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ABSTRACT

Trade, Strategic innovation and Strategic
Environmental Policy — a General Analysis*

There has been much debate recently about the nature of environmental
policy that will be set by governmenis concerned about the competitive
advantage their industries might obtain in a world of fierce trade competition.
Some claim governments wilt set environmental policies that are too lax, while
others claim that policies will be excessively tough {in order to spur firms to
innovate}. Both these claims relate to the possibility that governments may
disiort their environmental policies for stralegic reasons, and io lest these
claims requires modelling environmenial policy in a world of imperiect
competition where there are stralegic gains to governmenis trying fo
manipulate markets through ther environmental policies, and to producers
trying to manpuiate markets through their R&D decisions.

There is now a considerable literature which adapts the literature on strategic
internationat trade to include environmental policy, but this lierature suffers
tfrom some limitations. Most of the models consider the cases where either
only governments act strategically or only producers act sirategically. A proper
analysis would alfow tor both sets of agents to act strategically. This Is done in
Uiph (1993a), and in Uiph (1984}, In this paper we provide a mare genaral
ireatment ot the issues. We allow tor both governments and preducers to act
strategically, and tor producers’ R&D to reduce both cosis of production and
emisstons, but without imposing special tunciional torms. We show thal
despite this exira generality the papers by Ulph {1993a) and Ulph {1994)
effectively encompass the entire set ot qualitative results that can be obtained.
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NON-TECHNICAL SUMMARY

In the debates over the recent extensions ot trade liberalization (Uruguay
Round, Single furopean Market, NAFTA} a number of competing claims were
made, two of which are the tocus of this paper. The first concerns the tear of
environmentalists that, in the absence of trade policy instruments,
governments might seek to give their domestic producers a competitive
advantage by relaxing environmental policies impesed on them. The second is
the counter-claim that, tfar irom weakening environmental policies,
governments wouid seek to toughen environmental policy to provide an
incentive tor their domestic producers to innovate green technologies ahead of
their rivals.

Conventional trade theory with competitive markets provides fittle support tor
either claim. A more approprale framework for {esling these claims is the
world of impertectly competitive international markets, where governments
may indeed have incentives io manipulate the markets through their
environmental policies and producers have incentives to manipulate the
markets through their R&D policies. There is now a significant literature which
addresses these guestions, bul to date the literalure has used rather special
models. Thus much of the literature considers only the case where
governments distort their environmental policies. In this class of modals if
producers compete in the product market by selting output rather than price,
thers, in general, governments will have ingentives to weaken their
environmental policies. Such studies do not allow tor the second claim,
howaver, by ignoring the R&D decistons of producers.

A small number of siudies allow tor both governments to set their
environmental policies strategically and lor producers to set their R&D policies
strategically. Again the models used have been rather special. Thus some of
the papers ifocus only on the case ot process A&D where R&D can reduce
production costs, but does not affect the pollution caused by production, Other
papers tocus only on the case ot environmental R&D where R&D 1s used to
reduce emissions per unit ot oulput, i.e. makes technology ‘greener. These
two torms ot R&D have rather ditferent implications tor environmenial policy. I
there is only process R&D, then toughemng envirenmental policy raises
producers’ costs and lowers their incentives to undertake R&D. This means
thal aflowing tor process R&D will simply reiniorce any incentive tor
governments to relax environmental policy, since that wili reduce the costs of
their domestic producers both directly and indirectly through the effect ot
environmental policy on R&D and hence costs. On the other hand, with



environmental R&D toughening environmental policy wilt have two effects on
the incentives to underiake R&D; by raising costs it will again reduce the
profitability of doing R&D, but it will increase the effactiveness ot R&D. Thus
there is the possibility that toughening environmentat policy will indeed boost
the amount of R&D undertaken by domestic producers. 1t clearly makes sense
to allow tor both torms of R&D. A second sense in which the papers in this
lilerature have been rather special is that they have employed special
assumptions about the nature of demand, cost and R&D {unctions. A final
sense in which the literature has been rather special is in considering oniy one
form of environmental policy instrument.

In this paper we provide a more generat treatment of the issues than any of
the previous papers m the literature. We allow governments to set
environmental policies strategically and consider cases where governments
use emissions taxes or emission standards as their instruments; we allow
producers to engage in both environmental and process R&D; and we use
general tunctional torms. Three main resulis emerge.

First, rather surpnisingly, when governments use emission taxes, allowing for
both process and envircnmental R&D does not change qualitative results
relative to those that arise when producers use only environmental R&D.
Second, neither of the claims noted at the begianing holds in general. The
reason is straightiorward. There are two iactors operating on environmental
policy. First, there is the direct impact ot environmental policy on cosis ot
production, which always gives an incentive to relax environmental policy for
conventional 'rent-shiffing’ reasons; and second, there is the mmpact of
environmental policy on R&D and hence costs, which, as already indicated, is
ambiguous. I toughening environmental policy causes domastic firms to do
iess R&D then this will reintorce the argument for governmentis to relax
environmental policy. But even if iougher envirenmental policy induces
domestic producers te do more R&D, as the second claim presupposed would
be the case, this does not mean that governments wili wart to toughen
environmental policy, tor there is still the direct rent-shifting argument going in
the other direction. If the R&D argument goes in the opposite direction trom
the rent-shifting argument, however, and is strong enough, then governments
may indead set tougher environmental policies when they act strategically than
when they do not act strategically. Finally, in the model used here,
governments are mare likely to set too tough environmental policies when they
use emisston standards than when they use emission taxes.



TRADE, STRATEGIC INNOVATION AND
STRATEGIC ENVIRONMENTAL POLICY -
A GENERAL ANALYSIS

Introduction.

The recent debales over moves to extend trade iiberalisation, such as the Uruguay
Round, the Single European Market and, especiaily NAFTA, have featured @ number
of extreme cliums. On the one hand there have been concerns expressed by
environmentalists that sach moves will damage the environmeat. One aspect 15 that the
consequent expansion of consumption, production and trade will lead to increased
poliution and use of scarce natural resources, unless corrective policies are laken. A
second aspect, which will be the focus of this paper, 15 the fear that 1 the absence of
trade policy nstruments, governmenis may seek to distort their environmental
policies n order o protect their domestic economues. In the case of potlution related to
production processes and methods (PPM in the language of GATT), this coudd fead
overmments o impose too lax a segeme of environmental reguistion, (so-called
“"eco-dumping®y, for fear that tougher environmentsi regulation may damage the
compenitiveness of their domestic economies, This feads to policy suggestions that there
should be moves 1o harmonise environmental regulations across countries, or, if that
1s not achieved, that countnies who impose tughter environmental regulations than therr
rivals should be able 1o impose countervailing tariffs on smports from countnes with
taxer environmental regulations, with tariffs being egual 1o the difference in
abatement costs between the two countries. Not surpnissngly, such policies frequently find
favour with industries 1n the traded sector.

On the other hand, Michael Porter (19915 has argued that governments couid provide 2
compelitive advintage to their domestic producers by imposing environmental policies
which are tougher than those fuced by their nvals, since this will spur industries to
innovale greeaer technologies shead of their rivals, and enhance the ong-run profitability
of domestc industry. This view [inds considerable support i the US administration, and
15 alse commonly espoused in Germany and Japan. In us extreme form il suggests that
environmental reguistions are beneficial to both the environment ind the economy.

Economsts have argued that carefu] ecoromic analysis does not lend unguaiified support
to either set of claims (see Low (1992} for auseful colicenon of papers addressing
some of these 1ssues). Turmng first to the environmentalists' concerns, cconomic unalysis
shows that with perfectly competitive markets, o small country whose production-related
poliution caused oniy local, not transboundary, damages, would kave no incentive 1o
distort sts environmental policies i the way suggested (see, for example, Loag and
Sichert (1989) ). I there were perfectly competitive markets, but z country had market
power, then in the absence of trade mnstrumenis governments will have mcentives (o
distort their environmental policies, But, as Rauscher (1994), among others, has shown
a country which 15 an exponer of & pollution intensive good, because 1t s relatively

n



weil endowed with environmental resources, will want to 1mpose environmental
regulations which are tougher than the first-best e (sel emuissions so that marmnal
abatement cost equals margenal damage cost), while the importing country will sel laxer
environmental policies. So while sorme counines will be too fax, others will be oo
teugh; thus nol il couatries will engage 10 ecodemping and there can be mo
presumption that in aggregate environmental guality will be worse than first best.

To make sense of the concern aboul eco-dgmping it 55 natural 1o twrn to models of
imperfect compeution, and there are now a number of studies which have extended
the l#terature on straicgic nternationad trade {see Helpman and Krugman {1989)} to
consider environmental questions. Barrett (1992), Conrad (1993) Kenncdy (1993),
Naancrup (1992) and Rauscher (1994} have all developed vanants of the basic Brander
and Spencer (1985) modet of oligopolisuc markets where a number of procucing firms
located in different countries and seliing nto other markets compete in Cournot fashion,
and show that indeed there can be “rent-shifting” incentives for governments of all
producing countnes (o set targets for emssions that are lower than would be warranted by
the first best rule in order (o give therwr domestic producers a strategic advantlage n the
output market. While this would appear to provide @ model which rattonalises the
environmenialists' concern about  ecodumping, the difficuity 1s that this result 18 not at
alf robust, so it 15 possibie to build egually plausible moedels in which goveraments set too
teugh environmentil policies; for example, chianging from Cournot to Bertrand
compettion would generite this effect (Barrett (1992}, see aiso Ulph {1993b) for a
survey of other cases}.

The above models of strategic environmental policy ailow oniy for the case where
governments atong act sirategieally. Ulph (1692a,b) studies the case where only producers
act strategically through thew chowe of R&D or capital, but governments have fixed
targets for emussions, and so do not choose these strategically. However, these papers
make the important point that the environmentat policy msiruments (e.g. taxes or
standards) chosen by goveramesats can have significantly different :mpacts on the
strategsc behaviour of producers and hence on profils and weifare.

To be able 1o analyse the Porter cliaim, and to provide a fuller analysis of the
envirormentalists clarms, 1t 1s clearty necessasy to have a mocel in which there is
strategic behaviour by both producers and governments, Ulph (19934 considers such a
model, but 10 that paper innovatiosn by producers s desigaed solely 1o reduce costs of
produenon, but has no ympact on crmssions or abaternent. Ulph (1894) also allows for
straiegic behaviour by both producers and governmenis, but 1o this paper inpovation is
desigacd solety to reduce ernssions per unit of output, These different forms of
innovation are importaat; thus Ulph (1993:) shows that with both governments and
progucers acung strategically, environmental policy by governments will be too lux, but
Ulph (1994) shows that environmental policy may be either too tough or tao lax. This
suggests thal when mnovalion concerns envirormentat iechnology, there 1s the possibility
of confirmung the Porter ciatm, but it 1S 1mportant to note that this is only a possibility,
and the oppostte clatm can be a possibie outcome.



Other differences beiween these two papers are that Ulph(1993a) shows that his
conctusion that envirormental policy will be oo lax applies botk in the case where
governments use Laxes as the environmental instrament and in the case where they use
standards, whereas Ulph(1994) focuses on taxes alone. However Ulph(1993a) derives his
conclusions in the context of a model that employs specific furctional forms, whereas
Ulph(1994) uses general functional forms.

Bradford and Simpson (1993) atlow for strategic behaviour by both governments and
firms and for R&D to reduce both costs of producuen and emssions. However i the first
past of therr paper the responses of firms' cosis o R&D and environmental taxes are not
derrved from oplinusing behaviour of firms, which meass they cannot use the
implications of such behaviour to derive predictions about the impact of environmental
policy; m the second part of their paper they do use such optimising bekaviour, bt
mmpose particatlar functronal forms which, as we shall see, severely limil the generality of
their resuis.

In: this paper we shall provide s more general treatment of strategic behaviour by
producess and governments than any available i the Hierature so far. In addition to
aflowing both governments and producers to uct strategically, we allow for strategic
ipnovation by producers to reduce both costs of prodaction and emssions; the madels we
use employ genera: functional forms with alf decisions being derived optimally ina three-
stage game. We also explore separately the case where taxes are the environmental
mstrument and the case where governments use standards o contral emussions. Withis
this mere general framework we can thus assess just bow special and restrictive the
existing analysis is,

We show thal when governmenis use laxes o control erussions the gualitative resulls
obtained in the papers by Ulph (1993) and Ulph(1994) essentmlly encompass all the
resuits that can be obtasned. More precisely we show that when firms undertuke both
envirenmental and process R&D then all the resuits we obtain are precisely those
obizemed by Ulph (1994) where firms undertake only environmental R&D. The inlwtion
1 this. As we will see, st 1s crucial to know whether an merease 1 2 country’s
enviroamental tax causes the costs of firms located in that country Lo nise or {ulk. In Uiph
{1994} 1t was shown that this depended on whether the merease in environmental Ré&D
wnduced by the tax was more or less than enough (o offset the direct effect on costs of the
1% increase, and this 1n tura depends on the precise form of the refationship between
crssions and R&D. Adding m process R&D does nothing to alter this. L ignormg
process R&D. costs rise as 2 result of the tax, this will cause firms 10 lose market share.
But this will lower the incentive to undertake process R&D which will just exacerbate the
effect of the tax on firms® costs.  Conversely if, 1gnoring process R&D, firms’ costs were
1o fall when the (ax sose, this wiil increase market share, thus mcreasing the incenuve for
process R&D, which will simply reinforce the effects produced by the analysis i which
there 15 only environmental R&D.



Turning to standards, we show that whereas Uiph(1992a, 1992b, 1993a) obtmns the
unambiguous prediction that standards wifl be too lax whes governments acl non-
coeoperatvely, n the more general seltng standards may under some circumstances be
oo teugh. This only anses however when an extreme form of the porter hypothesis holds
- namely that when governments set tougher standards this so encoursges additional R&D
by firms that their total output can expand.

There are two caveats. First we consider a madel in which there 1s no abatement activity
by firms. This 1s parucularly crucial in the case of standards since then, as we wili show,
there 15 no scope for strategsc behaviour by firms, and governments ignore any
transboundary poflution when setting standards independently. Thus the analysis applics
to a parucular class of pollution problems like global warming where there 1s no
significant abatement technology. Second, 1t can be argued that this paper, like mest of
the papers cited 5o far, do not provide a proper context for analysing the Porter claim,
since they employ non-tournamens models of R&D competition 1n which there s no
possibility of one country's producers gatning an advantage by acqusnng & new
technology to which thewr nivals cannot get access. To study such a possibility reguires the
use of tournament madeils of R&D. Ulph (1994) provides a preliminary analysis of such
models.

The structure of this paper is as follows. Seetion | sets out the maodel to be empioyed.
Sections 2 & 3 denive the ressits for the case of taxanon.  Section 4 undertakes the
analysss for standards, while Section 3 summanses tie findings and gives directtons {or
future research.




Section 1: 'The Basic Model

There 13 a single industry s which there are just two firms, each located in a different
country. Production 1n each of the two firms produces 4 certats amount of erussions per
unt of output. The emussions generated by each firm can damage sot Just the country 1n
which that firm 1s located but the other country as well.

YWe assume that in the shori-term there 15 no way g which firms can reduce total
emissions olher than through cutting back output. However in the longer-term firms can
undertake R&D which leads to new wechnologies which have a lower level of emessions
per unil of outpui. We wili refer to this as environmental R&D. OF course firms will also
want to undertake R&D for the traditional reasons of lowering costs or improving product
quakity. Here we will assurme that this other R&D feads to process innovauion which
fowers unit costs. We will refer to this as process R&D.

In the absence of government policy firms would have no mcentive 1o undertake
environnrental RE&ED, so ail R&D would be process RED. H governments implement
environmettal policy then firms have incentives to underiake both types of R&D, and
poih will be affected by the nature and exient of environmental policy 1mposed by
ZOVEMMEnLs.

As 18 common in this Jiterature we take 1t that international trade agreements rule out the
use of any explicit R&D subsidy, aad so goveraments cannot manipulate the strategie
behaviour of firms n thewr country shrough this channel. However stace governments are
aliowed 1o implement environmental policy, and since key components of firms’ sirategic
hehaviour will be influenced by such policy, we are interesied in how the strategic
compention between firms alfects the type of environmental policy implemented by
sovernments. Accordingly we assume that each country 15 tun by & separale government.
In this paper we assume that the policy instruments that each government uses (o control
EIISSIONS 15 an erusstons ax whicl 15 1mposed at 2 constant rate on every unit of
emissions produced within that country. In u subsequent paper we mnvestigate the case
where governments use standards as the environmental policy instrument.

The model is set up as a three stage game. In the third stage each firm chooses  level of
outpul conditional on 1ts unst costs of production, on the output of the other firm, and on
any upper lisn on output mmposed by standards.  Unit costs of euach firm depend on the
ievel of any emissions 1aX 1 force in ns country and on both the production and
enviropmental technologies empioyed by the firm. We determine the Cournot
cquilibrinm 1n outputs.

In the sccond stage each firm chooses the amounts of both envirommenial R&D and
process R&D it wishes to undertake. Agam we assume that each firm chooses 18 R&D
levels taking as given those of the other firm. and we hence determmne the Nash
eguitibium ievels of both types of R&D by both firms.



Finatly, in the first stage cach government chooses cither the tax rate on cassions it
wishes to impose.  The objectives of governmenis will be the level of weifare 1n each of
the two countries. Weifare will be measured as profits minus damage . So we will be
1gnorsag consumner surplus ssoes, We are imerested in companng the 1ax rates that
would be imposed if each of the twe governments acts indepesdently with those that
would artse if they acl co-operauvely,

Throughout the paper we will assume that the two couniries are symmetric, and so focus
on symmetric equilibria. We will use symmetry to focus most of the analys:s on the
behaviour of firm £, with that of firm 2 following by symmetry.

As 15 usual, we set the model out and soive st recursivety starting wath the third stage
output game, then the second stage R&D game and finally the first stage lax game. In the
next section we will take the taxe rates as given and work out all the comparative static
smplications of chunges m these rates that anse @ stages two and three. Then in Seciton
3 we will work out the non-cooperative and cooperative inx equilibriz. Section 4 carries
oul the analysis for standards.



Section Z. Comparative Static Analysis for Taxes
We start by examming the oatput game.

21 Stage 3: Eqguilibrium in the Outpui Market

Firm 1 faces a reveaue funciion R(xy,.y,}, where ¥ 1s the output of firm. We assume
RO,y =0. R(0.%)>0 R,()=<0 Ry.yo<0if »>0, R.()<0

Given the output of firm 2 and umt costs ¢, firm ¢ chooses y, to
MAX ROy — oy
Assumning that equilibrinm cutlput is positive, the first-order condition 15
R = ¢
The Cournot equilibrium output of firm 1 18 3, = THe. 00 )

We will assume that we have the convenuonii resulis of Cournot equilibrium theory:

7, <0; M >0; n,+M, <0. Thus an increase in each firm's costs causes its equilibnum
cutput to fatl, and that of its nval to nse, with the own effect dominating the cross effect,
so total industey ousput falls.

By mserting the equilibrium tevels of output back mito the expression for profits, we can
aiso geperate the profit functeon for firm 1, ®e,,¢,), which we assume has the
convensional propertics:

m=—yoh R <l 7,20 1,>0 x,<0 (1

There are a number of 1mportant points to zote here.

(i} Profits are decreasing 1 own costs. Moreover the margieal reduction in profits
of an ncrease in costs s made up of Lo parts: the non-strategie part whereby the loss m
profits 1s directly proportional to ouipus; the straregic part which shows that part of the
loss 1n profits comes from the expansion i market share by the reval firm. Tt s this
strategie componen: that feads firms to over ipvest i R&D in convenuonal 2-stage
models of strategic investment. As we will see, this piays an imporiant role later on in
deternumng government behaviour.

{ii} Profits are ¢onvex 10 own costs, so the lower are a firm's costs imtially, the greater
ure the gains m profits from a unst reduction i costs.

(iffy  The higher are the rival firm's costs, the greater are the gains i o firm's profits
from @ reduction 1n 1ts own costs. This just reflects the fact that the higher umt costs of
tnie rival firm, the larger 1s a fiem's equilibrium cutput, and so the greater its gag from
lowerng costs.



2.2  Stage2: Strategic R&D Kguilibrium

We now specify unil costs of country 1 as
¢ =afx)+1.e1z) (2)

where @ 18 the minsmum cost of productson per umt of output; x; 15 the amount of
procesy R&D undertaken by firm; £, 15 the emssions (ax impoesed by couniry 13 ¢ is
coussions per unit of output by firm /7 and £ s the amount of environmental R&D
undertaken py firm 1.

Weassame ' ()<0; a”()>0 £{)<0 ¢")>0. Sobothtypes of R&D are
effective in lowenng cosis/erussions but are subject to dinimishing marginal

proguctivily.

Firm | then takes the R&D (and hence the unit costs) of firm 2 a8 given and chooses
x, and I, so as (o maximise profits:

wlafx, )+ etz e, |- x, - g {3)
We can set this up as a two-step problem.

Step |

Given a total amount, r, to be speat on R&D, we can work out how to spend this on the
two types of R&D so as to minmise unit costs of product:on.  Accordingly define

clr, )= MIN alx)+te{z) st x+z5r
and fet x= X(r,!), = Z{r.1} be the solvtons to this problem.

The comparative statics are straightforward, but we need to distingussh three separate
cases:

Case () No Enveonmental R&D: x>0, but 20 on some neighbourhood.

This 15 essenuatly the case considered by Ulph (1993} where afl R&D 15 assumed to be
process R&D. In this case

)4 ¥ aX _

Xrty=r, X=—-= ==
=, " ar T oot

i

elr.t) = alr} + te(Q}, eﬁa—c=a’(r}<0, c,aa—cﬂe(9)>0,
or ot

O )0, e, =9L=0
r

r = ar®



Thus costs are decreasing and convex 1a total R&DD, are increasing in the tax rate, but the
wax has no effect on the marginal effecuveness of R&D in lowerming costs.

Case (ii) No process R&D: ->0, but x=0 on seme neighbourhood

This 15 essentiaily the case considered by Ulph (1994} where all R&D takes the form of
envirommertal R&D. Tn this case

Z(r,f):r,ZrE%ELZ!E_@_O;
or '

at

clr,ty=al0)+tetr),c, =te’(ri<Q,c, =elrh e, =t"(r} > 0;c, =e’(r} <0
Thus costs are decreasing and convex s total R&D, are increasing 1n the tax rate, but an
crease 10 the tax rate now ncreases the margmal effectiveness of R&D in lowening
costs,
Case (iii} Both Types of R&D: v>0,z>0
This 15 the more general case which coliapses 1o the previous two n particular
circumstances. So, for example, & necessary (though not sufficient) condition for this
case 1o arise 15 that £ > 0.
Here

<X, 0<Z, X+Z2 =) X=-Z <0

and
¢, =a[X{r,)}=te[Zir,)l< 0, c. =e[Z(r}};

e =a"(X).X =te"(2).2, >0, c,=a"(X).X =¢(2).Z <0.

Thus as in (i0) costs are decreasing and convex 1n total R&D, and an merease n the tax
rale raises costs but also inereases the marginal effecuveness of R&D in lowering costs.

Step 2

rois now choses 50 4% 10
MAX Hl C(!'J),C:]"‘f

The assumed nterior selution to this 1s charactensed by
Gr.ic )= ﬂ,[c{r.l).c:]‘c, (ry=1

and will be denoted by r = Ri1,c,}.



The second-order condition for 2 maximum 15 ¢, <0, and so we have the following
comparative stalic resuils:

[0k =0 =myc )
and ]
[-6.|R=m,c.c. + 7,0, (3}

where, R 5% eic.

i

Given our assumption (1) 1t foliows {from the results established above that 1n all three
cases the RHS of (4)1s posttive. Since firm 2's costs will also be a decreasing function
of its total R&D level and an ncreasing function of the lax rate i country 2, we have:

Resuli 1 Firm I's total R&D spending s a decreasing funcuon of the toia R&D
spending by firm 2, and an mereastpg function of the (ax rate :mposed in country 2.0

Thus if we think of ezch firm having a reactzon function grviag us tolal R&D spending as
a funenion of the total R&D spending of the other firm. then Resuit | shows these reaction
functions are downward-sioping.

Morcover an Increase in the tax rate 1n one country snambiguously increases (shifts
outward) the reaction function of the firm 1n the other country. The mimiion 18
striightforward: anything that bappens m country 2 to reduce firm 2's cosis will reduce
firm 1's output and so lower s meenlive 1o reduce 125 COStS,

Given our assumptions, and the results estzblished above, we see that the first term on the
RHS of {3) 15 negative, while the second is zero 1n Case (i), bul positive in Cases (ii) and

(iii).
We then have:

Result 2 (i} I firm i ondertakes no envirommental RED then B, < 0- ne. an increase

1 the 1ax rate 1n country { usambiguously lowess firm 's R&D (shifis firm us reaction-
function mwards rowards the origm).

(i) If firm | does undertake some environmental R&D then an mcrease in the tax
rale sn country i may either increase or reduce firms 1's R&D (shift its reaction function
outwards or inwards) .0

Onee agan the intuition s straightforward. An increase mn the tax-rate m country |
mncreases the costs of firm 1, which reduces the marginal increase in profits to be had
from a umi reduction 1n costs. When the firm does no enmweronmental R&D then this 1s
the only effect. Result 2.(1) generalises the result 1n Ulpn(1993). However, when firm |
does undertake emvironmenial R&D then, as we have seen, an merease 1n the fax-rate in



country | also increases the effectiveness of R&D in lowering costs, and this effect
operates o increase the incentive to spend on R&D. The overall effeet 15 ambiguous.

So far we have derived firm 1's reaction function giving 1ts total R&D as a function of the
total R&D undertaken by firm 2. We can combine this with the reaction funcuon for firm
2 and so determune the Nash eguitibrinm levels of R&D speading for cach of the two
firms.

These equilibrium R&D levels are grven as solutions to the equations

r=R[t.ctn.0)] {6)
and
= Rlt.cln.)]. (7

Denote the equilibrism R&D level of firm 1 by r=pur,,L).

In what follows we will need comparative static results showing how this equilibrium 1s
affected by the two tax rates. Since we will eventuaily be considening a symmetnc
equilibrium where », = &,, n what follows we will confine the derivation of comparatsve
static resulls to cases where we start from any such inntially symmetric situehos.

Notice that in such a situation the slope of each firm's reaction functian 15 given by
K., henceifwelel A=1- {R.c,}': it follows from standard duopoly theory that the

condition for the Nash equilibrium R&D levels to be stable is thst A>0. By
differentiatng througn (6) and {7) 1t is then strughiforward 1o show that

Ap=R+(RY.c.e (8)
Iz
where p, = @2
o,
The interpretation is striughtforward. The first term on the RHS of (8) tells us wht
happens to firm 1's reaction function as the result of an incresse 10 ¢, As we have seen,
this can be positive or negauve. The secoad term reflects what happens to firm 2's
reaction function because of the increase 1n 2, We know that this shifts ostward, and so
this must fower firm I's equilibriom R&D, which 15 reflested in the fact that this secong
term on the RHS of (8} 15 negative.

We also have
Ap,=R.cc+R.c.R ]

where p, =

My



The first term on the RHS of {9) 1s positive and reflects the fact thal an increase m i, wilk
shift out firm 1's reaction funcuon. The sign of the second term 1s the negative of the sign
of K . and sumply reflects the effect on firm 1's equitibrium R&D of whatever effect the
mcrease 10 4, pas on firm 2's reaction function.

We therefore have the following

Result 3. If R<0, then p, <@, p,>0 8

From Result 2(1) 1t therefore fotlows that when there 1s no environmental R&D an
merease tn the (ax reduces the equilibrium R&D of firm 1 and increases thatof firm 2 - a
gencralisaton of the result in Ulph {1993).

MNouce that, by symmetry (9) aiso tells us the effect of an mcrease 1n i, on the
cquilibrivrm R&D of firm 2 . That1s

ﬂ.%za.p::ﬁ.{q+c,.1?!] (10)
ar,

While these comparative stalic resuits are of central interest, it 15 also important to know
how taxes affect costs, sinee this 18 the key way in which environmental taxes affect the
competiiiveness of firms in the product markel. To exarne this. notice that firm 1's
costs 1n the R&D equilibriam are given by the function

< =y(r!,r?}=c{p{r,,17),:g] (i
Differentiate (11) and use (8) o get
Ay, =c te, R (12
I

where ¥, =-——
1

Thus. the sign of the overal} impact of the increase 1 £ on firm I's costs can be
determuned by its direct effect on costs and on firm I's R&D taking as given the costs of
firm 2.

Notice that from (9), {10) and {12) we therefore have

ar,
dr,

R‘_Yl:pz.—.. (]3)

This just telts us if, overali, an merease i 1, drives up fivm 1's cosis then this will induce
firm 2 1o do more R&D.  Thus there 15 2 one-tg-one Hink between how the tax rate in
couniry | affects the profitability of firm | and how it affects the R&D done by firm 2.



It aiso follows frorm: (11) that
Y2 =47, (14)

where y, = —

Once agun 1t follows by symmetry that (14) also gives the effect on firm 2's costs of an
nerease i i, Thus (14) telis us that an increase i 1, abways affects firm 1's costs and
firm 2's costs in opposite ways.

We car summarise these resulis i

Resuit 4. sgnly ) = sgnip,) = —signty )

From Resulis 2(i) and 3 we then obian

Corollary. In Case (i) where firms do no environmental R&D then an increase 1 tax 1
country | unambiguously lowers R&D in country 1, ncreases costs 1n country |,

increases R&D in country 2 and therefore lowers costs in country 2.

This corollary just generaliscs all the results obtained in Ulph (1993) for particular
functional forms.

Hs clear then from (9), (10}, €123, (13) & (14) that a key term 1n all the comparative
static analysis s
Ksc +c R (15}

By subststuting {5) mta (13}, it 1s strmghtforward to show that

[-6.JK = -n, ]k
where

k=c.c, ~c.c, (18)
Hence everything just depends on the sign of &.

If we go back to the three cases discussed above we have:

Case {1) E=el.a”{(r)>0 andso p,>0,y,>0,y, <0

Case {i1) k= r[e"(r).e{r)—-{c’(r})z]

Case (iliy k= r.a_z,[e{Z).e"(Z) —(e’(Z))z]
ar



Hence as we have already noted in the Corolfary to result 4, we get unambiguous
comparative static predictions m Case (i) where there 1S o ervironmental R&D.

However m Cases (i) and (iil} everything depends on the properues of the () fausction.
The foliowing resuit was proved in Ulph (1994)

Result 5
A} Ife(d)=epe™ then & = 0 and sop, =7, =7,=0
B) If e{z)=e,(t+2)™ then £ > 0 andso 02, >0,7, 20,7, <0.

-

C) If e(z}= e“['zmw;—t] . then ei.} 15 posttive and decreasing as long as z<ot.

Henee provided |, 15 sufficiently large any solution will lie @ this intervai. Moreover
throughout this intervai k<0, andso  p,<0,7,<0,7,>0.1

Resali 5 A} 1s precisely the result obtmn by Simpson and Bradfora (1993) in their special
example which uses a negative exponenual R&D fuaction. They show that in this case
the tax has no effect o rival's R&D, nor on equilibnium costs, All that 1s happening 18
that the increased R&D inauced by the merease mn tax is sufficiently large that costs
remmn unaffected. Since this has not changed the owtcome of cutpu competition in
Stage 3, there 15 no ncentive for firm 2 o change 1ts R&D decision, and 50 5 COSIS 00
remain unaffected by the increase 1 tax.

Notice that 1 terms of the comparative static predichions Result 5B is n esseace
identrcal to that which anses in Case {i) where there 15 o environmental R&D, This 1s
because what 15 Bappenung 1s that the merease in environmental R&D brought about by
the mcrease in tax 1s msufficent to offset the direct effects on costs of the tax increase so
the overall effect of the tax 15 to drive up costs of firm 1. Case (i} 15 Just 2 more extreme
case where there 1$ no environmental

The thing that 1$ strking about Result 5 is that what we have shown 15 that in terms of the
general qualitative comparatve static predictions about how taxes affect costs and reva
R&D behaviour Cases (i) and (i) are effectively identical, and so absolutely nothing s
added to the comparative static analysis m Ulph (1994) by moving 10 the more general
case where firms can undertake both types of R&D. The intuttion 15 this. Suppose as in
U1ph (1594) we were 10 1gnore process R&D, and were 1o work out the overall effect of &
an snerease of the tax m country i on firm !'s costs (1aking account of the induced impact
on environmental R&D). Once we know the change m costs we will know the change in
the incentive 1o do process R&D -and any effect this has will just reinforce the effect we
have already worked out.

The finai comparative static result we want to prove in this section 1s:

ig



Result6  If £=0 then p, =R =—-->0.
c

7

Proof: From (15) and (16), }e=0ﬂ$K=0mRrwc—’> 0. From{8)
c, .
2 a c,
Ac,.p,=c,.R +c.fe, R] xc:{—1+[c,.RL_] }=~A.c, = p,=——
[

r

The wrturtion s straightforward. When & =0 then the tax nas no effect on therival's
R&D and hence costs, and so, from (6), the effect on firm 's R&D 15 just the direct
cFfect. However, we know that cosis of firm ¢ are unaffected, so R&D must rise by
enough to offset the direct effect on costs of the merease i tax.

Having understood all the cornparative stauc properties, we cin now turm 16 an
examnation of how governments set taxes 10 Stage 1of the model.




Section 3 Stage 1: Equilibriem Tax Rates

As indicaied in the previous scetion, the welfare objective of each government 1s profits
minus environmental damage. Notice, however, that since taxes are a pure transfer
within the economy, the profits that will be of interest are gross profits before tax. As in
the previous aralysis, we will be mvoking symmetry, and so witl conduet the analysis
solely in terms of the behaviour of the government m eountry 1.

We also need to distingmsh the case where governments set taxes non-cooperatively
(unifaterally) from that i which they set the taxes cooperatively.

3.1 Governmenis Set Taxes Non-Cooperanivety
It turns out to be helpful to distunguish the three separate cases considered in Stage 2,
3.4.1  Oniy Process R&D
Here the welfare funcuon for country | s

W= Ry, 3,)~al;) -1, — Dle(O)y, + 6e(0)y, ]
where D(E) 1s the damage suffered by country 1 from the totai emissions it recesves, and
8,8 <8 < 1is an eavironmental spilover parameter indicating the extent to which

crmisstons generated in coantry 2 affect country 1.

The first-order condition for the eptimat tax for country 1 15 therefore

W= aa.t_w =[R —a-D'.el0)]dy +[R, — 6D e(0)|dy, — [’ .3, + dr = 0 (17}

where dy, (dr)is the tolai change m output by firm i (R&D by firm 1) brought about by
the ncrease in &

From the analysis conducted in Stage 2 we have
dy, =T,Y, +M,Ys =10, +1c, v, =80y, where €, <0
dy, = )Y, +NsY, =[Nhe, + 1,17, =857, where &, <0;
dr = p,.

If we use msert the first-order conditions for the maximusation of profits w.r.t. outpui and
R&D then (17) becomes



[t~ D8Oy, |=| R, ~BDe}[E.7,] -] Bnse, ], (18)

From the analysis conducted in Stage 2 we know that in Case (1) an increase m:

t, unambiguously discourages R&D by firm ¢ (because all it does is raise costs): while
for precisely the same reason il encourages R&D by firm 2, and hence increases fimm s
costs 50 p, <Gy, >0.

H therefore foliows that whether the lax 15 above or below margmal damage depends
entireiy on the sign of the RHS of {18), The iwo terms in this expression have an casy
interpretalion.

The fisst term grves what we will call the rivai onput effect of the tax. 1t s negative and
shows Lhe Joss to country § arsing from an expansion 1 output i country 2 indaced by
the meresse n ¢, Fhis loss anses for two reasons. The first1s & strategac loss of profits
from the expansion mn market share by firm 2, and the second & any additional :
environmental spillovers as firm 2 expands ouipal.

‘The second term 18 what we will call the sirategie over mvestment effect. This is pasiive
and reflects the fact that because firm © will over invest 1z R&D for strategic a’ca'sons
then pecause the environmental tax has the effect of reducing R&D 1t 15 com:clmn the
distortion produced by imperfect competition, and this is benefictat.

While 1t might seem that the overall effect 15 indelermnaie, 1t 18 LMPOrtaRt Lo reslise that
the fact that firm 1 1s over nvestiag in R&D 15 reflected in firm 2's response to'the costs
of firm +. It turns out that by substiuting the expressions for &, and ¥, mto (18) we
get, after some re-arranging,

{r— D'J[{_‘gle{o))"}'i} =R.lne, )(T‘ + Cr) —0D'el ).y,

(19)°
= R’,(T!xcr)(gcrpt + C:) - 0 el0)E,7, <0
So we have

Result 7 When there is no emvyrommnental R&D the non-cooperative tax 1s be]ow
margina! damage. :

This 15 precisely the resuit optamed in Ulph {1993), though we bave now prsved it using
more general functional forms.

312 Onty Emaronmental R&D
I this cnse the welfare objective can be writien

W= Rly,y,}—af0hy, — 1, ~ DI ein )y, + 8l )3'2]



Henee
=|R —a-Deldy+|R - 6eDldy —[1+yD'e’ldr, -~ &De'dr,  (20)

Here the dy (i=1,2) and dx are as above, and dr, =p, =R.y,. Onee agan if we vse
the first-order conditions for profit-maximisation w.r.t. cutput and R&D we get, afier
SOME re-uranging,

(!wD’)-[(—t’;.e}Y, —e'y)p,|=

(20)
(24 i( S } {R:ﬂ:c',]-Pu —ByD'e'R Y,

Cormpared (o (18} there have been two changes. The first is that the coefficient on

{¢ — D")has an extra term to refiect the fact that 1t 1 not Just1n 11s output chotce but also
aow in 1ts R&D choree that firm 1's decisions are based on an environmen:al cost
perception refiected in the tax rate rather than the true cost which 1s marginal
environmentat damage. The segn of this additional term 1s the sign of p, . The second
15 that there is now an additional term on she RHS of {21) which we wilk call the spillover
via investment effec. This has the sign of 7y, . and just reflects the fact that country 1 will
gan {lose) through the reduction {increase) m environmentat spillovers {rom country 2 Lo
the extent that an inerease in ¢, increases (reduces) the R&D dene by country 2.

A further change from the previous Case ts thal, as we saw in Resuit 4, there are no
clear-cut comparatrve static predictions m Case {ii). So let us consider the vanous
possibilities 1 turn.

A) k=0 und sop, =y, =7, =0

Here costs and hence outputs are completely unaffected by the tax, as 15 the R&D done by
the rival firm, so there are absofutely no strategic effcets of the tax at all,  Substitute
¥, =0 o (21} and we see that all that remains 15 the distoruonary effect of the tax on
R&D decisions (the term 1 p, on the LHS of (21)) and the strategic over investment
gffeer. Recalling that, from Result 6, p, >0 {21) becomes

o=l g 22)

e’y
so the tax that would be set 15 unambiguousiy fower than margmai damage, To see why
suppose  £= D" Then the tax has no distortionary effect, but because of the siraregtc
over mvesmient ¢ffect marginal welfare 1s neganve. To reduce mmvesiment then, because

p; > 0 1t 1s necessary 1o cut the rax rate.

Thus we have proved

el



Result 8 When there s no process R&D, andt when & =0, then the ROR-COOPErGIve 1
18 less than margmnat damage.

Nouce that this reselt directiy contradicts the Ponter claim that strategic R&D
considerations would fead governments to sel excessively tough environmental policy.
For here we have a model in which taxes do indeed encourage firms to und::_rfake more
R&D, and yet it 15 opumai for goverments to sei tuxes which are too fax. Theireason 1s
that taxes have no effect on what the rival is doing, 50 there no mcenuve 1o set laxes
which might discourage the rival firm. Since the domestic firm 15 itself choosing R&D
for strategic reasons there 15 no reason for governments to set taxes for strategic reasons.
The only reason for setung taxes which differ from marginal damage 15 o correct any
mustakes firms might make m thew sintegic calculations, As we have scen, the mistake
firms make 15 that they overinvest 1n R&D - kence the result. :

Let us now consider together the two remasning possibilities.
B) k>0angso p>0,7,>0,7, <0.

(8] k<0, andso P, <07, <0, 7,>0

We can re-wnie (21) as

(1-D'). (—i,c)+fz,e‘.% ={R.-0eD) &, —| R, Do Bl _ypretk (23

t Yy

We assume that the coefficient on {r— D) remans positive 1 which case everything
depends on the siga of the RHS of (23). Here the first term - the rved owpur dffecr - 1s
aegatve and the third - the spillover via mvestment effect - 15 posttive. The intuition 15
clear, If, for example, an merease @ 1, incresses the output of firm 2 (which is iarmful to
countey 1} then at the ssme tme, given the comparatve static results established a Stage
2, 1t must secessurily encourage firm 2 to do more R&D, which fowers enussions and so
berefits couniry 1.

However the sign of the second term - the straregie over mvestment effect - depends on
¢ B

1

the effects just discussed.

the sign o . und so can be positive or negative which will reinforce one or other of

Al this level of generality not much can be suid shout the overall sign of the RES of (23).
However once agan, just as we did in going from (18) to (19), we can combine the rival
oupit effecr anad the strategic over nvestment effect o gel



(¢~ D)){(_‘i!e)"‘ (Eze,)%} = Rg(}?]cr}(l* ";3,"“) - BD’{eéa -i-yr."R)

: H
We then have

Result 9 If y,>-c andiff =0 thent< D’

3.4.3  Both Process.and Environmental R&D Case (i)

Here the welfare function can be writien
W=R(y, )~y —x -5~ D[e(:, Iy, +8e{z, )_\-2}
Hence
W, = lR, —a-D'eldy, +[R? - BD’e]u{v: -—{% +a'.y, }dxi ~[le Doy —[BD'c';.'z](i::

where the dy, are as before, but now dy, = X,p + X dg, =Zp, +Z a0, =Zp,.

Using the firsi-order conditions as before, we now get, afier some re-amanging,

({ - D'}[(_—E:le)ﬁii ""["‘-".\'){Z;pl +Z, )] =

(24)

’,R? —BD"-’](‘;:"!’; }‘"{Rma%]m —0yD'e'ZR Y,
Comparing {24} with {21} we see that the only difference is that the coefficient on (—£y)
i the LHS now reflects the faet that not all of firm 1's R&D goes on emvironmenial
R&D. This is reflected by the mcission of theterm Z,, where 0<Z <1, which
shows that only a fraction of any odditional total expenditure on R&D will go on
emwronmental RE&ED, and also by the addition of the term Z, which shows that an
sacrease 10 ¢, witl couse firm 1 o substitute from process R&D to environmenial RE&ED.
In a similar the final term on the RHS of (24) reflects the fact that onty o fraction of
additional total R&D spending by firm 2 will go on environmenial RED.

Thus {24) will reduce 1o {21) when all R&D is environmenial RED and so
Z =i, Z =0. Onthe other hand (24) reduces to (18) 1n the case where there 15 ro
environmental R&D andse Z =Z =0.

To see what difference this makes over Case (i) consider agan situation

Ay k=0and sop,=v,27,=0



Now {24) becomes

Y= Rzn:{:f P
ey Ltz

From Result 6 we know that p, >0 soonceagun r< D’
Thus we have proved

Result 10 When there are bots types of R&D, and when & = 0, then the non-cooperative
fex 18 less than marginat damage. 1

In susations B & € considered above in Case (i) there 1 very littie change, for,
provided the coeffictent on {r— D) remuns positive, then ali we said before about the
factors affecting the sign of (7~ D’) remains unaffected.  In partcular, Resuli ¢
continues 1o hold for this case.

Thus the broad qualitative resuits conceming non-cooperative {axes are exactly the same
i Cases {H) and (iii).

Let us wirn then fo consider what can be said when governments act cooperatively.
3.2 Govermments Set Taxes Cooperatively

Here governments set ¢, and {, to maximse the sum of welfare i cach of the two
countries. Given symumetry, this 15 formally identicai to the problem of seting
{, =i, =1, siy,and then choosing ¢ to maximse weifare i any one couatry..

The equilibriam R&D done by cach firm 15 then given by r{r)=pisr), and it is
stranghtforward to show that

. d Re, <
r-=£=£)i+p1=—-———R’ +_, & . where A=Ii—-Re, >0
dt . fat

As discussed above, the first term in the numerator cas be positive or negative, singe the
increase s the domestic 12X can either nerease or decrease the amount of gomesic
innovation. However the second tesm 1n the numerator 1 posttive reflecting the incentive
lo greater domestic innovation produced by the increase in the reval firm's costs induced
by the wnerease i the foretgn tax, The overall sign 15 indeterminate at this level of
generality.

The equilibrivm costs of each firm are given by c(r) = frie).r] and so



, do r,¢C=cf+_R,cF

==

4 =(1+Re v,
dr E I ( ,‘-:)Yi

From this o follows that the nduced change 1n ousputs by both firms is
dy, = dy, ={m,+0,)e = (0, + 0 )1+ Ree, )y, =37,

- (26)
where &= {m, +7, )1+ R, ) <0
Hawving established the comparative static properues of the model we can substitute these

mio the condition for the optimum tax rate which 15
dW oW . avw =0

dr dt, at,

If we do this for the general Case (i} where there 1s both environmental R&D and
process R&D, we get, after some re-arranging,

el +loe e e2))-

. , (27
[, —eeD'}(E; ,)—{R;q_,c, Yt —oyDe(Zr +2,)

To compare the outcome with that under non-coeperaiive tax-setting hehaviour, 1t will be
hetpfut to once agam discuss the three cases n wien.

320 Only Process R&D: Z,=Z, =0, 7,0

Once agun we are left with only the rival onutpai effect and the strategic over mvesmeni
effect. Compared lo the non-cooperanve situation, the differences are that:

{1) The rival oulpint effect 15 now positive, since TSINg laxes now reduces nval
output, and so both countries would agree 1o raise taxes above marginat damage for this
reason. This 15 just the argument put forward by Barrett (1992) [or the cooperative tax
bemg above marginal domage.

(i) There 15 now no guarantee that the strafegic over pivestment effect s postiive.
We know that in Case (i} R, <0, so there are two offsetting factors determining the sign
of ' Clearly if #" <0, we will be able to clmm that 1 > D7, and Lherefore 15 necessarily
above the non-cooperanve tax, 17 r” >0 then all we can say s that the two effects have
the opposile siges from those have under non-cooperative tax setung, bul we casrot suy
much about how the conperafive tax compares 1o either marginal damage or to the non-
CcoOperdive .

Case (ii} Only Emwronmenial R&D: Z =1, Z =0

26



Again we have to consider vanous situations:
A} ¥, =0

Here we get
Raae

f.‘}’

1 [ 3= ot e QLY {28)

which, when we compare the result with {22) tells us that if spillovers are zero then the
cooperaiive and non-cooperanve wxes are equal. Otherwise, the cooperatne w.
exceeds the non-cooperative tax rae.

This 15 yust the result proved in Ulph {1994). We record # as

Resuit 11 When there 15 no process R&D, and when & =0, thea i there are
environmental spiliovers the cooperarive fax exceeds the non-cooperative tax, othcrwxsc
the two are equal.

B)&C) v,=0

Now (27} becomes

(1= 0) (-Eeys (me‘y){{—J ={R -8eD')E~ (R, ) ——0yDe’ - (29

i T

Assumng the coeffictient on (1 £’} 15 positive then 1is sign depends on the sign of the
RHS of (29). The rivat output effect 1s posstive. However the remmning two effects are
puiling 1n different directions, ssnce clearty if an increase in the common 1ax rate
stimulates greater R&D this 1s harméul from the poust of view of the siraregre over
mvestment effect, but benefiesal from the point of view of the spillover via mvesinent
effect. So the overall sign of these Jast two effects will depend on :

{i) which of the two effects 15 dominant;

{ily  the signof =
1

So again there 15 litte that can be said about whether the cooperanve tax 15 above or
below either marginal damage or the #oncooperative tx.

Finally we wm to

Cuse (it} Both Environmental R&D and Process R&D: 0<Z <1, Z, >0

In situation



A} ¥, =0

Then (27} becomes
e =R T Lap (30)
gy Zr+Z

Notice that mn this case p, =0, so r'=p,, soif we substitnie this mto (30} and
compare it with {25) then we see that we can bave the foliowing

Result 12, When there is both environmental and process R&D, then, when £=0,if
environmentat spiliovers are positive the ceoperanve lax exceeds the non-cooperanive
tax, otherwise the two are equal.

So onee agaan the broad qualitative resuits we obtain when there is both environmentat
and process R&D are exactly the same as obtaned in Ulph (1994) for the case i which
there 15 only environmental R&D.

Finaily m sttuations
B&EG v,=0
(27) becomes
, z A VA
(I-* D )[(—g L‘)’f-("-f.' _!‘)——-'l‘—‘*‘]:
el , an
' Zri+Z,

[R, ~BeD ) E~(Rynyc, ) ——ByD'e’.
’ ' T,

There 1s not much that can be said here. H r* >0 sndso Zr'+ Z, > 0 then the srrategic
over myestnent effect and the spitlover vea mvesiment effect again pull in opposite
directions, but 1 1s difficult to say much more. Il <0, bt Z'+Z >0, and v, >0
then all three terms on the RHS of (31} are posutive se assurmng the coefficient on

(r - D') 15 positive,the cooperatve fay exceeds marginal damage.

Beyond this, however, there are no general results to be otamed.



Section 4. Using Standards as Instruments

In this section we anatyse the use of standards as a policy snstrument, It will turn out to be

" H
more useflt to make a change of variable. Thus define #, = —. 1= 12 as the purpra-
L’l

enussions raue, and =) as the cost of the R&D required to achieve output-emission ratio
i, where 1t 15 assumed that = is increasing and strictly convex.

Staee 3 Game - Market Quipus,

iet £, denole the enussion stangard set by government 1. Le. the maximum level of

emssions that the {irm 1n country 7 is permutted 1o emut. Then firm | lekes as given
E, x,h, and y, and chooses y, lo maximise: :

Ry, y.)—atx, ).y, §.1 nEEa

for which the first-order condition 15 simply:
R-a 2z G ¥, ZE.h

where the two inequaliities hold with complementary slackness.
In other words, either the firm 15 on is Cournot reaction funciion, 1n which case the
emussion slandard does not bite and marginat profits are zero, or else the enussion
standard bites, @ which case marginal profits are positive. For reasons we shal give
shortly, we shail assume that the equilibriumn of this stage involves the enussion standards

for both firm: biting.

Staee 2 Game - R&ED Investmest.

Firm | takes as gmiven E, and y, and chooses x, and f, 10 maximise:
ROE, .,y Y- alx, L E g —x —0(h,)
for which the first-order conditions are:

—a'(x LBy -1 =0 an
(R ~@)E,~9'(h,)S0 20 (33)

Now from {33) st 15 clear that if the emussion standgard constrant does not bite then, by the
first-order condition for the Stage 3 game. firm | will invest nothing 1n envisonmental
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R&D. This makes sease, sinee 1n the standards model environmental R&D plays no role
i reducing eosts of production, and hence affecung profits or market share; 1ts sole role
15 1o afiow the firm to produce more ouiput without viokuting the emission slandard; bul if
that constraint is not binding, then the firm would sot mcur the costs of doing
environmental R&TD. What this would imply 15 that the government has sel emission
standards such that, even with no envirenmenial R&D the {irm 15 able 1o produce 1ts
profit-muximsimg output fevel without violaung the emussion standard. So the emission
standard is placing no constramt on the firm’s activities, For this medel to have any
mterest, then, it 18 reasonable 1o assume that the enussion standards must be playing a
role, 1n whick: case they must bite i Stage 3,

It 55 smportant to note that i (32) and (33) there 1§ ao strategic element L. the firm 15
not using its R&D decisions 1o try to nfluence the output of its rval in the stage 3 output
game, The reason 1s obvious; by taking as given the envirosmental R&D level and
emission standard of its reval, the firm 15 taking as given the output of its rival, so the firm
does not believe 1t can miluence what us rival will produce.

We can solve {32) and (33) to get:

o= FIE ¥} {3da)

x, = GE, ¥ {345)
It 15 strighnforward, if tedious, to show that F,, G, <0 bur  Fp, {gcannot be signec.
The rationale 15 45 i the case of taxes: mereasing rival cutput reduces the profitability of
doing R&D; mcreasing eaussion standards will increase output. for any given R&D level,
lowering the profiiability of R&D, but st wiil also merease the effecuveness of R&D, i@
the sense that the increase 1o output for 2 given increase 1n the emussions-outpul ratio wiil
be areater, Thus 1t 18 rot poessible to predict the effect of a slackening of environmental
policy on the domeshic firm's R&D.

To solve for an equilibrium of the Stage 2 game we write (34a} as:

h = FIELE, FIE, E .= HIEE,}
ah, IF +(F )y
where  H, =t = —* -
dE, [1—{E.FY]
A _ FAF+EF]
TUOE, N-(EF)]
and I-{EFY >0
Now note that because of the ambiguous effect of an increase 1n enussions standards on
own firm’s emissionsfouput ratie the ssgns of both derivatives of f are also ambiguous.
However if relaxing envirosmental policy {raising cmission standards) mmereases domestc
firm’s exmsstons/outpat ratto, {i.e. F; > 0) holding constant other firm’s output, then thit
will also rise domestc firm’s equilibritun emissions/output ratio, and lower sival’s
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criusstons/output ratio. Even il F, <@ this could still be the effect of rmsing emyssions

standards. so 1t will require an increase 1 enussions standards to have & marked negauve
effect on domestic emissioas/output ratio before the predicuons apove are reversed.

We can now soive for equilibrium levels of process R&D by wiiting:
x, =GIE E H(E E) = I(E, E,)
For the same reiasons as above 1t 18 not possible to unambigeously sign the denvatives of

..

Stage | Game - Setune Emisston Standards

{a) Non-Co-onernyve Governments.

The government i country ¢ takes as given E, and chooses E, o maximse;
W= Ry, y.)=alx)y, = x, —o(h - DE, +8E,)
where  w,o=ELCH(EVED, v, = EH(E,,E) and  x, = J(E.E,)"

The first-order condition 1s:

g
ok,
From (32) aad (33) the second and third terms of (35} are zero so the first- ordcr
comﬁ;imn ['or selting emission standards can be wntten as:

= (R =a)h + R, E, H, (36)
The lcflwbﬂﬁd side 15 the marginal damage cost of higher emissions; the rtghl-lmﬁd side 15
the marginal benefit of higher emissions; the first termi s Just the margina! profit of the
extra gutput firm 1 will produce when emisston standards of government § are nereased;
the second term 1s the strafegic incennve for the government of country | Lo distort its
environmenial policy. From the above discussion. 11 18 not possibie to sign this second
term, 30 epvironmental poficies may be either taxer or tougher than firsi-best. Bu;l. fora
wide range of cases the prediction would be that a relaxation of environmental standards
by government | will cause the nival firm to cut 1s equilibrivm esvironmental R&D and
hence lower 1ts equilibrium emussions/outiput ratie. In that case the second term on the
RHS will be posttive, 5o environmental policy will be laser than firsi-best. Note that 1t is
rather easier to reach such a judgement 1 the case of standards thar taxes. The reason s
that there are fewer strategic effects of environmental policy than o the case of 1axes,
since there are no direct wncentives for either firms or governments to mampalate the
market game; the only scope for the government to influence the siage 3 outpstiof the
rival firm, 1s by influencmg the enveironmental R&D of the rrval firm; if by raismg the
emission standards faced by #s domestic firm the government reduces the incentives for
the rivat producer (o do environmental R&D then the government witl retax 1ts
environmental pelicy.

={R, —ath +[{R —a)—¢')H, -y +il.J, + R, E,.H, - IV (35}
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{B) Co-cperative Governments.

As 1n the tax section, given our assumption of symmetry, we model co-operative
governments by setung £, = E, = E and choosing E to maximise the welfare of a single
country. The firsi-order condition 1s:

W

aw i,
aE )

dE

dx dh
R —all —(1+8)D' +[(R —)E, ~4' bt wiva’ + 1. —2+ R.fh, + E, —=1=0
{ ) }l| ( ) [( Y ) 1 J ; ]IIET _ff_ dE}

Using {32) and (33) we can re-wriie this as:

oh, I,
HR, —alhy + R E, —)+ R, [h, + E, =]
, TR OE, T "ok,
D= = {41)
(1+8)

Now the first term 1n the numerator of {41515 the same as the RHS of {40), so (41} tells us
that there are three reasons why the co-operative fevel of enmssion standards will differ
from the non-co-operative level of emission standards.

The first, 15 caplured by the second term 1n the numerator of (41). The term m square
brackets here 15 just the total effect on output in country 2 of a sluckenng of iis emissions
standards (an inerease in £, ). If this 1s positive, then, given that &, < 0 this term 15
negative which means that countnes would go for & lower level of marginas dumage
(tougher standards) than they would do in the non-cooperative equilibnium.  If, however,
we have an extreme form of the Porter hypothesis whereby a slackening of standards 1n
country 2 so reduces the fevel of R&D in country 2 that output there actuatly falls, then
this first factor would lead to laxer environmental standards than would prevait in the
nos-cooperative cquifibrum.

The second effect s reflected in the denominator of {41) and cantures the spillover effect
of transboundary pollution, This has the effect of reguiring lower margmal damages, and
hence fower {tougher) emission standards; this 15 he standard effect of co-operation in the
{ace of transboundary polhstion.



Conclusions

In this paper we have undertaken a general analysis of the strategic settiag of
eavirormental policies when firms are also acting steiegically within a non-townament
modei of R&D compelstion. The analysis has enabled us to see how existing resulis in
the literature emerge as special cases, and are mdeed special. In particular, i the case
where there 15 only process R&D Ulph (1993a) showed that if goveraments refax theur
environmenial policies, this would unambiguousty increase the domesuc firm's R&D and
redlce the rval’s R&D, and, combined with the usual reat-shifting argument forirelaxing
R&D governmenis would unambiguously be led 1o refax thesr environmental policies. In
Ulph {1994) it was shown that if there 15 only environmental R&D, then, in the case of
CIUSSIOR taxes, L was now ambiguous whether relaxing environmenial policy would
encournge or discourage domestic R&D and this meant thal it was also ambiguous
whether governments would want 1o set too 1ax or 100 tough environmental policies. bt
mnght have been thought that when both forms of R&D were introduced this weuld leave
the overall direction of distortton of R&D ambiguous, but rmply that there would be a
wider range of cases for which the distortton would take the form of relaximg
enviroameniat policy. This tums out not to be the case. The class of cases for which
environmental policy will be too lax er wo tough will be exactiy the same as in the case
where there 1s only environmental R&D. The ratzonate 15 that if nature of the
environmentai R&D funcuon 1s such that firms do the amount of eavironmental R&D
that will exacily offset the effect of an erussions tax, then the tax can have no effect on
the amount of process R&D that firms would carry out; if the nature of the environmental
R&D function s such that an merease 1n emussion lax would cause the domesuc firm's
costs to rise, that would be an nrgument for relaxing environmental policy: but the higher
costs wili also discourage process R&D so that just rewnforces the argument for rézaxmg
environmental saxes; finally if the nature of the environmental R&D function 15 such that
an incrense 1 emssions tax would cause domestic firm’s costs to fall, that will be an
argument for toughemng environmentitl policy; but the fail in costs will atse mduce the
domestic firm 1o do more process R&D, reinforcing the fadl in costs, and rewnfarcing the
case for soughening emmssion Laxes. Thus process R&D merely remnforees what 15
nappening as a result of environmental R&D. OF course the possibility of doing process
R&D wili change the quantiative amount by which environmental policy gets distorted.
but it does not affect the direction of the distortios. Thus n the case of emission iaxes the
generat mode! shows that the results in Ulph (1994} are what drive the distortioni in
erission tax policy, and the modei of Ulph {1993), considenng oaiy process R&D 1s a
very speciat case. In confirmung that the resuits of Ulph (1994) are the key driving results,
our generat modei also confirms the finding of thal paper thal the modet of Bradford anc
Simpson, with the exponental environmental R&D function, 15 also 2 very special model.

The above argament was couched in terms of emussion taxes. With emussion standards,
which were not analysed in Ulph (1994), the argument s broadly the same as for tixes,
though for somewhai different reasons. In out modet, where direct abatement plays no
role, the use of emission standards nges ol any strategic role for process R&D, and so 1t
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can only be eavironmental R&D which determines the direction of distortion of
environmental policy.

1t should be noted that our model has omitted domestic consumers, uniike the papers of
Kennedy ¢1993) or Conrad {1993}, As those papers show, including domestic consumers
15 likely to reinforce any tendency of environmental policy 1o be rejaxed, since the
government wishes (o expand cutpat which is bemg kept its first-best level by imperfect
competition, s the extension of the model in that direction s unlikely to add very much.

In terms of future research, the most pressing need is for empincal work pased on models
of imperfect competition to estabiish whether the biases in environmental policy
identified by the theoretical analysis of the literatuse to which this paper costributes are
fikely to be of any quantitative significance.
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