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Do Fiscal Multipliers Vary with Different Character
of Monetary-Fiscal Interactions?*
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Abstract

We investigate the fiscal multiplier in normal tenand in the presence of
a binding zero lower bound on interest rates wtfARs. We construct shocks to
interest rates that compensate their reactionssecaf expansion and hold them
constant we apply the shocks to the United StétesiEuro area and Slovakia.
We find that for the former case, the multipliecgmses in the ZLB, but it
increases sharply in the ZLB for the latter twoessThe sign of its change is
determined by the coordination of fiscal and monetaolicy i.e. whether the
interest rates drop or rise in response to fisogdansion.

Keywords: monetary-fiscal interactions, fiscal multipliersera lower bound,
VAR models, compensating shocks
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Introduction and Motivation

Fiscal multipliers are of crucial importance béoh decisions about stimula-
tion of the economy out of a prolonged slump andafssessing the fiscal con-
traction during fiscal consolidation that is notirgp to cause a recession. As
numerous summarizing studies show (Coenen et @l2;2Warmedinger, Che-
cherita-Westphal and Hernandez de Cos, 2015; Kdpat al., 2015), their size
varies greatly among countries and among conditions given economy. In
order to capture this heterogeneity, it is worthe/lio model the multipliers as
a function of various circumstances affecting tber®my.

The policy interest rates are near zero or zerthénEuro area, the United
States, Japan and some smaller countries, thertefdhaically at the zero lower
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bound (ZLB)? This situation has been dealt with by traditiddaynesians many
decades ago under the notion of the liquidity ttas discussed in the frame-
work of the extended I1S-LM model, for example i textbook by Felderer and
Homburg (1992). The main difference in a liquiditap relative to a standard
IS-LM model is that the LM curve is horizontal s iower portion. The aggre-
gate demand curve is vertical as a consequencdisequilibrium persists in the
market of goods. The traditional monetary policynisfficient in this setup, as
the money supply becomes endogenous. However| fistiay retains its effi-
ciency. An even more radical setup is presentedEdgertson and Krugman
(2010), where the aggregate demand curve is inogeaad leads to inefficiency
of supply side measures and phenomena such aoparhtlexibility and para-
dox of toil. DeLong and Summers (2012) study thiigagion in a simple model
with a monetary policy curve with different slopasd IS curve and conclude
that the fiscal expansion can be self-financingdme situations.

Christiano, Eichenbaum and Rebelo (2011) provettiefiscal multiplier in
presence of active lower bound is higher, becausenterest rate does not rise
during fiscal expansion in this environment. Howewduscatelli, Tirelli and
Trecroci (2002) have shown that while the reactibrinterest rates to a fiscal
expansion with no active lower bound is positive@ermany, it can be negative
for United States. The aim of this paper is to gttt mechanism identified by
Christiano, Eichenbaum and Rebelo (2011) in a gdimed setting that allows
either positive or negative reaction of interege ta fiscal expansion. The aim of
this paper is to study the fiscal multiplier in ZLB a more general framework
than a typical DSGE model. We develop a novel apgrdhat introduces com-
pensating shocks ensuring the constancy of inteeges. We combine these
shocks with positive fiscal shocks in moving averagpresentations of structur-
al VARs and derive the size of fiscal multiplier pmesence of active lower
bound. Based on differences between results foethe area and United States,
we establish the link between the character ohthaetary-fiscal interaction and
relative size of fiscal multiplier in ZLB.

The rest of the paper is organized as followst Paeviews the literature.
Part 2 presents the method of offsetting (compérngatshocks in a non-
technical way. Part 3 discusses the necessarytamifor increase of the fiscal
multiplier in the ZLB. Part 4 presents the undertylVAR models. Part 5 pre-
sents technical details of the computation of inamensating shocks and multi-
plier. Part 6 presents the results and the lastcpacludes.

2 It is understood that there exists a lower bowrdHem, it may be zero or somewhat below
zero, but in line with the literature we will cdtlithe zero lower bound (ZLB) without implying its
value to be exactly zero.
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1. Literature Review

A number of empirical studies concerning fiscdigoin a zero lower bound
environment emerged following the global finandasis and the sovereign debt
crisis in Europe. The size of fiscal multiplier time presence of the zero lower
bound has been most frequently studied with DSGHetso Christiano, Eichen-
baum and Rebelo (2011) use several versions dD8@E model for this pur-
pose. For a model without capital, the size of iplidr in the ZLB rises with the
sensitivity of prices to output and with the proitigbof the interest rate staying
low for longer. A model with capital gives a highaultiplier than the version
without capital. According to Christiano, Eichenbawand Rebelo (2011) the
multiplier has a value above one in a DSGE modebmling to Altig et al.
(2011). The multiplier is larger when the lower hdwn interest rate is active
for longer. On the other hand, the multiplier deses if the increase in govern-
ment spending continues after monetary policy hatge the ZLB regime. Other
DSGE models often assume that fiscal expansianflegionary even when lower
bound is active, thus fiscal expansion causesdhkimterest rate to drop in the
ZLB regime, forcing the multiplier up. The conseqce is that even if the mul-
tiplier in the ZLB is large, fiscal tightening ieaded after the economy returns
to normal in order to pay the additional debt (Wood, 2011). Thus, only the
marginal multiplier in the ZLB is large and the nipilier in the ZLB decreases
for big fiscal expansions (Erceg and Linde, 20Qjvier and Takangmo (2014)
present an open economy DSGE model and they staivitis multipliers in the
ZLB are not higher than usual, because the exchatgeappreciation offsets the
effect of fiscal stimulus. Finally, Bilbiie, Monaltieand Perotti (2014) show that
fiscal stimuli can be counterproductive even wittagye multiplier, if they do
not enter the utility function of households. ThR8@®E models are rightly a popu-
lar tool for the analysis of economic policy. Howevdifferent settings of their
non-linear structure lead to different and somesiroenflicting conclusions and
it is practically impossible to determine which sétassumptions is the most
realistic one. A loosely related strain of liter@texplores the effects of mone-
tary policy under the ZLB and the effects of qualite easing using novel ap-
proaches in VAR methodology (Meinusch and Tillmaga16 — QUAL VAR
(combining binary information about QE announcemseavith an otherwise stan-
dard monetary policy VAR), Nakajima, 2011 — exteshde/P (time varying
parameters) VAR, Michaelis and Watzka, 2017 — T\ARY.

Scholars hold different opinions about optimallsoéccording to Eggertson
(2010), tax breaks connected with capital formatioenthe most efficient. Gene-
ral spending and tax breaks for VAT are accordmnthis study less efficient and
direct taxes are even counterproductive (as thesgecaleflation). Contrary to
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this, according to Albertini, Poirier and RoulleRasdeloup (2014), multipliers
are the highest for spending that is unproductie @oes not substitute for pri-
vate consumption. McManus, Gulcin Ozkan and Triaéeiwwicz (2014) find that
multipliers on public investments are the highaggrestingly, tax hikes on con-
sumption lead to increasing output. Different cosimns are the result of differ-
ences in the model structure, but a detailed arsabtsd comparison of cited
models is beyond the scope of this paper. Metayaisaby Gechert, Hallett and
Rannenberg (2015) contradicts Eggertson (2010Jjrfin expenditure multipli-
ers systematically higher than tax multipliers. t, Hallett and Rannenberg
(2015) also show that public investment has a higlffect than consumption
expenditure. Due to the ambiguity in the literatiwe focused on the textbook
case, using government spending as our policy tool.

If the economy in question is a member of a magetaion, the monetary
authority is likely to set the common monetary pplaccording to the situation
in the whole monetary union while changes in figualicy in a single member
country may have limited impact on monetary poletting. This can lead to
twofold conclusions. Kilponen et al. (2015) statattthe multiplier in the ZLB
in single member countries is not greater than lugeow unity), because the
interest rates react to aggregate output gap andeeessarily to the output gap
of the country in question even in normal timesnary to this, Zeman (2016)
finds that the multiplier is above unity, because interest rate does not react to
output expansion and crowding out is limited orrewadsent (basically for the
same reason as Christiano, Eichenbaum and Relidla).2However, Kilponen
et al. (2015) also find scope for a large multipf a fiscal stimulus coordinat-
ed across countries. Farhi and Werning (2016) sumenthe values of multipli-
ers for the liquidity trap and currency unions. Thaltipliers in liquidity trap
(analogous to ZLB) are mostly greater than unitg multipliers for currency
union are mostly between zero and unity. The caiehs for a monetary union
in ZLB are thus somewhat unclear. The need for dination of fiscal policy
within monetary unions is confirmed by Miller, Hgthad Mueller (2015), who
find that the Nash equilibrium resulting from noseperation of fiscal authori-
ties in member countries, leads to suboptimal tesul

Coordination of fiscal and monetary policies canshudied in various ways:
from the point of view of game theory (Blinder, 29&r from the point of view
of minimalization of costs of public debt (Lauressd de la Piedra, 1998). For
our purposes, Muscatelli, Tirelli and Trecroci (2Dis of great importance. The
authors show that, although the offsetting charautenonetary policy (to fiscal
expansion) is usually assumed (as in Christianchdfibaum and Rebelo, 2011),
it is not always the case.
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From a practical point of view, fiscal policy ine Euro area was constrained
by the loss of confidence in sovereign credit dyranconsiderable part of the
crisis and the downturn in output had to be cowttdsyy monetary policy only.
Therefore, in the euro area, the policies wereettifey each other, while policy-
makers called for the cooperation between fiscéitp@nd monetary policy.
Such an offsetting character of fiscal and monefaolcies has not been so
common also in the US. Recently however, the orgyrate rises in the US were
underpinned, among other factors, by the expectatio expansionary fiscal
policy in the near future. The policies were thisfdcto also offsetting each
other. For the most of the history however, fisoad monetary policies in United
States has been mostly coordinated.

2. The Compensating Shocks*

We assume that in normal times the decisions @fcdntral bank about the
policy interest rate are based on current busiogse considerations (for exam-
ple gaps and neutral rate in the Taylor rule) #&ad the policy rate is at the level
desired by the central bank. On the contrary, wherzero lower bound is bind-
ing, the desired policy rate is too low and thuattainable, becoming the shadow
rate and the true policy rate is at the lower bourte difference between the
real policy rate and the shadow rate is the inteeds gap.

We assume that the central bank has a fairlyestaalction function to econo-
mic shocks. In this situation, however, it cannattifs desired policy rate into prac-
tice. If the ZLB is binding and the central banishes to raise the interest rate by
a small amount (for example, because it anticipaitsinflationary pressures), the
shadow rate will shift towards the lower bound, rés& policy rate stays constant at
the lower bound and the interest rate gap dimisisGempared to normal times,
the policy mix is looser, because the policy irderate should have risen rather
than remain fixed. If the ZLB is binding and thental bank wishes to decrease
the interest rate, the shadow rate will drop furtlay from the lower bound,
the real policy rate stays constant at the lowambloand the interest rate gap
increases. Compared to normal times, the policy imtighter because the policy
interest rate should have dropped but it did nbese considerations show that
the consequences of a binding lower bound on isttea¢es can be simulated by
a setup keeping the interest rate constant whesystem is affected by shocks.
The considerations of these paragraphs are iltestia the Figure 1a — 1d.

3 Speech of the ECB President, Mario Draghi (2016ther6th of June 2016.

* The described concept is our innovation. We deesdt in 2013 as a part of another project,
but we did not apply it in the corresponding wotkjraper.
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Figure la Figure 1b
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Figure 1c Figure 1d
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towards the lower bound, rate gap drops. gapghebrate > ZLB, the gap vanishes.

Source Own sketches.

From a computational point of view, the situationFigure 1b will require
a positive compensating shock to keep the actwelganstant during intended
monetary loosening, whereas the situation in Figurevill require a negative
compensating shock in order to offset the intendedetary tightening.

Our analysis consists of comparing two scenarios:

i) simulating a spending shock in normal times, inereased government
spending, where the interest rate can move freely a
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i) simulating a shock in a ZLB environment, i.e. achto the interest rate
in unison with a shock to government spending, avipiteventing the interest
rate from reacting to increased government spendinigkeeping it at the level
before the government spending shock.

The latter simulation is done numerically in tweps. First a positive transi-
tory shock to government spending is introduced thedreaction of the system
in normal times is computed. Then, one period atmther, the induced chang-
es in the interest rate are offset by a shockenirterest rate with sign opposing
the reaction of interest rate to increased spendihig shock is updated in each
period, so that the total reaction to the two skagmains exactly zero for all
lags. The linearity of VARs and their moving averagpresentation is crucial
for the correctness of this approach. The exaatquhore of accumulating the
compensated shock is elaborated in Part 5.

For the case, where the presence of a bindingribaend means loosening
policy, the size of the compensating shock is @naihe hand proportional to the
increase in fiscal multiplier in the ZLB relative normal times. However,
a large interest rate gap is required for the Zt&iag binding, if the compen-
sating shock is large. Thus, the high absoluteevaluthis shock means higher
efficiency of fiscal policy, but a decreased prdbgbof fully exploiting this
efficiency. If the compensating shock in the ing¢nete is too large relative to
the interest rate gap (Figure 1d), the interest gatp will be totally eliminated
and the lower bound will cease to be binding. Tésulting multiplier in this
situation will be between the values of the muikipin normal times and those
under a fully binding ZLB.

The updating process yields the two scenariosrmg of dependent variables
of the VARSs in a form somewhat resembling impulssponse functions. Alter-
native paths of output and government spendingcangputed from these sce-
narios together with the cumulative multipliers. k& government spending
used in multipliers contains both shocks and th#éogenous reaction of gov-
ernment spending to own shock, we find it more eppate to evaluate the im-
pact of the fiscal stimulus in cumulative terms.

3. Policy Coordination and Size of the Multiplier in ZLB

The reaction of the monetary policy to fiscal shacrucial for the change
of the fiscal multiplier. Figure 2a and 2b illuggahe reaction of the system to
temporary positive unit fiscal shock lasting fouragters’ Muscatelli, Tirelli and
Trecroci (2002) estimate SVARs for several impadreaconomies and find that
in the United States, the interest rate falls diteral shock, whereas it rises for



760

Germany We obtain the same results for the U&; shown in Figure 2bThis
means that the monetary policy is aligned witheligolicy. They are simultaneous-
ly expansive or restrictive since they are completarg. On the contrary, the esti-
mate for the Euro area (Figure 2a) shows thatritegeist rates rise after fiscal ex-
pansion, the monetary policy thus works againeafijghe policies are substitutes.

Figure 2a Figure 2b
Reaction of Interest Rate Reaction of the InteresRate
to Government Spending to Government Spending
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Note: The horizontal axis depicts quarters.
Source:Own computations.

As shown by Buti, Roeger and in't Veld (2001), tleason for this may be
the different nature of external shocks the econ@rfacing. In the framework
of a simple supply and demand model, negative ddrahack is associated with
output and prices falling at the same time, whlke negative supply shock leads
to falling output and increasing prices. If thecék policy reacts predominantly
to the output and monetary policy predominantlyinflation, then demand
shocks lead to complementary policies, whereaslgghmck leads to policies
substituting each other.

Different signs of impulse-response functions raaige because the United
States faces predominantly demand shocks (for eleangmative shocks to pri-
vate consumption and investment resulting from offieevents), whereas the

5 The reactions are from the technical point of vieaving sums of impulse-response func-
tions. They smooth out the short run fluctuatioh$R¥-s resulting from uneven seasonal adjust-
ment. In order to get plausible results, we neelikbehaved output gap that rises with govern-
ment spending and decreases with the policy irteads. Although we do not use it directly, we
also expect the interest rate to rise in respamsieet output gap. We consider these assumptions as
standard and rejected all model versions violatirggn.

% The situation at the end of the year 2016 andnméng of 2017, when the Fed signaled that it
could increase rates in response to expected #sgansion, is not yet in our sample period.

" The underlying model is presented later.
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Euro area faces predominantly supply shocks (fangte wage pressures).
Alternative explanation rests upon the differentndates of the Fed and the
ECB. Whereas the Fed with a dual mandate may Imeldiscal authorities to
alleviate recessions, the ECB, focused solely fiatian, may anticipate infla-
tionary pressures after a fiscal expandion.

With respect to considerations in the sectiorhsé impulse-response func-
tions lead to an increase of the fiscal multipirethe ZLB for the Euro area, as
the policy mix becomes looser in the ZLB (compat@dormal times) and its
decrease for the United States, as the policy moolmes (paradoxically) more
restrictive.

The reaction function of fiscal policy to monetgpglicy is of lesser im-
portance, because the response is very smallvelatithe exogenous shocks to
government spending and because the size of ikoak is recomputed per unit
in the fiscal multiplier.

4. The Underlying Models for the United States and the Euro Area

Our analysis is based on reduced form VARs thatthen identified by
Cholesky decomposition. The vector of dependenabkas consists of (i) interest
rate, (i) the quarterly growth rate of governmepending and (iii) the change
of the output gap between quart®rFhe choice of the exogenous vector follows
Muscatelli, Tirelli and Trecroci (2002). The outmap is derived from log GDP
and HP filtered using a smoothing paraméter 1 600. Data from national

8 We have estimated several versions of analogowkehior Slovakia as well, but we do not
report it, because none was satisfactory. Theyitnadmmon that the monetary policy was offset-
ting the fiscal shocks and the multiplier was geeat the ZLB environment (as in the Euro area).

% For the US, government spending is defined asrgovent consumption and gross invest-
ments. For the Euro area such series has beenlateaiinly since 2002. Therefore, we use govern-
ment consumption as a proxy for government spendWfghave tested the two series for the Euro
area and found the paths of growth rates are teat glegree similar. There are somewhat larger
short-term swings present in the series with inmesits; however the two series pass the tests of
equality. We have carried out two versions of the-eample Kolmogorov-Smirnov test against
theoretical distribution, testing whether the diffece of growth rates of government spending
without and with investment is normal. We did itlwan estimated mean and mean equal to zero.
Neither of these tests were significant at the B%Il Thus, we concluded that the difference of
the two series is just noise and the series witherobservations can be used.

19 The series from national accounts are clearlygiated of order 1 and a transformation into
stationary series is needed in order to get aestaioldel. We used differenced output gap instead
of differenced output, because we assume thatdbe variables do not affect the potential output.
We assume the interest rate to be stationary @& of statistical properties of the series in
finite samples), because it is quasi a growth eatd, contrary to a random walk, has a lower
bound. If all series were (1), we could try toiestte a VECM model, capturing long run relations
between the endogenous variables.The interesigatationary and used without differencing in
our model, so that a VECM model is out of questionur case.
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accounts is seasonally adjusted. For interest,ratesuse the ECB policy rate
(main refinancing operations, end of quarter) fug euro area and Fed Funds
rate for the United States. We work with six periag structure in the VARS.
The ordering in Cholesky decomposition follows Riaard and Perotti (2002),
i.e. government spending, output gap and inteegetfor both the United States
and for the Euro area. Although, automatic stadizare much more important
in the Euro area and therefore, as shown in D&lgest and Peichl (2005‘),
output could have been ordered before governmeamdspg we follow the same
ordering of both economies as it is standard inntiost of literature. We used
the sample 1970Q4 — 2015Q4 for the United Statds2@91Q1 — 2015Q4 for
the Euro area. The structural impulse-responsdibimeof the identified VARS,
reduced form residuals and the matrices for thestommation of reduced form
residuals into structural shocks are used in furtbenputations.

We assumed that fiscal and monetary policy do¢sffiect potential output.
This means that both policies are used for managewieaggregate demand
only. If potential output is affected, our resudt®ould be interpreted as the lower
bound for the multiplier since if the policies affgotential output, they affect it
in the same direction as output gap.

The information set (vector of endogenous vargbtmuld be widened in
more ways. Debt could be related to the size of rthatiplier (Nickel and
Tudyka, 2013), but it is the non-linear functionather variables in the model
and its impact on output depends upon institutice#iings. The fiscal policy in
the US is less constrained by debt than the pafiajhe Euro area, even if the
debt-to-output is higher in the US. This is theechscause the debt is issued
centrally in the US in domestic currency, whereas issued by member states
in a currency they do not control immediately ie #uro area. Inflation was not
included, as it is not in the focus of this paped she impact of fiscal policy on

1 The lag length was chosen so that the reduced flesiduals are without lower order serial
correlation or seasonality. For the US, the lagwesion test for the sixth lag rejected the null hy-
pothesis and residuals from VARs of lower order waearly serially correlated. The tests were
less clear for the Euro area, but residuals frodAR with four lags still contained seasonality.
Since the assumption about residuals being whitgenis crucial for the consistency of the esti-
mates, we decided in favor of a higher number gélagnoring the lag length criteria, which
indicated lower numbers of lags. The problems wfitd serial correlation could be caused by
seasonal adjustment, which changed the dynamictstauof the time series, but that problem is
beyond the scope of this paper (we downloadeddhiessseasonally adjusted). Another justifica-
tion for higher lag order is the fact that, accogdito overviews by Batini, Eyraud and Weber
(2014) and Padoan (2009), multipliers tend to haveshaped path with a peak in the second year
after the fiscal impulse and using more lags isenidely to fit this pattern.

2 Dolls, Fuest and Peichl (2009) show that the welfystem in the Euro area offsets 21% of
unemployment shock versus 7% in the US. If thiged#hce was significant and the unemploy-
ment benefits started in the same quarter as thentden that caused them, output could be
ordered before government spending for the Eura.are
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inflation is only indirect (through output gap).clading inflation in the model
would necessitate assumptions about monetary pbkayg offsetting to fiscal
policy (otherwise some impulse-response functioonsld have incorrect signs)
and do not want to assume this.

Controlling for the ZLB during the Great Financfatisis by excluding the
ZLB regime is not feasible for the euro area beeadsnsufficient history of the
series. For the US however, the subsequent rolmsstieeck with the sample
shortened until 2008Q4 leads to no significant geanin multipliers and their
relations. Another option would be to use shadoigsranstead, but these are
unobservable and subject to great uncertaintynasitng them would definitely
go beyond the scope of this paper.

5. Details of the Computation of Compensating Shocks
and Multipliers

The dependent vectors of the VARs consist of @serate, growth rate of
government spending and change of output gap. ateeigentified with Cholesky
decomposition. After the estimation, the structimagulse responses, the residual
and the transforming matrices are retrieved fohaaodel. The transformation
matrices can be made lower triangular by rearrangimvs and columns. K is
the vector of reduced form residualsis the vector of structural shocks aRdib
the transformation matrixg =Tu,. The reduced form residuals were arranged into
the matrix e and the matrices of structural shaglkare computed a%’ = R'e.
With C; being the structural impulse responses, the emageseries are repli-
cated with the (truncated) AR representation

.
y'=>Cuy, ory, =C(L)uy’
i=0

The fiscal expansion shocks are defined as axnatrcontaining zeros apart
from the first four values in the second columrt @nr@ set to unity. The changed
endogenous series were computed with AR represamtat

Y. =C(L)(u+ Ay
The reactions are computed as
difk =y, - y,

In further computationg]iff_r denotes the reaction of interest rates to fiscal
expansion andl_r_r (a scalar) denotes the reaction of the interdst ta own
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shock (fromC)) for the first period. For the computation of réaes in ZLB
(with shocks both to government spending and ister@e we make iterations
forty=0toT — 1 (T being the number of observations):

In the iterations, we decrease the values initise dolumn of the matrix of
additional shockau in rowsty + 1 toT by dif_r./d_r_rif diff_r is positive (or
increase them, idliff_r is negative) while leaving the second column iasesl
as indicated above. We compute

Y, =C(L)(w+ Au)‘a diff _i=y-y

We updataiff_r as a value ofliff_i corresponding to interest rates and go to
nextty. After the last iteration, we mark tlye= y. anddiff_i = diffc. These are
the reactions presented in Figures 3 and 4 asalvew for ZLB. The shocks to
government spending and interest rates from FigRaeand 2b are given in the
final version ofAu (the column for output gap containing zeros onaswmitted
in Figures 2a and 2b).

Finally, we compute the alternative paths for autpnd government spend-
ing for the fiscal expansion in normal times andha ZLB (denoted in the fol-
lowing formula with the subscript h denoting eitlpassibility) and compute the
cumulative multiplier for lag as

3= Y)

My, == ——

3! (G, -G)

6. Results for the United States and the Euro Area

We begin our presentation of the results by pitasgrshocks. As the VAR
models use differences for integrated variablemsitory shock to differences
means a permanent shock to levels. In order toirdi® the short run fluctua-
tions, we define the shock to government spends@ anit increase for four
guarters. The results for a normal situation aegetore the four-period moving
sum of the structural impulse-response functions.

The dotted lines are compensating shocks to sttea¢e, keeping the interest
rate at the level before the fiscal shock. Theed#iice between the Euro area
and US is visible at first sight. While the shosknegative and thus expansion-
ary for the Euro area (the monetary policy is lodeethe ZLB regime than in
normal times during fiscal expansion), it is mogtbsitive and tightening for the
United States (where it is tighter than in nornrakss). The case of the Euro area
corresponds to Figure 1c, whereas the case of titedJStates corresponds to
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Figure 1b. This is the consequence of the diffesggris of the impulse response
functions of interest rates to government spendhmrk discussed in the Part 3.
The results for a normal situation (solid line ilgWes 4 and 5) correspond to
reactions to government spending shocks only; ¢selts for the ZLB regime

(dashed line) correspond to reactions to both shoghksolute values of com-
pensating shocks depend on the reaction of theestieate to spending shock
and on the reaction of the interest rate to owrtlsho the first period (as shown
in Part 5). Since the latter factor is much larfgerthe US than for the Euro area,
the resulting compensating shock to the interastfiax the US is much smaller
in magnitude than the shock in the Euro area.

Figure 3a Figure 3b
Additional Structural Shocks, Additional Structural Shocks,
Euro Area United States
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Note: The horizontal axis depicts quarters.
Source:Own computations.

Reactions of the models to these shocks are shothke next four Figures:

Figure 4a Figure 4b
Additional Changes in Government Additional Changesn Government
Spending, Euro Area Spending, United States
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Note: The horizontal axis depicts quarters.
Source:Own computations.
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It is evident from the Figures 4a and 4b that gbgernment spending has
a considerable inertia and once there is an exogeteonporary increase, govern-
ment spending keeps increasing endogenously foe sprarters on. For exam-
ple, infrastructure projects last several quarbengears and if a project is started,
it is going to continue in subsequent periods.the reason we present cumula-
tive multipliers only, as we find a shock in a denguarter inseparable from its
endogenous echo within the logic of our VAR modélss evident as well that
government spending reacts very weakly to changgmiicy interest rates in
both economies.

Figure 5a Figure 5b
Additional Changes in Output, Additional Changes inOutput,
Euro Area United States
0,00¢ 0,4
0,003 A2, 0,3
A \
0,002 ‘\‘\ 0.2 \
\
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0 ’.‘;I’—- 0
-0,001 / -0,1
0,002 e B o e e
1 6 1116 21 26 31 36 41 46 51 56 0 8 16 24 32 40 48 56
Normal e e« inZLB Normal e e inZLB

Note: The horizontal axis depicts quarters.
Source:Own computations.

Different signs of compensating shocks to thegyotates make for a differ-
entiated response of output. Whereas for the Exga, ¢he initial additional in-
crease is later compensated by a drop, in thelaamr bound environment the
increase is higher and there is no drop. Thiséstanifestation of the phenome-
na discussed in the section 3. (We always assuateré interest rate gap is big
enough to stay non-zero for all values of compengathock, so that the ZLB
stays binding. The reactions thus shall be intéedras upper bounds.) For the
United States the paths in both scenarios are sioréar. However, it can be
seen that, when the differences are the largest;uhve for binding ZLB is un-
der the curve for normal times. This differencénis result of additional tighten-
ing in fiscal expansion in the ZLB, as foreshadovwgdpositive compensating
shock for that lag for the US.Multipliers are computed by transforming the

13 Reactions of interest rates were computed as uelithey are omitted for space reasons. Their
reaction to government spending only was in factingpsums of impulse-response functions if Figu
re 1a and 1b and their reaction to both shocks reereas this was the assumption of our computation
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aforementioned additional changes back into lewel eomputing cumulative
multipliers. They are shown in Figures 5a and 5b.

Figure 6a Figure 6b
Fiscal multipliers, Euro area Fiscal multipliers, United States
5 5
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3557 35
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1 \ 1 48
05 e— 05 \\
1 0 Y —p—p—
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Normal e e« inZLB Normal e e inZLB

Note: The horizontal axis depicts quarters.
Source:Own computations.

For the Euro area, the multiplier first rises abamity in both situations, but
then the paths diverge: while it decreases beloiy um normal times, it rises
further and converges to a high value in the preseri the zero lower bound.
The absolute size of the multiplier in normal timegonsistent with the reason-
ing of Paul Krugman cited by Mdller, Hettig and Mee (2015): the multiplier
for a coordinated Euro area effort is much higlmantthe multipliers for single
member countries. This is rationalized by spillevef significant part of fiscal
stimulus in a given member country to another mendoeintries via foreign
trade'* The effect of the negative compensating shock dwhepresents addi-
tional loosening of monetary policy during fiscapansion) is quite large. In the
United States, the multiplier starts at a valueuadounity and drops in normal
times to a very low level and, if the lower bour ioterest rates is binding,
practically towards zero. The difference betwees tbsult and the conclusions
of some earlier studies is caused by the factahsttucture inducing monetary
policy to offset the fiscal expansion is imposedhia DSGE model, whereas the
VARs we are using are completely agnostic andtHetdata speak” in this regard.

One might argue that a different composition ofegoment spending (see
Footnote 2) might influence the absolute valuethefmultipliers. However, this
is unlikely, as meta-analysis by Gechert, Halled annenberg (2015) implies

14 This reasoning is given in a New York Times blagsp, The economic consequences of
Herr Steinbrueck” from December 11, 2008 by P. Knag.
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that multipliers of public investment tend to bgtrer than those of consump-
tion, contrary to our calculations. The differeairple could be another factor
causing differences in computed multipliers as w&his sample difference
means that the multipliers are likely to be gredterthe Euro area, where
a greater part of the observations correspondse@lobal financial crisis, than
for the United States, where GFC corresponds tdlamgart of the sample. Our
multipliers are indeed greater for the Euro ares,the offsetting shocks do not
depend on the position of output gap, so that tlenge in multipliers due to

ZLB is in our framework independent of possible rdi of multipliers due to

recession.

The presented change in multipliers should be rstoled as an upper bound.
First because the economy could transit from a iener bound regime to
a normal regime, if there is a large negative cameptng shock. Second be-
cause the central bank can use other tools (fanpbeaunconventional monetary
policy) if the ZLB is binding, so that the impadttbese tools substitutes for the
impact of interest rates. In the case of the USymdations show how ineffi-
cient the fiscal policy in the US would be withdbe support of QE and other
forms of unconventional monetary policy. In thegewmnstances, the multipliers
in the ZLB would be closer to their normal valulart indicated in the presented
Figures 6a and 6b, but the sign of the changesstagythe same, depending on
the reaction function of the central bank to fisegbansion.

Conclusion

A binding (zero) lower bound of interest rates enially affects the efficien-
cy of economic policy tools. It has been known decades that fiscal policy is
efficient in these circumstances. Recent studisged@n DSGE models mostly
confirm this result with some caveats. The purpdshis study was twofold: to
relax the need for imposing strict structure to tiedel, (as DSGE models do)
and to quantify the fiscal multiplier in ZLB regimas the results depend on the
sign of a specific impulse-response function of AR models, we are able to
put the size of the multiplier in relation to theacacter of fiscal-monetary inter-
actions We develop a way of constructing speciack$ to interest rates that
compensate their reactions to fiscal expansiontaid the interest rates con-
stant, mimicking their behavior, when the lower haus binding. We apply
the shocks to moving average representations attanal VARs. With this
approach, we also eliminated the need of non-cohgarameters or discrete
variables in our VARs. We apply the methodology applied to the Euro area
(on aggregate level) and to the United States. Wi#delels, in which we inserted
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the fiscal shocks and the compensating shocksy atiterest rates to rise (off-
setting monetary policy) or drop (aligned with mtarg policy) in response to
fiscal expansion in normal times, contrary to DSGadels.

The fiscal multiplier in the ZLB then rises relatito normal times, if the
monetary policy is offsetting in normal times anapb if it is aligned in nor
mal times. For the Euro area, where the policysraféset the fiscal expansion
(e.g. they rise), the long run multiplier risesnfrdoelow unity in a normal situa-
tion to above two in a ZLB. This result is analogawith that of Christiano,
Eichenbaum and Rebello (2011). We find, similadyErceg and Linde (2010)
that the multiplier decreases, if the fiscal expamss large, as the economy is
forced out of ZLB regime. For the United Statesgventhe monetary policy is
more aligned with fiscal policy (interest rates @io response to fiscal expan-
sion), the long run multiplier drops from 0.2 inrm@l times to zero in a ZLB
because the character of fiscal-monetary intenadgfiadifferent than in the euro
area. This result, however, does not account foomwventional monetary policy
that could be a substitute for interest rate moveme
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