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Can the hange in the omposition of the USGDP explain the Great Moderation? A test viaoil prie shoksAlessandro Maravalle∗The paper investigates whether the growing GDP share of the servies setor anontribute to explain the great moderation in the US. We identify and analyze threeoil prie shoks and use a SVAR analysis to measure their eonomi impat on theUS eonomy at both the aggregate and the setoral level. We �nd mixed support forthe explanation of the great moderation in terms of shrinking oil shok volatilitiesand observe that inreases (dereases) in oil shok volatilities are ontrasted by aweakening (strengthening) in their transmission mehanism. Aross setors, serviesare the least a�eted by any oil shok. As the ontribution of servies to the GDPvolatility inreases over time, we onlude that a omposition e�et ontributed tomoderate the onditional volatility to oil shoks of the US GDP.JEL: Q43, E32, C32Keywords: oil prie shoks; great moderation; servies; strutural hange.1 IntrodutionOver the last deades the US eonomy experiened a smooth hange in itsprodution struture away from good produing industries and towards serviesproduing industries. In addition to it, business yle �utuations in the serviessetor have been far less volatile than those of the goods setors over the period1957-2011. These fats arise the question of whether the hange in the outputomposition and the evidene of di�erent ylial behavior aross setors mighthave brought about a modi�ation of the transmission mehanism of the shoks
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to the US eonomy that (partially) explains the great moderation. In the paperwe address this question by fousing on oil prie shoks.This paper is related to the strand of the literature that analyze the greatmoderation, the derease in maroeonomi volatility observed sine the 1980sin US maroeonomi variables (i.e., Kim and Nelson 1999, Kahn et al. 2002,Boivin and Giannoni 2006). The debate over the soure(s) of the great modera-tion mainly fouses on two explanations. The �rst one sees it as the result of ahange in the transmission mehanism of shoks to the eonomy, whih in turnmay be attributed to di�erent auses like the adoption of better tehnology orbetter poliies, with a speial fous on monetary poliy (i.e. Bernanke, Gertlerand Watson 1997, Ahmed et al. 2004, Herrera and Pesavento 2009, Justini-ano and Primieri 2008). The seond approah, instead, interprets the greatmoderation as largely due to the redution in the size of the shoks hitting theeonomy in the last two deades, and is often labeled as the good luk hypoth-esis (i.e. Sims and Zha 2006, Blanhard and Simon 2001, Stok and Watson2002). Both possibilities are taken into aount in the paper.The paper is also related to that part of the oil literature that studies theweakening of the eonomi impat of oil prie shoks to the US eonomy (i.e.,Ferderer 1996, Barsky and Kilian 2004, Hooker 2006). The proposed expla-nations have mainly onsidered a non-linear relationship between oil and themaroeonomy (Hamilton 2003, Lee et al. 1995), the adoption of a less oil-intensive tehnology and/or improved �exibility in the labor markets (Blanhardand Galí 2010), the adoption of a better monetary poliy (Bernanke, Gertler andWatson 1997, Bohi 1991), the inreased rigidity in the demand for oil (Baumeis-ter and Peersman 2008), and hanges in the omposition of the shoks drivingthe prie of oil (Kilian 2009). Our ontribution to this literature is to onsiderthe growing GDP share of the servies setor in the US as an additional fatorfor the explanation of the weakening impat of oil prie shoks.There are several reason for hoosing oil prie shoks to analyze the potentiallink between the dynami of the omposition of the US GDP and the greatmoderation. First, the evidene olleted at the business yle level tell us littleabout hanges in the omposition and distribution of the shoks hitting theeonomy over time. Thus, we need to fous on a spei� shoks to disentanglethe hanges in the variane of the shoks from modi�ations of their transmissionmehanism. This is neessary beause, potentially, a shrinking (inrease) in thesize of a shok (lower variane) might go along with an ampli�ation (weakening)of its transmission mehanism. Thus, observing either one of the two fators in2



isolation might not deliver an aurate piture of the underlying auses of thegreat moderation.1 Seond, the fat that in reent times the impat of oil shokson the US eonomy has dereased makes oil prie shoks an ideal andidate toinvestigate whether the strutural hange in the US GDP omposition playedany role in it. Third, reent developments in the oil literature provide us withan aurate identi�ation methodology for oil prie shoks (Kilian 2009) thatallows us to distinguish aross three di�erent soures: oil supply shoks, globaldemand shoks and oil demand shoks. Suh a distintion is fundamental asthe eonomi e�et of oil prie shoks stritly depend on the underlying soure.Fourth, given the international nature of the oil market, oil prie shoks areommon aross ountries (in the absene of signi�ant ountry-spei� exhangerate shoks), rendering the present analysis extendable to other ountries.The hoie of fousing on a spei� shoks to analyze the soure of the greatmoderation is not new in the literature. Chang-Kim et al. (2008) analyze therole played by aggregate demand and aggregate supply shoks by adopting aBlanhard Quah deomposition within a bayesian VAR. Monetary poliy shokshave been the fous of several monetary VARs aimed to evaluate the role playedby the monetary poliy in the great moderation, with ontroversial results (i.e. Primieri 2005, Ledu and Sill 2003, Hamilton and Herrera 2004). Morespei�ally, Herrera and Pesavento (2009) and Pesatori and Novak (2010) bothused oil prie shoks in analyses of the great moderation. Herrera and Pesavento2009 estimate a SVAR with oil prie shoks to evaluate the role of hanges inthe transmission mehanism of monetary poliy in the explanation of the greatmoderation. Novak and Pesatori, by estimating a DSGE model, �nd thathanges in the variane of oil shoks explain a third of the US in�ation volatilityredution but only a small share of that of the GDP.There is little literature that investigates the link between hanges in theomposition of the GDP and the great moderation. MConnell and Perez-Quiroz (1999), by performing a setoral analysis on the soures of the greatmoderation, dismiss a role for the servies setor on the ground that they do not�nd a strutural break around the mid 1980s in the growth ontribution of theservies setor to the GDP. Even if this result would �t well with the evidene ofa smooth rise of the GDP share of servies, we atually �nd evidene of a break1For example, Balke et al. 2010, estimating a DSGE model, �nd that in reent years theUS eonomy experiened improvements in e�ieny together with inreases in the demand foroil. This suggests both a strengthening of the transmission mehanism of oil demand shoksand a redution in their size due to energy e�ieny3



in the output growth of the servies setor in the mid 1980s by applying themultiple strutural break by Bai and Perron (1999, 2003). Most importantly, weonsider that in general the lak of a break does not prelude the possibility forthe hange in the omposition of the GDP to play a role in the great moderation.To this purpose we adopt a di�erent methodology based on investigating hangesin the transmission mehanism at the setoral level rather than relying only onthe presene of strutural break in the output growth at the setoral level.Herrera et al. (2010) also onsider the eonomi impat of oil prie shoks atthe setoral level through an impulse response analysis. However, their sopeis limited to (setors of) the industrial prodution and their main interest is toverify if the response of the industrial prodution to oil prie shoks is nonlinear.Our methodology is based on Kilian (2009). In a �rst stage we disentangleoil prie shoks into oil supply shoks, global demand shoks and oil demandshoks. Next, we apply the multiple break test by Perron and Wada (1999,2003) to the estimated shoks to hek for breaks in their unonditional vari-anes. Aordingly, for eah oil prie shok we split the sample into subperiodsof low and high variane. In a seond stage we adopt an impulse response anal-ysis to measure the impat of the three oil prie shoks on the output growthof the servies setor, the goods setor and the GDP, onsidering both the en-tire sample and the subperiods. The estimation over the entire sample providesinformation over ross-setor di�erenes in the propagation mehanism of eahoil prie shok. The estimation over the subperiods allows for a ounterfatualanalysis whih tells us how muh of the aross-period hange in the maroeo-nomi impat of a oil prie shok is due to either the hange in the volatility ofthe shok (good luk) and/or how muh is due to a modi�ation of the trans-mission mehanism of the shok to the eonomy. A diret omparison of theresults aross setors and periods allow us to evaluate the ontribution of thehange in the GDP omposition to the hange in the onditional GDP volatilityto oil prie shoks. To ontrol for hanges in tehnologial hanges we followNordhaus (2008) and sale oil shoks for their eonomi importane.Our main results are the following. First, we �nd mixed evidene in favor ofthe good luk hypothesis, as long as oil prie shoks are onerned. Though theunonditional variane of oil supply shoks appears to dwindle over time (breakin the mid 1980s), that of oil demand shoks atually inreases (break in the late1990s) while that of global demand shoks shows a mixed behavior: it initiallydereases (break in the mid 1980s) but then reverts to a high level (break inthe mid 2000s). Moreover, over time the volatility of the GDP, onditional to4



the three oil prie shoks, shows a very di�erent behavior: it inreases for oildemand shoks, is almost stable for oil supply shoks and heavily falls for globaldemand shoks. This result reinfores the results in Kilian (2009) as it suggeststhat the redued overall impat of oil prie shoks on the volatility of the USeonomy ultimately depends on the spei� omposition of oil shoks. In thisrespet, the historial deomposition analysis onsistently shows that oil supplyshoks are the least important driver of the prie of oil all over the period,oil demand shoks were the dominant driver in the early 1980s, while globaldemand shoks appear to have been dominant in the late 1980s and the 1990s.Seond, at both the aggregate and the setoral level we �nd that the hangein the volatility of the eonomi ativity due to a shift in any oil shok volatilitytends to be ontrasted by a ontemporaneous modi�ation of the underlyingtransmission mehanism of the shok to the eonomy. In the servies setorthe two fators tend to anel out, while in the goods setor one of the twofators is always prevailing, though whih one depends on the spei� oil shokonsidered. Aordingly, we observe far smaller hanges in the output growthvolatility of the servies setor than in that of the goods setor.Third, we �nd that oil demand shoks and global demand shoks tend toprodue a larger impat on the eonomi ativity of the goods setor than onthat of the servies setor. This result, joint with the evidene that the outputgrowth volatility of the servies setor, onditional to any oil prie shoks, isfar lower than that of the goods setor, shows that the servies setor is far lesssensitive to oil prie shoks than the goods setor.Fourth, the data onsistently reports that the impliit ontribution of theservies setor to the onditional volatility of the GDP inreases over time,independently of the kind of oil shok onsidered. As the servies setor is lessvolatile than the goods setor, we interpret it as an evidene that in the lastdeades a omposition e�et was at work in moderating the volatility of the USeonomy with respet to oil prie shoks.The paper is strutured as follows. Setion 2 presents stylized fats. Se-tion 3 identify and analyze the oil prie shoks. Setion 4 presents the mainmethodology. Setion 5 presents the results. Setion 6 onludes.
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2 Stylized fats and preliminary analysisIn this setion we present stylized fats on the di�erent eonomi behavior heldby the servies and the goods setor that justify our fous on a GDP omposi-tion e�et as (part of the) explanation for the great moderation. To onstrutreal aggregate measures of the output at the setoral level we use quarterlydata over the period 1957Q1:2012Q1 (BEA, table 1.5.5, GDP at urrent level,expanded detail. CPI, all Items City Average IFS). In partiular we onsiderprivate GDP only and divide it into three setors: the goods setor, the serviessetor and the onstrution setor.2 The top right panel in �gure 1 shows thehange in the omposition of the US GDP over the period 1957Q1-2012Q1. Itis evident the smooth and steady inrease in the share of GDP represented bythe servies setor at the expense of that of the goods setor. The GDP shareof the onstrution setor, instead, appears to be fairly stable around the 10%over all the sample period, but for a deline in the last years, a lear e�et ofthe reent subprime risis. As the dynami of the omposition of the GDP isentirely aptured by the goods and the servies setor, we next verify whetherthe two setors feature di�erent business yle properties. To this purpose,we adopt di�erent trend-yle deomposition tehniques to prove that the re-sults are robust to the hoie of the �ltering methodology. More spei�ally,we apply to the output growth of the servies setor (YS,t) and the goods se-tor (YG,t) the Hodrik-Presott �lter (HP), the Band Pass �lter (BP) and thetrend-yle deomposition with a mixed Gaussian model (PW) by Perron andWada (2009). The �rst two �lters are hybrid deomposition methods widelyused in maroeonomis (i.e. see Canova 2007, hapter 3). The last method,instead, works a statistial trend-yle deomposition through an unobservedomponent model that aptures potential strutural hanges in the trend at un-known date.3 Cylial �utuations from the two setors obtained through thePW �lter (top right panel), BP �lter (bottom left panel) and HP �lter (bottomright panel) are presented in �gure 1. Clearly, the servies setor always tends2Private GDP is obtained by taken out from the GDP the entry Government onsump-tion expenditures and gross investment. The goods setor is onstruted as follows: Per-sonal onsumption expenditure on Goods+ Gross �xed domesti investment-residential �xedinvestment-�xed investment in strutures+Net exports of goods. The servies setor is on-struted as follows: Personal onsumption expenditure on servies+Net exports of servies.The onstrution setor is obtained as sum of two entries: residential �xed investment + �xedinvestment in strutures.3Perron and Wada (2009) show that when in the trend of a series a strutural breakis present but not taken into aount, di�erent �ltering methodologies might deliver verydi�erent results. 6
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The HP �lter is omputed for λ = 1600. The BP �lter aptures yles with periodiitybetween 6 and 32 quarters. The parameter values used for the PW unobserved omponenttrend-yle deomposition are those maximizing the likelihood funtion. The searh wasperformed through the MATLAB funtion fminun and repeated 100 times for eah variable.to be far less volatile than the goods setor. As a further evidene, for eahtrend-yle deomposition tehnique we apply to the ylial omponents of thetwo setors two two-sample non-parametri tests: the Ansari-Bradley test andthe Kolmogorov-Smirnov test. Both tests strongly rejet the null hypothesis ofthe equality of the variane of the ylial omponent aross setors.To searh for shifts in the unonditional varianes of YS,t and YG,t we applythe multiple strutural break test developed by Bai and Perron to he modelsuggested by Sensier and Van Dijk 2004 and MConnel and Perez-Quiroz(2000)that we adapt to a multi-period setting:
√

(π/2) |Yi,t − µi| = σi,t + ui,t, t = 1, ..., T1,i = {S,G},...
√

(π/2) |Yi,t − µi| = σi,t + ui,t, t = TM+1, ..., T, i = {S,G},where µi is the sample average of Yi,t over the entire sample period and
i = {S,G} is an index that identi�es the spei� setor (either Servies orGoods). √

(π/2) |Yi,t − µi| is an unbiased estimator of the standard deviationof Yi,t if it follows a normal distribution.7



Results from the test are reported in table 1. Strutural breaks in the un-onditional variane are deteted for both YS,t (1984Q2 and 2005Q2) and YG,t(1983Q1).4 The evidene of a fall in the variane of the servies setor in themiddle 1980s ontrasts with MConnel and Perez-Quiroz (2000) who had founda break in the late 60s. To ontrol for di�erenes in the results due to di�erenttime samples, we repeat the test over the larger period 1957Q2-2011Q4. Thetest on�rms the presene of a break in the middle 1980s (1983Q3). This re-sult then asts further doubts on the early dismissal of the hypothesis that thegrowing importane of the servies setor might play a role in explaining thegreat moderation. As to the the goods setor, in line with the literature, we�nd that the variane of YG,t fell in the middle 1980s. Moreover, we also �nd aseond break whih points to a resurgene in the volatility in the seond half ofthe 2000s, a result in aordane with the ourrene of the subprime risis.53 Identi�ation and analysis of oil prie shoks3.1 Eonometri ModelWe follow Kilian (2009) and deompose oil prie shoks into three orthogonalstrutural shoks: oil supply shoks, global demand shoks and oil-market spe-i� demand shoks.6 To this purpose we estimate the following SVAR model:
A0Xt = a0 +A1(L)Xt−1 + et. (1)

Xt is the vetor of endogenous variables inluding the growth rate of theworld oil prodution, the index of global real eonomi ativity and the log ofthe real prie of oil. The reursive struture of A0 allows for the identi�ationof the three strutural shoks êj,t, j = 1, 2, 3.Data are monthly and over the period 1974:1-2009:06. Oil prodution isgiven by the global rude oil prodution (million barrels per day, soure IEA).4Table 1 reports the results of the test when the sample period is restrited to 1974Q1-2011Q4 to math the sample period for whih oil prie shok data are available. Results donot hange when the entire sample period 1957Q1-2011Q4 is onsidered.5We also searh for the stability of the oe�ients of AR(1) models of ∆logY S
t and ∆logY G

tbut the tests reports no evidene of strutural breaks. Only for low values of the trimmingthe sequential proedure reports a break in the parameter of the servies setors toward theend of the sample (2006:Q3). The break disappear for larger values of the trimming like 0.15.However, for any value of the trimming parameter the sup and supF(l+1,l) report no evidene.6Kilian (2009) interprets oil demand shoks as oil-market spei� shoks that determineunpreditable hanges in the preautionary demand for oil.8



Table 1. Multiple break test of the unonditional variane - output growth at thesetoral level (1974Q1-2011Q4)Tests1 Number of breaks seletedVDMAX/UDMAX supF(2|1) supF(3|2) supF(4|3) Sequential LWZ BIC13.79*** 5.13 7.98 0 1* 0 2Estimates
σ̂1 T1 σ̂24.5544 1983Q1 2.509

(0.65454) 1978Q4− 1994Q2 (0.2553)(a) Servies SetorTests1 Number of breaks seletedVDMAX/UDMAX supF(2|1) supF(3|2) supF(4|3) Sequential LWZ BIC13.0145*** 17.71*** 2.3065 0.159 0 0 2Estimates
σ̂1 T1 σ̂2 T2 σ̂311.7352 1984Q2 5.831 2005Q2 13.092(1.3212) 1982Q1-1990Q2 (0.6318) 2000Q1-2007Q2 (2.2061)(b) Goods SetorNote: Reported standard errors and on�dene intervals are omputed allowing for heterogeneityand serial orrelation in the disturbanes. The ovariane matrix is onstruted following Andrews(1991) and Andrews and Monahan (1992). Below the estimate of the parameter is reported thestandard error; the datebreak estimate reports below the 95% on�dene interval. A * indiatessigni�ane at the 90%, ** at the 95% and *** at the 99%.1 The H0 for the VDMAX/UDMAX test is no breaks against the alternative of at least one break.The H0 for the supF(l+1|l) test is l breaks against the alternative of l+1 breaks.
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Figure 2. Historial deomposition

The global demand for industrial ommodities is given by the global real eo-nomi ativity index developed by Kilian (2009).7 The prie of oil is given bythe US rude oil imported aquisition ost by re�ners (dollars per barrel, soureIEA). The prie index is the CPI all items (index, base year 2005, soure IFS).3.2 Historial deomposition and strutural break testsWe ompute the ontribution of eah oil prie shoks to hanges in the prie of oilthrough an historial deomposition analysis. A 24 month-window symmetrimoving average of the historial deomposition is reported in the top left panelof �gure 2. The ontributions of global demand shoks and oil-demand shoksboth outweigh that of oil supply shoks, espeially in the seond half of theperiod. In the panel, blue-light shaded areas highlight periods in whih oildemand shoks have been dominant, while dark-grey shaded areas point out toperiods in whih global demand shoks have been dominant.8To take into aount the possibility that the size of oil prie shoks may varyover time (good luk hypothesis) we searh for breaks in their unonditional7available at http://www-personal.umih.edu/~lkilian8To determine whether one shok dominates the others in a given moment we onsider foreah shok the interval omprised between its ontribution to hanges in the prie of oil inthat moment ± one-standard deviation. A shok dominates the others in a given moment ifits interval lies above and does not overlap with those of the other shoks.10



volatility via the multiple break test by Bai and Perron (Table 2). Oil supplyshoks, the least important shok in driving oil prie hanges, indeed behavesaording to the good luk hypothesis as its volatility dwindle after a breakin 1987 (�gure 2, top right panel). The volatility of global demand shoks,instead, falls after a break in 1987 but then reverts to a high level after a seondbreak in the mid 2000s (�gure 2, bottom left panel). Opposite to the good lukhypothesis is the behavior of oil demand shoks, whose volatility is low in the�rst part of the sample, piks up after a break in 1999 and then further inreasesafter a seond break in 2006 (�gure 2, bottom right panel). If we onsider boththe relative importane of eah oil prie shoks in driving the prie of oil andthe hanges in their volatility over time, we �nd a mixed evidene in favor ofthe hypothesis that it is a dwar�ng in the volatility of oil prie to explain theredued impat of oil prie shoks on the US eonomy in reent times.The results from the strutural break test allow us, for eah shok, to split thedata into subperiods in whih the shok is homosedasti. This eases the task tosingle out hanges in the transmission mehanism of the shoks. For oil supplyshoks we de�ne two subperiods. The �rst subperiod is de�ned over the period1976Q1:1992Q1, and aptures high-volatility oil supply shoks, while the seondone is de�ned over the period 1992Q2:2011Q4 and aptures low-volatility oilsupply shoks. Similarly, we de�ne three subperiods for global demand shoks.The �rst subperiod is then de�ned over the period 1976Q1:1993Q4, and aptureshigh-volatility global demand shoks, the seond one is de�ned over the period1994Q1:2006Q4 and aptures low-volatility global demand shoks, while thethird subperiod is de�ned over 2007Q1:2011Q4, and aptures high-volatilityglobal demand shoks. Finally, the strutural break test reports two breaksin the volatility of oil demand shoks, the �rst in the middle 1990s and theseond in the mid 2000s. As data would be insu�ient to allow for estimationin the third subperiod, we onsider two subsamples only by merging the last twosubperiods into one as in both the volatility of oil demand shoks is far higherthan in the �rst subperiod. Thus, the �rst subperiod is de�ned over the period1976Q1:1995Q4, and aptures low-volatility oil demand shoks, while the seondone is de�ned over the period 1996Q1:2011Q4 and aptures high-volatility oildemand shoks. For any shok the spei� breakdate between subperiods alwayslies within the 95% on�dene interval determined by the Bai-Perron test andallows for the the subperiods to be nearly evenly divided.11



Table 2. Multiple break test of the unonditional variane - oil prie shoks(1975M1-2011M12)Tests1 Number of breaks seletedVDMAX/UDMAX supF(2|1) supF(3|2) supF(4|3) Sequential LWZ BIC30.773*** 5.228 6.14 8.05 1*** 1 1Estimates
σ̂1 T1 σ̂21.2689 1987M7 0.5786(0.1206) 1987M2-1992M2 (0.0349)(a) Oil Supply ShoksTests1 Number of breaks seletedVDMAX/UDMAX supF(2|1) supF(3|2) supF(4|3) Sequential LWZ BIC16.75*** 2.567 1.6 0 2* 0 2Estimates

σ̂1 T1 σ̂2 T2 σ̂31.2689 1987M10 0.7051 2006M5 1.3341(0.1206) 1984M1-1993M10 (0.0413) 2001M4 - 2007M1 (0.1737)(b) Global Demand ShokTests1 Number of breaks seletedVDMAX/UDMAX supF(2|1) supF(3|2) supF(4|3) Sequential LWZ BIC80.709*** 11.769* 4.16 5.63 2** 1 1Estimates
σ̂1 T1 σ̂2 T2 σ̂30.5531 1999M2 0.868 2004M9 1.7743(0.038) 1994M10-2003M2 (0.083) 2003M2 - 2005M3 (0.123)() Oil demand shokNote: Reported standard errors and on�dene intervals are omputed allowing for heterogeneityand serial orrelation in the disturbanes. The ovariane matrix is onstruted following Andrews(1991) and Andrews and Monahan (1992). Below the estimate of the parameter is reported thestandard error; the datebreak estimate reports below the 95% on�dene interval. A * indiatessigni�ane at the 90%, ** at the 95% and *** at the 99%.1 The H0 for the VDMAX/UDMAX test is no breaks against the alternative of at least one break.The H0 for the supF(l+1|l) test is l breaks against the alternative of l+1 breaks.12



4 Eonometri analysis of the impat of oil prieshoksIn this setion we show that the transmission mehanism of eah oil prie shokdi�ers aross setors and, within a same setor, aross subperiods. Seond, foreah shok we analyze whether the hange aross periods in the onditionalGDP volatility an be explained by either the modi�ation of the transmissionmehanism of the shok and/or the shift in the volatility of the shok. We�nd that these two fators alone are not su�ient and argue that a plausibleomplementary andidate to �ll the gap is the growing weight of the serviessetor in the omposition of the GDP.4.1 DataWe adjust the real aggregate measures of the setoral and aggregate outputthat we used in setion 2 in two dimensions. First, we narrow the sample tothe period 1976Q1:2011Q4 to math it with that of oil prie shoks. Seond,we take out from the GDP and the output of the good setor the ontributionsof �Motor vehile net of government spending in the setor� (soure BEA, table7.2.5B) and �Gasoline and other energy goods� (soure BEA, table 1.5.5). Theseadjustments are required to avoid the suspiion that di�erenes in the impatof oil prie shoks aross setors be driven by these two subsetors beause of adiret or indiret oil prie shok propagation mehanism.94.2 Eonometri ModelWe follow Kilian (2009) and estimate the model:
Yk,t = êi,tAi,k(L) + νt, (2)where Yk,t is the series of output growth of variable k = {GDP, S,G}, where

S stands for the servies setor and G stands for the goods setor; êi,t is theregressor matrix ontaining L lags of the (estimated) oil prie shok spei�ed bythe index i = {OS,GD,OD}, where OS stands for oil supply shoks, GD standsfor global demand shoks and OD stands for oil demand shoks. The vetor9Several authors onsider shifts in the ar expenditure pattern as ore to the funtioningof the demand hannel of transmission of oil prie shoks. See Bresnahan and Ramey (1993)and, more reently, Kilian (2008). 13



of estimated parameters Âi,k(L) is interpreted in terms of impulse responseoe�ients and apture the transmission mehanism of the oil prie shok êi tothe variable Yk. Con�dene intervals are obtained by applying a blok-bootstrap(four bloks) to take into aount heterosedastiity and serial orrelations ofthe errors. We ontrol for oil-saving tehnologial hange that might lower theeonomi impat of oil prie shoks by saling the series of the oil struturalshoks for their eonomi importane (Nordhaus 2008).10 114.3 Counterfatual analysisTo disentangle the ontribution to the hange aross subperiods in the ondi-tional volatility of a variable due to hanges in the transmission mehanism
(

Âi,k(L)
) from that due to hanges in the size of underlying oil prie shok (êi)we perform a simple ounterfatual analysis.For eah oil prie shok (êi) and eah variable (Yk) we �rst ompute the �t-ted value in eah of the two subsamples, that is Ŷ I

k,t = êIi,tÂi,k

I
(L) for the�rst subperiod and Ŷ II

k,t = êIIi,t
ˆAi,k

II
(L) for the seond subperiod. We anthen obtain for eah subperiod a measure of the overall volatility of Ŷk,t ondi-tional to the shok êi

(

σ2
ˆY I
k

∣

∣êIi , σ2
ˆY II
k

∣

∣êIIi

). By onstrution, these onditionalvolatilities solely depend on the variane of the underlying shok (êi) and thetransmission mehanism (

Âi,k(L)
) in that subperiod. Thus, the hange in theonditional volatility of Yk,t aross subperiods (σ2

ˆY I
k

∣

∣êIi − σ2
ˆY II
k

∣

∣êIIi

) apturesboth the variation in the transmission mehanism and the shift in the shokvolatility.12 We then perform a ounterfatual analysis to single out the spe-i� ontribution of hanges in the transmission mehanism. To this purpose,for any subperiod we ompute the �tted values for Yk |êi that would result if10The eonomi importane of an oil shok at a given period t is omputed as the ratiobetween the urrent value of oil onsumption over nominal GDP (Nordhaus 2008). Theurrent value of oil onsumption is omputed by multiplying the US petroleum onsumption(million of barrels, soure IEA) by the nominal prie of oil.11Results are not qualitatively di�erent when the estimation is performed without ontrol-ling for the oil intensity. We interpret this result as a further evidene that oil prie shoksmainly produe e�ets through demand hannels rather than by inreasing the marginal ostof prodution (supply hannel).12If, for example, we observe σ2

ˆ
Y I
k

∣

∣êIi > σ2

ˆ
Y II
k

∣

∣êIIi , we an only onlude that hanges in boththe transmission mehanism (

Âi,k

) and the volatility of êi led to a derease in the overallonditional volatility of Ŷk,t to shok êi. 14



the shoks were those observed in that subperiod but the transmission meh-anism were the one observed in the other subperiod. More spei�ally, weompute Ŷ I,CA
k,t = eIi,tÂi,k

II
(L), the expeted value of Yk in the �rst subperiodgiven the shoks observed in that subperiod (

eIi,t
) but with the transmissionmehanism estimated in the seond subperiod Âi,k

II
(L). Similarly we om-pute Ŷ II,CA

k,t = eIIi,t
ˆAi,k

I
(L). We an then obtain the onditional ounterfa-tual varianes (σ2

CA,Ŷ I
k

∣

∣êIi , σ2

CA,Ŷ II
k

∣

∣êIIi

). The di�erene between σ2
ˆY I
k

∣

∣êIi and
σ2

CA,Ŷ I
k

∣

∣êIi (or between σ2

Ŷ I
k

∣

∣êIi andσ2

CA,Ŷ II
k

∣

∣êIIi ) an be asribed to hanges inthe transmission mehanism only as the subperiods are spei�ally hosen sothat within it the shok is homosedasti.4.4 Measuring the omposition e�etOur setup permits us to onstrut a simple measure to assess whether thehange in the omposition of the GDP plays any role in a�eting the onditionalvariane of the output growth of the GDP with respet to an oil prie shok
(

σ2
GDP |êi

). Indeed, by onstrution we have that GDPt = Servicest+Goodst.It follows that YGDP,t = αS,tYS,t +(1− αS,t)YG,t, where αS,t is the GDP shareof the servies setor at time t. If we set αS,t = αI
S for t = 1, .., T1, we aninterpret it as the average share of GDP represented by the servies setor inthe �rst subperiod. It is then easy to see that:

V ar
(

Y j
GDP |êi

)

= σ2

GDP j

∣

∣

∣
êji =

(

αj
i,S

)2

σ2

Sj

∣

∣

∣
êji +

(

1− αj
i,S

)2

σ2

Gj

∣

∣

∣
êji +2αj

i,S

(

1− αj
i,S

)

σSGj

∣

∣

∣
êji ,where the index j = {I, II} spei�es the subperiod and the oil prie shokis spei�ed by the index i = {OS,GD,OD} . As for eah êi and eah subperiodwe an ompute the values for σ2

GDP |êi , σ
2
S |êi , σ

2
G |êi and σSG |êi , we an alsoompute the impliit value of αi,S in that subperiod. An inrease in αi,S arosssubperiods is then interpreted as a larger weight of the servies setor in thedetermination of the overall onditional volatility of the YGDP with respet toshok êi.By performing suh analysis for any oil prie shok and subperiod, at thesetoral and the aggregate level, we an draw onlusions on the roles playedby the good luk hypothesis, the good poliy hypothesis and the ompositione�et hypothesis in the hange aross subperiods of σ2

GDP |êi .
15



5 Results5.1 Oil prie shoks - full sample analysisTo evaluate whether oil prie shoks transmit di�erently aross setors we es-timate model (2) over the entire sample for Yk,t, k = {S,G}, and for eah ofthe three oil prie shoks. On the basis of the impulse response and umula-tive impulse response funtions we then observe that the impat of oil demandshoks on the output growth of the goods setors (YG,t) (Figure 3a and 3b,top right panel) is larger than that on the output growth of the servies se-tor (YS,t) (Figure 3a and 3b, top left panel) and is statistially signi�ant forseveral horizons. For the other two shoks the evidene is mixed. On one side,the impulse responses to oil supply shoks and global demand shoks are notstatistially signi�ant at any horizon for both setors (Figure 3a, middle andbottom panels). On the other side, the size of the impat on the YG,t appearsfar larger.The result that global demand shoks are not statistially signi�ant is notsurprising. Indeed, a boom in the global demand has a positive diret impat onthe eonomi ativity in any setor that might ounterat the ontemporaneousnegative e�et of the indued inrease in the prie of oil.5.2 Oil supply shoksWe estimate model (2) with Yk,t, k = {GDP, S,G}, and êi,t = êOS,t over thetwo subperiods. The �rst subperiod is de�ned over the period 1976Q1:1992Q1and aptures high-volatility oil supply shoks, while the seond subperiod isde�ned over the period 1992Q2:2011Q4 and aptures low-volatility oil supplyshoks. Figure 4 reports the impulse response to a unitary size strutural shokto the oil supply of the output growth rate of the servies setor (top panels),the GDP (middle panels) and the goods setor (bottom panels).The left panels report the response in the �rst subperiod, right panels reportthe response in the seond subperiod. From the �gure it learly emerges thatthe transmission mehanism of oil prie shoks strengthened in the seond sub-period for any variable. The ounterfatual analysis on�rms it (table 3a): forexample, if the transmission mehanism in the seond subperiod had been theone operative in the �rst subperiod, the onditional standard deviation of theGDP (

σ
CA,Ŷ II

k

∣

∣êIIOS = 0.91
) would have been far smaller than that observed16



Figure 3 - Oil prie shoks, full sample(a) Impulse response
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(b) Cumulative impulse response
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Table 3. Conditional varianes and ounterfatual analysis(a) Oil Supply ShokPeriod I Period IIHigh Variane Low Variane Counterfatual ∆Transmission(1976Q1:1992Q1) (1992Q2:2011Q4) Analysis Mehanism
σ
Ŷ I
k

∣

∣êIOS σ
Ŷ II
k

∣

∣êIIOS σ
CA,Ŷ II

k

∣

∣êIIOS ÂI
OS,k(L) → ÂII

OS,k(L)Servies 2,17 2,13 0,71 AmplifyGDP 3,36 3,51 0,92 AmplifyGoods 6,78 8,03 1,88 Amplify
αOS,S 58% 72%(b) Global Demand ShokPeriod I Period IIHigh Variane Low Variane Counterfatual ∆Transmission(1976Q1:1991Q2) (1993Q3:2006Q4) Analysis Mehanism

σ
Ŷ I
k

∣

∣êIGD σ
Ŷ II
k

∣

∣êIIGD σ
CA,Ŷ II

k

∣

∣êIIGD ÂI
GD,k(L) → ÂII

GD,k(L)Servies 2,72 1,44 1,39 AmplifyGDP 4,18 2,79 1,95 AmplifyGoods 7,97 6,76 4,30 Amplify
αGD,S 58% 69%() Oil Demand ShokPeriod I Period IILow Variane High Variane Counterfatual ∆Transmission(1976Q1:1995Q4) (1996Q1:2011Q4) Analysis Mehanism

σ
Ŷ I
k

∣

∣êIOD σ
Ŷ II
k

∣

∣êIIOD σ
CA,Ŷ II

k

∣

∣êIIOD ÂI
OD,k(L) → ÂII

OD,k(L)Servies 2,39 2,32 5,90 WeakenGDP 3,43 4,43 8,69 WeakenGoods 6,64 10,80 15,39 Weaken
αOD,S 58% 72%
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Figure 4. Impulse Response - Oil supply shoks
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(

σ
Ŷ II
k

∣

∣êIIOS = 3.51
). Similar results hold for the goods and the servies setors.The results on the ampli�ation of the transmission mehanism of oil supplyshoks are in aordane to Baumeister and Peersman (2008) who �nd that inreent times the US oil demand has beome more inelasti than in the 1970s.Aordingly, the impat of a oil supply shok of any given size would inreasemore the prie of oil now than in the past.Table 3a also shows that the joint e�et of both a lower variane of oil supplyshok and a stronger transmission mehanism led to a derease in the overall on-ditional volatility of the output growth of the GDP (

σY II
GDP

∣

∣êIIOS < σY I
GDP

∣

∣êIOS

),left almost una�eted that of the servies setor (σY II
S

∣

∣êIIOS ≅ σY I
S

∣

∣êIOS

), butinreased that of the goods setor (σY II
G

∣

∣êIIOS > σY I
G

∣

∣êIOS

). Thus, while for theonditional variane of the servies setor the lower size of the supply shoks(good luk hypothesis) is almost exatly ounterbalaned by the ampli�ationof the transmission mehanism (good poliy hypothesis), the latter prevails inthe ase of the goods setor. The fat that the onditional variane of the GDPdereases aross subperiods is no surprise when we take into aount that arosssubperiods the ontribution of the servies setor (αOS,S) has strongly inreasedfrom 58% to 72%. Suh a result is a �rst evidene that, at least for oil sup-19



ply shoks, the advent of the era of servies plays a role in lowering the GDPvolatility.5.3 Global demand shoksThe strutural break test reports that the volatility of global demand shoksshrank in the mid 1980s and then piked up again in the mid 2000s. As data areinsu�ient to allow for estimation in the third subperiod, we estimate model (2)for Yk,t, k = {GDP, S,G}, and êi,t = êGD,t over the �rst two subperiods. The�rst subperiod is de�ned over the period 1976Q1:1993Q4, and aptures high-volatility global demand shoks, while the seond one is de�ned over the period1994Q1:2006Q4 and aptures low-volatility global demand shoks. Figure 5reports the impulse responses to a unitary size strutural shok to the globaldemand ativity index of the output growth of the servies setor (top panels),the GDP (middle panels) and the goods setor (bottom panels). Left panelsreport the response in the �rst subperiod, right panels report the response inthe seond subperiod. From the �gure it emerges that in the seond subperiodthe transmission mehanism of global demand shoks appears to amplify theirimpat on YGDP and tYG.The ounterfatual analysis shows that in the seond subperiod the trans-mission mehanism atually ampli�ed the e�et of global demand shoks on anysetor (table 3b, σCA,Y II
k

∣

∣êIIGD < σY II
k

∣

∣êIIGD for k = {GDP, S,G}), though theservies setor is barely a�eted. We also �nd that the joint e�et of a lowervariane of global demand shoks and a stronger transmission mehanism led,aross subperiods, to a derease in the overall onditional volatility of all thesetors (table 3b, σY II
k

∣

∣êIIGD < σY I
k

∣

∣êIGD for any k = {GDP, S,G}). Finally, wealso observe that the impliit ontribution of the servies setor to the varianeof YGDP (αGD,S), onditional to global demand shok, inreases from 58% to68%.We then onlude that both the shrinking of global demand shoks and theomposition e�et onurred in reduing the onditional volatility of the GDP.As global demand shoks dominated in the late 1980s and in the 1990s, weargue that these two fators are also at the root of the redued impat of oilprie shoks observed in the last deades.
20



Figure 5. Impulse response - Global Demand Shoks
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5.4 Oil demand shoksWe estimate model (2) for Yk,t, k = {GDP, S,G}, and êi,t = êOD,t over twosubsamples. The �rst subperiod is de�ned over the period 1976Q1:1995Q4, andaptures low-volatility oil demand shoks, while the seond one is de�ned overthe period 1996Q1:2011Q4 and aptures high-volatility oil demand shoks.Figure 6 reports the impulse response to a unitary size strutural shokof the oil demand of the output growth of the servies setor (top panels),the GDP (middle panels) and the goods setor (bottom panels). Left panelsreport the response in the �rst subperiod, right panels report the response inthe seond subperiod. From the �gure it emerges that in the seond subperiodthe transmission mehanism seems to weaken the impat of oil demand shokson YGDP and YS , at least for the initial periods, with YG apparently una�eted.The ounterfatual analysis on�rms a weakening in the transmission meh-anism of oil demand shoks in the seond subperiod in any setor (table 3,
σCA,Y II

k

∣

∣êIIOD > σY II
k

∣

∣êIIOD for k = {GDP, S,G} ). It also �nds that the jointe�et of a higher variane of oil demand shoks with a weaker transmissionmehanism led to a moderate inrease in the onditional volatility of YGDP
(

σY II
GDP

∣

∣êIIOD > σY I
GDP

∣

∣êIOD

), a high inrease in that of YG

(

σY II
G

∣

∣êIIOD > σY I
G

∣

∣êIOD

),21



Figure 6. Impulse response - Oil demand shoks
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and left almost una�eted the onditional variane of YS

(

σY II
S

∣

∣êIIOD ≅ σY I
S

∣

∣êIOD

).Interestingly, the observed inrease aross periods in σYGDP |êOD
is in aordaneto Balke et al. (2010), who �nd that in reent times eonomi e�ieny and oildemand both inreased.The inrease over time in the volatility of oil demand shoks is strong enoughto drive upwards the onditional varianes of both YGDP and YG, a result op-posite to the one that would be predited by the good luk hypothesis. In thisrespet, Kilian's insight that to understand the overall eonomi impat of oilprie shoks we have to onsider the omposition of the underlying soures helpus reonile this result with the evidene that in reent times the eonomi im-pat of oil prie shoks weakened. Indeed, the historial deomposition analysis�nds that sine the late 1980s and at until the 1990s global demand shoks havebeen predominant.Finally, we hek if the ontribution of the servie setor (αOD,S) to thevariane of the GDP, onditional to oil demand shoks, that is impliitly de�nedin the data has inreased aross subperiods. We �nd that αOD,S inreases from58% to 72%, a result idential to the one found for oil supply shoks and almostidential to the one found for global demand shoks. We interpret it as a furtherevidene in favor of the hypothesis that hanges in the GDP omposition play22



a role in a�eting the maroeonomi volatility.6 ConlusionsIn the paper we provide evidene that the hange in the omposition of the USeonomi struture, haraterized by the smooth inrease in the GDP share ofthe servies setor at the expense of that of the goods setor, has ontributedto moderate the volatility of the US GDP onditional to oil prie shoks. More-over, we ast some doubts on the ability of the good luk hypothesis to explainalone the great moderation by showing that when the volatility of an oil prieshok shrinks it is possible that the transmission mehanism of the shok tothe eonomy ounterats suh a hange by amplifying the impat of the shok.These results then open the way to the possibility of a omposition e�et as analternative and omplementary explanation of the great moderation. However,as our analysis is limited to the ase of the US eonomy and fouses on oil prieshoks only, further empirial investigation is required.Referenes[1℄ Ahmed, S., Levin, A., Wilson, B.A., 2004. Reent U.S. Maroeo-nomi Stability: Good Poliies, Good Praties, or Good Luk?.The Review of Eonomis and Statistis 86(3), 824-832.[2℄ Andrews, D. W. K., Ploberger, W., 1994. Optimal Tests When aNuisane Parameter Is Present Only under the Alternative. Eono-metria 62(6), 1383-1414.[3℄ Bai, J., Perron, P., 2003. Computation and Analysis of MultipleStrutural Change Models. Journal of Applied Eonometris 18(1),1-22[4℄ Bai, J., Perron, P., 1998. Estimating and Testing Linear Modelswith Multiple Strutural Changes. Eonometria 66, 47-78.[5℄ Balke, N. S., Brown, S.P.A.,Yüel, M. K., 2010. Oil prie shoksand U.S. eonomi ativity: an international perspetive. WorkingPapers 1003, Federal Reserve Bank of Dallas.23
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