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1. Introduction

erned with the

wunental protection has boen co

Mush of the scadenic sud public debate un envi

abde. (e question

issue to what extent government Imtervention lo prateet the environment is d

bas hean partienlarly contentious, namely whether sovanment regulation could caise prodeet or

mnovation! by firms which, in tum, would make Chem more and not less

process adeption (o

productive and, witimately, pr ble. An argnent along this line wag first presemed by Porter

| and bas become known as the ‘Porter hypothesis'. Crities of Porter’

two pointe: First, that poliution control necessarily fnvolves a cost fo the o amplying firm

o Hn's profits and wndenmines its international cornpetitveness, Srcond, that productivity

8 (X

i nob o ince profit maximizing frms would have adopted

zains which eomid ofise

fntion

o invented the new technologies befors any government-imposed regulation, Since sy resi

b nenation avd improves profitability” argiment. such as Porter hvpothesis, is in condicr

with the effivient market hypothesis mnportant 1o investigaie whether the argument can be

e model! .

dertved from Brst principles, Lo., within the framework of a standard scon

sis of Porter's hypothests incinde Oar

Previcus papers which provide a fonmal ay

L Simpson and Bradford [19], Xepapades and de Zeeuw [21], and Mohr 131 With

and Pormey |

the exveption of Malir, none of these papers find strong evidence Tor the exdstence of a win-win

appert
with striel

SLUZ paris par fail
(LOB parts pes 1t T A% ; e of agh new si;.rmax’i Jnpeness s wmveatad heavily
ch c?i‘m mrJ "m anly 1.., imunw{d .ﬁmtlfmen' tesh

1,

BT

TN PEE
- auiompiibe roacket 1w the afferms
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MG A result wan Onles onoal find flod
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their st is move of o rhe
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theless,

Zogipy

don s unlikely o eoner

coimpotitive advantage 1

A whict

develon s me sdiras the msin voint of Porter’ Luamely the existence of s oadioll

between pollation red Lvenecss, They then consider mi

T VT GO

ing facmors

fon ef s that the lrade-off oo

such s downstzing and wmoderniz

a win-win sibuation cannot gencrally be expected bnt that

ities” Mohe sstablshes condition under which

Pproduenivity simult

3 dae ot

possibrde in Mol 's framework, 1t s 5ot o

R EES 2

uf waste. Sinee the m

aifows firy

toy produce wore output per un

itlon Lo ine

it i Bs medel, g oo aner will aliow pr

b this paper we analyze 4 policy seenario which vanant of Porte

te Port,

iyt m © o produee 3 win-win sitoation, 1o con

stae case of mubilaioral enviionme
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3
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mndel & regulation driven whewin situation may indeed oconr under certain eonditions. However,

wo need Lo impose faidy strong restrietions 1o generate the vesult which casts donbt un the practieal

relevance of Porter’s lnpotl

The paper has two nmin sesults, Fiest, we show that ina symmetric Coumnot duspoly wmode!

with pollutiog firms, there exist paramerer values such that in the resulting Nash equilibrimmn

toth firms choose the ok, high polluting tochnology even thongh adoption of a new, low pollution

sechinology wonld yield higher profits (prisoner’s dilemma). Second. we show thal government

servention in the form of direct emission controls

L, an upper bound on flrm Jevel emissio

ddes e ineentive for fioos Lo invest inoan environment-friendly technology and merosses

as ong as the restriction on pollution levels s sufficiently strice,

The inteition for these resulis

s stradghtforward. The central mechanism of the paper concerns

the trade-off for fimus choosing between an old technology with no fixed cost of nvestment bt

o high meuginal cost of production, and & new technology with lower marzinal cost bay o certain

fixeed cost of wvestment. Given sirong enough spillover cts (f.e., i one frm invests in the new

technology. the other finm’s marginal cost declines ag well) and inereasing veturns 1o scale thal are

51 costs decline even

whal fo the fine fhe., if both firms invest o the new technology, mas

cabin Ehe absenes

frther for bot s, we can show Lhe existence of a prisoner’s dilenuna situa

of guvermnent intervention.

it direct ciission controls are i place, two onbeomes are possible. I sovennnent regulatic
2 1 1' LR ]

weal, the prisoner's dilomma sitaarion remalins intact but profits for both firms vise as the reduction

cmission condoals

i market size moves the market eguilibriom toward the cartel solution.

hecome stricter, profits for polluting firms begi decling at some point and e iy full below

s devel withon

the eguilih overnment imtervention. A some level of ondssion controls. the

ootimal strategy for s boromes to Invest i the new, low pollution sechnology. This techne

132 BRAZILIAN JOURNAL OF BUSINESS ECONOMICS BRASILIAV.3 N.3 P, 129-148 SETEMBRO-DEZEMBRO 2003



cwes Brms Lo ope

2 without government inposed quantity constraints whicl

maArgmal cosl of production, m

Gl for ench firm despite the cost of Investing

el new wechnology, Then

s prsenor’s Gilemima situabior This

reasvn why, ficon mily stdet envivonmn

fabion 1s opl

el

inth

Phe Coumnot duopoly framework chosen in this papey is Eroiremily cavionmer

ceonsoos it

e, pavticalarly in studies on optimal envirommental taxation feee Reguate 118

il Ty B Rl R i Foa ey ot - ;.
A regar o eavirmunental poliev instroments, mog of he

3

vtalile enission penmits while direct on

Pmodels of the impact of on

wnental policies on

e By Dlowning aud $White 6l &

ad as follows. We d
COVOYLIMIRE TeE

Herd

onchiudes the paper T

2. The Basic Maodel

We comsider a Cournet duopoly model with two linms, a domestic firon, T oand a0 firrmn.

Fimn specitic varial; By e HOF Both firms sunultancoy

They sell their outpi s the

sl

antput leveds, () dromy th

et () = ‘)

A= Qwhore 0= Qu 4+ @ The fima's cost strnciure depenes

betwery w0 tach;

firm

i

provinetion techn sgied, g new and an old one

of vestment bud comes with

BV B

3 ik A, PO
el ERCIIEROENY &

e gosuevey of the Heratere on Plgovian taxes s THPe, soc
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production. while the new technology has o lower arsinal cost but

rictly positive fixed cost

of wvestment, /. Farthenmore, i botl fivme use the old technology, marginal cost (MO §s equal

to o for both firms. B oone R chooses the new and the othier the old technoio he marginal

cost of the fiom with the vew technology fulls to 3 (with & < o), while the murginal cost for the

vther frm declines to & (with ¢ > § > 3 due o the assumption of within-ndustey spillover effecis),

Note that &

j i the case of e 1 spiilover effters. When both firms use the new Socling

nal costs Rl even further t¢ 4 {with v < 31 for both finns. This additional declise in the

ranrginal cost of production reflects the assumption of ecoomies of ses

at the industry level

We asume that polhitant emdssions, B are proportional to tetal outpnt of firm 4, Le.

@l where o s the poliution eocticient when poth fisps use the old technology,

rally, the

poilution oo »s with the smate of the art of the chosen production techuology, If only

ong firme uses the new, low pollution technelogy. the pollntion coefficient of this fem s egual 1o

with b < g} while the other frwds polintion coofficient is o {with d < ¢ due to environmental

soifiover effectst Alsol b < o with equality holding in the case of perfect spillovers, If both firms

use the new techuology, the pollution coefficient of each firmn s equal to ¢ {with ¢ < & due to external

wmiciies of seale)

We solve the model assuming perfect spillovers in both produetion and pollution, e, we s

3

to furvther siaplify matters. we also assume that 4 =

3 Phis assumption is

puredy ammatter of conventence. The results of the model wondd hold for pogitive values of 4 aud

¢as well, Pin

vl noting that given the fanctional forms of damand and cost functions

g,

atts are differentiable, strictly concave and satisfy appropiate bonndary

in this medel, profit fur

conchitions. We can therelore

ivie the reaction functions using the fist order o

ol fimy ean choose bet

sige ¢

cechnologies, there are four combinations

vl arvestin

134 BRAZILIAN JOURNAL OF BUSINESS ECONOMICS BRASILIAV.3 N.3 P.129-148 SETEMBRO-DEZEMBRO 2003



o + al
Case [ Profits are given b

Grld g

Qi — ofdp £2.9%

Profits are given by

e Q}g — (i

RTAT (2.4)

i firm {foreign frne ) invests and foreign fnn (domest

s that domestic S vests are given by

QP - 1

L ET R

T Qu QF) = (4 - Qu — QrlQr — Qr

Solving the profit maxdmization problem for each firm for each of the fonr case

ollowing m prafits, ontput, and polluiion levels {Table la-c)

Table 1a: Profit
T

Nai [pvest
T ;

Trovest.

e

Not Invest

1
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fe 1o Pollution
F

Not Invest

BLE| New Trvest

{rvest

00

liing

b i the g

Propoesition 2.1, There exists a nonstrivial sel of parameter wilues s

1 chon

firms w

yiolde hugl

1 by

teching

&5,

s eilemma situation with a nomenieal examy

existence of a prisoner’s ¢

ihustrate the

e of 4 and o

- {1, Note that our che

agel 3o ], Hecall that ~

4. We chioose | = 0 The chosen parameter values vield the

pavoil mate

Profit

|5

Not Invest Trivest

36.36
34.1.40.1 | 38.44,38 44

lovest

for both f

&

highost level of pr

Dol

(o the free sider adv

pollution T —

L

et offects between frms. Next. we exmnine

firm cans
v ol Firr wi the gushiy of the

ol mpro

b wh
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3. Goverument Intervention

The abiccine of the dore

eoandd the Torcipn government s 1o meduce the Jovel of

i

dhe indnstey. To achieve this goal both gova

WIS agvee o nmnpose aocap on the total lovel of

each firm. specities s pollution standard which firms

poil HERE EH the agresment,

cannot exeeeh, We ass ab governmenis aee fadr and treat all the Sons alike so that the
environmensal regulation is imposed equally on both frms, This can be thought of as handing o

anon-tradalde permdr to each fun allowing cacly 16 emit at most 8 auits of the pothatant

e of the duteresting effects of direct emission coni in o Cournol duopoby mode!

hons breply restoctions on ousput dovels which, in son el in

LOVET et

i lung as repulation i suffidently weak, This iy due 1o the wall-lpown

15

frar bk

strict vestrictions

opuly models visea-vis the cartel outeome. Tor suff

overprodustion in ol

on poliution and thus output levels, profits will decline and eventually be lower than withow

et 'I‘!Zﬁll.cn At

F determine the npact of direct emisslons controls on profits, output, and emisson

stitutes o

wo repeat the previons exercise with the difference that government regulation eon

constraint for firms. Instead of the previous four cases. we now have 1 dis wnish hetwoen siv
ST encing on whethier or not the new constrsing s binding in case 71 and IV,
Case 11 Both firms do ot invest in the new technology and the eonstraint is ther bindine

shout cor-

Clase 11 0 Horh firoos ang thus boih firtns opeate wi

b fiven does pot

Case Hls (IVaj The domestic tforeignd fims invesis. the forelen Tdeines

g nol bindine for gther finm.

invest, and the consty

Case b 1 IVhY The dex
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. aned

Blem vields the |

the profil maximizating pr

Solbv

a (Table 32-£):

poillirtie

Table 34

H i Not Invest x o
P ]
.

Invest ) !

bie b Profit - strict regulation
153
Not Invest Tvest
% , N % X o 1 Y kY
H |1 NI e T IS “»},; 3‘\;}), o ]
1 g f, ;’ LA ) . ‘.:é"rl I - F

e 3o Ountput - weak regulation

Not fovest Tvest

A

’:h-;

Tvest

Invest

Not [nvest | ab < -
X 2
= )

Invest

Tahle 3o Pollution -~ weak regulation

¥
Not Invest

NLX

] Not Invest

Invest
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dc 36 Pollution - strict regulation

¥
Not In

o bnvest | AN

Tnvest Tr

=

v Table Ja rin !

Comaparing Table 1 that wesk govermmnent 1egy

oavols e for tie case that both inng chowse the old ©

't oase Drodiia are highe

1 Therefore, wixder the cm

ions ol the st proposition, the dominent stra

tor both firins s still to choose the old, high polluting f

fnology, while th seynfemy

oid the bes - Weak environme thus ur

oureome i terms of pr

Wil

)

aiter the prisoner’s dilegnnz outeome. T comtras iy siringent caps on polintion levels alre

bl e choose the new techinelo Sullicie

it oy the case thae

regulation o me

21 ot ot

opens the door {or povermue
the prisover’s difenpna vap, This possibility 15 mace preg

Froposition 3.1, Provided that government ros

sradl toevel of pollution, there exists o none

Nash eq win Loth Ay choose iow poliuting to

Proof: see Appendix B

ninerical oxa

ifustrate this resule, we analyze ¢

= 2 Basxl on these w

he previous section), we derive the following pavdl tatrices:

Ble tu: Profit { X =

T

Not havest

H Mot foyost

Frvest
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Tabln

Profit (X

e

ot Iivest

Mo Not Invest | 925,325
Trrvest 64,70 JRd4, 38.44

-

Table 4z Profit { A = 2)

F
Nt Lnvest Invest
H § | Not Invest | 16, 16 L 24
Invest 24.30 3844, 38 44

When regulatic

=100 the dominan: s

tegy s s to choose the old, b

1 Gl

echinology, but firm profits increase compared 1o the case swithou! government intervention

. . - ,-7 "
However, i regudation becomes more stringent (X = 53, a dominan st ratamy no o

Dand Urof dnvest - nvest”, When rem

1, the dominay

strategy for both firms i8 to Invest in the new pollution-free

I that case, profits ave lower than in the case with weak regulag

excecd profits i the oa o existence

> withoul goverument regul

ation {Tuble 21 This Mustrate

of a regulabion-driven wan-win situation that combines

dgher profits with lower pollution levels,

4. Summary and Conclusions

In this paper. we consider a Cournot duopoly model of twe polluting o

3y ChOOse 001

an old and new production fechinoloey in two difforent political enviramnents: with and withou
|

crmnent restrictions on pollution levels. The paper has two nain results,

1in the 1008

of povernment intervengion. we demonstrate the existence of an aquilibrivm such thar the dorminan

sirategy bor both fims s o choose the old, hig

i

-pollution techinology. The more profitable outcome

- Loth Brme choose the new, low pollution technok

of an equilibrivm sioes each B has
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an incentive B mvestment de

)
shie that

eridssion controls el

L the mod low polluting rechnolomy, the suteome dharacter

ower poliufion

s o8 fonmal model that deseribes how envi It oo e

ronental

HowWhewin sibu

. However. to achieve this goal, restyictive assunptiops tehe imposed:

iaperfectly competitive ma e, asvimmeic of ve technolo

mtre-indusiry spillover effects I Whether these

ictions Lold in realily remalng an open question. But even H they do hoid, the exst

SO

aner’s dileranm situntion without government intervention also depends o o

il pararmeter

s dilemma outoome m

wa oy other values, o prisone

ot esash, makd

tood g

able and for less desirable ca s cholee tom

icrione lews e

i the old. high polluiing {echr: lappens w be the m

the absence of

& Oidty

JOTHE

government infevvention, diseot emission conirals will not be able 1o fneresse sratin inde

of whether crmission standards are wenk or sk,

The goal of this resesrch was o derive s simple, formisd mode thar produces a win

o

mternatio Lo, Given the restrictiveness of

FLag

environmental vegul inimosed

fe « that internatic

e

i seants undikely - though not mpossd al sorcironeentad agre

will uppmwve both a countne's environment and the profitability of its firms, An

Ang topie for

futire rey if the main resulis e torhald inoa less PeTiye

traamsewont wative answer 10 Lhis gnestion would make s win-win sitaation moee 13

practice and would lend, indivect v, mo credi

final iy poth
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Appendix A

Proof of Proposition 2.1:

The g profit matrix for the Coumnat duopaly is given by

¥
Not Invest | Invest
H 1 Not Invest *“ﬁ?rrﬂ abl wi¥
Tiree B Y 7 R S R
fvest Ty T Ty Mg

where subscripts denote firms and superscripts denote mvestment

difemiua situation, the Rllowing inequalities must hold: =/ »

e d¥

CEE »owh and

ich implies $0:(24 - o) > {
which imphies ¢ (o - 824 — o -~ §) < [,

ke

Wk

!

tich fmplies J

— [ which bmplies =

I which implies [ =0,

HHAsa
2w -pj;i(.!!'?-z" - )
K

o

e pon-trivi sof paramerer valies that suffice t

wie inegualivies.

resuft ftor the case of A = 20 and

uig

Zat and for
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tha case o = 90 and 5 = 330 (B

son-binding and is thus ointied from Tignre 2a. The avea UYZ in Fisurn

ations of Joand o that will gene
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Appendix B
Proof of Proposition 3.1:  For saficently striet envivonmental repidation {case HIh and

it the new,

cgiven in Table 3b. In order for fnns o inw

Vb, the relevant pav

ow-poliution technotozy, the following inequalities are needed: =

52 T ks F " o o
ot and fr;\'f bt "f Given the syimmetry of the model, three of these couditions

e eoncditions ane

are rechumdant, The mmaining tiy

(S e r»E{a-5-28)
by & (d-g-28) —T>&{4-0-24)
DRI IR T ey

3. the mequalities can be rewyitten as:

. i
Al ]

il parmuneter values of A, a9 and &

Onee again, it 18 easy to show that there are non-ty

that suffice these inegualities (egn. (A o, 47X = {20, 3. 2.8, 3}

An important guestion that needs to be addressed is whether there are non-tivial pars

walues that sinudtanecusly suffice the inequalities constraints from both propositions. That this is

indeed the case can be demonstrated as follows, Choose o = X and assume that | Ser, #5 in
ure 2w The thee neqgualities can then be rewritten as
17 < 44° w24 +8+4a
VI A-B
Pyl <dd? w44 250
L F condition 12 s met, conditions (170 and (37 will hold as well. Figure 3 below 18

identical wo Fiogure 2a except that condition (27 bas been added {as agunlity . The aren 0Y7
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b bhat aee compaltible with both propo
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