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Ⅰ.    Introduction

In this study we examine how in Japan population aging changes the effect of govern-
ment spending on economic activity. In Japan implications of aging population for the mac-
roeconomy and policy have attracted a lot of attention. In terms of fiscal policy, in particu-
lar, much of this interest has been focused on long-run issues such as fiscal sustainability.1 
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Indeed, an increase in expenditures for social security due to population aging is expected to 
continue imposing a huge fiscal burden. Nonetheless, even in such a fiscal condition, we 
would not still be able to disregard the role of fiscal policy expected to play in stabilizing 
the macroeconomy, at least to some extent. In this sense, population aging enhances the im-
portance of our examination in this study.

To accomplish our objective we conduct a panel vector autoregression (VAR) analysis 
using Japanese prefectural-level panel data. Specifically, we take two groups from prefec-
tures that are raked in terms of the rate of population aging; a group of ones with higher 
rates of population aging, and a group of ones with lower rates population aging. We then 
estimate the fiscal multipliers for each group. Due to data limitation, we use annual data for 
our estimates and thus are unable to identify structural shocks using the strategy developed 
by Blanchard and Perotti (2002).2 It is difficult to assume that the government does not 
change its spending in response to an innovation of output within the same period. To re-
solve this problem, we use sign restrictions to identify a structural shock to government 
spending. In order to decide how to set these restrictions, we construct a New Keynesian 
dynamic stochastic general equilibrium (DSGE) model and compute impulse responses to 
exogenous shocks.

The DSGE model used to identify structural shocks builds on the model of Yoshino and 
Miyamoto (2017), combined with that of Galí et al. (2007). A key feature of Yoshino and 
Miyamoto’s (2017) model is that it takes into account the presence of retirees explicitly. 
They investigate the effects that demographic changes due to population aging have on the 
effectiveness of fiscal and monetary policy. Galí et al. (2007) extend the standard New 
Keynesian model to incorporate the presence of households with different marginal propen-
sities of consume to analyze the effects of government spending. Specifically, in their model 
households are classified into the two types: Ricardian households, which have access to as-
set markets to smooth their consumption over time, and non-Ricardian households, which 
cannot access to asset markets. In our DSGE model households are classified into three cat-
egories. First of all, as in Yoshino and Miyamoto (2017), we classify them into workers and 
retirees. Then, following Galí et al. (2007), workers are classified into Ricardian and non-Ri-
cardian. Retirees are assumed to have the same lack of access to asset markets as non-Ri-
cardian workers.

Our estimation results indicate that population aging leads to a decline in the effective-
ness of government spending. More precisely, the fiscal multiplier of output for the group of 
prefectures with lower rates of population aging exceeded that for the group with higher 
ones at the median. Moreover, when focusing on the multiplier of employee compensation 
for the two groups, we can observe a relationship similar to that of output. This implies that 
some effects of population aging on labor markets would have contributed to the decline in 
the effectiveness of spending.
                                                  
1 See e.g., Braun and Joins (2015) and Hansen and Imrohoroğiu (2016) for studies on fiscal adjustments that will be required to 
stabilize government debt in Japan.
2 The solution to this identification problem proposed by them is to use quarterly data, as explained in detail later.
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Our study is related to recent literature that explores how economic situations change 
the effectiveness of fiscal policy. Auerbach and Gorodnichenko (2012) present evidence that 
indicates the effects of government spending are different in expansions and recessions; 
since then, several studies have addressed this issue (e.g., Fazzari et al., 2015; Ramey and 
Zubairy, 2018). More recently, Ghassibe and Zanetti (2020) demonstrate that the efficacy of 
fiscal policy differs depending on whether the sources of economic fluctuations are demand- 
or supply-side.

The previous studies most closely related to ours are Yoshino and Miyamoto (2017) and 
Basso and Rachedi (forthcoming). Yoshino and Miyamoto (2017) develop the New Keynes-
ian model with the aforementioned feature and demonstrate that aging leads to a decline in 
the effectiveness of fiscal and monetary policy. Basso and Rachedi (forthcoming) analyze 
the effects of demographic changes on the effectiveness of government spending by using 
data from the US. They show results like those in our study. Our empirical results would be 
helpful to gain a further insight about this topic.

The rest of the paper is organized as follows. In Section 2, we describe a DSGE model 
and then compute impulse responses to shocks in order to decide how to choose sign restric-
tions. In Chapter 3, after explaining the data, we construct a panel VAR model and give esti-
mation results. In Section 4, we present our conclusions.

Ⅱ.    A New Keynesian DSGE Model

In this section we construct a New Keynesian DSGE model. The economy consists of 
households, firms, the fiscal authority, and the central bank. The main difference from a 
standard New Keynesian model is the presence of three types of households; Ricardian 
workers, non-Ricardian workers, and retirees, as explained above. The model economy is 
perturbed by four types of exogenous shock; a productivity shock, a discount factor shock, a 
government spending shock, and a monetary policy shock. We compute impulse responses 
to these shocks, which provide guidance on how to impose sign restrictions on responses of 
endogenous variables in the VAR model that we will estimate in the next section.

Ⅱ-1.    Households

Ⅱ-1-1    Ricardian workers
Ricardian workers derive utility from their consumption      and disutility from their la-

bor supply      . Their expected lifetime utility is given by

E0 ∑
∞
t=0 β

tvt
β{ln cR

w,t + χ ln (1 – hR
w,t)},� (1)

where Et is the expectation operator conditional upon the information set available at time t, 
β∈ (0, 1) is the subjective discount factor, and     is an exogenous shock to the subjective 
discount factor.

In line with Galí et al., (2007) we assume that the real wages are set by labor unions in a 

cR
w,t
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w,t
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β
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centralized manner, and workers supply enough labor to meet the demand given these real 
wages.3 Ricardian workers are subject to a sequence of flow budget constraints:

BR
w,t

Rt
Pt c

R
w,t +Pt i

R
w,t + = Pt wt hw,t +Pt rt

kkR
w,t–1 +BR

w,t–1 +Pt Dt
R – Pt τ

R
w,t ,� (2)

where Pt is the price level, wt is the real wage,       is a risk-free one-period nominal govern-
ment bond, R t is the risk-free gross nominal interest rate,      is the dividends from firms, and 
      is lump-sum taxes imposed by the fiscal authority,         is the stock of private capital 
held by Ricardian workers, and     is the rental rate. Private capital accumulates according to:

kR
w,t = (1 – δ )kR

w,t–1 + i R
w,t ,� (3)

where δ is the depreciation rate and       is investment in private capital.4

Ricardian workers maximize their expected utility (1) subject to (2) and (3), which 
yields the following first-order conditions:

,
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� (5)

where Π t ≡ Pt  /Pt− 1 denotes gross inflation. Equation (4) is the consumption Euler equation 
and equation (5) is implied by absence of arbitrage opportunities.

Ⅱ-1-2    Non-Ricardian workers
Consumption and labor supply of non-Ricardian workers are represented by     and 

      respectively. Their period utility is given by

ln cN
w,t + χ ln (1 – hN

w,t) .� (6)

They are subject to a sequence of flow budget constraints:

Pt c
N
w,t = Pt wt h

N
w,t – Pt τt

N,� (7)

where     is lump-sum taxes that non-Ricardian workers pay. Since they cannot access to as-
sets market, they consume all of their labor income after taxes;                       We set a 
steady-state value of lump-sum taxes     so that the levels of consumption of all households 
are equalized in a steady state.

Ⅱ-1-3    Retirees
Each period, retirees receive social security benefits sr from the fiscal authority and con-
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3  The structure of the labor market and how labor unions behave are explained in Section 2.3. In our model there is continuum 
of unions in the unit interval, and each of them set wages. We focus attention to a symmetric equilibrium in which they choose 
a same real wage, so that an index of unions to which workers belong is omitted.
4  Private and public capitals are assumed to depreciate with a same rate.
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sume all of them:
cr,t = sr.� (8)

Social security benefits are assumed to remain constant over time. We choose its value 
to equalize levels of consumption between three types of households.

Ⅱ-1-4    Economy-wide aggregation
Aggregate consumption is defined as the weighted sum of consumption of the three 

types of household:

ct ≡ (1 – ξ ) (1 – ζ )cR
w,t +ξ (1 – ζ )cN

w,t + ζ cr,t .� (9)

Aggregate hours worked is given by
ht ≡ (1− ζ )hw,t,� (10)

where                                     Since assets are held by Ricardian workers only, investment, 
private capital, outstanding government bonds, and dividends can be expressed as follows:

� (11)
� (12)
� (13)
� (14)

Finally, lump-sum taxes and social security benefits are given by:
� (15)
s = ζ sr ,� (16)

Ⅱ-2.    Firms

Ⅱ-2-1    Final goods producers
The final goods market operates under perfect competition. Final goods producers com-

bine intermediate goods yj,t into a homogeneous goods yt according to a CES technology:

yt = ∫0
1 yj,t dj ,εp

εp –1( ) εp –1
εp

� (17)

where εp > 1 is the elasticity of substitution. Profit maximization yields the demand for 
the j th intermediate goods:

� (18)

where pj,t is the price of intermediate goods. We can also obtain the zero-profit condition:

Pt = ∫0
1 Pj,t

1– εp dj .( ) 1– εp

1

� (19)

Ⅱ-2-2    Intermediate goods producers
There is a continuum of intermediate goods producers in the unit interval. A variety j is 
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produced according to the production function:
� (20)

where hj,t is labor input, zt is economy-wide productivity, and kg,t is public capital. The cost 
minimization problem by intermediate goods producers implies the following condition:

� (21)

In addition, the marginal cost mct which is common to all intermediate goods producers, 
is given by

{ }(1 – α) rt
k

αwt
mct = αg

αwt

(1 – α) exp{zt}kg,t–1
.� (22)

We incorporate nominal price rigidities into the model following Calvo (1983). In each 
period, a fraction 1−θ of firms are allowed to re-optimize their prices, while the remaining 
fraction θ of firms leave their prices unchanged. All firms revising their prices in period t set 
the same price, denoted by P*

t. They choose P*
t to maximize the present discounted value of 

profits:

{ })( P*
j,t

Pt+ i
Λt,t+ i yj,t+ i

⎡
⎢
⎣

⎤
⎥
⎦

Et ∑
∞
t=0 θ

i ,– mct+ i � (23)

subject to the downward-sloping demand function (18), where                                is the sto-
chastic discount factor. The first-order condition for this problem is:

εp

εp – 1
Et Σ

∞
t=0 θiΛt, t+ i pt+ i yj, t+ imct+ i

Et Σ
∞
t=0 θiΛt,t+ i  yj,t+ i

P*
j,t = .� (24)

Finally, it can be seen from equation (19) that the price level Pt evolves according to:
� (25)

Ⅱ-3.    Wage-setting by labor unions

In line with Galí et al. (2007), we assume that the labor market operates under imperfect 
competition. There is a continuum of labor unions in the unit interval. Each of them rep-
resents the interests of type l worker and chooses the real wage they face, where l ∈ [0,1] It 
is assumed that Ricardian and non-Ricardian workers are uniformly distributed across all 
unions. We define efficient labor employed by an intermediate goods producer j, hj,t , by us-
ing a CES function:

hj,t = ∫0
1 hj,t (l ) dl ,εw

εw –1( ) εw

εw –1

� (26)

where εw is the elasticity of substitution between two types of labor. All firms j ∈ [0,1] de-
mand equal labor for type l workers. We thus can express the demand function for type l la-
bor, ht  (l ), as follows:

yj,t = exp{zt}kj,t–1 h j,t  kg,t–1 ,
1–αα αg

kj,t

hj,t

αwt

(1 – α) rt
k= .
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i (cR

t+ i /c
R
t )

–1

Pt
1– εp = θP1– εp +(1 – θ )Pt
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� (27)

In addition, firms are assumed to uniformly allocate their labor demand for workers in a 
same union, regardless of whether they are Ricardian or non-Ricardian. Given the structure 
of the labor market explained above, a labor union l chooses the real wage w (l) to maximize 
the weighted average of the period utility of type l workers:

(1 – ξ ) + χ ln{1 – ht (l )} +ξ ,
wt (l )ht (l )

cR
w,t (l )

⎡
⎢
⎣
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⎡
⎢
⎣

⎤
⎥
⎦

� (28)

subject to (27). Deriving the first-order condition and imposing the symmetricity conditions 
wt (l) = wt and                              we obtain the following optimal wage schedule:

)( 1 – hw,t

χ
εw

εw – 1 .+ wt =
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w,t

ξ
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⎡
⎢
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⎤
⎥
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Ⅱ-4.    Fiscal and monetary authorities

The fiscal authority raises lump-sum taxes from workers and issues bond to finance gov-
ernment spending gt and the payments for social security benefits. The government budget 
constraint is then given by:

Bt

Rt
Ptτt + = Bt–1 +Pt gt +Pt s.� (30)

Defining τ ̂ t and b̂t as  τ ̂  i ≡ (τt −τ) /Y and b̂t ≡ [(Bt  /Pt)− (B/P)]/Y respectively, we set the tax 
rule as follows5:

 τ ̂  t = φb b̂t− 1.� (31)
Variables without the subscript t indicate a steady-state value of the corresponding variable. 
The government is assumed to allocate all of its spending to investment in public capital, 
implying that public capital kg,t accumulates according to:

kg,t = (1−δ)kg,t− 1 + gt.� (32)
In addition, the government decides its spending according to the rule:

� (33)
where ρg satisfies 0 < ρg < 1.     is an exogenous shock to government spending, which fol-
lows a normal distribution with mean 0 and variance     . Here, spending is assumed to be 
countercyclical. Since we use annual data for the empirical analysis in the next section, we 
cannot deny the possibility that the government changes its spending in response to an inno-
vation of output within the same period. In order to incorporate such a possibility into the 
DSGE model, we adopt this specification.

Finally, we assume that the central bank controls the short-term nominal interest rate ac-

)( wt (l )
– εw

wt
ht .hj,t (l ) =

ht
R(l ) = ht

N(l ) = ht ,

ĝt = ρgĝt–1 +ϕyŷt +et
g.

et
g

σg
2

                                                  
5  Except for these variables, for any generic variable Xt we define X̂t as the deviation of the logarithmic of that variable from 
its steady state, i.e., X̂t ≡ log (Xt /X).
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cording to the simple rule:
� (34)

where ϕπ denotes the sensitivity of the nominal interest rate to inflation and     is an exoge-
nous shock to monetary policy.

Ⅱ-5.    Market-clearing conditions

The final goods market clearing requires:
yt = ct + it + gt,� (35)

and the equilibrium conditions of labor and private capital markets are given by:

� (36)

� (37)

Ⅱ-6.    Dynamics of exogenous shocks

We assume that the exogenous shocks other than government spending shock in the 
DSGE model, zt,      and      , follow the below stochastic processes respectively:

� (38)

� (39)

� (40)

Ⅱ-7.    Parameter settings

In this study, in order to identify structural shocks, we use sign restrictions. To do this 
we use the method called “robust sign restriction” that Pappa (2009) develops. We randomly 
generate the values of some parameters in the DSGE model within certain ranges and com-
pute impulse responses to the exogenous shocks for each combination of parameter values. 
In order to decide how to set sign restrictions, we use robust signs in the sense that under 
any combination of parameter values same sign of responses are implied. As explained 
above, we use annual data and thus are unable to identify structural shocks by imposing a 
constraint that the government does not change its spending in response to an innovation in 
output within the same period. This prevents us from identifying structural shock to spend-
ing by using the strategy developed by Blanchard and Perotti (2002). The use of sign restric-
tions is an effective way to resolve this identification problem.

A further advantage of this methodology is that by changing parameter values within 
wide ranges, we can mitigate possible effects that misspecification of the DSGE model has 
on the precision of the estimate of the VAR model, at least to some extent. For example, by 
changing the degree of price stickiness and the proportion of non-Ricardian households 
within wide ranges, we can decide how to impose sign restrictions taking into account not 

Rt /R = (П t /П)
ϕ�exp (vt

m) ,
vt

m

ht = ∫0
1 hj,t dj

kt = ∫0
1 kj,t dj
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β
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only the Galí et al.’s (2007) parameterization but also other various possibilities.
Table 1 summarizes the values or ranges of the parameters used in the estimate. Within 

these parameters, we choose particular values for the discount rate β, the depreciation rate of 
capitals δ, the share of private capital α, the elasticity of taxes to outstanding debt ϕb, debt-
to-output ratio denoted by γb, government spending-to-output ratio denoted by γg, and the 
proportion of retirees ζ. β is chosen so that the discount rate is approximately 0.99 in models 
with quarterly data. The depreciation rate is set to δ = 0.1, referring to Esteban-Pretel et al. 
(2011). This is in line with Yoshino and Miyamoto (2017). ϕb = 0.1 is also used by them. We 
set the proportion of retirees to ζ = 0.25, which is the average of all prefectures in the sam-
ple periods. The values of the other parameters are set to be roughly consistent with Japa-
nese data.

On the other hand, we permit the remaining parameters to vary within plausible ranges. 
The value of α, which determines the marginal productivity of public capital, ranges from 0 
to 0.2. The upper bound is set referring to the value reported by Miyagawa et al. (2013), 
which is 0.16. The proportion of non-Ricardian households ranges from 0.1 to 0.5. Kohara 
and Horioka (2006) report that this value lies between 0.08 and 0.15 by using micro data, 
while Morita (2015) estimates this by using macro data to report a much higher value 0.47. 

Note: Parameter values and its ranges are set to be consistent with the literature.

Table 1. Calibrated parameters

Parameters Values

Discount factor 0.99

Depreciation rate 0.1

Capital share 0.33

Elasticity of tax to bond 0.1

Debt-to-GDP ratio in steady state 1.5

Gov. spending to GDP ratio in steady state 0.2

Share of retirees 0.25

Marginal productivity of public capital [0, 0.2]

Share of non-Ricardian households [0.1, 0.5]

Elasticity of substitution [6, 11]

Degree of price rigidity [0.3 0.6]

Taylor rule parameter (inflation) [1.01, 1.2]

Taylor rule parameter (output) [0,−0.2]

, ∈ ( , , , ) Persistence of exogenous shocks [0.6, 0.8]

Policy Research Institute, Ministry of Finance, Japan, Public Policy Review, Vol.17, No.3, November 2021



The markup rate εp /(εp −1) ranges in values often used in the literature. The upper bound of 
θ is chosen so that the Calvo probability is approximately 0.875 in models with quarterly 
data, which is the value estimated by Sugo and Ueda (2008). Its lower bound is chosen so 
that the probability is approximately 0.75 in models with quarterly data, which is the value 
often used in the literature.6

Ⅱ-8.    Sign restrictions

In the simulation, we randomly generate each parameter value 1,000 times from the 
aforementioned ranges and compute the impulse response functions for each combination of 
parameter values.7

Figure 1 shows the responses of (a) government spending, (b) output, (c) the price level, 
and (d) employee compensation in response to the four types of exogenous shock. The 
structural shock in which we are interested is government spending shock only, but follow-
ing Peersman (2005) we confirm the impulse responses to other types of shock in the DSGE 

Figure 1. Theoretical impulse response functions

Note: The figure shows the theoretical responses of the variables to the four types of structural shock. The shad-
ed areas are corresponding to the 90% bands for theoretical impulse response functions.
                                                  
6  To be precise, 0.8754 ≈ 0.58 and 0.754 ≈ 0.31.
7  Since we randomly generate the combinations of parameter values, under some of them unrealistic impulse responses are 
implied. We therefore removed the top and bottom 5% of all impulse responses.
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model in order to identify structural shocks. The shaded areas show the ranges bounded by 
the 5% and 95% quantiles of the impulse response functions. Employee compensation is de-
fined as the sum of the responses of the real wage and labor. Owing to date limitation only 
employment compensation rate is available, so that we also calculate its response to exoge-
nous shocks.

The simulated results are summarized as follows. First, an increase in government 
spending leads to increases in output, the price level, and employee compensation. Second, 
a positive productivity shock raises output and employee compensation and lowers the price 
level. An increase in output due to a productivity shock leads to a decrease in government 
spending. Third, in response to a monetary tightening shock, we can observe an increase in 
spending and decreases in output, the price level, and employee compensation. Finally, in 
response to a shock to the discount factor output and employee compensation fall and ex-
pending and the price level increase.

These results provide sufficient information to identify the four types of shock. For ex-
ample, the result that output responds positively to shocks to both government spending and 
productivity but the price level responds negatively to the former and positively to the later 
allows us to distinguish the two shocks. We can also identify the other types of shock in a 
similar way. In the next section, we estimate a VAR model by using sign restriction in order 
to examine how the efficacy of government spending changes with population aging. Table 
2 summarizes how to set these restrictions. In addition, we impose these restrictions on the 
responses of the variables in a VAR model only in the first period.

Ⅲ.    Empirical Analysis

Ⅲ-1.    Data

In this subsection, we explain data used to estimate the VAR model described later. The 
prefecture-level data used in this study contains the following elements: government spend-
ing, real gross domestic product (output), deflator (the price level), and employee compen-

gov. spending output prices compensation

+ + + +

− + − +

+ − − −

+ − + −

Note: Sign restrictions are set based on the theoretical impulse responses. We impose them on the variables for 
one period (one-year) in the empirical analysis we conduct in Section3.

Table 2. Sign restrictions
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sation. The source of the data is Prefectural Economic Accounts (Kenmin Keizai Keisan). 
Government spending is defined as the sum of government consumption and government 
investment. Deflator is defined as the ratio of prefectural nominal GDP to prefectural real 
GDP, which is used to express employee compensation in real terms. The data are annual 
from 1990 to 2014, taken from 93 SNA. During this period the benchmark year revision has 
been conducted in 1995, 2000, and 2005. We construct time-series data from 1990 to 2014 
by using the growth rates of variables in each benchmark year.

A notable feature of this study is that we divide the sample of prefectures in advance and 
then estimate a VAR model as in Ilzetzki et al., (2013) in order to examine how the macro-
economic effects of government spending change with population aging. Specifically, we 
calculate a sample average of ratio of the of population aged 65 and older to the total popu-
lation for each prefecture using the data from the Statistics Bureau of the Ministry of Inter-
nal Affairs and Communications. We then take two groups from them: the group of the 12 
highest-ranked prefectures, and the group of the 12 lowest-ranked prefectures. From now 
on, the former is called the group of the top 12, and the latter is called the group of the bot-
tom 12. The group of the top 12 includes Akita, Yamagata, Nagano, Wakayama, Tottori, 
Shimane, Yamaguchi, Tokushima, Ehime, Kochi, Oita, and Kagoshima. The group of the 
bottom 12 includes Miyagi, Ibaraki, Tochigi, Saitama, Chiba, Tokyo, Kanagawa, Aichi, Shi-
ga, Osaka, Hyogo, and Okinawa.

Ⅲ-2.    A panel VAR model with sign restrictions

As explained above, we estimate a panel VAR model for each group. The VAR model 
includes the following endogenous variables: government expenditure (gt), output (  yt), the 
price level (  pt), and employee compensation (wt). The variables other than the price level 
are measured in per capita. In addition, all variables are expressed in logarithm.

Denoting the vector of the endogenous variables for each prefecture i, i = 1, 2, …, N as 
Yit = (git, yit, pit, wit), we describe the panel VAR model as

� (41)
where Bs is the vector of coefficients on the lagged variables, uit is the vector of re-
duced-form residuals, and Σ is the variance-covariance matrix of the residuals. We assume 
that all prefectures share the same coefficients and variance-covariance structure. In addi-
tion, we incorporate fixed effects and linear terms into the model, but to simplify the expres-
sion they are omitted. The lag order is set to p = 2. As in the standard VAR analysis, we as-
sume that there is a linear relationship between the reduced-form residuals and the structural 
shocks:

uit = Aεit ,� (42)
where εit is the vector of the structural shocks, uncorrelated with each other. The variance of 
each structural shock is normalized to one.

To simplify the notations, we define 𝕐, 𝕏, and 𝕦 as follows. First of all, 𝕐 ≡ [Y ′1, …, Y ′T]′, 
Yt ≡ [Y ′1t , …, Y ′Nt]′, 𝕏 ≡ [X ′1, …, X ′T]′, Xt ≡ [X ′1t, …, X ′Nt]′, Xit = Ik ⊗ [Yit−1, …, Yit−p], 𝕦 ≡ [u ′1, …, 
u ′T ]′, and ut ≡ [u ′1t , …, u ′Nt]′. We further define the coefficients in the VAR model as Θ ≡ 

Yit = ∑p
s=1 BsYit– s +uit (t = 1 , … , T ) , uit ~ N (0, ∑) ,  
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[vec (B′1 ), . . ., vec (B′p )]′. Using the newly defined variables, the panel VAR model system can 
be rewritten as the form of the linear regression model:

� (43)
In this study, following Uhlig (2005), we use the sign restrictions to identify structural 

shocks to government spending. The identification process consists of the following two 
steps. First, we randomly generate the VAR coefficient Θ and the variance-covariance ma-
trix of the reduced-form residuals Σ to obtain candidate draws for them:

� (44)

Θ ~ N 𝕏𝕏′(IT×N⊗∑)–1𝕏𝕏 –1 ,( )Θ̂ols, ( ) � (45)

where Θ̂ols and Σ̂  ols denote the coefficients and variance-covariance matrices obtained by esti-
mating (43) using the ordinary least squares, and W(・) denotes the Wishart distribution.

In the second step, we randomly generated a matrix W from the standard normal distri-
bution, which is QR-decomposed to gives a matrix Q such that W = QR. Q is an orthogonal 
matrix that satisfies QQ′ = I. We can then express the relationship between the endogenous 
variables in a period

uit = A0QQ′ε͂ it,� (46)
where A0 is the lower triangular matrix obtained by the Cholesky decomposition of the vari-
ance-covariance matrix Σ, and ε͂ it is the vector of the structural shocks obtained by the de-
composition. Finally, defining A ≡ A0Q and εit ≡ Q ′ε͂ it produces a relationship between the re-
duced-form residuals and the structural shocks identical to equation (42). Note that it can be 
confirmed that under A and εit constructed here the original variance-covariance structure is 
maintained. Indeed, the fact that QQ′ = I guarantees that:

E[Aεit  ε′it  A′] = E[A0QQ′ε͂ it ε͂  ′itQQ′A′0] = A0   A′0 = Σ.� (47)
Under these generated combinations (Θ, Σ, A), we calculate the impulse response func-

tions and check whether or not they satisfy the sign restriction. Only when all of them are 
satisfied, we regard the combination as the valid sample. For every combination of Θ and Σ 
generated in the first stage, we generate A 5,000 times in the second stage. This process is 
repeated until we can obtain 500 valid samples.

Ⅲ-3.    Estimate results

Figure 2 displays the impulse responses given by the estimate of the panel VAR model 
for each group. The solid lines plot the medians of the sampled impulse response functions, 
and the shaded regions indicate the 68% credibility intervals.8 The first column shows the 
impulse response functions in the group of the top 12 and the second column shows the im-
pulse response functions in the group of the bottom 12.

Estimation results can be summarized as follows. First, the responses of all variables in 

𝕐𝕐=𝕏𝕏Θ+𝕦𝕦, 𝕦𝕦 ~ N(0, IT×N⊗∑).

)( Σ̂ols
–1

T ×N , T ×N ,∑–1 ~ W

                                                  
8 It should be noted that since we use the Bayesian techniques for the estimation, the regions are not “confidence intervals”.
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period 0 to the structural shock to government spending, to which the sign restrictions are 
imposed, are positive. Focusing on output from period 1 onward, in the group of the bottom 
12 the significantly positive response is observed until period 3. On the other hand, in the 
group of the top 12, this turns to be insignificant in period 3. Similar trends are also evident 

Figure 2. Estimated impulse response functions

Note: The figure shows the impulses of each variable in response to shocks to government spending (i) in the 
group of the top 12 and (ii) in the group of the bottom 12. The solid lines indicate the medians, and the shaded 
areas represent the 68% credibility intervals.
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in the responses of employee compensation. In the group of the bottom 12 employee com-
pensation shows a significant response until period 3. In the group of the top 12, though its 
response is significantly positive until period 2, it becomes insignificant in period 3 and 4, 
and significantly negative in period 5.

The analysis so far shows that the positive responses of output and employee compensa-
tion are more persistent in the group of the bottom 12 than in the group of the top 12. How-
ever, since the dynamic responses of government spending themselves differ between the 
two groups, a direct comparison between the impulse responses in Figure 2 is inappropriate 
for understanding how differently the structural shocks to spending affect the other vari-
ables. To perform this comparison in an appropriate way, we calculate the fiscal multipliers 
for output and employee compensation. The cumulative fiscal multiplier after J period from 
the onset of the structural shock to spending is defined as

ΣJ
j=0 IRj (x)

ΣJ
j=0 IRj (g)

x̄
ḡ× ,� (48)

where x denotes output or employee compensation, IRj(･) indicates the impulse response of 
the corresponding variable in period j, and x̄ and ḡ are the average of corresponding variables 
over simulated samples. The fiscal multiplier measures how many units the corresponding 
variable changes in response to one unit increase in government spending. This enables us 
to compare the effects of the structural shock to spending in the two groups even when the 
dynamic responses of spending differ between them.

Figure 3 illustrates the fiscal multipliers of output and employee compensation. The dot-
ted lines with circles represent the medians of multipliers for the group of the top 12, and ar-
eas between dotted lines indicate 68% credibility intervals. Those for the group of the bot-
tom 12 are represented by solid lines and shaded areas, respectively. Focusing on their 
medians, the fiscal multiplier for the group of the bottom 12 is always larger than that for 
the group of the top 12. More specifically, the fiscal multiplier of output for the group of the 

Note: The figure shows the fiscal multipliers for (i) output and (ii) employee compensation. The dotted lines with 
circles and the areas between the dotted lines represent the medians and 68% credibility intervals of the fiscal 
multipliers in the group of the top 12, respectively. Those in the group of bottom 12 are represented by solid 
lines and shaded areas, respectively

Figure 3. Fiscal Multipliers
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bottom 12 is always greater than one, while those for the group of the top 12 are below one 
from period 3 onward. This result implies that population aging would have a negative ef-
fect on the effectiveness of government spending.

To understand the logic behind this result, it is instructive to consider how population 
aging affects the fiscal multiplier of employee compensation with the help of the DSGE 
model described in Section 2. The fiscal multipliers for employee compensation have trends 
qualitatively similar to those for output. This implies the possibility that some effects of 
population aging on labor markets would have contributed to the decline in the effectiveness 
of spending. Indeed, in the DSGE model described in Section 2, a rise in proportion of retir-
ees dampens the response of total labor to changes in wages.9 Therefore, we can interpret 
that our empirical results imply that the population aging weakens the responses of con-
sumption and labor supply to government spending, thereby leading to the decline in its 
macroeconomic effect. Strictly speaking, it should be noted that since employee compensa-
tion is defined as the product of hours worked times the real wage, we cannot capture effects 
of population aging only on hours worked.

In addition, we need reservations about statistical significance. Since the credibility in-
tervals for the two groups overlap, we cannot find statistically significant difference between 
the responses in the two groups.10 In this study for simplicity we assume that in the VAR 
model all prefectures share the same coefficients on the lagged variables and variance-cova-
riance structure. A possible way to improve statistical precision is to estimate a panel VAR 
model with a hierarchical structure following Pappa (2009). We leave this for future re-
search.

Ⅳ.    Conclusion

By conducting a sign-restriction VAR analysis using Japanese prefectural-level panel 
data we examine how population aging changes the effectiveness of government spending. 
In order to decide how to set these restrictions we construct a DSGE model that takes into 
account the presence of retirees explicitly and compute impulse responses to exogenous 
shocks. The estimation results imply that the population aging leads to a decline in the effec-
tiveness of spending. In addition, we find that the population aging also weakens the re-
sponse of employee compensation to spending. This implies that some effects of population 
aging on labor markets would have contributed the decline in the macroeconomic effects of 
spending.

Future research can address how the population aging affects labor markets in more de-
tail in order to clarify a mechanism behind the decline in fiscal multipliers. It is also an im-
portant task to develop a theoretical model that embeds this mechanism. Such a model 
would enable us to investigate implications for fiscal policy in an aging society.
                                                  
9  This can be seen by substituting the definition of total hours worked (10) into the optimal wage schedule (29).
10  Nonetheless, some notable difference can be found. One example is that, in the group of the top 12 the response of employ-
ee compensation turns to insignificant in period 5, while this is not the case in the group of the bottom 12.
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Appendix Ⅰ.    Steady state

We log-linearize the equilibrium conditions of the DSGE model around the steady state 
with zero inflation. In the steady state the following relationships hold.

Gross nominal interest rate R = 1/β
Real rental rate r k = R−1 + δ

Aggregate output

Public capital

Real wage

Private capital

Private investment i = δk
Government spending g = γg γ
Government bond b = γbγ
Private consumption c = y− i−g

εp – 1
εp

{ }y = αα(rk)–α h1–α)(
α γg

δ )(
β

1–α–β
1

kg = y
γg

δ )(
εp – 1
εp

w = (1 – α)1–ααα(rk)–αkg
β)( 1–α

1

⎡
⎢
⎣

⎤
⎥
⎦

αw
(1 – α) rk{ }k = h
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Appendix Ⅱ.    Log-linearized equilibrium conditions

Log-linearized equilibrium conditions are summarized as follows. Variables with hats 
denote log-deviation from its steady-state value except the fiscal variables, i.e., for a generic 
variable Xt, X̂t ≡ log (Xt  / X  ). The fiscal variables with hats denote the ratio of deviation from 
its steady-state value to output. For example, ĝt ≡ (gt −g) / y.

Euler equation

No-arbitrage condition

Consumption of non-Ricardian

Aggregate consumption

Optimal wage schedule

Cost minimization condition

New Keynesian Phillips Curve

Marginal cost
Evolution of private capital k̂t = (1−δ) k̂t−1 + δî t

Evolution of public capital k̂g,t = (1−δ) k̂g,t−1 + δĝt

Government budget constraint b̂t = R (ĝt − τ ̂ t + b̂t−1) + γb(r̂t −Rπ̂t)
Tax rule τ ̂ t = ϕbb̂t−1 + ϕgĝt

Government spending rule
Taylor rule
Goods market clearing ŷt = γcĉt + γiî t + ĝt

Aggregate production function ŷt = ẑt + α k̂t−1 + (1−α)ĥt + β k̂g,t

– (Et v̂
β
t+1 – v̂ βt )

ĉR
w,t = Etĉ

R
w,t+1 – r̂t +Et�̂t+1

1
1 – β+βδEt r̂

k
t+1 = r̂t)(

1
1 – β+βδ

– Et�̂t+1)(
wh
cĉN

w,t = ŵt +)( wh
c ĥt – τ̂t)( y

c )(
ĉt = (1 – ξ ) (1 – ζ )ĉR

w,t +ξ (1 – ζ )ĉN
w,t

1
(1 – ζ )

h
1 – hŵt = ĉt + ĥt

r̂ k
t = ŵt +ĥt – k̂t–1

(1 – θ ) (1 – βθ )
θ�̂t = βEt�̂t+1 + m̂ct

m̂ct = α r̂ k
t +(1 – α)ŵt – β k̂g,t – ẑt

ĝt = ρgĝt–1 +ϕyŷt +et
g

r̂t = ϕ��̂t + v̂t
m
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