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ABSTRACT

This paper empirically examines the effect of monetarygyobn the government spending
multiplier when the nominal interest rate is not bound tcozeWe estimate a time-varying
coefficient vector autoregressive (TVC-VAR) model usin@@@1 to 2019:Q3 quarterly data
of Korea, whose policy rate is distant from zero. We find a farigl degree of time variation
in the medium-run government spending multipliers, whictréase over time and become
statistically different from zero throughout the 2010st the reverse pattern is observed in the
policy rate responses to government spending shocks,af#egegradually until 200809 and
then stagnating for the subsequent period. Decompositibtie policy rate responses reveal
that inflation is an important ingredient in determining tesponses of the nominal interest
rate to government spending shocks, thus has a criticaldngrathe size of the government
spending multipliers. In particular, our finding undersa substantial role of the monetary
policy stance against inflation in shaping the governmeandjmg multipliers.
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1 INTRODUCTION

The effects of expansionary government spending on magnoegic aggregates depend on a host
of factors. Among them, the extent to which monetary poliegponds to inflation in times of
fiscal expansions has been given much research attentioeoryllpredicts that an increase in
government spending raises the price level, as well as thectad path of inflation when prices
are sticky. Monetary policy actively targeting inflatioris@s the nominal interest rate more than
the increase in inflation. Real interest rates then risgyagsing private spending, offsetting some
of the increase in goods demand, and fina#iferis paribuproducing smaller multipliers By the
same reasoning, the macroeconomic consequences of a gwrérapending expansion coupled
with monetary policy targeting inflation less actively araped primarily by a fall in real interest
rates, mapped into larger multipliers.

The channel through which monetary policy affects the sfzpwernment spending multipli-
ers is extensively studied in an environment where the zeveld bound (ZLB) constrains nominal
interest rates. In counteracting the global financial fi€FC) of 2008, fiscal authorities in many
countries adopted numerous stimulus packages while thetral banks kept short-term nominal
interest rates close to zero. This has provided a realdi$e for many researchers to investigate the
relationship between monetary policy and spending migtipl A plethora of previous studies on
this issue have been carried out on the basis of either agtiesrperspectiveggertssori2008),
Christiano et al(2011), andDavig and Leepef2011)] or an empirical frameworkRRamey(2011),
Crafts and Mills(2013, andMiyamoto et al.(2018)].

Nevertheless, the ZLB is regarded as a special case in wiictiat banks’ concerns shift
away from their central objective—inflation targeting @¢#F)oward other goals, such as output or
financial stabilization [e.gBoard of Governors of the Federal Reserve Sys2o09 andBank
of England(2009]. The discussion is generalizable to broader environmgnivhich monetary
policy obeys a typical Taylor-type rule. In this vel@hristiano et al(2011) establish a systematic
relationship between the degree of the monetary authsatyfi-inflationary stance and the size of
government spending multipliers. Based on a new Keynesateimthey demonstrate that govern-
ment spending multipliers decline as monetary policy iaubdre actively to inflation. Empirical
analyses march alongside theory. For instaRassi and Zubairy2011) andDupor and Li(2015
use a structural vector autoregression (VAR) model and esengovernment spending multipliers
for the pre- and post-Volcker periods, in order to examirtkéfaggressive anti-inflationary stance
since the appointment of Volcker influences the effects offistimulus.

1The effect is often referred to as the “inter-temporal effgDavig and Leepe(2011)] or the “expected inflation
channel” Pupor and Li(2019] of government spending.



This paper explores empirically whether monetary policytara in shaping government spend-
ing multipliers under a non-ZLB environment. We particlydocus on the Korean economy as a
laboratory for the following reasons. First, mainly be@at®rea potentially has a positive effec-
tive lower bound as a small open economy, the policy inteedstin Korea has never been bound
to zero during the past two decades, as reported in Figusecond, the growth rate of output has
declined substantially for the post-GFC period compareithégpre-crisis one, and Korea’s fiscal
authority has made constant efforts to stimulate the ecgribrough government spending expan-
sions. Lastly, and most importantly, a historical nar@atw monetary policy in the country reveals
that the central bank’s anti-inflationary stance has chaumggny times since its policy shift from
the money-aggregate-based approach to the IT system iath&990s. As a primary action plan
to support the policy shift, the Bank of Korea (BOK) launcleethedium-term inflation targeting
(MTIT) system in 2004. The crux of MTIT was to set the targédtation rate as well as its range
for the upcoming three years, which was then revised at tH@gthe 3-year term [Bank of Korea
(2004 2006 2009 2012 2015 2019)].

In this article, we take up the issue by employing a time-wvayycoefficient VAR (hereatfter,
TVC-VAR) method developed bRrimiceri (2005 andGali and Gambet{j2015. The choice of
the TVC-VAR model for empirical analyses is guided by thertteaf evidence on how the extent
to which Korea’s monetary policy reacts to inflation has egdlover time. This contrasts markedly
with the case of advanced countries. For the US, for instadheee seems to be a solid consensus
among researchers and policymakers that the Federal Ré&sestance toward inflation changed
dramatically with the appointment of Volcker [e.€larida et al (2000, Lubik and Schorfheide
(2004 andBianchi (2013, among many others]. Accordingly, the analogous liteeafor ad-
vanced economies attempts to calculate fiscal multiplierslifferent monetary policy regimes,
simply by splitting the sample period corresponding to eadmetary policy regime. In contrast,
this line of research is lacking for Korea, and thus our erogirstrategy is to let the TVC-VAR
specification become an agnostic but unified framework intiieng the time-varying monetary
policy stance and resulting government spending multigktimates.

Our empirical results based on the TVC-VAR model estimatét Worean time series from
2000:Q1 to 2019:Q3 are as follows. First, we find that the gawent spending multiplier esti-
mates display a significant time variation, particulargmsting out in the medium-run horizon. Re-
gardless of the horizon, the present value multiplier estigs display an increasing tendency over
time. The size and significance of the multipliers, howewgeg, quite different for the 4-quarter
horizon and beyond such that the multipliers become largsize, a tendency that becomes more
pronounced for the post-GFC period. As a result, the presdoe multipliers for the 4-quarter



horizon and beyond become statistically different fromozéroughout the 2010s.

Second, the impulse responses of the nominal interest oap®gitive government spend-
ing shocks in the short run display a mild degree of time vanmg decreasing gradually until
2008-09 and then stagnating for the subsequent period. Combihexgme-varying patterns of
the medium-run present-value multipliers and short-rt@rgst rate responses, our results suggest
a negative relationship between these two objectiveswelsestablished in the existing literature
that the size of government spending multipliers depentstauatially on how monetary policy
behaves in times of a fiscal expansi&gpertssor§2008, Christiano et al(2011), andErceg and
Lindé (2014, among many others]. Our finding of the negative relatigmshthis regard deserves
careful scrutiny in assessing a potential role of monetaticy as a determinant of government
spending multipliers.

The primary contribution of this paper is to examine the béreof inflation and monetary
policy responses to it as the source of the time-varyingpatif the nominal interest rate responses
to government spending shocks. From a theoretical peigpeet conventional Taylor-type rule
posits that fluctuations in inflation can change the nomimi@rest rate through two channels: (i)
the degree of policy responsiveness to a unit change inioritaand (ii) the magnitude of the
inflation fluctuations. Guided by the theory, we assess tleeafanflation in determining the time-
varying pattern of the interest rate in response to exogelcbanges in government spending.
Theory-consistent decompositions of the interest rajgareses reveal a substantial degree of time
variation both in the monetary authority’s anti-inflatiopatance and inflation volatility. More
importantly, our finding from the decomposition indicateattinflation is an important ingredient
in determining the responses of the nominal interest ragot@rnment spending shocks. The
inflation-driven component of the interest rate responsesidates the other variables in terms of
magnitude, and shows a similar time variation with the resps themselves.

In order to complete the analysis, we finally examine the irtggwe of monetary policy in
shaping the government spending multiplier. Two experisi@ne conducted for this purpose.
The first experiment is designed to evaluate the role of nampgtolicyas a wholeby estimating
the TVC-VAR model without the nominal interest rate. By tadithe policy rate out of the model,
we completely shut down the channel through which the nohiimerest rate, and thus mone-
tary policy, affects the spending multiplier. We then movehe second exercise, which focuses
specifically on the inflation-targeting dimension of momgtaolicy as a determinant of govern-
ment spending multipliers. To this end, we keep all the medeahbles, but restrict the model’s
parameters governing the inflation-driven component ofinterest rate responses to be time in-
variant. This experiment is likely to reveal the prominexdtbr characterizing the time variation in



the government spending multiplier, related to monetaticpdehavior and inflation dynamics.

The results from the two experiments indicate that changékse nominal interest rate pro-
duced by inflation fluctuations are important for the sizehaf government spending multiplier.
The difference in the multipliers between the specificatiaith and without the nominal inter-
est rate displays a correlation near unity with the inflatiibiven component of the interest rate
responses. This finding ascribes a critical role in the reserge in government spending multi-
pliers to shifts in the policy stance toward inflation andnfiation volatility. Among these two
factors, we find that changes in the anti-inflationary staareea more crucial determinant of the
time-varying pattern in the present-value multipliersrtiihose in the size of shocks governing
inflation dynamics. Our finding in this regard echoes thosthéexisting literature highlighting
the importance of the central bank’s anti-inflationary s&ato the size of government spending
multipliers, includingKim (2003, Christiano et al(2011), Davig and Leepe(2011) andDupor
and Li (2015, among many others.

2 ECONOMETRICSPECIFICATION

To empirically analyze the evolution of the government slyeg multiplier with changes in mon-
etary policy behavior over time, we utilize a TVC-VAR modslia Primiceri(2005 andGali and
Gambetti(2015. Both studies assess how monetary policy changes affecto@@onomic vari-
ables over time. We extend these models to incorporate gowaatt spending shocks to examine
the interaction between fiscal and monetary policy. In teidtisn, we illustrate the VAR model
specification and the data construction employed in thiepap

2.1 VAR WITH TIME-VARYING COEFFICIENTS Consider the reduced-form VAR model given
as
Zt = Mo + ult -+ M2t2 + Dl’t + Bl,tzt—l + ...+ B&tzt_g -+ Uy, t= 1, Ce ,T, (1)

wherey is a constant term, andand+> denote linear and quadratic time trends, respectively.
is anm x 1 vector of exogenous variables with the time-invariant fioieint matrix D. z; is an
n x 1 vector of endogenous variables aBg,’s with : = 1,...,¢ aren x n matrices of time-
varying coefficients associated with the endogenous Vasalhere/ denotes the lag length of
the VAR model.u; is a heteroskedastic reduced-form error witbu;) = 0, E(uu;) = ¥, and
E(uul) = 0for s # t. Three lags{ = 3) are assumed based on the information criteria such as
AIC and BIC.

We augment the exogenous variables order to factor in external factors affecting economic
fluctuations in Korea. Four variables are included as exogerariables in the baseline model: (i)



the US federal funds rate (FFR); (ii) the real exchange iteR) of the Korean won against the
US dollar; (iii) the growth rate of oil prices; and (iv) US quit. The FFR is considered to control
for US monetary policy, which is likely to affect the Koreaentral bank’s policy decisions. In a
similar vein, we include the RER as a potential determinantanetary policy in Korea. Oil prices
are taken into account given their importance in shapingnless cycles in Korea, the seventh
largest oil consumer in the world. Having no oil reservesimd¢ountry, Korea relies solely on oil
imports and has naturally become one of the largest oil itep@ivorldwide. Lastly, US output is
included as a proxy variable for the world business cycleidgédhat these variables are assumed to
be exogenous since, as a small open economy, Korea’s domastibles are likely to be affected
by global variables, but not vice versa.

Since coefficients are allowed to vary over time, TVC-VAR ralsdare often plagued by the
curse of dimensionality—the number of parameters to benestid increases rapidly with the
number of endogenous variables. We accordingly limit eedogs variables to the following
four: (i) government spendingy; (ii) output, y;; (iii) the CPI inflation rate,r;; and (iv) the
policy nominal interest rate;;. ¢; andy, are essential in measuring the expansionary effects
of government spending, i.e. government spending muetigdi The inclusion of inflation and the
nominal interest rate is to complete the monetary policgklassociated with the central bank’s
dual mandate—output and price stability. The set of vaeisby,, 7;, r, } is often regarded as the
minimum statistics sufficient to summarize central bankdiqy decisions, which in Korea as well
are conditioned on output and inflation [sRgmiceri (2005 and Coibion (2012, among many
others, for US applications].

As the reduced-form errors are in general correlated, ieseasary to transform them into
structural innovations, as follows:

Ay = ey, (2

where A4, is the lower-triangular Cholesky decomposition of the c@arece matrix>,, , at timet.

The structural innovations have the covariance mdfiixe;) = %.; so thatd, X, ;A; = X, ;3 ;.

By construction, the structural innovatioasare uncorrelated with each other, i.e., the variance-
covariance matrix of the structural disturbangksg is diagonal foralt = 1,..., 7.

The matrixA; describes the contemporaneous relationship among treblesicollected in the
vectorz;, which captures a causal ordering between them. In thid@rtve order the endogenous
variables as follows: government spending is ordered Grgput is ordered second, inflation is or-
dered third, and the nominal interest rate is ordered ldst Jarticular ordering has the following

2Using these two variable€aldara and Kamp017 demonstrate analytically that the size of governmentdpen
ing multipliers hinges critically upon the identificatiotnategies of government spending shocks.



implications: (i) government spending is the most exogenand thus has no contemporaneous
responses to shocks to other variables in the system Fatas and Mihoy2001) andBlanchard
and Perott{2002)]; (ii) output does not react to inflation and interest rdtecks in the same pe-
riod, but is affected contemporaneously by governmentdipgnshocks; (iii) inflation does not
react contemporaneously to interest rate shocks, butdstafi contemporaneously by government
spending and output shocks; and (iv) the interest rate éstaffl contemporaneously by all shocks
in the system. Ordering output and inflation before the namimerest rate can be justified by
the implementation of monetary policy in reality, in thag¢ thonetary authority adjusts the policy
interest rate after observing current output and inflation.

Lastly, we provide the state-space representation of the $ecification to close the model.
The reduced-form VAR inX) has a state-space representation, which can be written as:

[Observation equation}, = Dz, + Z/ By +w,  Z, =1L, @ [1,2,_1,..., 24, (3)
[State equation] B, = Bi_1 + 1, (4)

where the symbok denotes the Kronecker product. As aforementioned, the Y¥R-speci-
fication is subject to a sizable number of parameters chgngier time. An estimation of the
model’s parameters that relies solely on a relatively eaihumber of observations may suffer
from potential identification problems. To address thisiégsave followPrimiceri (2005 andGali
and Gambettf2015 by assuming a particular law of motion for the time-varyowgfficients. We
impose two structures on them in particular: (i) the elemefthe matrices!; andX,, ; follow a
random walk, i.e., a unit root AR(1) process; and (ii) all ineovations in the model follow multi-
variate normal distributions. Accordingly, the dynamios the model’s time-varying coefficients
can be summarized as follows:

oy =1 + (G, log oy = log o1 + 14,

Uy I, 0 0 O
0 0 0
Vevarl|| " ||= @ ,
G 00 S 0
T 00 0 W

3Given the recursive ordering scheme used to identify gowent spending shocks in this paper, it may be the case
that the response of the interest rate to inflation can bergifit for alternative orderings, especially between dutpu
and inflation. Accordingly, we check whether the resultsral®ist when an alternative ordering between output and
inflation is considered. To this end, we estimate a model imilation ordered ahead of output such that the entire
ordering structure of the alternative specification is gias follows: government spending first, inflation second,
output third, and the nominal interest rate last. As can lea sethe companion appendix, our main empirical results
are altered very little when the alternative ordering isdlisstead.



whereq; denotes the column vector of the lower-triangular elemehtee matrixA; stacked by
rows, o; is the column vector of the diagonal elements of the matfix, andQ, S, andWW are
positive definite matrices.

For the estimation procedure of the TVC-VAR model, we follBrimiceri (2005 and Gali
and Gambett{2015. Independent inverse-Wishart prior distributions areuased for the hyper-
parameters), W, andS. We employ normal distributions for the priors of the inivalues for
By, ag, andlog oy. By combining these two assumptions, we induce that theees¢iquences of
B, a, andlog o are normally distributed conditioning @p, W, andS. We use Gibbs sampling to
simulate draws from the posterior distributions of the migsderameters. More specifically, we
simulate 22,000 posterior draws, with the first 20,000 used burn-in period and every second
thinned, leaving the final sample size of 1,300.

2.2 DaTA  We employ Korean quarterly data from 1994:Q1 to 2019:Q3 lier éstimation of
the TVC-VAR model as above. We use the first 6-year sampleydmt 1994:0Q1 and 1999:0Q4,
to initiate the prior distributions for the TVC-VAR model. drdce, the actual sample period for
empirical analysis starts from 2000:Q1, when the BOK swvéttits monetary policy tool from the
money-aggregate-based approach to interest-rate-babeg p

In the benchmark model, we have four endogenous variabtegrgment spending, real GDP,
the inflation rate, and the nominal interest rate. Governrsending is seasonally adjusted using
X-12-ARIMA and deflated by domestic CPI. The variables aentbonverted into per capita terms
by dividing by the country’s population. We compute the itifia rate by referencing CPI changes
and use the domestic overnight call rate for the nominatésterate. Our VAR specification also
includes four exogenous variables that use quarterly datéhe growth rate of oil prices, the
federal funds rate, US real GDP per capita, and the real exghate against the dollar. We take
logged values for all variables except for Korean and US mamnterest rates and real exchange
rates. AppendiA provides details about data sources for all variables.

3 EMPIRICAL RESULTS FROM THETVC-VAR M ODEL

This section presents the empirical results from the TVAR\&pecification. Prior to the discussion
of the TVC-VAR estimates, we first provide results from a d¢ans-coefficient VAR model to
get a sense how the inflation rate and interest rate respogoveErnment spending shocks over
the sample period. We then present our main empirical éwin the TVC-VAR model and
discuss the relationship between the evolution of govenmisigending multipliers and changes in
monetary policy captured by the interest rate responses.

4Please refer tGali and Gambet(2014 for a detailed description of the sampling algorithm usethis article.
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3.1 ESTIMATES FROM A CONSTANT-COEFFICIENT VAR MODEL The response of inflation
to government spending shocks is crucial for characteagiie channel through which monetary
policy affects the size of government spending multipliéfshe price level or the expected path
of inflation do not respond to government spending increaseiflation-targeting central bank
is not likely to intervene by raising the nominal interegeraAs a result, the government spending
multiplier is unlikely to be affected by monetary policy.this regard, to understand the dynamics
of inflation and interest rates after a government spendiogls we hereafter present the estima-
tion results from a constant coefficient VAR specificatiomptovide the inflation and interest rate
responses from government spending shocks.

Figure2 displays the impulse responses to a 1% increase in govetrsmemding with constant
coefficients. At impact, output increases significantly, te inflation rate response is estimated
to be around zero and not statistically significant. Noraindihary responses to a positive govern-
ment spending shock are not unique to KorBaipor and Li(2015 document a similar inflation
response based on US data. Due to the insignificant infladsponse, the inflation-targeting
monetary authority does not need to raise the nominal isttea¢e in response to the government
spending expansion. In our empirical results, howevemtreinal interest rate plunges at impact.
The responses of the nominal interest rate are initiallyatieg and statistically different from zero
and then converge to zero in a gradual manner. Although thative response at impact seems a
bit at odds with the monetary authority’s inflation-targetibehavior, US studies such ®unt-
ford and Uhlig(2009 andRamey(2011]) also report a fall in the interest rate following a positive
government spending shock.

3.2 ESTIMATES FROM THETVC-VAR MODEL We now inspect the macroeconomic conse-
guences of government spending shocks utilizing the TV@®RWodel. In the existing literature,
the expansionary effects of government spending on outigubféen summarized by a present-
value multiplier defined as follows:

ZqQ:O(l +7)%y, 1
S (1+7)1g, Y /G

Present-Value Multipli€)) = (5)
where and G/Y denote the sample means of the real interest rate and shaevefnment
spending in GDP, respectively.

Figure3 shows how the median estimates of present-value multipligry over time and hori-
zons. The figure makes clear that the effects of increases/grgment spending on output display
a substantial degree of time variability, which is more gnamced in the longer horizons. In partic-
ular, the longer-run multipliers tend to spike after the GRA€ a result, the shape of present-value
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multipliers changes as time elapses—from a hump-shapednes pattern in the early 2000s to

a monotonically increasing one after the GFC period. Sirresgnt-value multipliers represent

the full dynamics of discounted future macroeconomic ¢ff@aused by exogenous changes in
government spending, this finding indicates that an ineréaggovernment spending has more
persistent effects on output in the recent sample.

For full statistical analyses of the results, Figudethrough6 plot the median and 68% band
estimates of present-value multipliers as well as of theuis® responses of inflation and the
nominal interest rate for selected horizons—at 1, 4, 8 anquE2ters after government spending
shocks for the present-value multipliers, and up to 3 quaetkter the shocks for the other variables.
First of all, the detailed present-value multiplier estiesaare reported in Figuré& Although
neither substantial in size nor statistically differerdgrir zero, it turns out that the multipliers at
the 1-quarter horizon keep increasing over time. This tuagsing pattern is maintained for the
remaining horizons, but the size and significance of theiplidts are quite different for the 4-
guarter horizon and beyond. From the 4-quarter horizorfjgee makes clear that the multipliers
become larger in size, a tendency that becomes more proaduacthe post-GFC period. As
a result, the present-value multipliers for the 4-quartizon and beyond become statistically
different from zero throughout the 2010Rossi and Zubairy2011) document that fiscal policy
shocks are important for explaining the medium cycle fluttueof output. Our estimates in this
regard are consistent with their finding, particularly foe period after the GFC. Consequently, all
these findings indicate that government spending shockisttehave bigger and more persistent
effects on output in the recent period than in the pre-GFC°one

Figure5 provides the median and 68% band estimates of inflation isgalsponses to positive
government spending shocks for selected horizons. Fagosithe responses at impact, the fiscal
expansions tend to be inflationary over the entire samplegan term of the median estimates,
but the effect attenuates over time. A similar tendency seoled for the 1- and 3-quarter horizon
inflation responses. Nevertheless, the effect of goverthsmending shocks on inflation is likely

5As shown inRossi and Zubairy2011) and Ramey (2013, the behavior of the tax response to a government
spending shock may have a crucial implication for the sizgafernment spending multipliers. Guided by these
studies, we estimate a TVC-VAR model augmented with taxesabtain empirical results from the model. As
presented in the companion appendix, we find that the restdtsnlikely to be sensitive to the inclusion of taxes in
the model.

8A potential source of the difference in the size of the miittiis is the persistence of government spending shocks.
For instanceAiyagari et al.(1992 andBaxter and King(1993 establish a theoretical argument that the response of
investment to a government spending shock hinges crificgdbn the persistence of the shock—a more persistent
increase in government spending tends to crowd in invedtmdrich is then,ceteris paribus mapped into larger
output multipliers. We accordingly compare the persisteatthe identified government spending shocks across
time and find that it is unlikely to vary significantly over ffifent dates. The results are provided in the companion
appendix.



to be insignificant as the 68% bands include zero for all th®ds and horizons considered.

Lastly, the impulse responses of the nominal interest @tgositive government spending
shocks are plotted in Figui® characterizing how monetary policy has been conducteniest
of government spending expansions. In line with the constaafficient VAR estimates, the re-
sponses at impact are negative and statistically diffefrent zero over the whole sample span.
Aside from the significant plunge at impact, the interest rasponses display a mild degree of
time variation, decreasing gradually until 20089 and then stagnating for the subsequent period.
Similar patterns are observed in the interest rate resgdyeend the impact horizon. For the re-
sponses at the 1- and 2-quarter horizons, for instanceesipenses of the nominal interest rate are
insignificantly different from zero in the early 2000s, wbas they become significantly negative
from the mid-2000s and onward. The sizable response of thenab interest rate, however, is
short-lived and vanishes as the horizon increases. Fomtive sample span, the responses of the
interest rate to government spending shocks in the 3-quaotezon and beyond become smaller
in size and are statistically indifferent from zero.

In sum, the TVC-VAR results indicate that, regardless oftthgzon, the present-value multi-
pliers increase gradually over time. This tendency is mosag@unced for the medium-run horizon,
and the multipliers in the 4-quarter horizon and beyond bexstatistically different from zero for
the post-GFC period. Meanwhile, the short-run responséiseohominal interest rate to govern-
ment spending expansions turn out to be negative for theeesgmple span, standing out more for
the recent sample after the GFC. Combining the time-vargatterns of the medium-run present-
value multipliers and short-run interest rate responsasresults suggest a negative relationship
between these two objectives. It is well-established inetkisting literature that the size of gov-
ernment spending multipliers depends substantially ontowetary policy behaves in times of a
fiscal expansionBggertssorf2008, Christiano et al(2011), andErceg and Lind&2014), among
many others]. In our VAR framework, the information congeghnmonetary policy behavior is
condensed in the nominal interest rate. Thus the negalagameship deserves careful scrutiny in
assessing a potential role of monetary policy as a detemhafagyovernment spending multipliers.

4 DECOMPOSITION OF THENOMINAL INTEREST RATE RESPONSES TOGOV-
ERNMENT SPENDING SHOCKS

Given the negative relationship found in Sect®8g, this section attempts to unveil the source of
the time-varying pattern of the nominal interest rate resps to government spending shocks.
From a theoretical perspectivehristiano et al(2011) establish a systematic relationship between
the degree of the monetary authority’s anti-inflationaanse and the size of government spending
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multipliers. The underlying mechanism is that when mongpalicy actively targets inflation, the
increase in the nominal interest rate is greater than teemnrimflation. Real interest rates then rise,
suppressing private spending, offsetting some of the as&rén goods demand, and finatigteris
paribusproducing smaller multipliers. Thus a potentially impottahannel in understanding the
time-varying pattern of the nominal interest rate respsnsegovernment spending shocks may
revolve around the behavior of inflation and monetary palesponses to it.

4.1 DECOMPOSING THEINTEREST RESPONSE INTOMONETARY POLICY STANCE AND IN-
FLATION VOLATILITY  Conventional theoretical models posit that, after logdinzation, the
nominal interest rate is determined by a Taylor-type ruleofsws:

f’t = prft—l + (1 - pr) (¢Wﬁt + ¢y?3t) + 0-7”6;7 (6)

where a hat () denotes percentage deviations of a variable from its gtetate and: is the
monetary policy disturbance capturing discretionary gesnin the interest rater;, 7, andy;
denote the nominal interest rate, inflation rate and outpspectively. The degree of the monetary
authority’s anti-inflationary stance i) is captured by the coefficient,, measuring changes in
the nominal interest rate in response to a unit change irtiorla

Notice that our VAR specification yields a monetary policieranalogous to). For this pur-
pose, after abstracting from the deterministic componsmts as the time trends and exogenous
variables, the reduced-form TVC-VAR model ib) can be written as follows:

gt e gt—j Ut

Y ‘ y uf

t o« o o t_] t
- g + 3 ) (7)

T j=1 c. Tg—j Uy

41 142 143 .44 4

Tt biv bip biy by Tt—j Uy

whered’" denotes thei-th lagged coefficient of then-th variable in the equation of the-th
variable, allowed to vary over time. In particular, the lagtiation in 7), which characterizes the
behavior of the nominal interest rate, can be written as

¢ ¢ ¢ ¢
4,1 4,2 4,3 44 4
T = E bit gi—j + g bityi—j + E by Ty + g by Ti—j + Uy 8)
=1 =1 i=1 i=1

Compared to ), equation 8) has two distinctive features: (i) the nominal interese red-
sponds not only to output and inflation but also to governnsgending; and (ii) it responds to
lagged output, inflation and government spending, instédd the contemporaneous values of
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these variables. Nevertheless, it is notable that the VABeH parameter governing the degree of
the monetary authority’s anti-inflationary stance, analggto the parameter, in (6), can be re-
covered from§). We denote the parameter by ,, which can be obtained by matching coefficients
in equations§) and @) as follows:

J4 64,3

DY (1 _J’;#) . 9
j=1 Jit

Notice that unlike the theoretical parameter the VAR estimates af’ , are allowed to vary over

time due to the time-varying coefficients in the model. Acliogly, the TVC-VAR framework is

suitable in identifying any time variation in the monetaungtleority’s anti-inflationary stance.

The estimates for the converted monetary policy paramet@iftation, ¢, ;, are provided in
Figure7. As shown in the upper panel of the figure, the 68% band estBradtvays contain zero,
indicating that the parameter is unlikely to be statistjcdifferent from zero mainly because of the
wide error band. Nevertheless, the median estimateg fodisplay a clear time-varying pattern as
shown in the lower panel of the figure. They increase gragdiam the early 2000s to 20089
and then decrease for the subsequent period.

But this is not the only way that inflation affects the nomimaérest rate. The monetary policy
rule in (6) makes clear that fluctuations in inflation can change theimainmterest rate through
two channels: (i) the degree of policy responsiveness tatabiange in inflation, captured hy;;
and (ii) the magnitude of the inflation fluctuations, refleicte ;. In this regard, the evolution of
inflation volatility can also influence nominal interesteraynamics. Accordingly, we investigate
the second channel in order to complete the analysis on te@fdinflation in characterizing the
interest rate responses to government spending shockispdesy@d in Figures.

Figure8 plots the posterior estimates for standard deviationsaiiced-form residuals in the
inflation equation+?), denoted byr?. The standard deviation estimates display a clear deagasi
trend with an exception of the period around the GFC. Thertmegg of the sample period is right
after the Asian Currency Crisis of 19988, recognized as the most adverse economic event in
modern Korean history. The high estimates of inflation viitgin the early 2000s may reflect the
economic instability that the episode created. Similahg, spike in volatility in the late-2000s is
associated with the economic turmoil produced by the GFC.

4.2 INFLATION AS A DETERMINANT OF THEINTERESTRATE RESPONSE Given the two chan-
nels through which changes in inflation affect nominal iegtrrate dynamics, this section focuses
on assessing the role of inflation in determining the timesvg pattern of the interest rate in
response to exogenous changes in government spending ssiaedin Figures.
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We begin with the fact that the impulse responses of the nalnmterest rate are a function of
theb’ ;" estimates inq) and the Cholesky factors i2) written as

ayt 00
2,1 0

0

a; 0
: 10

0 (10)

3,1
ay

4,1
ay

wherea;"™ is then-th row andm-th column element of the lower-triangular Cholesky faaibr
Y., Which is also time varying. For instance, the responses of the nominal interest rate to a
government spending shock at impact and at the 1-quartezdmprevaluated at a specific time
periodt, are given as

Impact: a;"',
x4 g4k kDo g4l 11, 542 21, 343 31, ;44 41
1quarter: >, byia” =byya, +bria; +byyay +bya,,
—— =
=gt o=t =t =t

where"™ represents the response of the fourth variable (the noriitetest rate) created by
the m-th variable. Given that our reduced-VAR model has a lagtlend three (i.e./ = 3), we
analogously redefing;"™ as follows:

)4
o= (Z b?;;") ap™, (11)
j=1

which is the sum of the reduced-form VAR coefficients adjdgig the corresponding Cholesky
factor, proxying the role of the:-th variable in characterizing the nominal interest ragponses

to government spending shocks.

Figure9 plots the decomposition results. The figure makes it clestr besides the interest rate
itself, inflation is the most important ingredient in deté@ning the responses of the interest rate
to government spending shocks. The adjusted sums assbuitlethe interest rate dominate the
others in terms of magnitude. Turning to their time-varypagtern, the adjusted sums decrease
from the beginning of the sample span until the early 20104 then stagnate for the subsequent
period. This finding can be accounted for by the aforemertiadecomposition of inflation using

"It is worth noting that;""™"’s are functions of the elements in the variance-covarianagix of the reduced-form

n,1l,

VAR, ¥, ;. More specificallya,”"'s can be expressed with the standard deviation and caoeledefficients of the
variables as followsu; ! = o}, a?! = 02p; 2, a2' = o3p}® anda}' = otpl®, wherep!’ denotes the correlation
coefficient between thieth andj-th variables at timeé. Hence, these expressions show howdthestimates discussed

in Sectiond.1 affect the response of the nominal interest rate to govenhapending shocks.
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our estimates. The upward pressure of inflation on the ndnitexest rate responses to govern-
ment spending shocks for the pre-GFC period may stem jofrdiy its high volatility and the
elevated responsiveness of monetary policy to it. For the-@&C sample, however, both the
variations of inflation and degree of the anti-inflationaty&e decrease, which helps rationalize
the limited effect of inflation on the interest rate respaering that time.

It is notable that the time-varying patternf* is broadly consistent with that of the nominal
interest rate following government spending expansiopsrnted in Figures. Together with the
negative relationship between the size of government spgmdultipliers and nominal interest
rate responses to government spending shocks discussetttiorss.2, this finding suggests a
potential importance of the time variationiri” in determining the effect of government spending
on output.

5 ROLE OF MONETARY PoLICY ON GOVERNMENT SPENDING MULTIPLIERS

This section examines the importance of monetary polichapsg the government spending mul-
tiplier. We conduct two experiments for this purpose. Th&t fixperiment is designed to evaluate
the role of monetary policas a wholeon the size of the government spending multiplier. This
task is achieved by estimating the TVC-VAR model withoutioeninal interest rate (a 3-variable
TVC-VAR model) but otherwise in a way that is identical to theeseline 4-variable specification.
By taking the policy rate out of the model, we completely sthovn the channel through which
the nominal interest rate, and thus monetary policy, afféded spending multiplier. We then move
to the second exercise, which focuses specifically on thatiofi-targeting dimension of monetary
policy as a determinant of government spending multiplidisthis end, we keep the 4-variable
framework, but restrict the parameters appearing in theséelfl sum of the inflation coefficients
() in Section4.2to be fixed at their sample median estimates. This experiiadikely to re-
veal the prominent factor characterizing the time variatiothe government spending multiplier,
related to monetary policy behavior and inflation dynamics.

5.1 COMPARISON TO THE 3-VARIABLE MODEL WITHOUT THE NOMINAL INTEREST RATE
The estimates from our baseline specification suggest ainegelationship between the size of
the present-value multipliers and magnitude of the nomiirtatest rate responses to government
spending shocks. This finding underscores a potential faieometary policy with respect to the
government spending multiplier. To examine this role inmafal manner, we begin by estimating
a 3-variable TVC-VAR model without the nominal interesterat

Figure10 makes a comparison between the baseline and 3-variablenpreslue multipliers
for selected horizons. A notable observation is that thealvievel of the 4-, 8-, and 12-quarter
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multipliers are similar across the two specifications, wfiieir relative size varies considerably
over time. Focusing first on the 4-quarter horizon estimakesdifference in the multipliers across
the two specifications is observed only for the 2000s as tharigdble estimates are systemically
higher than those of the baseline model.

The relative size of the multipliers across the two spedifices, however, changes dramatically
for longer horizons. In order to highlight this feature, tingper panels of Figurél depict the
median and 68% error bands for the gap between the baselin® aariable multiplier estimates
associated with the 8- and 12-quarter horizons. In eachdjglie gap is calculated by subtracting
the baseline multiplier estimates from the 3-variable onAfthough not statistically different
from zero, the median gap estimates show a mild U-shape fhatisign flipped in the late 2000s
around the GFC episode. Notice that the time-varying patiethe present-value multiplier gap
estimates are quite similar to that of the sum of the inflatoafficients in the nominal interest
rate equation multiplied by the corresponding Choleskyjtan:wf’g, emerging from the baseline
4-variable TVC-VAR model as defined in Sectidr2. As made explicit in the middle panels of the
figure, these two objectives fluctuate around zero and dispimilar pattern of time variation.
This finding suggests a crucial role of the nominal interast fluctuations concerning inflation in
accounting for the present-value multiplier gap.

As a formal characterization of this conjecture, the lonamgds of Figurell plot the median
differences between the baseline and 3-variable presgune-wnultipliers against the medialr}
estimates. The figures reveal a strong positive relatigniséiween these objectives with correla-
tion coefficients of 0.95 (8-quarter) and 0.94 (12-quaytexgpectively. Since the only difference
in the two specifications is the presence of the nominalésteiate in the model, the gap between
their multipliers is likely to capture the role of monetamligy as a wholen shaping the govern-
ment spending multiplier. Given the high correlations esw the multiplier gap estimates and
¥}? estimates, our finding indicates that changes in the nonfitedest rate produced by infla-
tion fluctuations can be an important source of determiniregsize of the government spending
multiplier.

5.2 COMPARISON TO THE4-VARIABLE MODEL ESTIMATES UNDERCOUNTERFACTUAL SCE-
NARIOS In the first experiment, we completely shut down the monepaficy channel by elimi-
nating the nominal interest rate in the TVC-VAR model. Sitite experiment is an extreme case,
we conduct a second experiment, which features a 4-varidl@ VAR model like the baseline
but without the time variability of the nominal interesteatsponse to inflation changes.
Section4.2 makes explicit that changes in the nominal interest ratateceby inflation fluc-
tuations,;®, can be decomposed into two elements: (i) the lagged inflatiefficients in the
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nominal interest rate equation of the modé,lt, 's for j = 1,2, 3; and (ii) the Cholesky factor for
inflation, a;"'. Accordingly, the time variation in,”* stems from the time variation in both esti-
mates. The decomposition may be significant since, as atareomed, changes in each of these
two objectives have distinct interpretations. Fluctuagion the lagged inflation coefficients are
likely to reflect changes in the policy stance toward inflatihile those in the Cholesky factor
for inflation tend to capture the size of shocks governingtidh dynamics.

To investigate the impact of monetary policy on the goveminspending multipliers, we begin
by assessing the role of the lagged inflation coefficientggsenting changes in the policy stance
toward inflation. The exercise is implemented by fixing thggked inflation coefficients at their
sample median estimate to eliminate the time variabilityhi@ monetary policy stance, but the
other coefficients use the actual estimates.

The results associated with this counterfactual are pealid Figurel2. Restricting the lagged
inflation coefficients to be time-invariant alters the preéselue multiplier estimates. The 8- and
12-quarter present-value multipliers differ substahtiom the actual estimates, and the differ-
ences remain throughout the sample period. More importhattime-varying pattern of the 8-
and 12-quarter horizon counterfactual multipliers is &amtio that of the 3-variable model without
the nominal interest rate presented in Figli@e This finding is notable since controlling for the
monetary stance toward inflation alone can produce an effiexifar to that created by the absence
of the policy variable.

A distinct pattern of time variability in the multiplier astates, however, emerges when con-
trolling for the size of shocks governing inflation dynami¢sgure 13 depicts the present-value
multipliers under a counterfactual scenario in which thel€sky factor for inflation is fixed at
its sample median estimate, while using the actual timgivgVAR estimates for the rest of the
coefficients including the lagged inflation ones. As showth@figure, the gap between the actual
and counterfactual multipliers is very restricted compgarethe previous exercise. Consequently,
the counterfactual multipliers exhibit quite a differemmhé variation from that of the 3-variable
model estimates.

In a nutshell, the results from the two counterfactualsdat# that changes in the policy stance
toward inflation are a more crucial determinant of the tiraeying pattern in the present-value
multipliers than those in the size of shocks governing iidtadynamics. Our finding in this
regard echoes those in the existing literature highlightime importance of the central bank’s
anti-inflationary stance to the size of government spendmudipliers, includingKim (2003,
Christiano et al(2011), Davig and Leepef2011) andDupor and Li(2015, among many others.
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6 CONCLUSION

This paper empirically examines whether monetary polignismportant determinant of the size
of government spending multipliers. Most of the previougigts probe a similar question under
the ZLB environment when monetary policy does not respomaflation. In contrast, our analysis
aims to measure the effect of monetary policy on the muéifplinder a non-ZLB environment;
hence, we select the Korean economy as a laboratory, whosealdnterest rate has never been
close to zero.

To estimate the evolutionary effect of monetary policy oa glovernment spending multiplier,
we apply a TVC-VAR model to the Korean time series from 20(0t®2019:Q3. A substantial
degree of time variation is identified in the medium-run gaveent spending multiplier, yet the
shape is the reverse of that of the policy rate responses/grgment spending expansions. Based
on this finding, we explore the source of the negative refatigp between the policy rate responses
and the spending multiplier.

Our empirical results indicate that the monetary policypoese to inflation in times of gov-
ernment spending expansions is crucial for the size of thkemonent spending multiplier. Further
decompositions of the nominal interest rate responseslréirat changes in the monetary pol-
icy stance against inflation play a more significant role inegaing the time-varying pattern in
the government spending multipliers than those in inflati@nability. In this regard, our finding
confirmsChristiano et al(2011)’s theoretical results such that, in a simple analyticatleipa neg-
ative relationship is established between the Taylorc¢atdficient on inflation and the government
spending multiplier in the long run.
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A DATA

We employ Korean data from 1990:Q1 to 2019:Q3 for the endogerariables of the VAR mod-
els. Our VAR specifications also include four exogenousaldeis which use quarterly data for the
growth rate of oil prices, the federal funds rate, US real GlePcapita, and the real exchange rate
against the dollar. Detailed data descriptions are asvistio

Government Spending fg(Domestic Real Per Capita Government Spenging
GDP =log(Domestic Real Per Capita GDP
Consumption =log(Domestic Real Per Capita Consumptjon
Investment =log(Domestic Real Per Capita Investmgnt
Inflation Rate =log(Domestic CPI/Domestic CP+1)) x 100,
Taxes =log(Domestic Real Per Capita Taxes
Nominal Interest Rate = Domestic Overnight Call Rate
Growth Rate of Qil Price Jog(Qil Price/Oil Pricé—1)) x 100,
US Nominal Interest Rate = US Federal Funds Rate
US GDP =log(US Real Per Capita GDP
Real Exchange Rate = Nominal Exchange Rate (won/daldd)S CPI/Domestic CPI

The original data and their sources are given as follows:

Domestic Nominal Government Spending: Total governmesdmg expenditure, not sea-
sonally adjusted / Source: Korean Statistical InformaSemnvice (KOSIS)

Domestic Real GDP: Real gross domestic product, seasadjlgted / Source: The Bank
of Korea’s Economic Statistics System Database (BOK-ECOS)

Domestic Real Consumption: Real gross private consumgtigenditure, seasonally ad-
justed / Source: BOK-ECOS

Domestic Real Investment: Real gross fixed capital formmaseasonally adjusted / Source:
BOK-ECOS

Domestic CPIl: Consumer price indexes, 2015=100, seagoadijlisted / Source: BOK-
ECOS

Domestic Nominal Taxes: Total tax revenue, not seasondjlyséed / Source: KOSIS

Domestic Nominal Interest Rate: Overnight call rate, uladetalized, percent per annum,
averages of daily figures / Source: BOK-ECOS
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Domestic Population: Total population, annual / Source SK®

Oil Price: Global price of Dubai Crude, US dollars per bargglarterly, not seasonally ad-
justed / Source: Federal Reserve Economic Data (FRED, $iislked), Series ID “POIL-
DUBUSDM”

US Federal Funds Rate: Averages of daily figures, percentiic8oBoard of Governors of
the Federal Reserve System

US Real GDP: Real gross domestic product, chained dolldimnis of chained (2009)
dollars, seasonally adjusted at annual rates / Source: NdBfe 1.1.6, Line 1

Nominal Exchange Rate: Won/dollar exchange rate / SourG&K-BECOS

US CPI: Consumer price index for all urban consumers, atigteindex 1982 1984=100,
guarterly, seasonally adjusted / Source: FRED, Series BPIAOCSL”

US Population: Civilian noninstitutional population, agks years and over, seasonally ad-
justed / Source: US Department of Labor, Bureau of LaborisSitzg
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Figure 1: Time series for the quarterly CPI inflation ratelisbne) and nominal interest rate (overnight call rate,
dotted line) of Korea, from 2000:Q1 to 2019:Q3. The y-aximipercentage.
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Figure 2: Impulse responses to a 1% increase in governmentispg with constant coefficients. In each panel, point
estimate (solid) and 68% confidence interval estimatesiésharea) are reported. The x-axis measures quarters and
the y-axis is in percentage.
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Figure 3: Time-varying present-value multipliers asstedawith the baseline 4-variable TVC-VAR model. Median
estimates are reported. This figure presents the preskm-valtiplier estimates in Korean won produced by a 1-won
increase in government spending.
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Figure 4. Time-varying present-value multipliers for stéel horizons associated with the baseline 4-variable TVC-
VAR model. In each panel, median (solid line) and 68% banddsH area) estimates are reported. The y-axis is in
Korean won.
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Inflation response: Impact
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Figure 5: Time-varying impulse responses of inflation to Tfréases in government spending for selected horizons
associated with the baseline 4-variable TVC-VAR model. dokepanel, median (solid line) and 68% band (shaded
area) estimates are reported. The y-axis is in percentage.
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Figure 6: Time-varying impulse responses of the interast t@ 1% increases in government spending for selected
horizons associated with the baseline 4-variable TVC-VA8U#&l. In each panel, median (solid line) and 68% band
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Converted monetary policy coefficient to inflation
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Figure 7: [Upper panel] Converted monetary policy responses to lagged inflationcisted with the baseline 4-
variable TVC-VAR model. Median (solid line) and 68% bandadbd area) estimates are reportddower panel]
Median converted monetary policy responses to lagged imflassociated with the baseline 4-variable TVC-VAR
model. The vertical lines indicate the medium-term inflatiargeting (MTIT) periods, with the target revised every
three years since 2004.
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Figure 8: Time-varying standard deviations of the reduimedt residuals for inflation(}), associated baseline 4-
variable TVC-VAR model. Median (solid line) and 68% bandgdbld area) estimates are reported.
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Figure 9: Sums of each reduced-form VAR coefficients in theinal interest rate equation multiplied by the corre-
sponding Cholesky factors, associated with the baseliveridble TVC-VAR model. In each panel, median and 68%
band estimates are reported.
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Differences between the time-varying present-value pligtis for selected horizons associated with the 3-vagiabl
TVC-VAR model without the nominal interest rate and baseHrvariable TVC-VAR model, along with the sum of
the inflation coefficients in the nominal interest rate emunamultiplied by the corresponding Cholesky factors as-
sociated with the baseline 4-variable TVC-VAR model. Infepanel, median and 68% band estimates are reported.
[Lower panels] Scatter plots for the median sums of the inflation coeffici@nthe nominal interest rate equation mul-
tiplied by the corresponding Cholesky factors (x-axis) aretlian differences between the time-varying presentevalu

multipliers (y-axis). In each panel, the solid line indesithe fitted values of the linear OLS regression.
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Figure 12: Actual (solid line with shaded area) and couatdtfal (dashed lines) time-varying present-value mugtigl

(upper panels) and nominal interest rate (lower panelppreses to government spending shocks for selected horizons
associated with the baseline 4-variable TVC-VAR model. dtwenterfactual scenario assumes that the lagged inflation
coefficients in the nominal interest rate equation of thaicedform VAR model are fixed at their sample median

estimates.
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Figure 13: Actual (solid line with shaded area) and couatdtfal (dashed lines) time-varying present-value mugtigl

(upper panels) and nominal interest rate (lower panelppreses to government spending shocks for selected horizons
associated with the baseline 4-variable TVC-VAR model. ddwnterfactual scenario assumes that the Cholesky factor

for inflation is fixed at its sample median estimate.
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C ADDITIONAL RESULTS(NOT FORPUBLICATION)

This appendix provides additional results not includechmpaper.

C.1 RoBUSTNESS CONTROLLING FORTAXES This section provides a robustness check by
augmenting the model with taxes. The first subsection dsgsuhe effect of government shocks on
macroeconomic variables, whereas the second subsectidn@s the counterfactual experiments
in Section5 with taxes.

C.1.1 BEFECT OFGOVERNMENT SPENDING SHOCKS WITH TAXES We specify a 5-variable
VAR system consisting of government spending, output, tiofla taxes and the nominal interest
rate. Notice that this set of variables is the one employdenotti(2005 andCaldara and Kamps
(2008 for evaluating the efficacy of government spending in stating output. FollowingCal-
dara and Kamp§008, the identification of government spending shocks relieshe recursive
ordering as listed above. Ordering taxes after output aftation can be rationalized by the fact
that, given the tax rate, the tax base is contemporaneoffstted by these two variables, and thus
tax receipts change.

Focusing first on the impulse responses of taxes, two findéngarge from Figurdl1. First,
the impulse responses of taxes are not statistically éfffieirom zero for most of the periods and
horizons considered. Second, although not statisticadlyificant, tax responses exhibit a slight
upward tendency over time in terms of the median estimatéss finding is universal to all the

'Tax responge: 1 quarter ' ' 4 quafters
o T
N N i —
2 0
2605 20‘10 20‘15 - 20‘05 20‘10 20‘15
8 qua'rters ' ' 12 qugrters
1 1r
P E S | osh
S i —— — e
§ 2605 20‘10 20‘15 ........... 20‘05 20‘10 20‘15

Figure Al: Time-varying impulse responses of taxes to 1%eiases in government spending for selected horizons
associated with the 5-variable TVC-VAR model augmented teikes. In each panel, median and 68% band estimates
are reported. The y-axis is in percentage.
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Figure A2: Time-varying present-value multipliers foresgted horizons, associated with the 4-variable baseline-TV
VAR model (solid line with shaded area) and with the 5-vagadb/C-VAR model augmented with taxes (dotted lines).
In each panel, median and 68% band estimates are reporteg-akis is in Korean won.

considered horizons.

FigureA2 plots the present-value multiplier estimates for selebtaizons associated with the
5-variable (dotted lines) and baseline 4-variable (satid With shaded area) VAR specifications.
Overall, the impulse responses from the 5-variable modsdldy slightly wider band estimates
than those from the baseline 4-variable VARSs, which is oles®tmore clearly for longer horizons.
This tendency may be attributable to the “curse of dimeraityi problem typically associated
with TVC-VAR models in which the number of parameters to bested increases rapidly with
additional model variables. The longer-run multipliersddo become slightly bigger under the
5-variable system, and the difference stands out more ®b#ginning of the sample period. It
is nonetheless worth noting that controlling for taxes duoasalter substantially the time-varying
pattern of the government spending multiplier estimates.

C.1.2 QGOMPARISON TO THE4-VARIABLE MODEL WITHOUT THE NOMINAL INTEREST RATE
For a robustness check, we estimate a model with taxes, bubwtithe nominal interest rate, and
compare the results to those of the baseline 4-variablefg@ion. The results, which are the
5-variable VAR model counterparts of Figut®, are depicted in Figur@&3. In addition, Figure
A4 reports the 5-variable model results analogous to Figdrérhese figures show that the main
findings of the paper are unlikely to be altered by addingsasehe model.
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Figure A3: Time-varying present-value multipliers foressted horizons, associated with the 5-variable TVC-VAR
model augmented with taxes (solid line with shaded area)wveitid the 4-variable TVC-VAR model without the
nominal interest rate (dotted lines). In each panel, mediah68% band estimates are reported. The y-axis is in
Korean won.
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Figure A4: [Upper panels] Differences between the time-varying present-value mpligtis for selected horizons
associated with the 4-variable TVC-VAR model without themioal interest rate and 5-variable TVC-VAR model
augmented with taxes, along with the sum of the inflationfecients in the nominal interest rate equation multiplied
by the corresponding Cholesky factors associated with Wertable TVC-VAR model augmented with taxes. In each
panel, median and 68% band estimates are repdit@ier panels] Scatter plots for the median sums of the inflation
coefficients in the nominal interest rate equation mukigly the corresponding Cholesky factors (x-axis) and nmedia
differences between the time-varying present-value plidtis (y-axis). In each panel, the solid line indicatesfitied
values of the linear OLS regression.
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C.2 GOVERNMENT SPENDING IMPULSE RESPONSES FORSELECTED DATES  FigureAS5 plots
the impulse responses of government spending to 1% inittatases in government spending for
selected dates.

Median government spending responses

2000:Q2 2004:Q2 2008:Q2
1 1 1 1l —=—2000:Q2
1 — — —2004:Q2
05 05 05 T 2008:Q2
o8r e 2012:Q2
a~ 4 —e—2016:Q2
o 0 0 06 li 2019:Q2 |
0O 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 [}
2012:Q2 2016:Q2 2019:Q2 04 ‘:
1 1 1 :
0.5 0.5 L\ 0.5 L\ 0.2 §
0 L\ — 0 = = 0 s ] 0 . . . e——
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 4 8 12 16 20

Figure A5: Impulse responses of government spending to 1f%alimcreases in government spending for selected
dates associated with the TVC-VAR model. In the left 6 pgnelsdian (solid line) and 68% band (shaded area)
estimates are reported, while median estimates acrossugadiates are plotted in the right panel. The y-axis is in
percentage.
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C.3 ALTERNATIVE ORDERING OF THEVARIABLES Given the recursive ordering scheme used
to identify government spending shocks in this paper, it ip@ayhe case that the response of the
interest rate to inflation can be different for alternativéasings, especially between output and the
inflation rate. Accordingly, we check whether the results rmbust when an alternative ordering
between output and inflation is considered. To this end, wenate a model with inflation ordered
ahead of output such that the entire ordering structureetternative specification is given as
follows: government spending first, inflation second, ottpird, and the nominal interest rate
last.

Figure A6 plots the present-value multiplier estimates that emerg the model with the
alternative ordering, together with those from the basetipecification. FigureA7 andA8 show
how the impulse responses of inflation and the nominal istena@e vary depending upon the
alternative ordering. All these figures indicate that trsaitis change very little when the alternative
ordering is used instead. The impulse responses assowitldoloth orderings look quite alike, as
they show a similar pattern of time variation.

PV multiplier: 1 quarter
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Figure A6: Time-varying present-value multipliers foregted horizons, associated with the baseline 4-variab@-TV
VAR model (solid line with shaded area) and with the 4-vdgabvVC-VAR model with the alternative ordering of
output and inflation (dotted lines). In each panel, mediahG8% band estimates are reported. The y-axis is in Korean
won.
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Inflation response: Impact
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Figure A7: Time-varying impulse responses of inflation toibi@eases in government spending for selected horizons
associated with the baseline 4-variable TVC-VAR model. dnkepanel, median (solid line) and 68% band (shaded
area) estimates are reported. The y-axis is in percentage.
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