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1 Introduction

In response to the global financial crisis, fiscal policy hesrbused as a stabilization tool throughout
the globe. Moreover, there seems little doubt among polakears that fiscal policy measures are
likely to have sizeable international spill-over effeddsleast, such a notion seems to have motivated
calls for joint fiscal efforts in the context of the global fir@al crisis—at first to provide fiscal stim-
ulus to a failing global demand, then stressing the needdbt and deficit consolidation measutes.
Yet, to date, the evidence on the size of international®glis arising from fiscal measures taken at
the national level is in short supplyMoreover, quantitative exercises based on standard mbgtels
ically predict that cross-border effects are quite corgdifsee Cwik and Wieland 2010 and Corsetti
et al. 2010d). In this paper, after briefly reviewing the fisesponse to the crisis, we reconsider
cross-border spill-overs from fiscal policy from both an émspl and a theoretical perspective. Our
empirical analysis allows us to quantify spill-over effeat actual time-series data, but is limited to
the extent that we focus on average effects. Our theoretiay/sis, instead, allows us to account for
varying economic circumstances, and the specific mechartmough which they operate. Shedding

“Paper prepared for the conference “Globalization in an AfeCisis: Multilateral Economic Cooperation in
the Twenty-First Century” organized by the NBER and the BarikEngland. We would like to thank Patrick
Hurtgen for excellent research assistance. Please adcibegspondence @i ancarl o. corsetti @nai |l . comor
gernot . muel | er @ni - bonn. de.

2QOur highest priority in Toronto must be to safeguard anérsgthen the recovery... We worked exceptionally hard
to restore growth; we cannot let it falter or lose strengttv.ndhis means that we should reaffirm our unity of purpose to
provide the policy support necessary to keep economic gretedng.”(US President Obama in a letter to the G20 meeting i
June 2010). On the occasion the EU called for unity in retrerent: “Even though the timing, sequencing and scope of exit
measures have to be tailored to conditions prevailing innb&idual G20 members, coordination between governments
can help to take into account possible spill-over effe(fdJ' letter to G20)

2In an early contribution, Canzoneri et al. (2003) study tfiects of US fiscal expansions on selected European coun-
tries. Beetsma et al. (2006) provide estimates for sp#élr@ffects within Europe.



light on these issues is a precondition for rethinking thitermational dimension of national fiscal
policy, and the desirability of cooperative stabilizat&irategies.

Our empirical analysis focuses on the US as the base countwrtoie of their size and role in
the world economy, as well as for reasons of data availgbiBuilding on time-series studies on
the effects of government spending shocks, we analyzedhsrirission of fiscal policy innovations
originating in the US, on economic activity abroad. We eat&ra vector autoregression (VAR) model
on quarterly time-series data for the period 1980-2007. h&sidentification of exogenous shocks
to spending in time series models is subject to an ongoingtdelwe actually adopt two different
identification schemes. The first identification scheméowahg Blanchard and Perotti (2002), posits
that government spending is predetermined relative to therovariables in the VAR. The second
scheme, which follows Ramey (2010), identifies spendinglksfby using forecast errors computed
on the basis of the Survey of Professional Forecasters. &bfetesult of our analysis is that, under
both schemes, we find similar effects of US government spgnstiocks on US variables such as
output and public debt, which increase significantly. We disd that the identified expansionary
shocks are followed by a decline of government spendingvb&iend after the initial increase has
been phased out.

Our main result is as follows. Focusing on the EA and the UKrading partners, our estimates
suggest that an increase in US government spending by ocerpesf US GDP raises output by
about 0.5 percent in the EA and by about 1 percent in the UK-h-thiese peak effects occurring
after about 2 years. To shed further light on the internafidransmission, we include in the VAR
model variables capturing bilateral trade with the US. lspnse to an increase in US government
spending, the US real exchange rate depreciates stromgspactively of which trading partner is
considered. While this result conflicts with the receiveddwim, it has been documented for the US
real effective exchange rate by Kim and Roubini (2008) andimber of other studies. Similarly,
we find that net exports in the US tend to rise in response top¢Bding increases if the trading
partner in the analysis is the EA. Against the UK, howeveg, titade balance initially declinés.
These findings, robust across identification schemes, pokalkenge to widely held views of how
fiscal policy measures are transmitted internationallyth&tsame time, however, they suggest that
sizeable cross-border effects of fiscal interventions—raismned in the policy debate—cannot not
be ruled out.

In our theoretical analysis, we provide a detailed analgkibe international transmission of fiscal

SRelative to earlier work in Corsetti et al. (2010d), our mscontribution is twofold. First, we now provide VAR
evidence and perform model simulations with a view towaoanting for the evidence, notably on spill-overs. Second
we provide additional simulation results, notably by cdesing a crisis scenario captured by a binding zero lowedlmn
policy rates.

4Further VAR analyses of the response of the trade balan@spronse to fiscal shocks include Kim and Roubini (2008),
Corsetti and Muller (2006), Muller (2008) and Beetsmale(2008).



policy measures. To this end, we reconsider the workhoreectwuntry model, borrowed from the
new Keynesian literature. In this model, each country speeis in the production of a specific
set of intermediate goods which are consumed by privatedimids and the government. While
households act so as to maximize their welfare subject tstcaints on prices and wage setting,
monetary and fiscal policy are characterized by feedbadsrulhe specification of the monetary
rule is a standard Taylor-type rule. As regards fiscal ppliay model a budget rule allowing for a
systematic response of taxaisd government spending to public debt. In response to an exagen
debt-financed increase in government spending, this fe&dtdaannel induces a spending reversal,
i.e., a decline of government spending below trend afteiriiial increase. In related work of ours,
Corsetti et al. (2011), we have already stressed the impmetaf this modelling approach, providing
a detailed analysis of a richer variant of this model with@fon the domestic repercussions of fiscal
innovations in the presence of spending reversals. In thgent paper, instead, we are particularly
concerned with their international spill-over effects.

Solving the model numerically, we consider two cases whighmeant to capture, in a stylized
manner, the US-EA and US-UK trade scenario, respectivady.bBth specifications of the model,
we study the dynamic adjustment to an exogenous increase/agrigmnent spending in the domestic
economy. In general, the model does not have an easy time&rage spill-over effects on foreign
output which come close to the magnitudes implied by thetpEstimates obtained from the VAR.
Qualitatively, the model predictions align well with thei@ence mainly in the presence of spending
reversals. Only in this case, we do find the real exchangedsgieeciates, and a gradual build-up of
foreign activity, in line with our VAR results.

The mechanism through which spending reversals affect démetually sheds light on a key trans-
mission channel, via changes in financial market conditinggered by expectations of future fiscal
contraction. Specifically, given the monetary and fiscadlbeek rules in place, an increase in current
government spending triggers expectations of a futuredipgrreversal and reduced real interest
rates. Expectations of lower future real rates reduce |sdl equal, current long term real rates and
progressively so, as the time of the reversal approaches slimulates private demand globally and
accounts for sizeable international spill-over effectief tiscal expansion.

As emphasized by recent contributions, the size of the plidltiis significantly larger when monetary
policy is constrained at the zero lower bound (ZLB), see@lyistiano et al. (2009). We thus extend
our analysis of spillovers allowing for the possibility thaolicy rates in the domestic and/or the
foreign economy may not be adjusted for a considerable tien@g, possibly as a result of binding
ZLB constraint. In line with results of Bodenstein et al. {20, we find that spill-over effects are
particularly large if both the domestic and the foreign ppliate may not be adjusted.

These results highlight that the effects of fiscal policyraarbe ascertained independently of the



economic and policy environment in which it is carried ouheTimplications for policy design are
apparent. For once, the impact on global demand from ndtftal policies depends not only on
the resources mobilized by the government in the short turan be boosted by sustainable budget
policies aiming at a rapid stabilization of debt dynamic#wioth tax and spending adjustment can
sustain private demand. Moreover, the financial channeltytr which anticipation of budget stabil-
ity after expansions operates is active becomes more poliretlarge recessions, where the economy
is at the zero lower bound (see Corsetti et al. 2010b). Theaibds suggests that possible cooper-
ative fiscal policies should focus on both short-run measara budget consolidation strategies, as
joint determinant of the success of stabilization poticy.

Of course, even when accounting for the zero lower boundting the workhorse model we use
in our analysis does not allow us to explore the fiscal traasimh mechanism in the presence of
financial and banking crisis—recent evidence suggestsntludtipliers are large in these specific
economic conditions (see Corsetti et al. 2010e). This defndemanding, but promising area for
further research. By the same token, the global financialschias shifted the focus towards the
assessment and design of design of macro-prudential gelidmed at preventing the emergence of
large imbalances and misalignment in goods and assets pferently, most studies focus on the
implications for optimal monetary policy desi§rSimilar analyses may be extended to fiscal poficy.

2 The fiscal response to the crisis

In this section we briefly review the adjustment of fiscal piels during and in the wake of the global
financial crisis. While global in nature, the crisis also anfed countries and/or regions differently,
possibly also as a result of different policy responsesufeid. displays annual output growth for the
world economy, for an advanced economies sample and for plsashemerging and developing
economies (IMF classificatiof) The global financial crisis which, according to the commonraa
tive, started in 2007 in the US sub-prime housing market,antzelf felt in terms of economic activity
in 2008: output growth declined sharply and turned negdtivéhe world economy in 2009. In fact,
output growth declined sharply both country groups undessiteration and by a similar amount in

SWhile we abstract from default risk considerations in thesent paper, the closed economy analysis in Corsetti et al.
(2010c) suggests that similar conclusions apply when ldefieits raise sovereign risk with spillover effects on ptev
creditors.

SImbalances and misalignment can be ascribed to differgestpf economic distortions, especially to financial fdot
and imperfections. Recent contributions have indeed ssttethe consequences of these imperfections for the dekign o
optimal monetary policy (Curdia and Woodford 2009 and Woadl 2010). In open economies, cooperative monetary
rules, in the form of coordinated flexible inflation targetimles, trade off domestic objective (inflation and unempient)
with external objectives (see Corsetti et al. 2010a as vealVaodford 2010).

"Relative to monetary policy, fiscal policy studies are aljyanore complex, in view of the multiplicity of instruments
(see Correia et al. (), and/or the relevance of spending bliqagoods for utility and production.

8According to the IMF classification, there are 34 countriéthiw the advanced economies group and 150 countries
within the emerging and developing countries group.
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Figure 1: Annual GDP growth 1992-2011 in world and regiormurSe: IMF.

terms of percentage points. Yet as output growth was lowdrdradvanced countries group during
the pre-crisis period, actual output declined substdwtially in this group.

The US and the EA where among the regions hardest hit by this eriwith dramatic implications
for policy making. Figure 2 illustrated this point by dispiag measures of unemployment and the
short-term interest rate in both in the EA and the US for theope2005-2011M11. Although the
build-up in unemployment masks dramatic difference withemnEA, the aggregate picture resembles
the developments in the US rather closely (although in U& bihilt-up is larger due the the lower
initial level). Monetary policy responded to the crisis loyvering interest rates, but became quickly
constrained by the zero lower bond on policy rates. As a tesemtral banks adopted so-called un-
conventional measures (see Meier 2009). While their effercéss remain an issue of controversy to
date (see, e.g., Del Negro et al. (2010) for a positive ass&Er#, the significant uncertainty about it
and the risks associated with it certainly constrained rageoolicy’s ability to stabilize the econ-
omy during the global financial crisis in a number of courstrie

The decline in activity was also accompanied by an expaasydiscal stance around the globe. Bud-
get deficits soared as a result of revenue losses, financiakseipport and fiscal stimulus measures.
In figure 3 we show the levels general government debt in 28 0percentage of GDP, highlighting
the increase during the period 2007-2010, that is, the catmeleffect of government budgets on
public debt during the years 2008, 2009, and 2010. Whilertheease in debt is dramatic, it is not
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Figure 2: Unemployment and short-term interest rates 2035M11M7 in EA and US. Sources:
Bundesbank, St. Louis Fed and ECB.

unprecedented. Taking a historical perspective ReinimarRogoff (2008) show that public finances
have been frequently deteriorating in the wake of a finarcisis on a similar scale — with an average
increase in the debt-to-GDP ratio of 80 percent in the thesgg/following the crisis.

In order to take up the issue of coordinated policy actionis, of particular interest to identify the
component in the fiscal response to the crisis which is duéstovehtionary measures. This, in turn,
requires an estimate of the automatic adjustment of thergovent budget to the crisis. Following
a standard approach, we focus on the cyclically adjuste@movent budget balance, that is, the
government budget balance which would prevail if outputenatrits natural level. Specifically, we
rely on OECD data, which is constructed on the basis of a dieggted approach to compute the
different budget items’ response to the cytlas a straightforward — if somewhat crude — measure
of the discretionary fiscal response to the crisis, we comtha decrease in the cyclically adjusted
primary government budget balance in the years 2008, 2002@h0 relative to the pre-crisis level,
that is, the year 2007. In principle, the sum of these chaspesld account for deliberate policy

9See Girouard and André (2005). The approach distinguishessources of tax revenues: personal income tax, social
security contributions, corporate income tax and inditages; in addition the estimates take into account unemmpoy-
related transfers. For all five categories, the output ielasis decomposed into i) the tax-base elasticity of aipatar
revenue/expenditure type and ii) the output elasticityheftax/expenditure base in question. These componentsiare q
tified on the basis of different estimation strategies amdlmoed to compute the output semi-elasticity of the budget.



Spain
Portugal

Italy

Ireland
Greece
Germany
Austria
United States

United Kingdom

Iceland

0 20 40 60 80 100 120 140 160

Figure 3: General government gross financial liabilitiesfa®010 (percent of GDP). Source: OECD.

measures taken on top of the automatic adjustment of cy¢heteconomic downturn.

Yet some countries also provided substantial support ®fitrancial sector which is did not impact
on the government deficit. Such measure include lendingegabpitalisation opterations and as well
as asset purchases, provided they took place at markes prikesuch these financial transactions
may have led to an increase in gross debt, but not in net debtthwé compute the difference in
the increase of gross and net debt to get a sense of the mdemitwolved. The remaining increase
in debt, that is, the increase of debt less the increase idet#tand the cumulative decrease in the
cyclically adjusted primary balance provides a measurdher‘automatic” deterioration of public
finances during the crisis. This in turn captures a declimrevenues as well as lower output growth
and possible higher interest rates. Figure 5 provides ehgraljrepresentation of the decomposition
of the build-up in public debt for a number of OECD countridgcording to this breakdown, the
build-up in debt was to a large extent due to the automatialfiesponse. There is certainly a large
variation across countries. Benetrix and Lane (2010) instesgatic cross-country analysis of the
fiscal stance during the crisis also document substantiatdgeneity in fiscal outcomes. They find,
moreover, that it can not fully explained by differencestia GDP performance.

In any case, our measure for the discretionary responsenigtadly crude and, in fact, likely to
overstate the actual discretionary response. For instandget balances of numerous countries took
a beating beyond what can be accounted for by the declineoimogaic activity. This is because of
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an extraordinary declines in tax revenues which, in turaulted from the drop in asset prices and
financial sector profits in a number of countries (see, e.grtdth et al. 2009). As a result, the OECD’s
measure of the cyclically adjusted primary balance is yifgtking up an exceptional decline in the
government budget balance which is not entirely due to éismrary policy action.

A further complication arises from the fact that the disioredry fiscal response, as computed above,
also comprises a variety of measures which are a quite distitboth from a conceptual view and
from their likely impact on economic activity. For once, fiiciudes fiscal stimulus measures in a
narrow sense, that is, measures which where legislateciw#ke of the crisis with a view to sup-
port economic activity. The most widely discussed measureade the American Recovery and
Reinvestment Act which was legislated in January 2009 aedEtiropean Economic Recovery Plan
introduced in the EU in November 2008. In addition, disanediry measures include financial sector
support in a number of countries.

Table 1 reproduces, for a number of selected countriesnatgs by the IMF regarding the size of
narrowly defined discretionary stimulus measures (lefieatvased on an analysis national budget
documents and medium-term fiscal plans. It illustrates tinate has been concerted effort around



Table 1: Discretionary fiscal measures

Crisis-related stimulus Financial sector support
2009 2010 2011 up to 2010
China 3.1 2.7 o
Italy 0 0 0
France 1.2 1.1 0.6 e
Germany 1.7 2.2 1.7 10.8
Russia 4.5 5.3 4.7
Saudi Arabia 5.4 4.2 1.6 ...
Spain 7.1
UK 1.6 0.0 0.0 7.1
us 1.8 2.9 1.7 5.2
Numbers are percent of GDP. Discretionary fiscal tightemioigshown. “...” indicates

that there are no observations. Source: International koyp&und (2010b) and Inter-
national Monetary Fund (2011) .

the globe to provide support to economic activity througstditionary fiscal measures — again with
sizeable differences across countries. In addition, thlet ppanel of table 1 reproduces estimates
for financial sector support in a number of counties. Whiksthfigures are sizeable, they have not
always been recorded in the budget.

To summarize, while it is difficult to classify the specific aseires, the overall fiscal response to the
crisis has been sizeable in most countries. This is mostigleslected in the increase in public debt.
Moreover, public debt is likely to remain high in advancemmmies for the next couple of year.

3 Time-Series Evidence

In this section we provide time-series evidence on the &ffet fiscal shocks. We are primarily
interested in the international repercussions of an exmgenhange in government spending. In the
following we consider shocks to US government spending,@sythis allows us to compare results
from conceptually distinct identification schemes (see alsr discussion in Corsetti et al. (2011)).
We focus on the effect of bilateral US trade with the EA anduikeand on output spill-overs in these
currency areas in order to contrast the effects for regidrnisiwdiffer substantially in size relative to

the US. In a recent study, Beetsma and Giuliodori (2011)idsVAR estimates of intra-European
spill-overs.

Ointernational Monetary Fund (2010a) provides an estimhthecontribution of the various drivers of the increase in
public debt in G-20 advanced economies during the perio@28015. Of the total increase in debt by 39.1 percentage
points of GDP, revenue loss account for 19.2 percentagespdincal stimulus for 4.5, financial sector support for 3.2,

lending operations (student and consumer loans and sufgpamall and medium-sized enterprises) for 4.0 and interes
growth dynamics 8.2 percent



120
100 /
80

60

—— Advanced economies

-=-= Emerging and developing
Seeel economies

40 <

—————
S~

Sewao

20

2001 2004 2007 2010 2013 2016

Figure 5. General government gross debt (Percent of GDPdwaAced economies and Emerging
and developing economies according to IMF classificatiaur&e: IMF.

3.1 Identification and specification

During the last decade, a large number of studies has agerptharacterize the fiscal transmission
mechanism through VAR models. Following the seminal papeBlanchard and Perotti (2002),
most studies assume that government spending is predetafmelative to the other variable in the
VAR. Under this assumptions innovations to government dpgyrepresent exogenous innovations
in a recursively estimated VAR model with government spegdirdered first. The assumption that
government spending is predetermined appears plausithile txtent that government spending does
not include transfers and that decisions lags preventyoligkers to respond instantaneously to the
state of the economy.

Yet this approach to the identification of government spegdinovations is subject to the criticism
that changes in government spending, while unrelated tst#te of the economy, may still be antici-
pated by economic agents. This point has been forcefullyenredong others, by Ramey (2010). She
therefore develops an alternative approach, whereby gmesnt spending shocks are identified on
the basis of forecast errors. Specifically, Ramey compue$arecast error of quarterly government
spending growth on the basis of the survey of professiomat#sters maintained at the Philadelphia
Fed and includes this measure in the VAR model (ordered.fitstYlynamic effects are computed on

10



the basis of impulse response functions implied by a reeeigsestimated VAR model.

In the following we report results obtained under both idferattion schemes. We estimate variants
of a VAR model on quarterly time series for the period 198Q67:4. Under the Blanchard-Perotti

identification scheme the VAR model includes, in each cane,time series: in logs and real terms,
government spending and output, a measure of long-termmeakst rates (quarterly percentage
points) and public debt (scaled by quarterly GDP). In additwe include, in each case, the bilateral
real exchange rate and, in order to economize on the degrfeedom, we rotate in a sixth variable.

For this we consider, in turn, exports, imports, the tradtize and foreign output. We always

consider bilateral data for either the EA or the UK. The VARd®balso includes a constant and a

linear time trend.

3.2 Results

Results for both identification schemes are displayed indigu the left column (*VAR innovation’)
shows the results for the Blanchard-Perotti identificaioneme, the right column (‘Forecast error’)
shows result for the alternative identification scheme duRamey (20103 In both cases, the size
of the shock is normalized so that government spending ase® by one percent of GDP on im-
pact. The solid lines display point estimates, while thedsldleareas indicate 90 percent confidence
bounds obtained by bootstrap sampling. The horizontal meiasure quarters. Output and govern-
ment spending are measured in output units, so that themssd output provides a direct measure
of the government spending multiplier on output. The longnteeal interest rate is measured in
quarterly percentage points, while public debt is meastalkdive to quarterly GDP.

A first observation concerns differences across identifinaichemes: although the responses differ
quantitatively, the overall pattern in remarkably sim#arGovernment spending, displayed in the
first row, increases on impact, but the increase shows lihyiersistence. Moreover, under both
identification schemes, government spending tends to shdet is long-run trend, although this
happens early under the identification scheme based orefsirerors (see Corsetti et al. 2011). The
responses of output are positive on impact under both iiation schemes. However, while output
displays a hump-shaped adjustment path under the idetibficecheme based on VAR innovations,
its response is much more short-lived in case we use forecass to identify government spending
shocks. Regarding long-term real interest rates, we fincchngein the medium term following the
shock. Finally, we find that public debt rises strongly unggth identification schemes, although the
response is barely significant under the forecast erroroaupr.

"n this figure we show results pertaining to US variables iokté from a six-variable VAR which also includes the
US-EA exchange rate and EA output.

2Ramey (2010) stresses differences, notably in the respafig®nsumption and the real wage. We do not include these
variables in our model. Corsetti et al. (2011) provide a nu@iled discussion of similarities and differences axtusth
identification schemes.

11
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Figure 6: Effects of US government spending shock on US bksa Notes: left column shows results
for Blanchard-Perotti identification scheme, right colustows results for forecast error identifica-
tion scheme. Shock is normalized so that government spgmaineases by one percent of GDP on
impoact. Horizontal axis measures quarters. Solid lingglay point estimates, shaded areas indicate
90 percent confidence bounds. Output and government sgeadinmeasured in percent of trend
output, long-term rate measures the long-term real intea¢s in quarterly percentage points, public
debt is measured relative to quarterly GDP.

Figure 7 shows results for variables which are meant to caphe effect of the US government
spending innovation on bilateral trade with both the EA @relWK. Note that these responses have
been computed, for each of the two trading partners, byingtan as sixth variable, one variable
at a time, while the real exchange rate has been includeciVAiR model throughout. The trade
variables pertain to bilateral US variables and are medsurpercent of US trend output. Output
for the EA and the UK are measured in percentage deviation frend. The first row shows the
response of the bilateral real exchange rate, which degie=csharply and strongly, showing a hump-
shaped adjustment path. Although puzzling in light of theereed wisdom, similar results have
been documented for the US real effective exchange rate ydtid Roubini (2008) and several
subsequent studies.

The second row displays the dynamics of US exports. Theyhhandve on impact, but start to
increase subsequently. Overall, the increase is modeesehing a peak of about 0.15 and 0.05
percent of US output for the EA and UK as trading partner,@espely. The response of imports is
shown in the third line. Here the sign of the responses difemewhat across identification schemes,
but the responses are quite contained and barely signifithioth cases. The US trade balance with
the EA, in turn, shown in the fourth row, moves quickly intadus after an initial period of one
or two quarters. This finding, while again in conflict with treceived wisdom on “twin deficits”,

12



VAR innovations Forecast errors
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Figure 7: Effects of US government spending shock on badteade with EA and UK and with EA
and UK output. Notes: see figure 6; except for EA and UK outmégsured in percentage deviation
from trend), variables pertain to the US and are measuredatetal terms in percent of US trend
output.

is in line with earlier studies (see Kim and Roubini (2008)t hlso Corsetti and Miller (2006)
and Monacelli and Perotti (2006) for different findings fdteanative specifications and different
samples). Finally in the last row of figure 7, we display th@iise response of EA and UK output.
It shows it shows a gradual, but sizable build-up reachingast 0.5 and 1 percent of EA and UK
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output, respectively, although the response is only mallyisignificant. These effects appear quite
large. Note, however, that Beetsma and Giuliodori (2014 dind sizeable spill-over effects of
government spending shocks within Europe. In response &xagenous increase in government
spending in either France, Germany, Italy, Spain or the UK rest-of-EU output increases by bout
to 0.35 percent (after about 3 yeat3).

Note that, by and large, we find very similar results, botloasitidentification schemes and irrespec-
tively of whether we consider bilateral US-EA or US-UK tradgome country differences appear
notably, though: the response of US imports from the UK idtjp@son impact. Also, the responses
of exports and imports, as well as the trade balance areanrathe UK case. UK output, in contrast,
responds more strongly to the increase in US governmentspgnyet it displays an adjustment pat-
ter which is quite similar to that of EA output.

3.3 Sensitivity analysis

In the following we explore the robustness of our resultsfignre 8 we show results from the VAR
model, estimated under both identification schemes, winicludes not only US government spend-
ing, but US government spending relative to governmentdipgrin the EA and UK, respectively.
We find results similar to our baseline specification.

4 Theory

In the following, we outline a standard two-country busmegcle model to analyze key features
of the international transmission mechanism. The modekisnplified version of the model devel-
oped in Corsetti et al. (2011), as we do not distinguish explibetween private consumption and
investment demand. We now turn to a brief description of tleeleh followed by a discussion of
the equilibrium relationships which are pivotal to the migtional transmission mechanism. We also
provide a brief discussion of the model parameterizatidoreediscussing simulation results.

4.1 Model outline

There are two countries, referred to As(Home) andF' (Foreign), each producing a variety of
country-specific intermediate goods, with the number adrimiediate good producers normalized to
unity. A fractionn of firms is located in Home, the remaining firns, 1] is located in Foreign.
Analogously, Home accounts for a fractianc [0, 1] of the global population. Intermediate goods
are traded across borders, while final goods, which are bsradlintermediate goods, are not. Prices

8In an early VAR analysis, Canzoneri et al. (2003) while emipig a variant of the Blanchard-Perotti identification
scheme, also find a delayed, but sizeable increase in Frizalitiy and British output in response to US fiscal exparsion
Beetsma et al. (2006) combine a VAR model with an estimatedetiequation for European countries and find sizeable
output spillovers from shocks to German and French govenhspgending.
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Figure 8: Effects of US government spending shock on rediaaxge rates and foreign output. Notes:
see figure 6. Solid lines reproduce point estimates for esspecification. Dashed-dotted lines
(shaded areas) show point estimates (confidence bondsh®model where US government spend-
ing is expressed relative to government spending in the &#) @nd UK (bottom).

of intermediate goods are sticky in producer-currency serfiouseholds supply labor services only
within the country where they reside, but trade a completefsstate-contingent assets internation-
ally. Like prices, wages are also adjusted infrequentlyloBgwe focus our exposition on Home.
When necessary, we refer to foreign variables by means aftenisk.

4.1.1 Household and firms

Households supply differentiated labor services. Withachecountry, they are indexed according
to labor types on the unit interval as in Erceg et al. (2000pus¢holds engage in monopolistic

competition, but their ability to set wages is restricteteach period only an exogenously determined
fraction (1 — &) of households may adjust their wage. Differentiated ledwovicesH;(h), € [0, 1]

are bundled into aggregate labor services according tattming technology

H, = (/01 Ht(h)”uldh> - . (1)

Letting 1W;(h) denote the wage rate for labor services of type h, the unit @bdomestic labor

services, i.e. the aggregate wage index, is given by

1

W, = (/01 Wt(h)l‘”dh> v . (2)
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Optimal bundling of differentiated labor services impltes demand function

Wi(h)

Hy(h) = <7t>_yHt. 3)

Households consume a bundle of intermediate goods, whizgtassembled in order to minimize
expenditures given an a specific aggregation technologyAl@and B; denote bundles of domesti-
cally produced and imported intermediate goods, respagtithe consumption bundle is defined as
follows

G = [(1-(-mw) A7 +(1-nw)=B7 |, @
i = [tw)e ()T + (1= nw)7 (BT 5)

whereo measures the terms of trade elasticity of the relative deinfandomestically produced
goods, and € [0, 1] provides a measure for home bi4s.
The bundles of domestically produced and imported intefatedjoods, in turn, are defined as fol-

(%)i/o”w)%djr,& (ﬁn)i/nlBt(jﬁde, (6)

whereA,(j) andB;(j) denote intermediate goods producedfirmandF', respectively, and measures

lows

Ay =

the elasticity of substitution between intermediate gqudsluced within the same country.

Letting P(j) denote the price of an intermediate good expressed in danwstency andt; the
nominal exchange rate (the price of domestic currency mdeof foreign currency) we assume that
the law of one price holds, so th&t(j) = &£ P(j). Price indices are given by

n i 1 ﬁ
Pa= |t [ e = | [ RG] ™)
Bo= (1= (= nw) Py + (L= n)w) P 7] ®)
Pro= |nw (P37 + (1= nw) (PR 7] (©)

andQ@; = P;&;/ P measures the real exchange rate.
Given the above definitions and results, the householdig/dtinctional is given by

W) ’ (10)

E ) p° <1n Ciys(h) =
s=0 1+ ®

4This specification follows Sutherland (2005) and De Padi0@. Withw = 1, there is no home bias: if the relative
price of foreign and domestic goods is unity, the fractiodafestically produced goods which ends up in the consumptio
bundle is equal ta», while imports account for a share of— n. Importantly, consumption goods are identical across
countries in this case. A lower value ©fimplies that the fraction of domestically produced goodsdansumption goods
exceeds the share of domestic production in the world ecgniinv = 0, there is no trade in goods across countries.
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whereg is the discount factor} is a constant determining labor supply in steady state yaisdthe
inverse of the Frisch elasticity of labor supply.

For the baseline scenario, we assume that households t@eete set of state-contingent secu-
rities. Let=;,1(h) denote the payoff in units of currency H in period- 1 of the portfolio held by
householdh at the end of period. With p; ;.1 denoting the stochastic discount factor, the budget
constraint of the household is given by

Wi(h)Hi(h) + ReKi(h) + T — Ti — P(Ci(h) + Xi(h)) = Ee{ptar1Zi11(h)} — Ze(h), (11)

whereT; and T; denote lump-sum taxes and profits of intermediate good firespectively. Both
are levied/distributed equally across households.

Under complete financial markets, households fully insgiarest the idiosyncratic income risk that
results from their limited ability to adjust wages in eachipé. Households are, therefore, ho-
mogeneous with respect to consumption and asset holdingsolrast, households are heteroge-
neous with respect to labor supply as a result of infrequagieradjustments. Given the household’s
marginal utility of nominal incomej;, a household that is allowed to reoptimize its wage ﬁél(sh)

to meet the following objective

HtJrs(h)l-HD

, 12
1+¢ (12)

max By »_(B&w)* [AHSHHS(h)Wt(h) —
s=0

subject to the demand for its labor service (3).

Producers of differentiated intermediate goods engageoimapolistic competition. The production
function is given byY;(j) = H:(j), whereH;(j) denotes domestic labor services employed by firm
j € [0,n] in periodt. We assume that prices are set in the currency of the produckthat price
setting is constrained exogenously a la Calvo, so thatdh gariod only a fraction of intermediate
good producersl(— ¢p) may adjust its price. When firnj has the opportunity, it set8,(j) to
maximize the expected discounted value of net profits:

X0 ptts YD ; 5
5—0 t+s

subject to demantf,” ().

4.1.2 Fiscal and monetary policy

Government consumption is financed either through lump-swes,T;, or through the issuance of
nominal debtD;, denominated in domestic currency. The period budget cainsbf the government
reads as follows

+T; = Dy + Gy, (14)
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where (1 + i;) is the gross return on a one-period nominally riskfree bamdich is equal to
1/E;pe 441, G denotes government spending which, under the baselineseers a bundle iso-
morphic to private consumption, except that it falls onlydamestically produced goods—reflecting
the observation that the import content in government sipgrid considerably lower than in private
spending (e.g. Corsetti and Muller 2006).

Define Dr; = D,/P,—; as a measure for real beginning-of-period debt, &pd= T;/ P, as taxes

in real terms. Letting variables without time subscripterefo steady-state values, we specify the
following feedback rules

Gy =(1—-p)G+ pGi—1 —YaDpri + ¢, Tre = Y1 Dpi, (15)

wheree; represents an exogenous iid shock to government spendhrgy/-parameters, which we
posit to be non-negative throughout, capture a systemegiddfack of public debt on government
spending (negative) and taxes (positive). We assume tthatrggarameter is sufficiently large to en-
sure the non-explosiveness of public debt. For instancggif= 0 we posit that taxes are raised
sufficiently strongly in response to higher outstandingtddlote, however, thabc = 0 implies Ri-
cardian equivalence, so the specific time path of taxes, gorem time path of government spending,
is irrelevant for the real allocation in the economy. Thiswuaption is frequently made in analyses
of fiscal transmission; by relaxing the assumption and afigvior a feedback channel from debt to
government spending, we allow for richer and more realgbfitamics in the model economy.
Turning to monetary policy, we assume flexible exchangesratel specify policymaking by means
of an interest rate feedback rule:

In(1+4¢) = prll e, (16)

wherell4; = P4t/ Pa:—1 measures domestic (producer price) inflation.

4.2 Useful equilibrium relationships

In what follows, we consider a linear approximation of thedaks equilibrium conditions around
a deterministic steady state in which government debt aftation are zero and trade is balanced.
We use small letters to denote deviations from steady statéhis subsection, we highlight a few
equilibrium relationships which are critical in shaping tinternational transmission mechanism.
First, private expenditure is governed by the Euler equnatidhich, solving forward and assuming a
stationary economy, implies

1 o
== (Fevk = 14y, a7)

=TTt+k

i.e., the current level of consumption demand (in terms efatmns from steady state) depends on
the entire path of future short-term real interest ratese [akier is, by the expectations hypothesis,
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equivalent to the real rate of return on a bond of infinite dare(see, for example, Woodford 2003,
p. 244).

As stressed in Corsetti et al. (2011), movements in longrteterest rates are at the heart of the trans-
mission mechanism through which fiscal and monetary pofifiyénce aggregate demand. Long-
term rates reflect not only the current stance of policies,agp expectations about their future
course. As such, they telescope anticipated future potayces into today’s financial conditions,
unfolding immediate macroeconomic effects. By way of exlnjf households come to expect
tight fiscal policy over the medium run, they anticipate espondingly lower future policy rates.
These translate, all else equal, into an upfront drop in-kengn rates, boosting current consumption.
The opposite is true if households anticipate a combinatidoose fiscal and tight monetary pol-
icy. Moreover, the differential of long-term real intereate is tightly linked to the behavior of the
real exchange rate: the price for Home consumption is apieetrelative to Foreign consumption,
whenever long-term rates at home exceed those abroad (seetiCet al. 2011).

For our discussion below, is will turn to be instructive tovrige the short-term real interest rate as

follows

rry = i — Et7rt+1 =1 — ((1 — (1 — n)w)EnrAtH + (1 — n)wEtﬂB,H_l)

= (1-QQ-n)w)(is — Bmas) + (1 —n)w (if — Eymp i) (18)

The short-term real interest rate is thus a weighted avesfgke difference between the Home
policy rate and Home domestic inflation relative to the saifierénce in Foreign. This relationship

illustrates to what extent the monetary policy stance abfeads into short-term real interest rate.
By the same token, future monetary and fiscal policy abroadptey an important role for domestic

long-term real interest rates. The relative weight of fgnepolicy on domestic rates is determined
by (1 — n)w, which reflects the average import share in consumption lansl the openness of the

economy.

4.3 Parameterization

In order to solve the model numerically, we assign parametleres. A period in the model corre-
sponds to one quarter. Accordingly, we get= 0.99. For the Frisch elasticity of labor supply we
assume a value of one-third by setting= 3; see Domeij and Flodén (2006) for recent evidence.
Given these assumptions, we seto ensure that agents spend on average one-third of thear tim
endowment working. The trade price elasticitys set equal td).5 in the baseline scenario, a value
in the (admittedly wide) range considered in the recent oemynomic literature; see Corsetti et al.
(2008) for further discussion. Regarding the coefficient of relative risk aversion, we assume a
value of0.26, in line with the estimates of Amato and Laubach (2003), lmmewhat higher than
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the estimates by Rotemberg and Woodford (1997). This impievertheless a fairly high value for
the intertemporal elasticity of substitution (IES) of @ie expenditure, as we do not model private
investment explicitly. Nominal rigidities play a key role ihe transmission of government spending
shocks. We assume thgt = 0.66, implying an average price duration of three quarters—iwith
the range of values discussed, for example, by Nakamura tamisSon (2008). Regarding wage
rigidities we setty, = 0.75 so that the average wage duration is four quarters. For rapnpblicy
we assume, = 1.5.

The steady-state output share of government spendingusnassto be 20 percent. The parameter
p is set to 0.9, capturing the persistence of government spguleéviations from trend documented
by many VAR studies on US data. In our baseline scenario weget ¢ = 0.02, implying a
systematic feedback from higher public debt to governmpanding and taxes. These parameter
values not only ensure debt-stabilizing fiscal policy oweret but also assign some role in this to
spending restraint. Specifically, an initial increase inggoment spending would be followed after
some time by a fall in spending below trend, in line with theR/avidence?

Finally, we consider two distinct trade scenarios whichrasant to capture bilateral trade relation-
ships between the Home, say the US, and a slightly smallezidgigrsay the EA; in this case we
setn = 0.57. On the other hand, we consider the possibility of trade withuch smaller foreign
country, say the UK; in this case we set= 0.85. In both cases, we setto target the import share
of the foreign country, i.e., 19 and 28 percent, respedtiftbis implies an import share in Home of
14 and 4 percent, respectivefy).

4.4 Simulation results

Figure 9 shows results for the baseline scenarios, disglaiie impulse responses of selected vari-
ables to an exogenous increase in government spending ik HGme is measured on the horizontal
axis in quarters. The responses of quantities are measungercent of domestic output. An ex-
ception is foreign output, which measured is in percent ofifp output. The real exchange rate is
measured in percentage deviations from steady state. fid® With circles (blue) reflect results for

Using annual observations to estimate spending and tas, @ki and Perotti (2003) report estimates for the coefiici
on debt ranging from -0.04 to 0.03 for government spendingd,feom 0 to 0.05 for taxes, in a panel of OECD members
(no breakdown by country provided). For the U.S., Bohn (398®orts estimates for the response of sbeplusto debt
in a range from 0.02 to 0.05. To see that our parameter choisgres the solvency of the government—fiscal policy is
‘passive’ in the sense of Leeper (1991)—consider a linepragimation of the equilibrium conditions around the stead
state: abstracting from autocorrelation of governmenhdpg and assuming an ‘active monetary policy’, debt sitgbil
holds if1 — ¥ — 7 < B.

18Under these assumptions spill-overs will turn out to beyfdarge. An alternative approach would be to set the import
share in home country so as to account for EA and UK importserltS (about 2 and 1 percent, respectively). In this case,
spill-over effects are virtually zero and possibly undatsthe actual effect, as spill-overs from the US to the EAerdK
are likely to be transmitted through third countries sudt the overall openness of the EA and the UK seems necessary to
be accounted for.

20



Government spending Public debt Output

EA trade
1 UK trade

) 10 20 30 0 10 20 30 0 10 20 30
Consumption Real exchange rate Exports
0.6 0.1 0.03
0.05 0.02
0 0.01
-0.05 0
: -0.1 -0.01
0 10 20 30 0 10 20 30 0 10 20 30
Imports Trade balance Output*
0.15 0.02
0.1 0
0.05 -0.02
0 -0.04
-0.05 -0.06 :
0 10 20 30 0 10 20 30 0 10 20 30

Figure 9: Effects of government spending shock in Home: Ibesecenario (for given country size
n, w is set to target import share of EA (19 percent) and UK (28 gr@tj¢ see blue lines with circles
and red line with crosses, respectively). Notes: all vdemipertain to Home (US) and are measured
in output units, except for OutputThe real exchange rate is measured in percentage desgidtan
steady state.

the US-EA trade scenaria (= 57 and an import share in Foreign of 19 percent). Lines withses
reflect results for the US-UK trade scenanio=£ 85 and an import share in Foreign of 28 percent).
Overall, the predictions of the model are broadly in linehaite VAR evidence discussed above.
Government spending increases initially, but tends to tsidmt its long-run (steady-steady) state
level considerably (spending reversals). Meanwhile tieeesizeable and hump-shape build-up of
public debt in Home. Home output increases sizably, withnapaict response of somewhat below
unity. Home consumption, instead, shows a hump-shapedaserwith a peak response after about
0.3 percent of output after about 8 quarters.

Conversely, the real exchange rate declines (depreciateg)pact and continuous to decline for an
extended period. Quantitatively, its decline is contaireddtive to what we found in the VAR model.
Home exports fall briefly in response to the innovation, hettmove gradually into positive territory.
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Quantitatively, the responses are quite moderate. Homerisydn turn, increase sizably on impact
and return gradually to steady state. The Home trade balaoves into a deficit for the first ten
quarters, but improves quickly. A small trade surplus emeig Home after about 4-5 years. Finally,
there while on impact Foreign output is basically flat, itrtsta@o rise gradually and reaching a peak
after about 10 quarters.

A few comments are in order. First, the responses pertaioidgmestic developments in Home are
virtually identical in both trade scenarios. There areagéhces in the response of trade variables,
however. Home exports and imports, as well as the trade tatend to respond more strongly in the
US-EA trade scenario. Foreign output, in contrast, in@sasore strongly in the US-UK scenario.
These findings line up rather well with the time-series ena#eprovided above. We note, however,
that international spill-overs on foreign activity are dimalative to what we found in the VAR model
(as far are peak responses are concerned). Also the patthentldome trade balance in case the EA
is considered as a trading partner is quite distinct fromtwleadocumented within the VAR model.

In a first step towards understanding these results, wedengi figure 10, the impulse responses of
the same variables, but contrast the responses for the Uaa scenario (blue lines with circles)
with the responses obtained under the assumption that oeat spending falls on domestic and
foreign produced goods (black lines with diamonds) and utiteeassumption that the import share
in Home is 2 percent only, corresponding to the average itrgh@re of EA imports in US GDP; the
import share in Foreign is 2.6 percent in this case (red liitle grosses).

Under these alternative assumptions trade variables mdsjpate differently, at least from a quanti-
tative point of view. Consider first the case of a lower imgirare. In this case there is virtually no
effect of in Home trade, once it is measured in terms of Homtpwiu Foreign output also appears
basically unaffected from the fiscal expansion in Homenltead, the import share is left unchanged
relative to the baseline scenario, but we assume that gmesrispending falls on goods produced in
Homeand Foreign, spill-over effects are quite a bit stronger. Nbtathe impact response of Home
imports, the Home trade balance and Foreign output is muohgr than in the baseline scenario.
Clearly, this reflects the direct effect of increased gorent spending in Home on goods produced
abroad.

As we are particularly interested in the determinants ofrimitional spill-overs, it is appropriate
to provide a more detailed account on the adjustment prandssreign in response to the Home
fiscal expansion under our baseline scenario. Figure 11stimss, in addition to Foreign output, the
response of foreign consumption and the foreign trade bealaAs our baseline scenario assumes a
relatively small value for the trade price elasticity, weateport responses assuming higher values for
o = {1.5,5}, displayed by the red lines with crosses and the black lingsdiamonds, respectively.
We find that these alternative assumptions alter the mopleddiction as far as spill-over effects are
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Figure 10: Effects of government spending shock in Homeelb@s scenario for trade with EA (blue
lines with circles) vs scenario where government spendiiig 6n domestic and foreign goods (black
lines with diamonds) and scenario where imports in Home @aaictor 2 percent of GDP (red lines
with crosses). Notes: see figure 9.
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Figure 11: Effects of government spending shock in Homeelb@s scenario for trade with EA (blue
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diamonds). Notes: see figure 9.
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concerned. As the real exchange depreciates, demand shiififse equal, towards goods produced
in Home. This is reflected by rising Home exports. This efisctronger, the stronger the trade
price elasticity. For high values of this elasticity, thern@ase in Home exports dominates the increase
in Home imports (which is due to an increased level of Homéi#ig}, such that the Foreign trade
balance moves into a deficit. As a result, spill-overs from Home fiscal expansion on Foreign
output are weaker relative to the baseline scenario.

At the same time, these experiments make clear that sgll-@Wects do not operate merely through
the trade balance. Instead, as expressions (17) and (b8ladtrate, the level private expenditures is
tightly linked to the long-term real interest rate, whicHeets the entire path of future short-term real
rates. These, in turn, are related to the dynamics of domgstiducer price) inflation in Homand
Foreign and the resulting adjustment in policy rates thiatihg central bank. As a result of spending
reversals, private agents expect a decline in domestidiorilan Home and—provided a monetary
stance prescribed by the interest rate feedback rule—afahiort term real rates (see Corsetti et al.
2011 for a detailed discussion) . This, all else equal, levtlee long-term real interest rate and the
more so, the closer in time the expected reversal is phased-i

Taking the perspective of Foreign, the dynamics of Hometioflcand Home monetary policy have a
direct bearing on the long-term real interest rate. In fh& strength with which the expected decline
in both—due to the reversal of Home government spending—esékelf felt in Foreign depends
on the openness of Foreign, i.e. the weight of goods prodabeahd within Foreign’s consumption
basket. It is through thifinancial channelthat fiscal policy generates sizeable international spill
over effects: as the long-term rate falls gradually oveetiim line with the approaching reversal, the
dynamic adjustment of private expenditure in Foreign fefican inversely shaped pattern. Clearly,
openness also magnifies the strength otthde channelln our baseline scenario, the trade channel
initially produces positive spill-over effects. This, iarh, raises inflation and the policy rate in
Foreign. As a result, consumption falls initially. It re@s and increases relative to steady state as
positive spill-over effects through the financial chanmaldgally gain weight.

4.5 The policy framework

So far, we have discussed simulation results against thiegb@aand of the VAR evidence, which
captures the average effect of government spending inioogabver the entire sample period. We
have shown that the model predictions align well with thedexce along various dimensions and
identified dimensions in which the model fails quantitaiven doing so, we have also identified
channels through which domestic fiscal policy measureskaky to spill over onto other countries.
Specifically, for our baseline calibration the financialichel turns out to be responsible for an hump-
shaped increase of Foreign output in response to a Home é&gpahsion, reflecting the dynamics
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Figure 12: Effects of government spending shock in Homeelb@s scenario for trade with EA (blue
lines with circles) vs scenario without spending reverszad (ines with crosses). Notes: see figure 9.

of long-term real interest rates. These dynamics, i.e.doethat long-term real interest decline in
response to a fiscal innovation is a result of our assumpfti@enpmlicy framework which gives rise
to spending reversals (see Corsetti et al. 2011). In theviig, we highlight the role of the policy
framework by displaying, in figure 12, the dynamic adjusttriera Home fiscal expansion under the
assumption that government spending follows an exogen&{&)process, as is commonly done in
the literature ¢ = 0).

The difference in the dynamic adjustment across the twoifspatons is quite pronounced. For
once, in the absence of a spending reversal the real excliateggappreciates (see Corsetti et al.
2011). Moreover, Home consumption (not shown) declinesabge long-term real rates in Home
increase (not shown). This leads to a fall in Home imports AlstHome exports also fall in response
to the appreciation, the Home trade balance (not shown)aves: Conversely, the trade balance in
Foreign declines which accounts for the fall in inflation ahdnce, the policy rate in Foreign (not
shown). Yet, as the Home interest rate increases througtheué is no stimulating effect on Foreign
consumption through the financial channel in the absencewsrsal. For our parameterization,
Foreign consumption is virtually flat. Overall, the spiitey on Foreign output is thus negative in the
absence of a Home spending reversal.

It is important to stress that the spending reversal exestsraulating effect on global private expen-
diture only to the extent that it is accommodated by Home rtagepolicy. Only because the antic-
ipated reversal induces, all else equal, a deflationargtefieghich—under the Taylor rule assumed
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here—map into expectations of lower future real rates, doedong-term real interest rate fail to
increase strongly in response to the Home fiscal expansiansénse, our baseline scenario—under
which the model’s prediction align quite well with the VARidence—is thus a simple illustration of
the more general insight that the interaction of monetady/festal policy, both at short and medium
term horizon are shaping the global economy’s responseetbdtal intervention.

Another instance where this point manifests itself is the dewer bond (ZLB) on policy rates,
which has gained renewed attention in the context of theajlancial crisis 2007—09. Christiano
et al. (2009) and Woodford (2010), among others, have ititsti that the government spending
multiplier is likely to be considerably larger in an econgrenvironment where monetary policy is
unable to maintain its interest target due to a binding cairgton policy rates which prevents it from
lowering rates below zero. In this case, monetary policy typically not raise policy rates in order
to counteract the inflationary impulse of a fiscal expansiainghat the latter effectively lowers real
interest rates and crowds in private expendifdr@odenstein et al. (2010) consider the ZLB in the
context of a two country model. Specifically, they show tlaefgn demand shocks (among these
shocks to foreign government spending) tend to have coratitielarger effects on domestic output
if the central bank is constrained in adjusting domestiacyahtes by the ZLB.

We also consider this possibility in the context of our modeigure 13 shows the results for two
alternative scenarios relative to the baseline case wittheuZLB binding (blue lines with circles).
First, we consider a scenario where the ZLB in Home binds fqu&rters (red lines with crosses).
Second, we consider a global liquidity trap with the ZLB binglfor 8 quarters in both countries
(black lines with diamonds). For the first case we observe darade increase in the output effect at
home and only a small increase in international spill-ovila case the ZLB binds also with respect
to Foreign policy rates, we find, however a sizeable increaspill-overs (see also Bodenstein et al.
2010). The effect of the ZLB constraint on Foreign policyersats stronger in the present scenario,
because inflation dynamics would imply an extended periddatased Foreign policy rates in the
absence of the ZLB constraint. As a result, Foreign realésterates decline, stimulating private
expenditure and hence Foreign output. International-ep#rs on Foreign output resulting from a
Home fiscal expansion are thus considerably larger if the Bin8s in Foreign.

5 Cooperation and sovereign-risk
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As we have seen, such a crowding-in may also been observegsislieof spending reversals. In the absences of these,
standard models predict a crowding-out, however.

18The effects of the ZLB constraint on the Home output respemedimited here, because the reversal induces already
quite a sizeable output effect on impact. Importantly, i thversal scenario Home policy rates fall relative to stestdte
already before the ZLB ceases to bind the the ZLB scenarithdrabsence of reversalg; = 0, we find that the Home
output response more than doubles in case the ZLB binds foaBers on Home policy rates.
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Figure 13: Effects of government spending shock in Homeelbss EA trade scenario (blue lines
with circles) vs a scenario where ZLB binds for 8 quarters o (red line with crosses) and a
scenario where ZLB binds in Home and Foreign for 8 quarteesckines with diamonds). Notes:
see figure 9.
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