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1. Introduction

Since the early 2000s, the world economy has espeeid major changes. Emerging economies
grew rapidly, and their share in world output iraged steadily. Both the US and the Euro Area
(EA) experienced a boom-bust cycle. These develomrieave been accompanied by substantial
trade balance adjustments. In the first half of #980s, the US trade balance deteriorated
markedly, reaching about -6% of GDP in 2005-7, wlile EA trade balance fluctuated around
zero. After the Global Financial Crisis (2007-8)etEA and US trade balances both rose
noticeably: the US trade deficit fell markedly, vehihe EA has been running steadily increasing
trade balance surpluses.

This raises a number of questions: Has the EA/t@rbbust cycle been a major driver
of global imbalances, or has the growth divergeareteveen the rest of the world (Row) and the
EA/US shaped trade balances more strongly? A plessitplanation for the widening pre-crisis
US trade deficit is also provided by the savingt dghypothesis (Bernanke (2005)) which
highlights the fact that rapid growth in the RoWs leeen associated with high RoW saving rates
(perhaps due to heightened risk aversion as a goaeee of the Asian financial crisis of the late
1990s). Thus high saving in the RoW may have ouel the effect of high RoW productivity
growth on the RoW external balance. A further fa¢eog., stressed by McKibbin and Stoeckel
(2018)) that might help explain the trade balaneets, are the spectacular commodity price
fluctuations during the last two decades: commoditices rose sharply before the Global
Financial Crisis, and collapsed afterwards. Thigghhihave contributed to the pre-crisis
worsening of the US trade balance, and the EA aBdbbst-crisis trade balance reversal. Note,
however, that this factor is only partly independeom the other mechanisms mentioned above,
since commodity prices may themselves be affecyatid global business cycle.

To quantitatively evaluate the role of these medms and forces, we develop a rich

three-region New Keynesian DSGE (Dynamic StochaS@mneral Equilibrium) model of the
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world economy that includes a commodity sector. ¥g&mate that model (with Bayesian

Methods), using 1999q1-2017g2 data for the EA, W8 an aggregate of rest of the world
(RoW) countries. The use of a riedtimated model allows us to identify periods dominated by
specific shocks. In the model, commodity pricesogreshously respond to global macroeconomic
conditions. However, commodity prices are also efrivby commodity-specific supply and

demand shocks that may, e.g., reflect the discowdrymew oil fields, or changes in the

commodity intensity of the manufacturing sector.

This paper argues that there is no mono-causaheapbn for the dynamics of global real
activity and of external imbalances. According to estimates, the EA and US pre-crisis booms
were mainly driven by positive domestic aggregatenand shocks. Our findings suggest that
those shocks contributed to the widening pre-crigasle deficit in the US, and also had a
negative influence on the EA trade balance. The RpuWth divergence, which accelerated in
the 2000s, was mainly driven by strong positive Ra@gregate supply (productivity) shocks;
those RoW shocks only had a muted effect on EAW@8drade balances. However, before the
crisis, adverse aggregate demand shocks in RoWgrdhy a rise in private saving rates, had a
noticeable negative influence on EA and US traderza&s. Our findings are thus consistent with
a pre-crisis ‘saving glut’ effect (Bernanke (200%) both US and EA trade balances. We also
find that positive commodity-specific demand shodksing the pre-crisis boom had a marked
negative effect on EA and US trade balances.

As pointed out above, EA and US trade balancesauwgar strongly after the Global
Financial Crisis. This is often viewed as reflegtineak domestic aggregate demand. This paper
provides a nuanced assessment of that view. Incpkt, we argue that commodity shocks
played an important role for the post-crisis EA &/ trade balance reversal. In the US, where
the post-crisis slump and the contraction of agageglemand was more short-lived than in the

EA (see analysis in Kollmann et al (2016)), a magxpansion of domestic commodity
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production and a fall in demand for imported comines stabilized the trade deficit at a lower
level, after the financial crisis. Similarly in tl&\, negative shocks to commaodity import demand
contributed markedly to the post-crisis trade bedammprovement. However, the post-crisis
weakness of EA aggregate demand, and the depoeciatithe Euro, also played a significant
part in the EA trade balance reversal. Positive Rayyregate demand shocks during the post-
crisis period too contributed to the US and EA ¢rééhlance improvements. The broader lesson
of this paper is thus that Emerging Markets (RoW) aommodity shocks are key drivers of
advanced countries’ trade balances and termsa#.tra

The trade balance developments discussed in #yperphave some parallels in the
external adjustments triggered by the oil shock#hef1970s; those shocks triggered a sharp rise
in the trade balances of oil exporters, and a ttmdance deterioration of the groups of advanced
and (especially) non-fuel developing countries (@d and Rogoff (1996)). An important
difference between the global macroeconomic enwiemt of the 2000s and that of the 1970s, is
that the 2000s saw massive growth in Emerging Markehich suggests that the commodity
price hikes of the 2000s might have been drivenentyr expanding demand for commodities,
and less by adverse commodity supply shocks (ORED)the price hikes of the 1970s.

Quantitative analyses of oil and commodity pricgcfliations mostly rely on reduced-
form statistical models, such as vector auto regpes (see, e.g., Kilian (2009), Kilian et al.
(2009), Peersman and Van Robays (2009), ECB (20d8igara et al. (2017)), or on semi-
structural models (e.g., Dieppe et al. (2018)). Wiew exceptions, structural (DSGE) open
economy models abstract from international tradeammodities. Existing DSGE models with
commodity trade often assume a small open econtiatyfaces exogenous commodity prices
(e.g., Miura (2017)). By contrast, the paper hereetbps (and estimates) a multi-country DSGE
model withendogenous commodity prices. The paper here is closest toifFQerali, Notarpietro

and Pisani (2015), who estimatévwa-country DSGE model of the EA and the non-EA rdst-0
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the-world, using data for 1995-2012ur model differs from that work in that we useich
three-region model (EA, US, RoW) that allows us to amalyhe noticeable differences between
the dynamics of the EA and US external accounts.g@per focuses on the interaction between
the three regions, and we use a sample periodibhtdes the post-2014 commodity price
collapse€” We document the key role of the expansion of USmodity production during the

2010s for the improvement in the US trade baladugng that period.

2. EA, US and RoW macr oeconomic conditions and exter nal adjustment, 1999-2017

This paper studies macroeconomic developmentsiakages in the EA, US and an aggregate of
the rest of the world (RoW)Figures 1-3 show time series for EA, US and RoWPGIDd trade
flows, since 1999. Fig.1a documents that real GBRvth has been markedly higher in RoW
than in the EA and the US. The mean real GDP groatits of the three regions in 1999-2016
were 1.3% (EA), 1.9% (US) and 3.6% (RoW) per anntaspectively. As a result of this growth
differential, the share of RoW GDP in total worl@®B has increased steadily, from close to 40%
(1999) to more than 50% (2016); see Fig. 1b. DRQutime Great Recession (2008-9), GDP
contracted in all three regions, but the contracti@s milder in RoW than in the EA and US. In
2009-11, RoW growth rebounded to pre-crisis gromatks, and then declined somewhat. EA and
US GDP growth too rebounded in 2009-11, but renthlvedow pre-crisis growth rates. After the
eruption of the Southern European sovereign desisq2011), the EA experienced a recession

(2012-13).

'Simpler multi-country DSGE simulation models of thae of energy for international adjustment hawerb
developed by Sachs (1981), McKibbin and Sachs (1 ®dckus and Crucini (2000) and Gars and Olov4264.8)
and Bornstein al. (2018).

2 Forni et al. (2015) analyze the effects of oilais) by contrast, the paper here considers shock$toader bundle
of commaodities.

®RoW includes the 58 major developed and emerging@uies other than the US and the EA member ca@sntri
(see Data Appendix). The US, EA and RoW togetheowaat for more than 95% of world GDP, in 1999-2(&8
reported by the IMF World Economic Outlook datahase
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These divergent GDP trends and uncoupled cycles vwecompanied by dramatic
fluctuations in commodity prices, and by major ghih the three regions’ trade balances. The
prices of a wide range of commodities rose shaduling the early 2000s, until the Global
Financial Crisis. This is documented in Fig. 2aevehoil and coal prices as well as two global
commodity price indices (in US dollars) are plottdbbte, e.g., that the oil price was multiplied
by a factor greater than 5 between 1999 and 20081n@bdity prices contracted sharply during
the financial crisis, but rebounded strongly aftiee crisis; commodity prices then fell again
sharply (by more than 50%) after 2011. To put theeeslopments into a long-run perspective,
Fig. 2b plots an index of real prices (deflatedthy US CPI) of 40 commodities for the period
1900-2015, constructed by Jacks (2013, 2016). Thgnitude of the recent commodity price
boom-bust cycle is only comparable to the 1973-@®modity boom-bust cycle; it dwarfs all
other commaodity cycles since 1900.

EA net exports of goods (merchandise) fluctuatedired zero before the crisis, and then
rose steadily, reaching about 2.5% of EA GDP in&ke Fig. 3b). Note that all data on trade
flows used in this paper pertain to goods tradethase are no time series for bilateral services
trade, between the three regions (EA, US, ROMBY contrast to the EA, the US has been
running a sizable trade deficit (goods) during wWeole sample period (in fact, since the mid-
1980s). The US trade deficit peaked at about 69%GDP in 2005-07 (see Fig. 3c). The trade
deficit has fallen after the financial crisis, tooait 4% of US GDP in 2017.

To understand whether/how these trade balancersage might be linked to the
commodity boom-bust cycle and the decoupled regjigraath trends, we also plot EA and US
net exports that are disaggregated by trade paegions), and by product (all net exports series

are normalized by GDP); see Fig.3. Specifically, eisaggregate trade flows (goods) into:

* The EA and (especially) the US are running a ngtles for trade in services. However, the servicage surplus
is smaller than the goods trade balance, and muarie stable. The goods trade balance is thus higb$jtively
correlated with the total (goods and services)eaalance.
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() ‘industrial supplies and materials’, (henceforeferred to as ‘industrial supplies’), a broad
basket of commodities comprising petroleum, min@ralducts and other raw materials; (ii) an
aggregate of all other products, henceforth refetveas ‘manufactures’.

The disaggregation of net exports by trade pastabows that the EA has been running a
small and relatively stable trade balance surptaaging between about 0.5% and 1% of EA
GDP) against the US, since 1999. Thus, trade waWRlIrives the major swings in EA and US
total net exports (see Figs. 3b and 3d). Trade RNV also accounts for the lion share of EA
and USgross trade flows. Manufactures account for more thato #8 EA bilateral gross trade
with RoW, and for about 60% of bilateral US-RoWdied

The EA had a trade balance surplus for manufactanmed a trade deficit for industrial
supplies, in 1999-2016 (see Fig. 3a). EA net expoftmanufactures increased steadily until
2013, and then declined somewhat. EA net importsdiistrial supplies rose before the crisis,
fell somewhat during the crisis, then rose agabil(211), and fell substantially thereafter. EA
net imports of industrial supplies thus track clpgbe commodity price cycle (see above). The
overall EA trade balance (across all products aadet partners) comoves closely with the EA’s
industrial supplies trade balance--the overall drdmhlance and the industrial supplies trade
balanceboth improved markedly after 2012.

The US has been running a persistent trade defiicitmanufacturesnd for industrial
supplies. The dynamics of US net imports of indaktsupplies too tracks the evolution of
commodity prices. Net imports of industrial suppliegave fallen more in the US than in the EA,

after the financial crisis. Note that the US is ajon producer and exporter of oil and other

® Bilateral trade flows for US-EA and US-RoW arerfrdhe BEA International Trade database; EA-RoW drad
flows are from the Eurostat COMEXT database. Tha £ COMEXT product categories ‘raw materials’ and
‘mineral fuels and related products’ closely matchee ‘industrial supplies’ product category in BIEA database.
For simplicity, we refer to the sum of COMEXT ‘ramaterials’ and ‘mineral fuels and related produds’
‘industrial supplies’. Importantly, EA exports aimdports exclude intra-EA trade. EA and US trade flows to/from
RoW represent flows to/from all countries othemtliae US and the EA.

® For brevity, Fig. 3 only shows EA and US net expdroken down by trade partner, and net exposaggjregated
by product. A finer breakdown of (gross and netjl&r flows by productand partner country is available on request.
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commodities, while the EA is a negligible produegporter of commodities. US crude oil

production doubled between 2010 and 2015, driverthiegyexpansion of oil shale extraction

(Baffes et al. (2015)). This may have contributedtlie sharper fall in US net commodity

imports. Interestingly, US net imports of manufaetuhave followed an opposite trend (than US
net commodity imports) and increased noticeablgrdhe crisis.

This overview of the historical data suggests tkhatmmodity shocks may have
contributed to the post-crisis reversal of EA arfdl tthde balances. Below, we use an estimated
DSGE model to quantify the contribution of the coodity cycle to EA and US external
balances, and we disentangle the influence of caitgaepecific shocks from other drivers,

such asaggregate demand and supply shocks.

3. Moddl description

We develop a model of a three-region world conggsof the EA, US and RoW. The three
regions are linked via trade in goods and a firelresset. The EA and US blocks of the model
are fairly rich; both blocks have the same strietflout model parameters are allowed to differ
across these two regions). The RoW block of theehalsimpler (fewer shocks). In all three
regions, economic decisions are made by forwarllihgohouseholds and firms; each region
exhibits nominal and real rigidities, and is buéigétoy a range of supply and demand shocks, as
in standard New Keynesian DSGE models. A key diffiee between the regions is that the
model postulates that only RoW produces commoditiess, in the model, all commodities used
by the EA and US are imported from RoW.

The EA and US model blocks assume two (represeajatnfinitely-lived households,
firms and a government. EA and US households peoltor services to domestic firms. One of
the two households in each region has access aodial markets, and she owns her region’s
production capital and firms. The other househad ho access to financial markets, does not

8



own assets, and each period consumes her disposagke and transfer income. We refer to
these two agents as ‘Ricardian’ and ‘hand-to-mohthiseholds, respectively.

In each region, a final good is produced by pelyecompetitive firms that use local
intermediate goods and imported commodities andufaatured goods as inputs. Intermediates
are produced by monopolistically competitive firosng local labor and capital. Wage rates are
set by monopolistic trade unions. Nominal intermageligood prices and nominal wages are
sticky. Governments purchase the local final gondke lump-sum transfers to local households,
levy labor and consumption taxes and issue dometit. All exogenous random variables
follow independent autoregressive processes.

We next present the key aspects of the EA modealkblds mentioned above, the US

block has a symmetric structure. The RoW blockeisctibed in Section 3.5.

3.1. EA households
A household’s welfare depends on consumption angshaworked. EA household:r,h (r :

Ricardian h: hand-to-mouth) has the period utility function
U/ = 25(Cl-7°CL)" = s HC) ™ 5w (N - 7"NL) ™
with 0<6,6"s" and 0</°,7"<1. C! andN/ are consumption and the labor hours of household

i in periodt, respectively. We assume (external) habit fornmafior consumption and labor

hours® s is an exogenous shock to the disutility of lalttousehold behavior at datseeks to
maximize expected life-time utility at that dat¥,, defined by V,'=U+E S ,V,,,, where

0<f,..<L is a subjective discount factor that fluctuatesgenously.

"Here, we only present the main model features. Alemietailed presentation is available in a NotFablication
Appendix. The EA and US blocks build on, but arasiderably different than the EU Commission’s QUESddel
of the EU economy; see Ratto et al. (2009); in'kdvet al. (2015), Kollmann et al. (2015, 2016).

8To allow for balanced growth, the disutility of bfeatures the multiplicative ter©")*%; this term is treated as
exogenous by the household.
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The EA Ricardian household owns all domestic fireasg holds domestic government
bonds (denominated in local currency and not tradetnationally) and internationally traded
bonds. Her periotlbudget constraint is:

+7°)RC +B, = (I-r" WN/ + B @+, )+div, + T,
where R,W,div, and T, are the consumption (final good) price, the noiniwage rate,
dividends generated by domestic firms, and goventmw@ansfers received by the Ricardian

household.B;,; denotes the Ricardian household’s total bond hgklat the end of periddand

ii is the nominal return on the household’s bondfpliotbetween periods1 andt. 7¢ and "
are (constant) consumption and labor tax ratepectisely.

The hand-to-mouth household does not trade in asadtets and simply consumes her

disposable wage and transfer income. Her budgettieont is: (1+7°)PC" = (1- 7" WN +T".

3.2. EA technology and firms

EA production is a multi-stage process. In thet fitage, monopolistically competitive EA firms
use domestic capital and labor to produce non-addifferentiated intermediate goods.
Perfectly competitive EA firms then combine domegtiermediates, imported commodities and
imported manufactured goods to produce a final gthad is used for domestic private and

government consumption, investment and exports.

3.2.1. EA inter mediate goods sector

In the EA, there is a continuum of intermediate dpondexed byj0[0,1]. Each good is
produced by a single firm. All EA intermediate gdadhs face identical decision problems. Firm
j has technologyy! =0, (N/)?(cu/K/)"™, where y/,N/,K/,cu are the firm’s output, labor input,
capital stock and capacity utilization, respectivelotal factor productivity (TFP)3 >0 is

10



exogenous and common to all EA intermediate goawtlywers. Log TFP is the sum of a
stationary autoregressive process and of a unit poacess whose first difference is highly

serially correlated.

The law of motion of firnj’s capital stock isK\,,=K/(@-9)+1/, with 0<5<1; |, is gross
investment. The periotdividend of intermediate good firnis div/=p/y/-WN/-P*I/-P«/,
where Qj and RK are the price charged by the firm and the pricepafduction capital,
respectively. At, each intermediate good firm faces a downwardisgpdemand curve for her
output, with exogenous price elasticitg>1 that equals the substitution elasticity between
different intermediate good varieties (see below)he firm bears a real cost
K =3 () —+mpl,)°/p) of changing her price, wher is the steady state inflation rate.

The quadratic price adjustment cost implies thatibflation rate of local intermediates
qﬂn(pﬂ/ptj_l) obeys an expectational Phillips curve, up to aedm approximation:
T-1=BE. (77 ,~7) +F (MC/p —£8). Here MC is the marginal cost of intermediate good firms
and (s-1)/e is the inverse of the steady state mark-up fagfdris the steady state subjective
discount factor of intermediate good firms, a0 is a coefficient that depends on the cost of

changing prices.

3.2.2. EA final good sector

The EA final good(Q,) is produced from domestic and imported inputshgishe technology

Q=YY @)Y M HESYY (M) Y)Y 2 with home bias parametd).5<§'<] and substitution

elasticity v°>0. M, is a composite of the manufactured goods importe@&A (from US and
RoW). DAL-<%" ()Y ¥ {2 19) ¥ Y'¥9, withv>0, is a CES aggregate of EA real
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domestic value adde¥q, and industrial suppliedS (energy and non-energy commodities)
imported from ROWY, jol( y) @adj «“ jsan aggregatef the local intermediates (see 3.2.1).

The CES-weight attached to commoditlss®<1,is an exogenous random variable that captures
(region-specific) changes in the commodity intgnsitfinal good production. We refer t§° as
a ‘commodity-specific demand shock’, becawgehas a direct effect on commodity demand.
Note that EA commodity demand obeb&=(S/(1-s%))xY,x(P*/RY)™". A fall in s° (reduction in
commodity intensity) lowers EA commodity demands tpven values ofY, and of the real
commodity priceR*/P¥ (whereP™ and P’ are the prices of§ andY,, respectively).

The price (=marginal cost) of the EA final good R=(s'(P)” +(=s")P™)*"" )&,
where P¢=((1-s°)P*)** +s°(P*)" )***) while P™ is the import price index.

The EA final goodQ is used for domestic private and government copsiom, for

investment and for exports.

3.2.3. EA export sector

There is a monopolistically competitive EA expodctr. Firm in that sector purchase and
‘differentiate’ the EA final good, and then selltdt foreign final good firms. Like intermediate
good producers (see above), exporters face pricstatent costs. We assume that a fraction of
EA exporters sets prices in Euro (producer currgn@e setting, PCP). The remaining exporters
set prices in destination currency (pricing to nearlPTM); see Betts and Devereux (2000). We

estimate the share of each region’s export firras tise PTM.
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3.2.4. EA capital goods sector

New production capitas generated using the domestic final good. Egf(l,) be the amount of
EA final good needed to produde units of EA capital.é is an increasing, strictly convex

function, while=, is an exogenous shock. The price of productioftaiap P“==,&'(1,)P.

3.3. Wage setting in the EA
We assume a monopolistic EA trade union that ‘d#fféiates’ homogenous EA labor hours

provided by the two domestic households into imgty substitutable labor services; the union
then offers those services to local intermediatedgfirms; the labor inputN, in those firms’

production functions is a CES aggregate of thefferdntiated labor services. The union sets
wage rates at a mark-up over the marginal ratelo$tgution between leisure and consumption.
The wage mark-up is inversely related to the degifegubstitution between labor varieties in

intermediate good production.

3.4. EA monetary and fiscal policy
The EA monetary policy (nominal) interest ratg is set at date by the EA central bank

according to the interest rate feedback rule

Iy =@-0)i + i, + =P )" GINRIR.) — 73 +7'Y™ +&,,
where Y,**is the EA output gap, i.e. the (relative) deviatafractual GDP from potential GD¥P;
5: is a white noise disturbance. EA real governmensumption,G,, is set according to the rule

c®—c®=p°(c®,—c®)+&°, where c°=PG/(P’Y,) is government consumption normalized by

° Datet potential GDP is defined as GDP that would obtaider full utilization of the datecapital stock and steady
state hours worked, if TFP equaled its trend (toot) component &t
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domestic value added. EA government transfers tsélwolds follow a feedback rule that links

transfers to the government budget deficit andoteghment debt.

3.5. The RoW block
As mentioned above, the RoW model block has a #iegblstructure. Specifically, the RowW
block consists of a budget constraint for the repn¢ative (Ricardian) household, demand
functions for domestic and imported inputs (derivedn a CES final good aggregator), a New
Keynesian Phillips curve, and a Taylor rule for mtmy policy. The RoW production structure
for manufactures is analogous to that of the EA dd except that we assume that RoW does
not use physical capital, and so there is no paygivestment in RoW’

In RoW, a competitive sector supplies two distimmimmodities (indexed using
superscript ‘c’), namely energy and non-energy melte to domestic and foreign final good

firms.** Commodity prices are flexible. The commodity sypprice denominated in RoW

currency, Py, » Normalized by the RoW GDP deflatBy,,, , is an increasing function of RoW
commodity production,§: In(Pg,, /Paw)=7xIn(1S) —&°, where & is a disturbance that
captures exogenous commodity supply shocks (suctheddiscovery of new raw material

deposits). The parametgt® is the inverse of the price elasticity of commpditipply?

EA, US and RoW demand for commodities is determimgtinal good producers in these

regions. US and RoW demand functions for commaliaee analogous to the EA demand

19 0Our data set includes GDP data for RoW, but Roviéstment (and consumption) data are not availdtie Row
model block assumes domestic frictions (habit fdromg and external frictions (foreign bond holdingsts) that
might give the model sufficient flexibility to cape the empirical dynamics of RoW absorption, destie fact that
the theoretical setup abstracts from RoW physioastment.

Yprevious open economy DSGE models with oil (sed.38cassume that oil is non-storable as, emplyicail
storage is costly and very limited (e.g., Bornstetnal. (2018)). We follow that assumption. For giicity, we
postulate that non-energy commodities too are noraisle.

12\We experimented with variants of the commoditymuschedule that also included lagged quantiti&¥ ¢n the
right-hand side, to allow the short-run price etstto differ from the long-run elasticity. Theefficients of lagged
quantities were insignificant, and short- and loang-supply elasticities were not significantly difént. Also, the
implied model dynamics was unaffected. In whatdel, we thus use the simpgtic commodity supply equation
shown above.
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function shown in Sect. 3.2.2. However, we assumaé the commodity intensity of RoW final
good production is constant, i.e. there are nohststic RoW commodity-specific demand
shocks. This assumption is made because we laekateaRoW commodity production and on
RoW commodity demand. Therefore, a RoW commodigesje demand shock is not identified
in our empirical model. By contrast, identificatiohthe EA and US commodity-specific demand
shocks is possible, as the model estimation uskesneoand price data on commodity imports by
EA and US from RoW.

Empirically, the EA and US commodity import pricedices differ (but are highly
positively correlated). To account for those défleces (which may reflect different commodity
import mixes), we assume that competitive RoW eixjfioms bundle energy and non-energy
commodities into destination-specific CES commodiygregates. The ‘commodity supply

shocks’ discussed in the historical shock decontiposi below (see Sect. 5.3) include the shocks
to RoW commodity supply schedulds’), as well as disturbances to the destination-secifi

RoW commaodity export bundles.
In RoW, there are also shocks to labor productivitie subjective discount rate, the

relative preference for domestic versus importedufectured goods, and to monetary policy.

3.6. International financial markets

The only internationally traded asset (held by Rl@n households) is a one-period bond
denominated in RoW currendy.Ricardian households face a small quadratic cssbciated
with their net foreign bond holdings (normalized tayminal GDP) from a target value (that cost
is rebated to the households in a lump sum fashidhjs implies that foreign vs. domestic

interest rate spreads depend on foreign bond hgddfsee Kollmann (2002, 2004)). E.g., the

13As discussed below, we solve the model using atim@proximation around the steady state. Steaatyg siet
foreign assets of the three regions are set at kgrao a linear approximation around the steadtesthe valuation
effects of exchange rate changes are thus zerathancurrency denomination of the internationathded bond is
irrelevant.
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first-order conditions of the EA Ricardian househfdr domestic and international bonds yield
this modified EA uncovered interest parity (UIP) nddion, up to a log-linear

approximationigey, .+ E IN€s s /ebn' ) =i, +a'h, i+&’, a>0, where iy, and i, are RoW

and domestic interest rates at date;?‘t’v is the EA-RoW exchange rate (Euro per unit of RoW

currency), andh,, is the EA’s foreign bond position (normalized bpB). & is an exogenous

shock to the cost of holding foreign bonds, refémeas a ‘bond premium’ shock in the historical

shock decompositions discussed below (see Segt. 5.3

3.7. Exogenous shocks

The estimated model assumes 66 exogenous shocker @cent estimated DSGE models
likewise assume many shocks (e.g., Kollmann g28al15, 2016)), as it appears that many shocks
are needed to capture the key dynamic propertiesasfoeconomic variables. The large number
of shocks is also dictated by the fact that weaukgge number of observables (time series for 60
variables) for estimation, to shed light on diff@r@otential causes of economic fluctuations and
external adjustment in the three regions. Notetti@humber of shocks has to be at least as large

as the number of observables to avoid stochastiikrity of the model.

4. Model solution and econometric approach

We compute an approximate model solution by lireéagi the model around its deterministic
steady state. Following the recent literature #sdiimates DSGE models, we calibrate a subset of
parameters to match long-run data properties ancestienate the remaining parameters with

Bayesian methods. The observables used in estimatiolisted in the Data Appendik.

YAs the theoretical model abstracts from EA and W& modity production and exports, we usg commodity
imports as observables for EA and US commodity demaVe follow the empirical DSGE literature (e.g.,
Kollmann et al. (2015, 2016)), and select obsersblich that each shock has at least one associaen/able that
is strongly impacted by the shock. All shocks havsufficiently distinct impact on observables sattshock
identification is possible. The observables aredesheaned or detrended prior to estimation. Theefrisdestimated
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One period in the model is taken to represent asetegr in calendar time. The model is
thus estimated using quarterly data. The estimgtésiod is 199991-2017q2.

We calibrate the model such that steady statesrafionain spending aggregates to GDP
match average historical ratios for the EA and W& The steady state shares of EA and US
GDP in world GDP are set at 17% and 25%, respdygtivEhe steady state trade share
(0.5*(exports+imports)/GDP) is set at 18% in the BAd 13% in the U% Steady state net
foreign asset positions of the three regions aratseero.

The EA (US) steady state ratios of private consuwnpind investment to GDP are set to
56% (67%) and 19% (17%), respectively. We set thady state government debt/annual GDP
ratio at 80% of GDP in the EA and 85% in the USe BA and US steady state real GDP growth
rate and inflation are set at 0.35% and 0.4% peartqu respectively. Finally, the quarterly
depreciation rate of capital is 1.4% in the EA dnd% in the US; we set the effective rate of

time preferences to 0.25% per quarter.

5. Estimation resultst®

5.1. Posterior parameter estimates

The posterior estimates of key model parametersegerted in Table 1. (Estimates of other
parameters can be found in the Not-for-Publicatigpendix.) The steady state consumption
share of the Ricardian household is estimated7 i the EA and 0.84 in the US. Estimated
consumption habit persistence is high in the EABGP.and the US (0.71), which indicates a

sluggish adjustment of consumption to income shothke estimated risk aversion coefficient is

on first differences of logged real GDP, real deth@emponents, and price indices, and on nominasaif
aggregate demand components, trade flows and iadrces to GDP. We use the DYNARE software (Adjenat
al. (2011)) to solve the linearized model and tdgren the estimation.

15 We calibrate the substitution elasticity betweaargy and non-energy commodities at 0.5. The mestination
uses quarterly data on aggregate commodity impdrise EA and the US from RoW. Quarterly commodityport
series disaggregated into energy vs. and non-ergm@ynot available. Thus, the substitution elastibietween
energy and non-energy commodities is not well ifiedt—which is why that elasticity is calibrated.

*The presentation of results below focuses on kewrpater estimates, impulse responses and histafmtk
decomposition. Additional results can be founthim Not-for-Publication Appendix.
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1.74 in the EA and 1.68 in the US. The parametimases suggest a slightly lower labor supply
elasticity in the US than in the EA. Price elasiés of aggregate imports are 1.20 for the EA and
1.22 for the US.

The estimated substitution elasticity (in final dgaroduction) between commodities and
real domestic value added is 0.02 for the EA aé @or the US (see row labelled ‘Commodity
demand elasticity’ in Table 1). That substitutidasticity corresponds to the price elasticity of
commoditydemand. Our estimate of the price elasticity of RoW conaity supply is 0.55. Our
low estimates of the EA and US price elasticitie@mmodity demand are in line with the
literature, but our estimate of the price elastiaf commodity supply is somewhat higher than
elasticities reported in the literature. See, eAgezki et al. (2015) who report estimated price
elasticities of oil demand [supply] in the rand®®2 [0.1].

The model estimates suggest substantial nominale pstickiness. Estimated price
adjustment cost parameters are slightly highehen WS (24.7) than in the EA (22.2), whereas
wage stickiness is higher in the EA (3.83) thathmmUS (3.39). The estimated shares of EA, US
and RoW manufactured goods exporters that setnicdestination-country currency (‘pricing
to market’, PTM) are 0.23, 0.16 and 0.53, respettivThus, PTM is markedly more prevalent
among RoW exporters.

Estimated monetary and fiscal policy parameterssarglar across both regions. The
estimated EA and US interest rate rules indicattr@ang response of the policy rate to domestic
inflation, and a weak response to domestic GDP.

The estimates also suggest that most exogenousblesmiare highly serially correlated.
The standard deviation of innovations to subjeatisseount factors, price mark-ups, trade shares,
commodity-specific demand and to commodity suppéysazable.

The model properties discussed in what followsesaduated at the posterior mode of the

model parameters.
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5.2. Impulseresponses

This section discusses estimated dynamic effect&egf shocks shown in Figs. 4a-4d. We
concentrate on the impact of supply and demandkshogginating in the RoW. The effects of
supply and demand shocks originating in the EA thiedUS on domestic GDP are qualitatively
similar to those predicted by standard DSGE mo¢kds Kollmann et al. (2016) for a detailed
recent discussion), but in the setting here, thedtexts tend to be somewhat smaller because of
the endogenous response of commodity prices. lmgdulse response plots, the responses of
RoW, EA and US variables are represented by cootisiblue, dashed red and dash-dotted black

lines, respectively.

5.2.1. Effects of a persistent RowW TFP shock
Our model estimates suggest that persistent RoWsheEks were the main drivers of historical
RoW GDP fluctuations (see historical shock decomijposin Fig. 5b, discussed below). Fig. 4a
shows dynamic responses to a persistent positieeksto the RowW TFP growth rate that
permanently raises the level of RoW GDP by aboutvd®in 10 years. The persistent increase
in the supply of RoW tradables triggers a detetiora of the RoW terms of trade for
manufactured goods, and an immediate nominal amlddepreciation of the RoW currency. At
the same time, the expectation of a persistentimis&W TFP and GDP boosts RoW aggregate
demand. This explains why RoW inflation increases.

Because of adjustment frictions (consumption habdeedit frictions, investment
adjustment costs), the response of domestic amdgfoabsorption is nevertheless quite gradual.

This explains why the effect on trade balanceelatively modest, despite stronger responses of
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gross trade flows'’ (All trade balance responses pertain to the ndniiade balance normalized
by nominal GDP.) Initially, the Euro and Dollar appiation dominates the response of EA and
US trade balances, which fall on impact; howeveesé trade balances quickly rise because of
higher RoW demand for EA and US export goods. USEA export volumes stabilize rapidly at
higher levels, while import volumes grow more graitiu

Higher growth in RoW TFP raises commodity pricehisTeffect is strong enough to
induce a slight improvement of the overall RoW teraf trade. The rise in commodity prices
offsets the positive export demand effect on EA &8l GDP. EA and US GDP are barely
affected by the positive shock to RoW TFP.

The role of the endogenous commaodity price chafarehternational shock transmission
is highlighted in Fig. 4d, where we compare dynaragponses to the RoW TFP shock across the
baseline model (flexible commodity price) and a elogariant in which the US dollar price of
commodities does not respond to the sh8ckhe responses of EA and US real GDP are more
positive in the model variant with constant dole@mmodity prices, but remain modéstin
other terms, the endogenous commodity price regpamsour baseline model dampens the

strength of the GDP spillover from RoW to the EAldhe US.

5.2.2. Effects of a RoW aggregate demand shock
Aggregate demand shocks in RoW too were key drieérsistorical Row GDP growth, and
these shocks also mattered significantly for hisebrEA and US trade balance fluctuations (see

shock decompositions in Figs. 5e and 5f, discubséalv). Fig. 4b shows dynamic responses to a

"By contrast, in a textbook permanent income modeiout adjustment frictions, persistent TFP growéte shocks
trigger rapid and strong responses of aggregataderand, thus, of trade balances (Obstfeld and fR{206)).

18 1n that model variant, the supply of commoditiesassumed to be infinitely elastic, at the givehadgrice (all
remaining model parameters are unchanged). Coirgidarfixed dollar commodity price provides an hetging
perspective on the role of commodity price dynamiescause of widespread dollar invoicing in glob@nmodity
markets.

19In the baseline model, the negative wealth eftgica rising commodity import bill translates intonagative
response of EA consumption. When commodity priéesdfllars) do not change, EA and US consumptioth bo
increase (and investment falls less) and EA/US codity demand rises much more.
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negative aggregate demand shock in RoW, namelyrsaspent rise in the subjective discount
factor of RoW households (i.e. a positive savingcgh. The shock reduces Row GDP and RowW
import demand, and it depreciates the RoW curreBgyand US GDP fall, and EA and US trade
balances deteriorate. The adverse RoW aggregatarndeshock markedly reduces commodity
prices, which weakenthe negative international GDP spillover effectmpared to a model
variant with unresponsive dollar commodity pricBoW aggregate demand shocks are thus

potential contributors to the high empirical vdiatiof commodity prices.

5.2.3. Effects of a RoWw commodity supply shock

The previous discussion shows that commodity pniespond taaggregate supply and demand
shocks. In addition, commodity prices exhibit sgarsponses to commodity supply shocks and
to commodity-specific demand shocks. The modetregBs suggest that these shocks are highly
persistent.

Fig.4c. presents dynamic responses to a permarusitive commodity supply shock
(RoW). The shock triggers a permanent fall in cordityoprices, and a strong nominal and real
depreciation of the RoW currency. It permanentlgea GDP and absorption in the three regions.
The commodity supply shock triggers a strong riseRioW gross export volumes, and a
contraction in RoW gross import volumes. Due toltve price elasticity of commodity demand,
a positive RoW commodity supply shotbwers the commodity export revenue received by
RoW, in domestic GDP units. Thus, the commoditgérdalances of the EA and US (in GDP
units) improve. The sharp fall in commodity pri@dso explains why real consumption increases
much less in RoW than in the EA and the US. The RmWwimodity supply shock improves the
EA and US terms of trade for manufactured goods, iardeteriorates the EA and US trade
balances for manufactures. Thus, the responsdsahanufactures’ trade balance have an off-

setting (stabilizing) effect on the overall trad@ldnce. At the estimated model parameters, the
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response of the overall US trade balance is clmgero, while there is a noticeable improvement

in the overall EA trade balance.

5.3. Historical shock decompositions

To quantify the role of different shocks as drivefsendogenous variables in the period 1999-
2017, we plot the estimated contribution of thelsecks to historical time series. Figs. 5a-5f
show historical shock decompositions of year-onrygay) growth rates of the commaodity price
(in Euro), and of RoW, EA and US GDP; also show fastorical shock decompositions of EA
and US trade balance/GDP ratios. In each sub-fhet, continuous thick black line shows
historical time series, from which sample averag®ge been subtracted. The vertical black bars
show the contribution of different groups of exoges shocks (see below) to the historical data,
while stacked light bars show the contributionted temaining shocks. Bars above the horizontal
axis represent positive shock contributions, wbies below the horizontal axis show negative
shock contributions.

Given the large number of shocks, we group togeties contributions of related shocks.
Specifically, ‘TFP RoW’, ‘TFP EA’ and ‘TFP US’ repsent the contributions of permanent and
transitory productivity shocks in RoW, the EA, atiet US, respectively. ‘Aggregate demand
RoW’, ‘Aggregate demand EA’ and ‘Aggregate deman®’ dapture the effect of aggregate
demand shocks (including household saving shoclsgalfmonetary policy shocks and
investment risk premium shocks). ‘Bond premia’ Hsooepresent the contribution of shocks to
UIP conditions. ‘Commodity supply’ shocks represetiocks to RoW commodity supply.
‘Commodity-specific demand’ shocks represent thalmoed effect of EA and US commodity-
specific demand shocks (i.e. shocks to the commadiensity of EA and US final good

production; see Sect. 3.2%).

%'As mentioned in Sect. 3.5, the model assumeslikat are no RoW commodity-specific demand shocks.
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5.3.1. Commodity (industrial supplies) prices

According to our estimates, historical commoditycgs were mainly driven by EA and US

commodity-specific demand shocks, and by commaipply shocks (see Fig. 5a). Commaodity-
specific demand shocks were the major drivers efpte-crisis commodity price boom, and of
the price collapse during the financial crisis, tdommodity supply shocks were key drivers of
the post-crisis commodity price contraction.

Adverseaggregate demand shocks in the three regions made a smhliemoticeable,
contribution to the sharp commodity price contmctiduring the financial crisis. Aggregate
demand shocks had only a minor role for commoditiges, before and after the crisis.
Throughout the sample period, TFP shocks had agiglgl effect on commodity prices.

To understand the central role of EA and tfhmodity-specific demand shocks for
historical commodity prices, according to the estied model, one should note that the fitted
commodity-specific demand shocks account for flattans in commodity demand that are not
explained by movement in EA and US GDP and in #a& commodity price (see Sect. 3.2.2).
Despite its richness, the model abstracts from sé&me real world drivers of EA and US
commodity demand. Thus, fitted commodity-speciteréind shocks may capture the effect of a
range of empirical disturbances, besides pure shtckhe commodity intensity of EA and US
final good production.

Recall, in particular, that the model abstractsnfrdS (and EA) commodity production
and exports. Yet, US crude oil production doubletieen 2010 and 2015. Our estimated model
largely attributes the post-crisis fall in US neinmamodity imports to negative US commodity-
specific demand shocks. Those fitted shocks prgbpdttly reflect the post-crisis expansion of
US commodity production.

The commodity-specific demand shocks identified thg model may also capture

changes in the sectoral composition of aggregateaivity that are not accounted for by our
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theoretical production structure. During recessiomsghly commodity-intensive sectors
(manufacturing) tend to reduce output much momengly than less commodity-intensive sectors
(services). The model does not capture that cychomposition effect. This may help to
understand why the model largely attributes théapsk in commodity prices during the Great
Financial Crisis to negative commodity-specific @em shock$: However, it seems implausible
that the post-crisis fall in commodity prices was mainly driveby adverse aggregate
demand/supply shocks, as by 2013 GDP growth hadmed both in the US and the EA, after
having recovered earlier in the RoW. This implieatt’commodity-specific’ supply and demand
factors are the most likely drivers of the possisridynamics of commodity prices and
commodity imports.

Empirically, EA and US commodity demand is proagalj and much more volatile than
GDP; the fitted commodity-specific demand shocks a@oe procyclical and highly volatifé.In
an attempt to capture effects of aggregate realigobn commodity demand that are potentially

missing from the baseline model, we have experigtentith a model variant that features a
direct impact of aggregate activity on the EA ar ébmmodity-specific demand shiftefs®;
see Sect. 3.2.2). Specifically, those demand shitiee assumed to be (increasing) functions of

domestic capacity utilization, and of exogenousiaegpecific disturbances. The slope

coefficients are set by regressing fitted EA anddd8modity-specific demand shocks, from our

2 Forni et al. (2015), who estimated a two-counB(RoW) DSGE model with oil, too find a non-neditg role
of commodity-specific demand shocks for the oilcpri but in their set-umggregate demand shocks matter
significantly for the oil price. Forni et al. (20LBo not use data on regional oil demand/imporisc@ntrast, our
estimation uses data on EA and US commodity nebitepfrom RoW, as well as data on the determinafts
commodity demand (real GDP, relative commodity g@yiowvhich allows a direct identification of commbydi
specific demand shocks, in the context of our model

%For the EA [US], the standard deviations (std.jhef quarterly growth rates of commodity net impamsl GDP
are 1.48% [18.74%] and 0.61% [0.62], respectivaly] the correlation between the two series is (D581]. The
std. of growth rates of EA and US fitted commodipecific demand shocks are 1.36% and 9.80%, raégelyctThe
correlation between fitted commodity-specific dehahocks and capacity utilization is 0.29 [0.6X]tfee EA [US].

Bgs=q +acu+&, a,>0, where cu, is capacity utilization, whilef, is an exogenous shock. This model variant is

inspired by Finn (1995, 2000) and Forni et al. @0Who develop DSGE models in which oil demand iract
function of capacity utilization.
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baseline model, on historical EA and US capacitlyzation data. Note that this experiment is set
up to maximize the influence of a highly cyclicariable (capacity utilization) on commodity
demand. In this experiment, the exogenous shockeet&A and US commodity-specific demand
shifter still explain about half of the commoditsige collapse during the Global Financial Crisis.
Overall, during our sample period (1999-2017), itifeuence of exogenous commodity-specific
demand shocks on commodity prices shrinks by aboatthird, while the impact afggregate
demand shocks rises slightly. However, most immtistaexogenous commodity supply shocks
and exogenous commodity-specific demand shocksinetima main drivers of commodity prices,
especially during the post-crisis period, and thegtinue to be significant drivers of the post-

crisis trade balance reversal in the EA and US lisémw)

5.3.2. RoW GDP growth

According to the estimated model, strong RoW GDé&wgn was mainly driven by persistent
positive domestic TFP shocks (see Fig. 5b). Thevtjraof RowW TFP and GDP was, however,
interrupted in 2001 and 2008-9, i.e. by the rewessiollowing the dot-com bubble and by the
Global Financial Crisis. After 2010, we again détgstained positive TFP contributions to RoW
GDP growth. Domesti@ggregate demand shocks too were influential drivers of RowW GDP
fluctuations. The model identifies negative RoW raggte demand shocks in the late 1990s and
early 2000s that reflected increased RoW housedmldhg rates (perhaps due to heightened risk
aversion in the aftermath of the Asian debt cri)W aggregate demand remained weak until
the mid-2000s. A large negative RoW aggregate ddnslrock occurred during the Global

Financial Crisis, which was followed by positive\R@aggregate demand shocks in 2010-11.

5.3.3. EA and US GDP growth
Fluctuations in EA and US GDP growth were largetiveh by domesticaggregate demand

shocks (in particular by household saving shocks@ninvestment shocks); see Figs. 5¢ and 5d.
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After the Global Financial Crisis, domestic aggtegdemand and GDP rebounded more quickly
in the US than in the EA, which experienced a reioesin 2012-13. In both the US and the EA,
monetary and fiscal policy provided some GDP stzdgion (not shown in Figures). The

contribution of domestic TFP shocks to historic@sfluctuations has been much smaller in the
EA and US than in RoW. Consistent with the weaknmational transmission effects discussed
above, we find that EA and US GDP were hardly af#fédy RowW TFP shocks. However, RoW

aggregate demand shocks had noticeable positillevapieffects on EA GDP.

5.3.4. EA and UStrade balances
In the period before the financial crisis, the W&e balance declined markedly, while the EA

trade balance was trendless and fluctuated aroarm after the crisis, the EA and US trade

Our model estimates show that positive shocks adVRsaving and to US aggregate
demand had a negative influence on the US tradmbel during the pre-crisis period (see Fig.
5f). Before the crisis, adverse RoW aggregate ddmshncks and positive EA aggregate demand
shocks also affected the EA trade balance neggti¢Elg. 5e); however, we identify
countervailing forces on the EA trade balance, artipular the depreciation of the Euro in the
early 20008 Note that our estimates are consistent with a Reading glut’ effect (Bernanke
(2005) on both U&nd EA trade balances.

In 2002-08, positive commodity-specific demand #sotad a significant negative
influence on both the EA and US trade balance; kWewethese shocks were probably partly

induced by the pre-crisis boom itself (strong ayalliresponsiveness of net commodity imports).

#See the positive contribution of ‘Bond premia’ skedo the EA trade balance in Fig. 5e. Accordingtte
estimated model, the Euro depreciation was largelyen by ‘Bond premia’ shocks, namely by EA UlRosks that
lowered demand for Euro bonds.
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Our estimation results suggest that commodity sh@ttyed a central role for the post-
crisis EA and US trade balance reversals. In thel&l§e negative commodity-specific demand
shocks (that likely in part reflect the expansidnUs commodity production; see discussion
above) had an especially strong and sustainediyosifluence on net exports, after the crisis. In
the EA, too, negative commodity-specific demandckaaontributed markedly to the post-crisis
trade balance increase (positive commoditgply shocks likewise contributed to the EA trade
balance reversal).

However, the persistent post-crisis weakness of &ggregate demand and the
depreciation of the Euro also played a signifiqaant in the rise of the EA trade balance. Strong
RoW aggregate demand during the post-crisis peonodcontributed to the EA and US trade
balance improvements. The more rapid and strongst-guisis rebound of US domestic
aggregate demand actually hadegative influence on the US trade balance.

6. Conclusion

This paper identifies key shocks that have driveamemic fluctuations and external adjustment,
in the Euro Area (EA), the US and the rest of tharldv (RoW), since 1999. Our empirical
analysis is based on an estimated three region D8@tel of the world economy that includes a
commodity sector. The sample period saw very laggamodity price fluctuations. We find that
RoW GDP growth was largely driven by persistent Tgitbcks, while EA and US GDP
fluctuations mainly reflected domestic aggregatmaed shocks. The paper highlights the key
contribution of commodity shocks for the dynami¢€é and US trade balances, particularly for
the strong and persistent post-crisis EA and U&etizalance improvements. Aggregate demand
shocks originating in RoW too had a significant aopon EA and US trade balances. The
broader lesson of this paper is thus that Emerliagkets (RowW) and commodity shocks are

major drivers of advanced countries’ trade balamrekterms of trade.
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Table 1. Prior and posterior distributions of key estimated model parameters
Posterior distributions

EA us Prior distributions
Mode Std Mode Std Distrib. Mean Std
1) 2 3) (4) 5) (6) () (8)
Prefer ences and technologies
Consumption habit persistence  0.86 0.03 0.71 0.07 B 0.5 0.1
Risk aversion 1.74 0.20 1.68 0.55 G 15 0.2
Inverse labor supply elasticity  2.40 0.39 1.91 0.45 G 2.5 0.5
Import price elasticity 1.20 0.07 1.22 0.15 G 2 0.4
Steady state consumption share of Ricardian households
0.72 0.06 0.84 0.06 B 0.5 0.1
Nominal frictions
Price adjustment cost 22.3 7.99 24.7 6.15 G 60 40
Nominal wage adj. cost 3.83 2.07 3.39 0.94 G 5 2
Monetary policy
Interest rate persistence 0.87 0.03 0.83 0.03 B 0.70.12
Response to inflation 1.30 0.31 1.38 0.31 B 2 0.4
Response to GDP 0.05 0.02 0.07 0.02 B 0.5 0.2
Commodities
Commodity demand elasticity ~ 0.02 0.02 0.05 0.03 B 50 0.2
Inverse commodity supply elasticity (RoW) 1.07 19. B 3.00 15
Autocorrelations of forcing variables
Permanent TFP growth 0.95 0.03 0.92 0.03 B 0.85 750.0
Subijective discount factor 0.78 0.05 0.97 0.30 B 50. 0.2
Investment risk premium 0.96 0.02 0.95 0.02 B 0.85 0.05
Trade share 0.98 0.01 0.92 0.03 B 0.5 0.2
Commodity specific demangd, 1.52 0.13 1.32 0.10 N 1.4 0.25
Commodity specific demang, -0.57 0.12 -0.38 0.10 N -0.4 0.15
Standard deviations (%) of innovationsto forcing variables
Monetary policy 0.10 0.01 0.11 0.01 G 1.00 0.40
Gov. transfers 0.09 0.01 0.47 0.04 G 1.00 0.40
Permanent TFP level 0.08 0.01 0.09 0.01 G 0.10 0.04
Permanent TFP growth 0.02 0.01 0.06 0.02 G 0.10 4 0.0
Subijective discount factor 1.22 0.35 0.10 0.27 G 001. 0.40
Investment risk premium 0.16 0.08 0.13 0.06 G 0.10 0.04
Domestic price mark-up 3.62 1.22 4.84 1.06 G 2.00 .800
Trade share 3.39 0.26 2.32 0.22 G 1.00 0.40
Commodity-specific demand 1.48 0.26 5.87 0.04 G 01.0 0.40
Commaodity supply 4.05 0.46 2.36 0.67 G 1.00 0.40

Notes: Cols. (1) lists model parameters. Cols(82)and Cols. (4)-(5) show the mode and the stahdaviation (Std) of
the posterior distributions of EA parameters andUSf parameters, respectively. Cols. (6) (labelRitrib.”) indicates
the prior distribution function (B: Beta distribati; G: Gamma distribution; N: Normal distributiomjientical priors are
assumed for EA and US parameters. The commoditgifgpelemand shocks are assumed to follow AR(2)cesses

with first- and second-order autoregressive paramgfeasdp,.

39



DATA APPENDI X

1. Data sour ces

Data for the EA (quarterly national accounts, fismggregates, quarterly interest and exchange)ratesaken from
Eurostat. Corresponding data for the US come frbe Bureau of Economic Analysis (BEA) and the Feldera
Reserve. EA and US imports of industrial supplresnf RoW are based on BEA data and on Eurostat Codaa.
RoW series are constructed on the basis of the IiM&rnational Financial Statistics (IFS) and WoHdonomic
Outlook (WEO) databases.

2. Constructing of data seriesfor RoW variables

Series for GDP and prices in the RoW starting if9l@re constructed on the basis of data for thHevfiaig 58
countries: Albania, Algeria, Argentina, Armenia, sialia, Azerbaijan, Belarus, Brazil, Bulgaria, @da, Chile,
China, Colombia, Croatia, Czech Republic, Denmdgypt, Georgia, Hong Kong, Hungary, Iceland, India,
Indonesia, Iran, Israel, Japan, Jordan, Koreaaheb, Libya, FYR Macedonia, Malaysia, Mexico, Moldp
Montenegro, Morocco, New Zealand, Nigeria, NorwRlyilippines, Poland, Romania, Russia, Saudi Arebéaibia,
Singapore, South Africa, Sweden, Switzerland, Syfiaiwan, Thailand, Tunisia, Turkey, Ukraine, UditArab
Emirates, United Kingdom, and Venezuela. The RoWa @ae annual data from the IMF International Faian
Statistics (IFS) and World Economic Outlook (WEQ@}abases.

For details about the construction of RoW aggregatee the Not-for-Publication Appendix.

3. List of observables

The estimation uses the time series information&@rendogenous variables and initial values foriteiél 4

variables. The observables are:

Total factor productivity: EA,US;

Population: EA, US, RoW;

Labor force participation rate: EA,US;

Net imports of industrial supplies (from RoW): EAStJ

Price of imports of industrial supplies (from RoVEEA,US;

Change in inventories (residually computed): EA,US;

Trade balance of Services (residually computed ifisrehce of trade balance of goods and serviceas teade
balance of goods): EA,US;

GDP deflator: EA, US, RoW;

Real GDP: EA, US, RoW,

CPI deflator (divided by GDP deflator): EA,US;

Total investment (private+public) deflator (divided GDP deflator): EA,US;

Exports (goods) deflator (divided by GDP deflatd},US;

Imports (goods) deflator (divided by GDP deflat®&p,US;

Total Hours: EA,US;

Nominal interest rate: EA,US, RoW,

Government consumption (as a share of GDP): EA,US;

Government investment (as a share of GDP): EA,US;

Transfers (as a share of GDP): EA,US;

Government debt (as a share of GDP), computedraslative sum of budget deficits: EA,US;

Government investment deflator (divided by GDP atefl): EA,US;

Government consumption deflator (divided by GDHatef): EA,US;

Private consumption (as a share of GDP): EA,US;

Total investment, private and public (as a shat@BP): EA,US;

Wage bill (as a share of GDP): EA,US;

Exports (goods) (as a share of GDP): EA,US;

GovV't interest payments (as a share of GDP): EA,US;

Stock of physical capital (only initial value useBA,US;

Oil price (Brent) in US dollars;

Nominal exchange rate Euro/Dollar;

Nominal effective exchange rate, EA,

Net Foreign Assets (as a share of GDP) (only initdue used): EA,US.

40





