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1. Introduction 

This paper deals with the effects of population decrease and policies induced by 

demographic change on commodity demand and industrial structures with special 

reference to the Japanese economy. 

Although it is not a major factor, Horioka (forthcoming) shows that the low growth 

of household consumption expenditure is a significant cause for the low economic 

growth of the Japanese economy during the 1990’s, the so-called “lost decade.”1  

Since household consumption expenditure is a major component of the GDP; i.e., its 

share in the GDP is approximately 60 percent, its stagnation can easily lead to the 

stagnation of the whole economy.  In other words, it is imperative for the stable 

economic growth to be accompanied with the stable growth of household consumption 

expenditure.  Observing the current Japanese economy, there are factors which have 
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substantial effects on the stability of household consumption expenditure; they are 

population decrease and aging.  Population decrease will lead to the decrease in the 

total amount of household consumption.  Aging has three effects on household 

behavior.  First, the life cycle-permanent income hypothesis implies that the saving 

rate would decline due to aging.  Whether the overall effect of this implication results 

in the increase of household consumption is unclear; however, given the other factors 

unchanged, the decrease of the saving rate leads the increase of consumption 

expenditure.  Second, on the contrary, a theory on precautionary savings indicates that 

the saving rate would go up because of future uncertainties.  As for these two effects, 

applying the lice cycle-permanent income hypothesis to data of Japan, Koga (2005) 

finds that aging and future uncertainties contribute to decrease and increase of the 

saving rate, respectively.  Murata (2003) also shows that uncertainties on social 

security benefits increase the saving rate in Japan.  Finally, preferences would change 

over time and age.  Wakabayashi (2001, 2002) demonstrates that commodity demand 

structures and preferences are not identical across age groups by using an almost ideal 

demand system. 

As we reviewed the literature on the effects of demographic change, several analyses 

can be found for each single economic variable (e.g. the saving rate).  On the contrary, 

in large-scale economic modeling, demographic change has not been focused seriously 

for some reasons despite its importance.  Due to population decrease and aging 
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particularly in developed countries, however, demographic issues are becoming one of 

the major topics for analyses by large-scale economic modeling.  For instance, 

Okamoto (2005) apply a single-country general equilibrium model to quantify the 

macroeconomic effects on the Japanese economy.  By contrast, Faruqee and 

Mühleisen (2003), McKibbin and Nguyen (2004), and Shi and Tyres (2005) employ a 

multi-country model.2  Among the three analyses by a global model, Faruqee and 

Mühleisen (2003) and McKibbin and Nguyen (2004) demonstrate extensive results 

with respect to Japan.  In this paper, we construct a price-linked input-output model 

for Japan, which is in line with the model in Usami et al. (2004).  Our model also has 

general equilibrium nature; however, most parameters are econometrically estimated.  

Furthermore, we interlink a model which describes household behavior (i.e., 

consumption-saving decision) for ten age groups of household heads with the 

input-output model.3  By applying the model, we analyze the effects of population 

decrease and the rise in the consumption tax rate on commodity demand and industrial 

structures.   

The rest of the paper consists of three sections.  Section 2 explains the structure of 

the model.  Section 3 presents results for final test and simulations.  Finally, Section 

4 provides conclusions. 
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2. The Model Structure 

The basic structure of the model follows Usami et al. (2004).  However, our 

commodity demand model is specifically refined.  Moreover, households’ savings are 

also determined by their utility maximization process and the financial sub-model 

which explains the money supply as well as the long-term interest rate are added. 

 

2.1. The Overall Structure 

The model is composed of the four sub-models: household, input-output, financial, 

and population sub-models.4  The household sub-model explains consumption for 49 

commodities and asset demand disaggregated with respect to 10 age groups of the head 

of the households.  The input-output sub-model determines output and price for 206 

sectors simultaneously.  The financial sub-model accounts for the money supply and 

the long-term interest rate.  The population sub-model deals with age-grouped 

population.  These sub-models are interlinked and the linkage mechanism is shown in 

Figure 1.   

 

<Figure 1 around here> 

 

2.2. Household Sub-Model 

There is a vast literature regarding commodity demand systems.  Stone (1954) 
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estimated a linear expenditure system (LES) which is based on the Klein-Rubin 

(1947-48) or Stone-Geary utility function.5  Christensen et al. (1975) developed a 

demand system which is underpinned by a translog utility function.  Deaton and 

Muellbauer (1980) constructed an almost ideal demand system (AIDS) which can be 

derived from a PIGLOG cost function.  Modifying an AIDS, Almon (1996) developed 

a perhaps adequate demand system (PADS).  Among those systems, an AIDS is 

frequently applied; e.g., Sasaki (1996), Asano (1997), and Wakabayashi (2001, 2002) 

for cases of Japan.  These systems work empirically under a condition that the 

number of commodities is less than that of observations.  Since our model contains 49 

commodities and 27 observations, a commodity demand system cannot be applied.  

Therefore, we constructed a commodity demand model by modifying the model in 

Ballard et al. (1985), which takes a different approach to explain commodity 

demands.6   

Households’ savings are also determined in the same framework.  Whereas Ballard 

et al. (1985) do not consider the households’ portfolio selection behavior; the aggregate 

savings are further divided into safe and risky assets by a portfolio selection model in 

our model.   

 

2.2.1. Commodity Price and Consumption – Saving Decision 

Similar to a standard commodity demand system, the commodity demand model of 
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Ballard et al. (1985) is a static model and is also based on households’ utility 

maximization.  Differed to a commodity demand system, their model consists of the 

current as well as future consumptions.  In addition, households are divided with 

respect to income of a household head.  Our household sub-model is formulated in 

line with Ballard et al. (1985); however, ours divides households into ten groups with 

respect to age of a household head (under 24, 25-29, 30-34, 35-39. 40-44, 45-49, 50-54, 

55-59, 60-64, over 65).7  We discuss the structure of the commodity demand model 

first.  Then, the determinations of household income and commodity price are 

explained. 

In order to construct a commodity demand model, Ballard et al. (1985) take the 

two-step approach.  At the first step, the model allocates household’s wealth into the 

aggregate current and future consumptions.  Then, the current consumption is further 

divided into demand for each commodity. 

 

A. Allocation of Household’s Wealth Between Current and Future Consumptions 

A representative household for the age group y of the head of the household is 

assumed to have the following constant elasticity of substitution (CES) utility function: 

 

( ) ( ) ( )[ ] ( )11111 1
−−− −+= yyyyyyyy

Fyyyyy CCU
σσσσσσσσ αα ,   (1) 
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where ∏ == 49
1k kyy

kyCC λ (composite of goods), Cky is demand for commodity k of a 

household for the age group y, CFy is the future consumption of a household for the age 

group y, and αy and σy are parameters.8  Then, the utility maximization problem can 

be written as: 

 

,s.t.

max

ySyyy

y

SPCqYI

U

+=
 (2) 

 

where YIy is income for a household of age group y, yq  is price for the composite 

goods for a household of age group y, PS is price for saving, and Sy is saving for a 

household of age group y. 

In this model, households are assumed to purchase capital by their saving and lend it 

to firms.  Letting  and ζ price for capital and the unit service provided by capital 

goods, respectively, a household’s expected return per unit of saving is given by  

.  Since the return of saving is used for purchasing the future good which is 

assumed to have the same price as the composite goods, we have the following 

identity:

H
KP

ζH
KP

9

 

Fyyy
H

K CqSP =ζ . (3) 

 

Rearranging equation (3) gives: 
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ζ  (4) 

 

where ζH
KySFy PqPP = .  Then, applying the result in equation (4), the household’s 

utility maximization problem can be rewritten as: 

 

.s.t.

max

FyFyyyy

y

CPCqYI

U

+=
 (2′) 

 

Solving the utility maximization problem (2′) yields the household’s optimal 

demand for the composite good and future good.  The Lagrangian of the household 

for the age group y can be written as: 

 

( ) ( ) ( )[ ] ( )

( ),
1

11111

FyFyyyyy

Fyyyyy

CPCqYI

CCL yyyyyyyy

−−+

−+=
−−−

µ

αα
σσσσσσσσ

 (5) 

 

where µy is the Lagrange multiplier of the household for the age group y.  The 

first-order conditions are given by: 

 

( )
yyyyy qCU yyy µα σσσ =−− 1111 , (6) 
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( ) ( )
FyyFyyy PCU yyy µα σσσ =− −− 11111 , (7) 

 

FyFyyyy CPCqYI += . (8) 

 

Combining equations (6) and (7) and substituting the result into equation (8) gives: 

 

yy

yy
y yq

YI
C

∆
= σ

α
, (9) 

 

( )
yFy

yy
Fy yP

YI
C

∆

−
= σ

α1
, (10) 

 

where ( ) yy
Fyyyyy Pq σσ αα −− −+=∆ 11 1 .  Substituting equation (10) into equation (4) 

and rearranging the result yields: 

 

( )
yFyS

yy
y yPP

YI
S

∆

−
= −1

1
σ

α
. (11) 

 

B. Allocation of Current Composite Consumption among Detailed Commodities 

After obtaining the optimal demand for the current composite good, the optimal 

demand for each good (49 commodities) is determined by solving the following 
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maximization problem: 

 

( )∑

∏

=

=

+=−
49

1

49

1

1s.t.

max

k
kykySy

k
ky

CqDCTSPYI

C kyλ

 (12) 

 

where DCT is the consumption tax rate and qk is price for commodity k.  The 

Lagrangian for this problem is given by: 

 

( ) ⎥⎦
⎤

⎢⎣
⎡ +−−+= ∑∏

==

49

1

49

1
1

k
kykySyy

k
kyy CqDCTSPYICJ ky φλ . (13) 

 

The first-order conditions are: 

 

( ky
ky

y
ky qDCT

C
C

+= 1φλ ) ,  for k = 1, 2, …, 49, (14) 

 

( )∑
=

+=−
49

1
1

k
kykySy CqDCTSPYI . (15) 

 

 

Manipulating the first-order conditions yields: 
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( ) ( ySy
k

ky
ky SPYI

qDCT
C −

+
=

1
)λ
,  for k = 1, 2, …, 49. (16) 

 

Substituting equation (16) into the objective function gives: 

 

( ) (
ky

k
ySy

k

ky
y SPYI

qDCT
C

λλ
∏
=

⎥
⎦

⎤
⎢
⎣

⎡
−

+
=

49

1 1
) . (17) 

 

Solving equation for YIy - PSSy yields: 

 

( )
y

k ky

k
ySy CqDCTSPYI

ky

∏
= ⎥

⎥
⎦

⎤

⎢
⎢
⎣

⎡ +
=−

49

1

1
λ

λ
. (18) 

 

From equation (15), we have  

 

( ) yy
k

kykySy CqCqDCTSPYI =+=− ∑
=

49

1
1 .  (19) 

 

Hence, 

 

( ) ky

k ky

k
y

qDCTq
λ

λ∏
= ⎥

⎥
⎦

⎤

⎢
⎢
⎣

⎡ +
=

49

1

1 . (20) 
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Ballard et al. (1985) treats household income as an exogenous variable because their 

model is static.  In order for the whole model to have dynamic property, we explain 

household income as follows:  

 

( ) ⎥⎦

⎤
⎢⎣

⎡ +⋅= −−−
=
∑ 1,1,1

206

1
1, yS

j
jy SPRGBLwYIYI ,   (21) 

 

where w is the wage rate, Lj is employment in sector j, and RGB is the long-term 

interest rate.  Among these three variables, the former two variables (wt and Ljt) are 

explained in the input-output sub-model while the last variable (RGB) is determined in 

the financial sub-model.  By endogenizing household income, household savings are 

determined as residuals.   

Total commodity demand for age group y is explained by equation (9).10  In order 

to apply equation (9), parameters αy and σy must be given.  Following Ichioka (1991, 

pp. 153-155), we discuss the calibration procedure of these parameters.  Define the 

saving elasticity for age group y with respect to the real rate of return as: 

 

y

y
y S

r
r

S
∂

∂
=ν ,   (22) 

 

where SK PPr ζ= .  Assume that change in r is caused by that in ζ.  Then, taking 
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partial derivative of Sy with respect to r is sufficient to derive the first-term of equation 

(22).  Since  

 

( )( )
2

111

y

ySyyyy
yyy rqP

r
S

∆

−−
=

∂

∂ −− σσσσαα
,  (23) 

 

we obtain, after some calculation, the following saving elasticity: 

 

( ) ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−−=

y

yS
yy YI

SP
11σν .   (24) 

 

Solving equation (24) for σy gives: 

 

yyS

y
y YISP−

+=
1

1
ν

σ .   (25) 

 

As for the derivation of αy, we take the ratio of equation (9) to equation (11) as: 

 

y

y

Fy

Fy

S

y

y

y

y

q
P

P
P

S
C

σ

α
α

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

−
=

1
.   (26) 

 

Rearranging equation (26) yields αy as: 
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( )( ) y
yFyFyySy

y
y qPPSPC

C
σα

+
= .   (27) 

 

Once parameters σy and αy are determined by equations (25) and (27) respectively, we 

can obtain the optimal composite good demand for age group y as in equation (9). 

Then, we discuss the determination of commodity price and the structure of the 

commodity demand model follows.  Although commodity price is given in a 

commodity demand model, it becomes one of the linkage variables between the 

household and input-output sub-models and is explained by sectoral price as: 

 

( )ikk Pqq = ,   k = 1, 2, …, 49; i = 1, 2, …, 206 (28) 

 

where Pi is price in sector i.  The general commodity price is determined by the 

weighted average of age-grouped price for composite goods; i.e.,  

 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
= ∑

∑ y
y y y

y
TLTL q

NHH
NHH

PP ,  (29) 

 

where PTL is the average commodity price and NHHy is the number of households for 

age group y.11   
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Household income and total commodity demand are estimated for each age group.   

As for age group 30-34, the following equations are estimated: 

 

( ) 90951 141,1,113

206

1
12113034 DcSPRGBcLwccYI yS

j
j +++⋅+= −−−

=
∑ ,  (30) 

 

 

LATERDcDcYIccC 968287 2423303422213034 +++= ,  (31) 

 

where Dxxyy is a dummy variable which take 1 between 19xx and19yy; 0 otherwise 

and D96LATER is also a dummy variable which has 1 after 1996; 0 otherwise.   

 

<Tables 1 and 2 around here> 

 

2.2.2. Portfolio Selection 

Household savings (PSSy) which are explained in the previous sub-section are further 

sub-divided as:  

 

ySySyS SPSPSP 21 21 += ,  (32) 

 

where S1y is asset which partially consists of the money supply (M2+CD) and S2y is 
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the others.  The allocation of total saving is determined by a portfolio selection 

model.12  There is also an extensive literature on a portfolio selection model.  In this 

model, we adopt a linear asset demand model developed by Friedman and Roley 

(1979) and Friedman (1985).1314  Friedman (1985) and Noland (1988) apply this 

model to data of the U.S. and Japan, respectively.  

 

A. Case for Risky Assets Only 

In order to allocate its aggregate asset, a household solves the following expected 

utility maximization problem: 

 

( )[ ]
,1s.t.

max
T

1,1,

=
++

ωi
yS SPVE

 (33) 

 

where E is the expectation operator, V(·) is a constant relative risk aversion (CRRA) 

utility function, ω is a vector of share of composite assets, i is a vector of ones, iT is 

transpose of i.  The evolving path of PS,+1Sy,+1 is given by:  

 

( riω +⋅=++
T

1,1, ySyS SPSP ) , (34) 

 

where r is a vector of the real return of each financial asset and is assumed to follow 

the following joint normal distribution: 
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( )Ωrr ,~ eN , (35) 

 

where re is a vector of the expected real return and Ω is the variance-covariance matrix.

  

Taking expectation of the utility function after applying the Taylor series expansion 

to V(PS,+1Sy,+1) around E(PS,+1Sy,+1) up to the second degree yields: 

 

( )[ ] ( )[ ] ( )[ ]( ) ΩωωT2
1,1,1,1,1,1, 2

1
ySySySyS SPSPEVSPEVSPVE ++++++ ′′+= , (36) 

 

where V'' (·) is the second derivative of V(·). 

 

Then, the household solves the following Lagrangian: 

 

( )[ ] ( )[ ]( ) ( ωiΩωω TT2
1,1,1,1, 1

2
1

−+′′+= ++++ yySySySy SPSPEVSPEVZ ψ ), (37) 

 

where ψy is the Lagrange multiplier.  The first-order conditions are:  

 

( )[ ] ( )( )[ ]
( )[ ]( ) iΩω

r
ω

yySyS

e
ySyS

y

SPSPEV

SPESPEV
Z

ψ−′+

+′=
∂

∂

++

++

2
1,1,

1,1, 1
, (38) 
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ωiT1−=
∂

∂

y

yZ
ψ

, (39) 

 

where V' (·) is the first derivative of V(·).  Setting equations (38) and (39) to zero and 

combining the results, we obtain the optimal portfolio selection as: 

 

( )
iΩi

iΩri
iΩi
ΩiiΩΩω 1T

1

1T

1T1
1

−

−

−

−−
− ++⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−= e

yκ . (40) 

 

where [ ]( ) [ ]( )( )[ ]ySySySy SPSPEVSPEV 1,1,1,1, ++++ ′′′−=κ . 

 

B. Case for Including Risk-Free Asset 

When risk-free asset is included, equation (40) is not the optimal solution.15  

Assume that the household does not have borrowing restrictions of risk-free asset.  

Then, the household will solve an unconstrained expected utility maximization 

problem.  The optimal solution for risky asset is given by: 

 

( iriΩω fe
y r−+= − )~~~ 1κ  (41) 

 

where tilde refers to variables for risky assets and rf is the real return of risk-free asset. 
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Since the composites of S1y are demand and time deposits, S1y can be interpreted as 

risk-free asset.  Applying equation (41), we estimate the following equation by panel 

data technique:16  

 

( ){ } { }[ ]

LATERDcDc

PRSPRGBc
PSP

PYI
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SP
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2

3433
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2

++

−−−+⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
= ( )

 . (42) 

 

where pch(x) is the rate of change in variable x, D8790 takes 1 for 1987-1990 and 0 

otherwise, and D98LATER takes 1 after 1998 and 0 otherwise.  Here, we assume that 

the real return for risk-free and risky assets are represented by the short and long-term 

interest rates, respectively.  Table 3 shows the estimation result for equation (42).  

Although several dummy variables are not statistically significant for certain age group, 

the overall results are sufficient. 

 

<Table 3 around here> 

 

2.3. Input-Output Sub-Model 

The input-output sub-model fundamentally follows the Leontief input-output model; 

i.e., the summation of each intermediate demand and final demand equals total output.  

Differed from the Leontief model, our input-output sub-model determines sectoral 
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price simultaneously.  Therefore, consistent results for sectoral output and price can 

be obtained.  Using price-linked 206-sector input-output tables for 1973-1999 

complied by the Society of Dynamic Multi-Sectoral Econometric Modeling (2002), we 

estimate most parameters by econometric techniques. 

 

2.3.1. The Wage Rate and Sectoral Price 

In their model, McKibbin and Nguyen (2004) assume that labor is perfectly mobile 

among sectors; hence, the wage rate is common among sectors.  We employ their 

approach to model labor market and modify their formulation of the wage rate 

determination.  McKibbin and Nguyen (2004, p.47) formulate the wage rate equation 

as:  
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where PCe is expected price, L is employment, and L* is full employment.  In order to 

incorporate the effect of labor productivity on the wage rate, we modify equation (43) 

as: 
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where XXRj is total output in sector j in constant price.  After taking logarithms, we 

estimate the wage rate equation.  Since the estimated parameter alpha exceeds one, 

the final version of the estimated equation (44) becomes as follows: 

 

9591868077

lnlnlnln

4847464544

206
1

206
1

43

206
1

42
1,

41
1

DcDcDcDcDc

L

XXR
c

LF
L

c
P

P
c

w
w

j j

j jj j

TL

TL

+++++

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=⎟

⎠
⎞

⎜
⎝
⎛

∑
∑∑

=

==++

   (45) 

 

where LF is labor force, D77, D80, D86, D91, and D95 take 1 for 1977, 1980, 1986, 

1991, and 1995, respectively; 0 otherwise.  The estimation result is shown in Table 4.  

In this estimation, the average commodity price and labor force are used as proxy 

variables for the expected price and full employment. 

 

<Table 4 around here> 

 

Following the cost structure of an input-output table, sectoral price is determined by 

adding cost of production.  Among the cost factors, cost of intermediate inputs and 

wages are main ones.  Thus, sectoral price is explained in our model as: 
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where Pj is price for sector j, XRij is input of good i in sector j in constant price. 

The estimated equation for price in sector 92 (cement products) can be written as: 
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Table 5 presents the fine result for the estimation of this equation. 

 

<Table 5 around here> 

 

2.3.2. Intermediate Input, Sectoral Employment, and Capital Stock 

Regarding production technology, Ozaki (1979) and Ozaki, Kuroda, and Nomura 

(2000) emphasize the importance of economies of scale.  Nakamura (1990) presents a 

generalized Leontief unit cost function which embodies economies of scale by 

enlarging Fuss (1977) and named it a generalized Ozaki unit cost function.  In this 

paper, a representative firm of each sector is assumed to have a generalized Ozaki unit 

cost function with factor limitation assumption as a consequence of cost minimization 

given sectoral output.  If we omit technological change, Nakamura’s (1990) 

generalized Ozaki unit cost function with factor limitation assumption is given by: 
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i
i

b
jijj PXXRaUC ij∑= ,  (48) 

 

where UCj is the unit cost in sector j and subscript i denotes input (each intermediate 

input, labor, and capital stock).17  Additionally, we assume that intermediate input 

follows the Leontief formulation (i.e., fixed proportions).  Applying the Shephard’s 

lemma and rearranging the results, we obtain the derived demand of each intermediate 

input, labor, and capital in sector j as: 

 

jijij XXRaXR = ,  (49) 

 

1+= Ljb
jLjj XXRaL ,  (50) 

 

1+= Kjb
jKjj XXRaK ,  (51) 

 

where aij is input coefficient, Kj is capital stock in sector j.18  For equations (49), (50), 

and (51), superscript bqj (q = i, L, and K) is a parameter which expresses the degree of 

economies of scale.  If bhj < 0, sector j exhibits economies of scale with respect to 

input h.   

We present estimation result for labor demand in sector 116 (metal machinery) in 

Table 6.  The estimated equation is: 
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76lnln 631166261116 DcXXRccL ++= ,   (52) 

 

where D76 is a dummy variable which takes 1 for 1976 and 0 otherwise. 

 

<Table 6 around here> 

 

Since an input-output table has data on wages for each sector, we can compute 

sectoral employment given the common wage rate described in the previous 

sub-section calculated by using aggregate labor data.  By contrast, an input-output 

table does not have data on capital stock except for depreciation.  Therefore, we do 

not determine capital stock by equation (51).  At aggregate level, we have an identity 

of value added with respect to distribution; i.e., 
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where PVA is price deflator for value added, VARj is value added in sector j in constant 

price, and PK is the user cost of capital.19  Based on the specification in Inada (1991), 

the user cost of capital is defined as:  
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where PI is price deflator for aggregate investment, δ is the depreciation rate, and 

HTAX is the corporate tax rate.  Using equation (53), we obtain the aggregate capital 

stock as: 
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2.3.3. Final Demand 

Final demand is composed of non-household consumption expenditure，household 

consumption expenditure, the other private consumption expenditure, government 

consumption, private investment, government investment, inventories, export, and 

import.20  For each final demand component, its total is determined first, and then it is 

allocated into demand for each sector. 

 

A. Household Consumption Expenditure 

Total household consumption expenditure is explained by total commodity demand.  

Since household’s commodity demand is measured in monthly expenditure, it should 

be converted into annual and macro level data.  To begin, the annual demand for 
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commodity k in constant price for the entire sample can be defined as: 

 

∑
y

yky NHHC12 .  (56) 

 

Then, per capita annual demand for commodity k in constant price for the entire 

sample is given by: 
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where NHH is the number of sample households and SNM is the average number of 

people for the all samples.  Therefore, the annual demand for commodity k in 

constant price at aggregate level (C95k) is given by: 
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where N is total population.  Using this result, total household consumption 

expenditure is explained as: 
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where CPRi is household consumption expenditure in sector i.  Each sector’s 

household consumption expenditure is determined by: 
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where S_CPRi
* is the base share of good i, PCP is the price deflator for , 

and η

∑ =
206

1i iCPR

CPRi is elasticity of substitution.21  Car industry’s household consumption is 

estimated by using the following equation: 
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where D98 takes 1 for 1998 and 0 otherwise, and subscript 136 indicates the sector 

number of car industry.  The estimated result for equation (61) is shown in Table 7. 

 

<Table 7 around here> 

 

 

 27



B. Private Investment 

As for capital stock, we have the following identity:  

 

KIKK δ−+=+1 ,  (62) 

 

where K is the aggregate capital stock and I is the aggregate investment.  Using this 

fact, the aggregate private investment is determined by: 
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where IFPRi is private investment in sector i.  Equation (63) represents an internal 

linkage mechanism between capital stock determined by equation (55) and private 

investment.  The allocation of total private investment takes the same approach for 

household consumption expenditure. 

 

C. Import 

Total import is explained as: 
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where IMRi is import in sector i in constant price and PIM is the price deflator for total 

import.  The allocation mechanism among sectors is the same as household 

consumption expenditure’s. 

 

D. Non-Household, the Other Private, Government Consumption Expenditures, 

Government Investment, Inventories, and Export  

Totals of these final demand components are exogenous and their shares are taken 

from the input-output tables. 

 

2.3.4. Sectoral Output  

Adding the intermediate demand and final demand over sector j give the total output 

in the sector i.  Mathematically, this identity can be written as: 
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where CPXRi is the non-household consumption expenditure in sector i in constant 

price, CPORi is the other private consumption expenditure in sector i in constant price, 

IGRi is government investment in sector i in constant price, IVRi is inventories in sector 
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i in constant price, EXRi is export in sector i in constant price, and QXRi is the 

statistical discrepancy in the sector i in constant price. 

 

2.4. Financial Sub-Model 

Financial sub-model explains the long-term interest rate through the money market 

equilibrium as well as the short-term interest rate. 

Risk-free asset determined by household’s portfolio selection consists of a portion of 

the money supply (M2+CD).  Hence, we have: 

 

( )1SMSMS = ,  (66) 

 

where MS is the money supply and S1 is risk-free asset demand.22  By contrast, the 

money demand is explained by: 
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where MD is the money demand.  As an equilibrium condition in the money market, 

we also have: 

 

MSMD = .  (68) 
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From equations (66), (67), and (68), the long-term interest rate is determined.  The 

equation for the short-term interest rate is expressed as: 

 

( )RMMRSRS = ,  (69) 

 

where RS is the short-term interest rate and RMM is the call rate. 

We demonstrate the estimation result for the long-term interest rate in Table 8.  The 

estimated equation is given by: 

 

998990 868584

83

206

1
8281

DcDcRSc

RGBUSAcVARc
PVA
MScRGB

j
j

+++

++⎟
⎠
⎞

⎜
⎝
⎛= ∑

=   (70) 

 

where D8990 takes 1 between 1989 and 1990; 0 otherwise, D99 takes 1 in 1999; 0 

otherwise, and RGBUSA is the long-term interest rate of the United States. 

 

<Table 8 around here> 

 

2.5. Population Sub-Model 

The population sub-model determines the number of households for age group y of 
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household heads, the average number of people in a household, and population for age 

group y.23

Assuming that demographic structure affects the number of households for age group y, 

we formulate its equation as: 
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where Ny is population for age group y.   

Observing the hump shape of the number of people in a household with respect to 

age group y, we explain it by applying Fair and Dominguez’s (1991) approach to 

include the demographic structure effects on consumption as: 
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where v is the ordered index number of age group y and popv is the share of population 

indexed by v.24   

Regarding population for age group y, we apply the following simple equation for its 

explanation: 
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( )NNNN yyy ,1,−= .   (73) 

 

 

3. Final Test and Simulations  

 

3.1. Final Test 

In order to evaluate its tractability, the model is solved from 1994 to 1998.25  The 

mean absolute percentage errors (MAPE) for selected variables are shown in Table 9.  

Although the long-term interest rate should be improved, the overall results are 

sufficient. 

 

<Table 9 around here> 

 

3.2.  Case A: Population Decrease 

Among possible demographic change, this paper focuses on population decrease.  

The National Institute of Population and Social Security Research provides three 

population projection: high, medium, and low variants.  The medium variant is used 

to the baseline.  Regarding this simulation, we employ the low variant from 2005 to 

2015 and quantify multi-sectoral effects of further population decrease from the 
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baseline.  For the other exogenous variables, the past growth rates are applied to 

forecast those variables with trend and the latest values for those without trend.   

Table 10 presents average of percent deviations of selected commodity demands for 

each age-group.26  Demands would decrease for all commodities and age groups (in 

exception to foot wear of age groups under 24, 45-49, 50-54, and 60-64).  Absolute 

values of the percent deviations would be similar among age groups.  Although 

commodities on clothing and housing would not decrease so much, those on education 

and public utilities would relatively decrease. 

 

<Table 10 around here> 

 

Table 11 shows percent deviations of before-tax commodity prices from the baseline.  

Prices would go up for all commodities.  Prices for education and public utilities 

would rise in particular; while those for clothing and housing would not rise.  On the 

whole, the inverse patter of commodity demands emerged in commodity prices. 

 

<Table 11 around here> 

 

Table 12 illustrates percent deviations of total output from the baseline.  Basically, 

total output would decrease: however, that would increase in 44 sectors out of 206 
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sectors.  Precision machine would increase, in particular.  By contrast, many service 

and public utility sectors would have decrease in total output.  Since absolute values 

of percent deviations are increasing as time passes, the effects of population decrease 

are getting bigger with time. 

 

<Table 12 around here> 

 

Table 13 shows percent deviations of sectoral price from the baseline.  Although 

price would decrease in some sectors, that would increase in most sectors.  We can 

observe rough inverse relationship between total output and sectoral price.  

Particularly, prices for service and public utility sectors would increase.  As with the 

case of total output, the degree of effects of population decrease on sectoral price 

would become greater as time goes. 

 

<Table 13 around here> 

 

3.3.  Case B: Increase in the Consumption Tax Rate 

One of the hot issues in terms of fiscal policy is possible change in the consumption 

tax rate.  The Government of Japan has huge amount of fiscal debt due to massive 

public investment during the post-bubble period.  In addition, it is said that the 
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government debt can be increased since aging causes for the shortage of public pension 

funds.  Currently, the increase in the consumption tax rate is focused as one of the 

measures to decrease fiscal debt.  Observing this fact, we simulate the effects of the 

consumption tax rate increase on commodity demand and industrial structures until 

2015.  In this simulation, the consumption tax rate is set to 7.5 percent from 2008 to 

2009 and 10 percent from 2010 to 2015.  As for the population projection, we use the 

medium variant projected by the National Institute of Population and Social Security 

Research. 

Table 14 demonstrates average of percent deviations of selected commodity 

demands for each age-group.  Due to the rise in the consumption tax rate, demands 

(in average) for all twenty commodities would go down.  Particularly, demands for 

communication, water supply, and other heating and lighting would be greatly 

decreased.  By contrast, the effects on demands for foot wear, textile, and 

miscellaneous expenditure would be relatively smaller.  Basically, the commodities in 

the first ten groups are related to clothing and housing while those for the last ten 

group are related to public utilities and foods.  According to these results, households 

would react to decrease their expenditure of daily necessities against the increase of the 

consumption tax rate.  Besides, the average change with respect to age-group differs 

for each other.  The changes in age-groups of 25-29, 35-39, and 40-44 would be 

smaller than those in age-groups of under 24, 60-64, and over 65.  The number of 
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people in a household and income levels might be the causes for the difference.  The 

further investigations on this topic would be necessary. 

 

<Table 14 around here> 

 

The results for the first and last ten before-tax commodity prices in terms of average 

changes are presented in Table 15.  Prices for the twenty commodities would increase 

in both 2008 and 2010.  For 2015, the last nine commodities would become cheaper 

than the baseline.  The results show that change in the consumption tax rate 

particularly would affect price for communication and water supply.  Prices for many 

public utilities (transportation, other heating and lighting, and electricity) and 

education are included in the first ten commodity group.  On the contrary, prices for 

foods (vegetables, cereals, and fruits), clothing (other clothing and clothing related 

service), and housing (housing facility and its maintenance, interior decoration, and 

rent) are mainly contained in the last ten commodity group.  Since the largest 

decrease of the price change would be 2 percent in absolute value, after-tax commodity 

price would go up for all commodities from 2008 to 2015. 

 

<Table 15 around here> 
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Percent deviations of selected sectors’ output are presented in Table 16.  We find 

that outputs for the aircraft and its repair (over 15 percent), and processed agricultural 

product (over 7 percent) sectors would increase while those for communication (less 

than -11 percent) and civilian-use electric apparatus (less than -10 percent) sectors 

would decrease.  Of 206 sectors, we found output increase in 50 sectors.  Although 

the changes in differ in terms of sectors, output at aggregate level would decrease. 

 

<Table 16 around here> 

 

Table 17 shows the changes in selected sectors’ prices.  Similar to the result in 

commodity price, the price for the communication sector would increase, in particular.  

Prices for the barley and cereal sector, life insurance sector and public utilities 

(communication, and electricity) would go up while those for sectors related to 

non-residential construction, aircraft and its maintenance, and foods (paddy and fruits) 

would go down.  Among 206 sectors, prices for 19 sectors would decline.  

Compared to commodity price, the larger range of percent deviations is found for 

sectoral prices. 

 

<Table 17 around here> 
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4. Conclusions 

Demographic change is one of the important policy issues for developed countries.  

In particular, Japan has been experiencing the rapid population decrease and aging.  

Demographic change as well as enormous amount of public investment during the 

1990s cause for huge fiscal debt in Japan.  The debt further causes for future 

uncertainty.   

In this paper, we constructed a 206-sector price-linked input-output model with a 

detailed household commodity demand sub-model and financial sub-model for the 

Japanese economy.  Applying the model, we analyzed the effects of population 

decrease and the increase in the consumption tax rate on commodity demand and 

industrial structures.  As a result, the followings are found for both simulation 

scenarios: 

 All commodity demands would be decreased.  Among commodities, decreases in 

demands for clothing would be small while those in foods and public utilities 

would be large.  The effects differ for each age-group.  For both simulation 

scenarios, before-tax as well as after-tax commodity prices would increase.  The 

effects on public utilities and services are particularly large.  By contrast, the 

effects on prices for foods, clothes, and housing would be limited.   

 Sectoral output would essentially decrease.  Particularly, outputs for the public 
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utility and food sectors would go down.  On the contrary, sectoral price would 

basically go up.  Prices for public utility and service sectors would increase, in 

particular.  

According to the final test result, the performance of the model is essentially 

acceptable.  However, several formulations must/can be improved.  First, the 

population sub-model must be estimated econometrically in order to explain aging 

endogenously.  Second, although most computable general equilibrium models ignore 

the dynamics of these parameters, they vary by time and age.  The dynamics of 

parameter lambdas (powers in composite goods) must be described empirically as well.  

Finally, input coefficients also vary by time.  These parameters can be treated 

endogenously by applying the framework of Nakamura (1990).  These issues can be 

future research topics in order to improve the performance of the model. 

 

Notes 

 
1 According to Horioka (forthcoming), the private investment is the most responsible to the 
so-called “Lost Decade.” 
2 McKibbin and Nguyen (2004) is based on the McKibbin-Sachs Global (MSG) model version 3 
whereas Faruqee and Mühleisen (2003) and Shi and Tyres (2005) add a demographic block to the 
International Monetary Fund’s MULTIMOD model and a dynamic version of the Global Trade 
Analysis Project (GTAP) model, respectively.  Although Faruqee and Mühleisen’s (2003) model 
deals with macro economy, the models of McKibbin and Nguyen (2004) and Shi and Tyres (2005) 
are multi-sectoral. 
3 A similar system is proposed in Wakabayashi (2002). 
4 All variables used below are at time t unless time is indicated. 
5 For Geary’s discussion, see Geary (1950-51). 
6 The model in Ballard et al. (1985) is one of the benchmark models in computable general 
equilibrium modeling.  For instance, Ichioka (1991) is an application of Ballard et al. (1985) to 
Japan’s economy. 
7 Ballard et al. (1985) accounts for labor-leisure decision in the same framework.  However, our 
model explains labor demand by a different approach.  Thus, labor-leisure decision is omitted in 
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our formulation. 
8 Due to the property of the Cobb-Douglas function, . 149

1 =∑ =k kyλ
9 The expected price for the future good is assumed to equal the price for the composite good. 
10 Alternatively, total commodity demand for age group y is simply explained by its income in this 
paper.  Estimated equation is equation (31) and its result is presented in Table 2. 
11 The weights are computed by using the number of households for each age group because 
commodity demands per household are provided. 
12 In this model, S1y contains neither cash nor derivative deposit.  Hence, S1y becomes a fraction 
of the money supply. 
13 The derivations in this sub-section heavily drawn from Friedman and Roley (1979) and Friedman 
(1985). 
14 Another approach to explain household portfolio selection is a life-time portfolio model 
developed by Merton (1969) and Samuelson (1969).  In their model, asset allocation and 
commodity demand are determined simultaneously.  Differed from this approach, we assume that 
households determine their asset allocation after the determination of their commodity demands. 
15 In this paper, risk-free asset represents demand and time deposits 
16 The first term of equation (42) is included to account for payment measure of money.  This 
specification follows Friedman (1985). 
17 Originally, Nakamura (1990) includes time trend which represents technological change in the 
generalized Ozaki unit cost function. 
18 Since the defined cost function (equation 48) is a unit cost function, one is added to the 
parameter of economies of scale in equations (50) and (51). 
19 A similar identity is employed in Tokutsu (1994). 
20 All components are in constant price. 
21 This formulation follows Kosaka (1994). 
22 It is noted that for computation of S1, similar steps to computation of C95k is necessary due to 
the unit of data. 
23 Final test results showed that inclusion of estimated population sub-model caused for collapse of 
the whole model.  Thus, all variables of the population sub-model are treated as exogenous.  In 
this paper, we present a possible theoretical framework for the population sub-model. 
24 A detailed derivation of demographic-structure variables is provided in Fair and Dominguez 
(1991, p. 1280). 
25 Due to data limitation and the forward looking formulation in the total investment equation, the 
model can solve properly from 1994 to 1998. 
26 Tables 10 and 11 contain the first and last ten commodities or sectors with respect to average 
changes. 
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Appendix 

The appendix shows data sources except for variables obtained by computation. 

Variables: Cky, qk, PTL, YIy, Sy, S1y, S2y, NHH, NHHy, SNM  

Source: Statistics Bureau, Management and Coordination Agency, the Government of 

Japan, Annual Report on the Family Income and Expenditure Survey. 

 

Variables: MS, RMM, RS, RGB, RGBUSA 

Source: International Monetary Fund (IMF), International Financial Statistics. 

 

Variables: L, LF  

Source: Organisation for Cooperation and Development (OECD), Labour Force 

Statistics. 

 

Variables: XRij, XXRij, CPRi, CPORi, CPXRi, CGRi, IFPRi, IGRi, IVRi, EXRi, IMRi, 

QXRi

Source: Society of Dynamic Multi-Sectoral Econometric Modeling (2002) 

 

Variables: N and Ny  

Source: Statistics Bureau, Management and Coordination Agency, the Government of 

Japan, Population Estimates 
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Variables: HTAX 

Source: Ministry of Finance, Finance and Money Statistics Monthly 
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Table 1: Estimation Result for Household Income Equation: Age Group 30-34  
 

 Parameter Coefficient S.E. P-Value   
 c11 197287.279  32550.970  0.000   
 c12 0.001  0.000  0.003   
 c13 0.443  0.169  0.016   
 c14 101000.298  31742.157  0.004   
      
 Adjusted R2 0.830     
 S.E.  46635.707     
 D.W. 1.023     
 Sample 1973-1999       
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Table 2: Estimation Result for Total Commodity Demand Equation: Age Group 30-34  
 
 

Parameter Coefficient S.E. P-Value 
c21 2.444  0.482  0.000  
c22 0.763  0.038  0.000  
c23 0.107  0.029  0.001  
c24 0.293  0.034  0.000  
    
Adjusted R2 0.950    
S.E.  0.062    
D.W. 2.081    
Sample 1973-1999     
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Table 3: Estimation Result for Asset Demand Equation 
 

 Parameter Coefficient S.E. P-Value   
 c31 -0.996 0.016  0.000   
 c32_24 0.706 0.042  0.000   
 c32_2529 0.694 0.055  0.000   
 c32_3034 0.806 0.032  0.000   
 c32_3539 0.847 0.026  0.000   
 c32_4044 0.833 0.027  0.000   
 c32_4549 0.787 0.016  0.000   
 c32_5054 0.761 0.013  0.000   
 c32_5559 0.717 0.010  0.000   
 c32_6064 0.695 0.008  0.000   
 c32_65 0.696 0.009  0.000   
 c33_24 -0.035 0.105  0.737   
 c33_2529 0.083 0.133  0.535   
 c33_3034 0.029 0.077  0.708   
 c33_3539 -0.001 0.063  0.983   
 c33_4044 0.157 0.064  0.015   
 c33_4549 0.009 0.038  0.809   
 c33_5054 0.036 0.031  0.251   
 c33_5559 0.080 0.024  0.001   
 c33_6064 0.013 0.020  0.503   
 c33_65 0.104 0.022  0.000   
 c34_24 -0.319 0.135  0.019   
 c34_2529 0.553 0.179  0.002   
 c34_3034 0.565 0.104  0.000   
 c34_3539 1.451 0.085  0.000   
 c34_4044 0.570 0.086  0.000   
 c34_4549 0.259 0.051  0.000   
 c34_5054 0.117 0.042  0.005   
 c34_5559 0.142 0.033  0.000   
 c34_6064 0.005 0.027  0.862   
 c34_65 0.012 0.029  0.672   
      
 Adjusted R2 0.935    
 S.E.  0.131    
 Sample 1973-1999       

Note: Two or four digit number on parameters denotes 
age group of household head. 
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Table 4: Estimation Result for the Wage Rate Equation 
 

 Parameter Coefficient S.E. P-Value   
 c41 0.940  0.084  0.000   
 c42 1.219  0.659  0.081   
 c43 0.005  0.002  0.016   
 c44 0.063  0.014  0.000   
 c45 -0.103  0.014  0.000   
 c46 0.049  0.014  0.003   
 c47 0.041  0.014  0.011   
 c48 -0.051  0.014  0.002   
      
 Adjusted R2 0.944     
 S.E.  0.014     
 D.W. 1.343     
 Sample 1973-1999       
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Table 5: Estimation Result for Sectoral Price Equation: Cement Product Sector 
 

Parameter Coefficient S.E. P-Value 
c51 0.833  0.015  0.000  
c52 0.647  0.023  0.000  
c53 0.333  0.013  0.000  
    
Adjusted R2 0.997    
S.E.  0.015    
D.W. 1.360    
Sample 1973-1999     
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Table 6: Estimation Result for Labor Demand: Metal Machinery Sector 
 

 Parameter Coefficient S.E. P-Value   
 c61 6.255  0.746  0.000   
 c62 0.375  0.053  0.000   
 c63 -0.476  0.120  0.001   
      
 Adjusted R2 0.788     
 S.E.  0.110     
 D.W. 1.022     
 Sample 1973-1999       
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Table 7: Estimation Result for Household Consumption Expenditure: Car Sector 
 

 Parameter Coefficient S.E. P-Value   
 c71 -1.121  0.317  0.002   
 c72 -0.599  0.167  0.002   
 c73 0.712  0.077  0.000   
 c74 -0.275  0.083  0.003   
      
 Adjusted R2 0.966     
 S.E.  0.079     
 D.W. 2.045     
 Sample 1973-1999       
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Table 8: Estimation Result for the Long-Term Interest Rate 
 

Parameter Coefficient S.E. P-Value 
c81 -0.017  0.004  0.001  
c82 0.000  0.000  0.002  
c83 0.158  0.046  0.002  
c84 1.169  0.091  0.000  
c84 1.438  0.380  0.001  
c85 1.660  0.549  0.006  
    
Adjusted R2 0.969    
S.E.  0.444    
D.W. 1.410    
Sample 1973-1999     
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Table 9: Mean Absolute Percentage Errors for Selected Variables 
 

   MAPE 

 ∑ =
49

1k kC  2.415 

 ∑ =
206

1j jK  2.968 

 ∑ =
206

1j jL  1.140 

 MS 2.604  
 PTL 3.163  
 RGB 22.720  
 S2 3.156  
 w 3.229  

 
∑ =

206
1i iXXR 2.534  
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Table 10: Mean of Percent Deviation of Selected Commodity Demand for Each Age-Group from the Baseline (Case A) 
 

   Age Group  

 Commodity      Under 24  25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 Over 65  

 Foot wear 0.053          -0.040 -0.044 -0.027 -0.015 0.020 0.027 -0.012 0.022 -0.001 
            
           
            
            
           
           

          
           
            

  
            
            
           
           
            

           
            
           
            

  
           

Other clothing
 

-0.234 -0.327 -0.331 -0.314 -0.302 -0.267 -0.260 -0.299 -0.265 -0.288 
Rent -0.236 -0.329 -0.333 -0.316 -0.305 -0.269 -0.263 -0.301 -0.268 -0.290 
Shirt and sweater -0.413 -0.505 -0.509 -0.492 -0.480 -0.445 -0.439 -0.477 -0.444 -0.466 
Clothing related service

 
-0.426 -0.519 -0.523 -0.506 -0.494 -0.459 -0.452 -0.490 -0.457 -0.480 

Medical service
 

-0.427 -0.519 -0.523 -0.506 -0.495 -0.459 -0.453 -0.491 -0.458 -0.481 
Texture -0.441 -0.534 -0.538 -0.521 -0.509 -0.474 -0.467 -0.505 -0.472 -0.495 

 Housing facility and its maintenance
 

-0.507 -0.599 -0.603 -0.586 -0.574 -0.539 -0.533 -0.571 -0.538 -0.560 
Books -0.507 -0.599 -0.603 -0.586 -0.575 -0.539 -0.533 -0.571 -0.538 -0.561 
Amusement durables

  
-0.533 -0.626

 
-0.630

 
-0.613

 
-0.601

 
-0.566

 
-0.559

 
-0.597

 
-0.564

 
-0.587

 
 

Medical equipment -1.045 -1.136 -1.140 -1.123 -1.112 -1.077 -1.071 -1.108 -1.076 -1.098 
Amusement service

 
-1.046 -1.138 -1.142 -1.125 -1.113 -1.078 -1.072 -1.110 -1.077 -1.099 

Transportation
 

-1.054 -1.145 -1.149 -1.132 -1.121 -1.086 -1.080 -1.117 -1.085 -1.107 
Cooked food -1.177 -1.268 -1.272 -1.256 -1.244 -1.209 -1.203 -1.241 -1.208 -1.230 
Household durable goods -1.360 -1.451 -1.455 -1.438 -1.427 -1.392 -1.386 -1.423 -1.391 -1.413 

 Other heating and lighting 
 

-1.447 -1.538 -1.542 -1.525 -1.514 -1.479 -1.473 -1.510 -1.477 -1.500  
Water -1.508 -1.599 -1.603 -1.586 -1.574 -1.540 -1.533 -1.571 -1.538 -1.561 
Supplementary education

 
-1.523 -1.614 -1.618 -1.601 -1.590 -1.555 -1.549 -1.586 -1.554 -1.576 

Tuition -1.676 -1.766 -1.770 -1.753 -1.742 -1.707 -1.701 -1.738 -1.706 -1.728 
Communication

  
-2.344 -2.434

 
-2.438

 
-2.421

 
-2.410

 
-2.376

 
-2.369

 
-2.406

 
-2.374

 
-2.396

 
 

 Average -0.795 -0.887 -0.891 -0.874 -0.862 -0.827 -0.821 -0.859 -0.826 -0.848  
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Table 11: Percent Deviation of Selected Before-Tax Commodity Prices from the Baseline (Case A) 
 

Commodity    2005 2010 2015
Communication 0.267   1.961 6.304
Tuition 0.186   

   
   

   

    
   

    
    

    

   
    

    
   
   

    
   

    

    

1.305 5.457
Supplementary education

 
0.165 1.185 4.429

Water 0.168 1.196 3.996
Household durable goods 0.152 1.013 4.065 
Other heating and 
lighting 

0.141 0.992 3.505

Amusement service
 

0.133 0.923 3.499
Cooked food 0.126 0.895 3.353
Transportation 0.130 0.923 3.336
Medical equipment
 

0.146
 

0.863
 

3.406
 

Medical service 0.077 0.500 1.897
Clothing related service 

 
0.072 0.454 1.947 

Vegetable 0.042 0.459 1.850
Interior decoration 0.078 0.454 1.903
Car related expenditure

 
0.086 0.429 1.914

Household goods
 

0.074 0.467 1.785
Books 0.032 0.410 1.652
Other clothing

 
0.081 0.285 1.479

Rent 0.046 0.299 1.415
Foot wear
 

0.071
 

0.233
 

1.216
 

Average 0.089 0.592 2.417
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Table 12: Percent Deviation of Selected Sectors’ Output from the Baseline (Case A) 
 

Sector  2005 2010 2015
Aircraft and its maintenance 0.374 2.974 7.346 
Processed agricultural product    

   

   

 
 
 
 
 

 
 

 
 
 

 

 

0.200 1.560 4.123
Non-residential construction (wooden) 0.094 1.069 2.273
Other precision machine 

 
0.075 0.847 2.484 

Timepiece
 

0.081
 

0.922
 

1.838
 

Hotel and inn 
 

-0.196 -1.437 -3.956 
Heat supply

 
-0.202 -1.595 -3.775 

Fruit -0.218 -1.619 -4.033 
Air transportation 

 
-0.220 -1.628 -4.279 

Broadcasting
 

-0.237 -1.807 -3.975 
Beverage -0.248 -1.750 -4.117 
Transportation related service 

 
-0.227 -1.757 -4.167 

Fishery
 

-0.223 -1.699 -4.498 
Sewer -0.231 -1.841 -4.428 
Processed sea food 

 
-0.224 -1.756 -4.805 

Hairdressing -0.257 -1.885 -5.054 
Life insurance 

 
-0.274 -2.090 -5.713 

Slaughtering -0.251 -1.952 -6.642 
Other civilian-use electrical apparatus

 
-0.321 -2.469 -6.083 

Communication
 

-0.358
 

-2.734 
 

-6.326 
 

Total -0.090 -0.665 -1.598 
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Table 13: Percent Deviation of Selected Sectors’ Price from the Baseline (Case A) 
 

Sector    2005 2010 2015
Communication    0.307 2.319 6.857
Life insurance

 
    

   

   
    

   
    

    

   
    

    
   

    

   

0.277 1.932 6.784
Electricity 0.264 1.908 6.261
Barley and cereal 

 
0.268 1.727 5.519 

Postal service 0.219 1.518 5.401
Agricultural service

 
0.197 1.355 4.296

Heat supply 0.157 1.132 4.242
Air transportation 0.175 1.184 3.987
Radio, TV, and stereo 0.158 1.183 3.912 
Freight transportation 0.160 1.138 3.909
Processed sea food 

 
0.187 1.095 3.853 

Hairdressing 0.152 1.040 4.072
Waterworks 0.156 1.106 3.695
Property insurance

 
0.155 1.098 3.738

Broadcasting
 

0.141
 

1.107
 

3.701
 

Gas supply 0.035 0.247 0.840
Other non-ferrous metal 

 
-0.021 -0.039 1.161 

Paddy 0.016 0.045 0.843
Other precision machine 0.033 0.035 0.672 
Aircraft and its maintenance 0.083 -0.299 0.079 
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Table 14: Mean of Percent Deviation of Selected Commodity Demand for Each Age-Group from the Baseline (Case B) 
 
     Age Group  

 Commodity       Under 24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 Over 65  

 Foot wear -4.493  -1.091  -2.409  -1.281  -0.180  -2.217  -3.683  -2.798  -3.970  -3.726   
 Textile -5.423  -2.044  -3.352  -2.233  -1.141  -3.162  -4.616  -3.737  -4.901  -4.658   
 Miscellaneous -5.434  -2.047  -3.358  -2.237  -1.142  -3.167  -4.624  -3.744  -4.910  -4.667   
 Rent -5.556  -2.187  -3.493  -2.376  -1.286  -3.303  -4.753  -3.877  -5.037  -4.796   
 Clothing related service -5.647  -2.275  -3.581  -2.464  -1.373  -3.391  -4.842  -3.965  -5.127  -4.885   
 Underwear -5.680  -2.314  -3.617  -2.502  -1.414  -3.428  -4.877  -4.001  -5.160  -4.919   
 Clothes (western)  -5.704  -2.333  -3.638  -2.522  -1.432  -3.448  -4.898  -4.021  -5.182  -4.940   
 Housework related service -5.773  -2.398  -3.705  -2.588  -1.496  -3.515  -4.967  -4.089  -5.251  -5.009   
 Amusement durables 

 
-5.851  -2.482  -3.787  -2.671  -1.581  -3.597  -5.047  -4.171  -5.331  -5.090   

 
  

-6.813  

 

Fruit
 

-5.852a  
 

-2.486  
 

-3.790  
 

-2.675  
 

-1.585  
 

-3.600  
 

-5.050  
 

-4.174  
 

-5.334  
 

-5.092  
 

 

 Medical equipment -7.292  -3.972  -5.257  -4.159  -3.086  -5.070  -6.497  -5.634  -6.777  -6.539   
 Cereal -7.325  -4.016  -5.297  -4.202  -3.132  -5.111  -6.534  -5.674  -6.576   
 Edible oil and seasoning -7.467  -4.158  -5.439  -4.345  -3.273  -5.253  -6.676  -5.816  -6.955  -6.717   
 Cooked food -7.474  -4.159  -5.441  -4.345  -3.275  -5.254  -6.680  -5.817  -6.959  -6.721   
 Civilian-use durables -7.538  -4.218  -5.502  -4.405  -3.332  -5.315  -6.742  -5.879  -7.022  -6.784   
 Electricity -7.619  -4.324  -5.601  -4.509  -3.443  -5.415  -6.833  -5.976  -7.111  -6.875   
 Supplementary education -8.310  -5.019  -6.291  -5.204  -4.142  -6.106  -7.520  -6.664  -7.798  -7.561   
 Other heating and lighting 

 
-8.783  -5.516  -6.779  -5.700  -4.644  -6.596  -8.000  -7.150  -8.276  -8.041   

 Water -9.313  -6.066  -7.322  -6.249  -5.200  -7.139  -8.535  -7.690  -8.809  -8.575   
 Communication 
  

-10.866 
 

-7.661  
 

-8.899  
 

-7.842  
 

-6.808  
 

-8.719  
 

-10.095 
 

-9.261  
 

-10.365 
 

-10.134  
 

 

 Average -6.792  -3.460  -4.750  -3.647  -2.569  -4.562  -5.996  -5.129  -6.277  -6.038   

a) Demands for other clothing instead of fruit. 
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Table 15: Percent Deviation of Selected Before-Tax Commodity Prices from the Baseline (Case B) 

 
Commodity    2008 2010 2015
Communication 12.422 16.990 4.770 
Water   

   
   

   
   

   

   

  
   

   

7.903  2.55910.605
Supplementary education 7.793  10.040 1.726 
Transportation 6.236  1.5668.000
Tuition 8.957  0.68311.085
Other heating and lighting 6.587  8.270 1.071 
Amusement service 6.207  7.838 1.124 
Medical equipment 6.015  7.544 1.242 
Restaurant 5.489  1.3597.054
Liquor
 

4.779
 

  1.538
 

6.277
 

Foot wear 1.208  2.009 0.625 
Vegetable 1.924  -0.0352.473
Interior decoration 3.356  3.844 -0.191 
Housing facility and its maintenance 4.416  5.022 -0.616 
Clothing related service 3.368  3.886 -0.260 
Other clothing 2.188  2.529 0.288 
Cereal 3.820  -0.4684.343
Car related expenditure 

 
3.335  3.799 -0.401 

Rent 2.184  -0.1632.523
Fruit
 

4.323
 

  -2.055
 

4.259
 

Average 4.101  0.3385.007
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Table 16: Percent Deviation of Selected Sectors’ Output from the Baseline (Case B) 
 

 Sector    2008 2010 2015
 Aircraft and its maintenance 16.423 27.407 15.305 
 Processed agricultural product  

   
   

    

   
    

 
   
   

   
    
    

 
 

    

8.808 14.400 7.263
 Leather foot wear 

 
4.642 6.925 4.567 

 Timepiece 4.531 7.463 4.258
 Non-residential construction (other than wooden)
  

 4.658
 

7.338
 

4.266
 

Processed meat product -8.072 -12.301 -6.819
 Cosmetics and toothpaste 

 
-8.205 -12.481 -7.069 

Fruit -8.848 -13.251 -7.251
Air transportation

 
-8.499 -12.928 -7.498

 Hairdressing
 

-10.343 
 

-15.039 -6.853
Fishery -8.831 -12.950 -7.681
Processed seafood -8.821 -13.243 -8.177

 Transportation related service 
 

-8.985 -13.457 -7.918 
Sewer -9.089 -13.602 -8.174
Beverage -9.743 -14.508 -7.931
Broadcasting -9.113 -13.768 -8.426

 Life insurance 
 

-11.037 -16.311 -8.545
 Slaughtering -10.127 -15.531 -9.576
 Civilian-use electrical apparatus 

 
-12.702 -18.907 -10.752 

 Communication
  

-13.606 
 

-19.913 
 

-11.766 
 

 Total -3.655 -5.422 -2.770
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Table 17: Percent Deviation of Selected Sectors’ Price from the Baseline (Case B) 
 

Sector    2008 2010 2015
Communication 14.070  20.036 7.320 
Barley and cereal 

 
10.723 16.028 7.854 

Electricity 12.501  
  

  

  

  
   

    

   
   

    
   
   

   

17.098 4.504 
Life insurance 12.961 17.942 4.236 
Agricultural service 

 
8.658 12.199 4.160 

Postal service 10.221 13.268 2.280 
Air transportation 

 
7.501 10.270 

 
3.054 

Broadcasting 6.798 9.375 3.138
Civilian-use electrical apparatus 

 
7.727 10.283 

 
2.531 

Forage and organic fertilizer
 

6.550 9.086 2.969
Waterworks 7.320 9.808 2.366
Property insurance 7.065 9.462 2.390
Transportation related service 

 
6.826 9.115 2.412 

Processed seafood
 

7.242 9.405 2.252
Other foods
 

6.398
 

8.585
 

2.291
 

Chemical fertilizer
 

1.951 1.500 -1.868
Paddy

 
0.775 0.053 -2.069

Fruit 3.578 2.528 -4.062
Aircraft and its maintenance -1.181 -2.745 -2.374 
Non-residential construction (wooden) 2.467 0.841 -4.404
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Figure 1: Linkage Mechanism 
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