the data quite well, since almost all
parameters have the expected signs and are statistically significant. Moreover, the
empirical evidence provides support for the two-state specification, and hence, for the
asymmetry between recessions and expansions.

More specifically, the two autoregressive coefficients of the common
component are negative and statistically significant. As regards the idiosyncratic
components, the factor loadings picturing the sensitivity of the variables to the
business cycle are in all cases positive and in all but one cases statistically significant.
More specifically, industrial production has the highest weighting on the common
factor with a coefficient of 0.30 and, hence, seems to respond the most to business
cycle changes in economic conditions. Imports, tourism and cars are less sensitive but
still responsive with coefficients around 0.1. In contrast, retail sales appear to respond
the less to business cycle fluctuations with a low and not statistically significant factor
loading of 0.05. Hence, among the components included, retail sales is the least

cyclical one. The negative coefficients of v, for all series except industrial production

imply that the idiosyncratic components exhibit negative serial correlation, while the
respective first coefficient for the industrial production series indicates positive
idiosyncratic autocorrelation.

The empirical evidence further supports the usefulness of the Markov

switching feature of the model. The adequacy of the selected model is confirmed by
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the signs of the estimated Markov-switching parameters g, and g . In recessions, g,

equaling -9.3157 is significantly below zero, while during cyclical upswings g,

which equals 0.0935 is positive. In line with similar findings in the literature, the

probability of staying in expansion ( p =0.983) is higher than that of staying in a
recession (g =0.337). This agrees with the suggestion that the average duration of

expansions is larger than the duration of recessions. The implied expected durations

of expansion calculated as [1/(1—-p)] and recession given by [1/(1—g)] are

approximately 59 and 2 months, respectively.

The combination of the dynamic factor model with the regime switching
methodology makes it possible to extract the common factor as well as the probability
that the economy is in a recession. The estimated monthly coincident index of
economic activity in Greece is plotted in levels in Figure 1. Unfortunately, there is no
officially released business cycle chronology for Greek economic activity to compare
our results to. Still, as illustrated, the constructed composite coincident index of Greek
economic activity seems to perform reasonably well in picturing the business cycle
for the time period under consideration. Figure 2 pictures the implied filtered and
smoothed recession probabilities. As can be seen and expected, Greek business cycles
have not been regular and there are no two cycles which seem to be identical. The
indicated differences mainly suggest that the 1970s and 1980s were characterized by
considerable up- and downswings. The same does not hold for the period after the
early 1990s, which appears to be significantly more stable. The constructed coincident
indicator accurately reproduces the basic downward movements of the Greek business
cycle: the mid-1970s recession, which coincides with the first oil price shock and was
also related to domestic political developments; a short-lived early 1980s downswing

following the second oil price shock, where in this case the implied probability of
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recession does not exceed 0.5; the 1987 recession and, finally, the early 1990s
recession also related to the spike in the price of oil.*

In order to check whether the model is correctly specified, we perform some
misspecification tests on the one-step-ahead forecast errors. To confirm the validity of
the model, the latter should be serially uncorrelated, hence not predictable, and
normally distributed. As the Q-Ljung-Box statistics indicate, there are no signs of
remaining autocorrelation. However, there are some departures from the normality
hypothesis. Moreover, we check the correlation between the growth of the constructed
coincident index and the growth of the included variables and also GDP growth and
find positive contemporaneous correlation coefficients in all cases. The highest
correlation coefficients are found for industrial production and the lowest for retail

sales.

6. Conclusions

In this paper we have constructed a coincident indicator of Greek economic
activity for the January 1970 to December 2007 period. Using five coincident
component series and estimating a dynamic factor model with regime switching, we
have obtained a common factor representing the state of the economy and the related
recession probabilities. The specific methodology was selected to place emphasis on
the construction of the coincident indicator on the basis of a formal econometric
approach and to incorporate the two key elements of business cycles.

The provided empirical evidence supports the application of the specific

methodology. Co-movement among the individual components and the regime

2% If one would adopt the popular informal rule that a recession is characterized by two consecutive
quarters of decline in GDP, then the recession dates indicated by the model would be all confirmed.
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switching property are confirmed to be reasonable characteristics of fluctuations in
Greek economic activity. Moreover, stylized facts of the Greek business cycle, such
as the higher volatility of the 1970s and 1980s compared to the more stable 1990s, as
well as the deepest downswings characterizing Greek economic activity during the
period under investigation, are captured by the model. Hence, the proposed coincident
indicator can be used for a timely evaluation of current Greek economic conditions.
An interesting exercise for further research would consist in the compilation of a
composite coincident indicator of Greek economic activity for the time period after
the 1990s. Such a project would make it possible to take into account the important
role of credit expansion and, depending on data availability restrictions, to include

variables representing the employment and service sectors of the Greek economy.
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Table 1 Variables description

Name-Mnemonic Description Transformation

1P Industrial production index, Seasonally adjusted
monthly

RS Turnover index in retail trade, Deflated, seasonally adjusted
monthly

IMP Value of imports (arrivals), Indexed, deflated, seasonally
monthly adjusted

TRSM Total arrivals of foreigners at Indexed, seasonally adjusted
the Greek borders, monthly

CARS Number of issued passenger Indexed, seasonally adjusted
cars (private use) licenses

GDP Constant prices, quarterly Indexed, seasonally adjusted,

converted to monthly

Source: General Secretariat of National Statistical Service of Greece, Eurostat.

Table 2 ADF unit root tests and Johansen test for cointegration
Variables
1P RS IMP TRSM CARS
ADF unit root tests
Levels -2.754 -0.160 0.487 0.217 -0.922
(0.066) (0.941) (0.986) (0.974) (0.781)
First differences -16.461 -23.917 -16.631 -12.306 -15.322
(0.000) (0.000) (0.000) (0.000) (0.000)
Johansen cointegration test

Trace test 67.335

(0.078)

Max-eigenvalue 25.309

test (0.364)

Notes: Augmented Dickey-Fuller test statistics are provided with the corresponding p-values in
parentheses. The test critical values at the 5% and 10% levels are -2.868 and -2.570,
respectively. The unrestricted cointegration rank test statistics are provided with the
corresponding p-values in parentheses. The 0.05 critical values for the trace and max-
eigenvalue tests are 69.819 and 33.877, respectively.
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Table 3 Parameter estimates of the dynamic factor model with regime

switching
Common factor
) 9, Ho H p q
-0.862 -0.3949 -9.3157 0.0935 0.983 0.337
(0.086) (0.0691) (1.1188) (0.1887) (0.0038) (0.2634)
Idiosyncratic component
(AIR) Vi Vi Vi 0'12
0.3025 - 0.1984 -0.4388 0.5202
(0.0435) (0.1256) (0.069) (0.0541)
(ARSt) 72 Y Y 0'22
0.0469 - -0.6532 -0.2728 0.8279
(0.0342) (0.0463) (0.0455) (0.0275)
(AIMP,) 2 Vs Vs o
0.1133 - -0.4483 -0.1839 0.8876
(0.0343) (0.0464) (0.0463) (0.0297)
(ATRSM ) 7 a0 Ya Y Vi O'j
0.0822 0.1638 -0.5276 -0.174 0.8634
(0.0387) (0.0369) (0.0489) (0.0483) (0.0303)
(ACARS,) Vs Vs Vs, 0'52
0.1181 - -0.4288 -0.2455 0.8862
(0.0351) (0.046) (0.0461) (0.0297)

Log likelihood: -807.181

Note: Standard errors are given in parentheses.
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Figure 1 The coincident indicator of Greek economic activity
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Figure 2 The coincident indicator, filtered and smoothed recession probabilities
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