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SOMMARIO

The aim of this paper is to study the growth rate volatility of GDP per capita (GRV) and its determinants for
a sample of European regions in the period 1992-2008, with a specific attention to the asymmetry of business
cycle fluctuations. The paper approaches the subject of growth rate volatility from two different points of
view ascribing to the different methodologies involved into the analysis.

We propose an index of GRV based on Markov matrices which allows us to take directly into account the
intensity and symmetry of the fluctuation.

Then an estimation of the GRV following the methodology proposed by (McConnell and Perez Quiros,
2000) and (Stock and Watson, 2003) allows us to obtain a measure of GRV in a panel setting.

The volatility issue is analysed in an asymmetric sense, elaborating a comprehensive framework for the
assessment of GRV due to positive and negative fluctuations from the trend and its determinants in the light
of spatial influences, and therefore by explicit use of spatial techniques.
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1. Intoduction

Following the recent contributions df (Brunetti et al., 2)land (Fiaschi et all, 2014), this paper examine

the growth rate volatility of GDP per capita (GRV) and its etatinants for a sample of European regions
in the period 1992-2008, with a specific attention to the amginy of business cycle fluctuations. In the
recent years the volatility of countries’ growth rates hasgd the interest of many researchers. There exist a
large consensus in the literature that GRV favours uncgytaind therefore, it impairs growth, investment and
welfare especially in poor countries, see (Ramey and Raf@95), (Fatas, 2002), (Acemoglu et al., 2003),
(Imbs, 2007),/(Abate, 2016).

Given the significant effects that the volatility could harewelfare, the recent literature has started focus-
ing on the determinants of volatility in order to lead morteefive government policy. Moreover, the recent
financial crisis has posed the challenge of understandimgtthnnels through which different economic sectors
can affect the propagation of the shock, trying to identifyav"architecture” can make the economy resilient
to global crisis.

The literature has stressed the role played by variousr&acio regional volatility, including: i) theize
of the economyii) macroeconomic policiesii) government sizand iv) sectoral compositionvith particular
regard to thdinancial sector

In this framework, [(Canning et bl_,_998b, (Easterly an daﬂ'réZO_Qb) (Furceri_and Kar}d&JO?) and
(tEumﬂl_a.nd_Ka.LLéﬁ._ZQbS) find a clear and robust inversgioelship between country size and output volatility,
suggesting that smaller states have higher per capita G&Pdther states but are also more volatile, due to
their greater volatility in terms of trade or in capital flaws

The reduction of output growth volatility has also been éidko the effectiveness afiacroeconomic poli-
cies Focusing on the role of macroeconomic policies and irstital framework, L(AcgmggLu_eLbL_ZdOB) find
that countries with high inflation, large budget deficitsd anisaligned exchange rates are those with higher
macroeconomic volatility. The effects of monetary and figcdicy are analysed b)L(Q_e_cs:hell.l_a.nd_Ehmiann
2002) and|(Posth, 2009).

Concerning the relationship betwegoavernment sizand volatility, (Gali, 1994),/(Fatas and Mihav, 2001)
as well asL(Ma.n_dﬂLND_drﬂ._ZdOO) find a close link between the gf government expenditure and volatility.
In particular, they find a positive effect of the public sedtothe reduction of growth volatility so that, it acts
as automatic stabilizer.

As regard the link between volatility arskctoral composition(Koren and Tenrevro. 2007) and (Fiaschi
and Lavezm@l) identify a clear rank in terms of voitgtil They show that the presence of some sectors
which are more volatile, like agriculture and mining, arsa@sated to higher growth volatility; manufacture to
intermediate volatility and services to low volatility.

Finally, volatility of neighbouring regions is another patial source of volatility as suggested by the ev-
idence reported irL(EZQULLa_and_Eh 015) m 2B not yet investigated. An economy can be
affected by neighbouring economies in different ways: @dhe hand, a positive spatial dependence can arise
from the intensity of inter-regional trade, sb_e_(D_e_I:Ia.adeBa@); on the other, a negative spatial dependence
can be induced by competition in the allocation of productactors in the same vein as thackwash effect
discussed i7).

While much of the existing works rely on cross countries gsial regional analysis has not received much
attention in the literature. In the last years, the EU ha®tgwhe the most significant enlargement in its history.
New countries in the eastern part of the European contimenbecame EU members, and this has inevitably
impacted on the relations and the performances with inbaaftd between-EU countries.

We contribute to the literature in many respects. Firsthwéispect to the existing literature which propose
as measure of volatility the standard deviation of per eaBIDP, we propose two different methods in order to
analyses the asymmetric behaviour of GRV( jae_e_(IMIQLIE;L(:J.Q&%IPI}li'EQllZ) who document recessions as periods
of relatively large and negative fluctuations in output).

The first methodology is based on a synthetic index of GRViiedpby the literature on mobility based

on Markov matriceg] (ggglgglgméﬂ, ;973), the second onevidlthe approach proposed by (McConnell and

Perez—Quiro@O).




The two approaches allows us to capture different aspedteedBRV. The cross-section analysis of GRV
conducted with the measure of GRV based on our index, letne$utly consider positive and negative fluctu-
ations around the trend separately and the variation inuélecy and magnitude of fluctuations. On the other
hand, panel data techniques allow to take into account @medd heterogeneity which is particularly useful in
this context, since region-specific factors are likely tieetfregional GRV.

Our two measures of GRV are then regressed over a set of @bterplanatory variables in order to
identify the main determinates of GRV. The differences affiudings when we consider positive and negative
fluctuations suggest that the asymmetries on GRV are retlarka

Our empirical evidence shows the important role played im ¢bntest by the spatial spillovers introduced
by volatility in neighbouring regions. The observed resutian be summarized as follows: i) the size of the
economy has a stabilizers effects, in particular when Wibjats ascribe to negative shocks; ii) output com-
position matters with remarkable difference between the vadels, iii) monetary policies play a negligible
rule, while iv) labour market flexibility exert a stabilizinmpact. Finally, the financial deepening acts like an
accelerator of recession, given its positive impact dueetgative shocks, which confirms the hypothesis that
regions with a developed financial system pays in terms @ity in the short run.

The analysis is relevant from many viewpoints. Concemtgatin the second moment of the growth rates
for each region, this analysis provides a framework for #®easment of a characteristic which has become all
the more important in the recent years of economic crisés; the stability of growth rates and, therefore, the
sensitivity to changes in economic conditions and, ultetyathe resilience of living standards in the face of
adversity. From a methodological viewpoint, the contiitnutis twofold: firstly, new tools to measure volatility
are proposed and, not least important, the importance tisppillovers is highlighted in all the analysis.

The paper is organized as follows. After this introductiBectior 2 the two methodologies for the compu-
tation of GRV. Sectioh]3 describes the data and the econmnagiproach used in the analysis and the empirical
findings. The final section offers the main conclusions frboie work and future research.

2. The GRV measures

Generally, GRV is measured by the standard deviation of tbhesth rate of per capita GDP (see, e.g. (Ko-
rmendi and Meguire, 1985), (Ramey and Ramey, 1995) land ifMant Rogers, 2000a)). The advantage of
the standard deviation is its easy interpretation, butésents some drawbacks. Firstly, it does not consider
the frequency of fluctuations failing to indicate thge of fluctuations (se I 79) and (Temple and
Malik, )). Secondly, the standard deviation does nstfrdjuish between temporary or persistent fluctua-
tions because it considers only the distance of each gratghfrom the trend. Finally, it deals symmetrically
with negative and positive fluctuations around the trend, esg. MI@S). In this view, in the fol-
lowing subsection, we describe the methodology to measiR¥¢ tBat overcomes these drawbacks. The novel
methodology, based on Markov matrices, introduces a stiotinelex inspired by the literature on mobility (see
(Bartholomew, 1973) and (Shorrocks, 1978)). Among the athges of this approach, it helps to consider the
impact of large fluctuations of the business cycle, and caeniie contribution of negative/positive fluctuations
around the trend.

However, the cross section measure of GRV obtained withsthighetic index does not allow to take into
account i) the time-series dimension and ii) unobservedrbgeneity which is particular useful in the EU
regional contest, since region specific factor are likelgdainants of regional GRV.

In this view, in the following subsection we present the roétilogy in order to obtain a panel of GRV.

Estimation of a Cross section of Regional GRV: An Index of GRV

Considery as the cyclical component of the growth rates series; oyrgsed index of GRV, denoted b§, is
defined as it follows:
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with a > 0, whereq ands are the states at periotl&ndt + 1 respectively.l§ is the result of three different
components:

l. ma;%‘:m represents the weights of a "jump" from stgt states. A highera means a higher weight

to large "jumps";
Il. g(s|qg) is the stochastic kernel, i.e. the conditioned probabititfump to states starting from statey;

. 71(q) is the ergodic distribution, which measures how much timgpéent in state in equilibrium.

The sum of componentisand |l provides a sub-index of GRV of the stage hencel§ can be see as a
weighted mean of all sub-indexes of all possible statesreviiee weights of these different states are their
mass in the ergodic distribution. We have therefore lifiat [0, 1] and a higher value df implies higher GRV.

An important difference with respect to original Bartholemindex is that§ is defined in a continuous
state space (i.e. transition matrix is replaced by stoahkstnel).

As the standard deviation also our indgk does not distinguish between positive or negative "jumps"
around the zero-trend. This information can be crucialeseprevalence of negative jumps, or more precisely
a prevalence of deep negative jumps, is generally consigeferther negative feature of GRV. However, given
its additivity properties it is possible to decompose therall index into two types of transitions, .
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I,!j{+ measures the GRV due to jumps to positive states (indepepéiemtial state), whilel§ to the jumps
to negative states. In this regard the rdgo/1§ measures to what extent the total GRV is explained by negativ
jumps; or, alternatively, the relative intensity of negatjumps, given that we are dealing with residuals from
trend.

See d(ﬂLme_ui_e_t_élL;QhG) Figure 1 pag.5) for a graphieptesentation of thf components for a sample
of European regions selected among the sample.

Estimation of a Panel of Regional GRV: A Panel of GRV

In this section we present a different methodology to meatwe GRV. We follow the methodology proposed
by dMQQaneII and Perez—Qui}d;@bO(b), (Stock and Wé{s_O_ﬁ_i)Zand (Fiaschi et hl._,;le), which exploits
both the cross-sectional and time-series dimension ofdahelf per capita GDP growth. In particular, assume
that the dynamics of per capita GDP growth can be represastad AR(p) process:

Vi =Hi+@Yit-1+ ...+ GMip+ &, ®)

where g is assumed to be normally distributed. Given thatfollows a normal distribution, an unbiased

estimator of the standard deviationf, o¢, is given by (McConnell and Perez-Quiros, 2000):
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1We are implicitly assuming that< 0 <y, this is trivial wheny are residuals from trend.
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As pointed out in the literature (see McConnell and Pereze®112000), the absolute value specification is
more robust to departures from conditional normality.

Once we set the order of AR process from Eq.(6) we can deriweautibiased estimator of the standard
deviation of per capita GDP growtsy. For example, if the per capita GDP growth follows an AR(Xqess,
the standard deviation of the growth rate is givenms , p- 53):

oy - 2L - V2l ™
S e
@14, pp. 58-59) provides a general equation ifginér-order AR models.

In the empirical analysis the best order of AR for each reggaselected by using the EIC criteria, that is a
bootstrap version of thakaike Information Criterigor small samples (see Ishiguro et al., 1997).

In contrast with the common approach using the standardatieniof the time-series per capita GDP
growth rates, this methodology allows to builgh@nelof regional GRVSs.

In addition, the methodology allows for separately considpGRV due to positive (denoted by GRY
and negative (denoted by GRYfluctuations. In particular, GRV only considers the fluctuations above the
trend, i.e. all the observations for which the residual$hefAR process in Eq)5) are positive (i&.> 0). On
the contrary, GRV are all the GRV for which the residuals are negative e< 0).

3. Empirical framework

Based on the results obtained so far in the existing litegatine aim of this section is to examine further the
determinants of GRV focussing on the asymmetric behaviaartd due to postive and/or negative fluctuations
around the trend of per capita GDP of a sample of Europeanmnedielongs to 25 EU countries in the period
1992-2008. The two measures of GRV obtained in the previeasas allow us to analyse the phenomena in
a cross-sectional and panel setting. In the subsectionvhetdescribe the dataset and the empirical strategy
used in the study.

Data

The sample for the empirical exercises covers a total of 20T 82 regions in the cross section analysis and
257 in the panel setting for a large sample of EU states foriagheunning from 1992 to 2008. NUTS-2 level
regions are used in the analysis instead of other possitelmatives because NUTS-2 (i) is the territorial unit
most commonly employed in European regional economiciatitee and (ii) is particularly relevant in terms
of EU regional policy, given that it is the level at which csl@n and regional policy funds are assigned. The
data for this study are drawn from different data source®l€l@ contains the list of the possible explanatory
variables of GRV, and the main references.

In general terms, GRV depends from a variety of factors thathe broadly categorized as (ionetary
policy, (ii) volatility from the demand sidgiii) volatility from the supply sid€iv) regional characteristicsThe
control variables in the analysis have been selected onasie bf existing studies. In particular:

asmonetary policydeterminants we include the inflation volatility and thetjggpation to European Mon-
etary Uniord These two proxies would take into account the fluctuatlonmtdrﬁnduals expectation on the
central bank target inflation (see 003), (Cecchetti and
Ehrmann-2) and (Leduc and Sil

As demand sideleterminants we consider the composition of aggregate nidnfeggregate demand would
affect the income volatility by affecting the volatility #fe random componemnt,. Standard Keynesian argu-
ment suggests that the resilience of an economy to exogdhmtigations depends on the composition of ag-
gregate demandL((BLanghaLd_ek hLJOlO)). In particulaiigher share of consumption is expected to dampen
negative fluctuations, while large government expenditaey smooth economic shocks and reduces GRYV,

given its characteristics of automatic fiscal stabilizearf\er Noord, 2000), (Bejan, 2006), (Fatas and Mihov,

2A Euro dummy is used to control for the effect of European ManeUnion.




2001), (Bejan| 2006) and (Fatas and Mihov, 2001). We thezeificlude the investment rate, the share of
household expenditure on total GDP, and the share of gom'rnaxpenditurE.

On the other hand, for treupply sideve control for sectoral concentration using the normalldedindahl
index. Genarally, a higher concentration is associatet higher volatility as pointed out b13)
and l&j@ﬂln particular, the effect of sectoral concentration woufeéct the volatility through the
random component of the supply side. The output composifi@@DP is measured by the shares of agriculture,
mining, manufacturing, finance, non market service, caostin, wholesale, hotel, other and transport on total
GDP given that some sectors are associated with a highdrdévelatility, (Koren and Tenreyra, 2007) and
(Fiaschi and Lavezi, 2005).

We consider also external shocks due to the volatility ofmeaterials, proxied by the volatility of petroleum
price at world levé] would affect the volatility through the random componenthaf supply side;: (Blanchard
and Gali| 2010).

For the sake of completeness othegional variablesare considered in the analysis. In particular: the size
of the economy proxied by the (log of) GDP at regional levalthee idea that small countries experience higher

output volatility than large ones, see (Canning ét al., ) 9@Basterly and Kraay, 2000), (Furceri and Karras,
2007) and|(Furceri and Karfas, 2008).

The value of credit from financial intermediaries to the atévsector divided by GDP is taken as measure
of financial deepening, and finally, labour marker flexilgibitt regional level by the ratio of part-time workers
to total employment.

SUnfortunately no data on the imports and exports are aJaiktregional level for a such large sample.
J
4The Herfindahl Index, (HI), is defined adJit = 5 Sjt wheresj; is the sector share to GDP in regibat timet. The normalised
j=1

Herfindahl index is computed abtl; = ('1':11//? , with J the total number of sector in the economy. A decrease in tiéridahl index

corresponds to an increase in diversification, implying tha economic activity is more equally spread across sector
5The volatility of petroleum price at world level is estimdtey using the same methodology to estimate output voiatilit




Table 1:Summary of the determinants of regional GRV.

Determinants Code Cross section Panel Expected Effect sUnit Data Source Main References

Regional volatility

Volatility of per capita GDP GRV yes yes (dip.var.) Regions antbridge Econometrics __McConnell and Perez-Quiros (2@8t0ck and Watson (2002)
Fiaschi and Lavezzi (2005)

B. Monetary policy

Inflation Volatility @ GRV.INFLATION yes yes (+) Country World Bank Blanchard anich®n (2001), Easterly and Kraay (2000),
Sheridan and Ball (2003), Cecchetti and Ehrmann (2002)
and_Leduc and Sill (2007)

Participation to EMU®) EMU.DUMMY yes (?) Country De Grauwe (2007), Sala-i Martin and Sach82)19
Buettner (2006), Mélitz and Vori (1992),
and Bayoumi and Masson (1995),Masson (1996), Uhlig (2003)

C. Volatility from the demand side

Shares aggregate demand INV.RATE yes square value (-1+) iolRegCambridge Econometrics__Aizenman and Marion (1999nhétard et al. (2010)

HOUSEHOLD.EXP.on.GDP yes square value ) Region  Camebrieigpnometrics
GOV.EXP.on.GDP yes square value ) Country World Bank R&a@998), Van der Noord (2000)

Bejan (2006), Fatas and Mihov (2001)

D. Volatility from the supply side

D.1 Sectoral Concentration

Herfindahl indef®) HERFINDAHL yes yes (+) Region Cambridge Econometrics T84 8), Mobarak (2005)

D.2 Output compositions of GDP

Share Agriculture on total GDP SHARE.AGRI yes square value +) ( Region Cambridge Econometrics _Koren and Tenreyro (2@0Giovanni and Levchenko (2009)

Share Mining on total GDP SHARE.MIN yes square value +) Begi Cambridge Econometrics

Share Manufacturing on GDP SHARE.MANU yes square value ) (+- Region Cambridge Econometrics

Share Finance on GDP SHARE.FIN yes square value (+/-) Regi@ambridge Econometrics

Share Non Market Services on GDP SHARE.NMS yes square value -/+) ( Region Cambridge Econometrics

Share Constructions on GDP SHARE.CONST yes square value +) (- Region Cambridge Econometrics

Share Wholesale on GDP SHARE.WHOLESALE yes square value +) (+/ Region Cambridge Econometrics

Share Hotel on GDP SHARE.HOTEL yes square value (-1+) Regi@ambridge Econometrics

Share Transport on GDP SHARE.TRANSP no square value (-1+) gioRe Cambridge Econometrics

Share Other on GDP SHARE.OTHER yes no (-1+) Region Cambiiittgmometrics

D.3 External shocks

\olatility of petroleum pricé) GRV.log.PETROLEUM.PRICE no yes +) Country UNCTADStat $thi and Lavezzi (2005)

E. Regional time-varying characteristics (RC)

E.1 Size of the economy

Log of GDP LOG.GDP yes yes ) Region Cambridge EconometriGali (1994), Canning et al. (1998),Easterly and Kraay (2000

E.2 Financial depth

Domestic Credit to private sector on GDP CREDIT.PRIV.SE&RT&nh.GDP yes yes (?) Country World Bank Kaminsky and Reinfi®99), Easterly and Kraay (2000),
Adghion et al. (2005), Cecchetti et al. (2006), Beck et alO@0

E.3 Labour Market Flexibility

Share of the part-time workers PART.TIME log term no (-1+) ght| ELFS Gnocchi et al. (2015)

Notes:a) Dummy for regions belonging to European Monetary Union(Normalized) Herfindahl index: it ranges from O to 1, with dueaequal to 0 implying maximum diversification, and a valgea to 1 minimum diversification.

c) Estimated volatility of the petroleum price.



A Cross Sectional Approach

Given the presence of spatial eﬁ%twe estimate a spatial simultaneous autoregressive moatkeinttiudes
spatially lagged dependent variable and spatially laggddpendent variable, but exclude the spatially auto-
correlated error term.

y = C+AWY+X1B1+WX16, + X5+ €
e ~ iid(0,0%), (8)

wherey denotes al x 1) vector including the dependent variaEIée. GRYV;c is the constantV is the
(N x N) spatial weight matrifl As can be observed, in this specification the regional groetits depend on
the spatial lag of the dependent varialy , which captures the spatial effects working through theedepnt
variable; A is the spatial-autoregressive parameteéts;is the (N x ki) matrix of regressors at regional level
while WX 1 denotes the interaction effects among the regional indisrgrnvariablesXs is the (N x k) matrix
of regressors at country levgd; as 6, are the N x k1) vectors of fixed but unknown parameters for regional
determinants and its spatially specification, wifiehe (N x k) vector of parameters for country determinants,
and, finally,e is the (N x 1) vector of innovations assumed to be independently idalhti distributed with
varianceg?. We exclude the interaction effects among the independaetdhies at country leve{, due to the
high collinearity problem deriving by the geographical diibn of theW matrix. In the model selection we
follow LeSage and Pace 2009 and sequentially test for treepoe of spatial lag dependence and spatial lags
of the explanatory variable. The possible presence of ettty coming from some explanatory variables,
(i.e investment rates, household expenditure, governgmrgumption expenditure and domestic credit) leads
to estimate Ed.{8) via Two-Stage Maximum Likelihood (TSI\HL)

Moreover, the presence of spatial lags of the dependent gridnatory variables complicates the inter-
pretation of the parameters in Hd.(8). Therefore, somearaig required when interpreting the estimated
coefficients.

As shown by[(Le_S_age_anﬂ_Ehb_e._dOOQ) in a spatial model thectropy of each determinant included in
X must take into account the spatial interdependencies amdtaneous feedback embodied in the model.

In particular, a change in an explanatory variable in regibas a direct effect on that region, but also
an indirect effect on the remaining regions. In this contéxe direct effectcaptures the average change in
the GRV of a particular region caused by a one unit changeanrdgion’s explanatory variable. In turn, the
indirect effectcan be interpreted as the aggregate impact on the growtbfratspecific region of the change in
an explanatory variable in all other regions. Finally, thiakeffect is the sum of the direct amlirect impacts
Averaging out across different regions tiieect andindirect effects we get thaverage direct effeqtADE) and
theaverage indirect effeqfAIE); in turn, the sum of these two effects gives theerage total effetATE).

Table[2 reports the second stage of the estimated model diffgent specification of. In particular we
estimate three models. The first one with= 1, i.e. y = I3, the second one witr = 2, that isy = 13, allow
us to take into account large fluctuations, and fing}ly/13 which analyse the relative contribution of negative
fluctuations to GRV. According to Hausman test, endogensipresent in all the three specifications and the
instruments used in the first stage are always valid acaprifie Sargan test. Focusing on the main aim of
the paper, results reveal significant differences amonghife specifications. Consideriyg= 13 andy = 13
we found that the best specification include only the spédlof the regional explanatory variables, but not
the spatial lag in the dependent variable. As mentionedeénptievious section, correct interpretation of the
parameter estimates in the models require to take into atc¢ba direct, indirect and total effects associated
with changes in the regress@s.ln particular, the estimates dlodel 1show that the participation to EMU
has a positive effect on GRV, conforming to the idea that alfeechange-rate regime makes economies more
vulnerable to shocké_(D_e_QLa.dv{Le._ZbW). In this regm 7) discusses how the macroeconomic

6See (Brunetti et all, 2016) pagg 11:13 for a deep analysiseofieographical pattern of tye=13, y =13 andy =13 , /13

7In particular,y will be specified a3, 13, andl /I3.

8See AppendikB for the description of the spatial weight iratpplied in the empirical analysis

9The Two-Stage Maximum Likelihood (TSML) estimator allowsto obtain results robust to endogeneity, see AppdnHix A
10F0r the sake of completeness we also report the coefficients




implications of the participation to a monetary union callgidepends on the characteristics of good and labour
markets; in particular, flexible labour market increasesdapacity of an economy to absorb shocks in a fixed
exchange-rate regime. In this view, labour market flextiphias the expected negative sign on GRV: economies
with a more efficient labour market adjust more promptly tocks as reported biz (Gnocchi et m015) for
countries.

Household expenditure has a negative impact on GRV in aancelwith the expected stabilizing role
of consumption; however, this finding should be considehwitution because crucially derives from the
estimated negative indirect effect (AIE). Government exiieire favours fluctuations; this suggests that our
proxy for fiscal policy could also reflect the impact of pubtiebt on GRV (that is expected to be positive,
d5p|l|mbe rgo et dlL_Oﬂ)g)) and not only the stabilizingerof government consumption expenditure generally
founded in the cross-country I|teratUIJﬁ._LEaIa.s_a.nd_M| ). Unfortunately, public debt is not available for
all countries in the sample for the whole period 1992-2008.eApected the high significance of the share of
GDP when direct effects are calculated, suggest that mdakedadffects of these variables are confined into the
region itself. The average GDP share of nhon-market serViags the highest direct negative effect (ATE) on
the GRV of all its neighbouring regions (the omitted catggsitransport sector); its stabilizing effect plausibly
derives from the fact that these services mostly refer tpthiic sector, where fluctuations are generally small.
Whereas, the average GDP share of financial intermediatisritte highest negative direct effect (ADE) and
total effect (ATE), pointing out that regions with a speidation in the financial and banking services should
be less subject to fluctuations. Agricultural and constoncsectors emerge as the most conducive sector to
GRYV;, the indirect effect shows that this increase influemmggtively and significantly the GRV of neighboring
regions. A part of explanation should be found in the vergédituctuations of food prices like in (Fiaschi and
Lavezzi,|_2Q1|1). As expected, logarithm of the gdp has a hegahd strong significant effect, therefore exist a
size effect on volatility, i.e. region with higher level aftal output are also those which lover output volatility.
Finally the financial development measured by the domestiditcincrease volatility, a result in line with the
empirical research in literature ((Easterly and Kl'éa;gdailo

The estimation oModel 2with y = I3 produce similar results, with the exception of househofaeexliture,
government consumption and participation to EMU which asdamger significant, suggesting that the two
measures capture a different phenomena.

A different scenario emerges with= 13 _/I11. In the estimate ofModel 3we find evidence of negative spa-
tial dependence, although of very limited magnituﬁle:(—0.132), The results concerning the output composi-
tion on GRV are remarkable. With the exception of the whdtesactor, all the other ones, lost the significant.
Household expenditure has a negative and significant effenfirming the stabilizer role of consumption on
the contribution of negative fluctuations. The higher digance when direct effects are calculated, suggest
that most of the effects of this variable is confined into thgion itself. On the other hand, even if the effect is
closer to the regions itself, we find a destabiliser role lierinvestment rat

11The interpretation of the effects of INV.RATE is more compl®y disentangling the effects of permanent and temporiaoglss
on investment and precautionary saving, (Cherif and Hasa®@123) find that investment is a nonlinear function of tititg of
permanent/persistent shocks with an inverted U-shapegk cirheir results suggest that with higher volatility of ip@anent shocks,
investment tend to increase until a certain threshold aftéch investment drops. In contrast, with higher volatilif temporary
shocks, investment falls.
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Table 2: The estimated coefficients and the average direct, indiegxt total effects via TSML

Model (1). Dependent variable: 3y 13

Model (2). Dependent variable: % 13

Model (3). Dependent variable: 3 13 /y=13_

coeff. W coeff. ADE AIE ATE coeff. W coeff. ADE AIE ATE coeff. Weoeff. ADE AIE ATE
B. Monetary policy:

INFLATION 1.261 — 1.261 — 1.261 0.267 — 0.267 — 0.267 0.363 — 0.363 —0.045 Q0319
EMU 0.255* - 0.255* — 0.255* 0.077 — 0.077 — 0.077 —0.070 — —0.070 Q009  —0.061

C. GRV of Aggregate Demand:
INV.RATE 0.003 —-0.126 Q003 —0.126 -0.123 —0.031 —0.093 —0.031 —0.093 —0.124 0.212** —-0.136 0215** —0.148 Q068
HOUSE.EXP.on.GDP 094 —0.246"* 0.094 —0.245"* —0.152 0.035 —0.093* 0.035 —0.092 —0.057 -0.115% 0.022 -0.116* 0.034 —0.082
GOV.EXP.on.GDP 261+ - 2161+ — 2.161* 0.612 — 0.612 - 0.612 —1.105 - —1.108 Q137  -0.972

D. GRV of Aggregate Supply:
HERFINDAHL 0.236 0693 0.236 Q690 0.926* 0.132 0.260 Q132 0.259 Q391 | —0.006 —0.197 —-0.002 —-0.176 —0.178
SHARE.AGRI —0.413 0.943** —0.414 0.939** 0.526 —0.163 0416** —0.163 Q414+ 0.251 0.028 Q071 Q0027 Q060 Q087
SHARE.MIN —0.075 1425** —0.075 1419+ 1.344** | —0.046 Q501 —0.046 Q499+ 0.453** | —0.119 Q032 -0.120 Q043 -0.077
SHARE.MAN —0.593** —-0.178 —0.593** -0.177 -0.771** | —0.273** —-0.070* —0.273** —0.070 —0.343** | —0.034 Q0153  -0.037 Q141 Q104
SHARE.FIN —1.088** —2.707** —1.088** —2695** —-3.784** |-0.374* —-0.897* —-0.374* —0.893 —1.267* | —0.094 1539° -0.123 1386 1.263
SHARE.NMS —1.090** —0.338 —1.090** —0.337 —1.426"* | —0.456 -0.120 —0.456"* —0.119 —0.575"* 0.279 0323 0.273 Q0254 Q0528
SHARE.CONST —1.188"* 1.273* —-1.188* 1.268** 0.080 —0.42* 0.582** —0.421** 0.579* 0.158 0.200 Q0362 Q194 0298 0492
SHARE.WHOLESALE -0.303 1047+  —0.303 1042+ 0.739 —0.189* 0.326 —0.189* 0.324 Q135 —-0.275° -0.956* -—0.257* —0.820* —1.077**
SHARE.HOTEL —-0.710** —0.219 -0.711** -0.219 —0.929** | —0.326"* —0.120 —0.326"* —0.120 —0.446"* 0.027 -0.127 Q029 -0.116 —0.087
SHARE.OTHER —0.468** 0.371* —0.468** 0.369 —0.098 -0.221 Q096 —0.221+* 0.096 —0.126 —0.095 0139 —0.098 Q0136 Q038

E. Regional Characteristics:
LOG.GDP —0.020** —0.002 —0.021** —0.002 —0.023* | —0.008** 0.001 —0.008** 0.001 —0.007 0.008* —0.003 Q008* —0.004 Q005
DOM.CREDIT.on.GDP  (248* - 0.249* — 0.249* 0.072 — 0.072 - 0.072 —0.064 - —0.064 Q008 —0.056
LOG.PART.TIME —0.014 —0.031* -0.014 —0.030* —0.045* | —0.003 —0.011 —0.003 —0.011 —0.014 0.023* 0.010 0023 0.006 Q0029
Constant 36 — — — — 0.118 — — — — 0.799** — — —
A — - — — — — — — — — —0.138** — — —
Ho: 6. =0 58234+ 56.23** 34.83**
Hausman test 236" 17.85* 34.38*
Sargan test 213 0.010 0.522

0.524 0.551 0.268

Note: *p<0.1; **p<0.05;**p<0.01



A Panel Approach

As mentioned in the introduction, earlier studies on thetilitly in the European regions use a cross-sectional
approachl(Martin and Rogers, 2000b); (Falk and Sinabell9pNevertheless, the nature of our dataset allows
us to employ panel data techniques in this context, thushdittg modelling possibilities as compared to the
single equation cross-sectional setting employed sorfasielv of this, we begin by considering in our empirical
analysis the spatial fixed-effects model.

The choice of fixed effect is motivated by the fact that pdssilmobserved regional factors that may affect
the growth rate of volatility are very likely to be correldterith other regressors. In this case, fixed effect can
be superior to pooled OLS or random effddsTo take into account spatial dependence, we model our baseli
regression as a SARAR model (spatial-autoregressive mdgtlespatial-autoregressive disturbances, (Anselin
and Florax, 1995). The SARAR model augments the lineares=ion model by including an additional right-
hand-side, that is the spatially lagged dependent varighlBRV). When the spatial weight matrix is row-
standardized (as in our case), each observation of thalpadigged dependent variable is a weighted average
of the values of the dependent variable observed for ther attoss-sectional units. Moreover, the SARAR
model also allows for the disturbances to be generated bgtabputoregressive process.

Our SARAR model is therefore given by:

9
GR\ = Ci—i-ZI’]jS|2jt—|—ﬁXXit—|—)\WiGRVt+uit
=1

Ug = pWUi + &, 9)

whereGRV, is the GRV of region at timet, ¢; is region’si fixed effect,sj; the output shares of all sectors
reported in TablellX= 9), X; includes all the other variables listed in Table 1, &ddSRV; is the spatially
lagged dependent variablé/( is the i-th row of the spatial weight matrix discussed in Apgi& [B]). We have
assumed thaty is a spatially autocorrelated error term, agds anlID (0, 6?) error. The spatial weight matrix
is the same both for the spatial lag of the dependent varatador the error term.

Model (9) is the starting point of our analysis, but in adufitiwe also investigate the asymmetric "be-
haviour" of the GRV when positive and negative fluctuatiores@nsidered separately. In particul@aRV due
to positive fluctuations (denoted I§RV,") considers all the jumps above the trend, i.e. all the olsiemns
for which the residuals obtained by the estimation of the A8tpss in Ed.(5) are positive (i.€ > 0). On
the contrary, negative fluctuations (denoted@R\; ) are all theGRV; for which the estimate residuals are
negative (i.e.§; < 0). The idea is that some explanatory variables can chamgeithpact on GRV when the
economy experiences fluctuations below or above the tretiteajrowth rate of per capita GDP. Therefore we
also estimate:

9
GRV G+ Y NS +BxXi +AWiGRVY + U
=1

Ug = PpWUi + &, (10)

with se {+,—}.

In modelling the GRV of each region as dependent on a weigitedage of the GRV of other regions
(W GRV), the SARAR model determines outcomes simultaneouslys 3imultaneity implies that the ordinary
least squares (OLS) estimator is no longer consiMﬂ). Therefore, we estimate all models using
a modified version of the generalized spatial two-stage Easares (GS2SLS) developed by the (Kelejian and
Prucha@@ and proposed b; (EEE%‘ISE ZEE EZ éaMOOS), which takés accounts of endogeneity

problems due tok) simultaneous spatial interaction introduced by the spatigparameter, (i.e. endogeneity of

12Indeed, in our empirical analysis, the random effect spestifin is systematically rejected in favour of the fixed effsecification
by the Hausman test for spatial panel.
13see AppendikA for details.
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WGRYV) and due toii) an unknown or imprecisely known set of structural equatfoe, potential endogeneity
of some regressors due to reverse causality). In partjichuiGS2SLS estimate tigeand theo? (the variance

of the error term) by GM, and the model coefficients by a fdasibLS estimatdt Following the spatial
econometrics literature we use the spatially lagged exmggenariabledV X andW?2X as instruments of the
spatially lagged dependent variaMéGRV. As regard the other potential endogenous regressorsstimeat
rate, household expenditure, government expenditure @it ¢n private sectors we use as instrument their
lagged values.

As expected, we find a a strong and significant spatial depeedeoth forlGRV" andGRV™ (A = 0.7412
andA = 0.8717 respectively), implying that, on average, the ma@nemic volatility due to positive or neg-
ative fluctuations of a region positively depends on theayewolatility (due to the same kind of fluctuations)
of its neighbouring regio

Looking at other determinants, we find no role of the monegaicy in explaining both the volatility due
to positive fluctuation&RV*' and the volatility due to negative fluctuatioGRV .

On the contrary, the composition of aggregate demand signifiy affects the macroeconomic volatility
and, in particularGRV". Specifically, the (square of) investment rate has a negatid significant impact
on GRV' but not onGRV . By disentangling the effects of permanent and temporaoglshon investment,
dgherif and Hasanov, 2(112b) find that during periods chareetd by high level of volatility due to permanent
shocks, investments tend to increase but only up to a cefta@ishold after which they fall, while during
periods characterized by high volatility due to tempordrgcks investments tend to decrease. Controlling for
this reverse causality that volatility may have on investmeur results suggest an asymmetric effect of the
investment rate on the macroeconomic volatility, actingaasnoother only for the volatility due to positive
fluctuations.

The same asymmetric effect is found for the government ekipee, which turns to have a high negative
impact onGRV" and a not significant impact oBRV . This suggests that the characteristic of automatic
stabilizer usually found in the literature for the govermnexpenditure can be ascribed only to its effect in
reducing the volatility due to positive fluctuations; seedgample |(Van der Noord, 2000), (Bejan, 2006) and
(Fatas and Mihdv, 2001).

Also the share of household expenditure on GDP, has an asymreffect on macroeconomic volatility,
but of the opposite sign. In particular, it amplifies B&V" while it reducesGRV . This result is in line with
the literature showing that higher share of consumption daagpen negative fluctuations.

As regards the determinants from aggregate supply, oultsgmint on asymmetric effect of the Herfindahl
index as well as of the output composition, while no signiftdanpact is found for the volatility of petroleum
price proxying for external shocks. Partially in line Wlfﬁ?&b 3) an MOS), higher concen-
tration (measured by the Herfindahl index) leads to highdatiity when only the negative fluctuations are
considered, while it reduces the volatility due to positiketuations. However, only the direct effect of the
Herfindahl index is statistically significant for bo®RV" andGRV~, implying that only the own-sector con-
centration is relevant for the volatility of a region.

The total effects of the output composition show that onlg tut nine sectors considered in the analysis,
share in agriculture and constructions have a significdatebn GRV", while only the share in transports
affect GRV. In particular, agriculture sector strongly amplifies tludatility due to positive fluctuations while
constructions tends to smooth it. On the other hand, trahspduces the volatility associated with negative
fluctuations. The high significance of the (square of) shattesn direct effects are considered, suggests that
most of the effect of these variables are confined into th@mneiyself. Moreover, significant asymmetries
appear: having a higher share of mining tends to exacef®ai¢™ but, at the same time, to attenu&@&V ;
having a higher share of manufacturing and transport pesjtiaffect GRV" of the region, but it does not
have any effect o GRV; finally, having a higher share of wholesale has no impadB&v" while tends to

14N the estimation we use a modified version of #pgmfunction of the Rspimpackage (see (Millo and Pitas, 2012) for details)
for unbalanced panel.

15The standard errors for the spatial coefficient in the emamto are not reported due to the impossibility to estimate it. How
ever, according to the GS2SLS, the estimation of ghparameter is only used to filter the variables via a Cochr@rzeitt type
transformation withouth having an economic interpretatigee AppendikA for details).
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intensify GRV . Our result therefore confirm the empirical evidence thapatcomposition of GDP matters
as provided inL(ISQLQD.&DdeﬂLQL/l’.Q..ZbO?), who define a raslecdtors in terms of their volatility (agriculture,
mining and quarrying are those with high volatility levetsanufactures intermediate volatility and services
sectors are those with the lower volatility level) and shbattthe presence of some sectors which are more
volatile are associated to higher growth volatility.

In line with the literature size matters, although only idueing GRV . This implies that regions with
higher level of GDP also experience lower output volatititye to negative quctuationi._(_C_a_nning_dtLalu_i998),
(Easterly and Kraay, 2000) and Fiaschi and Lavezzi, 201 théoevidence on the total output volatility.

Finally, financial deepening proxied by credit of privatetse on GDP acts like an accelerator of recession,
given its positive impact on the volatility due to negativeeks. This result seems to confirm the hypothesis
that regions with higher financial system pay in terms of tiltiain the short run (see Kaminsky and Reinhart,
1999).

Overall, almost 50% of the variability of macroeconomicatdity due both to positive and negative fluc-
tuations is explained by our regressions.

4. Conclusion

In this paper, we present an empirical analysis on the détants of growth rate volatility of per capital
GDP (GRV) in Europe. Two different methodologies are désctd obtain measures of GRV, which allow to
considerer the impact on the GRV due to business cycles amsegyo large fluctuations, and to compute the
contribution of negative fluctuations to overall GRYV, i.e.evaluate the importance of asymmetries in business
cycle. At this point it needs to be recalled that the varigbidf macroeconomic fluctuations, which generate
the volatility in the output growth rates, have typicallyelngoerceived as a negative phenomenon. Nevertheless,
the studies on the asymmetry of business cycle fluctuatidritenrole played by spatial spillover on GRV have
received little attention in this contest. In this view, sglly econometric models are estimate to take into
account spatial interdependence across regions, whiclesrpat the GRV of a particular region is affected
not only by its own degree of volatility but also by the outfluttuations of the remaining regions.

The results reported in the paper have potentially interggiolicy implications. In particular, the size of the
economy has the expected stabiliser effect; the output ositipgn matters with remarkable differences between
the models. An asymmetric effect of higher sector concéntras confirmed in both the analysis. However
only the direct effect is statistically significant, sugiyes that most of the effects of this variable is confined into
the region itself. The concentration index has the positlationship with GRV due to negative fluctuations,
but the opposite hold for the postive fluctuation suggedtiad diversifications can have an ambiguous impact
on GRV and finally, the financial deepening tend to amplify wbkatility in particular when it is generate by
negative shocks.

The analysis can be extended in many respects. Firstly;, edhniables can be included in the analysis as the
quality of institutions (proposed as possible explanaiohGRV of country by the literature, see (Acemoglu
et aI.J;O_QB), (Andolfatto, 1996), (Rumler and Schhlieﬂjb(,)and! Cunat and MQIitL(;dll), along with specific
controls for the local fiscal policy (e.g., the amount of Stamal and Cohesion Funds) to assess the possible
short-term stabilizing effects of counter-cyclical fisgalicy. Secondly, the econometric model should allow
for non-linearities to take into account possible thredtadfects in the explanation of GRV. Finally, the use of
smaller regions (e.g., NUTS 3 regions) can provide furthsight into what happens at local level, allowing
the formulation of more targeted policy conclusions.

Although further research is required to understand detiy@\business cycle fluctuations, our results of
the asymmetric effect of some economic variables when ilitfais generate by positive or negative shocks,
suggest that policy makers should not forget and overloskapect in the EU regional policy.
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Table 3:Estimation of Model[(10) under the two specifications witiMGRnd GRV by the GS2SLS.

Dependent variable: ¥ GRV* y=GRV~

Coeff. ADE AlE ATE Coeff. ADE AIE ATE
B. Monetary policy: I
GRV.INFLATION -0.0002 -0.0002 -0.0005 -0.0007 -0.0033 -0.0043 -0.0213 -0.0256
EMU.DUMMY 0.0018 0.0020 0.0048 0.0068 0.0014 0.0018 0.0090 0.0109
C. GRV from the demand side:
(INV.RATE)? —0.1135** —-0.1298** —-0.3090 —0.4388* 0.0776* 0.1004* 0.4950 0.5953
(HOUSEHOLD.EXP.on.GDF'Z 0.1119** 0.1279** 0.3045* 0.4323** —-0.1020** -0.1318* -0.6501 —0.7819
(GOV.EXP.on.GDR? —0.5541** —0.6334** —-1.5083* —2.1417** || —0.4292** —0.5549*  -2.7365 -3.2913
D. GRV from the supply side:
HERFINDAHL —0.1503* -0.1718* —0.4090 —0.5808 0.1158* 0.1497 0.7385 0.8883
(SHAF\’E.AGRI)2 1.3403* 1.5323* 3.6486™ 5.1809* -0.0380 -0.0491 -0.2421 -0.2912
(SHARE.MIN)? 0.5882** 0.6725** 1.6012 2.2736 —0.3795 —0.4906 -2.4194 -2.9100
(SHARE.MAN)? 0.2370** 0.2710** 0.6453 09163 —0.0796 -0.1029 -0.5077 —0.6106
(SHARE.FIN)? 0.0561 00641 01527 02169 0.0771 00996 04914 05910
(SHARE.NMS? 0.1148 01312 03125 04438 0.0041 00054 00264 00318
(SHARE.CONST? —0.6609** —0.7556**  -1.7990  —2.5546 -0.0789 -0.1020 -0.5031 -0.6051
(SHARE.WHOLE.squareSALE ~ —0.1207 —0.1380 —-0.3285  —0.4664 0.4593** 0.5938** 2.9285 3.5222
(SHARE.HOTEL? 0.8412** 0.9617+* 2.2900 32518 —0.3828 —0.4949  —24406 29355
(SHARE.TRANSRH? 0.0671 00767 01825 02592 —1.0086** —1.3038** —6.4301 —7.7339
GRV.log.PETROLEUM.PRICE -0.0002 -0.0002 -0.0006 -0.0008 -0.0006 -0.0007 -0.0036 -0.0043
E. Regional characteristics:
LOG.GDP -0.0035 -0.0040 -0.0096 -0.0136| —0.0247* —0.0319* —0.1573 —0.1892*
CREDIT.PRIV.SECTOR.on.GDP  .0027 0.0031 0.0074 0.0105 || 0.0170** 0.0220** 0.1086 0.1306
F. GRV of neighbouring regions:
A 0.7413** 0.8717**
p —0.0146 —0.0660
F-test of endogeneity 4683+ 35874+
AlCc —347.6547 657.2101
R2yj 0.49 0.50

Note Dependent variable: macroeconomic volatility of per ta@DP at regional level, taking into account separateljtivesand negative fluctuations (GRVand GRRV", respectively). F-test of
endogeneity: test of the null hypothesis of jointly exoggnef INV.RATE, HOUSEHOLD.EXP.on.GDP, GOV.EXP.on.GDP&BPOMESTIC.CREDIT.on.GDP. Significance levefg9<0.1;**p<0.05;

*p<0.01. and t-values in parenthes(s. (Kelejian and PHicr#8)1procedure does not allow to directly calculate the dgad errors (t-values) gf.
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A. Generalized Spatial Two-Stage Least Squares (GS2SLS)

Consider the following SARAR model, where for the sake ofginity we have summarized any determinant
in the vectorX:

GRVi = ¢ +AW;GRV;+ BXit + Uit
Ut = PWijly + & (11)

The generalized spatial two-stage least squares (GS28Ls3}imate a SARAR model developed by the
a, 1998) consists in the following trst@®s:

1. First step: Model (11) is estimated by two-stage least squares (2Sis®)g as instrumental variables
X, WX, andW?2X, i.e. regresSVGRV on X, WX, andW?2X; then use the fitted valud¥GRYV in the

second stage.

2. Second stepestimate the spatial autoregressive parameter in theterrap by GMM using the resid-
ualsuj calculated in the first step, assumiig;] = 0, E[€?] = 02, Vi, t.

3. Third step: re-estimate Model (11) by 2SLS after filtering the variabléa a Cochrane-Orcutt type
transformation, i.e. us€RV* = GRV — pWGRV, X* = X — pWX, andWGRV* instead the original

ones.

B. Spatial Matrix

In the empirical analysis we consider the row-standardgmatial matrix W, which is based on the inverse of
the great circle distancel() between the capitals of two regions with a cut-off equahtfirst quantile of the
distance distribution (denoted lol;) equal to 648 kilometres. In particular, for any pair of @i and j, the
value of the elemeni(i, j) of W is given by:
wii, j) =w (i, i)/ 3 Wi, J),
]
0 ifi=]
w(i, ) =14 d(i,j)2 ifd(i,]) < do (12)
0 if d(l,j) >dQ1.
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