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Abstract
In this paper, we assess the effects of fiscal policy in Japan using

two dynamic stochastic general equilibrium (DSGE) models. One is a
medium-scale DSGE model of Japan’s economy (“M-JEM,” Fueki et
al., 2010) estimated using Bayesian techniques. The other is the IMF’s
multi-region “GIMF (Global Integrated Monetary and Fiscal)” model
(Kumhof et al., 2010) calibrated to data for Japan and other coun-
tries. The government consumption multiplier calculated from the
former model is larger than that from the latter, mainly because the
negative effects of the resulting increase in the interest rate are larger
in the latter model. In both models, however, the effect of a positive
government consumption shock on real GDP becomes substantially
smaller when the government targets a fiscal surplus by raising tax
rates. The effectiveness of endogenous adjustment of the tax policy in
response to non-fiscal shocks is not so much different between the two
models and is not much affected by changes in the interest rate.
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1 Introduction

Many developed countries recently launched aggressive fiscal stimulus pack-

ages to tackle the global financial crisis. Japan is no exception, but had

already deployed large-scale fiscal stimulus long before this crisis. In the

1990s, when Japan’s economy experienced a slowdown and a domestic finan-

cial crisis, fiscal policy measures were aggressively pursued, resulting in large

government budget deficits and a rapid increase in public debt. Given the

already high level of public debt, the government’s policy stance on fiscal

consolidation may affect the effectiveness of fiscal policy measures and the

impacts of financial crises on the economy.

In this paper, we assess the effects of fiscal policy in Japan using two

dynamic stochastic general equilibrium (DSGE) models. One is a medium-

scale DSGE model of Japan’s economy (Fueki et al., 2010) estimated using

Bayesian techniques. The other is the International Monetary Fund (IMF)’s

“Global Integrated Monetary and Fiscal (GIMF)” model (Kumhof et al.,

2010) calibrated to data for Japan and other countries. The latter, though

not estimated, is a multi-region model that can consider the effects of foreign

shocks and the international spillover of fiscal policy effects.

Many recent studies have used DSGE models to analyze the effects of

fiscal stimulus packages.1 The main advantage of using structural models is

the large amount of identifying information that allows us to trace the trans-

mission mechanisms of various fiscal policy measures. Coenen et al. (2011)

compare seven structural models that have been regularly used in policymak-

ing institutions, and show that there is substantial agreement across models

on the sizes of fiscal multipliers and that the sources of differences across

these multipliers are fairly straightforward to identify. Cogan et al. (2010)

compare a standard New Keynesian DSGE model with a practically used

“old” Keynesian model, and show that the fiscal multipliers are very differ-

ent between these models due to differences in underlying theories. Other

studies examine how the sizes of fiscal multipliers depend on the fiscal shock

1Meanwhile, there have also been empirical studies using structural vector auto-
regression models on this issue, including Blanchard and Perotti (2002).
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processes, the zero lower bound on the nominal interest rate, and several key

features of model structures.2

Following these recent studies, we assess and compare the effects of fiscal

policy calculated from the two different types of DSGE models under different

conditions and situations. In particular, taking into account the current state

of Japan’s economy, we examine how the government’s policy stance on fiscal

consolidation influences the effects of fiscal policy shocks. Moreover, unlike

previous studies, we also assess the effectiveness of endogenous adjustments

of fiscal instruments in response to non-fiscal shocks.

As for the effects of exogenous fiscal policy shocks, we first examine the

multiplier in a situation without a fiscal policy rule that considers fiscal con-

solidation. The government consumption multiplier calculated from our es-

timated model is above one while that from the GIMF model is below one.

The latter is smaller mainly because the increase in the interest rate caused

by the fiscal expansion has a larger negative effect on domestic private invest-

ment and also leads to a decline in exports through a real appreciation of the

domestic currency. Meanwhile, in our estimated model, the estimated share

of non-Ricardian households is around 0.3, which contributes to generating

a multiplier above one.

We then assess the effect of a positive shock to government consumption

on real GDP in a situation with an endogenous fiscal policy rule. In both

models, the effect becomes substantially smaller when the government targets

a fiscal surplus by raising tax rates. The effect becomes even smaller or

negative when the government adjusts the speed of consolidation depending

on business cycles. This is because under this business-cycle stabilization

policy, the government additionally raises tax rates to dampen the boom

caused by its spending increase.

The impact of non-fiscal shocks on real GDP also depends on the endoge-

2For instance, Corsetti et al. (2009) show that government spending multipliers depend
on expectations about offsetting fiscal measures in the future. Christiano et al. (2009),
Eggertsson (2011), and Woodford (2011) show that the government spending multipliers
become larger when the monetary policy is constrained by the zero lower bound on the
nominal interest rate. Fujiwara and Ueda (2010) examine multipliers in an environment
where two countries are caught simultaneously in a liquidity trap.
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nous adjustment of the government’s tax policy. We assess the effectiveness

of the endogenous tax policy by focusing on the change in real GDP when

the government considers business-cycle stabilization in addition to targeting

a surplus. Under this business-cycle stabilization policy, the negative impact

of an adverse non-fiscal shock on real GDP becomes smaller as tax rates are

cut more aggressively. The effectiveness of this endogenous adjustment of

tax rates is not very different between the two models because changes in

the interest rate, which cause a substantial difference in the government con-

sumption multiplier between the two models, affect the responsiveness of the

endogenous tax rates to non-fiscal shocks rather than the policy effectiveness

itself on real GDP. Further, the GIMF model suggests that the effectiveness

of the endogenous tax policy does not differ much irrespective of whether a

domestic productivity shock or a foreign demand shock is considered.

The remainder of the paper is organized as follows. Section 2 shows the

results from our estimated model, while Section 3 shows the results from the

GIMF model. Section 4 concludes.

2 Results from Estimated DSGE Model

In this section, we assess the effects of fiscal policy using a Bayesian-estimated

DSGE model of Japan’s economy. We first provide an overview of the model

and then show the impulse responses to fiscal and non-fiscal shocks.

2.1 Model Overview

Our estimated model is a variant of the Medium-scale Japanese Economic

Model (M-JEM), which has been developed at Research and Statistics De-

partment, Bank of Japan (Fueki et al., 2010). The model shares many fea-

tures with recent New Keynesian DSGE models in the literature and those

practically used in central banks, especially the Federal Reserve Board’s Es-

timated, Dynamic, Optimization-based (EDO) model (Chung, Kiley, and

Laforte, 2010). The M-JEM is a two-sector growth model that takes into

account growth rate shocks including investment-goods sector specific tech-
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nological progress. The two-sector production structure reflects the trends

in relative prices and categories of real expenditure apparent in the Japanese

data. Meanwhile, the M-JEM does not explicitly consider foreign countries

and assumes that export demand follows an exogenous stochastic process.

We add a few features to the M-JEM for the analyses of fiscal policy.

First, we introduce liquidity-constrained households who do not have access

to asset markets and are forced to consume their after-tax income in every

period. Owing to the existence of this type of households (“non-Ricardian”

households) in addition to households who optimize their consumption plans

subject to intertemporal budget constraints, fiscal policies including transfers

have substantial real effects.3 Second, we assume a simple fiscal policy rule to

ensure a non-explosive debt-to-output ratio and to specify the government’s

fiscal policy stances. Following the GIMF model, which we will compare

with this model in the next section, we specify the fiscal policy stance as

a targeting rule for the surplus-to-output ratio.4 The government budget

constraint relates the surplus in period t to the evolution of the debt level.

Bt

Rt

= Bt−1 − St, (1)

where Bt is the real government debt, Rt is the real interest rate, and St is

the real government surplus. The fiscal policy rule is then specified as

St
Xt

= s∗ + ωX̃t, (2)

where Xt is real GDP, s∗ is the target surplus-to-GDP ratio, and X̃t is the

GDP gap (output gap).5 Apart from surplus targeting, this rule incorpo-

rates a policy-feedback mechanism: setting ω > 0 allows the government to

run a temporary fiscal deficit (or below-target fiscal surplus) when economic

activity falls below the normal level (the GDP gap is negative). Thus, the pa-

3Non-Ricardian households are introduced in many DSGE models for the analysis of
fiscal policy, as in Gaĺı et al. (2007) and Coenen and Straub (2005).

4Various kinds of policy rules are assumed in DSGE models for the analysis of fiscal pol-
icy. Leeper et al. (2010) estimates a DSGE model that incorporates various specifications
of fiscal policy rules.

5The GDP gap is defined as the gap between the actual and efficient levels of real GDP.
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rameter ω represents the policy stance on business-cycle stabilization.6 Given

policy rule (2), the government can use various policy instruments such as

taxes, transfers, and spending, to control the surplus. In what follows, how-

ever, we assume that the government adjusts only the labor income tax rate

to control the surplus.

All other model specifications are essentially the same as in Fueki et al.

(2010). The Appendix provides a brief description of this version of the

M-JEM. In the estimation of the model, we use quarterly data for Japan

from 1981:Q1 to 2009:Q4.7 The estimation results are summarized in Table 1.

A key parameter that determines the effects of fiscal policy is the share of

non-Ricardian households. Our posterior mean estimate of this parameter

is 0.31, which is generally comparable with the results of previous empirical

studies, including Iwata (2009) who estimated a DSGE model using Bayesian

techniques. As for the fiscal policy rule, we do not estimate the policy stance

on business-cycle stabilization, ω in equation (2), but calibrate it to zero,

following the estimation result by Iwata (2009).8 Our other estimation results

are generally consistent with Fueki et al. (2010), in which the non-Ricardian

households and the fiscal policy rule are not incorporated.9

2.2 Fiscal Policy Effects

Using the M-JEM, we first assess the effects of an unanticipated increase in

government consumption.10 Before considering the policy rule, we check the

6The parameter ω may also capture the effectiveness of “built-in” stabilizers such as
the progressive tax structures.

7As in Fueki et al. (2010), we estimate the model using data that include the period
after the short-term nominal interest rate effectively hit the zero lower bound. However,
the estimated parameter values in the M-JEM on the monetary policy rule remain largely
unchanged irrespective of whether data for the full period or data up to the period just
before the Bank of Japan started the zero interest rate policy are used.

8In Iwata (2009), the posterior mean estimate of the non-Ricardian share is 0.25, while
that of the fiscal policy response to the output gap is 0.07 and not significantly different
from zero, although the specification of fiscal policy rule is different from ours.

9We use the same calibrated parameter values as Fueki et al. (2010). For comparison
with the GIMF model, we also calibrate the parameters for the processes of the produc-
tivity and the government consumption shocks.

10The M-JEM assumes that government spending is all on consumption goods.
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traditional “multiplier,” that is, the effect on real GDP when government

consumption is increased on a sustained basis by one percent of nominal

GDP above the baseline level and policy rule (2) is absent (the labor income

tax rate is held fixed regardless of the level of the surplus-to-GDP ratio).11

Table 2 shows the multipliers calculated from various types of models. The

government consumption multiplier calculated from the M-JEM is 1.15 in

the first year (the average of the first four quarters), which is larger than

that calculated from the large-scale macro-econometric model, “Quarterly

Japanese Economic Model (Q-JEM),” developed at Research and Statistics

Department, Bank of Japan (Fukunaga et al., 2011).12

We then consider the effects of the government consumption increase un-

der policy rule (2). Figure 1 shows the responses to an increase in government

consumption by one percent of GDP, which follows an AR(1) process and

gradually returns to the initial level as shown in panel (7). All variables

shown in the figure are percent deviations from their baseline levels. The

three responses for each variable correspond to the policy that fixes the la-

bor income tax (“no fiscal rule”) and the two policy stances with the fiscal

policy rule: “surplus targeting” rule under which the government simply

meets the target surplus-to-GDP ratio in each period without policy feed-

back from the GDP gap (ω = 0 in equation (2)) and “stabilization” rule

under which the government considers business-cycle stabilization (ω > 0)

in addition to surplus targeting.13 In response to the positive government

consumption shock, the government simultaneously raises the labor income

tax rate to control the surplus following the policy rule, or keeps the tax rate

fixed under “no fiscal rule,” as shown in panel (2). When the government

considers business-cycle stabilization (under the “stabilization” rule), it ad-

ditionally raises the tax rate to dampen the boom caused by its spending

increase.

11We assume that the increase on a sustained basis is considered by private agents as
the result of repeated unanticipated shocks.

12For comparison with other models, the multipliers calculated from the Q-JEM shown
in Table 1 are those under the assumption that other fiscal policy instruments (public
investment and tax rates) are fixed.

13ω is set to 0.9 in Figure 1 (and the following figures).
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The effects on real GDP (panel (1)) under the policy rule are much smaller

than the effect under “no fiscal rule.” Under the “stabilization” rule, the ad-

ditional tax increase causes real GDP to fall below its baseline level. The

labor income tax increase especially dampens the demand for private con-

sumption (panel (3)).14 Private investment (panel (4)) is also dampened but

is still above the baseline level under the “surplus targeting” rule. The posi-

tive response of private investment to the government consumption shock is

partly due to a modest increase in the policy interest rate (panel (6)). At

the same time, the increase in inflation (panel (5)) is also very small.

2.3 Domestic Productivity Shock

Next we assess the effectiveness of the fiscal policy rule in response to non-

fiscal shocks. We focus on a negative productivity shock, which may capture

the decline in productivity during Japan’s “lost decade” in the 1990s. Al-

though there are persistent technology growth rate shocks and temporary

technology level shocks in the M-JEM, what we consider here for comparison

with the GIMF model is a persistent technology level shock.

Figure 2 shows the impulse responses to a one-percent negative economy-

wide productivity shock that causes a permanent decrease in the level of

total factor productivity (TFP) as shown in panel (7). Accordingly, real

GDP decreases permanently from its baseline level. Meanwhile, inflation

slightly accelerates and the policy interest rate is raised modestly.

The government cuts the labor income tax rate both under the “surplus

targeting” and the “stabilization” rules, which boosts the demand for private

consumption and partly offsets the negative impact of the productivity shock

on real GDP. Under the “stabilization” rule, the tax rate cut is larger and the

negative impact on real GDP is smaller than under the “surplus targeting”

rule, except in the first three quarters after the shock.15

14While both the Ricardian and the non-Ricardian households reduce their consumption
under the policy rule that raises the labor income tax rate, the reduction in consumption
of non-Ricardian households is much larger than that of Ricardian households.

15For the first few quarters after the shock, the GDP gap temporarily becomes positive
because the efficient level of GDP falls immediately when the productivity shifts down.
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We assess the effectiveness of the fiscal policy rule in response to the pro-

ductivity shock by focusing on the difference in the response of real GDP

under the “surplus targeting” and the “stabilization” rules. Figure 3 shows

two indicators that represent the responsiveness of the labor income tax rate

and its effectiveness on real GDP. “Stabilization responsiveness” is defined as

the difference in the response of the labor income tax rate under the “stabi-

lization” and the “surplus targeting” rules (panel (2) of Figure 2) divided by

the size of the productivity shock. “Stabilization effectiveness” is defined as

the difference in the response of GDP under the “stabilization” and the “sur-

plus targeting” rules (panel (1) of Figure 2) divided by the difference in the

response of the labor income tax rate under the two policy stances. After the

stabilization responsiveness becomes positive (i.e., the tax rate cut becomes

larger under the “stabilization” rule), the stabilization effectiveness is stable

at around -0.3.16 For reference, Figure 3 also shows the above indicators in

the case where the policy interest rate is constant. Since the response of the

policy interest rate in the M-JEM is modest, the two indicators are not much

different between the variable and constant interest rate cases.

3 Results from the GIMF Model

We also use the IMF’s large-scale “Global Integrated Monetary and Fiscal

(GIMF)” model (Kumhof et al., 2010) to assess the effects of fiscal policy in

Japan. Although the GIMF model is not estimated, it has several important

features that are not considered in our estimated model (M-JEM) in Sec-

tion 2. Most of all, the GIMF is a multi-region model that can consider the

effects of foreign shocks and the international spillover of fiscal policy effects.

Moreover, the GIMF considers overlapping generations households as well as

liquidity constrained households, the financial accelerator mechanism for the

non-financial corporate sector, etc. In this section, we first provide a brief

overview of the GIMF model and then show the impulse responses to fiscal

and non-fiscal shocks.

16By definition, the stabilization effectiveness becomes very unstable when the stabi-
lization responsiveness is near zero.
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3.1 Model Overview

The version of the GIMF model we use in this paper is the 5-block version,

consisting of the United States, the Euro Area, Japan, emerging Asia, and

other countries. Many parameters, including those on fiscal and monetary

policy rules, differ across blocks. The details of the model specification and

the benchmark calibration are described in Kumhof et al. (2010).17

The fiscal policy specifications of the GIMF are very rich, which is one of

its main features. However, for simplicity and for the purpose of comparison,

we use the same policy rule (2) as in our estimated model.18 Moreover, as

in Section 2, we continue to assume that the government adjusts the labor

income tax rate to target a surplus following policy rule (2), although the

GIMF contains a rich set of fiscal policy instruments, including lump-sum

taxes and transfers, redistribution between agents, and public investment

and consumption spending. On the other hand, we maintain the GIMF’s

assumption that there are overlapping generations households as well as liq-

uidity constrained households, which makes the situations of fiscal policy

effects more realistic.

The GIMF model we use in this paper is an annual model. In what

follows, we compare the annual impulse responses in the GIMF with the

quarterly impulse responses in the M-JEM shown in Section 2.

3.2 Fiscal Policy Effects

Using the GIMF model, we assess the effects of an unanticipated increase in

government spending, as in Section 2. We begin by looking at the multipliers

in Table 2 again, which shows both the government consumption multiplier

and the government investment multiplier calculated from the GIMF. The

former is 0.67 in the first year, which is smaller than the government con-

17For comparison with the M-JEM, we set different parameter values from the bench-
mark calibration for the fiscal policy rule. We also change the calibration on elasticity
parameters, international spillover parameters, and monetary policy rule parameters, fol-
lowing a revised version of the GIMF used by the IMF.

18The government budget constraint in the GIMF is Bt = Rt−1Bt−1 − St, which is
slightly different from (1) in the M-JEM.
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sumption multipliers calculated from the M-JEM and the Q-JEM. Mean-

while, the latter is 1.09 in the first year, which is slightly larger than the gov-

ernment investment multipliers calculated from the Q-JEM and the ESRI’s

large-scale macro-econometric model (Sakuma et al., 2011).19

We then consider the effects of the government consumption increase un-

der policy rule (2). Figure 4 shows the responses to an increase in government

consumption by one percent of GDP, which follows an AR(1) process and

gradually returns to the initial level as shown in panel (7). In response to

this government consumption shock, real GDP increases from the baseline

level in the first year but then diminishes more quickly than in the M-JEM.

A key difference from the M-JEM is the larger increase in the policy interest

rate (panel (6)). This increase in the policy interest rate causes the negative

response of private investment (panel (4)), which contrasts with the positive

response in the M-JEM. Moreover, unlike in the M-JEM, the high interest

rate also causes a decline in exports (panel (8)) through the real appreciation

of the domestic currency (not shown in the figure). If the policy interest rate

were constant, the response of private investment would be positive and the

decline in exports would be modest. As a result, the response of real GDP

under “no fiscal rule” would be larger by 24 and 92 percent in the first and

second year, respectively.20

Under the “surplus targeting” and the “stabilization” rules, the labor

income tax increase dampens the demand for private consumption, as in the

M-JEM. As a result, real GDP returns to the baseline level in the second

year. Moreover, using the GIMF model, we examine another policy stance

labeled “stabilization & high debt” under which the government follows the

“stabilization” rule but starts with a high level of debt that puts the surplus-

to-GDP ratio below the target when a shock occurs. Considering the current

fiscal situation in Japan, we assume that the government debt-to-GDP ratio

is 180% and about 10% above the target level,21 which implies that the

19Unlike the Q-JEM, the GIMF model takes account of the accumulation of public
capital that serves as a factor of production.

20In the M-JEM, the corresponding figures are only 7 and 12 percent.
21Under other situations, we calibrate both the initial and target levels of the debt-

to-GDP ratio to 105%, following a revised version of the GIMF model used by the IMF.
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surplus-to-GDP ratio is about 0.5% below the target. Under this situation,

the government raises the labor income tax rate by more than under the

“stabilization” rule. As a result, the first-year real GDP, inflation, and policy

interest rate do not increase as much as under the “stabilization” rule.

3.3 Domestic Productivity Shock

Next we assess the effectiveness of the fiscal policy rule in response to non-

fiscal shocks. As in Section 2, we first focus on a negative productivity shock.

Figure 5 shows the impulse responses to a one-percent negative domestic

productivity shock that causes a persistent decrease in the level of TFP as

shown in panel (7).22 In response to this shock, real GDP, consumption,

and investment decrease persistently from their baseline levels. Meanwhile,

inflation slightly accelerates and the policy interest rate is raised. The high

interest rate causes a persistent decline in exports through the real appreci-

ation of the domestic currency.

Under the “surplus targeting” rule, the government persistently raises

the labor income tax rate in order to compensate for the decrease in the

tax base. In contrast, under the “stabilization” rule, the government cuts

the labor income tax rate, which partly offsets the negative impact of the

productivity shock on real GDP. Therefore, the government’s policy stance

on business-cycle stabilization conflicts with surplus targeting. Meanwhile,

under the “stabilization & high debt” situation, the government raises the

labor income tax rate so much that real GDP decreases more than under the

other policy stances.

Figure 7 shows the stabilization responsiveness and the stabilization ef-

fectiveness in the GIMF model. Compared with the M-JEM (Figure 3), the

stabilization responsiveness is larger and always positive, while the stabiliza-

tion effectiveness is slightly smaller in absolute value. Compared with the

constant interest rate case, the stabilization responsiveness in the variable

Berkmen (2011) analyzes the impact of fiscal consolidation and structural reforms in Japan
using the GIMF model with a target (and steady-state) debt-to-GDP ratio of 87%.

22As in the M-JEM, we consider an economy-wide productivity shock, assuming that
the same productivity shocks occur in both tradable and non-tradable sectors.
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interest rate case is larger because the government needs to cut the tax rate

more under the “stabilization” policy in order to offset the negative effect

of the interest rate increase on real GDP. Meanwhile, the stabilization effec-

tiveness is not so much different between the variable and constant interest

rate cases.

3.4 Foreign Demand Shock

Using the GIMF model, we can also consider a negative foreign demand

shock, which corresponds to the recent global financial crisis. Figure 6 shows

the impulse responses to such a shock, which is a combination of the shocks

to consumption and investment demand in the United States and the Euro

Area.23 The shock causes persistent declines in foreign GDP and in Japan’s

exports as shown in panels (7) and (8), respectively. In response to this shock,

domestic real GDP decreases at first, the inflation rate falls, and the policy

interest rate is reduced substantially. Meanwhile, the low interest rate boosts

private investment. Then, real GDP returns to the baseline level four years

after the shock, and inflation and the policy interest rate start increasing.

Under the “surplus targeting” rule, the government raises the labor in-

come tax rate at first in order to compensate for the decrease in the tax base,

while under the “stabilization” rule, the government cuts the labor income

tax rate from the first year of the shock. Under the “stabilization & high

debt” situation, the government raises the labor income tax rate so much that

real GDP, and especially private consumption, decrease more than under the

other policy stances.

Figure 7 shows the stabilization responsiveness and the stabilization effec-

tiveness. Compared with the productivity shock scenario, the stabilization

responsiveness is smaller (and turns negative four years after the shock), while

the stabilization effectiveness is similar (except in the third year). Compared

with the constant interest rate case,24 the stabilization responsiveness in the

23In response to this shock, real GDP in the United States and the Euro area is assumed
to decrease by about 1.5% and 1%, respectively.

24The constant interest rate case could be seen as representing a situation where the
monetary policy is constrained by the zero lower bound on the nominal interest rate. Using
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variable interest rate case is much smaller because the substantial cut in the

policy interest rate boosts the economy and therefore the government does

not need to cut the tax rate more under the “stabilization” policy. Mean-

while, the stabilization effectiveness is very similar (except in the third year)

between the variable and constant interest rate cases.

4 Concluding Remarks

In this paper, we assessed the effects of fiscal policy in Japan using an esti-

mated and a calibrated DSGE models, the M-JEM and the GIMF. The gov-

ernment consumption multiplier calculated from the former model is larger

than that from the latter, mainly because the negative effects of the resulting

increase in the interest rate are larger in the latter model. In both models,

however, the effect of a positive government consumption shock on real GDP

becomes substantially smaller when the government targets a fiscal surplus

by raising tax rates. The effectiveness of endogenous adjustment of the tax

policy in response to non-fiscal shocks is not so much different between the

two models and is not much affected by changes in the interest rate.

Given the current state of Japan’s economy, it is important to take into

account the government’s policy stance on fiscal consolidation in assessing

the effects of fiscal policy. In this paper, we only considered a very simple

fiscal policy rule with an endogenous adjustment of the labor income tax

rate. We did not consider the welfare implications of the policy rule, the

interaction between fiscal and monetary policy stances, non-linear dynamics

of fiscal consolidation with a fiscal limit, etc. Clearly, there is much room

for further investigation of endogenous fiscal policy rules, and DSGE models

like those used in this paper would be a useful tool for that purpose.

the Q-JEM, Fukunaga et al. (2011) show that foreign demand shocks in this case have
larger effects on the domestic economy than usual.

13



Appendix: Description of the M-JEM

This appendix provides a brief description of the version of the M-JEM used

in this paper. In this version, we introduce non-Ricardian households in

addition to optimizing (Ricardian) households, and a simple fiscal policy

rule that targets a fiscal surplus. All other specifications are essentially the

same as in Fueki et al. (2010), where a more detailed description of the

M-JEM and lists of variables and parameters are provided.

Final goods producers

Final goods producers in the slow-growing sector (sector c) produce the con-

sumption goods Xc
t , and those in the fast-growing sector (sector k) produce

the investment goods Xk
t . They face competitive markets and produce the

final goods, Xs
t , s ∈ {c, k}, combining a continuum of s sector-specific in-

termediate goods, Xs
t (j), j ∈ [0, 1], according to the following Dixit-Stiglitz

type technology.

Xs
t =

(

∫ 1

0

Xs
t (j)

Θ
x,s
t

−1

Θ
x,s
t dj

)

Θ
x,s
t

Θ
x,s
t −1

, s = {c, k}

where Θx,s
t is the stochastic elasticity of substitution between the differenti-

ated intermediate goods inputs. Subject to the above aggregation technology,

final goods producers in each sector choose the optimal level of each inter-

mediate good to minimize the cost of purchasing them, taking their prices

as given.

Intermediate goods producers

Intermediate goods producers in both sectors face a monopolistically compet-

itive market and produce sector-specific intermediate goods Xs
t (j), s ∈ {c, k}

with the following production function.

Xs
t (j) = [Ku,s

t (j)]
α

[AZmt AZ
s
tL

s
t(j)]

1−α

where Ku,s
t (j) and Lst(j) respectively are the effective capital input and the

labor input of firm j. Letting Us
t (j) be the capital utilization rate in sector s,
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the effective capital input is written as Ku,s
t (j) ≡ Ks

t (j) × Us
t (j). Further,

the labor input of a firm j is the continuum of the differentiated labor input,

Lst(j) = [
∫ 1

0
Lst (i, j)

(Θl
t−1)/Θl

tdi]Θ
l
t/(Θ

l
t−1), where Θl

t is the stochastic elasticity

of substitution. AZmt is an economy-wide technology shock and AZst is a

sector-specific technology shock. We assume that each of the technology

shocks contains two separate stochastic components: one that is stationary

in levels and the other that is stationary in growth rates.

An intermediate goods producer j in sector s ∈ {c, k} maximizes the

discounted future profit,

E0

∞
∑

t=0

βt
Λc
t

P c
t

{

P s
t (j)X

s
t (j) −MCs

t (j)X
s
t (j)

−
100 · χp

2

(

P s
t (j)

P s
t−1(j)

− ηpΠp,s
t−1 − (1 − ηp)Πp,s

∗

)2

P s
t X

s
t

}

,

subject to the final goods producers’ demand schedule,

Xs
t (j) =

(

P s
t (j)

P s
t

)

−Θx,s
t

Xs
t ,

taking as given the marginal cost of production, MCs
t (j), the aggregate

price level for its sector, P s
t = {

∫ 1

0
[P s
t (j)]

(Θs
t−1)/Θs

t dj}Θs
t/(Θ

s
t−1), and Ricar-

dian households’ valuation of a unit of nominal income in each period, Λc
t/P

c
t

where Λc
t is the marginal utility of consumption. The second line in the above

discounted future profit represents the quadratic price adjustment cost where

Πp,s
t = P s

t /P
s
t−1 and Πp,s

∗
is time-invariant trend inflation.

Capital owners

Capital stock owners provide capital services to intermediate goods producers

in both sectors, receive the rental cost of capital in exchange, and accumulate

investment goods. Each capital stock owner k chooses investment expendi-

ture It(k) and the amount and utilization of capital in both sectors, Kc
t (k),

Uc
t (k), K

k
t (k), and Uk

t (k), to maximize his discounted profit,

E0

∞
∑

t=0

βt
Λc
t

P c
t

[

Rc
tU

c
t (k)K

c
t (k) + Rk

tU
k
t (k)Kk

t (k) − P k
t It(k)

]

,
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subject to a capital evolution process with quadratic investment adjustment

cost and the costs from higher utilization rates,

Kc
t+1(k) +Kk

t+1(k) = (1 − δ)
(

Kc
t (k) +Kk

t (k)
)

+ It(k)

−
100 · χ

2

[

It(k)A
ϕ
t − It−1(k)Γ

z,m
t Γz,kt

Kt

]2
(

Kc
t (k) +Kk

t (k)
)

−
∑

s=c,k

κ

[

(

ZUt U
s
t (k)

)1+ψ
− 1

1 + ψ

]

Ks
t (k),

where Aϕt and ZUt are stochastic variations in the adjustment cost and the

utilization cost, respectively. Γz,mt and Γz,kt are the growth-rate-stationary

components of the economy-wide and k sector-specific technology shocks.

Ricardian households

Each Ricardian household i ∈ [λ, 1], 0 < λ < 1, chooses its purchase of

consumption goods, CR
t (i), and its holdings of bonds, Bt(i), to maximize the

lifetime utility function,

E0

∞
∑

t=0

βtΞβ
t

{

ς c ln
(

CR
t (i) − hCR

t−1(i)
)

− ς l
[(

Lct(i) + Lkt (i)
)]1+ν

1 + ν

}

subject to its budget constraint,

1

Rt

Bt+1(i) = Bt(i) +
∑

s=c,k

(1 − τLt )W s
t (i)L

s
t(i) + Ωt(i) − P c

t C
R
t (i)

−
∑

s=c,k

100 · χw

2

{

W s
t (i)

W s
t−1(i)

− ηwΠw,s
t−1 − (1 − ηw)Πw,s

∗

}2

W s
t L

s
t

−
100 · χl

2

(

Lc
∗

Lc
∗
+ Lk

∗

W c
t +

Lk
∗

Lc
∗
+ Lk

∗

W k
t

)

×

(

Lct(i)

Lkt (i)
− ηl

Lct−1

Lkt−1

− (1 − ηl)
Lc
∗

Lk
∗

)2
Lkt
Lct
,

where Rt is the nominal interest rate on the bonds, τLt is the labor income

tax rate, W s
t (i) and Lst(i) are i’s wage and labor supply for sector s, and

Ωt(i) is i’s capital and profits income. The fifth term (in the second line) of

the right hand side is the quadratic wage adjustment cost imposed on the
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deviation of the optimum wage growth from past wage inflation, Πw,s
t−1, and

from trend wage inflation, Πw,s
∗

. The last term of the right hand side is the

labor reallocation cost.

Non-Ricardian households

Each non-Ricardian household i ∈ [0, λ] does not optimize and simply chooses

its nominal consumption equal to the after-tax labor income in every period.

P c
t C

N
t (i) =

∑

s=c,k

(1 − τLt )W s
t (i)L

s
t(i)

Unions

Following Gaĺı et al. (2007) and Coenen and Straub (2005), we assume that

there is a continuum of monopolistically competitive unions within all house-

holds i ∈ [0, 1]. Each union sets its wages for both sectors, W c
t (i) and W k

t (i),

and supply of labor consistent with each wage, Lct(i) and Lkt (i), given the de-

mand schedule for the differentiated labor supply, Lct(i) = (W c
t (i)/W

c
t )

−Θl
tLct

and Lkt (i) = (W k
t (i)/W k

t )−Θl
tLkt , to maximize the above lifetime utility func-

tion, which is assumed to be shared by both Ricardian and non-Ricardian

households.

Fiscal policy rule

As explained in the text, the fiscal policy rule is specified as follows.

St
Xt

= s∗ + ωX̃t,

where St is the real government surplus, Xt is real GDP, s∗ is the target

surplus-to-GDP ratio, and X̃t is the GDP gap (output gap). The government

budget constraint is given by

Bt

Rt

= Bt−1 − St,

where

St =
∑

s=c,k

(1 − τLt )

∫ 1

0

W s
t (i)L

s
t(i)di− P c

t Gt.
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Monetary policy rule

The monetary policy rule is specified as a Taylor-type feedback rule with

interest rate smoothing, as follows.

Rt = (Rt−1)
φr

(R̄t)
1−φr

exp (ǫrt )

R̄t = R∗

(

X̃t

)φh,gdp

(

Πp,gdp
t

Πp,gdp
∗

)φπ,gdp

Πp,gdp
t is the inflation rate of the GDP deflator implicitly defined by

Πp,gdp
t Hgdp

t =
P c
tX

c
t + P k

t X
k
t

P c
t−1X

c
t−1 + P k

t−1X
k
t−1

,

where Hgdp
t is the growth rate of real GDP calculated as

Hgdp
t =

[

(

Xc
t

Xc
t−1

)P c
∗
Xc

∗

(

Xk
t

Xk
t−1

)Pk
∗
Xk

∗

]

1

P c
∗

Xc
∗
+P k

∗
Xk

∗

.

Market clearing

At the symmetric equilibrium, each market clears.

Xc
t =

∫ λ

0

CN
t (i)di +

∫ 1

λ

CR
t (i)di +Gt

+
100 · χw

2

[

Πw,c
t − ηwΠw,c

t−1 − (1 − ηw)Πw
∗

]2
W c

t L
c
t

+
100 · χp

2

[

Πp,c
t − ηpΠp,c

t−1 − (1 − ηp)Πp,c
∗

]2
P c
tX

c
t

+
100 · χl

2

(

Lc
∗

Lc
∗
+ Lk

∗

W c
t +

Lk
∗

Lc
∗
+ Lk

∗

W k
t

){

Lct
Lkt

− ηl
Lct−1

Lkt−1

− (1 − ηl)
Lc
∗

Lk
∗

}2
Lkt
Lct
,

where Gt is government consumption which is assumed to be stochastic.

Xk
t =

∫ 1

0

It(k)dk+ Ft +
100 · χw

2

[

Πw,k
t − ηwΠw,k

t−1 − (1 − ηw)Πw
∗

]2

W k
t L

k
t

+
100 · χp

2

[

Πp,k
t − ηpΠp,k

t−1 − (1 − ηp)Πp,k
∗

]2

P k
t X

k
t ,

where Ft is net exports which is assumed to be stochastic.

Lst(i) =

∫ 1

0

Lst (i, j)dj, ∀i ∈ [0, 1], s ∈ {c, k}

∫ 1

0

Us
t (k)K

s
t (k)dk =

∫ 1

0

Ku,s
t (j)dj, s ∈ {c, k}
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Lower Upper

     : Habit persistence beta 0.5 0.20 0.69 0.52 0.89

     : Inverse of labor supply elasticity gamma 2.0 1.00 0.65 0.16 1.13

     : Non-Ricardian share beta 0.5 0.04 0.31 0.26 0.36

     : Size of adjustment cost in resetting prices gamma 4.0 2.00 10.40 5.93 14.82

     : Relative importance of lagged
      price inflation beta 0.5 0.15 0.15 0.05 0.24

     : Size of adjustment cost in resetting wages gamma 4.0 2.00 15.20 9.47 20.64

     : Relative importance of lagged b t 0 5 0 15 0 15 0 04 0 25

Parameters Prior
Distribution Prior Mean Prior S.D. Post. Mean

Post. Interval (90%)

Table 1: Estimated Parameter Values in the M-JEM

φ φ

h

ν

λ

pχ

pη

wχ

wη

lχ

lη

χ

ψ

rφ

gdp,πφ

gdph,φ

     : Relative importance of lagged
      wage inflation beta 0.5 0.15 0.15 0.04 0.25

     : Size of labor sectoral adjustment cost gamma 2.0 1.00 0.18 0.00 0.51

     : Relative importance of lagged labor supply beta 0.5 0.15 0.68 0.45 0.92

     : Investment adjustment cost gamma 3.0 1.00 2.56 1.41 3.66

     : Elasticity of utilization cost normal 1.0 1.00 3.31 2.24 4.40

     : Smoothing parameter in
      monetary policy rule beta 0.7 0.15 0.95 0.93 0.97

           : Coefficient on inflation in
            monetary policy rule normal 0.5 0.15 0.42 0.21 0.64

           : Coefficient on the output gap in
            monetary policy rule normal 0.4 0.15 0.03 0.00 0.06

φ φ

h

ν

λ

pχ

pη

wχ

wη

lχ

lη

χ

ψ

rφ

gdp,πφ

gdph,φ



M-JEM ESRI
(2011)

CG CG IG CG IG IG

First Year 1.15 0.67 1.09 1.01 1.01 1.01

Second Year 1 32 0 36 1 05 1 07 1 08 1 02

Table 2: Government Spending Multiplier

GIMF Q-JEM

Effects on real GDP when:

Government spending is increased by 1% of nominal GDP every period (on a sustained basis).
Tax rates and transfers are held fixed.
The policy interest rate follows a Taylor-type monetary policy rule.

Second Year 1.32 0.36 1.05 1.07 1.08 1.02

           Note 1: CG refers to the case of a shock to government consumption, 
  while IG refers to the case of a shock to government investment.

           Note 2: Q-JEM refers to "Quarterly Japanese Economic Model" developed at
  Research and Statistics Department, Bank of Japan.

           Note 3: ESRI (2011) refers to the model developed at
  Economic and Social Research Institute (ESRI), Cabinet Office.



(1) Real GDP (2) Labor Income Tax Rate

(3) Consumption (4) Investment

Figure 1: Positive Government Consumption Shock in the M-JEM
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(1) Real GDP (2) Labor Income Tax Rate

(3) Consumption (4) Investment

Figure 2: Negative Productivity Shock in the M-JEM
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(1) Stabilization Responsiveness

     Productivity Shock

(2) Stabilization Effectiveness

Figure 3: Stabilization Responsiveness and Effectiveness in the M-JEM
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(1) Real GDP (2) Labor Income Tax Rate

(3) Consumption (4) Investment

Figure 4: Positive Government Consumption Shock in the GIMF
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(1) Real GDP (2) Labor Income Tax Rate

(3) Consumption (4) Investment

Figure 5: Negative Productivity Shock in the GIMF
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Figure 6: Negative Foreign Demand Shock in the GIMF
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(1) Stabilization Responsiveness
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(2) Stabilization Effectiveness

Figure 7: Stabilization Responsiveness and Effectiveness in the GIMF
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