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ABSTRACT

This paper empirically examines the effect of monetary policy on the government spending

multiplier when the nominal interest rate is not bound to zero. We estimate a time-varying

coefficient vector autoregressive (TVC-VAR) model using 2000:Q1 to 2019:Q3 quarterly data

of Korea, whose policy rate is distant from zero. We find a substantial degree of time variation

in the medium-run government spending multipliers, which increase over time and become

statistically different from zero throughout the 2010s. Yet the reverse pattern is observed in the

policy rate responses to government spending shocks, decreasing gradually until 2008−09 and

then stagnating for the subsequent period. Decompositionsof the policy rate responses reveal

that inflation is an important ingredient in determining theresponses of the nominal interest

rate to government spending shocks, thus has a critical impact on the size of the government

spending multipliers. In particular, our finding underscores a substantial role of the monetary

policy stance against inflation in shaping the government spending multipliers.
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1 INTRODUCTION

The effects of expansionary government spending on macroeconomic aggregates depend on a host

of factors. Among them, the extent to which monetary policy responds to inflation in times of

fiscal expansions has been given much research attention. Theory predicts that an increase in

government spending raises the price level, as well as the expected path of inflation when prices

are sticky. Monetary policy actively targeting inflation raises the nominal interest rate more than

the increase in inflation. Real interest rates then rise, suppressing private spending, offsetting some

of the increase in goods demand, and finallyceteris paribusproducing smaller multipliers.1 By the

same reasoning, the macroeconomic consequences of a government spending expansion coupled

with monetary policy targeting inflation less actively are shaped primarily by a fall in real interest

rates, mapped into larger multipliers.

The channel through which monetary policy affects the size of government spending multipli-

ers is extensively studied in an environment where the zero lower bound (ZLB) constrains nominal

interest rates. In counteracting the global financial crisis (GFC) of 2008, fiscal authorities in many

countries adopted numerous stimulus packages while their central banks kept short-term nominal

interest rates close to zero. This has provided a real-life case for many researchers to investigate the

relationship between monetary policy and spending multipliers. A plethora of previous studies on

this issue have been carried out on the basis of either a theoretical perspective [Eggertsson(2008),

Christiano et al.(2011), andDavig and Leeper(2011)] or an empirical framework [Ramey(2011),

Crafts and Mills(2013), andMiyamoto et al.(2018)].

Nevertheless, the ZLB is regarded as a special case in which central banks’ concerns shift

away from their central objective—inflation targeting (IT)—toward other goals, such as output or

financial stabilization [e.g.,Board of Governors of the Federal Reserve System(2009) andBank

of England(2009)]. The discussion is generalizable to broader environments in which monetary

policy obeys a typical Taylor-type rule. In this vein,Christiano et al.(2011) establish a systematic

relationship between the degree of the monetary authority’s anti-inflationary stance and the size of

government spending multipliers. Based on a new Keynesian model, they demonstrate that govern-

ment spending multipliers decline as monetary policy reacts more actively to inflation. Empirical

analyses march alongside theory. For instance,Rossi and Zubairy(2011) andDupor and Li(2015)

use a structural vector autoregression (VAR) model and compare government spending multipliers

for the pre- and post-Volcker periods, in order to examine ifthe aggressive anti-inflationary stance

since the appointment of Volcker influences the effects of fiscal stimulus.

1The effect is often referred to as the “inter-temporal effect” [ Davig and Leeper(2011)] or the “expected inflation
channel” [Dupor and Li(2015)] of government spending.
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This paper explores empirically whether monetary policy matters in shaping government spend-

ing multipliers under a non-ZLB environment. We particularly focus on the Korean economy as a

laboratory for the following reasons. First, mainly because Korea potentially has a positive effec-

tive lower bound as a small open economy, the policy interestrate in Korea has never been bound

to zero during the past two decades, as reported in Figure1. Second, the growth rate of output has

declined substantially for the post-GFC period compared tothe pre-crisis one, and Korea’s fiscal

authority has made constant efforts to stimulate the economy through government spending expan-

sions. Lastly, and most importantly, a historical narrative of monetary policy in the country reveals

that the central bank’s anti-inflationary stance has changed many times since its policy shift from

the money-aggregate-based approach to the IT system in the late 1990s. As a primary action plan

to support the policy shift, the Bank of Korea (BOK) launcheda medium-term inflation targeting

(MTIT) system in 2004. The crux of MTIT was to set the target inflation rate as well as its range

for the upcoming three years, which was then revised at the end of the 3-year term [Bank of Korea

(2004, 2006, 2009, 2012, 2015, 2019)].

In this article, we take up the issue by employing a time-varying coefficient VAR (hereafter,

TVC-VAR) method developed byPrimiceri (2005) andGalı́ and Gambetti(2015). The choice of

the TVC-VAR model for empirical analyses is guided by the dearth of evidence on how the extent

to which Korea’s monetary policy reacts to inflation has evolved over time. This contrasts markedly

with the case of advanced countries. For the US, for instance, there seems to be a solid consensus

among researchers and policymakers that the Federal Reserve’s stance toward inflation changed

dramatically with the appointment of Volcker [e.g.,Clarida et al.(2000), Lubik and Schorfheide

(2004) andBianchi (2013), among many others]. Accordingly, the analogous literature for ad-

vanced economies attempts to calculate fiscal multipliers for different monetary policy regimes,

simply by splitting the sample period corresponding to eachmonetary policy regime. In contrast,

this line of research is lacking for Korea, and thus our empirical strategy is to let the TVC-VAR

specification become an agnostic but unified framework in identifying the time-varying monetary

policy stance and resulting government spending multiplier estimates.

Our empirical results based on the TVC-VAR model estimated with Korean time series from

2000:Q1 to 2019:Q3 are as follows. First, we find that the government spending multiplier esti-

mates display a significant time variation, particularly standing out in the medium-run horizon. Re-

gardless of the horizon, the present value multiplier estimates display an increasing tendency over

time. The size and significance of the multipliers, however,are quite different for the 4-quarter

horizon and beyond such that the multipliers become larger in size, a tendency that becomes more

pronounced for the post-GFC period. As a result, the present-value multipliers for the 4-quarter
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horizon and beyond become statistically different from zero throughout the 2010s.

Second, the impulse responses of the nominal interest rate to positive government spend-

ing shocks in the short run display a mild degree of time variation, decreasing gradually until

2008−09 and then stagnating for the subsequent period. Combiningthe time-varying patterns of

the medium-run present-value multipliers and short-run interest rate responses, our results suggest

a negative relationship between these two objectives. It iswell-established in the existing literature

that the size of government spending multipliers depends substantially on how monetary policy

behaves in times of a fiscal expansion [Eggertsson(2008), Christiano et al.(2011), andErceg and

Lindé(2014), among many others]. Our finding of the negative relationship in this regard deserves

careful scrutiny in assessing a potential role of monetary policy as a determinant of government

spending multipliers.

The primary contribution of this paper is to examine the behavior of inflation and monetary

policy responses to it as the source of the time-varying pattern of the nominal interest rate responses

to government spending shocks. From a theoretical perspective, a conventional Taylor-type rule

posits that fluctuations in inflation can change the nominal interest rate through two channels: (i)

the degree of policy responsiveness to a unit change in inflation; and (ii) the magnitude of the

inflation fluctuations. Guided by the theory, we assess the role of inflation in determining the time-

varying pattern of the interest rate in response to exogenous changes in government spending.

Theory-consistent decompositions of the interest rate responses reveal a substantial degree of time

variation both in the monetary authority’s anti-inflationary stance and inflation volatility. More

importantly, our finding from the decomposition indicates that inflation is an important ingredient

in determining the responses of the nominal interest rate togovernment spending shocks. The

inflation-driven component of the interest rate responses dominates the other variables in terms of

magnitude, and shows a similar time variation with the responses themselves.

In order to complete the analysis, we finally examine the importance of monetary policy in

shaping the government spending multiplier. Two experiments are conducted for this purpose.

The first experiment is designed to evaluate the role of monetary policyas a wholeby estimating

the TVC-VAR model without the nominal interest rate. By taking the policy rate out of the model,

we completely shut down the channel through which the nominal interest rate, and thus mone-

tary policy, affects the spending multiplier. We then move to the second exercise, which focuses

specifically on the inflation-targeting dimension of monetary policy as a determinant of govern-

ment spending multipliers. To this end, we keep all the modelvariables, but restrict the model’s

parameters governing the inflation-driven component of theinterest rate responses to be time in-

variant. This experiment is likely to reveal the prominent factor characterizing the time variation in
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the government spending multiplier, related to monetary policy behavior and inflation dynamics.

The results from the two experiments indicate that changes in the nominal interest rate pro-

duced by inflation fluctuations are important for the size of the government spending multiplier.

The difference in the multipliers between the specifications with and without the nominal inter-

est rate displays a correlation near unity with the inflation-driven component of the interest rate

responses. This finding ascribes a critical role in the recent surge in government spending multi-

pliers to shifts in the policy stance toward inflation and in inflation volatility. Among these two

factors, we find that changes in the anti-inflationary stanceare a more crucial determinant of the

time-varying pattern in the present-value multipliers than those in the size of shocks governing

inflation dynamics. Our finding in this regard echoes those inthe existing literature highlighting

the importance of the central bank’s anti-inflationary stance to the size of government spending

multipliers, includingKim (2003), Christiano et al.(2011), Davig and Leeper(2011) andDupor

and Li (2015), among many others.

2 ECONOMETRICSPECIFICATION

To empirically analyze the evolution of the government spending multiplier with changes in mon-

etary policy behavior over time, we utilize a TVC-VAR model as inPrimiceri(2005) andGalı́ and

Gambetti(2015). Both studies assess how monetary policy changes affect macroeconomic vari-

ables over time. We extend these models to incorporate government spending shocks to examine

the interaction between fiscal and monetary policy. In this section, we illustrate the VAR model

specification and the data construction employed in this paper.

2.1 VAR WITH TIME-VARYING COEFFICIENTS Consider the reduced-form VAR model given

as

zt = µ0 + µ1t+ µ2t
2 +Dxt +B1,tzt−1 + . . .+Bℓ,tzt−ℓ + ut, t = 1, . . . , T, (1)

whereµ0 is a constant term, andt andt2 denote linear and quadratic time trends, respectively.xt

is anm × 1 vector of exogenous variables with the time-invariant coefficient matrixD. zt is an

n × 1 vector of endogenous variables andBi,t’s with i = 1, . . . , ℓ aren × n matrices of time-

varying coefficients associated with the endogenous variables whereℓ denotes the lag length of

the VAR model.ut is a heteroskedastic reduced-form error withE(ut) = 0, E(utu′t) = Σu,t and

E(utu
′

s) = 0 for s 6= t. Three lags (ℓ = 3) are assumed based on the information criteria such as

AIC and BIC.

We augment the exogenous variablesxt in order to factor in external factors affecting economic

fluctuations in Korea. Four variables are included as exogenous variables in the baseline model: (i)
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the US federal funds rate (FFR); (ii) the real exchange rate (RER) of the Korean won against the

US dollar; (iii) the growth rate of oil prices; and (iv) US output. The FFR is considered to control

for US monetary policy, which is likely to affect the Korean central bank’s policy decisions. In a

similar vein, we include the RER as a potential determinant of monetary policy in Korea. Oil prices

are taken into account given their importance in shaping business cycles in Korea, the seventh

largest oil consumer in the world. Having no oil reserves in the country, Korea relies solely on oil

imports and has naturally become one of the largest oil importers worldwide. Lastly, US output is

included as a proxy variable for the world business cycle. Notice that these variables are assumed to

be exogenous since, as a small open economy, Korea’s domestic variables are likely to be affected

by global variables, but not vice versa.

Since coefficients are allowed to vary over time, TVC-VAR models are often plagued by the

curse of dimensionality—the number of parameters to be estimated increases rapidly with the

number of endogenous variables. We accordingly limit endogenous variables to the following

four: (i) government spending,gt; (ii) output, yt; (iii) the CPI inflation rate,πt; and (iv) the

policy nominal interest rate,rt. gt and yt are essential in measuring the expansionary effects

of government spending, i.e. government spending multipliers.2 The inclusion of inflation and the

nominal interest rate is to complete the monetary policy block associated with the central bank’s

dual mandate—output and price stability. The set of variables{yt, πt, rt} is often regarded as the

minimum statistics sufficient to summarize central banks’ policy decisions, which in Korea as well

are conditioned on output and inflation [seePrimiceri (2005) andCoibion (2012), among many

others, for US applications].

As the reduced-form errors are in general correlated, it is necessary to transform them into

structural innovationset as follows:

Atut = et, (2)

whereAt is the lower-triangular Cholesky decomposition of the covariance matrixΣu,t at timet.

The structural innovations have the covariance matrixE(ete
′

t) = Σe,t so thatAtΣu,tA′

t = Σe,tΣ
′

e,t.

By construction, the structural innovationset are uncorrelated with each other, i.e., the variance-

covariance matrix of the structural disturbancesΣe,t is diagonal for allt = 1, . . . , T .

The matrixAt describes the contemporaneous relationship among the variables collected in the

vectorzt, which captures a causal ordering between them. In this article, we order the endogenous

variables as follows: government spending is ordered first,output is ordered second, inflation is or-

dered third, and the nominal interest rate is ordered last. This particular ordering has the following

2Using these two variables,Caldara and Kamps(2017) demonstrate analytically that the size of government spend-
ing multipliers hinges critically upon the identification strategies of government spending shocks.
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implications: (i) government spending is the most exogenous, and thus has no contemporaneous

responses to shocks to other variables in the system [e.g.,Fatás and Mihov(2001) andBlanchard

and Perotti(2002)]; (ii) output does not react to inflation and interest rate shocks in the same pe-

riod, but is affected contemporaneously by government spending shocks; (iii) inflation does not

react contemporaneously to interest rate shocks, but is affected contemporaneously by government

spending and output shocks; and (iv) the interest rate is affected contemporaneously by all shocks

in the system. Ordering output and inflation before the nominal interest rate can be justified by

the implementation of monetary policy in reality, in that the monetary authority adjusts the policy

interest rate after observing current output and inflation.3

Lastly, we provide the state-space representation of the VAR specification to close the model.

The reduced-form VAR in (1) has a state-space representation, which can be written as:

[Observation equation]zt = Dxt + Z ′

tBt + ut, Z ′

t = In ⊗ [1, z′t−1
, . . . , z′t−ℓ], (3)

[State equation] Bt = Bt−1 + νt, (4)

where the symbol⊗ denotes the Kronecker product. As aforementioned, the TVC-VAR speci-

fication is subject to a sizable number of parameters changing over time. An estimation of the

model’s parameters that relies solely on a relatively limited number of observations may suffer

from potential identification problems. To address this issue, we followPrimiceri(2005) andGalı́

and Gambetti(2015) by assuming a particular law of motion for the time-varyingcoefficients. We

impose two structures on them in particular: (i) the elements of the matricesAt andΣu,t follow a

random walk, i.e., a unit root AR(1) process; and (ii) all theinnovations in the model follow multi-

variate normal distributions. Accordingly, the dynamics for the model’s time-varying coefficients

can be summarized as follows:

αt =αt−1 + ζt, log σt = log σt−1 + ηt,

V =V ar

















ut
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3Given the recursive ordering scheme used to identify government spending shocks in this paper, it may be the case
that the response of the interest rate to inflation can be different for alternative orderings, especially between output
and inflation. Accordingly, we check whether the results arerobust when an alternative ordering between output and
inflation is considered. To this end, we estimate a model withinflation ordered ahead of output such that the entire
ordering structure of the alternative specification is given as follows: government spending first, inflation second,
output third, and the nominal interest rate last. As can be seen in the companion appendix, our main empirical results
are altered very little when the alternative ordering is used instead.
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whereαt denotes the column vector of the lower-triangular elementsof the matrixAt stacked by

rows,σt is the column vector of the diagonal elements of the matrixΣe,t, andQ, S, andW are

positive definite matrices.

For the estimation procedure of the TVC-VAR model, we followPrimiceri (2005) andGalı́

and Gambetti(2015). Independent inverse-Wishart prior distributions are assumed for the hyper-

parametersQ, W , andS. We employ normal distributions for the priors of the initial values for

B0, α0, andlog σ0. By combining these two assumptions, we induce that the entire sequences of

B, α, andlog σ are normally distributed conditioning onQ,W , andS. We use Gibbs sampling to

simulate draws from the posterior distributions of the model’s parameters. More specifically, we

simulate 22,000 posterior draws, with the first 20,000 used as a burn-in period and every second

thinned, leaving the final sample size of 1,000.4

2.2 DATA We employ Korean quarterly data from 1994:Q1 to 2019:Q3 for the estimation of

the TVC-VAR model as above. We use the first 6-year sample, between 1994:Q1 and 1999:Q4,

to initiate the prior distributions for the TVC-VAR model. Hence, the actual sample period for

empirical analysis starts from 2000:Q1, when the BOK switched its monetary policy tool from the

money-aggregate-based approach to interest-rate-based policy.

In the benchmark model, we have four endogenous variables: government spending, real GDP,

the inflation rate, and the nominal interest rate. Government spending is seasonally adjusted using

X-12-ARIMA and deflated by domestic CPI. The variables are then converted into per capita terms

by dividing by the country’s population. We compute the inflation rate by referencing CPI changes

and use the domestic overnight call rate for the nominal interest rate. Our VAR specification also

includes four exogenous variables that use quarterly data for the growth rate of oil prices, the

federal funds rate, US real GDP per capita, and the real exchange rate against the dollar. We take

logged values for all variables except for Korean and US nominal interest rates and real exchange

rates. AppendixA provides details about data sources for all variables.

3 EMPIRICAL RESULTS FROM THETVC-VAR M ODEL

This section presents the empirical results from the TVC-VAR specification. Prior to the discussion

of the TVC-VAR estimates, we first provide results from a constant-coefficient VAR model to

get a sense how the inflation rate and interest rate respond togovernment spending shocks over

the sample period. We then present our main empirical results from the TVC-VAR model and

discuss the relationship between the evolution of government spending multipliers and changes in

monetary policy captured by the interest rate responses.
4Please refer toGalı́ and Gambetti(2014) for a detailed description of the sampling algorithm used in this article.
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3.1 ESTIMATES FROM A CONSTANT-COEFFICIENT VAR M ODEL The response of inflation

to government spending shocks is crucial for characterizing the channel through which monetary

policy affects the size of government spending multipliers. If the price level or the expected path

of inflation do not respond to government spending increases, an inflation-targeting central bank

is not likely to intervene by raising the nominal interest rate. As a result, the government spending

multiplier is unlikely to be affected by monetary policy. Inthis regard, to understand the dynamics

of inflation and interest rates after a government spending shock, we hereafter present the estima-

tion results from a constant coefficient VAR specification toprovide the inflation and interest rate

responses from government spending shocks.

Figure2 displays the impulse responses to a 1% increase in government spending with constant

coefficients. At impact, output increases significantly, but the inflation rate response is estimated

to be around zero and not statistically significant. Non-inflationary responses to a positive govern-

ment spending shock are not unique to Korea.Dupor and Li(2015) document a similar inflation

response based on US data. Due to the insignificant inflation response, the inflation-targeting

monetary authority does not need to raise the nominal interest rate in response to the government

spending expansion. In our empirical results, however, thenominal interest rate plunges at impact.

The responses of the nominal interest rate are initially negative and statistically different from zero

and then converge to zero in a gradual manner. Although the negative response at impact seems a

bit at odds with the monetary authority’s inflation-targeting behavior, US studies such asMount-

ford and Uhlig(2009) andRamey(2011) also report a fall in the interest rate following a positive

government spending shock.

3.2 ESTIMATES FROM THE TVC-VAR M ODEL We now inspect the macroeconomic conse-

quences of government spending shocks utilizing the TVC-VAR model. In the existing literature,

the expansionary effects of government spending on output are often summarized by a present-

value multiplier defined as follows:

Present-Value Multiplier(Q) =

∑Q

q=0
(1 + r̄)qyq

∑Q

q=0
(1 + r̄)qgq

1

Y /G
, (5)

where r̄ andG/Y denote the sample means of the real interest rate and share ofgovernment

spending in GDP, respectively.

Figure3 shows how the median estimates of present-value multipliers vary over time and hori-

zons. The figure makes clear that the effects of increases in government spending on output display

a substantial degree of time variability, which is more pronounced in the longer horizons. In partic-

ular, the longer-run multipliers tend to spike after the GFC. As a result, the shape of present-value
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multipliers changes as time elapses—from a hump-shaped response pattern in the early 2000s to

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

the full dynamics of discounted future macroeconomic effects caused by exogenous changes in

government spending, this finding indicates that an increase in government spending has more

persistent effects on output in the recent sample.5

For full statistical analyses of the results, Figures4 through6 plot the median and 68% band

estimates of present-value multipliers as well as of the impulse responses of inflation and the

nominal interest rate for selected horizons—at 1, 4, 8 and 12quarters after government spending

shocks for the present-value multipliers, and up to 3 quarters after the shocks for the other variables.

First of all, the detailed present-value multiplier estimates are reported in Figure4. Although

neither substantial in size nor statistically different from zero, it turns out that the multipliers at

the 1-quarter horizon keep increasing over time. This time-varying pattern is maintained for the

remaining horizons, but the size and significance of the multipliers are quite different for the 4-

quarter horizon and beyond. From the 4-quarter horizon, thefigure makes clear that the multipliers

become larger in size, a tendency that becomes more pronounced for the post-GFC period. As

a result, the present-value multipliers for the 4-quarter horizon and beyond become statistically

different from zero throughout the 2010s.Rossi and Zubairy(2011) document that fiscal policy

shocks are important for explaining the medium cycle fluctuation of output. Our estimates in this

regard are consistent with their finding, particularly for the period after the GFC. Consequently, all

these findings indicate that government spending shocks tend to have bigger and more persistent

effects on output in the recent period than in the pre-GFC one.6

Figure5 provides the median and 68% band estimates of inflation impulse responses to positive

government spending shocks for selected horizons. Focusing on the responses at impact, the fiscal

expansions tend to be inflationary over the entire sample period in term of the median estimates,

but the effect attenuates over time. A similar tendency is observed for the 1- and 3-quarter horizon

inflation responses. Nevertheless, the effect of government spending shocks on inflation is likely

5As shown inRossi and Zubairy(2011) andRamey(2013), the behavior of the tax response to a government
spending shock may have a crucial implication for the size ofgovernment spending multipliers. Guided by these
studies, we estimate a TVC-VAR model augmented with taxes and obtain empirical results from the model. As
presented in the companion appendix, we find that the resultsare unlikely to be sensitive to the inclusion of taxes in
the model.

6A potential source of the difference in the size of the multipliers is the persistence of government spending shocks.
For instance,Aiyagari et al.(1992) andBaxter and King(1993) establish a theoretical argument that the response of
investment to a government spending shock hinges critically upon the persistence of the shock—a more persistent
increase in government spending tends to crowd in investment, which is then,ceteris paribus, mapped into larger
output multipliers. We accordingly compare the persistence of the identified government spending shocks across
time and find that it is unlikely to vary significantly over different dates. The results are provided in the companion
appendix.
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to be insignificant as the 68% bands include zero for all the periods and horizons considered.

Lastly, the impulse responses of the nominal interest rate to positive government spending

shocks are plotted in Figure6, characterizing how monetary policy has been conducted in times

of government spending expansions. In line with the constant-coefficient VAR estimates, the re-

sponses at impact are negative and statistically differentfrom zero over the whole sample span.

Aside from the significant plunge at impact, the interest rate responses display a mild degree of

time variation, decreasing gradually until 2008−09 and then stagnating for the subsequent period.

Similar patterns are observed in the interest rate responses beyond the impact horizon. For the re-

sponses at the 1- and 2-quarter horizons, for instance, the responses of the nominal interest rate are

insignificantly different from zero in the early 2000s, whereas they become significantly negative

from the mid-2000s and onward. The sizable response of the nominal interest rate, however, is

short-lived and vanishes as the horizon increases. For the entire sample span, the responses of the

interest rate to government spending shocks in the 3-quarter horizon and beyond become smaller

in size and are statistically indifferent from zero.

In sum, the TVC-VAR results indicate that, regardless of thehorizon, the present-value multi-

pliers increase gradually over time. This tendency is more pronounced for the medium-run horizon,

and the multipliers in the 4-quarter horizon and beyond become statistically different from zero for

the post-GFC period. Meanwhile, the short-run responses ofthe nominal interest rate to govern-

ment spending expansions turn out to be negative for the entire sample span, standing out more for

the recent sample after the GFC. Combining the time-varyingpatterns of the medium-run present-

value multipliers and short-run interest rate responses, our results suggest a negative relationship

between these two objectives. It is well-established in theexisting literature that the size of gov-

ernment spending multipliers depends substantially on howmonetary policy behaves in times of a

fiscal expansion [Eggertsson(2008), Christiano et al.(2011), andErceg and Lindé(2014), among

many others]. In our VAR framework, the information concerning monetary policy behavior is

condensed in the nominal interest rate. Thus the negative relationship deserves careful scrutiny in

assessing a potential role of monetary policy as a determinant of government spending multipliers.

4 DECOMPOSITION OF THENOMINAL INTEREST RATE RESPONSES TOGOV-

ERNMENT SPENDING SHOCKS

Given the negative relationship found in Section3.2, this section attempts to unveil the source of

the time-varying pattern of the nominal interest rate responses to government spending shocks.

From a theoretical perspective,Christiano et al.(2011) establish a systematic relationship between

the degree of the monetary authority’s anti-inflationary stance and the size of government spending
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multipliers. The underlying mechanism is that when monetary policy actively targets inflation, the

increase in the nominal interest rate is greater than the rise in inflation. Real interest rates then rise,

suppressing private spending, offsetting some of the increase in goods demand, and finallyceteris

paribusproducing smaller multipliers. Thus a potentially important channel in understanding the

time-varying pattern of the nominal interest rate responses to government spending shocks may

revolve around the behavior of inflation and monetary policyresponses to it.

4.1 DECOMPOSING THEINTEREST RESPONSE INTOMONETARY POLICY STANCE AND IN-

FLATION VOLATILITY Conventional theoretical models posit that, after log-linearization, the

nominal interest rate is determined by a Taylor-type rule asfollows:

r̂t = ρrr̂t−1 + (1− ρr) (φππ̂t + φyŷt) + σrǫ
r
t , (6)

where a hat (̂) denotes percentage deviations of a variable from its steady state andǫrt is the

monetary policy disturbance capturing discretionary changes in the interest rate.rt, πt and yt

denote the nominal interest rate, inflation rate and output,respectively. The degree of the monetary

authority’s anti-inflationary stance in (6) is captured by the coefficientφπ, measuring changes in

the nominal interest rate in response to a unit change in inflation.

Notice that our VAR specification yields a monetary policy rule analogous to (6). For this pur-

pose, after abstracting from the deterministic componentssuch as the time trends and exogenous

variables, the reduced-form TVC-VAR model in (1) can be written as follows:









gt

yt

πt

rt









=
ℓ∑
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b4,1j,t b4,2j,t b4,3j,t b4,4j,t

















gt−j

yt−j
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u1t

u2t

u3t

u4t









, (7)

wherebn,mj,t denotes thej-th lagged coefficient of them-th variable in the equation of then-th

variable, allowed to vary over time. In particular, the lastequation in (7), which characterizes the

behavior of the nominal interest rate, can be written as

rt =

ℓ∑

j=1

b4,1j,t gt−j +

ℓ∑

j=1

b4,2j,t yt−j +

ℓ∑

j=1

b4,3j,t πt−j +

ℓ∑

j=1

b4,4j,t rt−j + u4t . (8)

Compared to (6), equation (8) has two distinctive features: (i) the nominal interest rate re-

sponds not only to output and inflation but also to governmentspending; and (ii) it responds to

lagged output, inflation and government spending, instead of to the contemporaneous values of
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these variables. Nevertheless, it is notable that the VAR-based parameter governing the degree of

the monetary authority’s anti-inflationary stance, analogous to the parameterφπ in (6), can be re-

covered from (8). We denote the parameter byφ′

π,t, which can be obtained by matching coefficients

in equations (6) and (8) as follows:

φ′

π,t ≡
ℓ∑

j=1

(

b4,3j,t

1− b4,4j,t

)

. (9)

Notice that unlike the theoretical parameterφπ, the VAR estimates ofφ′

π,t are allowed to vary over

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

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

The estimates for the converted monetary policy parameter to inflation,φ′

π,t, are provided in

Figure7. As shown in the upper panel of the figure, the 68% band estimates always contain zero,

indicating that the parameter is unlikely to be statistically different from zero mainly because of the

wide error band. Nevertheless, the median estimates forφ′

π,t display a clear time-varying pattern as

shown in the lower panel of the figure. They increase gradually from the early 2000s to 2008−09

and then decrease for the subsequent period.

But this is not the only way that inflation affects the nominalinterest rate. The monetary policy

rule in (6) makes clear that fluctuations in inflation can change the nominal interest rate through

two channels: (i) the degree of policy responsiveness to a unit change in inflation, captured byφπ;

and (ii) the magnitude of the inflation fluctuations, reflected in π̂t. In this regard, the evolution of

inflation volatility can also influence nominal interest rate dynamics. Accordingly, we investigate

the second channel in order to complete the analysis on the role of inflation in characterizing the

interest rate responses to government spending shocks, as displayed in Figure6.

Figure8 plots the posterior estimates for standard deviations of reduced-form residuals in the

inflation equation (u3t ), denoted byσ3

t . The standard deviation estimates display a clear decreasing

trend with an exception of the period around the GFC. The beginning of the sample period is right

after the Asian Currency Crisis of 1997−98, recognized as the most adverse economic event in

modern Korean history. The high estimates of inflation volatility in the early 2000s may reflect the

economic instability that the episode created. Similarly,the spike in volatility in the late-2000s is

associated with the economic turmoil produced by the GFC.

4.2 INFLATION AS A DETERMINANT OF THE INTERESTRATE RESPONSE Given the two chan-

nels through which changes in inflation affect nominal interest rate dynamics, this section focuses

on assessing the role of inflation in determining the time-varying pattern of the interest rate in

response to exogenous changes in government spending, summarized in Figure6.
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We begin with the fact that the impulse responses of the nominal interest rate are a function of

thebn,mj,t estimates in (7) and the Cholesky factors in (2) written as









a1,1t 0 0 0

a2,1t
...

0 0

a3,1t ...
0

a4,1t
...









, (10)

wherean,mt is then-th row andm-th column element of the lower-triangular Cholesky factorof

Σu,t, which is also time varying.7 For instance, the responses of the nominal interest rate to a

government spending shock at impact and at the 1-quarter horizon, evaluated at a specific time

periodt, are given as

Impact: a4,1t ,

1 quarter:
∑

4

k=1
b4,k
1,t a

k,1
t = b4,1

1,ta
1,1
t

︸ ︷︷ ︸

≡ψ
4,1

t

+ b4,2
1,ta

2,1
t

︸ ︷︷ ︸

≡ψ
4,2

t

+ b4,3
1,ta

3,1
t

︸ ︷︷ ︸

≡ψ
4,3

t

+ b4,4
1,ta

4,1
t

︸ ︷︷ ︸

≡ψ
4,4

t

,

whereψ4,m
t represents the response of the fourth variable (the nominalinterest rate) created by

them-th variable. Given that our reduced-VAR model has a lag length of three (i.e.,ℓ = 3), we

analogously redefineψ4,m
t as follows:

ψ4,m
t ≡

(
ℓ∑

j=1

b4,mj,t

)

am,1t , (11)

which is the sum of the reduced-form VAR coefficients adjusted by the corresponding Cholesky

factor, proxying the role of them-th variable in characterizing the nominal interest rate responses

to government spending shocks.

Figure9 plots the decomposition results. The figure makes it clear that, besides the interest rate

itself, inflation is the most important ingredient in determining the responses of the interest rate

to government spending shocks. The adjusted sums associated with the interest rate dominate the

others in terms of magnitude. Turning to their time-varyingpattern, the adjusted sums decrease

from the beginning of the sample span until the early 2010s, and then stagnate for the subsequent

period. This finding can be accounted for by the aforementioned decomposition of inflation using

7It is worth noting thatan,mt ’s are functions of the elements in the variance-covariancematrix of the reduced-form
VAR, Σu,t. More specifically,an,1t ’s can be expressed with the standard deviation and correlation coefficients of the
variables as follows:a1,1t = σ1

t , a2,1t = σ2
t ρ

1,2
t , a3,1t = σ3

t ρ
1,3
t anda4,1t = σ4

t ρ
4,3
t , whereρi,jt denotes the correlation

coefficient between thei-th andj-th variables at timet. Hence, these expressions show how theσ3

t estimates discussed
in Section4.1affect the response of the nominal interest rate to government spending shocks.
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our estimates. The upward pressure of inflation on the nominal interest rate responses to govern-

ment spending shocks for the pre-GFC period may stem jointlyfrom its high volatility and the

elevated responsiveness of monetary policy to it. For the post-GFC sample, however, both the

variations of inflation and degree of the anti-inflationary stance decrease, which helps rationalize

the limited effect of inflation on the interest rate responses during that time.

It is notable that the time-varying pattern ofψ4,3
t is broadly consistent with that of the nominal

interest rate following government spending expansions reported in Figure6. Together with the

negative relationship between the size of government spending multipliers and nominal interest

rate responses to government spending shocks discussed in Section3.2, this finding suggests a

potential importance of the time variation inψ4,3
t 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 policy in shaping the government spending mul-

tiplier. We conduct two experiments for this purpose. The first experiment is designed to evaluate

the role of monetary policyas a wholeon the size of the government spending multiplier. This

task is achieved by estimating the TVC-VAR model without thenominal interest rate (a 3-variable

TVC-VAR model) but otherwise in a way that is identical to thebaseline 4-variable specification.

By taking the policy rate out of the model, we completely shutdown the channel through which

the nominal interest rate, and thus monetary policy, affects the spending multiplier. We then move

to the second exercise, which focuses specifically on the inflation-targeting dimension of monetary

policy as a determinant of government spending multipliers. To this end, we keep the 4-variable

framework, but restrict the parameters appearing in the adjusted sum of the inflation coefficients

(ψ4,3
t ) in Section4.2 to be fixed at their sample median estimates. This experimentis likely to re-

veal the prominent factor characterizing the time variation in the 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 a negative relationship between the size of

the present-value multipliers and magnitude of the nominalinterest rate responses to government

spending shocks. This finding underscores a potential role of monetary policy with respect to the

government spending multiplier. To examine this role in a formal manner, we begin by estimating

a 3-variable TVC-VAR model without the nominal interest rate.

Figure10 makes a comparison between the baseline and 3-variable present-value multipliers

for selected horizons. A notable observation is that the overall level of the 4-, 8-, and 12-quarter
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multipliers are similar across the two specifications, while their relative size varies considerably

over time. Focusing first on the 4-quarter horizon estimates, the difference in the multipliers across

the two specifications is observed only for the 2000s as the 3-variable estimates are systemically

higher than those of the baseline model.

The relative size of the multipliers across the two specifications, however, changes dramatically

for longer horizons. In order to highlight this feature, theupper panels of Figure11 depict the

median and 68% error bands for the gap between the baseline and 3-variable multiplier estimates

associated with the 8- and 12-quarter horizons. In each figure, the gap is calculated by subtracting

the baseline multiplier estimates from the 3-variable ones. Although not statistically different

from zero, the median gap estimates show a mild U-shape with the sign flipped in the late 2000s

around the GFC episode. Notice that the time-varying pattern of the present-value multiplier gap

estimates are quite similar to that of the sum of the inflationcoefficients in the nominal interest

rate equation multiplied by the corresponding Cholesky factors,ψ4,3
t , emerging from the baseline

4-variable TVC-VAR model as defined in Section4.2. As made explicit in the middle panels of the

figure, these two objectives fluctuate around zero and display a similar pattern of time variation.

This finding suggests a crucial role of the nominal interest rate fluctuations concerning inflation in

accounting for the present-value multiplier gap.

As a formal characterization of this conjecture, the lower panels of Figure11 plot the median

differences between the baseline and 3-variable present-value multipliers against the medianψ4,3
t

estimates. The figures reveal a strong positive relationship between these objectives with correla-

tion coefficients of 0.95 (8-quarter) and 0.94 (12-quarter), respectively. Since the only difference

in the two specifications is the presence of the nominal interest rate in the model, the gap between

their multipliers is likely to capture the role of monetary policy as a wholein shaping the govern-

ment spending multiplier. Given the high correlations between the multiplier gap estimates and

ψ4,3
t estimates, our finding indicates that changes in the nominalinterest rate produced by infla-

tion fluctuations can be an important source of determining the size 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 monetarypolicy channel by elimi-

nating the nominal interest rate in the TVC-VAR model. Sincethis experiment is an extreme case,

we conduct a second experiment, which features a 4-variableTVC-VAR model like the baseline

but without the time variability of the nominal interest rate response to inflation changes.

Section4.2 makes explicit that changes in the nominal interest rate created by inflation fluc-

tuations,ψ4,3
t , can be decomposed into two elements: (i) the lagged inflation coefficients in the
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nominal interest rate equation of the model,b4,3j,t ’s for j = 1, 2, 3; and (ii) the Cholesky factor for

inflation, a3,1t . Accordingly, the time variation inψ4,3
t stems from the time variation in both esti-

mates. The decomposition may be significant since, as aforementioned, changes in each of these

two objectives have distinct interpretations. Fluctuations in the lagged inflation coefficients are

likely to reflect changes in the policy stance toward inflation, while those in the Cholesky factor

for inflation tend to capture the size of shocks governing inflation dynamics.

To investigate the impact of monetary policy on the government spending multipliers, we begin

by assessing the role of the lagged inflation coefficients, representing changes in the policy stance

toward inflation. The exercise is implemented by fixing the lagged inflation coefficients at their

sample median estimate to eliminate the time variability inthe monetary policy stance, but the

other coefficients use the actual estimates.

The results associated with this counterfactual are provided in Figure12. Restricting the lagged

inflation coefficients to be time-invariant alters the present-value multiplier estimates. The 8- and

12-quarter present-value multipliers differ substantially from the actual estimates, and the differ-

ences remain throughout the sample period. More important,the time-varying pattern of the 8-

and 12-quarter horizon counterfactual multipliers is similar to that of the 3-variable model without

the nominal interest rate presented in Figure10. This finding is notable since controlling for the

monetary stance toward inflation alone can produce an effectsimilar to that created by the absence

of the policy variable.

A distinct pattern of time variability in the multiplier estimates, however, emerges when con-

trolling for the size of shocks governing inflation dynamics. Figure13 depicts the present-value

multipliers under a counterfactual scenario in which the Cholesky factor for inflation is fixed at

its sample median estimate, while using the actual time-varying VAR estimates for the rest of the

coefficients including the lagged inflation ones. As shown inthe figure, the gap between the actual

and counterfactual multipliers is very restricted compared to the previous exercise. Consequently,

the counterfactual multipliers exhibit quite a different time variation from that of the 3-variable

model estimates.

In a nutshell, the results from the two counterfactuals indicate that changes in the policy stance

toward inflation are a more crucial determinant of the time-varying pattern in the present-value

multipliers than those in the size of shocks governing inflation dynamics. Our finding in this

regard echoes those in the existing literature highlighting the importance of the central bank’s

anti-inflationary stance to the size of government spendingmultipliers, includingKim (2003),

Christiano et al.(2011), Davig and Leeper(2011) andDupor and Li(2015), among many others.
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6 CONCLUSION

This paper empirically examines whether monetary policy isan important determinant of the size

of government spending multipliers. Most of the previous studies probe a similar question under

the ZLB environment when monetary policy does not respond toinflation. In contrast, our analysis

aims to measure the effect of monetary policy on the multiplier under a non-ZLB environment;

hence, we select the Korean economy as a laboratory, whose nominal interest rate has never been

close to zero.

To estimate the evolutionary effect of monetary policy on the government spending multiplier,

we apply a TVC-VAR model to the Korean time series from 2000:Q1 to 2019:Q3. A substantial

degree of time variation is identified in the medium-run government spending multiplier, yet the

shape is the reverse of that of the policy rate responses to government spending expansions. Based

on this finding, we explore the source of the negative relationship between the policy rate responses

and the spending multiplier.

Our empirical results indicate that the monetary policy response to inflation in times of gov-

ernment spending expansions is crucial for the size of the government spending multiplier. Further

decompositions of the nominal interest rate responses reveal that changes in the monetary pol-

icy stance against inflation play a more significant role in governing the time-varying pattern in

the government spending multipliers than those in inflationvariability. In this regard, our finding

confirmsChristiano et al.(2011)’s theoretical results such that, in a simple analytical model, a neg-

ative relationship is established between the Taylor-rulecoefficient 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 endogenous variables of the VAR mod-
els. Our VAR specifications also include four exogenous variables which use quarterly data for the
growth rate of oil prices, the federal funds rate, US real GDPper capita, and the real exchange rate
against the dollar. Detailed data descriptions are as follows:

Government Spending =log(Domestic Real Per Capita Government Spending),

GDP = log(Domestic Real Per Capita GDP),

Consumption =log(Domestic Real Per Capita Consumption),

Investment =log(Domestic Real Per Capita Investment),

Inflation Rate =log(Domestic CPI/Domestic CPI(−1)) × 100,

Taxes =log(Domestic Real Per Capita Taxes),

Nominal Interest Rate = Domestic Overnight Call Rate,

Growth Rate of Oil Price =log(Oil Price/Oil Price(−1))× 100,

US Nominal Interest Rate = US Federal Funds Rate,

US GDP = log(US Real Per Capita GDP),

Real Exchange Rate = Nominal Exchange Rate (won/dollar)× US CPI/Domestic CPI.

The original data and their sources are given as follows:

• Domestic Nominal Government Spending: Total government spending expenditure, not sea-

sonally adjusted / Source: Korean Statistical InformationService (KOSIS)

• Domestic Real GDP: Real gross domestic product, seasonallyadjusted / Source: The Bank

of Korea’s Economic Statistics System Database (BOK-ECOS)

• Domestic Real Consumption: Real gross private consumptionexpenditure, seasonally ad-

justed / Source: BOK-ECOS

• Domestic Real Investment: Real gross fixed capital formation, seasonally adjusted / Source:

BOK-ECOS

• Domestic CPI: Consumer price indexes, 2015=100, seasonally adjusted / Source: BOK-

ECOS

• Domestic Nominal Taxes: Total tax revenue, not seasonally adjusted / Source: KOSIS

• Domestic Nominal Interest Rate: Overnight call rate, uncollateralized, percent per annum,

averages of daily figures / Source: BOK-ECOS
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• Domestic Population: Total population, annual / Source: KOSIS

• Oil Price: Global price of Dubai Crude, US dollars per barrel, quarterly, not seasonally ad-

justed / Source: Federal Reserve Economic Data (FRED, St. Louis Fed), Series ID “POIL-

DUBUSDM”

• US Federal Funds Rate: Averages of daily figures, percent / Source: Board of Governors of

the Federal Reserve System

• US Real GDP: Real gross domestic product, chained dollars, billions of chained (2009)

dollars, seasonally adjusted at annual rates / Source: NIPATable 1.1.6, Line 1

• Nominal Exchange Rate: Won/dollar exchange rate / Source: BOK-ECOS

• US CPI: Consumer price index for all urban consumers, all items, index 1982−1984=100,

quarterly, seasonally adjusted / Source: FRED, Series ID “CPIAUCSL”

• US Population: Civilian noninstitutional population, ages 16 years and over, seasonally ad-

justed / Source: US Department of Labor, Bureau of Labor Statistics
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B FIGURES
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Figure 1: Time series for the quarterly CPI inflation rate (solid line) and nominal interest rate (overnight call rate,
dotted line) of Korea, from 2000:Q1 to 2019:Q3. The y-axis isin percentage.

0 4 8 12 16 20

0

0.5

1

Government spending

0 4 8 12 16 20

0

0.01

0.02

0.03

0.04

Output

0 4 8 12 16 20

-0.01

0

0.01

Inflation

0 4 8 12 16 20

-0.06

-0.04

-0.02

0
Nominal interest rate

Figure 2: Impulse responses to a 1% increase in government spending with constant coefficients. In each panel, point
estimate (solid) and 68% confidence interval estimates (shaded area) are reported. The x-axis measures quarters and
the y-axis is in percentage.

20



HAN & H UR: EFFECT OFMONETARY POLICY ON GOV’ T SPENDING MULTIPLIER

0

40

0.2

30 20182016

0.4

201420 2012

0.6

2010200810 2006200420020

Figure 3: Time-varying present-value multipliers associated with the baseline 4-variable TVC-VAR model. Median
estimates are reported. This figure presents the present-value multiplier 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 selected horizons associated with the baseline 4-variable TVC-
VAR model. In each panel, median (solid line) and 68% band (shaded area) estimates are reported. The y-axis is in
Korean won.
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Figure 5: Time-varying impulse responses of inflation to 1% increases in government spending for selected horizons
associated with the baseline 4-variable TVC-VAR model. In each panel, 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 interest rate to 1% increases in government spending for selected
horizons associated with the baseline 4-variable TVC-VAR model. In each panel, median (solid line) and 68% band
(shaded area) estimates are reported. The y-axis is in percentage.
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Figure 7: [Upper panel] Converted monetary policy responses to lagged inflation associated with the baseline 4-
variable TVC-VAR model. Median (solid line) and 68% band (shaded area) estimates are reported.[Lower panel]
Median converted monetary policy responses to lagged inflation associated with the baseline 4-variable TVC-VAR
model. The vertical lines indicate the medium-term inflation targeting (MTIT) periods, with the target revised every
three years since 2004.
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Figure 8: Time-varying standard deviations of the reduced-form residuals for inflation (u3
t ), associated baseline 4-

variable TVC-VAR model. Median (solid line) and 68% band (shaded area) estimates are reported.
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Figure 9: Sums of each reduced-form VAR coefficients in the nominal interest rate equation multiplied by the corre-
sponding Cholesky factors, associated with the baseline 4-variable TVC-VAR model. In each panel, median and 68%
band estimates are reported.
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Figure 10: Time-varying present-value multipliers for selected horizons, associated with the baseline 4-variable TVC-
VAR model (solid line with shaded area) and with the 3-variable TVC-VAR model without the nominal interest rate
(dotted lines). In each panel, median and 68% band estimatesare reported. The y-axis is in Korean won.
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Figure 11:[Upper panels] Differences between the time-varying present-value multipliers for selected horizons as-
sociated with the 3-variable TVC-VAR model without the nominal interest rate and baseline 4-variable TVC-VAR
model. In each panel, median and 68% band estimates are reported. The y-axis is in Korean won.[Middle panels]
Differences between the time-varying present-value multipliers for selected horizons associated with the 3-variable
TVC-VAR model without the nominal interest rate and baseline 4-variable TVC-VAR model, along with the sum of
the inflation coefficients in the nominal interest rate equation multiplied by the corresponding Cholesky factors as-
sociated with the baseline 4-variable TVC-VAR model. In each panel, median and 68% band estimates are reported.
[Lower panels] Scatter plots for the median sums of the inflation coefficients in the nominal interest rate equation mul-
tiplied by the corresponding Cholesky factors (x-axis) andmedian differences between the time-varying present-value
multipliers (y-axis). In each panel, the solid line indicates the fitted values of the linear OLS regression.
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Figure 12: Actual (solid line with shaded area) and counterfactual (dashed lines) time-varying present-value multipliers
(upper panels) and nominal interest rate (lower panels) responses to government spending shocks for selected horizons,
associated with the baseline 4-variable TVC-VAR model. Thecounterfactual scenario assumes that the lagged inflation
coefficients in the nominal interest rate equation of the reduce-form VAR model are fixed at their sample median
estimates.
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Figure 13: Actual (solid line with shaded area) and counterfactual (dashed lines) time-varying present-value multipliers
(upper panels) and nominal interest rate (lower panels) responses to government spending shocks for selected horizons,
associated with the baseline 4-variable TVC-VAR model. Thecounterfactual 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 included in the paper.

C.1 ROBUSTNESS: CONTROLLING FOR TAXES This section provides a robustness check by

augmenting the model with taxes. The first subsection discusses the effect of government shocks on

macroeconomic variables, whereas the second subsection conducts the counterfactual experiments

in Section5 with taxes.

C.1.1 EFFECT OFGOVERNMENT SPENDING SHOCKS WITH TAXES We specify a 5-variable

VAR system consisting of government spending, output, inflation, taxes and the nominal interest

rate. Notice that this set of variables is the one employed inPerotti(2005) andCaldara and Kamps

(2008) for evaluating the efficacy of government spending in stimulating output. FollowingCal-

dara and Kamps(2008), the identification of government spending shocks relies on the recursive

ordering as listed above. Ordering taxes after output and inflation can be rationalized by the fact

that, given the tax rate, the tax base is contemporaneously affected by these two variables, and thus

tax receipts change.

Focusing first on the impulse responses of taxes, two findingsemerge from FigureA1. First,

the impulse responses of taxes are not statistically different from zero for most of the periods and

horizons considered. Second, although not statistically significant, tax responses exhibit a slight

upward tendency over time in terms of the median estimates. This finding is universal to all the
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Figure A1: Time-varying impulse responses of taxes to 1% increases in government spending for selected horizons
associated with the 5-variable TVC-VAR model augmented with taxes. 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 for selected horizons, associated with the 4-variable baseline TVC-
VAR model (solid line with shaded area) and with the 5-variable TVC-VAR model augmented with taxes (dotted lines).
In each panel, median and 68% band estimates are reported. The y-axis is in Korean won.

considered horizons.

FigureA2 plots the present-value multiplier estimates for selectedhorizons associated with the

5-variable (dotted lines) and baseline 4-variable (solid line with shaded area) VAR specifications.

Overall, the impulse responses from the 5-variable model display slightly wider band estimates

than those from the baseline 4-variable VARs, which is observed more clearly for longer horizons.

This tendency may be attributable to the “curse of dimensionality” problem typically associated

with TVC-VAR models in which the number of parameters to be estimated increases rapidly with

additional model variables. The longer-run multipliers tend to become slightly bigger under the

5-variable system, and the difference stands out more for the beginning of the sample period. It

is nonetheless worth noting that controlling for taxes doesnot alter substantially the time-varying

pattern of the government spending multiplier estimates.

C.1.2 COMPARISON TO THE4-VARIABLE MODEL WITHOUT THE NOMINAL INTEREST RATE

For a robustness check, we estimate a model with taxes, but without the nominal interest rate, and

compare the results to those of the baseline 4-variable specification. The results, which are the

5-variable VAR model counterparts of Figure10, are depicted in FigureA3. In addition, Figure

A4 reports the 5-variable model results analogous to Figure11. These figures show that the main

findings of the paper are unlikely to be altered by adding taxes to the model.
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Figure A3: Time-varying present-value multipliers for selected horizons, associated with the 5-variable TVC-VAR
model augmented with taxes (solid line with shaded area) andwith the 4-variable TVC-VAR model without the
nominal interest rate (dotted lines). In each panel, medianand 68% 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 multipliers for selected horizons
associated with the 4-variable TVC-VAR model without the nominal interest rate and 5-variable TVC-VAR model
augmented with taxes, along with the sum of the inflation coefficients in the nominal interest rate equation multiplied
by the corresponding Cholesky factors associated with the 5-variable TVC-VAR model augmented with taxes. In each
panel, median and 68% band estimates are reported.[Lower panels] Scatter plots for the median sums of the inflation
coefficients in the nominal interest rate equation multiplied by the corresponding Cholesky factors (x-axis) and median
differences between the time-varying present-value multipliers (y-axis). In each panel, the solid line indicates thefitted
values of the linear OLS regression.
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C.2 GOVERNMENT SPENDING IMPULSE RESPONSES FORSELECTED DATES FigureA5 plots

the impulse responses of government spending to 1% initial increases in government spending for

selected dates.
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Figure A5: Impulse responses of government spending to 1% initial increases in government spending for selected
dates associated with the TVC-VAR model. In the left 6 panels, median (solid line) and 68% band (shaded area)
estimates are reported, while median estimates across various dates 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 maybe the case that the response of the

interest rate to inflation can be different for alternative orderings, especially between output and the

inflation rate. Accordingly, we check whether the results are robust when an alternative ordering

between output and inflation is considered. To this end, we estimate a model with inflation ordered

ahead of output such that the entire ordering structure of the alternative specification is given as

follows: government spending first, inflation second, output third, and the nominal interest rate

last.

FigureA6 plots the present-value multiplier estimates that emerge from the model with the

alternative ordering, together with those from the baseline specification. FiguresA7 andA8 show

how the impulse responses of inflation and the nominal interest rate vary depending upon the

alternative ordering. All these figures indicate that the results change very little when the alternative

ordering is used instead. The impulse responses associatedwith both orderings look quite alike, as

they show a similar pattern of time variation.
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Figure A6: Time-varying present-value multipliers for selected horizons, associated with the baseline 4-variable TVC-
VAR model (solid line with shaded area) and with the 4-variable TVC-VAR model with the alternative ordering of
output and inflation (dotted lines). In each panel, median and 68% band estimates are reported. The y-axis is in Korean
won.
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Figure A7: Time-varying impulse responses of inflation to 1%increases in government spending for selected horizons
associated with the baseline 4-variable TVC-VAR model. In each panel, median (solid line) and 68% band (shaded
area) estimates are reported. The y-axis is in percentage.
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Figure A8: Time-varying impulse responses of the interest rate to 1% increases in government spending for selected
horizons associated with the baseline 4-variable TVC-VAR model. In each panel, median (solid line) and 68% band
(shaded area) estimates are reported. The y-axis is in percentage.
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