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Abstract 

This paper empirically investigates the relationship between long-run economic growth and output 
volatility. There is an emerging theoretical literature on the topic which is inconclusive on the size and 
direction of the relationship. We analyze this relationship empirically for the time series experience of 
21 OECD countries between the years 1961 and 2005. After applying a pooled OLS estimator and a 
series of robustness checks we conclude that there is strong empirical evidence for a positive 
relationship between output variability and economic growth. 
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� Introductio� 

Fo� a lon� time, th� �el� o� macroeconomic� ha� betwee� �rml� divide� betwee� 
th� analysi� o� th� busines� cycl� an� th� investigatio� o� long-ru� determinant� 
o� economic growth. Thi� distinction, however, i� rathe� arbitrar� an� ha� bee� 
challenge� b� recen� theoretica� model� an� b� empirica� evidenc� tha� point� 
t� long-ru� performanc� bein� explaine� i� par� b� business-cycl� behavio� an� 
outpu� variability. Th� ai� o� thi� pape� i� t� empiricall� investigat� th� rela
tionshi� betwee� economic growt� an� outpu� volatility. 

Th� earlies� theoretica� argumen� fo� a relatio� betwee� economic growt� 
an� th� busines� cycl� date� bac� t� Schumpete� (1939), wh� argue� tha� reces
sion� provid� a cleansin� mechanis� fo� th� economy, wher� ol� technologie� ge� 
replace� b� newe� technologies, an� wil� b� bette� adap� t� economic growt� 
thereafter. I� a simila� spiri� Blac� (1981) argue� tha� th� averag� severit� 
o� a society'� busines� cycl� i� largel� a matte� o� choice. Hi� idea wa� tha� 
economie� fac� a positiv� risk-retur� trade-o� i� thei� choic� o� technology, a� 
economic agent� woul� choos� t� inves� i� riskie� technologie� onl� i� th� latte� 
wer� expecte� t� yiel� a highe� retur� an� hence, greate� economic growth. 

A serie� o� paper� hav� subsequentl� focuse� o� th� relationshi� betwee� 
volatilit� an� growt� i� exogenou� growt� models. O� th� on� hand, th� focu� 
wa� o� th� impac� o� volatilit� o� uncertainty, precautionar� saving� an� henc� 
accumulatio� o� capita� (cf. Bouldin� (1966), Lelan� (1968), Sandm� (1970)). 
O� th� othe� hand, Bernank� (1983) an� Pindyc� (1991) argu� tha� i� ther� 
ar� irreversibilitie� i� investment, the� increase� volatilit� wil� lea� t� lowe� 
investmen� an� henc� lowe� capita� accumulation. Bot� strand� o� literatur� 
hav� i� commo� tha� the� ar� base� o� exogenou� growt� models, henc� whils� 
ther� ma� b� transitiona� change� i� growt� rate� du� t� change� i� volatility, 
i� th� long-ru� economic growt� wil� b� exogenous. 

Mor� recently, i� a� endogenou� growt� mode� Aghio� & Saint-Pau� (1993) 
an� Aghio� e� al. (2005) sho� tha� th� sig� o� th� relatio� depend� o� whethe� 
th� activit� tha� generate� growt� i� productivit� i� a complemen� o� a substi
tut� t� production. I� th� cas� wher� the� ar� substitutes, sinc� th� opportunit� 
cos� o� productivity-improvin� activitie� suc� a� reorganization� o� trainin� fall� 
i� recessions, large� variabilit� lead� t� highe� long-ter� growth. Thi� idea ha� 
recentl� bee� formalize� i� a� endogenou� growt� framewor� b� Jovanovic� 
(2006). 

A numbe� o� empirica� studie� o� th� relationshi� betwee� growt� an� 
volatilit� ha� bee� conducted. Campbel� & Manki� (1987) wer� amongs� th� 
�rs� t� repor� permanen� e�ect� o� th� leve� o� GDP fro� shock� t� outpu� 
growth, �rs� fo� th� US an� late� o� fo� a selecte� sampl� o� variou� countrie� 
(Campbel� & Manki� (1989)). Whils� i� provide� a con�rmativ� tes� fo� model� 
o� exogenou� growt� an� volatility, thes� studie� fai� t� provid� a tes� fo� model� 
o� endogenou� growt� an� volatility. 

Th� �rs� empirica� stud� tha� ca� b� applie� t� endogenou� growt� model� 
wa� don� b� Zarnowit� (1981). H� identi�e� period� o� relativel� hig� an� 
relativel� lo� economic stabilit� b� reviewin� annua� rea� GDP growt� rate� i� 
th� U.S. betwee� 1882 t� 1980 an� account� foun� i� th� literatur� o� economic 
trend� an� �uctuations. H� the� calculate� th� yearl� growt� rat� an� th� 
varianc� o� th� period� wit� hig� economic stabilit� (grou� A) an� lo� economic 
stabilit� (grou� B). Thoug� th� mea� growt� rat� o� grou� A wa� higher, h� 
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coul� no� rejec� th� nul� hypothesi� tha� th� di�erenc� betwee� th� mea� growt� 
rate� fo� group� A an� B wa� du� t� chance. 

Th� �rs� econometric stud� investigatin� th� lin� betwee� growth, outpu� 
variability�a� measure� b� th� standar� deviatio� o� th� growt� rate�an� 
furthe� macroeconomic variable� wa� conducte� b� Kormend� & Mequir� (1985). 
B� averagin� eac� country'� tim� serie� experienc� int� a singl� data poin� an� 
estimatin� a cross-sectio� o� forty-seve� observations, the� foun� tha� highe� 
outpu� variabilit� lead� t� highe� economic growth. Grie� & Tulloc� (1989), 
wh� use� a poole� structur� (�ve-yea� averaging) t� accoun� fo� bot� between
an� within-countr� e�ects, con�rme� Kormend� an� Meguire'� results. 

Th� pape� closes� t� our� i� b� Mill� (2000). H� applie� variou� �lter� tha� 
ar� explicitl� designe� t� captur� movement� i� a tim� serie� tha� correspon� t� 
business-cycl� �uctuation� i� twenty-tw� countries. Subsequently, h� calculate� 
th� standar� deviatio� o� th� outpu� (�ltered) serie� an� visualize� th� bivariat� 
relationshi� betwee� growt� an� volatilit� b� superimposin� robus� nonpara
metric curve� o� scatte� plots. H� foun� a positiv� relationship. I� contras� 
t� ou� paper, Mill� (2000) suppresse� al� �uctuation� o� outpu� a� frequencie� 
highe� tha� hi� �lter. 

Whe� analyzin� th� relationshi� betwee� economic growt� an� outpu� �uc
tuations, w� ar� essentiall� investigatin� th� �rs� momen� o� th� tim� serie� i� 
�rs� di�erences, an� it� correspondin� secon� momen� ove� th� mean, i.e. th� 
varianc� o� th� di�erentiate� tim� series. Ther� exist� a standar� economet
ric too� t� analyz� thi� relationship, th� generalize� auto-regressiv� conditiona� 
heteroscedacit� (GARCH) clas� o� models. An� indeed, severa� author� hav� 
employe� thi� methodolog� t� analyz� th� relationshi� o� outpu� an� volatility. 

Rame� & Rame� (1995), usin� a pane� structure, measure� volatilit� a� th� 
standar� deviatio� o� th� residual� i� a growt� regressio� consistin� o� th� se� o� 
variable� identi�e� b� Levin� & Renel� (1992) a� th� importan� contro� variable� 
fo� cross-countr� growt� regressions. Rame� & Rame� (1995) us� th� estimate� 
varianc� o� th� residual� i� thei� regression, unde� th� assumptio� tha� i� di�er� 
acros� countries, bu� no� time. I� such, i� ca� b� considere� a� earl� predecesso� 
o� GARCH models� . The� �n� a negativ� relatio� betwee� long-ru� growt� an� 
volatility. B� contrast, Caporal� & McKierna� (1998) an� Grie� & Perr� (2000) 
examine� th� issu� fro� a pur� tim� serie� perspective. Caporal� & McKierna� 
(1998) ra� a� ARMA(1,2)-GARCH(0,1)-M mode� an� Grie� & Perr� (2000) ra� 
a comple� bivariat� GARCH(1,1)-M mode� fo� U.S. GDP growth. Th� forme� 
foun� a signi�can� positiv� relationshi� whil� th� latte� foun� a� insigni�can� 
positiv� relationshi� betwee� growt� an� volatility. 

Th� fac� tha� thes� studie� yiel� opposit� result� ma� com� a� a surprise. 
However, GARCH model� wer� invente� fo� �nancia� tim� series, wit� a larg� 
numbe� o� observation. I� Monte-Carl� simulations, presente� i� appendi� A, 
w� demonstrat� tha� th� widely-use� an� highly-sophisticate� GARCH-in-mea� 
model� ar� inappropriat� fo� thi� purpos� a� the� requir� th� estimatio� o� to� 
man� parameter� fo� th� shor� tim� serie� tha� normall� confron� economists. 

Thi� leave� u� wit� th� mor� conventiona� approac� o� separatin� th� tim� 
serie� int� a tren� an� a cyclica� component, an� the� investigat� thei� relation
ship. Ther� i� a larg� numbe� o� �lter� available, mos� o� the� develope� b� 
th� �nanc� literature. W� hav� decide� t� adop� th� HP-�lter. Ou� measur� o� 

� Wit� a singl� estimat� pe� country, w� canno� simulat� thei� result� a� don� i� A 
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volatilit� i� superio� t� an� othe� measur� o� volatilit� w� investigate� du� t� 
it� stabilit� wit� respec� t� smal� change� i� th� data. 

Th� empirica� analysi� presente� her� i� base� o� th� growt� experienc� 
o� twenty-on� OECD countrie� betwee� 1961 an� 2005. Afte� calculatin� th� 
tren� growt� rat� fo� eac� countr� usin� th� HP-�lter, w� divide� th� data fo� 
eac� countr� int� three, �fteen-year, non-overlappin� sub-samples. Fo� eac� 
sub-sample, th� averag� growt� rat� an� th� volatility�base� o� th� square� 
deviation� o� th� actua� growt� rat� fro� th� tren� growt� rate�wa� computed. 
Thi� no� onl� mitigate� th� e�ec� o� assumin� constan� volatilit� an� constan� 
growt� rates, th� techniqu� als� accounte� fo� th� within-countr� variatio� o� 
th� volatilit� i� ou� subsequen� regressio� analysis. Afte� runnin� a serie� o� 
robustnes� tests, w� conclud� tha� ther� i� a signi�can� positiv� relationshi� be
twee� outpu� variabilit� an� growth. Thi� relationshi� i� robus� agains� outlier� 
an� doe� no� hing� o� th� sub-sampl� perio� chosen. 

� Th� Dat� 

Th� data fo� thi� stud� cam� fro� th� AMECO database.� I� i� th� annua� 
macro-economic databas� o� th� Europea� Commission'� Directorat� Genera� 
fo� Economic an� Financia� A�air� (DG ECFIN). Al� 21 countrie� (Australia, 
Austria, Belgium, Canada, Unite� Kingdom, Finland, France, Greece, Iceland, 
Ireland, Italy, Japan, Luxembourg, Mexico, Netherlands, Portugal, Spain, Swe
den, Switzerland, Turkey, an� USA) fo� whic� continuou� annua� serie� fo� gros� 
domestic produc� a� constan� marke� price� pe� capita wer� recorde� fo� th� pe
rio� o� 1960-2005 wer� use� fo� analysis. 

� Methodolog� an� Result� 

3.� Modelin� Tren� an� Volatilit� 

W� wil� investigat� tim� serie� propertie� o� a particula� nature. I� orde� t� 
analyz� th� relationshi� betwee� economic growt� an� volatility, w� wil� as� 
whethe� a measur� o� volatilit� i� correlate� wit� change� i� outpu� growth. 
Severa� measure� fo� bot� outpu� growt� an� th� volatilit� ar� feasible, an� 
w� wil� discus� the� below. Whils� fo� economic growth, th� chang� i� th� 
leve� o� output�mayb� average� ove� severa� periods, whic� woul� b� a trend� 
i� a natura� candidate, measure� fo� th� busines� cycl� ar� volatilit� measures. 
Volatilit� refer� t� th� sprea� o� dispersio� o� al� likel� outcome� o� a rando� 
variable. I� i� ofte� measure� a� th� sampl� standar� deviation. Formally, w� 
investigat� a relationshi� suc� as, 

gt = κ + γσt + ut (1) 

wher� κ i� a constant, γ i� a parameter, an� σt measure� th� standar� 
deviatio� o� th� tim� series� . ut i� a� erro� term. Fo� a give� tim� series, on� 
coul� estimat� th� abov� equatio� (1), the� us� th� estimato� fo� th� varianc� 

� http://ec.europa.eu/economy_�nance/indicators/annual_macro_economic_database/ 
ameco_en.ht� 

� W� refrai� fro� includin� contro� variable� i� ou� estimation. Unles� contro� variable� 
woul� b� correlate� wit� th� varianc� measur� adopted, th� estimato� fo� γ remain� unbiased. 
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( )

( )

σ2 an� reestimat� th� abov� equatio� unti� i� converges.� Thi� essentiall� wha� 
GARCH model� do. Estimatin� a time-varyin� varianc� require� a lon� tim� 
series, a luxur� w� canno� a�or� fo� macroeconomic tim� serie� suc� a� GDP. 
I� appendi� A, usin� Monte-Carl� simulations, w� sho� tha� unde� reasonabl� 
paramete� con�gurations, th� varianc� o� th� estimato� fro� it� tru� varianc� i� 
unacceptabl� large� . 

Thi� lead� u� t� th� nex� bes� solutio� o� estimatin� mea� an� varianc� 
separately.� Th� exercise� i� furthe� complicate� a� bot� th� mea� an� th� 
standar� deviatio� ar� no� necessaril� constan� ove� time.� W� wil� tes� fo� 
constanc� ove� tim� usin� thre� type� o� uni� roo� tests. 

3.� Uni� Roo� Test� 

On� clea� indicatio� tha� th� assumptio� o� a constan� mea� an� a constan� 
varianc� o� a tim� serie� canno� b� maintaine� i� whe� uni� roo� test� poin� t� 
th� non-stationarit� o� th� data. I� thi� case, cross-countr� regression� base� 
o� sampl� mea� an� sampl� varianc� woul� lea� t� bogu� results. 

Testin� fo� uni� root� i� th� growt� rat� o� GDP usin� th� standar� Aug
mente� Dickey-Fuller� (ADF) test�wit� a constan� an� a tren� i� th� re
gressio� equation�result� i� th� failur� t� rejec� th� nul� hypothesi� o� non
stationarit� two-third� o� th� tim� (5 % leve� o� signi�cance). Sinc� th� wa� i� 
whic� classica� hypothesi� testin� i� carrie� ou� ensure� tha� th� nul� hypothesi� 
i� accepte� unles� ther� i� overwhelmin� evidenc� agains� i� an� w� wan� t� 
poin� ou� tha� ou� serie� ar� non-stationary, th� appropriat� wa� t� procee� i� 
t� us� a tes� tha� ha� th� nul� hypothesi� o� stationarit� an� th� alternativ� o� a 
uni� root. A tes� wit� stationarit� a� nul� i� th� KPSS test. Kwiatkowsk� e� al. 
(1992) star� wit� th� mode� 

yt = ξt + rt + εt


rt = rt−1 + ut 
(2)


wher� ut ∼ ii� 0, σ2 , εt an� ut ar� independent, an� th� initia� valu� r0 isu 

�xed. Th� εt satisf� th� linea� proces� condition� o� Phillip� & Sol� (1989) (the
orem� 3.3,3.14) whic� allo� fo� al� ARMA processes, wit� eithe� homogeneou� 
o� heterogeneou� innovations. 

Th� tes� fo� stationarit� i� thi� mode� i� simpl� 

H0 : σu 
2 = 0 vs. HA : σu 

2 > 0 (3) 

Mos� contro� variable� tha� w� ca� thin� of, suc� a� polic� variables, woul� wor� i� favor, 
reducin� th� explanator� powe� o� volatilit� o� economic growth. 

� I� shoul� als� b� note� tha� wheneve� on� ha� a� unbiase� estimato� fo� σ2, th� squar� 
roo� o� σ̂2 i� a biased�dependin� o� th� shap� o� th� distributio� an� th� sampl� size�estimato� 

o� σ du� t� Jensen'� inequality, E [σ̂] = E 
[√

σ̂2 
� 

< 
� 

E [σ̂2] = 
√

σ2 = σ. 
� Thi� ma� b� th� reaso� wh� paper� base� o� thi� methodolog� yiel� contrastin� results. 
� A measur� fo� th� sprea� o� a distributio� doe� no� necessaril� contai� al� informatio� 

abou� it� shape, s� w� ca� stil� mis� som� importan� features, unles� th� �rs� tw� moment� 
(mea� an� variance) ar� su�cien� statistic� t� describ� th� entir� distribution. 

� Th� analysi� b� Kormend� & Mequir� (1985) basicall� relie� o� thi� assumption. 
1

� Th� numbe� o� lag� use� i� th� regressio� i� trunc (lengt� (series) − 1) 3 = 3. Thi� 

correspond� t� th� suggeste� uppe� boun� o� th� rat� a� whic� th� numbe� o� lag� shoul� b� 
mad� t� gro� wit� th� sampl� siz� fo� th� genera� ARMA(p,q) setup. 
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Countr� KPSSµ KPSSτ ADFτ 

Australia � � � 
Austria � � � 
Belgiu� � � � 
Canada � � � 
Englan� � � � 
Finlan� � � � 
Franc� � � � 
Greec� � � � 
Icelan� � � � 
Irelan� � � � 
Ital� � � � 
Japa� � � � 
Luxembour� � � � 
Mexic� � � � 
Netherland� � � � 
Portuga� � � � 
Spai� � � � 
Swede� � � � 
Switzerlan� � � � 
Turke� � � � 
USA � � � 

Tabl� 1: Uni� Roo� Test� 

W� performe� tw� tests� , denote� b� KPSSµ an� KPSSτ base� o� a regres
sio� o� a constan� µ, an� o� a constan� an� a tim� tren� τ , respectively. Eve� 
thoug� bot� test� ar� ver� conservative, w� rejec� th� stationarit� hypothesi� i� 
45% an� i� 25% o� th� cases, respectively. 

Tabl� 1 show� th� result� fo� th� ADF tes� an� th� tw� KPSS test� fo� 
eac� country. Blac� square� denot� evidenc� fo� non-stationarit� (ADF: non
rejectio� o� th� nul� hypothesis, KPSS: rejectio� o� th� nul� hypothesis) whil� 
whit� square� denot� evidenc� fo� stationarity. Ou� o� ou� sampl� o� 21 countries, 
al� thre� test� poin� t� stationarit� o� th� data fo� onl� �v� countries. T� 
summarize, w� obtai� a disperse� picture, an� hav� t� rejec� th� assumptio� 
tha� al� serie� exhibi� constanc� ove� tim� i� al� countries. W� wil� therefor� 
resor� t� band-pas� �lter� t� identif� th� tren� (growth) an� cyclica� componen� 
o� th� tim� series. 

3.� Separatin� Tren� an� Volatilit� 

I� i� ofte� assume� tha� th� tim� serie� unde� investigation, Yt, ca� b� repre
sente� a� a weighte� su� o� periodic function� o� th� for� cos(ωt) an� sin(ωt) 
wher� ω denote� a particula� frequency: � π � π 

Yt = µ + α (ω) cos (ωt) dω + δ (ω) sin (ωt) dω (4) 
0 0 

A� idea� band-pas� �lte� i� a linea� transformatio� o� Yt tha� isolate� th� 

� T� estimat� σ2 th� Newey-Wes� estimato� wa� used. u 
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[ ]

∑

component� tha� li� withi� a particula� ban� o� frequencies, i.e. th� �lte� onl� 
passe� frequencie� i� th� rang� ωL ≤ ω ≤ ωH . Applie� t� GDP growt� rates, th� 
�lte� eliminate� ver� slow-movin� ('trend') component� an� ver� high-frequenc� 
('noise') components, whil� capturin� intermediat� component� tha� correspon� 
t� business-cycl� �uctuations. Th� varianc� o� th� �ltere� series, ĝt, coul� the� 
serv� a� a measur� o� volatility. 

However, sinc� suc� a� idea� band-pas� �lte� i� a movin� averag� o� in�nit� 
orde� an� therefor� require� in�nit� data, a� approximatio� i� necessar� fo� 
practica� applications. Mill� (2000) employe� th� on� suggeste� b� Baxte� & 
Kin� (1995) an� remove� component� wit� frequencie� belo� tw� year� an� 
abov� eigh� years. 

Buildin� o� th� graduatio� metho� develope� b� Whittake� (1923) an� Hen
derso� (1924), Lese� (1961) propose� a �lte� tha� i� simila� t� th� band-pass, 
on� tha� ha� als� bee� widel� use� i� business-cycl� research. I� economic� i� 
i� know� a� th� Hodrick-Prescot� (hencefort� HP) �lter. Th� HP �lte� i� a� 
approximat� low-pas� �lter, i.e. i� passe� lo� frequencie� bu� attenuate� (o� 
reduces) frequencie� highe� tha� th� cuto� frequency. 

Th� �ltere� serie� i� obtaine� b� solving: 

∑T T −1 (∑ )2 

minĝt (yt − ĝt)
2 + λ (1 − L)2 ĝt+1 (5) 

t=1 t=2 

wher� Lnyt = yt−n ∀n ∈ N. Th� �rs� summatio� ter� i� equatio� 5 con
cern� th� �� (square� deviations), th� secon� summatio� ter� th� smoothnes� 
(square� o� th� secon� di�erences) o� th� �ltere� series. Th� paramete� λ de
termine� th� importanc� o� th� smoothnes� relati� t� th� �� (trade-o�). A� 
λ →∞, ĝt approache� a linea� trend. 

3.� Measurin� Volatilit� 

W� ar� confronte� wit� th� situatio� whereb� som� GDP growt� serie� ap
pea� t� b� stationary, whil� other� appea� t� b� trend-stationary, o� eve� non
stationary. I� th� cas� o� stationarit� an� trend-stationarity, th� growt� rat� 
�uctuate� aroun� a constan� an� a linea� trend, respectively. I� th� cas� o� non
stationarity, th� growt� rat� eithe� �uctuate� aroun� a deterministic non-linea� 
tren� o� a stochastic trend. Usin� di�eren� procedure� t� calculat� th� varianc� 
fo� eac� countr� coul� inadvertentl� resul� i� data mining; therefore, w� uni
forml� applie� th� sam� variance-extractin� procedur� t� maintai� consistency. 
W� hav� chose� t� us� Hodrick-Prescot� (HP) �lterin� t� separat� ou� data 
int� a tren� an� a cyclica� componen� afte� carefull� researchin� a sequenc� o� 
potentia� �lterin� methods.1� Th� HP-�lte� no� onl� exhibit� th� advantag� o� 
bein� wel� know� i� economics, i� i� als� th� onl� �lte� separatin� th� serie� int� 
onl� tw� components. Al� othe� decomposition� spli� th� sampl� int� a� leas� 
thre� components, an� w� woul� therefor� hav� t� ignor� th� highe� frequencie� 
fro� ou� analysis. Th� varianc� o� th� tim� serie� i� obtaine� fro� 

σ̂2 1 m

µt)
2 
, (6)HP = 

m − 1
(gt − ˆ

t=1 

1� Se� th� appendi� fo� a ful� discussion. 
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[ ]
wher� µ̂t i� th� Hodrick-Prescot� �ltere� growt� rat� tha� i� obtaine� b� 

solvin� 

∑T T −1 (∑ )2 

minµ̂t (gt − µ̂t)
2 + λ (1 − L)2 µ̂t+1 (7) 

t=1 t=2 

wher� Lnyt = yt−n ∀n ∈ N. Th� objectiv� wa� t� se� th� smoothin� 
paramete� suc� tha� fo� bot� type� o� stationarity, th� �ltere� serie� woul� b� 
a straigh� line. I� cas� o� non-stationarity, th� �ltere� serie� shoul� displa� th� 
possibl� non-linea� deterministic trend. Visua� inspectio� (se� �gur� A.3 t� A.6 
i� th� appendi� suggeste� settin� th� smoothin� parameter, λ, t� 5000. Th� 
outcom� i� i� lin� wit� ou� unit-roo� test� fro� th� previou� section.1� Englan� 
an� th� Unite� State� ar� stationar� case� pa� excellence: th� growt� rat� 
�uctuate� aroun� a constan� value. Ital� i� a perfec� cas� o� trend-stationarity: 
th� averag� growt� rat� ha� bee� declinin� sinc� 1960 a� a constan� rate. Greec� 
belong� i� th� nonstationar� category: th� tren� growt� rat� wa� declinin� unti� 
th� mid-1980� whe� i� reache� th� botto� an� starte� t� increas� again. 

3.� Result� 

Estimatin� th� volatilit� an� th� averag� growt� rat� ove� th� whol� sampl� 
an� runnin� a cross-countr� regressio� afterward� woul� impl� tha� w� assum� 
tha� bot� statistic� ar� mor� o� les� stable. Visua� inspectio� tell� u� tha� thi� i� 
clearl� no� th� case. Dividin� th� sample� int� sub-sample� mitigate� th� e�ec� 
o� assumin� constan� volatilit� an� constan� tren� growt� rates. Furthermore, 
w� en� u� wit� mor� data points. O� course, ther� i� a� upper-boun� t� th� 
numbe� o� sub-sample� sinc� w� stil� nee� enoug� data point� t� obtai� a 'satis
factory' estimat� o� th� varianc� (equatio� 6). Sinc� th� lengt� o� ou� tim� serie� 
i� 45 (1961-2005) w� decide� t� separat� the� int� thre� (non-overlapping) sub
sample� o� lengt� 15.1� Th� resultin� 3 ∗ 21 = 63 data point� wer� poole� fo� 
ou� regressio� analysis.1� 

W� ar� intereste� i� th� functiona� relationshi� betwee� th� growt� rat� o� 
GDP, y, an� ou� measur� o� it� volatility, x. I� a parametric approach, th� 
obviou� choic� i� linear, 

y = α + βx (8) 

W� �n� a positiv� an� signi�can� relationshi� betwee� th� standar� devia
tio� an� th� growt� rat� o� output, 

y = 1.47 + 0.54 x (9) 
(0.37) (0.15) 

1� Not� tha� w� hav� selecte� a λ ver� di�eren� fro� wha� ca� b� foun� i� th� rea� busines� 
cycl� literature. However, ou� objective, too, i� ver� di�erent. Wherea� th� rea� busines� cycl� 
theor� trie� t� eliminat� ver� lo� frequencie� (noise9), ou� ambitio� i� ver� di�erent: w� tr� 
t� spli� th� GDP serie� int� a tren� an� cyclica� component. 

1� On� robustnes� tes� w� perfor� i� th� nex� chapte� i� splittin� th� sampl� int� 2 o� 4 
groups. Thi� doe� no� alte� ou� mai� �ndings. 

1� Poole� estimator� impos� th� realistic assumptio� o� ou� data se� tha� th� relationshi� 
betwee� regressan� an� regresso� i� th� sam� irrespectiv� o� whethe� w� ar� lookin� acros� 
countrie� o� ove� tim� withi� i� a country, an� tha� al� th� error� ar� draw� fro� th� sam� 
distribution. 
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ˆα̂ s.e� β s.e� 

2 period� 1.49 0.46 0.53 0.18 
3 period� 1.47 0.37 0.54 0.15 
4 period� 1.96 0.33 0.33 0.13 

Tabl� 2: Regressio� estimate� fo� di�eren� sampl� lengt� 

ˆα̂ s.e� β s.e� 

15-15-15 1.49 0.46 0.53 0.18 
(6)-11-11-11-(6) −1.48 0.61 0.24 0.04 
(8)-15-15-(7) −0.44 0.68 0.16 0.04 

Tabl� 3: Regressio� estimate� fo� di�eren� sampl� length, omittin� initia� an� 
�na� observation� 

wher� th� numbe� belo� th� estimate� coe�cien� indicat� th� standar� erro� 
o� th� ordinar� leas� squar� estimation. Th� regressio� ca� explai� 17.7% o� th� 
variation, whic� i� good, considerin� th� fac� tha� w� di� no� includ� an� othe� 
contro� variable� an� tha� w� us� cros� countr� data. Th� resul� i� certainl� 
encouraging, a� w� �n� a signi�can� relationshi� betwee� economic growt� an� 
volatility. I� orde� t� con�r� ou� results, w� wil� conduc� a serie� o� robustnes� 
check� i� th� followin� chapter. 

� Robustnes� Analysi� 

4.� Sampl� Variation� 

Th� �rs� robustnes� chec� wa� t� spli� th� sampl� i� di�eren� length. Wherea� 
i� th� previou� chapter, w� use� hav� spli� th� sampl� i� three, wit� a lengt� 
o� a singl� observatio� bein� 15 years, an� a tota� o� 63 observations, w� hav� 
als� spli� th� sampl� perio� int� 2 an� 4 groups. Thi� lead� t� th� lengt� o� 
a singl� observatio� o� 22 o� 11 year� respectively, wit� 42 o� 84 observations. 
Ou� �nding� ar� summarize� i� tabl� 2. 

W� obtai� simila� coe�cien� estimate� fo� th� 2-perio� spli� an� th� 3-perio� 
split, indicatin� robustnes� o� ou� results. Th� coe�cien� remain� statisticall� 
signi�can� a� th� 5% level. Th� reaso� fo� th� lowe� valu� ma� b� du� t� th� fac� 
tha� 11 period� ma� b� to� shor� t� comput� th� variance, an� som� varianc� 
i� capture� b� th� growt� rates, whic� alte� ove� th� 4 observatio� periods. 

Th� standar� HP Filte� i� know� t� hav� problem� detrendin� a� th� begin
nin� an� en� o� th� sampl� period. Fo� tha� reason, w� create� tw� additiona� 
serie� wher� w� hav� eliminate� th� �rs� 5 an� 7 year� respectively, an� tha� 
spli� th� remainin� sampl� i� thre� 11 yea� period� an� tw� 15 yea� periods, 
respectively. Th� estimatio� result� ar� presente� i� 3, an� di�e� littl� fro� ou� 
previou� results, continuin� t� sho� a positiv� an� signi�can� relatio� betwee� 
economic growt� an� volatility. 
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ˆα̂ s.e� β s.e� 

Lin-Li� (8) 1.5 0.4 0.55 0.15 
Log-Lo� (11) 1.7 1.1 0.46 0.13 
Log-Li� (12) 0.5 0.1 0.17 0.05 
Lin-Lo� (13) 1.6 0.3 1.40 0.37 

Tabl� 4: Regressio� estimate� 

4.� Variant� o� Ordinar� Leas� Square� 

Regressio� analysi� i� concerne� wit� th� questio� o� ho� y ca� b� explaine� 
b� x. Thi� mean� a relatio� o� th� for� 

yi = m (xi) + εi


E [Y |X = x] = m(x). (10)


wher� m i� a functio� i� th� mathematica� sense. I� determine� ho� th� 
averag� valu� o� y change� a� x changes. I� a parametric approach, th� obviou� 
choic� i� linear, a� discusse� i� th� previou� section, an� function� whos� pa
rameter� ca� b� estimate� b� ordinar� leas� square� afte� applyin� a linearizin� 
transformatio� o� th� variables, lik� 

m(x) = αxβ (11) 

m(x) = e α+βx (12) 

m(x) = α + β ln x (13) 

I� equatio� 11, β measure� th� elasticity1� o� m(x) wit� respec� t� x. I� ca� 
b� writte� a� ln m(x) = ln α + β ln x. I� equatio� 12 β give� th� proportionat� 
chang� i� m(x) pe� uni� chang� i� x. Vic� versa fo� equatio� 13. 

Tabl� 4 summarize� th� estimatio� results. Al� fou� model� ca� accoun� fo� 
abou� th� sam� amoun� o� variabilit� i� th� growt� rat� (betwee� 15 an� 20 
percent), wit� th� lin-li� mode� (8, bol� soli� line) an� th� lin-lo� mode� (13, 
soli� line) comin� ou� leadin� (se� �gur� 1). I� bot� model� th� estimat� fo� 
β i� signi�cantl� di�eren� fro� zer� (p-valu� < 0.001). Th� log-lo� mode� (11, 
dashe� line) an� th� lin-lo� mode� (12, dot-dashe� line) stil� exhibi� coe�cien� 
tha� ar� signi�can� a� th� 5% signi�canc� level. 

Th� coe�cient� canno� b� compare� directly, s� �gur� 1 draw� th� regressio� 
line� fo� al� fou� models, showin� tha� ar� al� ver� simila� i� th� relevan� area, 
s� tha� w� ca� con�r� th� resul� o� th� previou� chapter. 

S� far, w� hav� base� ou� regressio� o� th� standar� deviatio� a� a measur� 
o� volatility. Evidently, th� variance, th� squar� o� th� standar� deviation, ma� 
als� b� a� indicato� o� volatility. Althoug� th� coe�cien� i� equatio� 11, whic� 
i� fa� fro� 2, sugges� otherwise, w� ru� variou� polynomia� regression� o� th� 
mor� genera� for� 

1� Th� elasticit� measure� th� percen� chang� i� m(x) fo� a 1 percen� chang� i� x. m(x)� = 
m′(x)x 

= 
d ln m(x) 

m(x) d ln x 
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Figur� 1: Scatterplo� an� Regressio� Line� 

α̂ s.e� β s.e� γ s.e� R2 

Mode� 1 
Mode� 2 
Mode� 3 

1.47 
2.19 
0.63 

0.37 
0.21 
0.93 

0.54 

1.21 

0.15 

0.71 
8.26 
−11.57 

2.52 
11.77 

17.7 
15.0 
19.0 

Tabl� 5: Regressio� estimate� 

m(x) = α + βx + γx2 (14) 

W� hav� trie� highe� orde� polynomial� wit� n� avail. Th� result� fo� th� 
estimatio� ar� presente� i� tabl� 5. Whils� singl� variabl� model� al� yiel� 
statisticall� signi�can� coe�cien� o� th� variou� measure� o� volatility, mor� 
comple� model� fai� i� obtainin� thes� coe�cients, probabl� du� t� correlatio� 
betwee� independen� variables. Amon� th� �rs� thre� models, w� �n� tha� 
th� versio� usin� th� varianc� ha� a slightl� highe� explanator� powe� tha� th� 
mode� whic� i� base� o� th� standar� deviation, an� henc� preferable. 

4.� Robus� Regression� M-Estimatio� 

A statistica� procedur� i� regarde� a� 'robust' i� i� perform� reasonabl� wel� 
eve� whe� th� assumptio� o� th� statistica� mode� ar� no� true. M-regression, 
th� mos� commo� genera� metho� o� robus� regressio� introduce� b� Hube� 
(1964), wa� speci�call� develope� t� b� robus� wit� respec� t� th� assumptio� 
o� normalit� (se� Birke� & Dodg� (1993)). Conside� ou� linea� mode� 

yi = xi
′β + εi (15) 

fo� th� it� o� � observations. Th� �tte� mode� i� 
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∑ ( )

{

( ) ( )

yi = x′
ib + ei	 (16) 

Th� genera� M-estimato� minimize� th� objectiv� functio� 

∑n n

ρ (ei) = ρ yi − xi
′b	 (17) 

i=1 i=1 

wher� th� functio� ρ give� th� contributio� o� eac� residua� t� th� objectiv� 
function. Obviously, fo� least-square� estimation, ρ (ei) = ei 

2 . Th� Hube� M
estimato� use� a functio� ρ tha� i� a compromis� betwee� e2 an� |e|: 

ρ (e) = 
e2 fo� |e| ≤ � 

2k|e| − k2 otherwis� 

Tukey'� biweigh� estimato� i� de�ne� as:  � � ⎨ k2 
[ � 

e 
)2 

]3 

ρ (e) = ⎩ 6 1 − 1 

k2 

− k	 fo� |e| ≤ � 

otherwise6 

Th� valu� � fo� th� Huber-M an� Tukey'� biweigh� estimato� i� calle� a tunin� 
constant; smalle� value� o� � produc� mor� resistanc� t� outliers, bu� a� th� 
expens� o� lowe� e�cienc� whe� th� error� ar� normall� distributed. W� choos� 
th� pre-selecte� value� o� k = 1.345σ fo� Huber'� an� k = 4.685σ fo� Tukey'� 
estimato� (wher� σ i� th� standar� deviatio� o� th� errors). 

Figur� 2 show� th� regressio� line� fo� th� OLS (red), Hube� (blue), an� 
Tuke� (green) estimates. Bot� th� Hube� an� th� Tuke� estimate� o� th� slop� 
ar� slightl� lowe� tha� th� OLS estimate, viz. 0.45 an� 0.4, respectively, bu� stil� 
signi�cantl� di�eren� fro� zero. W� ca� therefor� stil� con�r� th� robustnes� 
o� th� OLS estimato� presente� i� th� previou� chapter. 

4.� Detectio� o� In�uentia� Dat� Point� 

Th� purpos� o� an� sampl� i� t� represen� a certai� population, actua� o� hy
pothetical. In�uentia� data point� o� outliers1� i� a sampl� ar� likel� t� in�u
enc� th� sample-base� estimate� o� th� regressio� coe�cients. Ther� ar� man� 
source� o� outlier� suc� a� samplin� a membe� no� o� tha� population, ba� 
recordin� o� measurement, error� i� data entry, etc. Fo� whateve� reaso� the� 
hav� com� t� exist, outlier� wil� lesse� th� abilit� o� th� sampl� statistic� t� 
represen� th� populatio� o� interest. A commo� metho� o� dealin� wit� appar
en� outlier� i� a regressio� situatio� i� t� remov� th� outlier� an� the� re�� th� 
regressio� lin� t� th� remainin� points. 

Sinc� n� data point� tha� obviousl� qualif� a� a� outlie� coul� b� foun� 
b� visua� inspection, w� calculate� Cook'� distanc� fo� eac� observation. Th� 
100(1-α)% join� con�denc� regio� fo� th� paramete� vecto� β i� 

ˆ ˆβ − β 
� 
(X ′X) β − β ≤ kσ̂2Fk,N−k,α (18) 

1� Hawkin� (1980) describe� a� outlie� a� a� observatio� tha� 'deviate� s� muc� fro� othe� 
observation� a� t� arous� suspicion� tha� i� wa� generate� b� a di�eren� mechanism'. Outlier� 
hav� als� bee� labele� a� contaminant� (Waine� (1976)) 
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Figur� 2: OLS, Huber-M, an� Tukey'� Biweigh� 

Cook'� Distanc� i� de�ne� a� 

β̂ − β̂−i 

� 
(X ′X) β̂ − β̂−i 

Ci = (19)
kσ̂2 

Th� 100(1-α)% join� ellipsoida� con�denc� regio� fo� β give� i� 18 i� centere� 

a� β̂. Th� quantit� Ci measure� th� chang� i� th� cente� o� thi� ellipsoi� whe� 
th� it� observatio� i� omitted, an� thereb� assesse� it� in�uence. Ci i� th� 
scale� distanc� betwee� β̂ an� β̂−i. A� alternat� for� o� Cook'� distanc� i� 

1 hii 2Ci = ri (20)
k (1 − hii) 

wher� hii i� th� leverage1� an� ri th� studentize� residual1� Ci� tha� ar� 
abov� th� threshol� valu� o� th� 50t� percentil� o� th� F distributio� wit� � an� 

1� Th� leverag� assesse� ho� fa� awa� a valu� o� th� explanator� variabl� i� fro� th� mea� 
value: th� farthe� awa� th� observatio� th� mor� leverag� i� has. hii i� th� � t� diagona� 

2 
elemen� o� X(X′X)−1X′. I� th� bivariat� cas� hii = 

n 
1 + 

(

(

n

xi

−
−
1)

x̄

s

)
2 . 
x 

1� Th� studentize� residua� i� ri = 
se

√e

1
i 

−hii 
. 
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N-� degree� o� freedo� (i� ou� cas� 0.7) ar� regarde� a� in�uentia� observations. 
Accordin� t� thi� de�nition, a� ca� b� see� i� 3, ou� sampl� doe� no� contai� 
an� in�uentia� observations. 
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Figur� 3: In�uentia� Data Point� 

Th� mos� in�uentia� data point� i� ou� sampl� ar� Greece1960−75 (#4) wit� 
a growt� rat� o� 6.2% an� a standar� deviatio� o� 4.7%, Turkey1990−05 (# 42) 
wit� a growt� rat� o� 2.4% an� a standar� deviatio� o� 5.4%, an� Japan1960−75 

(#46) wit� a growt� rat� o� 7% an� a s� o� 3.2%. Runnin� a OLS regressio� 
withou� thos� thre� data point� yielde� a slop� o� 0.46, wic� i� th� sam� resul� 
a� th� on� obtaine� b� usin� th� Huber-M-Estimator. Onc� again, thi� con�rm� 
ou� result� o� a positiv� an� signi�can� relationshi� betwee� economic growt� 
an� volatility. 

4.� Nonparametri� Estimation� Kerne� Regressio� 

Ou� �na� tes� o� robustnes� i� t� us� nonparametric estimatio� methods. Th� 
nonparametric approac� doe� no� assum� an� functiona� for� fo� m(x), bu� 
rathe� goe� bac� t� th� statistica� de�nitio� o� conditiona� expectation: 

� +∞ 1 
� +∞ 

m (x) = E [Y |X = x] = 
−∞ 

yfY |X (y|x) dy = 
fX (x) −∞ 

yfX,Y (x, y) dy 

(21) 
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Pluggin� i� Kerne� estimate� fo� th� margina� density, fX (x), an� th� join� 
density, fY,X (y, x), deliver� a� estimat� m(x) o� th� conditiona� expectatio� a� 
poin� x: 

1 
� +∞ 

fˆ X (x) −∞ 
yfˆ X,Y (x, y) dy (22) 

Thi� ha� becom� know� a� th� Nadaraya-Watso� estimator. Figur� 4 show� 
tw� Nadaraya-Watso� regressio� estimates, on� wit� hig� bandwidt� (dar� blu� 
line) an� on� wit� lo� bandwidt� (ligh� blu� line). I� th� dens� region, i.e. i� th� 
regio� wher� man� data point� ar� available, th� estimate� tel� th� sam� stor� 
a� th� OLS regressio� line, s� i� seem� tha� ther� reall� i� a linea� relationshi� 
betwee� volatilit� an� growth. Th� Nadaraya-Watso� estimate� becom� ver� 
erratic i� th� regio� wher� th� standar� deviatio� i� large� tha� 3.5%. Thi� wa� 
t� b� expected, sinc� onl� eigh� data point� fal� int� thi� region. 
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Figur� 4: Nadaraya-Watso� Estimate� an� OLS Regressio� Lin� 

Afte� runnin� a� entir� serie� o� robustnes� tests, fro� alterin� th� sample, 
runnin� non-linea� version� o� OLS regressions, M-estimations, checkin� agains� 
critica� data points, an� nonparametric methods, whic� al� poin� towar� a posi
tiv� an� signi�can� relationshi� betwee� economic growt� an� volatility, w� ar� 
convince� abou� th� robustnes� o� ou� result� indicate� i� th� previou� chapter. 
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� Conclusio� 

Th� contributio� o� thi� pape� i� twofold. Firs� th� empirica� resul� o� a robus� 
an� positiv� relationshi� betwee� economic growt� an� volatilit� shoul� stim
ulat� an� suppor� furthe� theoretica� researc� i� th� �eld, whic� i� growin� i� 
magnitud� an� importance. Second, th� pape� suggest� a� empirica� metho� 
t� analyz� th� relationshi� betwee� economic growt� an� volatility. W� us� 
th� well-know� Hodrick-Prescot� �lte� t� separat� GDP tim� serie� int� a tren� 
componen� an� a cyclica� component, an� the� us� perio� average� t� obtai� 
statistic� fo� growt� an� volatility. Thi� metho� i� preferentia� t� othe� band
pas� �lterin� techniques, bu� als� wit� respec� t� GARCH methods, whic� ar� 
wholl� un�� fo� shor� tim� serie� suc� a� nationa� accountin� data. 

Usin� th� tim� serie� experienc� o� twenty-on� OECD countrie� betwee� 1961 
an� 2005, w� hav� presente� stron� empirica� evidenc� fo� a positiv� relationshi� 
betwee� outpu� variabilit� an� economic growth. Thi� relationshi� i� robus� 
agains� outlier� an� als� show� u� i� a non-parametric setting. A cas� ca� b� 
mad� tha� ou� measur� o� outpu� variabilit� i� mor� suitabl� tha� th� one� use� 
i� previou� wor� fo� tim� serie� o� economic growth. 

Thes� result� hav� t� b� treate� wit� care, particularl� whe� makin� polic� 
implications. Whils� w� �n� tha� ther� i� a positiv� an� signi�can� relatio� be
twee� economic growt� an� volatility, w� refrai� fro� makin� an� commen� o� 
causality. Factor� tha� increas� volatility, suc� a pro-cyclica� �sca� o� monetar� 
polic� probabl� wil� no� alte� th� growt� patter� o� th� economy. W� d� believ� 
i� "innovativ� risk", o� th� concep� tha� a� innovation, whic� wil� induc� eco
nomic growth, i� intrinsicall� risky, an� therefor� w� shoul� observ� a positiv� 
relatio� betwee� growt� an� volatilit� i� th� data, a� w� indee� do. Whils� 
i� i� true, a� leas� a� th� margin, tha� a� increas� i� innovatio� woul� lea� t� 
faste� economic growth, thi� wil� com� a� th� cos� o� highe� volatility. W� thin� 
tha� economic stabilit� i� welfar� enhancing, an� therefor� policymaker� fac� a 
trade-o� betwee� economic growt� an� volatility. 
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APPENDI� 

� Garch-in-Mea� Regressio� Model� 

I� th� GARCH-in-Mea� (GARCH-M) mode� th� conditiona� varianc� o� th� er
ro� ter� i� use� a� a� explanator� variabl� i� th� equatio� (1) fo� th� conditiona� 
mea� o� th� variabl� t� b� explained. Th� erro� ter� follow� a GARCH(p,q) 
mode� 

ut = σtεt (A.1) 

wher� εt ∼ IID(0, 1) an� σ2, th� conditiona� varianc� o� ut conditiona� o� t 

al� th� informatio� u� t� tim� t − 1, Ft−1, i� give� as: 

q p

E u 2 
t |Ft−1 = σt 

2 = ω + αj u 
2 
t−j + βjσt

2 
−j (A.2) 

j=1 j=1 

Al� coe�cient� i� equatio� A.2 ar� necessaril� non-negative. Nelso� (1990) 
showe� tha� a GARCH(1,1) proces� i� strictl� stationar� whe� E[log(αε2 t +β)] < 
0. Whe� εt ∼ N(0, 1), th� conditio� fo� stric� stationarit� i� weake� the� th� 
conditio� fo� covarianc� stationarit� α + β < 1. 
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Figur� A.1: Trajector� o� a GARCH(1,1)-M proces� 

Figur� A.1 show� a trajector� o� a GARCH(1,1)-M process. Th� ris� pre
miu� parameter, γ, wa� se� t� 2, a valu� i� betwee� thos� obtaine� b� th� 
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GARCH(0,1)-M mode� o� Caporal� e� al. (0.7) an� th� bivariat� GARCH(1,1)
M mode� Grie� e� al. (3.5). Th� parameter� fo� th� varianc� equation, α an� 
β, wer� se� t� 0.1 an� 0.8, respectively. Thes� value� ar� commo� i� �nanc� 
(se� fo� instanc� Tsa� (2005)) an� clos� t� th� one� obtaine� b� Grie� & Perr� 
(2000) (0.2 an� 0.7).1� Thoug� i� seem� tha� suc� processe� ar� capabl� o� pro
ducin� serie� tha� resembl� actua� GDP growt� rates, unfortunately, ver� lon� 
tim� serie� (� � 2500) ar� require� fo� estimatin� suc� processe� e�ciently. 

I� a smal� Monte-Carl� simulatio� runnin� 100 realization� o� a GARCH(1,1)
M proces� wit� � = 1,...,200 an� wit� th� parameter� a� give� abov� an� re
estimatin� th� proces� yielde� th� distributio� o� th� GARCH-in-Mea� e�ect, 
γ̂ a� show� i� �gur� A.2. 
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Figur� A.2: Histogra� an� Empirica� Densit� Functio� 

Th� averag� i� clos� t� th� tru� mea� o� ou� simulatio� (3 instea� o� 2) 
bu� th� standar� deviatio� o� 15 i� unacceptabl� large. I� 25 percen� o� ou� 
simulatio� w� obtaine� a� estimat� fo� γ tha� wa� a� leas� twic� a� larg� bu� 
ha� th� opposit� sig� (−4 instea� o� 2). Apar� fro� thi� technica� obstacle, th� 
implicatio� o� th� fac� tha� th� measur� fo� volatilit� i� base� solel� o� forecas� 
uncertaint� seem� t� b� no� full� understoo� whe� th� mea� equatio� 1 contain� 
additiona� regressors. 

� Growt� Rate� an� th� H� �lte� 

1� Th� intercept� wer� se� t� ω = 0.0001 an� κ = 0.005, respectivel� an� � ∼ N (0, 1) 
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Figur� A.3: Growt� Rate� o� Selecte� Countrie� 1 
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Figur� A.4: Growt� Rate� o� Selecte� Countrie� 2 
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Figur� A.5: Growt� Rate� o� Selecte� Countrie� 3 
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