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Abstract 

Issues of external diseconomies caused by automobiles have been a 
worldwide great concern. The policies to regulate external diseconomies 
are expected to reduce automobile-related externalities. It is well known, 
however, that these policies generate the market economic disbenefit 
through the increase of automobile user's cost. Hence the paper proposes a 
socioeconomic model for evaluating regulation policies of automobile-
related externalities, whose framework is based on the computable general 
equilibrium (CGE) model where interactions among automobile related 
industrial sectors, and the externalities are modeled. In the case study, some 
regulatory policies are evaluated with the CGE model calibrated to 
Japanese economy. 
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INTRODUCTION 

Issues of external diseconomies caused by automobiles, such as noise, Green House Gas (GHG) 
emissions, local air pollution, accident and road congestion, have been a world-wide great concern. 
A lot of policy options to reduce the automobile transport activities have been proposed and actually 
applied. These policies are expected to decrease the volume of automobiles, and as a result, the 
reduction automobile-related externalities. It is well known, however, that these policies raise 
commodity prices through the increase of automobile user's cost. If the policy makes commodity 
prices away from the first best economy or results in huge deadweight loss (welfare loss), it may not 
be socially acceptable even if we take into account the benefit of automobile-related externalities 
reduction. In order to judge the feasibility of such policies, therefore, it is necessary to compare 
environmental improvement benefits, which consist of automobile-related externality reduction with 
market disbenefits representing the loss of welfare due to the commodity price increase. 
This paper proposes a socioeconomic model for evaluating regulatory policies of automobile-related 
externalities in framework of cost benefit analysis. The framework of the model is the computable 
general equilibrium (CGE) model where interactions among automobile related industrial sectors, 
and the externalities including noise, GHG emission, air pollution and accident are modeled. The 
remaining industrial sectors which reflect/affect the price change due to the policies. This structure of 
the model enables us to analyze the impact of the policies not only from the theoretical point but also 
from the practical one. In the case study, four regulatory policies, the motor vehicle fuel taxation, the 
motor vehicle tonnage taxation, the public transportation improvement policy and the diffusion 
policy of clean energy vehicle, are evaluated with the CGE model calibrated to Japanese economy. 
We compare the effectiveness among them. 

BRIEF OVERVIEW OF ENVIRONMENTAL POLICY ANALYSIS WITH CGE 
MODEL 

CGE modeling approaches have been developed, for the purpose of evaluating economic effects 
arising from taxation or international trade policy, which are surveyed by Shoven and Whalley 
(1984). Recently, the CGE models for evaluating general equilibrium effects of environmental policy, 
have been developed by Jorgenson and Wilcoxen (1990), Bergman (1991), Ballard and Medema 
(1993), Mayeres and Proost (1995) and Verhoef(1996). In particular, Bergman (1991) discussed 
impacts on factor prices and resource allocation of reductions of SO., NO„ and CO2  emissions with 
the CGE model, into which the markets for emission permits and technologies for emission control 
are introduced. Mayeres and Proost (1995) studied optimal taxation and marginal tax reforms in the 
context of transport externalities, but this paper was not described on transport behavior in detail. In 
Japan, Miyata (1995) discusses the waste-economic system with a CGE model, into which industrial 
waste self-treatment activities are introduced. 
In this paper, we try to construct a CGE model especially focusing on the automobile-related sectors. 
The model implies not only commodity production/consumption modeled in a standard CGE but also 
transport behavior such as mode choice, car ownership and so on. 

THE CGE MODEL 

Assumptions 

We first have the following major assumptions. 
(a) An economy consists of industries, in which transportation sectors are included, labeled 
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by j EJ , a representative household and a central government, as illustrated in Figure 1. 
Each industry provides commodities/services by inputting factors that consist of labor, 
automobile capital and other capital supplied by the household, and intermediate goods. The 
automobile capital is utilized only for transportation activities. 
The household gains income by supplying factors, and consumes commodities/services 
provided by industries under the budget constraint. 
All of passenger transportation services inputted to production of commodity/service are 
supplied by the sector of passenger transportation. But private automobile trips consumed by 
the household are supplied by her own. 
Markets are considered on each commodity, labor, automobile capital and other capital. They 
are assumed to be perfectly competitive. 
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Figure 1 - Framework of the CGE model 

Industries' behavior 

Industries produce commodities/ services, by inputting factors and intermediate goods. Its behavior 
model is built by the nested structure (in figure 2), that is, at first, industries determine on quantities 
of the composite input factor and each intermediate goods, at second, they decide on input quantities 
of each factor. The industry that inputs automobile capital is only transportation sector. So, at below 
level, transportation sector decides on the share of automobile capital for type of fuel. 
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Figure 2 - Nested structure of industries' behavior 
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First step: behavior of producing commodities! services 

At first step, industries determine on quantities of the composite input factor and intermediate goods. 
This behavior model is formulated as minimization of production costs under Leontief type 
technology constraint. 

Ci = min ci (PL +,PM,+,PK;+)PCi +~p;x 	 (1.a) 

(PCi{LJ,Mi,KJ) 

x' / 
s.t. y = min 	o 

	

ai 	a i 

Where, PCi : production capacity (composite input factor), xii : intermediate input from industry i 

to industry j, yi : output volume, Li ,Mi ,Ki : labor, automobile capital and other capital input 

volume, respectively, ci : unit cost of composite input factor, pLi , PM J , pK, : labor wage automobile 

capital rent and other capital rent, respectively, +: superscript for factor price including tax, pi : the 

price of commodity i , a° : production capacity rate [production capacity for product the unit output], 

ai (i x 0) : input coefficient in Leontief Matrix and Ci : product cost. 

Solving the programming in (1), we obtain production capacity PCi and intermediate input goods 

xii , respectively. 

PCi = a°yi , xi = a'i yi (2)  
Substitution of the (2) into the (1) gives the product cost Ci in industry j 

Ci = l 
r 	o 	 + ai ci( PL 	,pm,"  ,Px 	 )+Eâi p' yi 

(3)  
L 

Second step: behavior of inputting factors 

At second step, industries decide on quantities of the each input factor. This behavior is formulated 
as minimization of the cost for input factors. 

ci = nun PL;+ Li +pM + M . +Px; +Ki 	 (4.a) 
LpM; ,K; 

_ 1 

s.t. PCi =rli[ aL,LP' +aiy M i P' + ax Ki P'] P, = 1 	 (4.b) 

Where, rti , aL , aM, , ax : parameters and pi : = (1- ai )/ai (ai : elasticity of substitution among 

input factors). 
The Solution of cost minimization programming the input factor in (4) yields to the each input factor 
demand function DL. ,DM ,DK. under condition for unit PCi . 
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Substituting (5) into the (4), we obtain the unit cost of composite input factor c.. 

Third step: behavior of choosing the automobile capital for type of fuel (for transportation sector) 

At third step, transportation sectors decide on the share of automobile capital for type of fuel. This 
behavior is formulated as well as Miyagi(1986) : 

SF= 	
h l 
I;PF { — PM }-~F PF1nPF l (6.a)  

s.t. 	;Ph' = 1 (6.b)  

Where, h: label for fuel type of automobile capital, PF : the share of choosing automobile capital 

of fuel h , pL : automobile capital rent of fuel h, OF : logit parameter and SF : inclusive expected 
utility. 
The programming in (6) yields to the share function expressed by the logit model. 

PF 	
exp O F {- p,ÿ }  

PM , 

Price vector of products 

The price [pj ] of produced commodity of industry j is led through the condition of the profit 

maximization in industry j. The profit maximization behavior is formulated below, because the 
product cost of industry j, [ CJ ] is obtained in (3), and the unit cost of composite input factor c, is 

yielded from the programming (4). 
n.= max piyi -Ci 	 (10.a) 

Y, 

s.t. Cj = [aj { PL,+ DL, +pM + DM +Px + Dx }(1+ (Do, )+ Ea,p,1 y 

Where, wo : tax rate of net indirect tax imposed on commodity of industry j . 

The first order condition of the programming (10) gives the price pt , 

Pi =a° { PL,+ DL, +PM,+ DM, + PK +Dx 111+wo)+ afPi 

Substituting (11) into the (10), it can be seen that the profit for each industry is zero. 
By transforming the right side of equation (11), we obtain a price vector of products, 

(5.c) 

E exp of 
h 

We can have the inclusive expected utility as 

S F = 1n;expoF {— pM} 

The above programming also yields to the automobile capital price 

PM = PM eXp 0F{ — pM  — S F } 

h 

(10.b) 
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Household behavior 

Outline of household's behavior 

We suppose that the household maximizes its utility under the myopic expectation. Hence the 
consuming behavior of the household should be illustrated in a nested structure, as shown in figure 3. 
Note that, in figure 3, we formulated this model by focusing its consumption of passenger trip 
service, in order to evaluate the regulation of external diseconomies caused by automobile. 

First Stage : v = max U'(H,Cr ) 
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Goods 	 Goods 

Second Stage : H - max U'1X,S,r,l I 

i X :Composite 
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Automobile fuel 
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Figure 3 - Outline of household's consuming behavior 

At first stage, the household determines consumption levels of present goods and future goods, and, 
at second stage, determines consumption levels of composite goods, leisure time and total passenger 
trips, and, at third stage, determines consumption levels of each commodity and total freight 
transportation services. The choice model whether the household purchases the automobile or not is 
formulated at later stages. The mode choice model is formulated the stage next to it. 

Formulation of consumption behavior 

In this section, the consumption behaviors of the household illustrated in figure 3 are formulated, 
stage by stage. 

At the first stage, the household determines consumption levels of present goods and future goods. 
Suppose that the household behaves so as to maximize its utility that is specified as CES (constant 
elasticity of substitution) type, under its budget constraint [I D : full income]. The environmental 
utility is introduced into this model as being proportionate to environmental quality r . Its behavior 
is formulated by 
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and future goods, respectively, 	pH , pF : price 

of present consumption and future consumption, respectively, Q : endowment of time, M", K : 

endowment of capital, ßH , u : parameters and v1 = (al -1)/al ( a, : elasticity of substitution). 

And endowment of time Q is defined as 
S2 = Ls+S+ 2rm 	 (14) 

Where, Ls : labor supply, S : leisure time, t,„ : time required for using modem and x,P„ : 
consumption level of passenger trips of modem . 
The solution of the programming in (13) gives demands for H and CF , respectively. 

(1 -13//)/D
H 	

I 
D ~ CF _ PF'4 Pâ4 

	

RHPH ) 	 ß1 ( 1-O,  Where, Al = P 	+ (1- )P -O,)  
Substituting (15) into the (13), we obtain the indirect utility V , 

V(pH,PF ,ID ,r) = ID(Al)°'-1 + p r 	 (16) 

The relation of CF with savings: S1 is described as below. If we consider household's return of 
saving as the budget to purchase future goods under the condition that the price of future goods is 
same level as the present goods, equation (17) is to be constructed. 

Pc91, ' S PxCF 	 (17) 
Where, c : a label of capital, pc : the rent of capital c , 9'p : ratio of capital flow and capital stock. 
In (17), we suppose that the budget for future goods is expressed as the savings multiplied by capital 
return pcq)c . Hence equation (17) leads to the relation of S I with as CF : 

PSIS1 = I Psi  Px I CF PFCF 
111 PcTe 

Substituting the optimum CF into (18), we obtain SI 

(1 - OH)ID  

At the second stage, the household determines consumption levels of composite goods, leisure time 
and total passenger trips. Suppose that the household behaves so as to maximize its sub-utility that is 
specified as CES type, under its budget constraint [I D - psS j(= l;,): net income at second stage]. 

The behavior is formulated as 
t 

t 	 t 	 1 	, 
max U = {Yx °2 X + Y$ ~2 	 2 x.S.Tp 	

2 
	 v1 	 S V2 + yP°x Tpv2 	 (20.a) 

s.t. px X+pLS+ppTP =Iô 	 (20.b) 

(15) 

SI PsrPF' lAt 

(18)  

(19)  
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Where, X ,S ,T, : consumption level of composite commodity, leisure time and total passenger trip, 

respectively, 1R , p p : the price of composite goods, and total passenger trips, respectively, pL : 

labor wage (the price of leisure time), y R , ys , y F : share parameters and y2 = (a2 —1Va2 (a2 : 

elasticity of substitution). 
Note that the price of leisure equals to labor wage as an opportunity cost. 
The solution of the programming in (20) yields to demands for X ,S and TP , respectively. 

X =  YxID S =  Ys'D 	T 	Y PID 	 (21) o, 	 aZ 	P - 	a_ 
•Px dz 	P.I. A2 	PP A2 

	

(1-a ( 	( 1-a ( 	( 1-OZ) Where, A2 =YxPx 	+YsPL 	+YPPP 	• 
We also obtain the marginal utility of present consumption as the lagrangian multiplier accompanied 
with the solution, or the shadow price of present goods. 

PH =[A211-°2 
	 (22) 

At the third stage, the household determines the consumption level of each commodity and total 
freight transport service. Suppose that the household behaves to maximize the sub-utility that is 
specified as Cobb-Douglas type, under its budget constraint [I;, — pL S — p pT,,(s ID) : net income at 

third stage]. The behavior is formulated as, 

max U3 =TTxj~j •TF AF 	 (23.a) 
x;.xF 
	

j j 
i 

S. t. IPxl xj +PFXF =In 	 (23.b) 

Where, xi : consumption level of each commodity j, X F : total freight transport services, 

pi , pF : the price of commodity j and total freight transport service, respectively and Ai , AF : 

parameters. 
The programming in (23) yields to xi and X  , in the same manner. 

xi = 
~ ID , XF = 	 /D3 (24) 

pF 
 

Px 

And we obtain the marginal utility of the price of composite commodity, as well as second stage. 

PxP Px = fl \ 
	

( 
~J,

1 ~' • ) 	 (25) 

Next, the modal choice in freight transport services is considered. Suppose that the household 
behaves by maximizing its utility U F (x1 ,•••,x,,,•••) , which is specified as CES type, under its 

budget constraint [ID — ~ip jx j (E /o): net income at the stage of mode choice on freight 

transport services] as well as First and Second Stage. Its behavior is formulated as 

vF 
max OF f= En(xn )c,F xn

VF J L 	
(26.a) 

s. t. 	p
n xn = I D 	 (26.b) 

Where, n : mode of freight transportation, xn : freight transportation service level of mode n and 
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pn : the price for freight transportation service of mode n . 
Solving the programming in (26), we obtain the demand function for the freight transportation 
service of mode n . 

F 

	

X F =  X D 	 (27) n 	( F °m 
1pn) 

AF 

Where, AF  = En xn(pnF)1-om 
 

We have the price of total freight transport service in the same manner as often used in the paper. 

pn  

Formulation of the mode choice behavior on transportation services 

(28) 

We try to introduce the mode choice model for the total passenger trips [Tel . 

The mode choice behavior in passenger transportation is formulated as the nested logit model 
consisting of two steps, illustrated in figure 3. But, in this section, these conditional decisions are 
formulated in the reverse direction (from the step of mode choice behavior to that of automobile 
purchasing behavior), in order to efficiently formulated the condition at each step. 
First, the household determines the mode share on passenger trips. Here, we consider the case of 
automobile owner [1]. Its behavior is formulated as well as choice model of automobile capital of 
each type of fuel, formulated at section of industries' behavior. 

sTM' = mÿx 
L
E  Pm lum l — BMl  rTM' 	 (29.a) 

P.
s. t. EPM = 1 	 ] 	 (29.b) 

Where, m : mode of passenger transportation (private automobile: Auto ), PM1  : probability of 

choosing the modem , u,M : utility of choosing the mode m and O M  : logit parameter. 
From the Assumption, private automobile trips consumed by household are produced by her own. 
Additionally, we assume that automobile, its fuel and time element are consumed for trips. Hence 
utility of choosing the private automobile is formulated as 

urM1  t. 	rAuwPL) 
Where, r : automobile fuel consumption for unit private automobile trip, pFne! : price of 

automobile fuel and tAnro : time required by using private automobile. 
And utility of choosing other modes are specified as 

um 1 s -(Pm + t,,. ) 	 (31) 
Where, pm : price of passenger trip of mode m and t,,, : time required for using mode m . 
The programming in (29) yields to the probability functions again expressed by the logit model, 

exp(OM1u Ml) 
m  

G exp(oM1um IM1) 

We can hâve the inclusive expected utility as 

Sm' = BMl ]n E  ezp(oM1idh1)• 

The above programming also yields to the price of passenger trip of modem faced by automobile 
owner. 

(30) 

P Ml (32)  

(33)  
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pp = ~pm ' exp(BM1uM1—SM1) 	 (34) 

In the case of non-automobile owner [0], its behavior is formulated in the same way. The 

programming corresponding to (29) gives modal share p0.41° , inclusive expected utility S MO and price 

of passenger trip of modem faced by non-automobile owner pP . 

Next, the household who does not own the automobile decides whether she purchases the automobile 

or not. That behavior is formulated as well as the previous step. 

S A = max 
L
IPAUâ — 

BA 
v PA InPA

] 	
(35.a) 

s.t. IpA =1 	 (35.b) 

Where, o : (=1) to purchase the automobile, (=0) other wise, PA : probability of the purchasing the 

automobile or not, uô : utility of purchasing the automobile or not purchasing, B A : logit parameter 

and S A : inclusive expected utility. 

The utility of purchasing the automobile and not purchasing are formulated as, respectively, 

uj = SMI -  XAu P Aum u0A : SMO 	
(36) 

XAuto 

Where, xA„,, : consumption of private automobile, pA,00 : price of private automobile and Xnw0 : 

passenger trips of private automobile. 

The programming in (35) yields to the probability function expressed by the logit model. 

=  
exp(B

f 
Au) 	

o = 0 or 1 	 (37) 
Eexp(BAU°) 

It also leads to the inclusive expected utility. 

SA = n In exp(BAuô) 	 (38) 
B o 

The above programming also gives the representative price of passenger transportation service. 

pp = IX, • exp(BAu - SA ) 	 (39) 

From the probability of purchasing the automobile in (37), we obtain consumption of private 

automobile 

~- 
XAuto = [ XAuw - (1- a)XAu

1
to] 

Where, XA0, : total consumption level of private automobile under assumption that all of household 

are own the automobile, 4-010 : consumption level of private automobile at t -1 period and ô : 

depreciation rate of automobile. 

And the consumption level of private automobile in (37) leads to the ownership probability function 

of automobile PH 

e pH XAuea +(1-ô)XA-1m  
1 - 

XAuto 

Equilibrium conditions 

In this model, equilibrium conditions are formalized as 

Commodity j: y _ 2x,!(9)+F/(9)+E~ —m;[xi()+ 1()] 

(40) 

(41)  

(42)  
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Labor: L$(q) _ ;a.;yiDL, 	 (43.a) 

Automobile capital of fuel type h : M M. 2 a°yI PF DN 	 (43.b) 

Other capital: g = 	a°y,Dx 	 (43.c) 

Fiscal balance: T +  = T 	 (44) 

Where, q: price vector, Fi  : domestic final demand of commodity j, Ei  : export volume of 

commodity j, mi  : import coefficient of commodity j, T+  : announced total tax revenue and T : 

total tax revenue. 
Domestic final demand 	includes consumption demand of household and government, and 

investment demand. As for the consumption demand of household, we are able to obtain it as the 
demand functions of commodity/service as already solved in section of household behavior model. 
The consumption of government is given as constant. The investment demand is given by the 
solution of savings of household. And, In (42), the import volume is introduced as being 
proportionate to the domestic total demand. Solving (42), we can get yi  

y=[I — (I — M)A] 1[(I — M)F+E] 	 (45) 

Where, y: domestic output vector, F : domestic final demand vector, E : export volume vector 

and M : import coefficient matrix. 
The LHS (43) indicates the total demand for the input factor, because a°y1  is the production 

capacity, and 130, 	the factor demand for a unit production capacity, already solved in (5). 

On the other hand, the supplies of input factors are considered as follow. The labor supply is 
obtained through the difference between the endowment of time and the time consumed for leisure 
and total passenger transport. The supplies of automobile capital and other capital are constant. 

BENEFITS DEFINITION OF POLICIES 

In this paper, the benefit of policies is defined by the equivalent variation (EV). EV can be 
formulated as follow, because the function form of indirect utility has been obtained in equation (16). 

1 	1 

EV = 
IDa (Al 

o-1 	
 —IDA(AlA )o-1 

+ µ 	

+B -rA) 

II/ 	1 	 1 
(46)  

(A  A)0-1 	
(A A )°-1  

[1] 	 [2] 
Where, A, B : expressing with policy and without policy, respectively. 
The term [1] in equation (46) expresses the market disbenefit, and the term [2] expresses the 
environmental improvement benefit. 
In this paper, the environmental improvement benefit is measured by the difference in the external 
costs, including noise, GHG emission, air pollution and accident, between with-policy and without-
policy cases. As for the external costs, this study follows the result of Morisugi et al (1995), that is 
estimated multiplying the unit damage costs by the predicted value of road transport activities. 

SIMULATION OF THE IMPACTS OF REGULATORY POLICIES 

Parameter setting 
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Parameters included in production functions of industry and utility functions of household should be 
identified by calibration method, following Shoven and Whalley(1992). In this paper, the benchmark 
year is 1990, and these parameters are determined under the condition that they must reproduce this 
benchmark equilibrium data set. 

Simulation of regulatory policies 

The motor vehicle fuel taxation 

At first,, we simulate the impacts of the motor vehicle fuel taxation, as one of regulations of external 
diseconomies. In this fuel taxation, the fuel tax rate for gasoline and light oil is raised on the 
principle that their after taxed prices should be equal. When the fuel tax was gradually raised, the 
road transport activities decreased through the modal split mechanism. Consequently, we obtained 
results that environmental improvement benefits increased with a constant rate, while the market 
economic disbenefits decreased successively. Hence we obtained the SNB curve which has the peak 
shown in Figure 4. This peak indicates the optimal fuel price level and it is determined at the level 98 
(Yen/f), where the gasoline tax rate should be lower (6.3%), while the light oil tax rate should be 
higher (14.7%). 
The point, which the author especially emphasizes, is that the SNB has been positive. The fuel 
taxation is worth carrying out in the context of Japanese economy. 

Net Benefit 
(Billion Yen) 

16 - 
14.0y 	Max Beoefit Level  

12 

8 

4 

0 

(94) 

-73% 
13.8% 
(96) 

-63% 
14.7% 
(98) 

-5.2% 
15.7% 
(100) 

-4.0% 
16.5% 
(102) 

Change of Guooline Tu Rate 
Change of Light-Oil Tax Rate 
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Figure 4 - Social net benefit in fuel taxation 

Other regulatory policies 

Next, the impacts of other regulatory policies are simulated, the motor vehicle tonnage taxation, the 
public transportation improvement policy and the clean energy vehicle diffusion policy. The scenario 
of each regulatory policy is set as follow. 
Casel) The motor vehicle fuel taxation: In this case, the SNB is maximized, simulated at the 

previous section. 
Case2) The motor vehicle tonnage taxation: The case that the tonnage tax rate is 10.3%, in which the 

environmental improvement benefit is equivalent to that of Casel. 
Case3) The public transportation improvement policy: In this case, a generalized price of the public 

transportation is lower 5% than 1990. 
Case4) The diffusion policy of the clean energy vehicle: In this case, we substitute the clean energy 

vehicles for 2% of the gasoline and diesel vehicles. 
The comparison of each item of benefit in these cases is shown in figure 5. 
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Figure 5 - Comparison of each item of benefit in four regulatory policies 

In Casel and 2 in figure 5, the market disbenefits are the value from which tax revenues from 
taxation are taken away. In Case3, the market disbenefit is the value from which the improvement 
costs of public transportation is excluded. 
These simulation results are briefly summarized in what follows. 
Casel) The fuel taxation can be considered as worth carrying out, because the SNB has been 

positive. 
Case2) It may be said that the tonnage taxation is less effective than the fuel taxation. This result 

might be caused by the difference of price elasticity of demand between two taxation. The 
tonnage taxation has the structure that the average ownership cost for a unit automobile trip gets 
lower by making more and more trips, even if the total cost of a automobile ownership is higher. 
The structure shows that the price elasticity of automobile demand is less than that of automobile 
fuel demand. Hence it is anticipated that the tonnage taxation needs to be set at much higher level 
than that of the fuel taxation. 

Case3) It is thought that this policy is little effective, because the shift from the private automobile to 
public transportation is not much elastic. Since total transport demands are endogenous in this 
model, an existence of the induced demand might be another reason for this result. 

Case4) The efficiency of this policy is worst among the four policies in the case study. This is 
because the price of clean energy vehicle is quite higher than the price of gasoline or diesel 
vehicle at present. This policy generates the huge market disbenefit. 

Needless to say, those results meaningful only in the simulation we have done. If we change the 
setting of parameters in the model or political scenarios, it is possible to get another result. However, 
through the simulations, we could say that the policies do not always bring the positive SNB, but 
might result in the negative SNB in the case of too much market economic disbenefits. 

CONCLUSION 

This paper has built a CGE model in order to evaluate the policies for reduction of external 
diseconomies caused by automobiles. We have measured not only environmental improvement 
benefits but also market economic disbenefits generated by policy implementation. Then we have 
tried simulations of four regulation policies, the motor vehicle fuel taxation, the motor vehicle 
tonnage taxation, the public transportation improvement policy and the clean energy vehicle 
diffusion policy. Although the implementations obtained from these simulation results have been 
already indicated for each policy at previous section, we could say only that the fuel taxation is most 
effective among four policies. 
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Finally, we remark that there remain some tasks. 
(a) The model built in this paper is a static model. However when we have a scope for time horizon, 

policies may impact on the economy in different way from the simulations in this paper. The 
dynamic computable equilibrium model must be developed for this point. 

(b) The mechanism of impacts of tax policies on a market economy is more complex in the real 
world, and there are cases, which can not be judged only through results the specified 
computable model gives. We attempt to analyze the impacts in the analysis within the more 
theoretical background and general model. 
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