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Abstract
Using a rich data set on government spending forecasts, we estimate the effects of unexpected
government spending both when the nominal interest rate is near zero lower bound (ZLB) and
outside of ZLB period in Japan. The output multiplier is 1.5 on impact in the ZLB period while it
is 0.7 outside of the ZLB period. We argue that this result is not driven by the amount of slack in
the economy. We estimate a positive but mild response of inflation in both periods. We consider
a standard New Keynesian model and examine two popular alternatives that can generate the
ZLB period: fundamental and confidence shocks. A calibrated model with a fundamental-driven
ZLB period can match our empirical findings. A model with a confidence-driven ZLB period
can match our finding if government spending stays elevated for a long time even after the ZLB
period. However, the government spending is not that persistent in the data.
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Introduction

Is the output multiplier on government spending large during the periods when nominal interest rate
is at the zero bound? The recent global financial crisis, which forced the central banks in many
developed countries to reduce their short-term nominal interest rates to the zero lower bound,
brought this question to the center of policy debates.
Recent theoretical literature provides a number of answers. For example, Woodford (2010),
Eggertsson (2011) and Christiano et al. (2011) show that the multiplier can be large in a standard
New Keynesian model in which the ZLB period is caused by a fundamental shock. In this environment, temporary government spending is inflationary which stimulates private consumption and
investment by decreasing the real interest rate. As a result, the output multiplier can be larger than
one. At the same time, Mertens and Ravn (2014) argue that the output multiplier during the ZLB
period is quite small in a New Keynesian model in which ZLB period is caused by non-fundamental
confidence shocks. In this situation, government spending shocks are deflationary which increases
real interest rate and reduces private consumption and investment. This results in the output
multiplier necessarily smaller than one and even smaller than that outside of the ZLB period.
Empirical estimation of the multiplier during the ZLB periods is challenging. One reason is
that in most countries, the ZLB periods are short and often coincide with large recessions, making
it difficult to distinguish evidence of the ZLB period from that of the recession. For example,
Auerbach and Gorodnichenko (2012a) find that the multiplier is significantly larger in recession
than in expansion using post-WWII data in the United States. Ramey and Zubairy (2014) extend
U.S. data back to 1889, which includes ZLB periods, and find that the high value of the multiplier
is sensitive to including the World War II period in the sample.
This paper contributes to the literature both empirically and theoretically. In the empirical part,
we estimate the effects of government spending shocks on the economy when the nominal interest
rate is at the zero lower bound (the ZLB period) and outside of the ZLB period (the normal period)
using Japanese data between 1980Q1 and 2014Q1. We use the fact that Japan has more information
on the ZLB periods than other countries. The nominal interest rate in Japan has been near the
zero bound since 1995Q4. During this period, Japan goes through four business cycles, so we can
potentially distinguish evidence coming from the ZLB period from evidence coming from recessions.
We exploit a rich dataset that includes not only standard macroeconomic variables but also forecasts
of government spending and other variables. We address the concern that government spending
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can be anticipated by constructing unexpected government spending changes. In addition, we use
data on inflation forecasts to study the behavior of ex-ante real interest rates after government
spending shocks.
Using Jorda (2005) local projection method, we find that the output multiplier is 1.5 on impact
in the ZLB period while it is 0.7 in the normal period.1 At longer horizons, the output multiplier
increases to over two in the ZLB period while it becomes negative in the normal period. We
estimate that the government spending shocks increase both private consumption and investment
during the ZLB period. Unemployment rate decreases in the ZLB period, while it does not respond
significantly during the normal period. Inflation responses are mild in both periods. Expected
inflation increases but also mild in both periods. Nominal interest rate in the normal period
increases significantly while it remains constant in the ZLB period. This result implies that the
real interest rate does not increase as much in the ZLB period as in the normal period.
We further demonstrate that including forecast data when identifying government spending
shocks can change the estimated multiplier in a non-trivial way and it is important to control for
the expectational effects. We find that some of the government spending shocks identified without
forecast data are expected, especially in the normal period. In fact, the output multiplier obtained
without controlling for forecast data is smaller than our baseline estimate in the normal period.
Finally, we argue that the difference between the multiplier in the ZLB period and that in the
normal period is not driven by the effects of government spending in recessions. One reason is that
only nearly half of the ZLB period is recession.
In the theoretical part, we examine two popular theoretical alternatives that can generate the
ZLB period. The first alternative is a standard New Keynesian model in which the ZLB period
is driven by a fundamental subjective discount rate shock. The second alternative is the same
model but with the ZLB period driven by a non-fundamental confidence shock. We show that in
the first case a calibrated model can match our empirical results. Then, we show that even when
the ZLB period is driven by non-fundamental confidence shocks, the multiplier can be larger than
one, in contrast to the previous literature. In addition, we demonstrate that if the government
spending shock stays elevated even after the ZLB period for a long time, the model can match our
empirical results. However, because the fiscal shocks are not very persistent in the Japanese data,
we conclude that the model with a fundamental-driven ZLB fits our empirical findings better.
1

The local projection method estimates impulse response functions by directly projecting a variable of interest
on lags of variables usually entering a VAR. This method avoids restrictions present in the VAR analysis. See Jorda
(2005) and Stock and Watson (2007) for more details.
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Specifically, we first show that a New Keynesian model calibrated using Japanese data generates
an output multiplier larger than one in the ZLB period caused by a fundamental shock, a smaller
multiplier in the normal period, and mild responses of inflation in both periods which matches our
empirical estimates. In the normal period, monetary policy responds to an increase in government
spending by raising interest rate. The result is a mild response of inflation, private consumption
declines and the output multiplier is less than one. In the ZLB period caused by fundamental shocks,
monetary policy does not react to government spending shocks. Inflation expectation increases and
the real interest rate decreases, stimulating private consumption. Therefore, the output multiplier
is larger than one without a large increase in inflation. We conclude that the New Keynesian
model where the ZLB period occurs due to fundamental shocks can explain the difference in the
multipliers depending on monetary policy regimes that we document in the data.
There are two key assumptions in the New Keynesian model that allow us to match our empirical
evidence. First, we assume a heterogenous labor market in our model. This assumption increases
the degree of complementarities between price setters optimal choices, resulting in a sufficiently
flat Phillips curve. Second, we assume that government spending are elevated only during the ZLB
period. This ensures that government spending has the largest impact on the economy.
We then consider a New Keynesian model where the zero lower bound is caused by a selffulfilling state of low confidence. In this case, the economy ends up in a “deflationary trap” with
zero nominal interest rate and deflation because agents unexpectedly change their beliefs.2 In
a recent paper, Aruoba et al. (2013) estimate a New Keynesian model for Japan and conclude
that Japan is more likely to be in the deflationary trap rather than the liquidity trap driven by
fundamental shocks. Mertens and Ravn (2014) argue that the output multiplier in a deflationary
trap is substantially smaller than the high values possible in liquidity trap driven by fundamental
shocks. Moreover, their deflationary trap multiplier is smaller than one.
However, we show that the output multiplier can be larger than one in a deflationary trap. The
key assumption is that government spending is expected to stay elevated even after exiting the ZLB.
In a deflationary trap, temporary positive “aggregate demand” shocks are contractionary.3 This
property of the equilibrium underlies Mertens and Ravn (2014) result that the output multiplier
is small in a deflationary trap when the government spending shock has the same duration as
2
Benhabib et al. (2001a,b) show that there is a second steady state in a standard New Keynesian model when
the policy rate actively responds to inflation but is also constrained by the zero lower bound.
3
This unusual prediction of a deflationary trap equilibrium parallels a non-standard prediction of the equilibrium
in which liquidity trap is caused by fundamental shocks: negative aggregate supply shocks are expansionary. See
Eggertsson (2008) for details.
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the ZLB period. Once we allow government spending shocks to last longer than the deflationary
trap, the output multiplier becomes bigger. Intuitively, if government spending stays elevated after
exiting the ZLB, agents expect that consumption will decrease and inflation may also decrease.
These expectations reduce their incentives to consume in a deflationary trap. If this effect is strong
enough, a persistent government spending shock can act as a negative aggregate demand shock,
which is expansionary in a deflationary trap. If the negative aggregate demand shock is large, the
output multiplier is positive and bigger than one.
The model in which the duration of government spending shocks is sufficiently longer than that
of the ZLB period can match our empirical estimates of the output multiplier and inflation response
in the ZLB period in Japan. In this calibration, government spending shocks are almost permanent
with half-life of 28 years. This is in contrast to the ZLB caused by fundamental shocks, where
spending should be less persistent to generate a multiplier larger than in the normal period. Our
empirical estimate of the persistence of government spending shocks in Japanese data suggests that
the model in which the ZLB occurs due to fundamental shocks fits our empirical findings better.
Related Literature. Our paper contributes to a large body of work in macroeconomics that
estimates the effects of government spending shocks on the economy. The relevant literature is
large. See, for example, Ramey (2011a) for a survey. The papers in this literature often find the
output multiplier to be smaller than one. We also estimate the output multiplier to be smaller
than one outside of the ZLB period in Japan.
A recent literature estimates the output multiplier in different states of the economy. For example, Auerbach and Gorodnichenko (2012a,b, 2014) explore the difference in the output multiplier
during recessions and expansions using U.S. data, OECD data and Japanese data. Our paper instead focuses on comparing the multiplier in the zero lower bound period and in the normal period.
We argue the difference is not due to the nonlinear effects of government spending during expansion
and recession. We also exploit more data available for Japan. For example, we include quarterly
forecast data of government spending in order to control for expectations for our whole sample
between 1980Q1 and 2014Q1. Furthermore, we adjust the published government spending data to
exclude transfers. We also examine the type of models consistent with our empirical evidence.
Few papers estimate the output multiplier in the zero lower bound periods. Ramey (2011b)
estimates for the United States data from 1939 through 1951 that the multiplier is not higher during
that sample. Crafts and Mills (2012) estimate that the multiplier is below one in the U.K. during
4

the 1922 -1938 period when interest rate is near zero. A recent paper by Ramey and Zubairy (2014)
examining the United States with the ZLB period during 1932Q2-1951Q1 and 2008Q4-2013Q4 finds
that the multiplier is higher during the ZLB periods than during the normal periods if they exclude
World War II from the sample. They also point out that the main government spending shocks
during the ZLB periods occur after the start of WWII and at the start of the Korean War in 1950,
which can confound the effects of government spending shocks in states with rationing with those
in states with the ZLB. Unlike them, our paper uses Japanese data with almost 20 years of ZLB
and provide a new evidence that the multiplier is larger than one in the ZLB period. We also
argue that this multiplier in the ZLB period is not driven by the effects of government spending
in recession. We further examine the transmission mechanism of government spending in different
theoretical models.
A recent literature estimates local multiplier using data from different regions with common
monetary policy. The local multiplier measures the changes in relative output of one region to others
in response to an increase in relative government spending. For example, Nakamura and Steinsson
(2014) estimate the local multiplier for the U.S. states and Bruckner and Tuladhar (2014) for
Japanese prefecture data. However, Nakamura and Steinsson (2014) note that this local multiplier
is not the same as the aggregate multiplier in the ZLB. The reason is that the long-term real interest
rate falls in the ZLB setting while it does not in the regions with common monetary policy. Our
paper, in contrast, focuses on the aggregate multiplier in the ZLB period.
We are also related to the literature testing the ZLB predictions of New Keynesian models.
Wieland (2013) examines if negative aggregate supply shocks, proxied by oil price shocks and the
Great East Japan earthquake, are expansionary during the ZLB periods. He finds that oil price
spikes decrease output but also decrease the real interest rate in the ZLB period. He concludes
that these results are not consistent with a calibrated standard New Keynesian model with a
fundamental-shock-driven ZLB period. We focus on the effects of government spending shocks in
the ZLB period and in the normal period. We provide support for a New Keynesian model with our
parameterization in which the ZLB period is caused by fundamental shocks. We also complement
the work of Dupor and Li (2015) by focusing on the responses of both output and inflation to
the government spending shocks. While Dupor and Li (2015) argue that inflation does not move
sufficiently enough for the New Keynesian mechanism to generate larger multiplier under ZLB,
we show that the multiplier can be large and consistent with the empirical evidence even without
much response from inflation in a model with a sufficiently flat Phillips Curve. Our model and
5

analyses build on Woodford (2010), Eggertsson (2011), Christiano et al. (2011) and Mertens and
Ravn (2014).
The rest of the paper proceeds as follows. Section 2 presents our empirical evidence including
the identification strategy, the data we use, the baseline results about the effects of government
spending changes on the aggregate economy and several robustness checks. We then relate our
empirical findings to the theoretical literature. Section 3 analyzes a calibrated New Keynesian
model in which the ZLB period is caused by either fundamental shocks or non-fundamental shocks.
Section 4 concludes.

2

Measurement of Multipliers

2.1

Specification and Identification

Our baseline empirical strategy relies on both the institutional information about government spending and the real-time information regarding expectations of fiscal variables. The institutional information approach assumes that government spending does not respond to output within a quarter.
Blanchard and Perotti (2002) and many subsequent studies have used this assumption to identify
government spending shocks in a structural vector autoregression (SVAR) in which government
spending is ordered first. However, the subsequent research such as Ramey (2011b) has criticized
this approach that the identified government spending shocks in these SVARs may not represent
unanticipated changes in government spending. The reason is that the variables in the SVAR,
which includes government spending, tax revenues and output, do not control for expected changes
in government spending.4 To identify a more precise measure of unexpected government spending
shocks, we include a measure of the expected government spending to purge fiscal variables of the
predicted government spending shocks.
We then implement the identification of government spending shocks using the local projection
method by Jorda (2005).5 This method estimates the impulse response functions directly by projecting a variable of interest on lags of variables capturing information available in a given time
period. Our two-step estimation is as follows. First, we identify the unexpected innovations in

4

Auerbach and Gorodnichenko (2012a) show that there are some forecastability in the shocks identified using
information in the VAR using United States data.
5
This implementation has been used in Auerbach and Gorodnichenko (2012a), Auerbach and Gorodnichenko
(2012b), Ramey and Zubairy (2014) and others.
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government spending by estimating the following specification:
∆ ln Gt = α + γFt−1 ∆ ln Gt + ψ(L)yt−1 + t ,

(1)

where ∆ ln Gt is the log difference of government spending, Ft−1 ∆ ln Gt is the one period ahead
forecast of ∆ ln Gt , and yt is a vector of controls. The residuals, b
t , are the unexpected government
spending orthogonal to the expected component of government spending and information in the
control variables. In the second step, we estimate the following specification at each horizon h:
xt+h = αhx + βhx shockt + ψhx (L)yt−1 + xt+h for h = 0, 1, 2, ...

(2)

where xt is a variable of interest and shockt is the government spending shocks, proxied by the
estimated b
t . Then, βhx is the response of x at horizon h to an unexpected government spending
shock.6 In all of the following results, the standard controls, yt , include the growth rates of government spending (∆ ln Gt ), tax revenue (∆ ln Tt ) and output (∆ ln Yt ) unless otherwise noted. We
include four lags for the standard controls.
To estimate the effects of government spending on output in both normal and ZLB periods, we
estimate equation (2) for two variables of interest: output and government spending, i.e.:
Yt+h − Yt−1
≈ ln Yt+h − ln Yt−1 ,
Yt−1
Gt−1
Gt+h − Gt−1
≈ (ln Gt+h − ln Gt−1 )
.
Yt−1
Yt−1
We note that both output and government spending change are converted to the same unit before
estimation to calculate the output multiplier.7
We define the output multiplier at each horizon h as the integral of the output response divided
by the integral of the government spending response. The output multiplier measures the cumu6

Another way to implement Jorda (2005) in one step is to identify the unexpected government spending shocks
and their effects on the variable of interest x by modifying equation (2) as follows:
xt+h = αh + βhx ∆ ln Gt + γhx Ft−1 ∆ ln Gt + ψ x (L)yt−1 + xt+h for h = 0, 1, 2, ...
In this case, βhx can still be interpreted as the response of x to a shock in government spending orthogonal to
the one-period ahead forecast and controls. One advantage of the baseline approach over this one-step approach
is the computational efficiency if we add several controls for expectations, so we choose to follow Auerbach and
Gorodnichenko (2012a). We check in the Robustness section that this one-stage implementation does not affect our
results.
7
We can also convert government spending change by potential output. We discuss the results using this alternative normalization in the Robustness section.
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lative output gain relative to government spending during a given period. We follow Mountford
and Uhlig (2009) and Ramey and Zubairy (2014) and choose this definition of multiplier as it has
several advantages over other definitions used in the literature. We calculate the output multiplier
Mh as follows:

P Y
β
Mh = Ph hG ,
h βh

where βhY and βhG are the impulse responses of output and government spending at horizon h,
respectively. We obtain the standard errors for Mh by estimating all of the regressions jointly
as one panel regression and using the Driscoll and Kraay (1998) standard errors to account for
autocorrelated errors.8

2.2

Data

We use Japanese quarterly data between 1980Q1 and 2014Q1 in the baseline estimation. There are
two reasons to use Japanese data to examine the effects of government spending on the economy
in the ZLB period. First, Japan has more information about the ZLB period than other countries.
As plotted in Figure 1, nominal interest rate in Japan has stayed around zero ever since the fourth
quarter of 1995, so there are about 20 years of data for study. Second, within the ZLB period,
Japan has four business cycles, so we can potentially tell if the estimated multiplier is driven by
the nonlinear effects of government spending in different states of the business cycle. This feature
makes Japan an attractive case to study as other countries including the United States often have
the zero lower bound period coinciding with recessions, making it difficult to distinguish the effects
of government spending in the zero lower bound period from those in recession.
The data for government spending (or government purchases) is the sum of adjusted government consumption and public investment. Adjusted government consumption is calculated as total
government consumption excluding transfer of goods.9 Tax data come from the national account
starting from 1980Q1 which is the sum of direct and indirect taxes less subsidies.10 Finally, output
8

We thank Valerie Ramey and Sarah Zubairy for their advice on the implementation.
After 1980, the total government consumption includes both transfers (payment to households on medical services
is an example) and consumption (payment for textbooks is an example). Therefore, we construct the “adjusted
government consumption” by excluding transfers from total government consumption from 1980. Prior to 1980,
Japan adopted System of National Account 1968, which has a different definition of government consumption. Our
adjusted government consumption series is similar to the data of government spending prior to 1980. Japan also
has data for “actual final” consumption of government spending after 1980. The definition of this series is the most
narrow and it accounts for less than 8% of output. We show in the Robustness section that the estimates using actual
final government spending or the unadjusted measure of government consumption are similar to the baseline results.
10
This series is almost identical to the series constructed by adding taxes on production and imports and taxes on
income and wealth etc. less subsidies from Doi et al. (2011).
9
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data are taken from the National Accounts. All variables are deflated by GDP deflator.
Besides standard macroeconomic variables, we exploit a rich quarterly forecast data set that
includes forecast about government spending. Unlike the United States, Japan has short surveys of
professional forecasters which contain little to no information about government spending. Therefore, previous studies on Japan such as Auerbach and Gorodnichenko (2014) rely on semiannual
forecast from the OECD starting in 1985 and the IMF starting in 2003 to infer about unexpected
changes in government spending. An important difference in our paper is that we exploit quarterly
forecast data published by the Japan Center for Economic Research (JCER) for many macroeconomic variables including government spending, output and GDP deflator. This dataset starts
in 1967Q1 and contains several forecast horizons, ranging from nowcast to eight quarters ahead.
Furthermore, the JCER data also contains the initial release and up to seven subsequent revisions
of realized data. There are two caveats to this dataset. First, the JCER publishes this dataset
three out of four quarters in some years.11 So, in the quarters without updated forecast data, we
assume that there is no revision in forecasts, i.e. the one-quarter ahead forecast is replaced by the
two-quarter ahead forecast published in the previous quarter. Second, there are missing data in
all of 2010, so we use the forecast data published by the Mitsubishi UFJ Financial group between
2010Q1 and 2014Q1.12 We plot in Figure 2 our one-quarter ahead forecast of the four quarter
growth rate of government spending, Ft−1 ∆ ln Gt−4,t , along with the realized government spending,
∆ ln Gt−4,t .13 Although forecast misses some of the fluctuations such as those in early 2000s, the
one-quarter ahead forecast tracks the actual data relatively well. This suggests that the realized
government spending may have some predictable components and including these forecast data in
the estimation can help us obtain a more pure measure of unexpected government spending shocks.
We show in the Robustness section that these forecast data are indeed important to control for the
timing of the spending and affect the estimated multipliers.
We define the normal period to be between 1980Q1 and 1995Q3 and the zero lower bound period
to be between 1995Q4 and 2014Q1. Although the earliest start date for our data with forecast is
1967Q1, we choose the start of the normal period to be 1980Q1 for three reasons. First, Japan was
in the fixed nominal exchange rate regime until 1973. According to Ilzetzki et al. (2013), the fiscal
multipliers in a fixed exchange rate regime are higher than those in a flexible exchange rate regime.
11

The periods with three forecasts a year are: from 1972 to 1999, from 1995 to 2002, and from 2004 to 2006.
The baseline results do not change if we only use the Mitsubishi UFJ forecast for 2010.
13
Note that we construct the one-quarter ahead forecast of the four quarter growth rate of government spending
using real-time data, i.e. forecasters do not know the final release of government spending in t − 4 when making
forecast at time t − 1.
12
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So there is a break in monetary policy in 1973. Since we focus on periods with homogeneous
monetary policy, we exclude the period under the fixed exchange rate regime before 1973. Second,
the 1973 oil price crisis affects the real government spending through unexpected changes in the
price level, which can bias the estimates of the multipliers.14 Third, the definition of government
spending data changes in 1980.15 Therefore, we restrict our attention of the normal period to
1980Q1-1995Q3. The zero lower bound period starts when the short-term nominal interest rate
goes down to 0.25% in 1995Q4. Since then, the short-term nominal interest rate in Japan has been
low, staying under 0.6% as plotted in Figure 1. We then estimate equation (2) for both normal
and ZLB periods.

2.3

Empirical Results

This section presents the main result of our empirical analysis using the local projection method
to estimate the baseline model with Japanese data during normal and ZLB periods. We analyze
the effect of an increase in government spending on output, private consumption and investment,
inflation, unemployment rate, nominal interest rate and expected inflation.
2.3.1

Output

We first consider the responses of government spending and output to an increase in government
spending by one percent of output in period 0. As plotted in Figure 3, output increases on impact and up to two years in the ZLB period while it increases slightly on impact then decreases
significantly in the normal period. The one standard deviation confidence interval bands for these
estimates overlap with each other in some horizons. At the same time, the response of government
spending is more persistent in the normal period than in the ZLB period.
Since the underlying process of government spending differs between the normal and ZLB periods, we convert the impulse responses to output multipliers. Figure 4 plots the output multipliers
and their confidence bands in both normal and ZLB periods. Overall, the output multiplier is
substantially larger in the ZLB period than in the normal period. The output multiplier in the
normal period is 0.7 on impact. This estimate is in line with previous estimates for the United
14

To the extent that government spending is determined in nominal terms, an unexpected change in the current
price level can bias the identification of government spending shocks using nominal government spending deflated by
the current price level. In fact, the estimated multiplier for the normal period starting in 1973 is slightly higher than
the baseline estimates in longer horizons. However, if we deflate nominal government spending by smoothed inflation
or one quarter lagged inflation, the estimate is similar to the baseline.
15
The baseline result does not change if the normal period starts in 1975Q1 using our constructed series of
government spending.
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States and other countries. The output multiplier in the ZLB period is larger: it is 1.5 on impact.
This multiplier is larger than that documented in the baseline estimate of Ramey and Zubairy
(2014) but it is similar to their estimate when they exclude the WWII period. The difference
between the multipliers in the normal period and in the ZLB period are more pronounced at longer
horizons. While the output multiplier in the normal period turns significantly negative after the
first two quarters, the output multiplier in the ZLB period increases to about 2 after one year. As
reported in Table 1, the output multiplier in the normal period is −1.08 and significantly smaller
than zero in two-year horizon. In contrast, the output multiplier in the ZLB period increases to
2.38 in one-year horizon and stays well above 2 in two-year horizon. The confidence band of the
multipliers do not overlap each other much.
To formally test if the multipliers in two periods are statistically significantly different from
each other, we estimate the following specification:
ZLB
xt+h = It−1
× (αA,h + βA,h shockt + γA,h Ft−1 ∆ ln Gt + ψ(L)yt−1 )

ZLB
+ 1 − It−1
× (αB,h + βB,h shockt + γB,h Ft−1 ∆ ln Gt + ψ(L)yt−1 )) + xt+h for h = 1, 2, ...,

where It is one if the economy is in ZLB in period t.16 We then calculate the difference between
the multiplier in the ZLB period, MhZLB , and that in the normal period, Mhnormal . Table 1 reports
the differences of the multipliers, their standard errors and the corresponding p-value over different
horizons. We also plot in Figure 4 the difference between MhZLB and Mhnormal for all horizons
between zero and ten quarters and the confidence bands. Although the 90% confidence interval
includes zero, the difference is more significant at shorter horizons. The difference is significant
at 11% significance level one quarter after the shock and at 13% significance level one year after
the shock. This result suggests that there is some evidence that the output multiplier in the ZLB
period is larger than that in the normal period.
2.3.2

Private Consumption and Investment

We next examine the effects of government spending on private consumption and investment. We
modify equation (2) and estimate the effects of government spending on consumption using the

16

Ramey and Zubairy (2014) also use this specification to estimate their state-dependent multipliers. If we,
instead, use the indicator for current period, It , instead, the results do not change.
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following two equations:
Ct+h − Ct−1
= αhC + βhC shockt + ψ C (L)yt−1 + C
t+h
Ct−1
Gt+h − Gt−1
= αhG,C + βhG,C shockt + ψ G,C (L)yt−1 + G,C
t+h for h = 0, 1, 2, ..
Ct−1
where yt includes both the standard controls and consumption. The impulse response of consumption to an increase in government spending by one percent of consumption is βhC and the
consumption multiplier is defined as MhC =

P

h

βhC

G,C
h βh

P

. The responses of private investment and its

multiplier are estimated and defined in the same manner.
The impulse responses of private consumption and investment to an increase in government
spending of one percent of consumption and investment, respectively, are plotted in the upper panel
of Figure 5. In the normal period, both consumption and investment decline after an increase in
government spending, i.e. government spending crowds out private spending. Consumption initially increases on impact but the increase is small. In contrast, in the ZLB period, government
spending crowds in private consumption and investment: the peak responses of consumption and
investment are about 1.5% at one year horizon. Figure 5 also plots the cumulative multiplier of
consumption and investment to government spending at all horizons. The multiplier for consumption is significantly positive in the ZLB period while it is negative in the normal period. The
investment multiplier in the ZLB period is also positive and higher than that in the normal period.
We formally test and report in Table 1 the differences between the consumption and investment
multipliers in the normal period and in the ZLB period. We find that the consumption multiplier
is significantly larger in the ZLB period than in the normal period, at 4% significance level after
four quarters. The difference in the investment multipliers is less significant as the p-value is about
0.17.
2.3.3

Inflation, Interest Rate and Unemployment

Denoting Pt to be GDP deflator at time t, πt = ln(Pt /Pt−1 ) to be inflation, we estimate the
responses of inflation to government spending shocks using the following version of the baseline
specification (2):
πt+h = αhπ + βhπ shockt + ψ π (L)yt−1 + πt+h for h = 0, 1, 2, ..
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where yt includes not only the standard controls as above but also five-year nominal interest rate.17
Figure 6 plots the responses of inflation in both normal and ZLB periods. Inflation responds little
to a positive government spending shock in both periods. As tabulated in Table 2, an increase
in government spending by 1% of GDP leads to a 0.07% increase in inflation in normal period
and 0.14% in ZLB period on impact. Inflation increases about 0.20% in one-year horizon in both
periods. Overall, the responses of inflation is mild in both periods and the confidence intervals
include zero.
The effects of government spending on one quarter ahead expected inflation, denoted by Ft πt+1
are estimated using the following version of the baseline specification (2):
Ft+h πt+1+h = αhf + βhf shockt + ψ f (L)yt−1 + ft+h for h = 0, 1, 2, ..
where the controls vector yt includes both the standard controls as above, five-year nominal interest
rate, and (lagged) expected inflation. Figure 6 plots the impulse responses of one-quarter ahead
inflation expectation to an increase in government spending by one percent of output. Inflation
expectation increases on impact in both the normal period and the ZLB period. However, inflation
expectation responds slightly more strongly in the ZLB period than in the normal period although
not significantly. As reported in Table 2, the one-quarter ahead inflation expectation increases by
0.85% after four quarters in the ZLB period while it is −0.17 in the normal period. This result
suggests agents expect monetary policy would react to the inflationary pressure from government
spending in the normal period.
Figure 6 plots the impulse responses of the short-term (overnight) interest rate and the five-year
interest rate to an increase in government spending by 1% of output, respectively. These responses
are estimated using the following specification:
it+h = αhi + βhi shockt + ψ i (L)yt−1 + ζhi zt + γhi trendt + it+h for h = 0, 1, 2, ..,
where it is the short-term (or five-year) nominal interest rate, yt−1 includes not only the standard
controls but also inflation and interest rate it , zt is a vector containing the contemporaneous inflation
and output, and trendt is the trend. We include the trend variable to control for the declining
nominal interest rate over time. We report here the result estimated with a quadratic trend, but
17

Due to the limited availability of 10-year nominal interest rate, we use 5-year nominal interest rate. The results
do not change if we use other nominal interest rates.
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the results do not change if we include a linear trend. In the normal period, the short term interest
rate increases to nearly 1% in one year horizon in response to an increase in government spending
by one percent of output. The response of five-year interest rate is less significant and only increases
after 10 quarters. In the ZLB period, both short and long term interest rates do not react to the
government spending shocks, consistent with the idea that the central bank is not responsive to
government spending shocks during the ZLB period. These results together with the response of
expected inflation suggest that the real interest rate increases more in the normal period than in
the ZLB period.
We examine the responses of the labor market to a government spending shock by estimating
the following specification for unemployment rate:
Ut+h − Ut−1 = αhU + βhU shockt + ψ U (L)yt−1 + U
t+h for h = 0, 1, 2, ..,
and yt includes all the standard controls and unemployment rate. We plot the responses of unemployment rate in Figure 6. During the normal period, unemployment rate decreases in response to
an increase in government spending by one percent of GDP. However, the decrease in unemployment rate is small and insignificant. In contrast, in the ZLB period, unemployment rate decreases
significantly by 0.1% on impact and further to 0.5% a year after the shock, as shown in Table 2.
To sum up, using Japanese data between 1980Q1 and 2014Q1, we find that:
1. The output multiplier in the ZLB period is larger than one and larger than that in normal
period.
2. Government spending crowds in private consumption and investment in the ZLB but it crowds
out in the normal period.
3. Inflation responses are small and insignificant in both periods.
4. Unemployment rate decreases in the ZLB more than in the normal period.
5. Nominal interest rate does not increase much in the ZLB period relative to the normal period.
6. Expected inflation responses are mild in both periods.

2.4

Output Multipliers in the ZLB period and in Recessions

Recent papers by Auerbach and Gorodnichenko (2012a,b) finds that the output multiplier is larger
than one in recessions while it is smaller than one in expansions using U.S. and OECD data. As
14

the ZLB period often coincides with recessions, it is important to differentiate evidence from the
ZLB period and evidence from recessions. This section shows that our estimated multiplier in the
ZLB period may not be attributed to the large effects of government spending in recessions.
We first estimate the multipliers in booms and recessions in Japan between 1980Q1 and 2014Q1
by estimating a state-dependent version of the baseline specification, similarly to Ramey and
Zubairy (2014):
Recession
xt+h =It−1
× [αA,h + βA,h · shockt + ψ(L)yt−1 ]

Recession
+ 1 − It−1
× [αB,h + βB,h · shockt + ψ(L)yt−1 ] + t+h for h = 1, 2, ...,

Recession is one if the economy is in recession in period t−1 and zero otherwise. The recession
where It−1

indicator is based on the Cabinet Office of Japan classification of trough periods.18 Figure 7 plots
the output multipliers in recessions and expansions and the difference between the two multipliers.
The output multiplier on impact in recessions is 2.3 while it is 0.8 in expansions. The difference
between the multipliers in recessions and in expansions are smaller at horizons longer than three
quarters. The difference between the multipliers in recessions and in expansions is not significant
at longer horizons, as reported in Table 3. This result for Japan is qualitatively similar to that for
the U.S. in Auerbach and Gorodnichenko (2012a) but weaker in significance.
Although it is possible that the difference in multipliers between the ZLB and normal periods
can be driven by the difference in multipliers between recessions and booms, we argue that this is
not the case. Japan is not in a recession for the whole ZLB period between 1995Q4 and 2014Q1, as
can be seen in Figure 1. The number of quarters in recession are slightly higher in normal period
than in the ZLB period: 45% of the quarters in the normal period is recession while it is only 30%
in the ZLB period. This implies that the multiplier during the ZLB period should be smaller than
the multiplier during the normal period If the only fundamental difference is between the values of
the multiplier in recessions and booms.19

18

In the Cabinet Office of Japan, individual members classify recession in a similar manner to procedure used
by the NBER. They then agree on the classification collectively. More information can be found at http://www.
esri.cao.go.jp/jp/stat/di/150724hiduke.html. We show in Appendix Figure A1 that the results in this
section do not change if we use the peak-to-trough classification by the OECD.
19
It is probably possible that the multiplier is bigger in deeper recessions. However, it is not the case that Japan
has experienced more severe recessions during the ZLB period than in the normal period.
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2.5

Importance of Forecast Data

We now show the importance of controlling for expectations in the identification of government
spending shocks. We first examine the forecastability of the government spending shocks identified
without forecast data in the standard VAR as in Blanchard and Perotti (2002). To implement this,
we estimate the following specification:
xt = αg + ψ g (L)yt−1 + gt ,
for two cases. In the first case, the dependent variable xt is the realized government spending
growth rate, ∆ ln Gt ; we obtain the residuals, b
g1,t . In the second case, the dependent variable xt
is the one-quarter ahead forecast of government spending, Ft−1 ∆ ln Gt ; the residuals for this case
g2,t . A non-negative correlation implies
g1,t and b
are b
g2,t . We then calculate the correlation between b
that some of the government spending shocks identified without forecast data are predictable. The
scatter plots of these two residuals along with the correlations in the whole sample, in the normal
period and in the ZLB period are shown in Figure 8. For the entire sample between 1980Q1-2014Q1,
the correlation between the two residuals are 0.34 and statistically significant, suggesting that there
are some forecastability of the government spending shocks eg1,t identified without forecast data.
This correlation is 0.39 in the normal period but it is only 0.11 for the ZLB period between 1995Q4
and 2014Q1. This result suggests that the government spending shocks are less predictable in the
ZLB period than in the normal period.
We then compare the baseline estimates of the output multipliers in the normal period and in
the ZLB period with those estimated without forecast data. Specifically, in the case without forecast
data, shockt in the baseline specification (2) is proxied by b
g1,t . We plot the estimated multiplier
without forecast data along with the baseline in Figure 9. Controlling for the information agents
have about future government spending tends to make the output multipliers larger in the normal
period and to a lesser extent in the ZLB period. This result is similar with the findings for the
U.S. reported in Auerbach and Gorodnichenko (2012a). Consistent with the predictability analysis
above, forecast data do not change the multiplier in the ZLB period as much as in the normal period.
The confidence interval is larger in our baseline estimation than in the case without forecast data.
These results suggest that forecast data change the estimated multipliers in a non-trivial way and
it is important to control for the expectational effects.
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2.6

Other Specifications and Extensions

We investigate the robustness of our baseline results by estimating variants of the baseline specification (2) and using different government spending data series. First, we estimate a version of
specification (2) with a quadratic trend since time series estimates can be sensitive to trends. Figure 10 plots the output multipliers in the normal and in the ZLB periods estimated in the baseline
along with those estimated with a quadratic trend. We find that the multipliers estimated with a
trend is similar to those in the baseline although the output multiplier estimated with a trend in
the normal time is somewhat larger in longer horizons than in the baseline.
Second, we perform an alternative transformation of government spending by potential output
to calculate the multipliers, similar to Gordon and Krenn (2010). The motivation for this approach
is as follows: In our baseline estimation, we convert government spending from the percent changes
to dollar changes using the value of the government spending-output ratio at each point in time,
rather than using sample averages. A potential problem of the baseline transformation is that
the cyclicality of output can bias the estimated multiplier.20 Figure 10 which plots the output
multipliers in both periods, shows that the output multipliers estimated using this transformation
are essentially the same as our baseline.
Third, one potential concern with our implementation to identify the effects of unexpected
government spending shocks is that we use the residuals b
t of equation (1) to proxy for shockt
without taking into account the uncertainty of the estimates in equation (1). To address this
concern, we implement a one-step estimation of the effects of unexpected government spending on
output, i.e.
xt+h = αh + βhx ∆ ln Gt + γhx Ft−1 ∆ ln Gt + ψhx (L)yt−1 + xt+h for h = 0, 1, 2, ...
The multipliers from this estimation are plotted in Figure 10. The multipliers are virtually identical to our baseline estimates. Furthermore, as reported in Table 3, the standard errors of the
one-step estimation and the baseline are almost identical. These results show that our two-step estimation approach correctly identifies the unexpected government spending shocks as the one-step
estimation.
Fourth, to demonstrate that we identify a good measure of unexpected government spending
shocks in the baseline, we add other variables that may contain prior information about government
20

This point was raised by Yuriy Gorodnichenko in his discussion for Ramey and Zubairy (2014) in the NBER.
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spending into equation (1) to back out another proxy for shockt and re-estimate the output multiplier. One variable that can contain the prior information agents have about the future economy is
the one-quarter ahead forecast of output. The estimated multipliers in this case together with those
in the baseline are plotted in Figure 10. The output multiplier in the normal time is lower than the
baseline on impact but is slightly higher in horizons longer than six quarters. The multiplier in the
ZLB time is higher than the baseline. However, the difference between this case and the baseline
are not so large and the multipliers lie within the confidence intervals of the baseline.
Fifth, as noted in the Data section, we adjust the government spending data for transfers in
the baseline estimates. However, previous literature such as Auerbach and Gorodnichenko (2014)
uses unadjusted government spending and the Japanese Cabinet office also include actual final
government spending data from 1980. We show that our results remain robust to using these
different data series. The estimated output multipliers using unadjusted and actual final government
spending data are shown in Figure 10. The multipliers are within the confidence interval of the
baseline. In fact, using actual final government spending leads to an even higher multiplier in
the ZLB period. These results suggest that our results are robust to using different government
spending data.
Finally, we extend the baseline specification to estimate output multipliers with a rolling window
of 15 years between 1967Q1 and 2014Q1. Figure 11 plots the multiplier in different horizons. The
multiplier is time-varying. For the 15 years windows between 1967 and 1984, the cumulative output
multiplier is about 1.2 on impact and increases to about 3 in two year horizon. This result suggests
that the multiplier may be larger than one in the 1960s and 1970s when the Japanese economy
is under the fixed exchange rate regime. After the collapse of the fixed exchange rate regime, the
multiplier is below unity for all periods up to 1997. This result is consistent with the finding in
Ilzetzki et al. (2013) that the multiplier is larger in the fixed exchange rate regimes than in the
flexible regime. The multiplier becomes higher than unity for rolling windows starting in 1995. This
rolling multiplier result is consistent with our baseline estimates and suggest that the multiplier is
larger in the ZLB period than in the periods up to 1995.

3

A Model of Government Spending

In this section, we examine a standard New Keynesian model in which the ZLB period can occur
due to either fundamental shocks or self-fulfilling state of low confidence. We show that a calibrated
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model in which fundamental shocks cause the zero bound to bind can match our empirical results
well. Furthermore, the model with the ZLB period caused by low confidence can also generate
multipliers close to the empirical estimates under an extreme parametrization. The proposed model
and analysis build on Woodford (2010), Christiano et al. (2011) and Mertens and Ravn (2014).

3.1

The Model

Households.

The economy is populated by a continuum of households. Different households

supply different types of labor indexed by i and there are an equal number of households supplying
each type of labor. This is the heterogeneous labor supply assumption. A household supplying
labor of type i maximizes their utility given by

E0

∞
X

−1

β

t

t=0

−1

Ct1−σ
Lt (i)1+ν
−
χ
1 − σ −1
1 + ν −1

!
,

(3)

where Ct is an index of the household’s consumption, Lt (i) is the quantity of labor of type i
supplied, β denotes the subjective discount factor, ν is the Frisch elasticity of labor supply, and σ
is the elasticity of intertemporal substitution.
Consumption Ct is an index given by
1

Z

Ct (j)

Ct =

θ−1
θ

θ
 θ−1

dj

,

0

where Ct (j) denotes consumption of variety j, θ > 1 is the elasticity of substitution between
varieties. There is a continuum of measure one of varieties. We denote Pt (j) the price of variety j,
and
Z
Pt =

1
 1−θ

1
1−θ

Pt (j)

dj

0

is the corresponding price index.
Household of type i maximizes its utility subject to a flow budget constraint given by
Z

1

Z
Pt (j)Ct (j)di + Et [Qt,t+1 Bt+1 (i)] + Tt ≤ Bt (i) + Wt (i)Lt (i) +

0

1

Πt (j)dj,

(4)

0

together with a no-Ponzi condition. In this equation, Bt+1 (i) is a state-contingent payoff at the
beginning of period t + 1 of the financial portfolio of household i, Qt,t+1 is the price of ArrowDebreu securities divided by the conditional probability of the corresponding state, which equals
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the unique stochastic discount factor in equilibrium, Wt (i) is the nominal wage received by labor
type i in period t, Πt (j) is the nominal profit of the firm that produces variety j in period t, Tt is
lump sum taxes.
Government.

There is a government that conducts fiscal and monetary policy. Fiscal policy

is represented by a government spending Gt and lump sum taxes Tt . The government spending
follows an AR(1) process:


log Gt /G = ρg log Gt−1 /G + g,t ,
where G is the steady state value of government spending, ρg is the persistence, and g,t is an
i.i.d., zero-mean random variable, representing unexpected changes to fiscal policy. Because the
Ricardian equivalence holds, the timing of taxes is irrelevant. Government spending Gt has the
same CES form as the index of household’s consumption:
Z
Gt =

1

Gt (j)

θ−1
θ

θ
 θ−1

dj

,

0

where Gt (j) is government consumption of variety j. The government splits its expenditure
R1
0 Pt (j)Gt (j)di across varieties to maximize government spending.
Monetary policy is represented by the following Taylor rule:
it = max {0, r + φπ πt + φy ybt } ,

(5)

where hatted variables denote percentage deviations from steady state, the policy instrument it is
a one-period riskless nominal interest rate, and r = − log β is the value of this rate in a steady
state with zero inflation, and φπ > 1, φy > 0 are the response coefficients.
Firms.

There is a continuum of firms, each of which specializes in the production of differentiated

good j out of labor using the technology given by
Yt (j) = At f (Lt (j)) ,
where At is the aggregate productivity, f (·) is increasing and concave. We follow Woodford (2003)
and assume that firm j sets monopolistic price Pt (j) for its output but acts as a price-taker on the
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market for labor of type j.21 We assume that firms pay a constant employment tax 1 + τ L so that
the nominal total cost of production is (1 + τ L )Wt (j)f −1 (Yt (j)/At ).
Firm j can re-optimize its price with probability 1 − α. The firm maximizes its value,

Et

∞
X
n=0




L
−1 Yt+n|t (j)
,
Qt,t+n α Pt (j)Yt+n|t (j) − (1 + τ )Wt (j)f
At
j

where Yt+n|t (j) = (Ct+n + Gt+n )



Pt (j)
Pt+n

−θ

, taking the sequences of Ct , Gt , Pt , Wt (j), Qt,t+n as

given.

3.2

Equilibrium Conditions

Household’s optimal choice of consumption, labor supply and securities holdings leads to
uL (Ct , Lt (i))
Wt (i)
=
,
uC (Ct , Lt (i))
Pt
Pt+n
uC (Ct+n , Lt+n (i))
=
Qt,t+n ,
βn
uC (Ct , Lt (i))
Pt


Pt (j) −θ
Ct (j) = Ct
,
Pt
where uC (Ct , Lt (i)) = Ct−σ

−1

and uL (Ct , Lt (i)) = −χLt (i)ν

−1

(6)
(7)
(8)

are the derivatives of instantaneous

utility function with respect to consumption and labor. Equation (6) represents the household labor
supply, equation (7) is the consumption Euler equation, and equation (8) is the optimal choice of
variety j.
Government demand for variety j is

Gt (j) = Gt

Pt (j)
Pt

−θ
.

Firm j optimal price is
Pt (j) = Et

∞
X
n=0

αn Qt,t+n Yt+n|t (j)
P∞
S
(j),
Et n=0 αn Qt,t+n Yt+n|t (j) t+n|n

where St+n|n (j) = Wt+n (i)/ At+n f 0 f −1 Yt+n|t (j)/At+n
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is the nominal marginal cost.

More specifically, firms belong to industries. There is a large number of firms in every industry. Each firm in
industry x employs labor of type x. In addition, all firms in a particular industry reset their prices at the same time.
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3.3

Calibration

We set the values of the parameters unrelated to policy choices as follows. The Frisch elasticity of
labor supply ν is 1 which is the standard value used in the macroeconomics literature. The elasticity
of intertemporal substitution (IES) σ is set to 1.1 which is within the wide range of the IES values
used in the literature. The subjective discount factor β is 0.99. The elasticity of substitution across
varieties θ is set to 5 which equals the estimate in Burstein and Hellwig (2007). The production
function is f (Lt (i)) = At Lt (i)a with a = 2/3. The probability of price adjustment 1 − α is 0.25.
We calibrate the fiscal policy parameters as follows. The steady state ratio of government
spending over output is 0.18. This number corresponds to the mean of government spending over
GDP in Japan during 1980Q1-2014Q1. We set the persistence of government spending disturbances
ρg to 0.8. This corresponds to the persistence of government spending shocks in our sample in Japan.
This persistence has half-life of three quarters.

3.4

Fundamental-driven ZLB Period

We first analyze the effects of government spending in the model in the normal period as well as
in the ZLB period caused by fundamental shocks. To do this, we consider two monetary policy
specifications: a “Taylor rule policy” and a “fixed nominal-rate policy.” The Taylor rule policy
corresponds to the monetary policy in the normal period when the central bank reacts to changes
in output and inflation. For this case, we set φπ = 1.5 and φy = 0.05.22 The fixed nominal-rate
policy assumes that the government does not react to the effects of fiscal policy changes. However,
it reacts to any other disturbances in the economy according to the above Taylor rule policy.
The fixed nominal-rate policy captures the essence of the reaction of the economy to government
spending disturbances under the zero lower bound constraint on the nominal interest rate: the rate
does not respond to changes in fiscal policy.23 It is important to note that the response of the
economy to government spending shocks under the fixed nominal-rate policy can be equivalent to
the response of the economy under liquidity trap when it is caused by fundamental shocks. The two
responses are equivalent if the persistence of government spending shocks equals the persistence of
22

Aruoba et al. (2013) estimate the Taylor rule with the interest rate smoothing term of the form it =
max {0, (1 − ρi ) (r + φπ πt + φy ybt ) + ρi it−1 }. Using Japanese data, they found ρi = 0.6, φπ = 1.5, φy = 0.3. To
avoid introducing a state variable it−1 in our analysis, we set ρi = 0. To approximate their estimates, we set φy to
a lower value of 0.05 to capture a mild response of interest rate to output gap when it > 0. We set φπ to 1.5 to be
consistent with the Taylor principle. Alternative values of φπ lead to only small variation in the multipliers in the
normal period.
23
See Farhi and Werning (2012) and Nakamura and Steinsson (2014) for the discussion of this interpretation.
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the liquidity trap.
We solve the model by log-linearizing the equilibrium conditions around the targeted zero
inflation steady state. The analytic derivation is standard and relegated to Appendix A. We denote
steady state variables with bars on top of them, while hatted variables are deviations from the steady






state: ybt ≡ log Yt /Y ≈ Yt − Y /Y , b
ct ≡ log Ct /C ≈ Ct − C /C, gbt ≡ G/Y · log Gt /G ≈

Gt − G /Y . Inflation rate is defined as πt ≡ log (Pt /Pt−1 ).
We define the output multiplier as the impact response of output to a government spending
shock as follows
γy ≡

log (Y0 /Y−1 )
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·
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Assuming that in period t = −1, the economy rests in the steady state, the output multiplier is
γy = yb0 /b
g0 . γy indicates the units of currency (yens or dollars) output changes when government
spending increases by one unit of currency. This definition of the output multiplier in the model is
identical to the definition of on-impact output multiplier in our empirical part.24
We also define consumption and inflation multipliers as follows
γc ≡
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where the last equalities on both of the last lines use the fact that in t = −1 the economy is in the
steady state.
Table 4 summarizes the multipliers predicted by the model under the two monetary policies,
which correspond to the normal period and the ZLB period caused by fundamental shocks. Under
the Taylor rule policy, as shown in the first line of the table, the output multiplier is 0.71: an
increase in government spending by one percent of output leads to an increase in output by 0.71%.
This number equals our empirical point estimate of 0.71. The consumption multiplier is −0.29.
Private consumption falls as the central bank increases its policy rate.25 The theoretical inflation
response is mild and positive: an increase in government consumption by one percent leads to an

24
Because we do not have endogenous state variables in this simple model and the model is solved by loglinearization, the longer horizon multipliers would be similar to on-impact multipliers. This is why we compare
the multipliers defined in the model to on-impact multipliers estimated in the empirical part.
25
The empirical consumption multiplier on impact is positive. However, the consumption multiplier turns negative
after one quarter and it becomes significantly negative after four quarters.
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increase in inflation by 0.041 percentage points, which is similar to our empirical estimates.
When monetary policy does not react to government spending shocks, the multipliers are substantially larger. The output multiplier is 1.47 which is equal to our empirical estimate of 1.47, the
consumption multiplier is 0.47, which is close to our empirical estimate of 0.69. The inflation response is positive and small: an increase in government spending by one percent of output increases
inflation by 0.13 percentage points which is close to our point estimate of 0.14.
The mild response of inflation rate under both monetary policy specifications is due to a sufficiently flat Phillips curve in our model. In our model, the heterogeneous labor market assumption
increases the degree of complementarity between different firms optimal price choices relative to a
model with homogeneous labor market.26 This leads to smaller response of inflation as the firms
who currently set prices choose to set prices closer to those firms who do not reset prices. Thus, a
given level of inflation response leads to a larger change in real variables.
Another important assumption for the calibrated model to match the high output multiplier in
the ZLB period observed in the data is the fixed nominal-rate policy. In other words, the persistence
of government spending shocks is equal to that of the liquidity trap. If government spending shocks
are more persistent than the liquidity trap, the multiplier in the ZLB period can be smaller, as
shown in Woodford (2010).

3.5

Confidence-driven ZLB Period

In this section, we study the effects of government spending shocks in a standard New Keynesian
model when the nominal interest rate is at the zero bound due to a self-fulfilling state of low
confidence.
Benhabib et al. (2001a,b) show that there are two steady states in the standard New Keynesian
model when the policy rate actively responds to inflation but is also constrained by the zero lower
bound. The first steady state is the standard targeted inflation steady state. The second steady
state features zero nominal interest rate and deflation. We call this steady state “deflationary trap.”
Intuitively, if agents believe that there is permanent deflation, the central bank sets the nominal
rate to zero. If the level of deflation equals the subjective discount factor, the economy can remain
in this equilibrium forever. Thus, the economy may end up in a deflationary steady state with zero
nominal interest rate because agents unexpectedly change their beliefs.
26

Woodford (2003) discusses this and other assumptions that can lead to a higher degree of complementarity
between firms optimal prices.

24

Deflationary trap provides an alternative explanation for zero nominal rate periods in addition
to the liquidity trap driven by fundamental shocks analyzed above. In a recent paper, Aruoba et
al. (2013) estimate a New Keynesian model and conclude that Japan is more likely to be at the
zero lower bound because it is stuck in a deflationary trap rather than a liquidity trap caused by
fundamental shocks. Mertens and Ravn (2014) argue that the output multiplier in a deflationary
trap is substantially smaller than the high values possible in a liquidity trap caused by fundamental
shocks. Moreover, the multiplier in their calibration in the deflationary trap is even smaller than
the output multiplier in normal period.
However, contrary to the previous findings, we show that the output multiplier can be larger
than one in a deflationary trap. In particular, if government spending shocks are almost permanent,
the model can generate the multipliers similar to our empirical estimates.
3.5.1

Non-fundamental Uncertainty

Since Benhabib et al. (2001b), it is well known that there are an infinite number of equilibrium
paths to the deflationary steady state leading to infinitely many responses of the economy to
government spending shocks. We follow Mertens and Ravn (2014) and restrict our attention to
Markov equilibria in which the only state variables are a non-fundamental random variable, called
sunspot, and the price dispersion.27 This ensures a unique path to the deflationary steady state: a
sunspot determines a steady state to which the economy approaches, the Markovian structure pins
down a unique path when approaching the deflationary trap steady state.
Consider a sunspot, represented by ωt , that can take on two values {ωP , ωO }. We call ωO a
state with “optimistic” expectations and ωP a state with “pessimistic” expectations because, by
assumption, the economy converges to the desirable targeted inflation steady state when ωt = ωO
and to deflationary steady state when ωt = ωP . The optimistic expectations state is absorbing.
Formally, P r (ωt = ωO |ωt−1 = ωO ) = 1. If the economy starts in state with pessimistic expectations,
the probability to remain in this state in the next period is P r (ωt = ωP |ωt−1 = ωP ) = µ ∈ (0, 1).
We solve the model by log-linearizing the equilibrium conditions around the zero inflation steady
state.28 We consider an unexpected increase in government spending when the economy is in the
deflationary steady state. As Mertens and Ravn (2014), we assume that government spending stays
27

Cass and Shell (1983) show that sunspots matter in macroeconomic models. See Benhabib and Farmer (1999)
for a review of sunspots in macroeconomics.
28
The approximation around the zero inflation steady state is valid as long as the values of endogenous variables
are sufficiently close in the two steady states.
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at the same elevated level gbP as long as ωt = ωP and it reverts back to its steady state after sunspot
turns to ωO . The details of the derivation are standard and presented in Appendix A.2.
3.5.2

Deflationary Trap Results

To numerically evaluate the response of the economy to government spending shocks in deflationary
trap, we solve the model setting all the same parameters as in the calibration of the baseline model.
We analyze three values of the persistence of pessimistic expectations state µ = 0.875; 0.95; 1.
µ = 0.89 is slightly higher than the lowest possible µc = 0.871 that ensures the existence of
deflationary steady state. µ = 0.95 is as in Aruoba et al. (2013) and the corresponding half-life is
3.6 years. µ = 1 corresponds to the permanent deflationary trap.
Table 5 presents the results. First, the output multiplier is lower than one, and lower than our
estimate of 1.5, in all of the cases. The output multiplier is monotonic in µ (we prove this formally
in appendix A.2). The output multiplier can be negative if µ is sufficiently low. The consumption
and inflation multipliers are below zero in all of the cases. When µ = 1, the output multiplier is
exactly equal to the flexible price output multiplier, and inflation does not move in response to a
government spending shock.
To understand the logic behind the results in Table 5 we plot the Phillips and the IS curves
in (π, yb) space in Figure 12.29 For the two steady states to exist, the Phillips curve must be steep
enough to intersect the IS curve twice. Consider a deflationary trap, represented by the intersection
of the IS and Phillips Curve at point A in the figure. The rightward shift of the IS curve due to
increase in government spending, a shift from IS to IS 0 on the figure, necessarily implies that
the intersection with the Phillips curve is at an even lower level of inflation. Thus, government
spending shock is deflationary. Intuitively, an increase in government spending stimulates aggregate
demand. For a given level of real wages, firms would want to increase prices. However, a higher
price level induces even a higher aggregate demand. In the deflationary trap, for a given change
in price level, aggregate supply responds less than aggregate demand. Therefore, prices have to
fall to clear the market. This increases the real interest rate because the nominal rate is at zero,
which reduces consumption and output. There is a second effect of increased government spending:
lower consumption increases labor supply, which reduces firm’s marginal cost leading to a shift of
the Phillips curve from P C to P C 0 . If this second effect is large enough, the output multiplier is

29

This figure reproduces Figure 7 in the case of sunspot shocks from Mertens and Ravn (2014).
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positive. This is the case in Table 5 for high levels of µ. However, inflation always goes down.30
Note that both in a liquidity trap driven by fundamental shocks and in a deflationary trap, the
logic of a New Keynesian model applicable in normal times changes considerably. For example,
in liquidity trap driven by fundamentals, negative aggregate supply shocks stimulate the economy
(see Eggertsson, 2008). In contrast, in a deflationary trap, it is negative aggregate demand shocks
that stimulate the economy.
The above results may suggest that the response of the economy to government spending shocks
in a deflationary trap cannot match our empirical findings. However, we now show that if government spending shocks are more persistent than the deflationary trap, the multiplier during the
ZLB period can be as large as our empirical estimate. Specifically, we continue to assume that the
government spending is gbP in all of the periods when ωt = ωP . However, when the sunspot turns
optimistic, government spending remains elevated with probability λ and reverts back to its steady
state level with probability 1 − λ. The detailed derivation of the solution is in Appendix A.2
To illustrate that multipliers can be large even in a deflationary trap, we compute the multipliers for µ = 0.875 with different levels of persistence of government spending shocks λ. The
results are presented in Figure 13. The solid curves correspond to the model multipliers while
the horizontal dashed lines are our empirical point estimates for the multipliers during the ZLB
period in Japan. With higher persistence of government spending shocks, output, consumption,
and inflation multipliers increase. When λ = 0.993, the output multiplier is 1.51, the consumption
multiplier is 0.51, and the inflation multiplier is 0.19. All of these values are close to our empirical
estimates.
To match the estimated multipliers, government spending shocks have to be extremely persistent. Specifically, the value of λ = 0.993 implies half-life of government spending shocks to be about
25 years. Recall that we have to also add the duration of the pessimistic expectations state because
fiscal policy is active during this state. Thus, to obtain large fiscal multipliers in a deflationary
trap, we need to assume almost permanent shocks to government spending.
Why does the output multiplier increase with higher degree of persistence of government spending shocks? Higher government spending crowds out private consumption in the optimistic state
because monetary policy responds actively to changes in inflation and output. As a result, marginal
utility of consumption increases. In addition, inflation rate can go down. The expectation of these
30

See Appendix A.2 for a formal proof. Intuitively, the shift in the Phillips curve is never large enough relative to
the shift in the IS curve to make inflation go up.

27

two effects reduces incentives to consume when the economy is still in the pessimistic state. Thus,
in addition to the direct effect that shifts the IS curve to the right, there is a second force from
higher government spending. This second force shifts the IS curve to the left. If this second force is
large enough, the total effect of increased government spending is a shift of the IS curve to the left.
In a deflationary trap, the leftward shift of the IS curve leads to higher inflation which decreases
real interest rate and increases output. If the leftward shift of the IS curve is quite large, which is
the case in our numerical example, the output multiplier is higher than one.

4

Conclusion

We exploit the rich information about the ZLB period in Japan to estimate the effects of government
spending changes on output. We control for the expected government spending to extract its
unexpected changes. Our point estimate of the output multiplier is larger than one in the ZLB
period, and this output multiplier is larger than that in the normal period. On impact, the output
multiplier is 1.47 in the ZLB period and it is 0.70 in the normal period. The difference in the
multipliers between the two periods are larger over longer horizons: while the multiplier increases
to over two in the ZLB period, it becomes negative in the normal period. Furthermore, government
spending crowds in private consumption and investment in the ZLB period, in contrast with the
crowding out effects in the normal period. We estimate a mild response of inflation in both periods.
Additionally, the ex-ante real interest rate decreases by more in the ZLB period relative to the
normal period.
We examine the standard New Keynesian model where the ZLB can occur due to either a
fundamental shock or a self-fulfilling state of low confidence. We show that the calibrated version
of the model with a fundamental-driven ZLB period is consistent with our empirical estimate. The
two key assumptions to help this model to match our empirical estimates are a sufficiently flat
Phillips curve and the low persistence of government spending relative to the duration of the ZLB
period. Furthermore, we show that in a model where the ZLB occurs due to low confidence, the
output multiplier can be larger than one, in contrast to previous literature. This result relies on
the assumption that government spending is expected to be more persistent than the ZLB period,
which seems unlikely for Japanese data.
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Appendices
A
A.1

Model Solution
Baseline Model of Government Spending

The log-linearized equilibrium conditions can be summarized by the New-Keynesian IS and the
Phillips curves
ybt − gbt = Et (b
yt+1 − gbt+1 ) − σ
e (it − Et πt+1 − r) ,
πt = βEπt+1 + κ (b
yt − Γb
gt ) ,
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(A.1)
(A.2)


where σ
e = σ 1 − G/Y is the “effective” intertemporal elasticity of subsitution, κ = (1 − α)(1 −


αβ)/α · σ
e−1 + ψν / (1 + θψν ) is the slope of the Phillips curve with ψν = 1 − a + ν −1 /a being

the elasticity of real marginal costs with respect to output, Γ = σ
e−1 / σ
e−1 + ψν ∈ (0, 1) is the
fiscal multiplier under flexible prices. Observe that the results do not depend on disutility of labor
parameter χ.
Under the Taylor rule policy, we can find the solution by using the method of undetermined
coefficients. We conjecture a solution of the form ybt = γ y gbt , b
ct = γ c gbt , π
bt = γ π gbt , it = r + γ i gbt .
Solving the model we get
γy =

1 − ρ + (ψe − σ
eφy )Γ
∈ (0, 1)
1 − ρ + ψe

ψe (1 − Γ) + σ
eφy Γ Y
Y
=−
·
< 0,
C
C
1 − ρ + ψe
(1 − ρ) (1 − Γ) − σ
eφy Γ
κ
≶ 0,
γπ =
·
1 − βρ
1 − ρ + ψe
γ c = (γy − 1)



κ
where ψe ≡ σ
e φy + (φπ − ρ) 1−βρ
.
Under the fixed nominal-rate rule, the multipliers are
(1 − ρ)(1 − βρ) − σ
eκρΓ
> 1,
(1 − ρ)(1 − βρ) − σ
eκρ
Y
σ
eκρ (1 − Γ)
Y
γ c = (γy − 1) =
·
> 0,
(1 − ρ)(1 − βρ) − σ
eκρ C
C
(1 − ρ)(1 − βρ) (1 − Γ)
κ
·
> 0.
γπ =
1 − βρ (1 − ρ)(1 − βρ) − σ
eκρ
γy =

(A.3)

(A.4)

For the unique bounded solution to exist it must be that (1 − ρ)(1 − βρ) − σ
eκρ > 0, otherwise
the economy “explodes” (this can be shown by solving forward equations (A.1) and (A.2)). This
condition ensures the inequilities in (A.3)-(A.4).

A.2

Deflationary Trap Scenario Solution

In the case of log-linearization around the zero inflation steady state, the price dispersion does
not affect linearized equilibrium conditions. Thus sunspot shock remains the only state variable.
Because optimistic sunspot state ωO is absorbing, output gap and inflation are zero in all periods
when ωt = ωO . That is, ybN = πN = 0, where the subscript stands for normal times. Output and
inflation in pessimistic state are always the same and are denoted by ybP , πP , gbP .
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Given the structure of sunspot and government spending shocks discussed in the text, equations
(A.1), (A.2) and the monetary policy in pessimistic state can be written as follows
(1 − µ) (b
yP − gbP ) = −e
σ (it − µπP − r) ,
κ
(b
yP − Γb
gP ) ,
πP =
1 − βµ
iP = max {0, r + φπ πP + φy ybP } ,
When the deflationary trap steady state exists the solution has the following form iP = 0, ybP =



γPy gbP + ϑyP r, πP = κ (1 − βµ)−1 γPy − Γ gbP + ϑyP r , where
(1 − µ)(1 − βµ) − σ
eκµΓ
,
(1 − µ)(1 − βµ) − σ
eκµ
σ
e(1 − βµ)
ϑyP =
,
(1 − µ)(1 − βµ) − σ
eκµ
γPy =

(A.5)

where γPy and ϑyP denote output multipliers with respect to government consumption and r respectively. The inflation multipliers are

κ
κ
(1 − µ)(1 − βµ) (1 − Γ)
γPy − Γ =
·
,
1 − βµ
1 − βµ (1 − µ)(1 − βµ) − σ
eκµ
κ
ϑyP =
ϑyP .
1 − βµ
γPπ =

(A.6)

Observe that expressions (A.5) and (A.6) look similar to (A.3) and (A.4) with government spending
shocks persistence being ρ in the fixed nominal rate scenario and µ in the deflationary trap scenario.
However, there is an important difference. For the deflationary trap equilibrium to exist it must
be true that (1 − µ)(1 − βµ) − σ
eκµ < 0. To see this, consider an equilibrium without fiscal policy
shocks. Output and inflation are ybP = ϑyP r, πP = κ (1 − βµ)−1 ϑyP r. If the nominal interest rate is
zero it must be that output gap ybP is negative. This implies that ϑyP is negative, which is equivalent
to (1 − µ)(1 − βµ) − σ
eκµ < 0.
This condition implies that inflation fiscal multiplier γPπ is negative. Note that in a spetial
case of permanent deflationary trap, i.e. µ = 1, the inflation response is zero. The sign of fiscal
multiplier γPy depends on flexible price multiplier Γ, duration of pessimistic state µ, and β, σ
e, κ.
For example, if Γ is close to 1, the output fiscal multiplier is positive. However, if Γ is close to zero,
the multiplier is negative.
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The output multiplier increases in µ. To see this take a derivative of (A.5) with respect to µ
d log γPy
2µβ − β − 1 − σ
eκΓ
2µβ − β − 1 − σ
eκ
=
−
> 0.
dµ
(1 − µ)(1 − βµ) − σ
eκµΓ (1 − µ)(1 − βµ) − σ
eκµ
Very persistent government spending shocks.

Here we solve the model under the assump-

tion that government spending shocks do not revert back to its steady state immediately after
pessimistic sunspot subsides, described in the main text.
Output gap and inflation in the optimistic state after government consumption turns to its
steady state is πN = ybN = 0. Denote by πS and ybS inflation and output gap in the optimistic state
when the government consumption is still elevated. πS and ybS satisfy the IS and Phillips curves of
the following form
ybS − gbP = λ (b
yS − gbP ) − σ
e (φπ πS + φy ybS − λπS ) ,
πS = βλπS + κ (b
yS − Γb
gP ) .
Solving the above two equations we get
ybS =

1 − λ + (ψeλ − σ
eφy )Γ
gbP ,
e
1 − λ + ψλ

πS =

(1 − λ) (1 − Γ) − σ
eφy Γ
κ
·
gbP ,
1 − βλ
1 − λ + ψeλ



κ
where ψeλ ≡ σ
e φy + (φπ − λ) 1−βλ
. Note that the solution is identical to the solution obtained in
Appendix A for the case of government spending shocks decaying according to AR(1) process when
the monetary policy follows the Taylor rule. The only difference is that the persistence parameter
is now λ.
As before we denote output gap and inflation in the pessimistic state by πP and ybP . They
satisfy the following IS and Phillips curves
ybP − gbP = µ (b
yP − gbP ) + (1 − µ)λ (b
yS − gbP ) − σ
e [−µπP − (1 − µ)λπS − r] ,
πP = βµπP + β(1 − µ)λπS + κ (b
yP − Γb
gP ) .
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The solution is
λ(1 − µ)(1 − βµ)
(1 − µ)(1 − βµ)(1 − λ) − Γµκe
σ
gbP +
ybS
∆
∆
σ
eλ(1 − µ)
σ
e(1 − βµ)
+
r,
πS −
∆
∆
κ
β(1 − µ)λ
πP =
(b
yP − Γb
gP ) +
πS ,
1 − βµ
1 − βµ
ybP =

where ∆ ≡ (1 − µ)(1 − βµ) − µκe
σ . The output and inflation multipliers can be obtained by taking
the full derivative with respect to gbP of the last two expressions, taking into account that πS and
ybS also depend on gbP .
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Tables and Figures
Table 1: Multipliers
Output
On impact
4 quarter
8 quarter
Consumption
On impact
4 quarter
8 quarter
Investment
On impact
4 quarter
8 quarter

Normal

ZLB

Difference

p-value

0.71
(0.42)
-0.003
(0.94)
-1.08
(1.03)

1.47
(0.55)
2.38
(1.60)
2.02
(2.24)

0.76
(0.61)
2.38
(1.84)
3.1
(2.68)

0.19

0.24
(0.20)
-0.10
(0.45)
-0.48
(0.44)

0.69
(0.32)
1.55
(0.76)
1.38
(1.05)

0.45
(0.36)
1.56
(0.87)
1.86
(1.22)

-0.06
(0.22)
-0.50
(0.64)
-1.25
(0.89)

-0.20
(0.22)
0.78
(0.73)
0.80
(1.07)

-0.14
(0.29)
1.28
(0.91)
2.05
(1.41)

0.13
0.21
0.12
0.04
0.17
0.65
0.17
0.17

Notes: The table reports the results of the multipliers on impact
and over four- and eight- quarter horizons in the normal period
(Normal column) and in the ZLB period (ZLB column). The
output multiplier is calculated as the cumulative change of output
over the cumulative change of government spending over each
horizon. The consumption and investment multipliers are defined
analogously. The difference between the multiplier in the normal
period and that in the ZLB period is reported in “Difference”
column with the corresponding p-value in “p-value” column. All
numbers in parentheses are the standard errors.
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Table 2: Impulse Responses
Inflation
Normal
ZLB
Inflation expectation
Normal
ZLB
Short-term interest rate
Normal
ZLB
Long-term interest rate
Normal
ZLB
Unemployment
Normal
ZLB

On impact

4 quarters

8 quarters

0.07
(0.15)
0.14
(0.23)

0.20
(0.16)
0.20
(0.21)

-0.20
(0.22)
-0.03
(0.17)

0.18
(0.23)
0.32
(0.26)

-0.17
(0.23)
0.85
(0.31)

-0.40
(0.26)
0.31
(0.35)

0.06
(0.29)
-0.04
(0.02)

0.35
(0.64)
-0.01
(0.09)

-0.44
(1.17)
0.03
(0.25)

-0.40
(0.23)
-0.07
(0.09)

-0.14
(0.48)
-0.03
(0.18)

-0.77
(0.86)
-0.22
(0.20)

-0.03
(0.04)
-0.09
(0.05)

-0.05
(0.10)
-0.50
(0.13)

-0.03
(0.13)
-0.31
(0.27)

Notes: This table reports the impulse responses of inflation, inflation expectation, short-term and long-term nominal interest rates and unemployment
rate to an increase in government spending by 1% of output. All numbers
in parentheses are the standard errors.
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Table 3: Output Multipliers in Different Specifications
Slackness
Expansion
Recession
Difference
No Forecast Data
Normal
ZLB
Quadratic trend
Normal
ZLB
Normalized by potential output
Normal
ZLB
One step estimation
Normal
ZLB
Add output forecast
Normal
ZLB
Unadjusted government spending
Normal
ZLB
Actual final government spending
Normal
ZLB

On impact

4 quarter

8 quarter

0.82
(0.34)
2.31
(0.71)
1.48
(0.80)

1.44
(0.72)
3.09
(1.89)
1.65
(1.99)

1.49
(1.04)
2.50
(2.75)
1.01
(2.90)

0.47
(0.35)
1.44
(0.55)

-0.28
(0.84)
2.18
(1.47)

-1.01
(0.96)
1.97
(1.98)

0.65
(0.44)
1.49
(0.64)

-0.06
(1.03)
3.00
(2.37)

-0.13
(1.14)
2.81
(3.42)

0.71
(0.42)
1.47
(0.55)

0.00
(0.93)
2.39
(1.61)

-1.08
(1.01)
2.01
(2.26)

0.71
(0.42)
1.47
(0.56)

-0.007
(0.94)
2.32
(1.60)

-1.08
(1.03)
2.04
(2.11)

0.47
(0.55)
1.50
(0.53)

0.02
(1.19)
2.72
(2.15)

-0.69
(1.34)
2.73
(3.31)

0.77
(0.44)
1.33
(0.49)

-0.19
(0.91)
2.06
(1.20)

-1.30
(0.99)
1.76
(1.53)

0.68
(0.46)
1.58
(0.57)

-0.05
(0.95)
2.68
(1.62)

-1.14
(1.01)
2.63
(2.44)

Notes: This table reports the output multipliers over several horizons in alternative specifications. “Slackness” reports the multipliers in two regimes: recession and expansion, which is classified based on the
Japanese Cabinet Office, and the difference in multipliers. “No Forecast Data” reports the estimates without controlling for expectations of government spending. “Quadratic trend” reports the estimates when we
add quadratic trend to the baseline specification. “Normalized by potential output” reports the estimates
when the RHS variables in the baseline specification are converted to the same unit by dividing by potential output. “One step estimation” estimates the output multiplier in one regression by adding one-quarter
ahead forecast of government spending to the control variables. “Add output forecast” reports the output
multiplier when adding additionally one-quarter ahead forecast of output to control for the expectations
when identifying unexpected government spending shocks. “Unadjusted government spending” reports the
38
multiplier when we use the published government spending
data that include transfer of goods and services
to estimate the baseline specification. “Actual final government spending” reports the multiplier when we
use the published government spending data that exclude all transfer of goods and services to estimate the
baseline specification. All numbers in parentheses are the standard errors.

Table 4: Model Multipliers
Output
Multiplier

Consumption
Multiplier

Inflation
Multiplier

0.71
1.47

-0.29
0.47

0.04
0.13

Taylor Rule
Fixed Nominal Rate

Notes: The table reports output, consumption and inflation fiscal multipliers under two monetary policy specifications. The first row (Taylor Rule)
corresponds to active monetary policy response to inflation and output gap.
The second row (Fixed Nominal Rate) corresponds to monetary policy that
does not respond to government spending shocks.

Table 5: Model Multipliers in Deflationary Trap
µ

Output
Multiplier

Consumption
Multiplier

Inflation
Multiplier

0.875
0.95
1

-4.00
0.25
0.36

-5.00
-0.75
-0.64

-0.79
-0.04
0

Notes: The table reports output, consumption and inflation
multipliers in deflationary trap. The first column shows
the persistence of the pessimistic expectations state of the
economy.
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Figure 1: Japanese Macroeconomic Data
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Figure 2: Government Spending Annual Growth Rate Forecast: 1980Q2-2014Q1
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Figure 3: Impulse Responses of Output and Government Spending
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Notes: Impulse responses of output and government spending to an unexpected increase in government
spending by 1% of output during normal and ZLB periods.
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Figure 4: Output Multipliers
Cumulative Multiplier of Output
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Figure 5: Impulse Responses and Multipliers for Consumption and Investment
IR of C to G shock
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Notes: The figure presents the impulse responses of Consumption and Investment to an increase in government spending along with the consumption and investment multipliers in normal period and ZLB period.
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Figure 6: Other Impulse Responses
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Notes: the figure plots impulse responses to an increase in government spending by 1% of output in normal
and ZLB periods.
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Figure 7: Output Multiplier during Recessions and Expansions
Cumulative Multiplier of Output: Expansion vs Recession
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Figure 8: Predictability of Government Spending Shocks without Controlling for Expectations
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Notes: The Figure plots residuals from projection of the growth rate of government spending predicted
in JCER forecast (horizontal axis) and actual growth rate of government spending (vertical axis) on the
information contained in the lags of output, government spending and tax revenues. corr denotes the
correlation between the two series, b is the regression coefficient and se is the standard errors of the regression
coefficient.
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Figure 9: Output Multipliers with and without Forecast Data
Cumulative Multiplier of Output: Normal period
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Figure 10: Output Multipliers: Different Specifications
Cumulative Multiplier of Output: Normal period

Cumulative Multiplier of Output: ZLB period
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Figure 11: Output Multiplier: Rolling Estimation
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Notes: The year of a reported multiplier corresponds to the last year of the 60 quarter window; for example,
a multiplier reported for 1990Q1 is estimated over 1975Q1-1990Q1.

Figure 12: Government Spending Increase in Deflationary Trap
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Figure 13: Multipliers in Deflationary Trap for Different Degrees of Persistence λ
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Note: The solid lines are the model multipliers. The horizontal dashed lines are our empirical point estimates
of the multipliers. The model parameters are as in the calibration of the baseline model. Persistence of
pessimistic sunspot is set to 0.875.
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Figure A1: Output Multiplier during Recessions and Expansion
Cumulative Multiplier of Output: Different recession dates
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Figure A2: Total Government Spending and its Components in Japan
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