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1 . Introduction 

181 

Now that environmental pollution matters are widely acknowledged around the 

world and corresponding to this phenomenon， the nations of which include some LDCs 

have come to explore environmental protection strategies. As regard to 

environmental policies， it is commonly known that the market based environmental 

protection methods [iιpollution taxes， pollution permits， etcJ are prevalent in 

textbooks of the environmental economics and accordingly， they are said to be 

effective so as to target pollution direct1y. However， introducing and practicing of 

those methods in certain developing nations have some bottlenecks since those market 

based environmental policies are strongly based on the “ppp"， the polluter pays 

principle and it is di国cultto be worked in certain developing nations due to a lack of 

appropriate institutionsI for pollution monitorings. In this respect， we would be forced 

to abandon to introduce such first best policies whose purposes are to target 

distortions direct1y. 

Turning to the second best aspect of the environmental protections， observing trade 

and the environmental linkages， one might notice that free trade policy could be a 

vehicle for en vironmen tal protections. It deri ves from the formal analysis 

demonstrated by Copeland (1994). Accordingly， if the trade protected sectors are 

pol1ution damage intensive， then removing trade barriers would serve a reduction in 

outputs of those sectors and thereby pollution. It implies that a reduction in trade 

barriers not only reduce domestic distortions attached with trade barriers， but also 

reduces the environmental pollution. At this point， despite the fact that trade policies 

are not the first best policies for environmental protections， they would be potential 
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environmental policy tools. 

However， the situations in developing nations could not permit them to implement 

free trade policy due to the existence of trade protectionisms arising from various 

political reasons or else. Among them， one of the seemingly plausible justifications of 

trade protection is that trade protection can be a source of domestic revenue. 

Consider for example， for the case of tariffs protection， the revenue generating from 

tari旺'sshould not be a ignorable one due to the fact that it can sustain2 most part of 

domestic revenue in LDCs. Hence， a reduction in tariffs implies a reduction in 

domestic revenue. Furthermore， if tari旺'srevenue is earmarked for the public good 

provision， and suppose that initial public good provision is a sufficiently below at 

socially optimallevel， a reduction in tariffs leads to welfare reducing， demonstrated by 

Abe (1992). 

Considering those bottlenecks of environmental protections， one of the purposes of 

this paper is to explore an alternative environmental protection scheme when the 

noted shown above market based environmental policy tools are difficult to be forced. 

That scheme would be the tari宜revenue五nancedenvironmental protection， whose 

another name in this paper is the tari旺revenue五nancedpublic abatement. At this 

point， the mechanism of public abatement in this paper is so simple that government 

in the economy implements environmental protections by using tari妊revenuein lie of 

imposing the market based environmental policies on private sectors. In theoretical 

literatures， public abatement has been analyzed by many authors since the publication 

of Khan (1995). For example， Chao and Yu (1999) introduced the public abatement 

financed by both environmental tax revenue and an international aid and analyzed the 

e宜ectof aid in a two country's framework. Subsequently， Hatzipanayotou， Michael 

and Lahiri (2002， 2003) introduced trans-boundary pollution and demonstrated the 

e旺ectof an international aid and the environmental tax on public abatement and 

welfare in a small open economy's framework. Bovenberg and Ploeg (1994) dealt 

with the employment effect in public abatement framework in a di旺erentmodel from 

the above literatures. 

Reflecting upon those past contributions， one might acknowledge the importance 

and the e宜'ectivenessof public abatement， which is financed by the environmental tax 

revenue and an international aid， yet one should be noted that there have been 
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ignored other domestic taxes just like a tariff， consumption tax， etc to finance public 

abatement. 1n case of developing nations where the environmental tax is di百icultto 

be introduced and tari旺revenueis a main source of domestic revenue， the tari旺

revenue financed public abatement could be the environmental policy. Regarding to 

this， the one of the main results of this paper in which the tariff revenue financed 

public abatement can increase domestic welfare and tari旺revenuevia a reduction in 

pollution without removing a tari旺"would be highly appreciated. This is because it 

enables the tariff based protection oriented countries to protect the environment 

without sacri自cingtheir domestic revenue. 

Another novelty of this paper is that the author addresses both the environmental 

tax and a tari旺impositionsimultaneously in order to compare which tax revenue 

should be earmarked for public abatement3 so as to increase domestic revenue and 

welfare effectively. This analysis is somewhat worthwhile in the sense that 

government can make a decision as to how and which tax revenue should be 

earmarked for public abatement or lump sum distributed to households. 1n this 

respect， we know the situation that there exist the countries where the environmental 

tax is introduced and its revenue is earmarked for public abatement， and therefore 

introducing the environmental tax into the current tax structure enables us to 

consider fiscal matters4 and so it should be also worth exploring. 

The layout of this paper is as follows. Section 2 introduces a trade theoretical 

general equilibrium model. Then， the first parts of section 3， we introduce the 

environmental tax and a tari宜independentlyso as to illuminate a clear distinction 

about the welfare consequences of these taxes' revenue五nancedpublic abatement. . 

The remaining parts of Section 3， we impose both taxes simultaneously and examine 

whether both taxes revenue should be earmarked for public abatement or not， to 

enhance revenue and welfare. Section 4 concludes this paper. 

n . The Basic Model 
The economy is assumed to be a perfectly competitive and small open. And there 

produce two private internationally traded goods; the imported good and the exported 

good， and therefore their prices are fixed under the small open economy's assumption. 

There generates only one type of the environmental pollution， which is a by-product 
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pollution in such a way that the production of the imported good generates pollution. 

To reduce pollution， the economy provides public abatement g from a central agency 

without any charges， and we assume g ::; z. 

The factors of production are also perfectly competitive and internationally 

immobile. The production function is homogeneous of degree one and is concave in all 

factors. 

The full employment of factor condition can be expressed as follows. 

p， ..g 
V' + V~= V 

where V denotes total endowment vector and vP are the amount of factors used in 

the production of the private goods while vg are. that of used in supply of public 

abatement. 

Let us de五nethe relative price of the imported good as p while the price of the 

exported good is numeraire. At this point， if the economy imposes a specific tari宜

whose rate is s， then a difference of internationally relative price of the imported good 

p* and the domestic relative price of the imported good p equals to s (p =戸+s). 

The production side of the economy can be characterized by the following revenue 

function whose purpose is to maximize private goods production. 

R(p，vP) = max{px +y: (y，x)εT(vP)} 
x，y，z 

where x denotes the output of the imported good， while y denotes that of the 

exported good， and T (vP) indicates the technology of producing the private goods in 

the economy. Besides， one should recall the fact that the economy provides public 

abatement to reduce pollutiori. Thus， to incorporate public abatement into the revenue 

fi.mction， we demonstrate a little manipulation to yield the following relationship長(p，

vp)=R(p， g)5 where g denotes a provision of public abatement. And it is generally 

known that partially differentiating the revenue function with respect to the price 

yields the output，RPEθR/δp=x and the revenue function is a strictly convex in the price 

as RPP>0.Furthermore，-Rg>O can be deBIled as the unit cost of public abatement and 

so the total cost of public abatement is-gRg>0.And we assume-R田=0.

Since the imported good production generates pollution and taking account of this; 

we establish the following equation. 
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z ==IT(Rp(p，g)) (1) 

where z indicates the amount of pollution generating from the imported good 

production. 

Although we have ignored the environmenta1 tax so far， when the economy imposes 

the environmenta1 tax on the private sector， then revenue function can be rede五ned

as， 

R(p， t， vP)== max{px+ yーtz:(y，x)εT(vP)} 
x，y，z 

where t indicates the environmental tax rate. By using the envelop theorem， one 

can derive the following pollution equation which corresponds to (1). 

Z ==-Rt(p，g， t) (1) ， 

Turning to the consumption side， let us define the utility function as u ==φ(cx，cy)+V 

(z-g)6，where cxis the demand for the imported good X while Cy is that of the 

exported good. Note that the environmental pollution harms utility and so we assume 

'1" (・)くO.The economy has a representative consumer with the following expenditure 

function. 

E(p， z -g， u) == min {pCx + Cv : u ~ U(C叉，Cv，z，g)}
Cx，Cy 

Since pollution causes a negative impact on utility， expenditure should be increased 

as E，>O， which is commonly known as the marginal wil1ingness to pay for a reduction 

in pol1ution， to keep utility level constant. From the property of the expenditure 

function， we know that Eu>W is the reciprocal of the marginal utility of income and 

EP三dE/8p=Cxis the compensated demand for the imported good and second derivative 

of the expenditure function is negative as E押くO.

And it is the nature of public abatement that the public abatement fund is五nanced

by tax revenue in such a way that a certain fraction of tax revenue is earmarked for 

public abatement， while the remaining fraction of tax revenue is distributed to 

households. With this in mind， the following equation can describe the economy's 

budget constraint. 
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E(p， z-g， u) = R(p，g， t)-gRg(p，g， t)一(1ーα:)tRj(p，g， t) + (1-s)sMp(p，z，g， u) (2 ) 

The first term of the RHS of (2) indicates the revenue from the private good 

production. The second term of the RHS indicates the factor income from public 

abatement. The remaining terms are domestic taxe revenues whose fractions of α，s 

are earmarked for public abatement while the remaining fractions， (I-α)，(l-s) are 

distributed to households. At this point -tR， (=tz) ，sM
p 
are the environmental tax 

revenue and tariff revenue respectively where Mn= En-Rn_" indicates imports. p>u 

Under the assumption that a fraction of taxes' revenue is earmarked for public 

abatement; then one can establish the following government's budget constraint for 

public abatement. 

-gRg (p， g) = -α:tRj (p，g， t) + ss叫(p，z，g，u) ( 3 ) 

Combining (2) with (3)， one can simplify the economy's budget constraint. 

E(p， z-g， u) = R(p，g) -tRj (p，ちt)+sMp(p，z，g，u) ( 4 ) 

There are three equations (1)， (3)， (4) accompanied with three endogenous 

variables z， g， u. The exogenous policy variables are a fraction of taxes' revenue α，W 
for public abatement. Totally di旺'erentiatingequation (1) or (1)' and (3)， (4)， 

then one obtain the changes in public abatement， pollution and welfare. 

][. Tax Revenue Financed Public Abatement and Welfare 

In this section we wish to examine the changes in the endogenous variables by 

varying the exogenous policy variables α， s. 

The Environmental Tax revenue Financed Public Abatement without Tariff 

Imposition 

First1y， let us assume that the economy imposes only the environmental tax to 

finance for public abatement. In this circumstance， totally di旺'erentiating(1)'， (3)， 

(4) with s=ぷ=0，ds=O yields the changes in endogenous variables. One can derive 

them by using comparative statics (see appendix A). 

186 

E(p, z-g, u) = R(p,g, t)- gRg(p,g, t)-(1-a)tR t (p,g, t)+(1-~)sMp(p,z,g, u) (2 ) 

The first term of the RHS of (2) indicates the revenue from the private good 

production. The second term of the RHS indicates the factor income from public 

abatement. The remaining terms are domestic taxe revenues whose fractions of a, ~ 

are earmarked for public abatement while the remaining fractions, (I - a), (1 -~) are 

distributed to households. At this point -tR, (=tz) ,sM
p 

are the environmental tax 

revenue and tariff revenue respectively where M = E - R 0 indicates imports. 
p p p> 

Under the assumption that a fraction of taxes' revenue is earmarked for public 

abatement; then one can establish the following government's budget constraint for 

public abatement. 

-gRg (p,g) = -atRt (p,g, t) + ~s~ (p,z,g, u) ( 3 ) 

Combining (2) with (3), one can simplify the economy's budget constraint. 

E(p, z- g, u) = R(p,g)- tRt (p,g, t)+sMp(p,z,g, u) ( 4 ) 

There are three equations (1), (3), (4) accompanied with three endogenous 

variables z, g, u. The exogenous policy variables are a fraction of taxes' revenue a, W 
for public abatement. Totally differentiating equation (1) or (1)' and (3), (4), 

then one obtain the changes in public abatement, pollution and welfare. 

][. Tax Revenue Financed Public Abatement and Welfare 

In this section we wish to examine the changes in the endogenous variables by 

varying the exogenous policy variables a, 13. 

The Environmental Tax revenue Financed Public Abatement without Tariff 

Imposition 

Firstly, let us assume that the economy imposes only the environmental tax to 

finance for public abatement. In this circumstance, totally differentiating (1)', (3), 

( 4) with f3=s'=O, df3=O yields the changes in endogenous variables. One can derive 

them by using comparativ~ statics (see appendix A). 



The Environmental Tax versus Tariff Revenue Financed Environmental Protections 187 

dg/dα= tRt 10 

dz/dα=-Rtg(dg/dα) = -tRtgRt /8 

du/dα= tRt(Ez -t)Rtg /8 

where we assume Rtg=-dzldg>O and thus 0=一(凶RJR)くO.

( 5 ) 

( 6 ) 

(7) 

Equation (5) indicates an increase in pub1ic abatement by a higher fraction of the 

environmenta1 tax revenue earmarked for pub1ic abatement. This resu1t is a quite 

intuitive one since government sector can use more tax revenue before the policy 

change.Moreover under the assumption of Rtg=一θzldg>O， pollution 1eve1 declines by an 

increase in public abatement， which is shown by equation (6). As regard to the 

we1fare changes， suppose that the environmenta1 tax rate is a su伍cientlysmall enough 

to establish E，>t， then a higher fraction of the environmenta1 tax revenue for pub1ic 

abatement can reduce pollution and hence it increases welfare. This imp1ies that 

a1though a reduction in pollution reduces the tax revenue， which causes a negative 

e旺'ecton we1fare. a su旺icientlysmall va1ue of the tax rate can ignore such a revenue 

10ss effect. One can confirm this resu1t by Chao and Y u (2000). 

The Tariff Revenue Financed Public Abatement without the Environmental Tax 

Imposition 

Turning to the tari百五nancedpub1ic abatement， totally di旺'erentiating(1)， (3)， 

(4) with (α= t = 0， dα= 0)， one can derive the changes in the endogenous variab1es 

by the same manner in the environmenta1 tax日nancedpub1ic abatement case. At this 

poirit， to make clearer resu1ts in comparative statics， we impose the following 

assumptlOn. 

Assumption 

1) Public abatement is a substitute for the imported good production as R悶<0.

2)The consumption of the imported good is a subsUJIllte br pollution as Epz<09. 

From comparative statics. one obtain. 
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2) The consumption of the imported good is a substitute for pollution as E
p

, <0 9
• 

From comparative statics, one obtain, 
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dg/ ds =sMp(1-sEpu)/Q ( 8 ) 

dz/ ds =I1'Rpg(dg/ ds) =sMp(1-sEpu)/Q ( 9 ) 

du/ ds =-sMp[sEpz (1-I1'Rpg)一(Ez+Rg -EzI1'Rpg)+sRpg]/Q (10) 

where I1'=θI1/δRP〉Oand， 

Q=-ssEpu[(Ez +Rg)一但z-sEpz)II'Rpg -sEpz -S~g 1一(1-sEpu )(Rg -ssEpz -ssRpg + ssEpzII'Rpg) 

Although the sign of Q is the unknowns， however， by invoking the stability which is 

shown by appendix B， the sign of Q becomes positive. At this point， one of the 

su伍dentconditions for the stability requires l-sEpu〉0.Furthermoreit also requires a 

su伍dentlysmall fraction of the tax revenue P so that hEJTRJRgーかEpzーかRpgく0，and 
the first term of QーかEpu[・]would be negligible to ensure Q>O. 

Equation (8) indicates the changes in public abatement level by varying the 

exogenous policy variable. Likewise the environmental tax financed public abatement， 

a higher fraction of tari旺revenueearmarked for public abatement can increase public 

abatement provision. And recalling the assumption that public abatement provision is 

a substitute for the imported good production as Rpgく0，then an increase in public 

abatement reduces the imported good production and thereby pollution. Hence a 

higher fraction of tariff revenue for public abatement reduces pollution， which is 

expressed by equation (9). 

Next. let us examine the welfare changes by equation (10). The日rstterm of the 

RHS of equation (10) indicates indirect revenue effect arising by the interaction 

between the consumption of the imported good and pollution. Under the assumption 

that the consumption of the imported good is a substitute for pollution as Epz〈O，then

this term becomes positive. This is because a higher fraction of tari妊revenuecan 

reduce pollution through a reduction in the imported good production and therefore 

increases the consumption of the imported good. A boost of the demand for the 

imported good renders consumers to increase imports and so it increases tariff 

revenue. This revenue gain causes a positive impact on welfare. 

The second term of the RHS of equation (7) captures direct public abatement 
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( 8 ) 

( 9 ) 

(10) 

where II'=8II18R >0 and, 
p 

Although the sign of Q is the unknowns, however, by invoking the stability which is 

shown by appendix B, the sign of Q becomes positive. At this point, one of the 

sufficient conditions for the stability requires l-sE >0. Furthermore it also requires a 
pu 

sufficiently small fraction of the tax revenue ~ so that ~sE II'R +R -~sE -~sR <0, and 
pz pgg pz pg 

the first term of Q -~sE ['J would be negligible to ensure Q>O. 
pu 

Equation (8) indicates the changes in public abatement level by varying the 

exogenous policy variable. Likewise the environmental tax financed public abatement, 

a higher fraction of tariff revenue earmarked for public abatement can increase public 

abatement provision. And recalling the assumption that public abatement provision is 

a substitute for the imported good production as R <0, then an increase in public 
pg 

abatement reduces the imported good production and thereby pollution. Hence a 

higher fraction of tariff revenue for public abatement reduces pollution, which is 

expressed by equation (9). 

Next, let us examine the welfare changes by equation (10). The first term of the 

RHS of equation (10) indicates indirect revenue effect arising by the interaction 

between the consumption of the imported good and pollution. Under the assumption 

that the consumption of the imported good is a substitute for pollution as E <0, then 
pz 

this term becomes positive. This is because a higher fraction of tariff revenue can 

reduce pollution through a reduction in the imported good production and therefore 

increases the consumption of the imported good. A boost of the demand for the 

imported good renders consumers to increase imports and so it increases tariff 

revenue. This revenue gain causes a positive impact on welfar~. 

The second term of the RHS of equation (7) captures direct public abatement 
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e妊'ect. A higher fraction of tariff revenue for public abatement can reduce pollution 

through a reduction in the imported good production by RpgくO. And suppose that 

EZ+RE〉O，thenthe direct public abatement e百ectalso entails a positive impact on 

welfare. 

The last term of the RHS of (10) indicates direct revenue effect arising by the 

interaction between the production of the imported good and tariff revenue. Recalling 

the assumption that the public abatement provision is a substitute for the imported 

good production，' a higher public abatement level attained by an increase in the policy 

variable reduces the imported good production. A reduction in the imported good 

would also render consumers to increase imports. And if imports level boosts up， the 

economy can benefit from tari旺revenuegain. In sum， as well as the environmental 

tax financed public abatement， the tariff revenue financed public abatement leads to 

welfare improving insofar as the noted shown above plausible assumptions prevail. 

Finally， let us examine the tax revenue changes by a higher fraction of tax revenue 

for public abatement. To this end， let us define the each tax revenue as G=ーtRt'T=sMp 

where G is the environmental tax revenue and T is the tariff revenue. Totally 

di旺'erentiatingthose tax revenues， one find that. 

dG/dα=ーtRtg(dg/dα) (11) 

dT / ds = sEpz (dz/ ds) -s(Epz + Rpg )(dg/ ds) + sEpu (du/ ds) (12) 

By using the comparative statics results， the RHS of both (11) becomes negative， 

which implies that a higher fraction of the environmental tax revenue for public 

abatement reduces the environmental tax revenue itself. The intuition behind this is 

so straightforward that an increase in the tax revenue earmarked for public 

abatement reduces pollution and a reduction in pollution also reduces the environ-

mental tax revenue O=tz. 

On the other hand， the RHS of (12) is expected to be positive， implying that tari旺

revenue increases by a higher fraction of tari旺revenuefor public abatement. The 

explanations are analogous to the welfare analysis such that a reduction in pollution 

stimulates the consumption of the imported good as well as imports through both the 
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effect. A higher fraction of tariff revenue for public abatement can reduce pollution 

through a reduction in the imported good production by R <0. And suppose that 
pg 

Ez+Rg>O, then the direct public abatement effect also entails a positive impact on 

welfare. 

The last term of the RHS of (10) indicates direct revenue effect arising by the 

interaction between the production of the imported good and tariff revenue. Recalling 

the assumption that the public abatement provision is a substitute for the imported 

good production,' a higher public abatement level attained by an increase in the policy 

variable reduces the imported good production. A reduction in the imported good 

would also render consumers to increase imports. And if imports level boosts up, the 

economy can benefit from tariff revenue gain. In sum, as well as the environmental 

tax financed public abatement, the tariff revenue financed public abatement leads to 

welfare improving insofar as the noted shown above plausible assumptions prevail. 

Finally, let us examine the tax revenue changes by a higher fraction of tax revenue 

for public abatement. To this end, let us define the each tax revenue as O=-tR, T=sM 
t p 

where G is the environmental tax revenue and T is the tariff revenue. Totally 

differentiating those tax revenues, one find that. 

dG / da = -tRtg (dg/ da) (11) 

(12) 

By using the comparative statics results, the RHS of both (11) becomes negative, 

which implies that a higher fraction of the environmental tax revenue for public 

abatement reduces the environmental tax revenue itself. The intuition behind this is 

so straightforward that an increase in the tax revenue earmarked for public 

abatement reduces pollution and a reduction in pollution also reduces the environ­

mental tax revenue O=tz. 

On the other hand, the RHS of (12) is expected to be positive, implying that tariff 

revenue increases by a higher fraction of tariff revenue for public abatement. The 

explanations are analogous to the welfare analysis such that a reduction in pollution 

stimulates the consumption of the imported good as well as imports through both the 
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direct and indirect revenue e旺ect.

Then the following proposition summarizes the results so far. 

Proposition. 1 

Suppose that there is a small open economJろandthe production of the imported good 

generates pollution. Then if the following assumption Ez>t prevails， a higher fraction of 

the environmental tax revenue for public abatement increases welfare through a 

reduction in pollution although the environmental tax revenue declines. On the other 

hand，suppose that Rpg<O，EpzくO，Ez+Rg〉O，andthen a higher traction d tarif revenue 

earmarked for public abatement raises tariff revenue and welfare through a reduction 

in pollution and an increase in the consumption of the imported good. 

Consider the situation that most of developing nations still heavily rely on tari旺s

revenue to generate domestic revenue， one might notice that the tari旺revenue

五nancedpublic abatement policy， which is likely to increase domestic revenue without 

removing a tari旺， would be a potential environmental policy. Furthermore， from the 

point of the environmental protection， the proposition 1 indicates that. even without 

imposing the text-type examples of the environmental policies (iιpollution taxes， and 

permits， etc) ， we can protect the environment. 1ndeed， this policy would be a potential 

environmental policy for the countries where the polluter pays principle does not work 

well. On the contrary， in case of the environmental tax五nancedpublic abatement， 

domestic revenue may dec1ine by a higher fraction of the tax revenue for public 

abatement. However， most of nations do not heavily rely on the environmental tax 

revenue to sustain domestic revenue and so this case is a substantially remote from 

the reality. Rather， it seems reasonable to accommodate both a tariff and the 

environmental tax imposition simultaneously. To do so， in the next sections， we deal 

with the coexistence of both taxes and compare which tax revenue should be 

earmarked for public abatement to increase welfare and revenue effectively. 

The Environmental Tax vs. The Tariff Revenue Financed Public Abatement 

1n this section， we introduce both taxes simultaneously and explore either the 

environmental tax revenue or tari旺revenueshould be earmarked. First1y， we assume 
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direct and indirect revenue effect. 

Then the following proposition summarizes the results so far. 

Proposition. 1 

Suppose that there is a small open economy, and the production of the imported good 

generates pollution. Then if the following assumption Ez>t prevails, a higher fraction of 

the environmental tax revenue for public abatement increases welfare through a 

reduction in pollution although the environmental tax revenue declines. On the other 

hand, suppose that R <0, E <0, E +R >0, and then a higher fraction of tariff revenue 
pg pz zg 

earmarked for public abatement raises tariff revenue and welfare through a reduction 

in pollution and an increase in the consumption of the imported good. 

Consider the situation that most of developing nations still heavily rely on tariffs 

revenue to generate domestic revenue, one might notice that the tariff revenue 

financed public abatement policy, which is likely to increase domestic revenue without 

removing a tariff, would be a potential environmental policy. Furthermore, from the 

point of the environmental protection, the proposition 1 indicates that. even without 

imposing the text-type examples of the environmental policies (i.e., pollution taxes, and 

permits, etc), we can protect the environment. Indeed, this policy would be a potential 

environmental policy for the countries where the polluter pays principle does not work 

well. On the contrary, in case of the environmental tax financed public abatement, 

domestic revenue may decline by a higher fraction of the tax revenue for public 

abatement. However, most of nations do not heavily rely on the environmental tax 

revenue to sustain domestic revenue and so this case is a substantially remote from 

the reality. Rather, it seems reasonable to accommodate both a tariff and the 

environmental tax imposition simultaneously. To do so, in the next sections, we deal 

with the coexistence of both taxes and compare which tax revenue should be 

earmarked for public abatement to increase welfare and revenue effectively. 

The Environmental Tax vs. The Tariff Revenue Financed public Abatement 

In this section, we introduce both taxes simultaneously and explore either the 

environmental tax revenue or tariff revenue should be earmarked. Firstly, we assume 



The Environmental Tax versus Tari妊RevenueFinanced Environmental Protections 191 

that only the environmental tax revenue is earmarked，α"# 0 while all tariff revenue is 

distributed to households. From the comparative statics， one can obtain， 

dg/d叫~O = tRt (1-sEpu)/ s =民/8= tz/'I' (13) 

dz/d叫~O = -Rtg (dg/ dα)=一tRtRtg{l一叫u)/企=-tRh/@=ーt戒 tg/'1' (14) 

du/d叫=0= tRt[(Ez -t)Rtg-叫z(Rtg十l)-sRpg]/A=吋(Ez-t)Rtg一円z(Rtg+1)-sRpg]l'I' (15) 

where A. =一{l-sEpu)(1α.tRtg -Rg)く0，'p = (1-sEpu)(αtRtg -Rg) >0 . 

Looking at equation (13)， (14)， the sign of the RHS of them are the same as that of 

( 5 )， (6). This is because only the environmental tax revenue is earmarked for 

public abatement while all tari旺revenueis rebated to households. However， as regard 

to welfare， a higher fraction of the environmental tax revenue for public abatement 

a妊ectstariff revenue and so does domestic revenue. To see this， the second term of 

the RHS of equation (15)，ーtRtsEpz(Rtg+I)/A〉O，capturesthe indirect revenue e百ect

which causes a positive impact on welfare in such a way that the demand for the 

imported good rises and thereby tariff revenue by a reduction in pollution. And the 

third term of the RHS of equation (15)，ーtksRJa>O，indicatesthe direct revenue 

e旺ect.This effect also has a positive impact on welfare. 

Overall， welfare improves by a higher fraction of the environmental tax. revenue for 

public abatement although the economy imposes a tariff. However， the magnitude of 

welfare improving is higher in case of the environmental tax financed public 

abatement with a tari旺impositionthan that of without a tari旺.To see this， comparing 

equation (15) with (7)， one can easily notice that 8>s and the numerator of 

equation (15) is higher than that of (7). Hence， we can derive du/dα<du/dα|刑判'

which implies that a higher fraction of the environmental tax revenue for public 

abatement with a tari旺impositionincreases tari旺revenueand welfare more than that 

of without a tariff imposition. 

On the contrary， when only tari旺revenueis earmarked for public abatement while 

all the environmental tax revenue is rebated to households asα=0， dα= 0， s "# 0， then， 

dg / dßla~o = sMp (1-sEpu) / S (16) 

dz/d柑p同|ω=一Rt匂g{付d匂g/d岬p防)=一RtほgsMp〆(1一sEp仰u)/ (17) 
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that only the environmental tax revenue is earmarked, a"# ° while all tariff revenue is 

distributed to households. From the comparative statics, one can obtain, 

(14) 

where A. = -{l-sEpu )(atR tg - Rg) < 0, '¥ = (1- sEpu)(atR tg - Rg) > ° . 
Looking at equation (13), (14), the sign of the RHS of them are the same as that of 

( 5 ), (6). This is because only the environmental tax revenue is earmarked for 

public abatement while all tariff revenue is rebated to households. However, as regard 

to welfare, a higher fraction of the environmental tax revenue for public abatement 

affects tariff revenue and so does domestic revenue. To see this, the second term of 

the RHS of equation (15), -tR sE (R + 1) /d>O, captures the indirect revenue effect 
t pz tg 

which causes a positive impact on welfare in such a way that the demand for the 

imported good rises and thereby tariff revenue by a reduction in pollution. And the 

third term of the RHS of equation (15), -tR,sRp/d>O, indicates the direct revenue 

effect. This effect also has a positive impact on welfare. 

Overall, welfare improves by a higher fraction of the environmental tax- revenue for 

public abatement although the economy imposes a tariff. However, the magnitude of 

welfare improving is higher in case of the environmental tax financed public 

abatement with a tariff imposition than that of without a tariff. To see this, comparing 

equation (15) with (7), one can easily notice that 8>d and the numerator of 

equation (15) is higher than that of (7). Hence, we can derive du/da<du/da I,.o,~=o' 

which implies that a higher fraction of the environmental tax revenue for public 

abatement with a tariff imposition increases tariff revenue and welfare more than that 

of without a tariff imposition. 

On the contrary, when only tariff revenue is earmarked for public abatement while 

all the environmental tax revenue is rebated to households as a = 0, da = 0, ~ "# 0, then, 

(16) 

(17) 
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du/dsIω=sMp[(Ez一恨tg-sEpz(Rtg + 1) -sRpg]/ 8 (18) 

where， 

8 = -ssEpu[(Ez -sEpz)Rtg -sEpz -sRpg + Ez + Rg]一(1-sEpu)侭g-ssEpz -ssRpg -ssEpz Rtg) 

The sign of 8 is positive by the stability. 

Likewise the environmenta1 tax financed pub1ic abatement; the resu1ts are 

fundamentally the same as those of independent tax imposition case， which are 

equation (8)， (9)， (10). However， since the environmenta1 tax is imposed， the 

e旺ectof the environmenta1 tax revenue changes appears in the we1fare. That is the 

first term of the RHS of equation (18)，which is sMJEz一t)RJEIndeed，thesign of 

this term depends on the re1ative strength of the environmenta1 tax rate t to the 

margina1 damage from pollution， E，. Suppose that a su妊icient1ysmall va1ue of the 

environmenta1 tax rate， then it guarantees a positive sign of the first term， which 

implies that the environmenta1 tax revenue 10s8 arising from pollution reduction by a 

higher fraction of tari旺revenuefor pub1ic abatement wou1d be sma11 enough to be 

ignored. Other terms of the RHS of equation (18) are the familiar terms， which 

indicate the direct and indirect revenue e旺ect， both of which cause positive impact on 

we1fare. 

Finally， comparing equation (15) with (18)， one can obtain the magnitude of 

we1fare improving between the environmenta1 tax financed and the tari妊 revenue

financed pub1ic abatement. They are summarized in the following proposition. 

Proposition 2 

Suppose that there is a small open economy with an imposition of both a tariH and the 

environmental tax， and the production of the imported good generates pollution. And 

further suppose that the economy uses either tariH or the environmenta1 tax revenue 

br public abatement， Then E the bllowing assumptions Rpgく0，Ep，く0，Eメ prevail，a 

higher fraction of either tax revenue for public abatement raises welfare. And the 

welfare e島 ctby a higher 介actionof tariH revenue for public abatement is higher than 

that of the environmental tax revenue for public abatement insofar as the initial value 

of the tax fraction rate is the same，α;:::s>O and the both initial amount of tax revenue 
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(18) 

where, 

The sign of 3 is positive by the stability. 

Likewise the environmental tax financed public abatement; the results are 

fundamentally the same as those of independent tax imposition case, which are 

equation (8), (9), (10). However, since the environmental tax is imposed, the 

effect of the environmental tax revenue changes appears in the welfare. That is the 

first term of the RHS of equation (18), which is sM (E - t) R /3. Indeed, the sign of 
p z tg 

this term depends on the relative strength of the environmental tax rate t to the 

marginal damage from pollution, E,. Suppose that a sufficiently small value of the 

environmental tax rate, then it guarantees a positive sign of the first term, which 

implies that the environmental tax revenue loss arising from pollution reduction by a 

higher fraction of tariff revenue for public abatement would be small enough to be 

ignored. Other terms of the RHS of equation (18) are the familiar terms, which 

indicate the direct and indirect revenue effect. both of which cause positive impact on 

welfare. 

Finally, comparing equation (15) with (18), one can obtain the magnitude of 

welfare improving between the environmental tax financed and the tariff revenue 

financed public abatement. They are summarized in the following proposition. 

Proposition 2 

Suppose that there is a small open economy with an imposition of both a tariH and the 

environmental tax, and the production of the imported good generates pollution. And 

further suppose that the economy uses either tariH or the environmental tax revenue 

for public abatement. Then if the following assumptions R <0, E <0, E >t prevail, a 
pg pz z 

higher fraction of either tax revenue for public abatement raises welfare. And the 

welfare eHect by a higher fraction of tariH revenue for public abatement is higher than 

that of the environmental tax revenue for public abatement insofar as the initial value 

of the tax fraction rate is the same, a=~>0 and the both initial amount of tax revenue 
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is also the same-tRt=sMP' 

Proof 

Observing the denominator of both equation (15) and (18)， one can easily notice that 

¥f' > 3. And the numeratρr of both equations is the same under the assumption of -

tR，=sMp'-Thus， we can obtain du/ds I=o>du/dαls=o' 

Furthermore from the proposition 2， we can also derive the following corollary 

Corollary 

Suppose that RpgくO，EpzくO，Ez-t〉Oand-tRt=sMp-Then，the welthre efeet by an 

introduction of a fraction of tariff revenue earmarked for public abatement is the same 

as that of the environmenta1 tax revenue earmarked for public abatement 

The proof of the corollary is also straightforward. This is because， when we assume 

α=s=O at initially， the denominator of both (15) and (18) becomes identical and 

hence we can easily derive du/ dαI n ^ = du/ dsI 一lu;日;0 -_. -rlu;日;0

The intuitive explanations of the proposition 3 are that a higher fraction of tari旺

revenue for public abatement has the direct and indirect revenue e旺'ectin such a way 

that a reduction in the imported good production and thereby pollution can raise 

imports， which in turn increases tari旺revenueas well as public abatement fund. 

Nevertheless， those revenue gain effects do not contribute public abatement in case of 

the environmental tax revenue financed abatement since all of tariff revenue is 

rebated to households in the economy. Put another way， more of the taxes' revenue 

can be earmarked for public abatement in the tari旺revenue白lancedabatement than 

in the environmental tax revenue financed one. Hence， one can expect a higher public 

abatement level in case of the tari宜revenuefinanced public abatement than that of 

the environmental tax revenue financed public abatement. . To see this， one can 

compare the changes in public abatement level between them， which in turn 

dg/dαI~;o く dg/dßI日;0 ・ Moreover， a higher public abatement means a higher reduction 

in pollution. which is shown by (14) and (17)， Idz / dα| くIdz/ dsI.. n' lndeed， the 1--' --1~=0 -1--' -r-lu;O 

tari旺revenuefinanced public abatement turns out to be more e旺ectiveto reduce 

pollution and increase welfare than that of the environmental tax financed public 

abatement. 

As regard to the corol1ary， if the initial fraction of both taxes' revenue for public 
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is also the same, -tR=sM. 
, p 

Proof 

Observing the denominator of both equation (15) and (18), one can easily notice that 

\f' > 2. And the numerator of both equations is the same under the assumption of -

tR,=sMp" Thus. we can obtain duldP I=o>du/da 113=0' 

Furthermore from the proposition 2. we can also derive the following corollary 

Corollary 

Suppose that R <0, E <0, E -t>O and -tR=sM. Then, the welfare effect by an 
pg pz z t P 

introduction of a fraction of tariff revenue earmarked for public abatement is the same 

as that of the environmental tax revenue earmarked for public abatement 

The proof of the corollary is also straightforward. This is because, when we assume 

a=p=O at initially, the denominator of both (15) and (18) becomes identical and 

hence we can easily derive du / dala;~;o = du / dPla;~;o . 

The intuitive explanations of the proposition 3 are that a higher fraction of tariff 

revenue for public abatement has the direct and indirect revenue effect in such a way 

that a reduction in the imported good production and thereby pollution can raise 

imports. which in turn increases tariff revenue as well as public abatement fund. 

Nevertheless. those revenue gain effects do not contribute public abatement in case of 

the environmental tax revenue financed abatement since all of tariff revenue is 

rebated to households in the economy. Put another way. more of the taxes' revenue 

can be earmarked for public abatement in the tariff revenue financed abatement than 

in the environmental tax revenue financed one. Hence. one can expect a higher public 

abatement level in case of the tariff revenue financed public abatement than that of 

the environmental tax revenue financed public abatement. - To see this. one can 

compare the changes in public abatement level between them. which in turn 

dg / dal~;o < dg / dPla;o' Moreover. a higher public abatement means a higher reduction 

in pollution. which is shown by (14) and (17). Idz / dal~=o < Idz / dpla;o' Indeed. the 

tariff revenue financed public abatement turns out to be more effective to reduce 

pollution and increase welfare than that of the environmental tax financed public 

abatement. 

As regard to the corollary. if the initial fraction of both taxes' revenue for public 
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abatement is zero， one would expect that earmarking of taxes' revenue for public 

abatement would be negligible. Hence， there becomes indi旺erentbetween the tariff 

revenue financed and the environmental tax revenue financed public abatement with 

respect to welfare. In this ca民 onecan confirm dg / dα|何=dg/ dsI吋

Turning to next， let us examine the domestic revenue changes when both a tari旺

and the environmental tax are imposed. Unlike the section 2 where there imposes each 

tax independently， now domestic revenue can be defined as G=一tRt+sMP・ Totally

di旺erentiatingthis equation with du=O， then， 

dG/dα|削=一[tRtg-sE〆Rtg+1) -sRpg](dg/dα|ト0) (19) 

dG/d札~O 一[tRtg 一向z(Rtg +l)-sRpg ](dg/d札~O) (20) 

Under the assumptions of Rpgく0，Epzく0，the second and the third terms of the RHS of 

(19) and (20) become positive. They indicate the familiar terms; the direct and the 

indirect revenue effect both of which increase domestic revenue. On the contrary， the 

五rstterm of the RHS of both (19) and (20) indicates the direct revenue loss arising 

from a reduction in pollution and thereby the environmental tax revenue by a higher 

fraction of the tax revenue for public abatement. Thus the changes in domestic 

revenue depend on the relative strength of these e旺ects. At this point， suppose that 

the environmental tax rate is a su伍cientlysmall enough， then the RHS of both (19) 

and (20) becomes positive， which implies domestic revenue increasing attained by a 

higher fraction of the tax revenue for public abatement. Furthermore， one can 

compare (19) with (20) by using the following inequality as dg/ daj何くdg/dßla~o ・

Then the value of the RHS of (20) is higher than that of (19) ，which implies that a 

higher fraction of tari妊 revenuefor public abatement would be more to increase 

domestic revenue than that of the environmental tax revenue. This is because the 

magnitude of a reduction in pollution and an increase imports as wel1 as tari旺revenue

are higher in the tari旺financedpublic abatement than that of the environmental tax 

financed public abatement. At this point， one should recall the fact that the direct and 

indirect revenue gains are absorbed for public abatement in the tariff revenue 

financed case while they are not in the environmental tax revenue financed case. 

N evertheless， w hen α=s=O， one can obtain， dg/dα|昨日~o = dg/dsI白半。 andso 
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abatement is zero, one would expect that earmarking of taxes' revenue for public 

abatement would be negligible. Hence, there becomes indifferent between the tariff 

revenue financed and the environmental tax revenue financed public abatement with 

respect to welfare. In this case, one can confirm dg I dalJ3=o = dgl dPla=o . 

Turning to next, let us examine the domestic revenue changes when both a tariff 

and the environmental tax are imposed. Unlike the section 2 where there imposes each 

tax independently, now domestic revenue can be defined as G=-tR +sM. Totally 
t p 

differentiating this equation with du=O, then, 

(19) 

(20) 

Under the assumptions of R <0, E <0, the second and the third terms of the RHS of 
pg pz 

(19) and (20) become positive. They indicate the familiar terms; the direct and the 

indirect revenue effect both of which increase domestic revenue. On the contrary, the 

first term of the RHS of both (19) and (20) indicates the direct revenue loss arising 

from a reduction in pollution and thereby the environmental tax revenue by a higher 

fraction of the tax revenue for public abatement. Thus the changes in domestic 

revenue depend on the relative strength of these effects. At this point, suppose that 

the environmental tax rate is a sufficiently small enough, then the RHS of both (19) 

and (20) becomes positive, which implies domestic revenue increasing attained by a 

higher fraction of the tax revenue for public abatement. Furthermore, one can 

compare (19) with (20) by using the following inequality as dg/dal J3=o <dg/dPla=o' 

Then the value of the RHS of (20) is higher than that of (19) ,which implies that a 

higher fraction of tariff revenue for public abatement would be more to increase 

domestic revenue than that of the environmental tax revenue. This is because the 

magnitude of a reduction in pollution and an increase imports as well as tariff revenue 

are higher in the tariff financed public abatement than that of the environmental tax 

financed public abatement. At this point, one should recall the fact that the direct and 

indirect revenue gains are absorbed for public abatement in the tariff revenue 

financed case while they are not in the environmental tax revenue financed case. 

Nevertheless, when a=p=O, one can obtain, dg I dala=J3=o = dg I dPla=J3=o and so 
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dG/dαlU44=dG/dplU4=0・

The Environmental Tax and The Tariff Revenue Financed Puhlic Ahatement 

In the final analysis， we consider the case as which a fraction of both the environ-

mental tax and tariff revenue is earmarked for public abatement simultaneously as 

α:t0， s:tO. Then one obtain the followings. 

dg/dα=ーtRt(1-sEp'u) /φ (21) 

dg/ ds=sMp(1-sEpu)/φ (22) 

dz/dα=-Rtg(dg/dα) = tRtRtg (1-sEpu) /φ (23) 

dz/ ds = -Rtg (dg/ ds) = -Rtgs叫(1-sEpu)/φ (24) 

du/dαニーtRt[(Ez-t)Rtg -sEpz (Rtg + 1) -sRpg + (Ez + Rg )]/φ (25) 

du/ ds = sMp [(Ez -t)Rtg -sEpz侭tg+1) -sRpg +但z十Rg)]/φ (26) 

where φ=-ssEpu[(Ez -t)Rtg -sEpz(Rtg +1)-sRpg +(Ez +Rg)] 

一(1-sEpu)侭g-ssEpz -ssRpg -ssEpzRtgー αtRtg)

Note that the sign ofφbecomes positive by the stability. 

Observing the RHS of both (25) and (26)， one can obtain the following proposition. 

Proposition. 3 

Suppose that there is a smal1 open economy with an imposition of both a tariff and the 

environmental tax， and the production of the imported good generates pol1ution. And 

further suppose that the economy uses both tariff and the environmental tax revenue 

for public abatement at simultaneously. Then if the following assumptions R四〈O，Epzく0，

EZーt>Oprevail， the wel白reeffect by a higher fraction of tariff revenue or the 

environmental tax revenue for public abatement becomes positive and its effect is the 
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The Environmental Tax and The Tariff Revenue Financed Public Abatement 

In the final analysis, we consider the case as which a fraction of both the environ­

mental tax and tariff revenue is earmarked for public abatement simultaneously as 

a:tO, ~:tO. Then one obtain the followings. 

dg / da = -tR( (1- sEp'u) / <I> (21) 

dg/ d~ = sMp(l- sEpu)/<I> (22) 

(23) 

(24) 

(25) 

(26) 

Note that the sign of <I> becomes positive by the stability. 

Observing the RHS of both (25) and (26), one can obtain the following proposition. 

Proposition. 3 

Suppose that there is a small open economy with an imposition of both a tariff and the 

environmental tax, and the production of the imported good generates pollution. And 

further suppose that the economy uses both tariff and the environmental tax revenue 

for public abatement at simultaneously. Then if the following assumptions R <0, E <0, 
pg pz 

Ez-t>O prevail, the welfare effect by a higher fraction of tariff revenue or the 

environmental tax revenue for public abatement becomes positive and its effect is the 
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same regardless of which tax revenue is earmarked for public abatement insofar as 

the initial amount of the tax revenue is the same between a tariff and the environ-

mental taz-tRt=sMf 

Unlike the previous section where either the tax revenue is earmarked for public 

abatement. both the direct and the indirect revenue e狂ectsare absorbed forpublic 

abatement even in the environmental tax financed public abatement case. This is 

because， besides the environmental tax revenue， a part of tari旺revenueis earmarked 

for public abatement and so a higher fraction of the environmental tax revenue for 

public abatement affects the tari宜revenuewhich is earmarked for public abatement. 

The opposite case also holds true as which a higher fraction of tari旺revenuea旺ects

the environmental tax revenue which is earmarked for public abatement. 

Finally， comparing (18) with (26)， we can obtain the following proposition. 

Proposition 4.. 

The welfare effect of the tariff revenue financed public abatement without the 

environ-mental tax revenue financeお h詰herthan that with the environmental tax 

revenue finance. 

The proof is so straightforward that one must notice φ>3 and thus one obtain 

du/ dsI吋>du/ dsI酬 sincethe numerator of both equations are identical 

Intuitively， the environmental tax revenue' loss arising from a higher fraction of 

tari旺revenuefor public abatement dampens pollution reduction and thereby welfare. 

Hence， the magnitude of the welfare effect by a higher fraction of the tariff revenue 

for public abatement attached with the environmental tax五nancedpublic abatement 

becomes lower. Indeed， the proposition 4 implies that all of the environmental tax 

revenue should be rebated to households rather than earmarked for public abatement. 

N. Concluding Remarks 

So far， we have demonstrated the tax revenue financed public abatement policy in a 

general equilibrium framework. Recalling the bottleneck for the environmental 

protection such that tari妊sprotection generates both domestic revenue and pollution， 
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Proposition 4 .. 

The welfare effect of the tariff revenue financed public abatement without the 

environ-mental tax revenue finance is higher than that with the environmental tax 

revenue finance. 

The proof is so straightforward that one must notice <1»3 and thus one obtain 

du / dPI > du / dPI since the numerator of both equations are identical. 
a=O a.oO 

Intuitively, the environmental tax revenue'loss arising from a higher fraction of 

tariff revenue for public abatement dampens pollution reduction and thereby welfare. 

Hence, the magnitude of the welfare effect by a higher fraction of the tariff revenue 

for public abatement attached with the environmental tax financed public abatement 

becomes lower. Indeed, the proposition 4 implies that all of the environmental tax 

revenue should be rebated to households rather than earmarked for public abatement. 

N. Concluding Remarks 

So far, we have demonstrated the tax revenue financed public abatement policy in a 

general equilibrium framework. Recalling the bottleneck for the environmental 

protection such that tariffs protection generates both domestic revenue and pollution, 
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the tariff revenue financed public abatement policy turns out to be a remedy of this 

bottleneck since it can reduce pollution and increase tariff revenue without removing a 

tari正 Thisresu1t is very meaningful for the certain developing nations， which su宜er

from the environmental pollution arising from tariffs protection， to pursue 

environmental policies to increase welfare. At this point， the fact， which tariffs 

revenue plays a dominant role to generate domestic revenue in most of developing 

nations and the polluter pays principle does not work well， can strengthen the 

effectiveness of the tariff revenue financed public abatement. 

Besides paying attention to a tari旺， this paper addressed the environmental tax 

financed public abatement policy so as to compare the tariff revenue五nancedpublic 

abatement. EspeciallY' we derived the condition that using only tariff revenue 

financed for public abatement is better than using both taxes' revenue financed public 

abatement to increase domestic revenue and welfare. This result can illuminate the 

fiscal matters as to how and which tax revenue should be earmarked for public 

abatement to enhance domestic revenue and welfare effectively. 

With these resu1ts in mind， one can explore other taxes' revenue financed public 

abatement policies for the environmental protection. For instance， one can incorporate 

the consumption tax and/or the income tax into the framework of this paper. 

However， in case of the consumption tax， which is one of the primary taxes in 

industrialized nations， the results are fundamentally the same as the tari旺financed

public abatement since tari妊containsthe production subsidy and the consumption tax. 

Furthermore， from the point of foreign direct investment and the environment， 

introducing an internationally mobile capital into this framework can enhance the 

realities and therefore it can elaborate the tax revenue financed public abatement. 

Moreover， we have assumed that the environmental pollution is generated from the 

certain production activity throughout this paper; however we can relax this 

assumption so as to include the consumption-based pollution. Those elaborations 

would hopefully become a meaningful future research. 

Appendix A 

1. Derivation for equation (5)， (6)， (7) and (13)， (l4)， (15). 
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certain production activity throughout this paper; however we can relax this 

assumption so as to include the consumption-based pollution. Those elaborations 

would hopefully become a meaningful future research. 

Appendix A 
1. Derivation for equation (5), (6), (7) and (13), (l4), (15). 
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Totally di旺erentiatingequation (1)'， 

dz =-Rtgdg (A.1) 

Then if we allow an imposition of a tari旺onthe imported good and all of tariff revenue 

is rebated to households.. then we have s:;t:O，s=O. With this in mind， totally 

di旺erentiatingequation (3) and (4)， 

(α.tRtg -Rg)dg = -tRtdα (A.2) 

(1-s~u)du+ (Ez -sEpz)dz -[(Ez + Rg)-tRtg -sEpz -sRpg]dg = 0 (A.3) 

Substituting (A.1) into (A.2) and (A.3) ， one can obtain， 

[(1-~帆-Rg) lrdul_r-tRtL~ 
-sEpu)一[(Ez+Rg) -tRtg -sEpz -sRpg +(Ez -sEpz)Rtg] 11 dg 1 1 0 1 

The determinant of the matrix is .d， where .d=一(1-sEJ(αtRJRg)くO. By using this 

matrix， one can easily obtain (13)， (14)， (15). 

On the other hand， one can also derive (5)， (6)， (7) by permitting s=O in the 

above matrix. 

2. Derivation for equation (8)， (9)， (10). (α=t=O， dα=0) 

Totally di旺erentiating(3)， (4)， then one can yield the followings 

ssEpudu+ssEpzdz-(ssEpz +ssRpg -Rg)dg=-sMpds (A.4) 

(l-s~u)du+(Ez -sEpz)dz-[(Ez + Rg)-sEpz -sRpg]dg =0 (A.5) 

Note that， to derive both (A.4) and (A.5) ， we used the following relationships as 

Mpz=Epz'MpfHEJRpg，Mpu=Epu since we know MP(p，z，g，t，u)=EP(p，z-g，u)-RP(p，g，t)>0. 

Finally， totally differentiating (1)， then 

dz =ll'Rpgdg (A.6) 

Substituting (A.6) into (A.4) and (A.5) ， one can have the following matrix. 
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Totally differentiating equation (1)'. 

(AI) 

Then if we allow an imposition of a tariff on the imported good and all of tariff revenue 

is rebated to households .. then we have s:;t:O,~=O. With this in mind. totally 

differentiating equation (3) and (4). 

(A2) 

(A3) 

Substituting (AI) into (A2) and (A3). one can obtain. 

The determinant of the matrix is ~. where ~=-(I-sE )(atR -R )<0. By using this 
pu tg g 

matrix. one can easily obtain (13). (14). (15). 

On the other hand. one can also derive (5). (6). (7) by permitting s=O in the 

above matrix. 

2. Derivation for equation (8). (9). (10). (a=t=O, da=O) 

Totally differentiating (3). (4). then one can yield the followings 

(A4) 

(A5) 

Note that. to derive both (A4) and (A5). we used the following relationships as 

M =E ,M =-E -R ,M =E since we know M (p, z, g, t, u) =E (p, z-g, u) -R (p, g, t) >0. 
pzpz pg pzpg pupu p p p 

Finally. totally differentiating (1). then 

(A6) 

Substituting (A6) into (A4) and (A5). one can have the following matrix. 
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[hEpu MsEpzーかRpg+ ssll'Rpg) 凧 I叫
(1-sEpu) -[(Ez +Rg)ー(Ez-sEpJll'Rpg -sEpz -sRpgl 11 dg 1 1 0 1司

One can solve these equations and obtain (8). (9). (10). 

Note that. 

Q= -ssEpu[但z+Rg)一但z-sEpz)II'Rpg -sEpz -S~g] ー(1 -s'Epu)(Rg-ss'Epz -ss'Rpg + ss'EpzI1'Rpg) 

where the value of the determinant of the above matrix is O. Although the sign of 0 

is the unknowns. the stability attached by appendix B establishes 0>0. 

3. Derivation for (16)ー(18) (α=t=O， dα=0) 

By totally di旺erentiating(3). one can yield the following 

ssEpu du + ssEpzdzー(ssEpz+ssRpg -RgーαtRtg)dg= tRtdα-s叫ds (A7) 

Totally differentiate (1) yields the followings. 

dz=-Rtgdg (A8) 

And differentiating (4). then one must have. 

(l-sEpu )du+(Ez -sEpz )dz-[(Ez +Rg )-tRtg -sEpz -sRpg ]dg=O (A9) 

Substituting (A8) into (A7) and (A9). then one can have the following matrix. 

l 恥帥叫肌Eちp卯u (Rg-ssE叫内E咋Epz戸z一μ帥叫R叱Rpg陀E一μ帥叫叫叩叫E耳~口机帆EpzRtg)戸J品λz兵九九zRtg)民Rtg)匂ρEρ 川
(1 一sE円pu) 一寸[(但Ez一→t)Rtg一寸sE叫Epz戸z(1侭主t旬g+1η) 一寸sR凡pg+(但Ez+Rg)]川]11 d匂叫g叶1 1 0 1-- 1 0 J 

Then one can obtain (16). (17). (18). 

E=ーかEpu[但z-t)Rtg -sEpz(Rtg +り-sRpg +(Ez + Rg)] 

一(1-sEpu)侭g-PsEpzーかRpgーかEpzR tg). 

where the value of the determinant of the above matrix is 3. Likewise the sign of O. 

the sign of 3 becomes positive by the stability. 

4. Derivation for (21) -(26) (併0，ttO， s:;t:O， s:;t:O) 
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One can solve these equations and obtain (8). (9). (10). 

Note that. 

where the value of the determinant of the above matrix is O. Although the sign of 0 

is the unknowns. the stability attached by appendix B establishes 0>0. 

3. Derivation for (16) - (18) (a=t=O, da=O) 

By totally differentiating (3). one can yield the following 

(A7) 

Totally differentiate (1) yields the followings. 

dz=-Rtgdg (A8) 

And differentiating (4). then one must have. 

(A9) 

Substituting (A8) into (A7) and (A9). then one can have the following matrix. 

Then one can obtain (16). (17). (18). 

-(1- sE pu )(R g - ~sE pz - ~sR pg - ~sE pz R tg ) • 

where the value of the determinant of the above matrix is 3. Likewise the sign of O. 

the sign of 3 becomes positive by the stability. 

4. Derivation for (21) -(26) (at:0, ttO, ~:;t:0, s:;t:O) 
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Totally differentiating (1)'， (3)， (4) with併 0，t;t:O， s;t:O，碍0，

I MP u (R E 伽帥叫E叫九~いp戸pz
(1 一寸sE叫pu) 一寸[(但Ez一→t)爪Rtg一→sE叫pz(1侭主t匂g+1り)ト一寸sR凡pg+ (但Ez+Rg)]11 d匂州g剖1 1 0 1-- 1 0 1 

φ=-ssEpu[(Ez -t)Rtg -sEpz(Rtg +l)-sRpg +(Ez +Rg)] 

ー(l-sEp)(Rg-ssEp，-ssR問-PsERRtg-αtRJandthe sign of is also positive by the stability. 

AppendixB 

Since the sign of is the unknowns， we assume the following stability condition 

presented by Abe (1992). 

g = ssMp(p，z，g，u) -gCg(w) 1
1ムB
 

If equilibrium is a locally stable one， we can establish dg/dgくO. To calculate 

dg/dgく0，we use (A4) ， (A5) ， (A6) ， 

dg O~ (du ¥ 
一=ssEpul一 I+[Rg -ssEpz -ssRpg + ssEpzI1'RpgJく Odg . pu~αj 

(B.1) ， 

From (A.4) and (A5) ， we easily obtain 

du一[(Ez+Rg)一(Ez -sEpz)I1' R pg -sEpz -sRpg] 

dg (1-sEpu) 
(B.2) 

By substituting (B.2) into (B.1)'， we can derive 

dg Q 
一一=一一一一一一一一<0
dg (1-sEpu) 

The sufficient conditions to guarantee the stability are l-sEpro and Q〉0.

Notes 

1. See Turner et al. (1994). 
2. See Todaro (1996). indiacating that in open economies with up to 40% of GDP derived from foreign 
trade. an average import duty of 25% will yield a tax revenue equivalent to 10% of GNP. It implies that 
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AppendixB 

Since the sign of is the unknowns, we assume the following stability condition 

presented by Abe (1992). 

(B.1) 

If equilibrium is a locally stable one, we can establish dg/ dg < O. To calculate 

dg/ dg < 0 , we use (A4) , (A5) , (A6) , 

(B.1) , 

From (AA) and (A5) , we easily obtain 

du = [(Ez + Rg) - (E z -sEpz )I1'R pg - sEpz - sRpg] 

dg (l-sEpu ) 
(B.2) 

By substituting (B.2) into (B.1)', we can derive 

dg=_ Q <0 
dg (l-sEpu ) 

The sufficient conditions to guarantee the stability are l-sE >0 and Q>O. 
pu 

Notes 

1. See Turner et al. (1994). 
2. See Todaro (1996). indiacating that in open economies with up to 40% of GDP derived from foreign 

trade. an average import duty of 25% will yield a tax revenue equivalent to 10% of GNP. It implies that 
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they can procure the large source of public revenues from import and export duties and sometimes they 
become an efficient substitute for the corporat巴incometax in developing countries 
3. As regard to the tax revenue financed issues in general equilibrium framework other than A be (1992)， 
Michael and Hatzipanayotou (2001) incorporated international migration into the tax revenue financed 
public good provision context to examine migration e妊'ectwith respect to welfare. In another aspect of 
the tax revenue financed issues. Hatzipanayotou and Michael (2000) addressed the tax financed foreign 
aid analyzed which tax revenue should be used for foreign aid. 
4. Relevant to domestic revenue issues， the double dividend issues arisen by imposing the environmental 
policies are demonstrated by Bovenberg and deν100ji (1994)， Pary (1994)， Pearce (1991). 
5. Note that V = v'+ V' from equation (1) and we know gO(w) can be de五nedas the total cost of public 
abatement， where w=凡(p，v'l. By substituting vヒgC'(w)into (1) yields v=v'+gO(え(p，V')) and we 
can write v'=v' (p， g). Thus we obtain R (p， g) =長(p，v' (p， g) ). See A be (1992) for the det<iiled discussions. 
6. See Chao and Yu (1999) 
7. In this paper， we normalize E，=l 
8. As regard to the tax reform issues， see Copeland (1994)， Beghin at el. (1997). 
9. Copeland (1994) provided an eX，ample of E"くoas which pollution destroys wildness areas and so the 
demand for the imported good just like hiking boots declines. 
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