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Abstract
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1. Introduction

There has been widespread concern on the impact of environmental regul ations on foreign
direct investment (FDI) and international trade. It is hypothesized that tougher environmental
regulations in the developed countries could drive polluting industries towards the developing countries
with more lenient policies. Such “industrial flight” would lead to further degradation of the
environment in the latter countries due to the concentration of dirty industries, the so-called “pollution
havens’.! Developing countries, however, are reluctant to employ stiffer environmental measuresin
fear of losing their competitiveness, asis, for example, demonstrated by their objection to an inclusion
of environmental issuesin recent WTO negotiations. Most developing countries only have primitive
abatement technologies. Stiffer environmental measures are impossible to be implemented without
adequate technology transfer from the devel oped countries.

Meanwhile, many developing countries have adopted systematic policies such as tax
concessions and export processing zones to attract FDI, to foster employment and economic growth. If
accompanied by atransfer of environmentally sound technologies (ESTS), FDI could alleviate the
dilemma between environmental pollution and competitiveness. One form of FDI involving technology
transfer commonly observed isinternational joint ventures (JVs). Agenda 21 of the United Nations
Conference on Environment and Development (1992) states that “ Joint ventures should be promoted
between suppliers and recipients of technologies,” through which, “sound environmental management

practices could be transferred and maintained.”?

While expectations are high, the distribution of
international JVsis not evenly spread. UNCTAD (2001) states that a rather small group of developing
countries, e.g., the Newly Industrialized Countries (NICs), has gained disproportionately more inflow

of FDI from inter-firm cooperation than other, |east-developed countries (LDCs).

! Empirical findings on this issue are mixed. While Xing and Kolstad (2002), Becker and Henderson (2000), and
Levinson and Taylor (2003) find positive support, Jaffe, Peterson, Portney and Stavins (1995), Nordstérm and
Vaughan (1999), and Eskeland and Harrison (2003) only identify negligible effects.

2 See Chapter 34 of Agenda 21, and also Jhaand Vossenaar (2002) and Lovei and Gentry (2002), who promote
the diffusion of ESTs through business partners or joint ventures.

% See Kang and Sakai (2000), and UNCTAD (2000). According to the World Investment Report 2002 (UNCTAD),
the 10 largest host countries in the developing world received three-quarters of the total inflows to developing
countries, and the 49 LDCs receive only 2 % of them in 2001.
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The purpose of this paper is to examine the welfare effects of environmental policies when the
choice between an international JV and afull-ownership FDI, and firm location are endogenously
determined. We focus on an industry sensitive to environmental policies (e.g., chemicals), and adopt a
setup of adeveloped country (the North) and a developing country (the South). A firm in the South has
lower abatement technology than that in the North, and it can exhibit in two types: either arelatively
better one asin the NICs, or avery inferior one asin the LDCs. The international JV is formed through
bargaining over the profit share and output, as well as the location choice.* While under the full
ownership FDI, the Northern firm controls 100 percent of the local branch, under the JV it owns only
partialy the local branch. In either case, the local branch uses the North's better technology. The South
may also impose upper limits on foreign ownership.” We investigate the conditions for the formation of
the JV and the optimal environmental policy of the South.

Our model can shed light in several aspects on the environmental policiesin the developing
countries, when attracting international JV's or full ownership FDI. Firstly, the larger the differencein
the parent firms' abatement technology, the lesslikely it isfor the international JV to be formed. This
finding is consistent with the biased distribution of the international JVsin just afew developing
countries (e.g., the NICs), as documented by many reports. The intuition is as follows. As both firms
produce in the South, they face the same emission tax. However, with better technology, the parent firm
in the North pays less tax per unit of output. Thus, the Northern firm has an advantage in the absence of
the JV, which tranglates into a larger share of the profit from the JV if the JV isformed. The larger the
difference, the larger the Northern firm’s share of the JV profits. Once its share hits 100%, the JV is not
formed and the Northern firm engages in full-ownership FDI.

Secondly, the optimal policy for a devel oping country with arelatively good abatement
technology isto set alow emission tax, to induce the formation of the JV in its boundary. On the
contrary, that for a country with sufficiently poor abatement technology isto set arelatively higher

emission tax, so as to attract a full-ownership FDI. In the second case, attracting aJV (by lowering

* There are other types such as research JVs. Chiou and Hu (2001) examine environmental research JVs.
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taxes) instead of afull-ownership FDI degrades the environment and reduces national welfare. The
reason the government of the South chooses alow tax when the Southern firm’stechnology is
relatively good isto improve its bargaining position and hence its share of the JV profits (the lower the
tax, the lower North's cost advantage at the threat point). However, if the South has very poor
technology, then its share of the JV profits will be low, even with alow tax. In this case, the Southern
government may prefer to give up on improving its firm’s bargaining position and instead focus on
reducing emissions and collecting tax revenue. It does this by choosing a higher tax, thereby permitting
full-ownership FDI.

Thirdly, we aso consider foreign ownership regulation in the South, under which full
ownership FDI is not allowed. The optimal policy for the Southern country with sufficiently poor
abatement technology isto attract the JV by setting arelatively high emission tax, which can alleviate
the pollution vs. competitiveness dilemma. Since the only aternativeto aJV is no investment by the
North, there is now areal possibility the North’s better technology will not be transferred. The parent
firm in the South wants the better technology to reduce its tax payment, while the parent firm in the
North wants profits by producing in the South. Both parent firms have incentives to form the JV even
with a higher emission tax in the South. Thus, the government in the South with poor technology can
impose arelatively high emission tax to attract the JV. In addition, deregulation of ownership shares
will raise the optimal tax and improve the quality of the environment. This arises because the marginal
negative impact of emission tax on the JV profit fallsif the regulated share to the local firmis lowered.

Several theoretical papers have examined the relationship between international differencesin
environmental policies and FDI. Rauscher (1995, 1997) analyzed the issue by extending the standard
model of international capital mobility, while Markusen, Morey and Olewiler (1993, 1995), Markusen
(1997), and Ulph and Vaentini (1997) investigated the firms' location choice under international
oligopoly. Barrett (1994) and Kennedy (1994) examine strategic environmental policies, but abstract

from incorporating the firms' location choices and FDI. Thereis no paper like ours, which endogenizes

® We abstract from investigating the policy effects of the North. Nordstrém and Vaughan (1999) survey the
literature on inter-governmental competition, the so-called “race-to-the-bottom” or “race-to-the-top”.
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the formation of the international JV incorporating location decisions, and also examines the optimal
environmental policy for various technology levels of the South.

Therest of the paper is organized as follows. Section 2 sets up the basic model, incorporating
emission tax and FDI. Section 3 describes the properties of the threat point of a bargaining game
between the parent firms. Section 4 analyzes the endogenous choices between the formation of the
international JV and full-ownership FDI. Section 5 derives some comparative statics results. Section 6
examines the optimal emission tax in the South. Section 7 introduces regulations on foreign ownership.

Concluding remarks are given in section 8.

2. The Basic Model

Consider two parent firms N and Slocated in two countries the North and South, respectively.
Production emits local pollution. Firm N has better abatement technology than firm S. They bargain to
form an international JV, whose production also emits pollution. Both countries have independent
environmental policies. Output of the potentia JV is only consumed in athird country.

We assume a two-stage game. In stage 1, given the abatement technologies, and the North’'s
emission tax, the South chooses emission tax unilaterally to maximize national welfare; in stage 2, the
two parents bargain over location, outputs and their respective shares of the V. If bargaining is
successful, the JV isformed; if bargaining breaks down, both firms can choose to locate in either

country and produce independently. A simple game tree can be drawn as follows.

South determines emission tax

Successful JVv Unsuccessful

JV location, output, shares Location & output a la Cournot



To ensure consistency, we first investigate the second stage of the game, in which bargaining can be

successful or unsuccessful.

3. The Threat Point

The threat point is the outcome if bargaining breaks down, then both firms produce independently
and compete a la Cournot. Depending on the emission tax structure and abatement technologies, firms
may produce positive or zero outputs. A duopoly existsif both produce positive outputs. And a
monopoly emerges if the output of one firm is positive while that of the other is zero.

Let the profit of the parent firm in country | that islocated in country i be written as

7 (X Xs1) = P(X + X)X —(wa+te)x,, i,j=N,S, (1)

where w; and t; are the wage cost and an emission tax in country i, and X;,a,e, arerespectively the

output, unit labor requirement, and emission per unit of output of firm j. We assume that firm Semits

the same or a higher level of pollution per unit of output than firm N, i.e., e; > g, . Outputs are
consumed only in athird country. And the inverse demand function, p(x, + X), isassumed to be
linear for simplicity: p(x, +X;) = —-a(X, +X;), #>0, a>0.

The total unit costs (including wages costs and pollution tax costs) of firmNis wa+te, if itis

located in country i. The cost difference between locating in the North and the South is given by

(w, —wg)a+(t, —t;)e, . Similar expressions can be defined for firm S. Because we do not analyze the

effects of wage difference in the two countries, for the rest of the analysis, wages are normalized so that

w,, =W, = 0. Thus, the unit cost difference for either firm purely depends on the tax rate differential

between the two countries.” We focuson t, > t., i.e., both firms choose to locate in the South.

® Abatement technol ogies are assumed to be exogenous. For endogenous abatement activities, see Copeland
(1996), Copeland and Taylor (1994, 1995) and L udema and Wooton (1994).
" If the wage is lower in the South than in the North, ceteris paribus, then both firms tend to locate in the South.



Under duopoly, by maximizing (1) with respectto x;, j =N, S, we obtain the outputs at the
threat point when both firms are located in the South:
X ={B+(e-20)t}(3a), X ={f+(g —2&)ts}/(3a). 2
Accordingly, the respective threat-point payoffs are®
7y =a(x)’ ={ B+ (826t} 19 = 7 (L. &), (39)
75 =a($) ={B+ (6, — 28t} 1 9a = 75 (15, 6,). (30)
Noticethat 7y (ts,€s) > 7< (ts, &) for any t, since we have assumed e, > e, .

Define t,(e,) asthelevel of emission tax at which xS =0,

th(es) = B/(2e-¢,). (4)
e, 7 (t,(e,),6)=0. Weneed t, <t (e,) for both firmsto produce a positive output at the Cournot

equilibrium. Denote the set of payoffs at the threat point as (7, ,72), then (z,, 7o) = (7,7 ), (see

also Brander and Spencer, 1985). These are summarized bel ow:

Lemma 1 (thethreat point): Supposethat e, > ¢, and tg; <t . At thethreat point of the

bargaining game, both firms produce a positive output in the South if t, <t (e,).

Figure 1 illustrates the case where production occurs in the South. Curve Is shows t(e;) .

Then, if the combinationisin areal (above g, and below |s), both firms produce a positive output at
the Cournot equilibrium. In areall, firm S does not produce and firm N becomes a monopoly. And
t = S/, isthe prohibitive emission tax at which monopoly firm N just makes zero profits. Thusin

arealll, neither firm produces anything.

4. The Formation of the International JV



The JV isformed if bargaining is successful. The two firms negotiate over the location, output
and each firm’ s share of the JV. We assume that the JV fully adopts the better technology of firm N for
free.® A JV located in country i has the following profit function

7, =(p-gt)x,. (5)

Suppose firm N's share of the JV is S, while that of firm Sis 1-S. Then if the JV isformed,

the profits of the two firms become, respectively:

ny=st,, nmi=Q1-9x,. (6)

J
N
The parent firms have incentives to form the JV if se (0,1).

We adopt Nash bargaining to model the negotiations. The Nash product can be written as'?

V = (7 — ) ms —73), (7)

where 7z, and r arethe payoffs at the threat point, determined in section 3. The expressions r,, — 7,
and 7. — 7 are the respective net gains of firms N and Sfrom the bargaining game. The equilibrium is
found by maximizing (7) with respect to the location (i.e., country i), X, ands.

Regarding location, the parent firms choose the South if t¢ <t , because z, and ] arelarger

in the country with the lower emission tax. And with respect to the output and the shares, for an interior

solution, the following first order conditions must be satisfied
oVIox,=0: oOn, 10X, =0, (8a)

NI6s=0: nl-nd=nm)-nY. (8b)

8 Since we do not change B and e, we will omit them in the solution functions for the rest of this paper.

° Inan earlier version of the paper, we assumed that technology transfer is also negotiated, and that firm Smust
pay acost of for N's better technology if the JV isformed. The qualitative results remain the same. Fulll
technology transfer to the JV also supports the fact that multinationals tend to adopt better ESTs. See Nordstrom
and Vaughan (1999), p.5, and Bhagwati (2002), p.59.

% More general formssuchas V = (z;, — 7, )’ (z. — z2)"” can be adopted, where  represents the relative
bargaining power of firm N. See for example Abe and Zhao (2000).
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They imply that the two firms first maximize the JV profits by choosing the monopoly level of output
asin (8a), and then divide the net realized rents equally by choosing the share, s, asin (8b).

From (84d), the output and the profit of the JV areidentical to those when firm N becomes a

monopoly in the South, i.e., X, = X\ (t5) and 7, =z (t5) , where

X\ =(B-t8,)/(2x) = X (L), 9)

zy =a(xy ) =(f-18,) 1(4a) =x) (L) - (10)

And from (8b), we also obtain firm N's share
s=0.5+(zy — 7o) l(27)). (11)

We now prove that the net gain in condition (8b) is positive and the JV isformed. First note
that the possible maximum profit of the JV (equal to that of a monopoly by N), islarger than the sum of
the profits both parent firms can earn by playing Cournot competition. Then 7\ > 7, + 7o = 7, + 7o
holds (see also Wong and Leung, 2002, in the absence of environmental issues), giving 0.5 < s < 1.

To seethis, note that s cannot be less than half because z¢ > 72 ; In addition,

1-s={ny —(zy -7}/ 27\ > ndl =y >0,leadingto s<1.Wealsoobtain =, —z, = sz, — 7, =

{zy —(zs +72)}12>0 by using (11). It followsthat 7, — 7y = 73 — 72 > 0, which isthe condition
for the JV to be formed with a positive output.

If firm N becomes a monopoly, then 7y = 7,/ and 72 =0. Condition (11) then implies s=1,
i.e., firm N fully owns the facility, and there is no incentive for the JV to be formed. Furthermore, when
the emission tax in the South is higher than the prohibitive emission tax, t , the JV could not earn

positive profits even if it were formed. Thus, both parent firms have no incentive to do so.

We now summarize the above, when the tax rate in the North is above the prohibitive level .**

! In an earlier version of the paper, we also analyze the so-called “not-in-my-backyard” (NIMBY). If the North
has afairly low emission tax and the environmental damage is large, the optimal policy for the South isNIMBY .
It includes two cases. First, with possible location and alow emission tax in the North, the South with arelatively
good abatement technology must reduce the emission tax substantially to induce the JV. But it causes a reduction
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Proposition 1. Supposethat e, > ¢, , t, <t,,and t, >t . (i) If t; <t (e,), theJVisformedinthe
South, producing the monopoly level of output; (i) if t,(e,) <t <t , firmN undertakes full-

ownership FDI in the South and becomes a monopoly; (iii) if tg >t , neither firm produces at all.

InFigure 1, areal (above g, and to theleft of |g) illustrates the combination of t, and e,

under which the JV isformed in the South. In area |l (above |s and to the left of t), firm N undertakes
full-ownership FDI and becomes a monopoly in the South. In arealll (to theright of t and to the left

of t, ), neither firm produces at all. Proposition 1 gives the critical emission tax for the formation of the

V. ltist,=t,(e,), whichleadsto xS =0.

Proposition 1 implies that the formation of the JV in the South becomes more difficult (easier)
if the South’ s abatement technology becomes poorer (better). This finding is consistent with the fact
that the number of international JVsin the LDCsisvery small, and that international JVs are
concentrated in relatively devel oped devel oping countries such as the NICs. Countries with poor
abatement technology must reduce the emission tax to attract JVs. Thus, the oft-cited “environmental
dumping” result of Barret (1994) does not evaporate when JV's are introduced. Instead, the incentive to
lower environmental taxes remains as a means of improving the Southern firm’ s bargaining position in

the JV negotiations.

5. Comparative Statics Analysis
In this section, we derive some comparative statics results respectively on the full-ownership

FDI and the international JV. First, from (9) and (10), areduction in the emission tax increases the

in tax revenue and an increase in the environmental damage. If the South let the JV locate in the North, the tax
revenueislost but better environment is preserved. The latter effect is larger than the former when the emission
tax in the North is sufficiently low. Secondly, if the South has a substantially low abatement technology,
attracting the JV or the full-ownership FDI causes serious environmental damages. The optimal policy isto let
firm N stay in the North.



output and the profit of the monopoly firm, and intensifies pollution. The effects are the same on the JvV

or the full-FDI, since they both produce the monopoly output when chosen.
Next, we look into the effects on the JV shares of atax change. Since (75, 72) = (7, 75)

substituting (3a), (3b), and (9) into (11), we obtain

ds/ dts = (& — &, )(8 —&ts) xy /6a(my ). (12)
From Proposition 1, the highest emission tax the South can impose to induce the JV is smaller than
t,(e)=p1(2e,-¢,).Also, p-et, > -6t (&)= p(e,—e,)/(2e,-¢,) >0 for t <t (e;) . Thus,
from (12), if e, > g, , areduction in the emission tax reduces firm N's share of the JV but increases
firm Ssshare. If e, =g, it does not change the JV shares.

Intuitively, in view of (6) and (8b’), areduction in the emission tax affects the shares of the JV

through two channels when e, > g, . First, it increases the profit of firm Smore than that of firm N at

the threat point. In order to have an equal gain from the threat point, firm S s share of the JV must
increase; second, it increases the total realized profits of the V. Given that the share of firm N must be
larger than that of firm S, firm N gains more than firm S. To keep the net gains equal for both parties
from the threat point, the share of firm N must be reduced. Put together, a reduction in the emission tax
reduces the share of firm N and increases that of firm S
The profits the parent firms receive depend on their shares and the profits of the JV.

Substituting (11) into (6) yields

7y =y () + (73 (16, &) ~ 75 (ts, &)} 2= 73 (1. &) . (134)

ml ={my (tg) - (r5(ts, ) — 75 (te, €))}H 2= 7. (ts, &) - (13b)
Substituting (3a), (3b) and (10) into (13a) and (13b), and differentiating yields respectively
oy 1 0ts = [{7(ey)* — 4(es) M + (des — 78,) B1/(12a) , (14q)

Org 10t =[{4es)” — (&) }s + (& —4es) B1/(120ar). (14b)
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Thesignof dz; /dt, isaways non-positive while that of dz, /dt, isambiguous. To see this,
evaluating dr; / dtg at t =t (e,) toobtain dz] /dt, = (e, —&,)3/6a <0. Inorder for the JV to be
formed, we must have t, <t (&) . Eq. (14b) thusimplies that dz] /dt, isnegative under the JV if

& =6

The observations above giverise to

Proposition 2: Suppose that the South reduces the emission tax. (i) Under the full-ownership FDI,

output and profitsincrease; (ii) Under the international JV, its output and profits increase. The JV

shareto firm Sincreasesif e, > g, and does not changeif e, = e, but its profit always increases. The

JV shareto firm N decreasesif e, > e, and does not changeif e, = ¢, but its profit may increase or

decrease.

Next we derive the effects of technology differences on the parents' respective profits from the

JV. Differentiating (13a) and (13b) with respect to e, to obtain
Oy 1 0eg = (073 1 0eg) =ts(B—ets)/(3x) 2 0, (15)

where the last equality holds only for t, = 0. Otherwise, strict inequality holds because §—et, >0

for tg <t,(e;) , which isthe condition for the JV to be formed. Thus, we establish

Proposition 3: Given a positive emission tax, the larger the difference in the parents’ abatement
technologies, the more (less) firm N (S) benefits from the JV. If there is no emission tax, then the

difference does not affect profit distribution.

Thisresult arises because if the difference in the abatement technology increases, the threat
point becomes more advantageous to firm N. It follows that firm N obtains alarger net share of the JVv,

which increases its profit, while firm Sobtains alower profit because its net share falls.

6. The Optimal Emission Tax for the South
11



In the first stage, South chooses the emission tax to maximize national welfare, given the

abatement technologies and the emission tax in North. We assume that North does not take any action

against the emission tax chosen in South. We still assume t,, >t , so that production can occur only in

South. Whether JV or full-FDI arises depends on the emission tax, as shown in Proposition 1. We

derive the optimal taxes respectively for both cases.

6.1 Full-Ownership FDI
In this case, firm N is amonopoly in the South. Because consumption isin athird country, the

South’ s welfare consists of the tax revenue and the environmental damage.
W' (t) = (s — d)exy = (s —d)e, (B -e,ts) /(22), (16)

where d is the environmental damage per unit of pollution emission. The government chooses t. to
maximize (16), which yields the optimal tax rate as:

t{ =(B+e,d)/(25,). (17)
And the corresponding welfare level is:
W' (tg') = (B -&,d)" /(8a) . (18)
The optimal tax and the corresponding welfare are valid as long as firm N undertakes a full-

ownership FDI, i.e, t,(e) <ty <T.If t) <t (e,), the optimal tax under the full-ownership FDI

S
becomes t,(e,) . Also, we must have ty <t , or equivalently g >e,d for the firm to produce a

positive output at the optimal emission tax, which we assume true in the following analysis.

6.2 Joint Ventures
Under the JV, the South’ s welfare consists of the tax revenue, the pollution damage, and firm

S sshare of the JV profits, which can be written as

W, (tg,e) =W, (t) + 72 (L, e,) (19)

12



where W." (t,) and 7, (t,€,) arerespectively given by (16) and (13b). Eq. (19) differs from (16) in

that firm Sobtains afraction 1- sof the JV profits, and it has the following properties.

Lemma3: ()W (0,6,) =W;" (0) + 7y (0)/2< W' (tg') , for any ey; (i) W' (t, (&), &) =We' (t,(&))

for any e,; (iii) W, (t 5, &) >W.' (tg) , for any t, e (0,t,(ey)) -

Theintuition is asfollows. Firstly, if t, =0, the net share of firm N becomes 0.5 for any e,
since both parent firms obtain the same net profit at the Cournot equilibrium (see (8b")). We also have

W, (0) + 7\ (0)/2= B(B - 4e,d)/(8a), which is smaller than the maximum welfare under the full-
ownership FDI given by (18). Secondly, if t;=t,(e,) , the net share of firm N becomes 1 for any e,
since it becomes a monopoly firm at the threat point. Thirdly, if the JV isformed, the profit of firm S
from the JV isalways positive, i.e,, 7 (ts,e,) >0 for any t, € (0,t,(e,)) -
Differentiating (19) with respect to t , we obtain the optimal emission tax under the JV:
t; ={(7e, —4e;) f+6(e,) d} {4(e)* ~13(g, )} =to (&) - (20)
In (20), t; is obtained as an interior solution, i.e., tJ (&) € (0,1, (&) . However, it could be a corner
solution, which is either O or just below t (&) . Given (20), South’s corresponding welfare is
WG (t (&) &) =W (t5 (&) + 75 (15 (&), &) - (21)
Using the envelope theorem and Proposition 3, we derive
dW; /de, =0 /oe <0, (22)

where equality holdsif and only if t; (e;) =0. Therefore, the maximum welfare of the South under the

JV decreasesif its abatement technology deteriorates.

6.3 The Optimal Emission Tax

13



When maximizing welfare, the South takes into consideration the parent firms' decisions.

Whether full-ownership FDI or the JV is chosen depends on e, and t., asis shown in Proposition 1.

We compare the welfare under the full-ownership FDI and under the JV, and the optimal emission tax

for the South is the one yielding the higher welfare.

Let us start with the simplest case that e, = e, , or t°(e,) =T . For any emission tax less than
t,i.e,forany t, € (0,t°(e,)) , the JV isaways chosen. Then, South’s welfareis defined by curve AC
in Figure 2(b), and the optimal emission tax becomes t] (e, ) . Expression (20) gives the welfare
maximizing emission tax: tJ(e,) = (8 +2e,d)/3g,,and ti(g,) <ty .

Undere, > e, , if t; € (0,t°(e)), the parent firms form the Jv, and South’ s welfare is given by
(19). The maximum welfare is decreasing in e, unless t; (e,) =0, asshown in (22). If t, [t°(&,), T),
the full-ownership FDI is chosen, and South’ s welfare is defined by (16). In this case, the maximum

M 12
s -

welfareisincreasing in e, until e, reaches € suchthat t (el') =ty . If e, islarger than €', then
t,(e,) issmaller than ty . The maximum welfare when the full-ownership FDI is chosen is dways
atained at t.' , and isequal to W,"' (t' ) for any e, > €l .

Now, define & such that W, (t;(€,), &) =W," (t ) . Applying Lemma 3 we can illustrate

South’ s welfare with various abatement technol ogies and emission taxes. In Figure 2(b), curve AB

represents South’ s welfare under the full-ownership FDI. Curves AC, DC, and EC are its welfare under

theV for e, =g, , ;=€ , and e, = &, respectively. South’s welfare under the JV for e, =&, is
given by curve CE. For t € (0,t,(€,)) , the JV is chosen, and the South’s welfare is given by
W (t,, &) , which reaches maximum at W, (t] (€,),€,) for thisrange of t.. For t, e[t,(&,),T], the

full-ownership FDI is chosen and the welfare is defined by W," (t,) , which is expressed by curve EA.

2 The explicit value of eg” ise (38+e,d)/(2p +2e,d) . InFigure 2(b), as e, increasesfrom g, to eg” , the
maximum welfare under the full-ownership FDI increases along curve AD.
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The maximum welfareis W," (t') for thisrange of t,. Thus, there are two different levels of the
emission tax which maximize the welfare of the South for e, =& .

From (22), for any e, €[e,,&,) , the maximum welfare under the JV islarger than that under
the full-ownership FDI. On the other hand, for any e, > €, we have W, (t (e,), &) <W." (t§') . Under

the JV, the South’ s welfare could be maximized at t, = 0 or just below t,(e,) rather than t;(e,). But

from lemma 3 (i) and (ii), the welfare level under the JV attained at these emission taxesis lower than

the maximized welfare under the full-ownership FDI. Then, the optimal policy for the South isto set
t =ty and let firm N conduct a full-ownership FDI for any e, > €, .

Figure 2(a) illustrates the optimal emission tax depending on the abatement technology of firm
S For g, €[g,, €], the South’ s welfare is maximized under the JV, and the optimal emission tax is

depicted by curve 37" For e, > &,, the maximum welfare is achieved under the full-ownership FDI

and the optimal emission tax is shown by curve MM’.

Summarizing the above, we can state the following proposition regarding the South.

Proposition 4: Supposethat e, > ¢, t; <t,,and t, >t . (i) For e, €[e,,&,), theoptimal policy is
to set the emission tax according to (20) to induce the international JV; (ii) For e, =&, the optimal

taxes under both the JV and the full-ownership FDI yield identical welfare; (iii) For e > €, the

optimal policy isto set the tax according to (17) and to let firm N undertake full-ownership FDI.

Proposition 4 implies that the South gainsto set the emission tax low enough to induce the JV
when the two countries’ difference in abatement technology is small. A relatively lower emission tax
brings lower tax revenue and larger pollution damage, but the benefits from attracting the JV and its
technology still more than offset the losses. If the difference in the abatement technology is large, the

South should leave firm N to undertake fully-owned FDI and impose the optimal tax.

15



Suppose the South manipul ates the emission tax to induce the JV, even if technology difference

isvery large. The prohibitive level of emission tax for the JV to be established is t,(e,) . In addition,
since t,(e,) isdecreasingin e, wehave t)' =t (el') >t,(€) > t,(e;) for any e, > & . Anemission

tax lower than ty must be imposed to induce the V. Therefore, we obtain

Corollary 1: Supposethat e, > ¢, t, <t,, t, >t , and the South has a sufficiently low abatement

N7 N

technology such that e, > &,. To induce the JV in the South, the emission tax must be set lower than

t, (&) , which is below the optimal level. As a consequence, the volume of emission becomes larger.

This corollary implies that precautions must be taken when encouraging the South to form
international JV'sinstead of full-ownership FDI. Giving incentives to form the JV is not beneficial to a
country with sufficiently inferior abatement technology in terms of welfare and the environment. It
reduces the tax revenue and degrades the environment, although the South could receive the better
technology of the North. In terms of technology transfer for the environment, full-ownership FDI isjust
as good asthe JV, because they use the same technology. When welfare is al'so considered, the vV
could be better because the South has a share of the profits. However, Corollary 1 showsthat if the
South’ s technology is sufficiently poor, the Southern government must lower the tax by so much to
attract the JV that both tax revenue and quality environment are lost. And these losses more than offset

the profit gains.

7. Joint Ventureswith Regulated Shares

Many developing countries impose legal limits on foreign ownership. Applied to our model,
the South may require that firm S owns a minimum share of the JV, which we examine in this section.
We provide a case showing that deregulation improves the quality of the environment, especially for

the LDCs with poor abatement technology.

3 The optimal tax may beincreasing in e, for someinterval of e_(though not illustrated by curve JJ).
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7.1 The Threat Point

Firm N cannot undertake full-ownership FDI in the South due to the legal limit on foreign

ownership, evenif tg <t . If bargaining breaks down under the minimum share regulation, firm S

produces in the South, but firm N must produce in the North, or exit the market. Specifically, four
possible cases arise. The simplest of them is enough to illustrate our point, which we consider now.

That is, firm N exits the market and firm S becomes a monopoly at the threat point. This arises if the tax
rate in the North is too high, specificaly, t, >T. "
The profit of monopoly firm Sat the threat point is, for t, < /e, = t(e,),
7l (tg,e) = (B-te)’ /4o . (23)

The combination of both parent firms' profitsis (r,,75) = (0,74 (ts,&;)). If tg >t (), thenfirm S

does not produce at al and (7, 7z;) = (0,0) . In figure 3(a), dotted curve ly indicates t,=t,(e,) .

7.2 TheFormation of a Regulated Joint Venture
Suppose that the South sets the minimum share of the JV to thelocal firmat 1-5, with S > 0.
The regulated share may or may not be binding. If the regulated share is just binding or not binding, we
must have 73 — 7 = 7ty — 77y, asissimilarly shown by (8b). The share is expressed by
S(ts,8) =0.5- 78 (tg,€,)/ 27 (ts), (24)
for t, <t (e;), and s(t,e,) =0.5 for tg >t (&) . If the shareis binding, we must have
Ry —me >N — 7y & S <s(ts, e) .

Then the net gains for them from the threat point are positive unless s(t.,e,) =0, since we

have 73 — g > zry, — 7y, = Min{s(tg, &), S}z > 0. Infigure 3(a), the V isformed in areas | and I1.

 The three other possible cases are: (i). Neither parent firms produce at al; (ii). Firm N becomes a monopoly in
the North; (iii). Duopoly: N and S produce positive outputs in the North and South, respectively.

1> The maximum value of the non-binding share is 0.5. We assume that the regulated share is smaller than 0.5 so
that the regulation can be effective.
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The JV isnot formed in arealll where the profit of the JV cannot be positive, or online €, or on the

vertical axis.*®

The first-order condition for the JV output under regulation is
{(=3)(xy, —7y) +S(xd —75)} (0, 1 6%,) = 0, (25)

which saysthat or, /0x, = 0 even if the share of the JV isregulated, i.e., the JV output is the same as

that of amonopoly by firm N.

7.3 The Optimal Emission Tax under the Regulated JV

The welfare and optimal tax depend on whether the minimum share is binding or not binding.

Let us define f(e,,S) suchthat s(fs,e,) =S . Thisisthetax at which the minimum shareisjust
binding. From (24), we obtain f,(e;,5) ={1- (1- 25)*°} B {e, — (1- 25)*°g} . In figure 3(a), curve I
correspondsto tg =t (e, S) .
When t, >, (e, S) , or the minimum share is binding, South’s welfare under the regulated v
is defined as
WS (L, 5) =Wy (ts) + (1- )y (L) (26)

And the emission tax maximizing (26) is given by

te =(Sp+e,d)/(S+1De,. 27)

If S werebinding for all emission tax levels, then South’ s welfare would be represented by curve AB

in figure 3(b).

®|f t,=0 or g, =€, weobtain 7y (ts,6) =7, (ts) . Then, S(ts,€;) becomes zero, and firm S cannot
earn additiona gains even if the JV isformed.
" Curve I lies l&ft of the dotted curve Iy for any e, > e, .
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When t, <f.(e,,5), S becomesjust binding or not binding at all, and in (26), S is replaced
with s(tg,&,) . Note that we have (i) WL (ts, 5) =W (tg, S(ts, €)) if S isjust binding, and (ii)
W (ts,S) <W'(tg, S(ts, ) if S isnot binding. Suppose, for example, that e, = €5 in figure 3(b).
Then S isjust binding at t, =tg and isnot binding for t¢ <tZ. Thus, South’s welfare can be drawn as

ADC. Note that for t e[t ,t,), the South’swelfare is equal to zero since bargaining breaks down and

firm Sdoes not produce at all.

Now define & such that the maximum welfare under anon-binding S isequal to that under a
binding S, i.e. W, (tJ (&,),&) =W, (t5,S) . Infigure 3(b), when e, =&,, S isjust binding at t, ={;,
the same level of maximum welfare is attained both at t: (&,) and tZ . We showed in section 6 that the
maximum welfare without regulation is decreasing in €5 . Thus the maximum welfare is attained with a
non-binding S for any e, < &, and the optimal tax schedule is given by curve JJ in figure 3(a). If

e, > &, the maximum welfare is attained at t with abinding S, and the optimal tax schedule is given

by RR'.

We now sum up the results so far in this section.

Proposition 5: Supposethat e, > ¢, t, <t,, t, >t , and the minimum JV shareto firm Sis set at
1-5. (i) For e, €[e,,&], the South’s optimal policy is to set the emission tax according to (20) to

induce the JV with a non-binding S .. (i) For e, > &, , the optimal taxisset at t, =t{ to induce the JV

withabinding S.

To see theimplications of Proposition 5, consider the hypothetical case in which the formation
of international JVsisimpossible, and only the local firm in the South produces a positive output.
Straightforward cal culations show that the optimal tax is equal to the marginal damage, d . This
optimal tax is valid aslong as the local firm produces a positive output, so thet either d < g/e, or
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& < f/d holds. In addition, & becomes smaller if the minimum share to thelocal firm, 1-§,

becomes higher.'® Then, there exists e, € (&, 4/d) such that, for the developing countries with
abatement technologies within this interval, the optimal tax without the possibility of any JV is d ,

while the optimal tax is t5 when the JV is formed. The South can impose a higher emission tax under

the JV than in the absence of the JV because we have t; —d =S(5—e,d)/(S+1e, > 0.

Since the local firm hasinferior abatement technology, the emission tax brings arelatively
heavier burden to the local firm than to the foreign firm in the absence of the Jv, which makes the
Southern government hesitate to charge a higher tax. If the South attracts the JV, the local firm
becomes more competitive in the sense that the JV employs the superior abatement technology of the
North. Then, the Southern government can charge a higher emission tax on the JV. In this sense,
attracting international JVsin the South can aleviate its dilemma between environmental pollution and
competitiveness.

Next, we look into the effects of regulation intensity on the optimal emission tax and the
emission level. Differentiating tg in (27), we obtain
dts/ds = (B -e,d)e, {(S+De,}* >0, (28)
Theinequality in (28) stems from our assumption that 5 > g,d . Anincreasein S, or deregulation,

reduces the profit share of the JV to firm S, and the negative impact of raising the emission tax on firm
S'sprofit becomes smaller. As aresult, the optimal tax becomes larger. Together with Proposition 5,

we can establish

Proposition 6: Supposethat e, > ¢, t, <t,, t, >t , and South’sminimumshareis 1-5. If g, > &,

deregulation on the share of the JV raises the optimal emission tax, and reduces emission.

'8 This can be verified because curve Ir in figure 3(a) shiftsto the left unless e, = e, when 1-S  becomes
larger.
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Proposition 6 follows from proposition 5 and implies that deregulation on the share of the JV
improves the quality of the environment. The conflict of competitiveness and environmental quality
cannot be resolved by regulation of foreign investment, but rather by its deregulation, for the

devel oping countries with poor abatement technology.

8. Concluding Remarks

We have examined how international differencesin abatement technology and emission tax
affect FDI strategies of parent firmsin the North and the South. We derived the optimal emission tax
for the South, either to attract full FDI or aJV, which depends on the level of its abatement technology.
Ownership regulation of the JV has also been investigated in detail. Our results are consistent with
several documented reports and empirical evidence, which hopefully can provide some guidance to the
developing countries in designing policies to attract FDI, foreign technology and especially in
preserving the environment.

We abstracted from some important aspectsin order to keep our analysis tractable yet relatively
comprehensive. For instance, the demand, emission and damage functions are all assumed to be linear.
Maodifications of these assumptions may change our main results to some degree, but not the basic
features of our analysis.

The following extensions can be considered for future research. Firstly, we have used constant
abatement technologies in both parent firms. In particular, the parent firm in the North may be ableto
upgrade its abatement technology and reduce the environmental cost brought by stiffer environmental
policies. Then, the firm faces a decision between staying in the home country with technology
improvement and investing in the South with more lenient environmental policies.

Secondly, we have adopted an emission tax to model the international differencesin
environmental policies. But emission standards are becoming more popular as a regulating tool.
Investigating the location decisions and the optimal policy under emission standards complements the

analysisin the present paper.
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Finally, we have examined only the policies of the South. The North may respond to these
policies and choose its own best emission tax. It should be interesting to study the Nash equilibrium of

apolicy game between the two countries.
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