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Abstract: In this paper, we study trade and environmental policiesimgernational duopoly serving two countries, with patbut
abatement. This analysis is done in both mixed and privétizarkets. The model has two stages: First, governmentssehoo
environmental taxes and import tariffs, simultaneoudign, the firms compete in the market by choosing output Iéeethe domestic
market and to export and also abatement levels. We analgsdfétts of privatization, and we also compare the resbligioed in the
international competition with the ones got in a domestimpsetition.
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1 Introduction in Wang and Wang's paper, by considering a
Stackelberg-type sequential-move game.

Markets wherein public and private firms compete can be 1omaru P] investigated how decision-making upon
seen in several industries across different countriesC0St-reducing R&D investment by a domestic public firm

Industries such telecommunications, electricity, ndtura S affected by privatization and entry of a foreign firm.
gas, airlines industries, as well as services including!n® author showed that privatization ~deteriorates
hospitals, banking and education are good examples. Fjeffomestic social welfare. Matsumura and MatsushiBja [
and Heywood 4] analyzed a mixed market in which a shoyved that privatization of the public firm can improve
state-owned public firm competes as a Stackelberg leadeiocial welfare.
with domestic and foreign private firms. Pal and Whifg [ Ohori  [6], studying the interaction between
studied the interaction between privatization and stiateg Privatization, environmental policy and international
trade policies, by considering two instruments: a domestidrade, showed that policies of privatization can affect the
production subsidy and an import tariff. Serizawg] [ €nvironmental quality. The model considered is a mixed
analyzed how different types of trade policies affect duopoly with a public firm in a domestic country and a
welfare and compared welfare under combinations ofPrivate firm in a foreign country, competing in both
different policies in an international competition. markets. The model incorporates environmental taxes and
Some environmentalists argue that increasedmporttariffs.
international trade can damage the environment. Wang Ferreira and Ferreirs] did a similar analysis as done
and Wang 10] explored whether privatization improves by Wang and Wang1[], but, following Ohori [], they
(or deteriorates) the environment in a mixed duopolisticconsidered that the public firm aims to maximize the social
framework with differentiated goods and pollution welfare, instead of the sum of consumer surplus and the
abatement. They showed that, if the public firm is firm’s profit.
privatized, less attention is paid to pollution abatement b The model that we will consider follows Ohoré]
all the firms coupled with less environment taxes leviedwith the following differences: instead of a linear cost
by the government, and the environment is more (lessfunction, we consider a quadratic cost function; we
damaged when the goods are less (more) substitutabléntroduce abatement levels; our objective function of the
Ferreira and Ferreir&] examined the same questions as public domestic firm is the sum of consumer surplus and
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the firm’s profit, instead of the social welfare (see Wanghome firmF and sets a tariffs; to regulate an imported

and Wang 10)). good. So, tax and tariff revenues collected by the
An extended abstract of a previous version of thisgovernment in country are, respectivelyl; = tid; and

paper was published in the Proceedings of thé 12 U; = li€gj.

International Conference on Numerical Analysis and The objective function of each government is to

Applied Mathematics (sed]). maximize social welfareW, which comprises the
The remained of the paper is organized as follows. Inconsumer surplu€s, the home firm’s profitg, the tax

Section Il, we present and discuss the mixed modeland tariff revenued; + U; collected by the government,

Section 1l deals with the privatized model. Section IV less the environmental damag®;:

yields the main result gained by a direct comparison

between both the mixed and privatized models. In Section W =CS+mnm+T+U —ED, Q)
V, we compare international and domestic competitions. S
Conclusions are presented in Section VI. where the profit of firnF is given by

2
7= (o —q)hi+(a—gj)ea -y —tid —%—u,-a, i=1,2.
)

Consider two countries. The government of each countryObj eﬁ:s';ivlg f\ll,lvr?gt?or?r;g X\é?iﬂgegjlogsﬂ:ﬁep:ﬂc (Ilfrrgolillssumer
(i 110 reguilats an imported good. A monopolists firm SUTPIUS a1d the s proft, gven &= CS, + 5
v esch count concurenty provde  homageneous 11 1008, 125 1o slages n e Tt s
good for the home and foreign markets. The firms are?am_fs simultaneously. Then. the firms engade inpa
assumed to generate one unit of pollution per unit of ' Ously. y gagd

: ' : Cournot competition, choosing output levels for the
output. The quantity produced by the finf, with domestic market and to export, as well the pollution
i =12, isy; = h +eq, whereh; and g denote the port, P

quantities produced by fir; for the domestic and abaéergi?é I?I;/elt?/;lo cases, the mixed competition and the
foreign markets, respectively. We assume that the y ying ! P

domestic firmP; is a public firm, and the foreign firrfy postprivatization competition, we show that, under the

is a private firm. FirnFy's aim is to maximize the sum of optimal environmental tax and import tariff, privatizatio

consumer surplus and the firm’s profit, while the objectivei?; t?c?vgs?;?:iglrr\?ve\?flgrrzei}rr]l?hceiocngﬁz?rc 3}?&:2' fcv)vr?alifar:eﬁrer}r?'d
of the foreign firm is to maximize its own profit. b y 9 '

Consumers in each country buy the good in the domestié:urthermore, it results in an environmental improvement
market. The total consumption in countrig g = h; + j, n both countries.

with i = 1,2 andi # j. The inverse demand function is
given by

2 The model

p=a—g=a—(h+e), 3 Case I: Mixed duopoly

wherea > O represents the choke price. In this paper, We|, s section, we consider the case in which a home
assume that both firms have identical technologies and thEuinc firm F, competes with a foreign private firfp

production cost functlpn takes a quadrauc'fomQyi) = according to the considerations above. Namely, the model

F +yi2, whereF = 0 without loss of generality. The total consists in the following two-stages game:

consumer surplus in countiys

—In the first stage, both home and foreign governments
cS = }(hi 4 e-)2 choose, simultaneously, environmental taesndt,,
2 ! and import tariffsyy andpy, respectively;

—In the second stage, both home public firm and foreign
private firm choose, simultaneously, output levels for
the domestic markeh; andhy, and to exportg; and

42 e, as well the pollution abatement levets, and ay,
|

ED; = > respectively.

The production of the good by firf leads to pollution
di. Environmental damage function is given by

] ) ] As usual, the game is solved by backwards induction.
However, each firm can prevent pollution by undertaking|n the second stage, both firms choose, simultaneously,
abatement measures. Suppose that if fifmchooses output and pollution abatement levels. So, we
pollution abatement levek;, then the corresponding (jfferentiate the functios with respect tohy, e; anda;

emission level isdi = yi —&. The cost of pollution  and the functiors with respect td,, e; anday:
abatement of firnf is a?/2.

In each countryi, the government imposes an G
environmental tax; per unit of pollutant emitted by the oh, a—2e;—3h;—t1 =0,
(© 2017 NSP

Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.11, No. 1, 13-18 (2017) www.naturalspublishing.com/Journals.asp NS = 15

G

e o—4e;—2h;—hy—t;— U, =0, Proposition 1 At equilibrium, the environmental taxes and
& tariffs in the mixed duopoly are given by:
96 a0, y_2053LW . 21805%
9% 1~ 2034327 2 7 2034327
oTE
a—réza—el—2e2—4hz—tz=0, v 40518 w 1455321 ©)
M= 678100 2 T 2034327
% =a—4e—h —2hp—tr— =0,
€ Now, substituting the previous values baclatoh; and
1B g yield the following outcomes at equilibrium:
— =th—ay=0.
day
The above first-order conditions yield the following Proposition 2.The pollution abatement levels in the mixed
results: - 5 duopoly are, respectively, given by:
a —5t —to+ g+
hy = %o ROk (3) v _ 29531& v 218053 o
17 2034327 2 7 2034327
o —ty+ph+
hy = #’ (4)

Proposition 3.The optimal quantities to be produced by
each firm for the domestic market and for export in the

o= 20 — 5t; + 3tp — 3y — 182

40 ’ ©®) mixed duopoly are, respectively, given by:
60+ 5t — 11ty — 29u; — 14, v 19176& v 41667 11
&= 80 ) 6) 1 = 678109’ 2 = 2034327 Y
6550 7151&«
a=t, a=t. (7 M_ o0 M_ 9T
. . ® = 03azz7 2 ~203azzr 1P
From equations?), we see that both home public and
foreign private firms abate pollution to the point where . . .
marginal abatement costs equal the taxes. From this proposition, we get that the total production
In order to maximize the objective functions of the and consumption in the home country are
g%vernTePt\s;\,/we.tguBU) iniot\ét\& angvvz, anctithZen_tvr\I/e " 25208y o 6468221
ifferentiateW, with respect tot; and 3 an wi 1 = aaiia’ Y = 55735
respect td, and: 88449 2034327

and the total production and consumption in the foreign
country are

OWL 6220 — 4175+ 33+ Ty — 2784

o 1280 0, 16273, 141074
2~ 678100° ¥ ~ 678100
Also, from the results above, we obtain the profits of
ﬂ — 2980 + 3% — 653 — 370741 — 162417 =0, each firm, environmental damage level and the social
O 6400 welfare in each country, as shown below.

oW, 20820 + 6557 — 1985, — 1703u; + 742up Proposition 4 At equilibrium, the environmental damage
o 6400 =0, EDM, the profitn™ of each firm, and the social welfare
WM in each country, in the mixed duopoly are given by:

2 2
oW, 1540 — 365 + 371t + 3091 — 22264, Epl — 21227331087 y _ 129739987687
ETP =0. 919663631762 8276972685858
oo 3200
. _ 6821157259182 8816668228262
Thus, we obtain the following restlt 1 = 8276972685858 2 = 8276972685858
m 669452752562 v 615291400582
1 We use the superscrip to refer to the mixed duopoly. 1 7 459831815881 2 7 459831815881
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From this proposition, we conclude that, in Proposition 7 At equilibrium, the environmental damage,
equilibrium, the consumer surplus, the environmentalthe profit of each firm and the social welfare in each
damage and social welfare in the domestic country areountry in the privatized duopoly are, respectively, given
higher than in the foreign country, which is due to the fact by

that the optimal total production and consumption are p 42327
higher in the home country than in the foreign country. I = 2886071
We also observe that, in equilibrium, the profit of home )
public firm is lower than that of the foreign private firm. ”iP _ 964131

This result is due to the fact that the domestic public firm 977202’
acts to maximize home social welfare instead of its own 6760102

. . . . . . P_
profit, while the private foreign firm acts in order to W = 183601"

maximize its own profit.

. o 5 Effects of privatization
4 Case ll: Private duopoly (postprivatization) P
In this section, we compare the mixed and privatized

In this situation, both firms are assumed to Dbe yyopoly equilibria. The following result summarizes the
profit-maximizing private firms. So, the home firf effects of privatization.

aims now to maximize its own profit

2 -
7= (@ — u)hy + (0 — )er — Y2 — tach — % ey Theorem 1At equilibrium,

In the final stage, the firms produce the good in order to W<yl <y

maximize their own profits. Using the same way of M _ P M
i i i 0 <q <(q

computations as previously, we get the following regults 2 | 1>

a <a) <all,

Proposition 5At equilibrium, the environmental taxes and tiP < tg" < t{",

tariffs fixed by the governments in the privatized duopoly M M b

are given by: Hi" < Hz' < Hi,
tP 73a p_ 97 m < <m,
‘6997 T 699 ED” < EDY < EDY,

C C C
From the above result, we have the following $/I< §< QA’
proposition. WM < WP < WM.

Proposition 6At - equilibrium, the quantities to be It is interesting to observe that privatization of a
produced by each firm for the domestic market and topublic firm raises tariffs and lowers environmental taxes
export in the privatized duopoly are, respectively, givenin both countries. The last part of this sentence is natural,

by: since it is expected that the more the competitive
W 131a elpzﬂ pressures, the stronger will be the incentive of the

' 699’ 699’ government to reduce the optimal tax in order to shift

p 730 rent. The increase in the optimal tariffs leads to the

& =~ 699 decrease in the production level and, then, to the

improvement in the environmental damage. We also note
_ . _that privatization of the public firm decreases social
From this proposition, we get that the total production welfare in the home country, but increases social welfare

and consumption in each country are in the foreign country. This result is different from the one
got by Ohori p]. He has shown that privatization worsens
550 , : :
yiP == —q. social welfare in both pou.ntn(_as. _
233 Other effects of privatization are the following. In the
Furthermore, we state the following home country, the profit of the home firm increases and the

total consumption also increases. On the other hand, in the
foreign country, the profit of the domestic firm decreases
2 We use the superscriptto refer to the private duopoly. and the total consumption increases.
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damaged in the mixed duopoly than in the private market. &
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