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This paper deals with a method of evaluating the e�ectiveness of carbon tax for regulating total emission

of carbon dioxide (CO2) . For this purpose, we analyze the input-output model of Leontief as a primal linear

programming model and its dual problem to deal with carbon tax for CO2 emission. A numerical example is

included by using inter-industry table obtained in 1985 and CO2 emission table obtained in 1990.
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1. Introduction

The main source of carbon dioxide emission is the use

of fossil fuel which amounts to 88% of total energy con-

sumption. For solving global warming problem we need

long range research and development in the area from en-

ergy acquisition to energy consumption. But, since as dis-

cussed in IPCC and many other meetings the time scale

of reducing carbon dioxide emission is to be short like 10

to 20 years, we need to �nd feasible e�ective policies in

the existing engineering-economic systems1).

In this paper we propose a model to evaluate the ef-

fectiveness of carbon tax to reduce the total amount of

carbon dioxide emission. Carbon tax is set up as sur-

charge to be paid for unit carbon dioxide emission, and

thus the carbon tax plays a fundamental role as a market

mechanism to reduce carbon dioxide emission. Hence, the

carbon tax is expected to be an e�ective means to reduce

the total amount of carbon dioxide emission2)3).

In this paper we show under what condition is carbon

tax e�ective to reduce the carbon dioxide emission in the

existing engineering-economic systems. In order to answer

this question we formulate and analyze a primal problem

of a linear programming model, which is an input-output

model of Leontief type, and its dual problem.

2. Carbon Tax Model

Input-output analysis can be used to analyze relation-

ship between the economic system and the environment4).

If we formulate this input-output model as a primal prob-

lem of a linear programming model, we could formulate
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the relationship among total output (amount of produc-

tion), environmental standard for total amount of carbon

dioxide emissions, price of commodities and carbon tax as

a dual problem. The primal problem based on the input-

output model and its dual problem can be described as

follows:

Primal Problem：

minimize
X1;X2

V1X1 + V2X2 (1)

subject to"
I �A11 +M �A12

�A21 I �A22

#�
X1

X2

�
�

�
Y1

�Y2

�
(2)

(X1; X2) � 0

Dual Problem：

maximize
P;R

Y1P � Y2R (3)

subject to

[P R ]

"
I �A11 +M �A12

�A21 I �A22

#
� [V1 V2 ]

(4)

(P;R) � 0

where

V1 =
h
v1 v2 � � � vn

i
V2 = [vn+1]

X1 =

2
66664

x1

x2
...

xn

3
77775

X2 =
h
xn+1

i
TR 0001/101/E-101{0259 c SICE



260 T. SICE Vol.E-1 No.1 January 2001

I =

2
66664

1 0 � � � 0

0 1 � � � 0

...
...

. . .
...

0 0 � � � 1

3
77775

A11 =

2
66664

a11 a12 � � � a1n

a21 a22 � � � a2n
...

...
...

an1 an2 � � � ann

3
77775

A12 =

2
66664

a1;n+1

a2;n+1

...

an;n+1

3
77775

A21 =
h
an+1;1 an+1;2 � � � an+1;n

i

A22 =
h
an+1;n+1

i

M =

2
66664

m1 0

m2

. . .

0 mn

3
77775

Y1 =

2
66664

y1

y2
...

yn

3
77775

Y2 =
h
yn+1

i

P =
h
p1 p2 � � � pn

i

R =
h
r

i
and

vi ：value added per unit level of industrial produc-

tion of commodity in sector i

vn+1 ：value added per unit level of eliminating car-

bon dioxide which is assumed to be 0

xi ：total output in sector i

xn+1 ：amount of carbon dioxide eliminated (�xed)

aij ：input-output coeÆcient per unit level of indus-

trial production from secter j to sector i

ai;n+1：economic input of commodity per unit level of

eliminating carbon dioxide in sector i

an+1;j：generation of carbon dioxide from unit level

of industrial production

an+1;n+1：generation of carbon dioxide from unit level

of eliminating carbon dioxide

mi ：import coeÆcient in sector i

yi ：�nal demand in sector i

yn+1：environmental standard for total amount of

carbon dioxide emissions

pi ：price of commodity with respect to a unit of

value-added in sector i

r ：carbon tax imposed on the carbon dioxide

emission

It is assumed that 1 � i; j � n.

Interpretation of Primal Problem：

The primal problem described by eqns. (1) and (2)

shows to get equilibrium among the environmental stan-

dard for total amount of carbon dioxide emissions and the

amount of commodities. In eqn.(2)

(I �A11 +M)X1 �A12X2 � Y1

is interpreted that sum of total output and import minus

input for production and for eliminating carbon dioxide

must be greater than or equal to �nal demand. In eqn.

(2)

A21X1 + (A12 � I)X2 � Y2

is interpreted that total amount of carbon dioxide emis-

sion minus eliminated (�xed) carbon dioxide must be less

than or equal to environmental standard. The primal

problem described by eqns. (1) and (2) is to �nd an op-

timal solution to minimize total cost subject to these two

constraints.

Interpretation of Dual Problem：

The dual problem described by eqns. (3) and (4) shows

to get equilibrium between carbon tax and the price of

commodities. In eqn. (4)

P (I �A11 +M)�RA21 � V

is interpreted that the price of commodities per unit

amount of products must be less than or equal to the

cost of production plus carbon tax to be paid imposed on

the carbon dioxide emission for unit level of production5).

�PA12 +R(I �A22) � 0

is interpreted that carbon tax imposed on the carbon diox-

ide emission for unit level of antipollution activity must

be less than or equal to the price of commodities used for

unit level of antipollution activity.

Complementary slackness condition

f�PA12 +R(I �A22)gX2 = 0

says that if

R(I �A22) < PA12
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that is, if carbon tax is cheaper than the cost of antipollu-

tion activity, antipollution activity would not be realized

(X2 = 0). On the other hand, if X2 >0, that is antipollu-

tion activity was performed, the carbon tax imposed on

the unit carbon dioxide emission is equal to the cost of

eliminating (�xing) unit amount of carbon dioxide. The

dual problem of eqns. (3) and (4) is to �nd an optimal

solution to maximize the pro�t subject to these two con-

straints.

3. Nonlinearity between Elimination

(Fixing) Rate of Carbon Dioxide and

Cost of Elimination

In general, it is recognized that by increasing the elim-

ination rate of carbon dioxide the cost of eliminating a

unit amount of carbon dioxide would be increased6). We

take into account this nonlinearity between the elimina-

tion rate �j and marginal input coeÆcient ai;n+1 for elim-

inating carbon dioxide as follows:

ai;n+1 = �a0i;n+1; �j = f(�)�0j (5)

where

a0i;n+1：marginal input coeÆcient for eliminating car-

bon dioxide at the time when the input-output

table was obtained

� ：multiplier coeÆcient for a0i;n+1

�0j：elimination rate of carbon dioxide at the time

when the input-output table was obtained

fj(�)：multiplier coeÆcient for �0j as a function of �

Equation (5) implies that if the input of commodities

for carbon dioxide elimination was multiplied by �, the

elimination rate of carbon dioxide would be multiplied by

fj(�). For modeling this relationship we need to realize

the properties as follows:

� �j = 0 if �=0

� �j = �0j if � = 1

� �j ! 1 if � !1

� � > fi(�) for � > 1

For obtaining these properties we postulate that fj(�) is

written as7)

fj(�) =
�

1 + �0j(� � 1)
(6)

Applying eqns. (5) and (6) to A12 in eqns. (1)-(4), we

could incorporate the nonlinearity between the elimina-

tion rate of carbon dioxide and cost of elimination in our

linear programming model described by eqns. (1) and (2)

and eqns. (3) and (4). Then we could model the phe-

nomena that by increasing the elimination rate of carbon

dioxide the cost of eliminating a unit amount of carbon

dioxide would be increased.

4. Numerical Examples

As a numerical example an aggregated input-output

model with 4 sectors is shown. This 4-sector model is

obtained by aggregating the 13-sector model obtained in

19858). Each sector in the 4-sector model includes follow-

ing items:

Sector 1: Agriculture, mining and constructions

Sector 2: Manufacturing

Sector 3: Transportation

Sector 4: Public and others

In this case the input-output table can be summarized

as

A11 =

2
6664

0:0413 0:341 0:00446 0:0662

0:0816 0:429 0:0305 0:0823

0:127 0:218 0:103 0:216

0:0344 0:125 0:0214 0:156

3
7775

M =

2
6664

0:226 0

0:0525

0:0484

0 0:0135

3
7775

When we solve the dual problem, it is assumed that the

value added (cost) for one unit production is 1 million yen

as

V1 =
h
1 1 1 1

i
(million yen/unit)

Based on this value of V1 the value of commodities P

without imposing carbon tax is obtained as

P =
h
1:239 3:076 1:205 1:861

i
(million yen/unit)

Using the input-output table and the value of P we obtain

the �nal demand Y1 and the total output X1 as

Y1 =

2
6664

4:471× 107

3:999× 107

1:078× 107

9:134× 107

3
7775

X1 =

2
6664

7:188× 107

9:351× 107

7:114× 107

1:2476× 108

3
7775

(unit)

Input coeÆcient for eliminating carbon dioxide is pos-

tulated as6)
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A12 =

2
6664

3× 10�7

3× 10�7

3× 10�7

3× 10�7

3
7775 (unit=kgC)

for carbon dioxide elimination rate of 1% (�0j=0.01),

where kgC denotes one kilogram of equivalent carbon.

The environmental standard for the total emission of car-

bon dioxide is assumed to be 0.28 billion ton carbon (tC)

and the generation rate of carbon dioxide in each sector

is assumed to be

A21 =
h
198:0 1460 822:3 573:8

i
(kgC/unit)

It is assumed that no carbon dioxide is emitted in the

elimination process of carbon dioxide as

A22 = 0

In Fig. 1 nonlinearity between elimination (�xing) rate

of carbon dioxide and cost of elimination is shown. In

Figs. 2, 3 and 4 relationship between the environmental

standard for total carbon dioxide emission and the price

change ratio, carbon tax and total output is shown, re-

spectively. In this example we obtained the result that

if the environmental standard for total carbon dioxide

emissions is more than or equal to 0.28 billion tC, it is

not necessary to impose carbon tax. If we postulate more

severe environmental standard for the total carbon diox-

ide emission than 0.28 billion tC, we will get higher price,

carbon tax and total output.

From Fig. 3 if we impose carbon tax of 25 yen/kgC,

which is equivalent to 15 yen/liter increase of the price

of gasoline, we could reduce 28 million tC which is 10 %

of the total carbon dioxide emission. On the other hand

if we set the environmental standard of the total carbon

dioxide emission as 0.26 billion tC, then we would need

the carbon tax of 18 yen/kgC, which is equivalent to 10.8

yen/liter increase of the price of gasoline.

Next, we analyze the case when the cost for eliminat-

ing carbon dioxide is decreased by some technology in-

novation. If we postulate that the input coeÆcient for

eliminating carbon dioxide is decreased to one half of the

previous value, we would obtain Fig. 5 as the nonlin-

ear relationship between the elimination rate of carbon

dioxide and the cost of elimination. In Figs. 6, 7 and

8 relationship between the environmental standard of the

total carbon dioxide emission and the price change ratio,

carbon tax and total output is shown, respectively.

In this case if we impose carbon tax of 25 yen/kgC,

which is equivalent to 15 yen/liter increase of the price
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of gasoline, we could reduce 50 million tC which is 18 %

of the total carbon dioxide emission. On the other hand

if we set the environmental standard of the total carbon
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dioxide emission as 0.26 billion tC, then we would need

the carbon tax of 9 yen/kgC, which is equivalent to 5.3

yen/liter increase of the price of gasoline.

0

0.2

0.4

0.6

0.8

1

10 10 10 10 10 10E
lim

in
at

io
n 

R
at

e 
   

   
  o

f C
O

   

Coefficient of Antipollution Input         (Unit/kgC) 

-7 -6 -5 -4 -3 -2

j
α

12

2

A

Fig. 5 Relationship between antipolltion input and the elim-

ination rate of CO2 after technology innovation
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and price change ratio after technology innovation
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and environmental tax after technology innovation
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and total output after technology innovation

5. Concluding Remarks

In this paper we developed a model for evaluating the

e�ectiveness of carbon tax in order to decrease the total

amount of carbon dioxide emission by using a static inter-

industry input-output model and the primal problem and

its dual problem of linear programming. We postulated

nonlinearity between elimination (�xing) rate of carbon

dioxide and cost of elimination. By using the model de-

veloped in this paper we could evaluate the items as fol-

lows:

� By assigning a carbon tax we could �nd the corre-

sponding amount of decrease in the total carbon dioxide

emission.

� By assigning the environmental standard for the to-

tal carbon dioxide emission we could �nd the necessary

carbon tax for realizing this situation.

Furthermore, we took into account the case when some

technology innovation would be achieved for decreasing

(or �xing) carbon dioxide emission, and we tried to an-

alyze the e�ectiveness of carbon tax. As the result we

found the following interesting results.

� The e�ectiveness of carbon tax would become more

remarkable to decrease the total amount of carbon diox-

ide emission, if the technology innovation for decreasing

carbon dioxide emission would be achieved.

�Rise in prices of commodities due to carbon tax would

be suppressed, if the technology innovation for decreas-

ing carbon dioxide emission would be achieved.

These results show that we could expect multiplicative

e�ect between environmental-economic policy and tech-

nology innovation to decrease the total amount of carbon

dioxide emission.

For further research we need to develop dynamic

environmental-economic models to evaluate various sce-

narios such as change of life style, development of renew-

able energy, and so forth.

This research was supported in part by Grant-in-Aid for

Science Research on Priority Area of The Human-Earth

System under grant No. 05278233 and 06271242.
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CARBON TAX FOR REGULATING TOTAL EMISSION OF

CARBON DIOXIDE
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ABSTRACT

This paper deals with a method of evaluating the e�ectiveness of carbon tax for regulating
total emission of carbon dioxide (CO2) . For this purpose, we analyze the input-output model of
Leontief as a primal linear programming model and its dual problem to deal with carbon tax for
CO2 emission. A numerical example is included by using inter-industry table obtained in 1985 and
CO2 emission table obtained in 1990.

Keywords

primal and dual problem of linear progarmming model, global warming, input-output model,
total emission control, carbon tax

1. INTRODUCTION

The main source of carbon dioxide emission is the use of fossil fuel which amounts to 88% of
total energy consumption. For solving global warming problem we need long range research and
development in the area from energy acquisition to energy consumption. But, since as discussed in
IPCC and many other meetings the time scale of reducing carbon dioxide emission is to be short
like 10 to 20 years, we need to �nd feasible e�ective policies in the existing engineering-economic
systems1).

In this paper we propose a model to evaluate the e�ectiveness of carbon tax to reduce the total
amount of carbon dioxide emission. Carbon tax is set up as surcharge to be paid for unit carbon
dioxide emission, and thus the carbon tax plays a fundamental role as a market mechanism to
reduce carbon dioxide emission. Hence, the carbon tax is expected to be an e�ective means to
reduce the total amount of carbon dioxide emission2)3).

In this paper we show under what condition is carbon tax e�ective to reduce the carbon
dioxide emission in the existing engineering-economic systems. In order to answer this question we
formulate and analyze a primal problem of a linear programming model, which is an input-output
model of Leontief type, and its dual problem.

2. Carbon Tax Model

Input-output analysis can be used to analyze relationship between the economic system and
the environment4). If we formulate this input-output model as a primal problem of a linear pro-
gramming model, we could formulate the relationship among total output (amount of production),
environmental standard for total amount of carbon dioxide emissions, price of commodities and
carbon tax as a dual problem. The primal problem based on the input-output model and its dual
problem can be described as follows:
Primal Problem：

minimize
X1;X2

V1X1 + V2X2 (1)

subject to

"
I � A11 +M �A12

�A21 I � A22

# �
X1

X2

�
�

�
Y1
�Y2

�
(2)

(X1; X2) � 0

Dual Problem：

maximize
P;R

Y1P � Y2R (3)

subject to

[P R ]

"
I � A11 +M �A12

�A21 I � A22

#
� [V1 V2 ]

(4)

(P;R) � 0

where

V1 =
h
v1 v2 � � � vn

i

V2 = [vn+1]

X1 =

2
66664
x1
x2
...
xn

3
77775

X2 =
h
xn+1

i

I =

2
66664
1 0 � � � 0
0 1 � � � 0
...

...
. . .

...
0 0 � � � 1

3
77775

A11 =

2
66664
a11 a12 � � � a1n
a21 a22 � � � a2n
...

...
...

an1 an2 � � � ann

3
77775

A12 =

2
66664
a1;n+1

a2;n+1
...

an;n+1

3
77775

A21 =
h
an+1;1 an+1;2 � � � an+1;n

i
A22 =

h
an+1;n+1

i

M =

2
6666664

m1 0
m2

. . .

0 mn

3
7777775

Y1 =

2
66664
y1
y2
...
yn

3
77775

Y2 =
h
yn+1

i
P =

h
p1 p2 � � � pn

i
R =

h
r
i

and

vi ： value added per unit level of industrial production of commodity in sector i

vn+1 ： value added per unit level of eliminating carbon dioxide which is assumed to be 0

xi ： total output in sector i

xn+1 ： amount of carbon dioxide eliminated (�xed)

aij ： input-output coeÆcient per unit level of industrial production from secter j to sector i

ai;n+1： economic input of commodity per unit level of eliminating carbon dioxide in sector i

an+1;j： generation of carbon dioxide from unit level of industrial production

an+1;n+1： generation of carbon dioxide from unit level of eliminating carbon dioxide

mi ： import coeÆcient in sector i

yi ： �nal demand in sector i

yn+1： environmental standard for total amount of carbon dioxide emissions

pi ： price of commodity with respect to a unit of value-added in sector i

r ： carbon tax imposed on the carbon dioxide emission

It is assumed that 1 � i; j � n.

Interpretation of Primal Problem：
The primal problem described by eqns. (1) and (2) shows to get equilibrium among the envi-

ronmental standard for total amount of carbon dioxide emissions and the amount of commodities.
In eqn.(2)

(I � A11 +M)X1 � A12X2 � Y1

is interpreted that sum of total output and import minus input for production and for eliminating
carbon dioxide must be greater than or equal to �nal demand. In eqn. (2)

A21X1 + (A12 � I)X2 � Y2

is interpreted that total amount of carbon dioxide emission minus eliminated (�xed) carbon dioxide
must be less than or equal to environmental standard. The primal problem described by eqns. (1)
and (2) is to �nd an optimal solution to minimize total cost subject to these two constraints.
Interpretation of Dual Problem：

The dual problem described by eqns. (3) and (4) shows to get equilibrium between carbon tax
and the price of commodities. In eqn. (4)

P (I � A11 +M)�RA21 � V

is interpreted that the price of commodities per unit amount of products must be less than or
equal to the cost of production plus carbon tax to be paid imposed on the carbon dioxide emission
for unit level of production5).

�PA12 +R(I � A22) � 0

is interpreted that carbon tax imposed on the carbon dioxide emission for unit level of antipollution
activity must be less than or equal to the price of commodities used for unit level of antipollution
activity.

Complementary slackness condition

f�PA12 +R(I � A22)gX2 = 0

says that if
R(I � A22) < PA12

that is, if carbon tax is cheaper than the cost of antipollution activity, antipollution activity would
not be realized (X2 = 0). On the other hand, ifX2 >0, that is antipollution activity was performed,
the carbon tax imposed on the unit carbon dioxide emission is equal to the cost of eliminating
(�xing) unit amount of carbon dioxide. The dual problem of eqns. (3) and (4) is to �nd an optimal
solution to maximize the pro�t subject to these two constraints.

3. Nonlinearity between Elimination (Fixing) Rate of Carbon Dioxide and Cost of
Elimination

In general, it is recognized that by increasing the elimination rate of carbon dioxide the cost
of eliminating a unit amount of carbon dioxide would be increased6). We take into account this
nonlinearity between the elimination rate �j and marginal input coeÆcient ai;n+1 for eliminating
carbon dioxide as follows:

ai;n+1 = �a0i;n+1; �j = f(�)�0j (5)

where

a0i;n+1：marginal input coeÆcient for eliminating carbon dioxide at the time when the input-
output table was obtained

� ：multiplier coeÆcient for a0i;n+1

�0j： elimination rate of carbon dioxide at the time when the input-output table was obtained

fj(�)：multiplier coeÆcient for �0j as a function of �

Equation (5) implies that if the input of commodities for carbon dioxide elimination was multiplied
by �, the elimination rate of carbon dioxide would be multiplied by fj(�). For modeling this
relationship we need to realize the properties as follows:

� �j = 0 if �=0
� �j = �0j if � = 1
� �j ! 1 if � !1
� � > fi(�) for � > 1

For obtaining these properties we postulate that fj(�) is written as7)

fj(�) =
�

1 + �0j(� � 1)
(6)

Applying eqns. (5) and (6) to A12 in eqns. (1)-(4), we could incorporate the nonlinearity between
the elimination rate of carbon dioxide and cost of elimination in our linear programming model
described by eqns. (1) and (2) and eqns. (3) and (4). Then we could model the phenomena that by
increasing the elimination rate of carbon dioxide the cost of eliminating a unit amount of carbon
dioxide would be increased.

4. Numerical Examples

As a numerical example an aggregated input-output model with 4 sectors is shown. This 4-
sector model is obtained by aggregating the 13-sector model obtained in 19858). Each sector in
the 4-sector model includes following items:

Sector 1: Agriculture, mining and constructions
Sector 2: Manufacturing
Sector 3: Transportation
Sector 4: Public and others
In this case the input-output table can be summarized as

A11 =

2
6664
0:0413 0:341 0:00446 0:0662
0:0816 0:429 0:0305 0:0823
0:127 0:218 0:103 0:216
0:0344 0:125 0:0214 0:156

3
7775

M =

2
666664
0:226 0

0:0525
0:0484

0 0:0135

3
777775

When we solve the dual problem, it is assumed that the value added (cost) for one unit pro-
duction is 1 million yen as

V1 =
h
1 1 1 1

i

(million yen/unit)

Based on this value of V1 the value of commodities P without imposing carbon tax is obtained as

P =
h
1:239 3:076 1:205 1:861

i

(million yen/unit)

Using the input-output table and the value of P we obtain the �nal demand Y1 and the total
output X1 as

Y1 =

2
6664
4:471× 107

3:999× 107

1:078× 107

9:134× 107

3
7775

X1 =

2
6664

7:188× 107

9:351× 107

7:114× 107

1:2476× 108

3
7775

(unit)

Input coeÆcient for eliminating carbon dioxide is postulated as6)

A12 =

2
6664
3× 10�7

3× 10�7

3× 10�7

3× 10�7

3
7775 (unit=kgC)

for carbon dioxide elimination rate of 1% (�0j=0.01), where kgC denotes one kilogram of
equivalent carbon. The environmental standard for the total emission of carbon dioxide is assumed
to be 0.28 billion ton carbon (tC) and the generation rate of carbon dioxide in each sector is assumed
to be

A21 =
h
198:0 1460 822:3 573:8

i
(kgC/unit)

It is assumed that no carbon dioxide is emitted in the elimination process of carbon dioxide as

A22 = 0

In Fig. 1 nonlinearity between elimination (�xing) rate of carbon dioxide and cost of elimi-
nation is shown. In Figs. 2, 3 and 4 relationship between the environmental standard for total
carbon dioxide emission and the price change ratio, carbon tax and total output is shown, respec-
tively. In this example we obtained the result that if the environmental standard for total carbon
dioxide emissions is more than or equal to 0.28 billion tC, it is not necessary to impose carbon tax.
If we postulate more severe environmental standard for the total carbon dioxide emission than 0.28
billion tC, we will get higher price, carbon tax and total output.

From Fig. 3 if we impose carbon tax of 25 yen/kgC, which is equivalent to 15 yen/liter increase
of the price of gasoline, we could reduce 28 million tC which is 10 % of the total carbon dioxide
emission. On the other hand if we set the environmental standard of the total carbon dioxide
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Figure 1: Relationship between antipolltion input and the elimination rate of CO2 at present
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Figure 2: Relationship between the total CO2 emission control and price change ratio at present

emission as 0.26 billion tC, then we would need the carbon tax of 18 yen/kgC, which is equivalent
to 10.8 yen/liter increase of the price of gasoline.

Next, we analyze the case when the cost for eliminating carbon dioxide is decreased by some
technology innovation. If we postulate that the input coeÆcient for eliminating carbon dioxide is
decreased to one half of the previous value, we would obtain Fig. 5 as the nonlinear relationship
between the elimination rate of carbon dioxide and the cost of elimination. In Figs. 6, 7 and
8 relationship between the environmental standard of the total carbon dioxide emission and the
price change ratio, carbon tax and total output is shown, respectively.

In this case if we impose carbon tax of 25 yen/kgC, which is equivalent to 15 yen/liter increase
of the price of gasoline, we could reduce 50 million tC which is 18 % of the total carbon dioxide
emission. On the other hand if we set the environmental standard of the total carbon dioxide
emission as 0.26 billion tC, then we would need the carbon tax of 9 yen/kgC, which is equivalent
to 5.3 yen/liter increase of the price of gasoline.

5. Concluding Remarks

In this paper we developed a model for evaluating the e�ectiveness of carbon tax in order to
decrease the total amount of carbon dioxide emission by using a static inter-industry input-output
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Figure 3: Relationship between the total CO2 emission standard and environmental tax at present
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Figure 4: Relationship between the total CO2 emission standard and total output at present

model and the primal problem and its dual problem of linear programming. We postulated non-
linearity between elimination (�xing) rate of carbon dioxide and cost of elimination. By using the
model developed in this paper we could evaluate the items as follows:

� By assigning a carbon tax we could �nd the corresponding amount of decrease in the total
carbon dioxide emission.

� By assigning the environmental standard for the total carbon dioxide emission we could �nd
the necessary carbon tax for realizing this situation.

Furthermore, we took into account the case when some technology innovation would be achieved
for decreasing (or �xing) carbon dioxide emission, and we tried to analyze the e�ectiveness of carbon
tax. As the result we found the following interesting results.

� The e�ectiveness of carbon tax would become more remarkable to decrease the total amount
of carbon dioxide emission, if the technology innovation for decreasing carbon dioxide emis-
sion would be achieved.
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Figure 5: Relationship between antipolltion input and the elimination rate of CO2 after technology
innovation
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Figure 6: Relationship between the total CO2 emission standard and price change ratio after
technology innovation

� Rise in prices of commodities due to carbon tax would be suppressed, if the technology
innovation for decreasing carbon dioxide emission would be achieved.

These results show that we could expect multiplicative e�ect between environmental-economic
policy and technology innovation to decrease the total amount of carbon dioxide emission.

For further research we need to develop dynamic environmental-economic models to evaluate
various scenarios such as change of life style, development of renewable energy, and so forth.

This research was supported in part by Grant-in-Aid for Science Research on Priority Area of
The Human-Earth System under grant No. 05278233 and 06271242.
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