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Abstract

The purpose of this paper is to examine the welfare effects of pollution abatement tech-
nology transfer in a two-good two-country model with transboundary pollution. In each
country, one industry emits pollution as a joint product of output and the sum of domes-
tic and cross-border pollution decreases productivity of the other industry. Then, we show
that technology transfer can benefit the recipient country regardless of the level of cross-
border pollution. Moreover, the donor country gains from technology transfer if all pollution
is transboundary but it may harm the donor country without cross-border pollution. We
demonstrate that the effects of technology transfer depend on the trade pattern as well as

cross-border pollution.
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1 Introduction

In recent years, there has been growing concern with the effects of economic development on
the global environment. For example, we are concerned that a recent increase in green-house
gases alters each country’s climate and the change may negatively affect agricultural production
(e.g., OECD Environmental Outlook, 2001). We recognize that each country should introduce
environmental policy to resolve global environmental problems.

This paper examines the effects of pollution abatement technology transfer in a two-good
two-country model. In each country, a dirty industry emits pollution as a joint product of output
and the sum of domestic and cross-border pollution decreases productivity of a clean industry.
The basic structure of our model is based on Copeland and Taylor (1999), Benarroch and Thille
(2001), and Unteroberdoerster (2001). Their focus was on the impact of free trade and did
not analyze the effects of technology transfer. The transfer of pollution abatement technology
is assumed to reduce the emission rate of pollution in a recipient country. The present paper
investigates the effects of technology transfer on terms of trade and the amount of pollution.
We also explore how technology transfer affects each country’s welfare and world welfare.

The analysis of pollution abatement technology transfer is important in the following sense.
In many countries, especially in developing countries, the government has difficulty in taking
positive measures to deal with environmental degradation because of the lack of funds and
pollution abatement technology for preservation and clean-up. Thus, the transfer of pollution
abatement technology transfer may be a possible resolution to global environmental problems.
Moreover, the third Conference of Parties to the United Nations Framework Convention on

Climate Change (COP3) held in Kyoto in 1997 adopted, so-called, the Kyoto Protocol. The



protocol includes an important agreement that the targets of reduction in green-house gases
(GHGs) in developed countries were explicitly set. The Kyoto Protocol introduces the so-
called ‘Kyoto mechanisms’ as an international system to promote to achieve such commitments.
One of the important Kyoto mechanisms is a clean development mechanism (CDM). It allows
developed countries (Annex I Party) to acquire from developing countries (non-Annex I Party),
as “certified reduction emissions”, the emissions reduction resulting from emissions reduction
projects in the developing countries.! Pollution abatement technology transfer is considered as
one of the important measures to utilize CDM.

We derive the following results. First, we show that the transfer of pollution abatement
technology increases the price of the polluting good. Second, under no transboundary pollu-
tion, technology transfer increases the domestic pollution in the donor country. If all pollution
is transboudary, then technology transfer reduces the amount of pollution affecting the donor
country under certain conditions. On the other hand, in the recipient country, technology trans-
fer decreases the amount of pollution affecting the recipient country under certain conditions
regardless of the level of transboundary pollution. Third, under no transboundary pollution,
technology transfer harms the donor country if the donor country imports the polluting good
but the donor country benefits from technology transfer if the donor country exports the pol-
luting good and does not emit pollution. On the other hand, under the presence of cross-border
pollution, technology transfer can harm or enrich the donor country depending on the trade pat-
tern. Forth, technology transfer enriches the recipient country if the recipient country exports

the polluting good regardless of the fraction of transboudary pollution but technology transfer

'f emissions reduction projects are implemented between the developed countries, it is called Joint Implemen-

tation (JI) instead of CDM. The Kyoto Protocol permits JI as one of the Kyoto mechanisms.



may harm the recipient country if the recipient country imports the polluting good. Finally, we
demonstrate the sufficient conditions for Pareto improvement.

There has been a few studies on the effects of technology transfer on the environment.
Buchholz and Konrad (1994) and Stranlund (1996) examined the global environmental problem
by using a game-theoretic approach. They used a one-good model because their focus was on
the strategic behavior of countries toward pollution abatement technology. Then, they cannot
deal with the terms-of-trade effect on pollution which works in the present model. In other
words, a one-good model cannot investigate the inter-industry interaction caused by pollution.
Thus, a change in pollution might be underestimated in their model.

There exist sharp differences on the welfare effects of technology transfer between Itoh and
Tawada (2003) and the present paper although the basic structure of both models is based on
Copeland and Taylor (1999) and technology transfer is the same type (i.e., technology transfer
reduces the emission rate in the recipient country). Under local pollution, technology transfer
never benefits the donor country in their model but technology transfer can enrich the donor
country in the present model. More importantly, under cross-border pollution, Itoh and Tawada
(2003) demonstrated that both the donor and the recipient is better off by the pollution abate-
ment technology transfer but we derive that technology transfer may impoverish the recipient
country as well as the donor country.

We explain that such contradiction arises because of differences in the terms-of-trade effect
and international interaction caused by transboundary pollution. Since the trade pattern in each
country is determined by the assumption on pollution in Itoh and Tawada (2003), they cannot
deal with some trade patterns which can be examined in this paper. In the present model, the

terms-of-trade effect has impact opposite to their model. Since their analysis is limited to special



trade patterns, they may have overestimated the terms-of-trade effect. International interaction
caused by transboundary pollution is also important. In this paper, both the donor and the
recipient produce the clean good and the polluting good. Then, there are interactions not
only between the industries due to pollution externality but also between the countries through
cross-border pollution. On the other hand, in Ttoh and Tawada (2003), at least one of the donor
and the recipient completely specializes because their model behaves like the Ricardian model.
Because of this feature, pollution abatement technology transfer has no international interaction
which works in the present model. Hence, they may have underestimated the impact of cross-
border pollution. We show the conditions for welfare improvement by technology transfer in a
model with incomplete specialization. This paper adds a new value to this field of research.
The remainder of this paper is organized as follows. We develop a model in Section 2. We
examine the effects of technology transfer on terms of trade and pollution in Section 3. Section

4 explores the welfare effects of technology transfer. Finally, we provide concluding remarks.

2 The Model

We develop a two-country general equilibrium model to investigate the welfare effects of the
transfer of pollution abatement technology under cross-border pollution. Country « is the
donor and country [ is the recipient. In each country, there are two industries denoted M
and A. Industry M is a dirty industry that emits pollution as a joint product of output.
Pollution generated by industry M degrades the natural environment useful to industry A and
then decreases productivity of industry A. The markets of goods and factors of production are

competitive in both countries. All goods are assumed to be produced in both countries.



Consider the production structure of the donor country.? Production function of M is QY =
Fi(v), where v§; is the vector of factors employed in industry M. F§;(-) is increasing, concave,
and linearly homogeneous in inputs. We assume that one unit of M generates A% units of
pollution. It denotes the degree of dirtiness of the industry. The level of pollution, d%, caused
by the domestic output of M is given by d* = A\*Q9;.

Under the presence of transboundary pollution, the total level of pollution, D, affecting the
donor country is given by

D = d® + b*d°, (1)

where d° = )\ﬁQf/[ is the level of pollution caused by the domestic output of M in the recipient
country and the parameter, b, indicates the fraction of transboundary pollution affecting the
donor country (0 < b* < 1). With b* = 0, there is no cross-border pollution, whereas with
b =1 all pollution is transboundary.

Let us consider industry A. Production function of A is given by Q% = m® (D) F'{(v%). v} is
the vector of factors used in industry A. F'§(-) is increasing, concave, and linearly homogeneous
in inputs. m® = m®(D®) is the degree of pollution externality (0 < m®(D%) < 1 and m®(D%) <
0). We assume that a representative firm in industry A treats the amount of pollution, D%, as

exogenously given.

We define the gross domestic product (GDP) function as follows:

G (p,m®,v®) = max {pFy; (vi) +m* (DY) F{(v3) | viyy +vi = v}, (2)

where p and v® denote the world relative price of M and the factor endowment vector of the

donor country, respectively. It is linearly homogeneous in p and m® (e.g., Helpman, 1984, p.334).

2The production structure of the recipient country is similar to that of the donor country. In this paper, we

allow differences in production technologies and preferences between the donor and the recipient.



Let us define the following function:

R%(q%,v®) = max {¢" Fyj (viy) + FA(v3) | viy + 0% = 0"}, (3)

where ¢¢ = 5. The value of R“(-) is the ‘virtual’ national income of the donor country

Y
ma(Da
since it denotes the national income under no production externality and the ‘virtual’ price,

(67

q®“. We define the ‘virtual’ national income and price to describe equilibrium by utilizing the

traditional GDP function. R*(-) behaves like the standard GDP function with constant returns
to scale technologies.
By using the virtual national income, we can rewrite the GDP function as G (p,m,v) =

mo‘(DO‘)EO‘(qO‘,UO‘). It has the following property: ég‘ = Eg‘ = Qf; where a subscript indi-

cates differentiation, i.e., ég‘ = %ﬁ:a’va) (see Appendix A). Henceforth, we delete the fixed

factor endowment vector, i.e., G%(p,m*) = éo‘(p, m®,v*) and R¥(q%) = Ea(qa,vo‘). Then,
G*(p,m®) = m*(D*)R%(¢*). We should notice that the GDP function, G*(p, m®), includes
information of pollution externality.

The equilibrium of the world economy is described by the system of equations:?

E%(p,u®) = G*(p,m"), (4)

D* = X*Rg(q%) + b* N R} (¢7), (5)
EP(p,u”) = G (p,m"), (6)

D’ = NRJ(¢") + VAR (¢%), (7)
E(p,u®) + EJ (p,u”) — RS (¢®) — R (¢°) =0, (8)

3The equilibrium in our model essentially replicates the steady state in Copeland and Taylor (1999) and
Unteroberdoerster (2001) that modeled pollution as a stock in a dynamic model.



where E7(p,u/) is the expenditure function with the level of utility, / (j = «,3). Equations
(4) and (6) are the budget constraint of the donor and the recipient, respectively. Equations (5)
and (7) indicate the endogenous level of pollution (i.e., domestic pollution plus transboundary
pollution) in the donor and the recipient, respectively. Equation (8) is the market-clearing

condition for the polluting good, M. The world market for A also clears by Walras’ Law.

3 Terms of Trade and Global Pollution

In this section, we investigate the impact of pollution abatement technology transfer on terms of
trade and pollution. They are essential to the welfare effects of technology transfer. If the donor
country transfers pollution abatement technology to the recipient country, then the emission
rate of the recipient country, A, decreases. We assume that pollution abatement technology is
transferred without cost in order to highlight the impact of technology transfer. All goods are
assumed to be normal in consumption in both countries, i.e., pEy, > 0 and pEgu > 0.

First, we consider changes in the terms of trade. Totally differentiating equations (4)-(8)

and choosing El = 1, we obtain

A (W) =R,

where b = b* = b°.% A represents the Jacobian determinant of the system (4)-(8). Under

Rqﬁqpmﬁ’

B .0
R

)\aRa pmal Ra pma/ o o
[1—1—(1 _bQ)W] L bRY {&7)2 “ el ©

certain conditions on the interaction between the emission rate and pollution, A is positive if
the equilibrium is Walrasian stable (see Appendix B). We assume A > 0 throughout this paper.
Equation (9) shows that pollution abatement technology transfer unambiguously increases

the price of the polluting good. Note that this effect of technology transfer is independent of the

4The essence of our results remains valid even if we assume b # b°.



marginal propensities to consume goods and the emission rate in each country. From Appendix

i pJ i’ L. R iy o P al
B, 1+/\]§;’1+1;T] = (14€jep) —bd'ej ™ (i # j) is positive. Then, 1+(1—b2)% > 0 because
o, af B, B
1—b? is smaller than one. We can rewrite r® and r° as r® = — Qﬁg >0andr? = — QA”; > 0,

respectively, because pRZ - mIR = —Qi‘ < 0. Hence, the right hand side of equation (9) is
negative. We derive this result regardless of the fraction of transboundary pollution.

Then, we obtain the following proposition.

Proposition 1. The transfer of pollution abatement technology increases the price of the pol-

luting good.

Technology transfer increases the price of the polluting good under incomplete specialization
in both countries. On the other hand, if the recipient country produces the clean good only
(i.e., Rqﬁ = 0), technology transfer is meaningless and the price of the polluting good does not
change. This paper extends the result of the terms-of-trade effect in Itoh and Tawada (2003) in
which at least one country completely specializes.

Second, we examine the effects of technology transfer on pollution affecting each country.
Intuitively, we expect that a decrease in the emission rate in country (§ reduces the amount of
pollution in both countries if pollution is transboundary. However, technology transfer does not
always have such impact.

Totally differentiating equations (4)-(8), we obtain

dD”
— WRPZ 4 RO
A(d)\ﬁ>_ bRIZ + R}

Rqﬁqpm’g,
(m#)?

— B8P | (My — bMy), (10)

dDﬁ ¥ Ra pmal R© pmal
Al—==)=-RZ1+(1-0))—L | —RP |21 _ % r®| (M, — bM: 11
(d/\ﬁ > q [ +( ) (ma)2 7| (me)2 pul’ (M 2), (11



= . (B — ROY(ES, - E° = po 4 gf — B _ Ry -
where Z = zp, — (Ep — Ry)(Epu — Ey,) and zp, = B, + Epp 4 < 0. From Appendix

me m

B, we can rewrite My — bMy as My — bMy = (1 — b%% > 0.

From equation (10), the impact of pollution abatement technology transfer on D® is ambigu-
ous in general. We will consider two cases according to the fraction of cross-border pollution.
Under no transboundary pollution, b = 0, technology transfer unambiguously increases pollu-
tion in the donor country. Recall that the price of the polluting good increases after technology
transfer. The output of the polluting good increases and therefore pollution expands in the
donor country. Technology transfer deteriorates the natural environment useful to the clean
good in the donor country under the absence of transboundary pollution.

Suppose that all pollution is transboudary, b = 1. Then, M; —bM, = 0. Technology transfer
reduces the amount of pollution affecting the donor country if Z < 0.> Z is negative if either
of the following conditions is satisfied: (i) the equilibrium without pollution externality (i.e.,
b=0,\* =\ =0, and m® = m” = 1) is Walrasian stable; (ii) the recipient country imports
(exports) the polluting good and the marginal propensity to consume it in the recipient country
is larger (smaller) than that in the donor country (i.e., (Eg - Rq’g)(Egu —E2,) >0).5

We can explain the intuition of this result as follows. Technology transfer directly reduces
transboundary pollution from the recipient to the donor under the fixed output of the polluting
good in the recipient. On the other hand, since technology transfer increases the price of the
polluting good (Proposition 1), it indirectly has a negative impact on the environment in the

donor country through an increase in the output of the polluting good in both countries. How-

ever, the former impact of cross-border pollution dominates the later effect when all pollution is

®We can derive a similar result if we assume A® = 0 instead of b = 1.
6Since there are differences in the emission rate, production technologies, and preference between the donor

and the recipient, various trade patterns can take place in the present model.
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transboundary. Hence, pollution abatement technology transfer can improve the environment if
transboundary pollution is sufficiently large.

From equation (11), technology transfer decreases the amount of pollution affecting the
recipient country under Z < 0. Notice that this result holds with and without transboundary
pollution. The reasoning is similar to the case of the donor country. The transfer of pollution
abatement technology can lower the amount of pollution although the price of the polluting
good increases after the transfer.

Summing up, we obtain the following proposition.

Proposition 2. Technology transfer changes the amount of pollution affecting the donor coun-
try and the recipient country as follows. (i) The case of the donor country: (a) under no
transboundary pollution, technology transfer increases the domestic pollution; (b) if all pollution
is transboudary, then technology transfer reduces the amount of pollution affecting the donor
country under Z < 0. (i) The case of the recipient country: technology transfer decreases
the amount of pollution affecting the recipient country under Z < 0 regardless of the level of

transboundary pollution.

We show that pollution abatement technology transfer may paradoxically increase the amount
of pollution. On the contrary, in Itoh and Tawada (2003), pollution abatement technology trans-
fer will reduce pollution. We can explain why such contradiction occurs as follows. In their
model, preference is assumed to be identical between the donor and the recipient. This implies
Z < 0 because of Ej, = Egu. From Proposition 2, technology transfer decreases pollution
affecting each country except case (i)-(a).

The exception occurs because of the difference in production pattern. In Itoh and Tawada

11



(2003), there are two production patterns in the recipient country under local pollution: (i) com-
plete specialization in the polluting good; (ii) incomplete specialization. Under local pollution,
pollution in the donor country can increase if the domestic output of the polluting good increases
through a price change. Since the recipient country completely specializes in the polluting good
in the former case, improvement in the environment by technology transfer has no effect on the
supply of the clean good. Namely, there is no terms-of-trade effect. Therefore, the domestic
pollution in the donor country never changes. In the latter case, the donor country produces
the clean good only. Thus, there is no pollution emission in the donor country. Since Itoh and
Tawada (2003) examined technology transfer in the context of special production patterns, they
may have overestimated the reduction of pollution by technology transfer.

Finally, we examine changes in the sum of pollution affecting the donor and the recipient
(global pollution), i.e., D% + D = (1 + b)(d* + d”). In other words, how technology transfer
changes the sum of each country’s emission, d* + d® (because b is assumed to be constant in

this paper). From equations (10) and (11), we derive

dD® dD® REpmP RS pm®
_ - — G _ qq T~ qq BB a o
A (d/\ﬁ * d/\ﬂ) = Ry(My —bMy) (mP)2 (m*)2 Epur” + Epur
AO[RO[ pma/
~RPZ [1 +b+(1— bQ)W (12)

This analysis has important implication for resolution of the global warming problem by
utilizing CDM. In the present model, we can interpret pollution as GHGs. The donor country has
an incentive to transfer pollution abatement technology to acquire “certified reduction emissions”
if the transfer can decrease the sum of each country’s emission. It is straightforward from
Proposition 2 that technology transfer necessarily decreases the sum of each country’s pollution

(d* + dP) if all pollution is transboundary (b = 1) and Z < 0. On the other hand, from
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Proposition 2, under b = 0 and Z < 0, technology transfer increases the domestic pollution in
the donor country whereas it lowers that in the recipient country. It is not clear that technology
transfer reduces the sum of the two countries’ pollution. Thus, we can conclude that an incentive
for technology transfer depends on the degree of cross-border pollution.

Using a game-theoretic approach, Buchholz and Konrad (1994) and Stranlund (1996) ex-
amined the global environmental problem. Since their focus was on the strategic behavior of
countries toward pollution abatement technology, they used a one-good model. Therefore, they
cannot deal with the terms-of-trade effect on pollution. A change in pollution might be un-
derestimated in their model. Itoh and Tawada (2003) did not clarify how the global pollution

changes as a result of technology transfer.

4 Welfare Effects of Technology Transfer

4.1 The donor country

We examine the welfare effect of pollution abatement technology transfer in the donor country.

Totally differentiating equations (4)-(8), we obtain

du® e} « 2 )\aqupmal
Rqﬁqpmﬁ/
(mP)?

(m®)?

pu (mP)?

8,06 _ Rqﬁqpmﬁ/]

+RIr®(My — bMy) | ES, P —

+RIH(ES — R?) [Egura — (13)

It is convenient for considering two cases according to the fraction of cross-border pollution.

First, we explore the case of no transboundary pollution (b = 0). Under b = 0, equation (13)
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is rewritten as

du®
_ npB
A (—d/\ﬁ> = Rq

We show that the donor country suffers from technology transfer when it imports the polluting

Egurﬁ _

Rqﬁqpmﬁ/ 1+ A Rggpm™
(mf)? (me)?

} (B — Ry) + lera} . (14)
good (E — Ry > 0).” On the other hand, the effect of pollution abatement technology transfer
is ambiguous if the donor country exports the polluting good (Ey — Rf < 0). Especially,
technology transfer enriches the donor country if there is no domestic pollution in the donor
country (A* = 0). We derive D* = 0, m® = 0, and m® = 0 if A*> = 0. Then, the right hand
side of equation (14) is negative.

Then, we obtain the following proposition.

Proposition 3. Suppose that there is no transboundary pollution. Then, (i) technology transfer
harms the donor country if the donor country imports the polluting good but (ii) the donor country
benefits from technology transfer if the donor country exports the polluting good and does not

emit pollution.

The result can be explained as follows. Technology transfer increases the relative price of the
polluting good (Proposition 1). Moreover, technology transfer increases the domestic pollution
in the donor country (Proposition 2), which will cause productivity losses. Both the former and
the latter effects deteriorates welfare because the price change is deterioration in terms of trade
under EY — RZ > 0. On the other hand, in the case of B} — Ry < 0, the price change implies
improvement in terms of trade. The smaller A% is the smaller productivity losses are. Then, the

terms-of-trade effect can outweigh productivity losses if A% is near zero.

"Recall that the recipient country is assumed to produce the polluting good (Rqﬂ > 0). Otherwise, technology
transfer has no effect on welfare.
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Second, we investigate the case of cross-border pollution (b > 0). From equation (13), the
welfare effect of technology transfer is ambiguous in general. Consider the case in which the
donor imports the polluting good (£ — Ry > 0). Then, technology transfer can harm the donor
country if the fraction of transboundary pollution, b, is sufficiently small. The right hand side
of equation (13) can be positive under sufficiently small b.

On the other hand, we consider the case in which the donor country exports the polluting
good (B — Ry < 0). Then, the donor country benefits from technology transfer if all pollution
is transboundary (b = 1) or the donor country does not emit pollution (A% = 0). The signs of
the first and the last two terms of equation (13) are negative. In the second term, we already
know that M; — bMy is zero under b = 1 or A* = 0. Hence, the right hand side of equation (13)
is negative.

Summing up, we obtain the following proposition.

Proposition 4. Suppose that there is cross-border pollution. Then, (i) in the case in which the
donor country imports the polluting good, technology transfer can harm the donor country if the
fraction of transboundary pollution between the countries is sufficiently small. (ii) In the case
i which the donor country exports the polluting good, technology transfer enriches the donor

country if (a) all pollution is transboundary or (b) the donor country does not emit pollution.

Intuition of the result is the following. A decrease in pollution affecting the donor country is
likely to be small under small b (Proposition 2). The donor country enjoys small productivity
gains. When the donor country imports the polluting good, terms of trade deteriorates in the
donor country (Proposition 1). The latter effect can outweigh the former effect. Thus, the donor

country can suffer from technology transfer even if pollution decreases. On the other hand, a
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decrease in pollution affecting the donor is large when (a) b = 1. The price change is in favor of
the donor country when it exports the polluting good. Thus, the donor country benefits from
technology transfer. Under (b) A* = 0, a decrease in transboundary pollution from the recipient

and improvement in terms of trade determine the welfare result.

4.2 The recipient country

Totally differentiating equations (4)-(8), we obtain

duP YRS pm
_ 3 2 qq a 3
A <dw) = RIyP [1 10— ] [zpp + ES,(ES - Rqﬁ)}

Ry
(m*)?

R& al apb I

—bRO(ES — R)=aT [1 _ p N Ragpm”

+ROrP(My — bMy) [ - Egura} +bRIES, r*(E) — RY)

(m)? (mP)?
yel mﬁ/ AY R nm !
~RYE] - Ry T 14 S (15)

We will consider two cases according to the trade pattern in order to clarify the impact of
technology transfer.

First, we examine the case in which the recipient country exports the polluting good (Eg —
Rqﬁ < 0). Under Eg - Rqﬁ < 0, the right hand side of equation (15) is negative. Thus, the
recipient country unambiguously benefits from technology transfer. Notice that we derive this
result regardless of the fraction of transboudary pollution, b.

Second, let us assume that the recipient country imports the polluting good (Eg — Rqﬁ > 0).

We can rewrite equation (15) as

du® A\ R« pma/ A® RC RqﬂqPQma’mﬁ’
A (W) - Rqﬂrﬁzpp [1 + (1 - b2)¢] — Rqﬁ(l — b2)(E5 _ Rq,@) qq

(m®)? (m®)?(mF)?
. . bRYpm™  RE pm?
+RIES (EY — RY)(br™ + %) — RJ(EJ — RY) (Zia)? (PP
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The welfare effect of technology transfer is ambiguous in general. Technology transfer can enrich
or harm the recipient country. We know that the third and the forth terms in the right hand
side are positive but the other terms are negative. Then, the right hand side of equation (16)
may be positive.

Then, we obtain the following proposition.

Proposition 5. Technology transfer enriches the recipient country if the recipient country ex-
ports the polluting good but technology transfer may harm the recipient country if the recipient

country imports the polluting good, regardless of the fraction of transboudary pollution.

We can explain the intuition of the result as follows. In the case in which the recipient
country exports the polluting good, the terms-of-trade effect is in favor of the recipient country
(Proposition 1). Moreover, technology transfer decreases pollution under certain conditions but
it may increase pollution if the conditions are not satisfied (Proposition 2). The recipient country
may suffer from productivity losses. The former terms-of-trade effect dominates the latter effect,
which holds regardless of the fraction of transboundary pollution. Hence, the recipient country
benefits from technology transfer. On the other hand, the terms of trade deteriorates after
technology transfer if the recipient country imports the polluting good. In this case, welfare
enrichment arises if productivity gains outweigh the terms-of-trade effect.

Finally, let us investigate a possibility of voluntary reduction in the emission rate instead of
technology transfer. This analysis can be done by interpreting the welfare result of the recipient

in a different way. From Proposition 5, a country is likely to adopt advanced pollution abatement
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technology to reduce pollution if it exports the polluting good. On the other hand, a country
may not voluntarily utilize the advanced technology if it imports the polluting good. The result
is dependent on the trade pattern. The reason is the terms-of-trade effect which has impact
similar to the case of technology transfer. Our result implies that a country which produces
a large amount of the polluting good to export it tends to introduce the pollution-reducing

technology voluntarily.

4.3 The world welfare

We investigate the effect of technology transfer on the world welfare, i.e., the sum of the two

countries’ welfare. From equations (13) and (15), we derive

du®  duP RP pmﬁ’ R pm
we v _ 3 - a, BB pay L atlaq B899
A (d)\ﬂ + d)ﬁ) = R (M; —bMa) [r (B, — Ey) =7 ()2 r (ma)?
+Rqﬁrﬁ [zpp - Epu(Ep B Rq )] [1 + (1 - bQ)W}

FR(E - BY) [br®(Bf, — Egp) + rOEQL] + bRz
ARG

qqpm()él

0 B 2 o o
+ROFPES, (1 - b*)(ES — RS )7(ma)2

(17)

It is convenient for considering two cases according to the fraction of cross-border pollution and
the emission rate.

First, we examine the case in which all pollution is transboundary (b = 1). Technology
transfer improves the world welfare if the donor country imports the polluting good (E; —
Ry > 0) and the marginal propensity to consume the polluting good in the donor country is
sufficiently larger than that in the recipient country. Recall that M} — bMj is zero under b = 1.
ro‘(EI’?u - B, + rﬁEgu in the third right hand side term is negative if £ is sufficiently larger
than Egu. Thus, the right hand side of equation (17) is negative under the conditions.
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We can explain the result as follows. Z is negative under the conditions (i.e., £y — Ry >0
and Egu — By, < 0). From Proposition 2, technology transfer reduces the amount of pollution
affecting each country. Then, there are productivity gains in both countries. From Proposition
5, the recipient country benefits from technology transfer. The welfare of the donor country
may improve or deteriorate by technology transfer (Proposition 4). The welfare improvement in
the recipient can outweigh the welfare change in the donor under the conditions.

Second, we explore the case in which the donor country does not emit pollution (A* = 0).
Technology transfer improves the world welfare if the donor country imports the polluting good
(B, — Ry > 0) and the marginal propensity to consume the polluting good in the donor country
is sufficiently larger than that in the recipient country (bra(Egu - EBy,) + rﬁEgu < 0). Recall
that My — bMs = 0 under A* = 0. Then, the right hand side of equation (17) is negative under
the conditions. The reason is similar to the above case.

Summing up, we obtain the following proposition.

Proposition 6. Suppose that the donor country imports the polluting good and the marginal
propensity to consume the polluting good in the donor country is sufficiently larger than that in
the recipient country. Then, technology transfer improves the world welfare if (i) all pollution is

transboundary or (ii) the donor country does not emit pollution.

We will compare the results of this paper with the existing literature. There exist sharp
differences on the welfare effects of technology transfer between Itoh and Tawada (2003) and
the present paper although the basic structure of both models is based on Copeland and Taylor
(1999) and technology transfer is the same type (i.e., technology transfer reduces the emission

rate in the recipient country). Under local pollution, technology transfer has no impact on the
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welfare of the recipient country and never benefits the donor country in their model but tech-
nology transfer can enrich the donor country and may harm the recipient country in the present
model. More importantly, under cross-border pollution, Itoh and Tawada (2003) demonstrated
that both the donor and the recipient can be better off by the pollution abatement technol-
ogy transfer and technology transfer never harms the donor country and the recipient country.
However, we derive that technology transfer may impoverish the recipient country as well as
the donor country. These differences imply that they may have underestimated the effects of
technology transfer.

We can consider that such inconsistency arises because of three factors. The first factor is
asymmetry of the present model. Itoh and Tawada (2003) assumed that the donor country is
identical to the recipient country except for the pollution function. The emission rate in the
recipient is assumed to be larger than that in the donor. On the other hand, in the present
model, the donor and the recipient are asymmetric. This causes the following essential factors.

The second factor is differences in the terms-of-trade effect. Since the trade pattern in each
country is determined by the assumption on pollution in Itoh and Tawada (2003), they cannot
deal with trade patterns such as (ii) in Proposition 3, (i) in Proposition 4, and Proposition
5. For example, under the presence of transboundary pollution, the donor country exports the
polluting good because it has a comparative advantage in the production of the polluting good
in their framework. Then, the terms-of-trade effect caused by technology transfer is in favor of
the donor country. On the contrary, the present model can examine not only the case in their
model but also the case in which the donor country imports the polluting good. In the latter
case, the terms-of-trade effect has impact opposite to their model. The terms-of-trade effect may

offset productivity gains, which never occurs in their model. Since their analysis was limited to
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special trade patterns, they were unable to estimate the terms-of-trade effect appropriately.
The third factor is international interaction caused by transboundary pollution. In this
paper, both the donor and the recipient produce the clean good and the polluting good. Then,
there are interactions not only between the industries due to pollution externality but also
between the countries through cross-border pollution. On the other hand, in Itoh and Tawada
(2003), at least one of the donor and the recipient completely specializes because their model
behaves like the Ricardian model. Because of this feature, pollution abatement technology
transfer has no international interaction which works in the present model. For example, in Itoh
and Tawada (2003) under cross-border pollution, the recipient country produces the polluting
good only if the donor country completely specializes in the polluting good. Although technology
transfer reduces the amount of pollution generated in the recipient country, the donor country
is not affected by cross-border pollution. Hence, they may have underestimated the impact of

cross-border pollution.

5 Concluding Remarks

This paper examines the effects of pollution abatement technology transfer in a two-good two-
country model. In each country, a dirty industry emits pollution as a joint product of output and
the sum of domestic and cross-border pollution decreases productivity of a clean industry. The
transfer of pollution abatement technology reduces the emission rate of pollution in a recipient
country. The present paper investigates the effects of technology transfer on terms of trade and
the amount of pollution affecting each country. We also explore how technology transfer affects

each country’s welfare and world welfare.
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In the present model, we demonstrate that technology transfer is not always welfare improv-
ing for the donor and the recipient even if pollution is transboundary. On the contrary, Itoh
and Tawada (2003) showed that both the donor and the recipient are better off by the pollution
abatement technology transfer if pollution in one of the two countries is global but welfare of
the donor country may fall if pollution in each country is local. Although the basic structure of
both models is based on Copeland and Taylor (1999) and technology transfer is the same type
(i.e., technology transfer reduces the emission rate in the recipient country), there are such sharp
differences. Both countries produce the polluting good and the clean good in the present model.
However, in Itoh and Tawada (2003), at least one country completely specializes. This difference
in production causes such inconsistency. This paper, together with Itoh and Tawada (2003),
implies that technology transfer is effective to solve global environmental problems depending
on the production pattern.

We show a possibility of voluntary introduction of pollution abatement technology. A country
is likely to adopt advanced pollution abatement technology to reduce pollution if it exports the
polluting good. The reason is that introduction of the advanced technology improves terms
of trade. This theoretical result implies that a country which produces a large amount of the
polluting good to export it, which may be a developed country, tends to introduce the pollution-
reducing technology voluntarily.

This paper focuses on the inter-industry and international interaction caused by pollution.
We may obtain general results if we describe the cost function of technology transfer explicitly.
One possible extension is to develop a new model to consider the strategic behavior of countries

toward pollution abatement technology.
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Appendix A

In this Appendix, we consider the relationship between Ge (p,m®,v) and R® (¢%,v™). Since the

GDP function, CNJO‘(-), is linearly homogeneous in p and m®, it can be rewritten as follows:

G o) = ot (D) { B 0R) + PR |+ 05 = o7
— (D) max {q" Fiy (of) + FA(05) | o + 0 = v°)
= m®(D*)R*(q",v®).

From the properties of the GDP function, we have CNJI? = Q% (e.g., Helpman, 1984). Thus,

: Ao apadd® _ pa . NHa
we derive G = m® Ry o = Ry = QY-

Appendix B

In this Appendix, we consider the sign of the Jacobian determinant of the system (4)-(8), A,
and its implications. Totally differentiating equations (4)-(8) and choosing EJ =1, we obtain

Ry, Rqﬁqp m'mb

A = [Ml(bAO‘ — N Mu(bA8 — )\O‘)}
(m®)?(m?)?
—Z 11+ )‘aqupm A’gquPm’g, (1- 2))‘a)‘ﬂRcO1[qRqﬂqp2ma/mﬁ/
(m*)? (mP)? (me)?(mP)?
o o MRS pmP AYR® pm
+ Egr | My + (M, — ng)# +Ebr {MQ + (Mg — le)W}
_ 1qupmal o 2Rqﬂqpmﬁ '
(m*)? (mP)?
where My = 28 | 2By oo gy = 2B MR g 72 (B - RE)(Ef, — ES),
e 8 ’
zpp = Epp + Egp - % - % <0, r* = (pRy — aRa) > and r? = (PRﬁ - m’gRﬁ)mﬁ

We consider the dynamic system consisting of equations (4)-(7) and p = EJf(p,u®) +
Eg (p, u®) — Rg(q%) — ng (¢?). Linearizing the system at the equilibrium values of the variables,
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A Rg, pm®’ )\ﬁqupmﬁ’

AN RS RO p*m® mP!
ez~ T G

we derive p = (—AJ1)dp where J =1+ )2 (mP )2

+ (1 -0?)

Let us examine the sign of J. Using equation (5), we can rewrite the second term of J as

) <o

We define € = ¢* Qa and €}, = D“ ma . € and €7, indicate the virtual price elasticity of output

A RY pm® o Baq ( mo‘
L DY —bA\B Qﬁ
(me)? Q“

of M and the pollution elasticity of productivity losses in the donor country, respectively. Then,

we obtain

A Re o
A Rggpm™ (e% — b ) <. (A.1)

(ma)Q q me

Similarly, the third term of J can be rewritten as

\SRP mmB! Br
#f)@”‘ = <e% - bdazzﬁ) <0, (A.2)
where eﬁ = qﬂ Q‘” and eD = Dﬂ mﬁ/

From equations (A.1) and (A.2), J can be rewritten as

ﬁ/
J = 1+e€eh+eie (bdM +bdaﬂ )
me m

al B
N ap( a m 8 oM
+(1 = b)eles (eD—bdﬂma) (eD—bd mﬂ>‘

We know that the last two terms are positive. In this paper, we assume that 1+egef, —|—eq e’ H>0.

This assumption implies that the absolute values of the elasticities are not so large and either the
absolute value of eé or e% is smaller than unity. Hence, we obtain J > 0. Since p = (—AJ~1)dp,
A is positive if the equilibrium is locally Walrasian stable.

Finally, we consider the implications of the positive sign of J. From equations (5) and (7),

under the fixed world price, we obtain % = quﬁ J~1 and %i)f bRy J —1 Thus, J > 0

under b > 0 denotes that an increase of the emission rate in one country, M, results in an
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increase of pollution in the other country, D’ (i # j). Especially, J > 0 under b = 1 also

implies %’is = RyJ “1'> 0 and 22 = Rqﬁ J=t > 0. Moreover, J > 0 under b = 0 indicates

ONB
oD* R (1 AaR?qpmM -1 = R%(1 a,a\—1 0 d oDk R,@ 1 ABquPmB/ - _
oo — 1y + — (m")2 = Iy ( + €q GD) > and 5Y5 = lig + “mh)? =

RI(1+ eq’geg)*l > 0 because 1 + egef, + egeﬁD > 0.
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