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Abstract

The purpose of this paper is to analyze countiogsimal policies
regarding intervention in international emissionsading and
implementation of environmental taxes when angilldvenefits of
abatement are considered. We construct a modehiohwwe combine
both tradable emission permits and pollution ta¥és.use a two-country
model and in each country there is one firm. Themsetries are the only
suppliers on the international market of a commypogioduced by their
firms which competa-la Cournot. What it is examined in this paper is
the interaction between governments (strategicejraaid the effects on
firms’ outputs and emissions.

The results prove that governments’ interventionlicms are
affected by the consideration of ancillary benefitse imposition of the
taxes also leads countries to act strategicallhaninternational market.
In order to support these results we present gcm a numerical point
of view. More specifically, we set values to thegmeters and thus we
take numerical results of the variables we use he todel. The
numerical outcome verifies the reaction functidnsaddition, we create
a figure so that to have a visual point of vieweTdownward reaction
functions of the taxes are presented on the gragtireeir segment shows
that there is a solution to the problem.



Xovoyn

O okomdc ¢ epyaciag avtig eivoar vo avoAOGEL TIC OPLOTEG
TOMTIKEG TOV YOPAOV OGOV apopd TNV TapéuPacn o1o debvic eumdpilo
EKTTOUTOV POTTOV Kot TNV eMPoA mepBaAloviikdv @Opwv, Otav
Aoppavovior vtoyn tor devTEPELOVTA 0PEAN NG UEI®ONG TV POTTWV.
Koataokevdlovpe éva povtélo 6to omoio cuvovalovue TG peTaPipdoipeg
Gogleg  eKMOUTOV  PUTOV e  TOLG  TEPPOAAOVTIIKODS  POPOLG.
XpNoomotovpe &va HoVTELD e 2 Ydpeg, OTOV € KABE ydPU LILAPYEL
uio emyyeipnon. Avtég ol yopeg eivor ot povadikoi mpoundevtég otnyv
oebvn ayopd evdg mPoidvtoc MOv TOPAYETAL OO TIC ETALPIEG TOLS Ol
omoieg Bpiockovian o€ avtaywvioud tomov Cournot.Avtd mov eetaleTon
otV moapovca epyacia eivar 1 aAAnienidopaon petald Tov Kufepvnoewv
(otpotnykd eumdplo) Kot TO. OTOTEAEGULOTO TNG OTNV TOPAYMYN TOV
TPOIOVTOG KOl GTIC EKTOUTEG POTMOV TOV ETAUPEUDV.

Ta amoteAéopato amodetkvoouy 0Tt 01 TOPEUPATIKEG TOMTIKEG TOV
KuPepvnoewv ennpedlovtal omd TNV ovayvOPIoT TOV OELTEPELOVIWMV
opelmv. Emiong, m emPod tov @Opmv odnyel TIC Y®PES Vo dpovv
oTpatnyikd oty 01ebvn ayopd. I'a va vrootnpifovpe Ta omoTeAEGUATA
pog mopovctdlovpe por opuntikn eikdéva tov tpaypdtov. Edwotepa,
Oétovpe TIWEG OTIC TOPAUETPOVS 0VTMG (oTE vo. AdBovue aplOunTiKd
OMOTEAEGLLATO Y10 TIG UETAPANTEG OV YPNGLOTOI0VUE 6TO poviéro. To
aplOunTikd oamotéAecuo  €mOANOELEL  TIC CUVOPTNGELS  OVTIOPOOTG
(kdAMotng andkpiong). EmmAéov, kataokevdlovue éva didypappo oot
Vo £YOVUE KOl po OTIKN €kova. Ot KOUmOAES avTidopaong Twv eOpwv
OV TOPOVCIALOVTAL GTO SIAYPOUUO Elval apyvnTiKng KAIoNG KoL 1 Toun
TOVG AOSEIKVOEL OTL LITAPYEL ADGN GTO TPOPANLLOL O,



1. Introduction

Transboundary pollution is related with many impaott
environmental problems urgently calling for solatioProblems like
ozone depletion, climate change and marine pofiutiave been the main
subjects of negotiations among countries over Het two decades.
Because of the high priority that environmentalgbeans have received at
the policy level it is not surprising that thereaisthe theoretical front a
growing effort to analyze international environnaragreements (IEAS).

In this study we present an analysis based on fegtecompetition
to find out if the consideration of ancillary bemf(or co-benefits)
affects these agreements. More specifically weédmalculate the level of
the tax that each government will impose by maxingzits social
welfare while taking into account the ancillary béts and the behavior
of the other governments. We further calculateogbkemal level of output
that each firm produces. Initially, we present anegal view of the
environmental problems and their influence on t@nemic activity.

Environmental problems are often international byure. Threats to
our environment caused by climate change, lossobddical diversity or
pollution of the marine environment are exampleproblems which can
only be solved through cooperation between the tt@sn In order to
overcome these problems international environmeatgeements are
signed between countries. The most important feregreements is the
Kyoto Protocol signed in February 2005 for the catmmant period of
2008-2012. However, many countries are reluctant sign such
agreements because these agreements are againest toterest.

This behavior may change when ancillary benefitsc@benefits)
are taken into account. They are local benefitsegad by climate
policy, but are not associated directly with th@ashg of climate change.
The consideration of ancillary benefits leads te tmplementation of
environmental taxes by the governments. The permditributed
according to agreements like the Kyoto Protocol raoé sufficient to
achieve the environmental target and thus govertsnar the emissions.

Except for the reduction of the emissions, the an@ntation of the
environmental taxes may also lead governments tteteategically. “If
imperfect competition is an important characterisfi some international
markets, then firms in these markets may earn piuafs. Protection can
shift some of this profit from foreign to domestians, and in addition,



tariffs can transfer foreign rents to the domes@gasury in the form of
tariff revenue”, as Brander and Spencer (1984).note

In our study we try to testify the impact of thecdlary benefits and
the environmental taxes on the strategic behaviath® governments.
Thus, in our model we combine two instruments tglement an
emission constraint: pollution taxes and tradaltession permits. We
also consider ancillary benefits and the cost daiteiment. In order to
support our results, we set values to the paraseWe find out that,
indeed, ancillary benefits and environmental ta&éfect the strategic
behavior of the governments. More specifically,ibeny benefits lead to
the reduction of the taxes. Moreover, there isgatiee relation between
the taxes imposed by the two countries.

In section 2 we present the various internationalirenmental
problems raised mainly by the emissions of airygalits. In section 3 we
analyze the international environmental agreemsigsed in order to
tackle these problems. Section 4 extends the asalgsthe ancillary
benefits and section 5 to the strategic trade.i@eét sets out the model,
while section 7 shows the behavior of the goverrimand the firms with
the use of reaction functions. In section 8 wesiswmilations to verify the
results of section 7. Finally, section 9 contaiosatuding remarks.

Our study is similar to Pratlong (2005). In bothudsés two
instruments are used to implement an emission @nstpollution taxes
and tradable emission permits (TEP). The differemcethat while
Pratlong (2005) is concerned with the choice oféhevo instruments, in
this study they are implemented simultaneously.

This study is also similar to Brander and Spend€8%). B&S
(1985) are concerned with strategic trade and tabavior of the
governments (subsidies on firms’ exports). In dudg we also take in
account the environmental issues that affect thisalior. In this frame
we calculate the best response of the firms byutatiag their optimal
outputs and of the governments by calculating #niéf¢ they impose on
the firms.



2. International Environmental Problems

International environmental problems include thelide in fresh-
water and food resources, the proliferation ofdexglobal warming, and
the decimation of biological diversity. Further, anworld with rising
population pressures and a global economy, preciatigal ecosystems
face profound threats from those who seek abundesdurces, cheap
labor, and weak or poorly enforced environmentahgards. Though
strict domestic regulations can help protect thevirenment in
industrialized nations, they may also drive somethef most harmful
extractive activities to less developed regtons

In order to solve these problems, countries haveowperate by
signing international agreements. However, this igsery complicated
process. A main problem is that each country waatsupport its
interests and thus may not participate in such eageats. Another
important issue is the free-riding behavior by sa@oentries. This means
that although the countries sign the agreemenise saf them finally do
not take measures to achieve the target, becaagdehthe others to do
So.

2.1 The Greenhouse effect

The most important environmental problem is thenate change,
which is the heating of the surface of a planet daethe high
concentration of greenhouse gases. Greenhouse gasesalmost
transparent to solar radiation but strongly absarinl emit infrared
radiation. Thus, greenhouse gases trap heat withim surface-
troposphere system. This mechanism is fundamerddfgrent from that
of an actual greenhouse, which works by isolatiragnw air inside the
structure so that heat is not lost by convention.

The Earth receives energy from the sun mostly énféinm of visible
light. The atmosphere is almost transparent tdhdight, so that about
50% of the sun's energy reaches the Earth ands@ladd by the surface.
Like all bodies with a temperature above absolwteo,zthe Earth's
surface radiates energy in the infrared range. ith@ese gases are not
transparent to infrared radiation so they absartnfrared radiation is
absorbed from all directions and is passed as toeatl gases in the
atmosphere. The atmosphere also radiates in theredf range (because
of its temperature, in the same way the Earthfaserdoes) and does so

This information is drawn frorhttp://www.aida-americas.org/aida.php?page=prob|¢hessite of
Interamerican Association for Environmental Defence




in all directions. The surface and lower atmosplaeewarmed because
of the greenhouse gases, making our life on eaghiplé.

For the Earth's temperature to be in steady statdhat the Earth
does not rapidly heat or cool, this absorbed s@diation must be very
closely balanced by energy radiated back to spacehe infrared
wavelengths. Since the intensity of infrared radratincreases with
Increasing temperature, one can think of the Eatdmperature as being
determined by the infrared flux needed to balaheeabsorbed solar flux.
The visible solar radiation mostly heats the swfawt the atmosphere,
whereas most of the infrared radiation escapingptxe is emitted from
the upper atmosphere, not the surface. The infrapedons emitted by
the surface are mostly absorbed in the atmosphegrdenhouse gases
and clouds and do not escape directly to space.

The reason this warms the surface is most easitierstood by
starting with a simplified model of a purely radiat greenhouse effect
that ignores energy transfer in the atmosphere dnyvexction (sensible
heat transport, sensible heat flux) and by the enaion and
condensation of water vapour (latent heat transpetent heat flux). In
this purely radiative case, one can think of thecsphere as emitting
infrared radiation both upwards and downwards. Tpward infrared
flux emitted by the surface must balance not ohé/ dabsorbed solar flux
but also this downward infrared flux emitted by themosphere. The
surface temperature will rise until it generatesrtimal radiation
equivalent to the sum of the incoming solar ancargd radiation.

A very simple model, but one that proves to be mkataly useful,
involves the assumption that this temperature leradi simply fixed, by
the non-radiative energy fluxes. Given the tempeeatit the emission
level of the infrared flux escaping to space, drentcomputes the surface
temperature by increasing temperature at the fede5dC per kilometre,
the environmental lapse rate, until one reachessthiéace. The more
opaque the atmosphere, and the higher the emiksiehof the escaping
infrared radiation, the warmer the surface, sinoe then needs to follow
this lapse rate over a larger distance in the cartMhile less intuitive
than the purely radiative greenhouse effect, tbss Ifamiliarradiative-

2 The information in this paragraph is drawn from thtergovernmental Panel on
Climate Change Fourth Assessment Report. Chaptéfistorical overview of
climate change science, page 97.



convectivepicture is the starting point for most discussiasfs the
greenhouse effect in the climate modelling literatu

2.2 Greenhouse gases

Greenhouse gases, which mainly consist of wateowaphey are
essential in helping determine the temperaturd@fiarth; without them
this planet would likely be much colder. Althouglamy factors such as
the sun and the water cycle are responsible foiEtdmgh's weather and
energy balance, if all else was held equal andest#ire planet's average
temperature should be considerably lower withoaeghouse gases.

Human activities have an impact upon the levelreeghouse gases
in the atmosphere, which has other effects uponsyiséem, with their
own possible repercussions. The 2007 assessmeant ogpnpiled by the
Intergovernmental Panel on Climate Change (IPCC3ented that
"changes in atmospheric concentrations of greerhgases and aerosols,
land cover and solar radiation alter the energyriad of the climate
system", and concluded that "increases in anthreoggreenhouse gas
concentrations is very likely to have caused mdsthe increases in
global average temperatures since the mid-20thupgnt

When gases are ranked by their contribution to dheenhouse
effect, the most important dre

- water vapor, which contributes 36—-72%

. carbon dioxide, which contributes 9-26%
« methane, which contributes 4-9%

« 0zone, which contributes 3—7%

The contribution to the greenhouse effect by aigaaffected by
both the characteristics of the gas and its abuww®ldfor example, on a
molecule-for-molecule basis methane is about eigimes stronger
greenhouse gas than carbon dioxide, but it is ptesemuch smaller
concentrations so that its total contribution isaBer. It is not possible to
state that a certain gas causes an exact perceotadpe greenhouse
effect, because the influences of the various gasesot additive. The

% This data is drawn from Kiehl, J. T.; Kevin E. Mberth (February 1997). "Earth’s
Annual Global Mean Energy BudgetBulletin of the American Meteorological
Society78 (2): 197-208



higher ends of the ranges quoted are for the ga®athe lower ends, for
the gas counting overlaps

2.3 Global warming

A very important environmental problem which resultom the
greenhouse effect and which could threaten thetesdas of human
civilization is the global warming. Global warmimgthe increase in the
average temperature of the Earth's near-surfacandiroceans since the
mid-20th century and its projected continuation.ol§al surface
temperature increased 0.74 = 0.18 °C (1.33 £ OBR32during the last
century. The IPCC concludes that increasing greenhouse gas
concentrations resulting from human activity sushf@ssil fuel burning
and deforestation are responsible for most of theewed temperature
increase since the middle of the 20th century. [F@C also concludes
that natural phenomena such as solar variationvat@hnoes produced
most of the warming from pre-industrial times tdb@%nd had a small
cooling effect afterward. These basic conclusiomgehbeen endorsed by
more than 45 scientific societies and academiexcieihce, including all
of the national academies of science of the majutustrialized
countrie§.

Climate model projections summarized in the IPC@breindicate
that the global surface temperature will probab$e ra further 1.1 to
6.4 °C (2.0 to 11.5 °F) during the twenty-first tey’. The uncertainty in
this estimate arises from the use of models witfemng sensitivity to
greenhouse gas concentrations and the use ofatiffestimates of future
greenhouse gas emissions. Some other uncertaim@ade how
warming and related changes will vary from regiorrégion around the
globe. Most studies focus on the period up to 2Hifever, warming is
expected to continue beyond 2100 even if anthrapiogemissions stop,
because of the large heat capacity of the oceamsh@nlong lifetime of
carbon dioxide in the atmosphé&fe

* This information is drawn from Houghton, John (&y2005).Global warming
Institute of Physics. p. 1362

® This data is drawn from IPCC (2007-05-04). "Sumyfar Policymakers". Climate
Change 2007: The Physical Science Basis. Contobwud Working Group | to the
Fourth Assessment Report of the IntergovernmeraaéPon Climate Change

® This information is drawn from Royal Society (200%oint science academies'
statement: Global response to climate change”.

" This information is drawn from Archer, David (2Q05-ate of fossil fuel CO2 in
geologic time". Journal of Geophysical Research(Cl9): C09S05.1-C09S05.6.
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Increasing global temperature will cause sea leteelsse and will
change the amount and pattern of precipitationbaisty including
expansion of subtropical deserts. The continuingea¢ of glaciers,
permafrost and sea ice is expected, with the Arcégion being
particularly affected. Other likely effects includehrinkage of the
Amazon rainforest and Boreal forests, increaseghm intensity of
extregme weather events, species extinctions andgelsain agricultural
yields.

3. International Environmental Agreements

Since global warming is a truly global environménpaoblem,
international coordination is necessary. Howeveuntries have to
voluntarily negotiate and agree upon certain targmtd policies to
achieve these targets, as there is no global e@eatithority to enforce
global climate protection. The problem is that mamuntries are not
keen to participate in international environmergteements because of
various reasons, such as free riding incentives.

It is often remarked that international cooperatiotrade must hold
clues for how international cooperation in envir@mtal protection can
be aided. There are, however, fundamental diffeenmetween these
iIssues. First, trade is a bilateral activity, efegoverned by multilateral
rules (today, under the World Trade OrganizatiomM&rO). The supply
of global public goods, by contrast, is a multitate endeavour.
Sustaining cooperation between just two countriegelatively easy;
sustaining cooperation among a large number oftaesns much harder
(even increasing the number of countries from twothree makes a
significant, qualitative difference). Second, trddeeralization is not a
public good. Non-parties can be excluded from @ngpyhe benefits of a
trade agreement (indeed, rather than free ridde tcversion can make
non-parties worse off). By contrast, free ridingtie most important
hindrance to international environmental coopermatio

3.1 Kyoto Protocol

Probably the most important of these agreementthaes Kyoto
Protocol which was put into effect in February 2806the commitment
period of 2008-2012. It was adopted in December718%d was signed

8 This information is drawn from Solomon, S., et(aD09). "Irreversible climate
change due to carbon dioxide emissions". Procesdihthe National Academy of
Sciences 106 (6): 1704-1709
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by developed and developing countries. The implé¢atem of the Kyoto
targets in greenhouse gas emissions reductionssreln three policy
instruments: international emissions’ trading (JEjdint implementation
(J1) and clean development mechanism (CDM).

International Emissions’ Trading (or emission tragi is an
administrative approach used to control pollutignpboviding economic
incentives for achieving reductions in the emissiaf pollutants. The
system used in the Kyoto protocol isap and tradesystem. A central
authority (usually a government or internationatdlyjosets a limit ocap
on the amount of a pollutant that can be emitteoinganies or other
groups are issued emission permits and are reqtarkedld an equivalent
number of allowances (or credits, or permits) whighresent the right to
emit a specific amount of the pollutant. The ta@alount of allowances
cannot exceed the cap, limiting total emissionthti level. Companies
that need to increase their emission allowance tmugthem from those
who pollute less. The transfer of allowances iemeld to as a trade. In
effect, the buyer is paying a charge for pollutinjle the seller is being
rewarded for having reduced emissions by more twe$ needed. Thus,
in theory, those who can easily reduce emissions eieeaply will do so,
achieving the pollution reduction at the lowestglole cost to society.

Market transactions are driven by relative pricds emission
reduction opportunities among market participarfier example, a
company with a low cost opportunity to reduce emiss below its
allocation of emission rights can sell these unedeights to a company
with limited or uneconomic emission reduction ogpoities. Emissions
trading systems have been already used in the dUStates (the Acid
Rain Program has been evaluated as very successitlljhe European
Union, which unilaterally has implemented the Kydootocol for the
period 2005 to 2008. There are other applicatibnsmost of them are in
a pilot phase (as in the greenhouse gas marketgmmehroughout the
world).

The overall goal of an emissions trading plan isstduce emissions.
The cap is usually lowered over time - aiming ta¥gama national
emissions reduction target. In other systems aquodf all traded credits
must be retired, causing a net reduction in emmsseach time a trade
occurs. In many cap and trade systems, organiztamch do not
pollute may also participate, thus environmentaligs can purchase and
retire allowances or credits and hence drive upptiee of the remainder
according to the law of demand. Corporations can pfematurely retire

12



allowances by donating them to a non-profit endibd then be eligible
for a tax deduction.

Because emissions’ trading uses markets to deterhmmv to deal
with the problem of pollution, it is often touted an example of effective
free market environmentalism. While the cap is gt by a political
process, individual companies are free to choose boif they will
reduce their emissions. In theory, firms will chedbe least-costly way
to comply with the pollution regulation, creatingcentives that reduce
the cost of achieving a pollution reduction target.

The Clean Development Mechanism (CDM) is an arraregg
under the Kyoto Protocol allowing industrialiseduntries with a
greenhouse gas reduction commitment (called Annego@ntries) to
invest in projects that reduce emissions in devetpgountries as an
alternative to more expensive emission reductiartheir own countries.
A crucial feature of an approved CDM carbon projectthat it has
established that the planned reductions would romuro without the
additional incentive provided by emission reductiaredits, a concept
known as "additionality".

The CDM allows net global greenhouse gas emissmbg reduced
at a much lower global cost by financing emissigduction projects in
developing countries where costs are lower thanindustrialized
countries. However, in recent years, criticism agathe mechanism has
increased.

The CDM is supervised by the CDM Executive BoardKCEB)
and is under the guidance of the Conference oPtraes (COP/MOP) of
the United Nations Framework Convention on ClimaBhange
(UNFCCCQC).

The purpose of the CDM was defined under Articleolthe Kyoto
Protocol. Apart from helping Annex B countries cdynpvith their
emission reduction commitments, it must assist lkgueg countries in
achieving sustainable development, while also daming to
stabilization of greenhouse gas concentrationsearatmosphere.

To prevent industrialised countries from makingimrted use of
CDM, the framework has a provision that use of Cb&'supplemental’
to domestic actions to reduce emissions. This wgrtiias led to a wide
range of interpretations - the Netherlands for gdanaims to achieve
half of its required emission reductions by CDM. tteats Dutch
companies' purchases of European Emissions Tradiapeme

13



allowances from companies in other countries as$ phits domestic
actions.

Thus, it is significant to detect possible inceesivfor both
developed and developing countries, so as to libest to participate in
international agreements on climate change. Thik get easier if we
ascertain the strategic implications of the soechlncillary benefits and
not only their quantitative and qualitative impadts climate policy
levels.

Joint implementation (J1) is set forth in the KydRootocol to help
countries with binding greenhouse gas emissiogetar(so-called Annex
| countries) meet their obligations. JI is sethidrt Article 6 of the Kyoto
Protocol. Under Article 6, any Annex | country ciamvest in emission
reduction projects (referred to as "Joint Impleragot Projects"”) in any
other Annex | country as an alternative to reduciagissions
domestically. In this way countries can lower tsts of complying with
their Kyoto targets by investing in greenhousergasictions in an Annex
| country where reductions are cheaper, and thetyiag the credit for
those reductions towards their commitment goal.

A JI project might involve, for example, replaciray coal-fired
power plant with a more efficient combined heat aoaver plant. Most
JI projects are expected to take place in so-callecbnomies in
transition," noted in Annex B of the Kyoto ProtocGurrently Russia and
Ukraine are slated to host the greatest numbel pfojects. Unlike the
case of the Clean Development Mechanism, the Jl daased less
concern of spurious emission reductions, as thenlike the CDM, takes
place in countries which have an emission reductgpuirement.

The process of receiving credit for JI projectsammewhat complex.
Emission reductions are awarded credits called gionsReduction Units
(ERUs), where one ERU represents an emission reduetjualing one
tone of CQ equivalent. The ERUs come from the host counpgt@ of
assigned emissions credits, known as Assigned Atrdaits, or AAUs.
Each Annex | party has a predetermined amount dfg/calculated on
the basis of its 1990 greenhouse gas emissionsle®sl requiring Jl
credits to come from a host country's pool of AAte Kyoto Protocol
ensures that the total amount of emissions cradisng Annex | parties
does not change for the duration of the Kyoto Rmalts first commitment
period.

14



4. Ancillary Benefits

The reduction of atmospheric greenhouse gas (GHG@)naulation
from fuel use would also tend to reduce basic @ilupants and thus, have
direct local benefits. These benefits are charaetgras ancillary. So,
apart from primary benefits, ancillary benefits miis detected, in order
to give countries stronger motivation for partidipa.

Primary benefits are the benefits derived from pung climate
policy’s primary aim, which is climate stabilizati@at the global level. In
contrast, according to the IPCC Third AssessmermoRe(2001a,b,c),
ancillary benefits “...are the monetized secondarysiole benefits of
mitigation policies on problems such as reductionkcal air pollution
associated with the reduction of fossil fuels, aondsibly indirect effects
on congestion, land quality, employment and fuelisgy”.

They are local benefits generated by climate pollmyt are not
associated directly with the slowing of climate mfje. They are also
characterized as co-benefits and spill-over benefiPCC (2001)).
According to Markandya and Rubbelke (2004), the nmdifference
between the terms is the relative emphasis givdretefits derived from
slowing climate change versus other benefits. Yped of impacts being
covered are the same under each of these labels.

Moreover, ancillary benefits arise almost immediatafter the
climate protection measure has been accomplishedirary to the
primary ones which accrue over a time of severaddes or longer. “We
feel the heart of the analysis of ancillary beseiitvolves the here and
now that is relevant to individual policy makersamational context”, as
Krupnick, Burtraw and Markandya (2000, p.3) mentidwditionally,
benefits of reduced climate change risks accrug glibbal level, while
ancillary benefits accrue mainly to those countuedertaking mitigation
action. If we fail to consider ancillary benefitsreectly, this could lead to
a false assessment of the net costs — direct ¢odinmate policy less
ancillary benefits from this policy — of mitigatigoolicy, and a wrong
definition of no regrets levels of GHG mitigatioRinally, the accurate
estimation of ancillary benefits is important sirtbeir underestimation
could lead to choose an unnecessarily expensiveypol

No regrets options are by definition GHG emissiarsguction
options that have negative net costs, because dkagrate direct or
indirect benefits that are large enough to offeetdosts of implementing
the options. The costs and benefits included in d@lssessment, in
principle, are all internal and external impactstioé options. External

15



costs arise when markets fail to provide a linkaeetin those who create
the externality and those affected by it; more galhe when property
rights for the relevant resources are not wellrefi External costs can
relate to environmental side-impacts, and distogion markets for
labour, land, energy resources, and various otteaisa

As the years pass by, international negotiationslonate change
are in the process of intensive search for a pgstdprotocol. During
these years many changes took place. For exampiea@s now the
larger emitter of greenhouse gases (GHG) and ihdsessary that
developing countries participate in such an agre¢rbecause of their
growing emissions.

Recently, by using normal form games, Pittel antbifelke (2008)
investigated the outcome of international negairation climate change
under two different scenarios: one with and ondeuit the inclusion of
ancillary benefits. They find that if internationalegotiations are
represented as a chicken game, ancillary benefiis to have a positive
influence on the propensity of countries to pgotte in an international
agreement on climate change.

4.1 Developing Countries

Apart from the fact that developing countries’ pap@ation is
necessary for the success of any internationalkeaggat, these countries
have also their own incentives to participate.ifstftheir economies will
be negatively affected by climate change. Givehdle&eloping countries
have limited economic and technological means toptado climate
changes, the negative effect will be larger foiséheountries. Secondly,
they can obtain additional local benefits by slayviglobal warming if
they participate to climate protection. Aunan et(aD07), suggests that
China will gain important ancillary benefits by tlshmate protection
commitment because its efforts will lead not ontythe reduction of
GHG emissions but also of particles and ,N@®missions. These
reductions, in turn, will improve public health andgill increase
agricultural yields.

Smith and Haigler (2008, p.19) recently offered soralculations
which illustrate the high-degree of ancillary bendghat can result
especially in improving efficiency in the househatdergy sector in
developing countries. As they mention “the poor bastion and lack of
good ventilation typical in simple household stovesult in high indoor
and near-household air pollution exposures. Thistum has been
associated with a range of diseases, with beserea for pneumonia
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(acute lower respiratory infections) in childrenda@OPD (chronic
obstructive pulmonary disease) in women, the twaugs receiving the
highest exposures”.

4.2 Developed Countries

Ancillary benefits in developed countries may netdguivalent to
those in developing countries, but they are algmifsicant. In some
studies they are represented as a multiple of pyirbanefits. Pearce
(2000) calculates that ancillary benefits are mrtdnge between 0.07 and
6.67 of the primary benefits.

Ekins (1996a, 1996b) suggests that the inclusionawo€illary
benefits in cost-benefit analyses will increase dp&mal climate policy
levels. Apart from the quantitative, there are algmlitative ancillary
benefits. The ancillary benefits can only be engbga a local or regional
scale, while the primary can be enjoyed globallyt R differently,
ancillary benefits are mainly a private good frohe tcountry’s or
region’s point of view, whereas climate protectgenerated by climate
policy is a global public good.

In conclusion, on the one hand, ancillary benefadi for higher
globally optimal abatement levels; while on theestihand, they give
incentives to countries to participate in interoaél agreements and thus,
increase the number of participating countriesthin case that ancillary
benefits are important they reduce the free ridmgentives that each
country has. Free riding benefits are generatedn frihe actions
undertaken by other countries but these actionsatagenerate ancillary
benefits.

5. Strategic trade

Countries often perceive themselves as being inpetitron with
each other for profitable international marketstHis case, governments
seek attractive policy tools, like export subsidaesl import tariffs, so as
to improve the domestic firms’ position in the ncoeperative rivalries
with foreign firms, enabling them to expand theiarket share and
profits.

As a result, tariffs, taxes and subsidies affeetitiitial conditions of
the game played by the firms. While the terms aflér move against the
subsidizing country, their welfare can increasepase exceeds the
marginal cost of exports, under imperfect compmiitiThe terms of trade
Is defined as the ratio of the price a country irexse for its export
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commodity to the price it pays for its import conuiity. So, when a
country subsidizes its firms, the price of its etpanumerator of the
ratio) decreases and thus there is deteriorationtsirterms of trade.
Producing countries have incentives to cooperat eliminate such
subsidies, but they also have an incentive to cle@atny resulting
agreements, along the lines of a typical prisorgitemma.

Brander and Spencer (1984) study export subsidses golicy
instrument to promote domestic firms in the intéoral market. As they
advocate “the central idea is that it is to theaadage of a country to
capture a large share of the production of prafagng imperfectly
competitive industries. Export subsidies can bedusecarry out such
“profit-shifting” policies.

They use a simple Cournot (or Nash quantity) dupp8ubsidy
levels are set by the governments and output larelset by competing
firms. Each firm takes as given the output of itals and the subsidy
levels. In a two stage model, governments play t,firsetting
simultaneously subsidy levels and then firms ch@nselltaneously their
output levels. Therefore, “firms play Nash agaiaktother players, and
governments play Stackelberg against firms and Naghinst other
governments”. Generally, some distortion is neeftwda second best
policy like subsidies to be in the national intérd$e distortion here is
imperfect competition.

Also, they assume an economy with identical conssmeho
receive the same income based on identical endotgnaamd an equal
share of the profits of the imperfectly competittd@mestic firm. This is
the usual assumption in order to abstract from gheblem that the
national distribution of income affects demand amdfare.

In the model of Brander and Spencer (1984) the damand the
foreign firm sell their product to a third marketp that there is no
consumption in the producing countries. Therefosgategic trade
policies affect only firms’ profits and do not atfedomestic consumers’
surplus. The reaction functions are downward skppas marginal
revenue declines with an increase in the outputthef other firm.
Therefore, an increase in the export subsidy isa®alomestic exports,
while a domestic subsidy reduces the output ofdheign firm.

As regards to the domestic subsidy, it lowers pricereases
domestic profit and lowers foreign profit. The sdlysactually increases
domestic welfare net of the subsidy. In their senmglase with all
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production for export, domestic surplus net ofshbsidy, is the profit of
the domestic firm (earned from exports) minus th&t of the subsidy.

There is a number of works in the literature whigpply the
strategic trade argument developed by B&S (1984)he choice of
national environmental targets. Markusen (1975)mss that all markets
are competitive, there are no import tariffs antly gollution tariffs can
be used to affect the terms of trade. As a resyfiprting countries over-
internalize environmental damage in order to avpallution-related
tariffs and improve their terms of trade.

Conrad (1993), Barret (1994) and Kennedy (1994)gssg that
under Cournot competition, environmental policy che used to
indirectly subsidize exports by under-internalizitige environmental
damage caused from pollution. Conrad (1993), assuha governments
are allowed to control pollution through emissiamds but at the same
time subsidies for pollution intensive inputs may used. Barrett (1994)
assumes that governments use emission standatgsdnef taxes to
regulate pollution. Finally, Kennedy (1994) studaes~o-country closed
economy model and claims that when pollution iagb@undary, the eco-
dumping effect is reinforced.

The above studies indicate that nations withouttstegulatory
standards attract accelerated flows of internati@agital investment,
leading to the creation of “pollution havens.” Theck of stringent
environmental regulation gives firms an unfair cetmve trade
advantage, amounting to an environmental subsidghvnables firms
to undercut prices in export markets.

In a two-good perfectly competitive neoclassicalrldioa country
has o incentive to subsidize an exported good, usec¢his action will
lead to a worsening of the country’s terms of tradee only case for this
to happen is if the county can influence the exgmbrice’s good. Then,
an export tax would be appropriate so as to imptbeecountry’s terms
of trade.

As regards the environmental regulation and itec$f on the
competitiveness and the profitability of the firmtere are two
conflicting arguments; one that refers to the shamtand one to the long
run.

1. In the short run there is a conflict between envmental
guality and economic prosperity. Governments ugalations in order to
internalize the negative externalities caused k& ¢oonomic system.
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However, the internalization of externalities regqaiabatement activities
and therefore, higher operation costs for the firms

2. There is a relation between environmental standaru$
competitiveness in the long run. To explain, firtigt invest on
abatement technology can have in the long run benghich outweigh
the short run costs of investment.

Empirical support is rather neutral about theseizents. However,
the behaviour of governments, which do not pardtEpin international
environmental agreements, implies that they acg apbn the short-run
perceived costs of environmental policy.

Section 6 sets out the basic model and shows thetioa of the
firms and governments when the ancillary benefistaken into account.
Firms may change their output and the number oEgiom permits they
have. Governments concern about the taxes thatwileympose to the
firms in order to make them emit less pollutants. section 7 the
conclusions are represented.

6. The mode€

We use a simple model in order to demonstrate esults. Consider
two countries. In each country there is one firmodoicing a
homogeneous product. We denotedryhe output level of firm, i =12
and we also assume that both firms supply theidycbto a third market
in which there is no other competition. The demamntthe third market is
assumed linear of the forn®.=a-b(q +q;). The two firms compete a-la

Cournot-Nash. Firms face a total cost of productini,) =c g , wherec

Is a technological parameter representing the aahsharginal cost of
production and is assumed equal across competmg.fi

We further assume that both firms’ production resul emissions
of a global pollutant and a local pollutant. Enoss of the global
pollutant are assumed to be increasing with theellesf output,
E (q)=1Iq, wherel, i =12 is a technological parameter representing the

constant marginal rate of emissions generation.
7. Thechoice of local tax level

We assume that in order to reduce damages fromgibieal
pollutant, the two countries participate in a globgreement to reduce
emissions. We assume that the global agreement asésadable
emissions permit policy to achieve its target. Adaoag to this policy
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each government issues a number of permitand distributes them free

of charge to the home firin After the initial distribution, firms can trade
permits in a competitive market, at a priee. Although many firms

generate the global pollutant and thus, participatihne permits market,
only the two firms considered here, produce the dgeneous product
whose market we examine in this study.

In order to comply with the regulation, firms caiher purchase
permits, or reduce their emissions by engagingbatement efforta .
We assume that abatementps-kq, wherek. is the abatement per unit
of output.

Emissions’ abatement is costly. Firms’ total coktabatement is
denoted byg, A*, whereg, >0 is a technological parameter expressing the

marginal cost of abatement of each firm and iseddft across firms.
Emissions of the global and the local pollutant rétated. For simplicity
we assume that there is a one to one relationgtapis, the production of
one unit of output; in countryi generates units of the global pollutant

and in the same timie units of the local pollutant.

When firms engage in abatement of the global patiuthey also
reduce the local pollutant and thus, the damagasthie local pollutant
generates. Given that the emission target was @gneen based on the
global pollutant’'s damages alone, each governmaatdm incentive to
implement an additional local environmental polteygeting the local
pollutant. We assume that both countries imposenaission tax per unit
of emissions discharged into the local environment.

Thus, if firms engage in abatement, they will proglla double
benefit; a reduction in the global pollutant and tire same time a
decrease in the local pollutant. There are alsogwl@y instruments: a
global tradable permits system and a local enviemtai tax.

The firms choose their levels of outpgtand abatement per unit of
outputk, by maximizing their profitg1, andri,

I, :[a_b(qi+qj)]qi_cq_giA2_PdEi -W)-tE, (1)

where E, denotes emissions of the global and the localfaoit net
of abatement, that i, =1,q -kq,, i =12.
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The first order conditions of the profit maximizatiare
I—qu = a_2bq _bqj _C_ZQikiZQi - Pdli - ki)_ti (Ii - ki) = 01 (Za)

Iy = Peq -2g,k g’ +qt, = 0. (2b)

Where superscripts denote derivatives with respedhe choice
variable.

Solving the equation (2a) with respect doyields firms’ reaction
function

a-c—I|,Pe-It 1

q.(q;) = b _quw (3)
The second order conditions are.
M =11 =-2(b+g,k’) < 0. (4)

The negative sign of the second order conditiongilcos that the
reaction functions are downward sloping.

The reaction functions of the two firms show thetbesponse of
the firm to any particular output chosen by itsativThe simultaneous
solution of equations (3) yields the equilibriuntmuts of the two firms:

_a-c—2;(Pe+t) +1;(Pe+t;)

T (5)

ai

Solving equation (2b) with respect tk vyields the firm i
abatement per unit of output, as a function ofival’s output,

S
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b(Pe+t;) (6)

ki (qj) - gi[a—C—Ii(Pe+ti)_bqj]

Substituting the output levels from (5) into (6) wbtain firm i's
level of abatement per unit of output as a funcobme andt,. Then, we
substitute the output levelg and g, from (5) into the emissions and
abatement functions to derive them as function®efindt, . Finally, we
derive the total outpup and the priceP as functions ofPe andt,.

Each government chooses the level of the tax thailliimpose by
maximizing its social welfare while taking into acmt the behaviour of
the other government. Each country’s social welfarexpressed as the
sum of the producer surplus and the ancillary ben&bm the reduction
In emissions. Note that in our model, we do notster damages from
global emissions since the problem of the globdlpant is dealt with at
the international level through the permits syst®dtoreover, there is no
domestic consumer surplus because the producidiscsa third market.

Under these assumptions each country’s social veglfanction is:

Vvi(ti’tj): P(ti’tj)qi (ti’tj)_cq (tiltj)_giA(ti'tj)
- Pe[Ei (ti’tj)_\/\/i]+diA(ti’tj)

(7)

whered A (t.t;), i,j =12 expresses the ancillary benefits gained by
firms’ abatement effort.

We derive the first order conditions with respextthe tax level,
which then yield the reaction function of each doyia choice of tax to
the other country’s tax level:
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R(1)) = 9(d, - g, + Pe)+ 2;;:](;]I-i|-[2(2Ii ~1; JPe- (a—c)J_%tj ®)

As it is shown there is a negative relation betw¢lea tariffs
imposed by the two governments. This means thathtgber the tax
imposed by country i, the lower the tax imposedcbuntry j. So, the
choice of tariff by one government depends on #ndf imposed by the
other one. “Each of these tariffs has an impadherprofits of both firms
and therefore on the net welfare of both countries Brander and
Spencer (1984) note. This fact explains the belmwbthe governments
to intervene in the market in order to promote ititerest of the local
firm.

Note that when the other country sets a zero texhbme country
will set a higher tax the higher are the ancillagnefitsd., the lower is

the cost of abatemeny, the higher is the permit price, and the lower are
the per unit expected profits in the internatiomakket(a-c).

Solving the two reaction functions (8) simultandgugields the
equilibrium values for the taxes:

) _Zgigjlilj(—a+c+3|iPe—2IjPe)—3b[djgili—4gjlj(di + Pe)
- 10g,9 121,
I | I glgjl ] (9)
" gi(_gj i +4gj j T iPe)]

10g,9.171.

I

Finally, if we substitute equations (9) into theuations (5) we
derive the optimal quantities produced by each firm
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49,91;1,(@a-c-3l;Pe+2,Pe) +b[6d,;g;l; -9g,l,(d;, + Pe)
B 100g,g 1,
g, (-69;l; +9g;l, +6l,Pe)]
" 10pg g1l

(10)

8. Simulations

In this section we present an analysis based aresalhich we set
on the parameters in order to verify the resultthefsection 7. We also
present a graph to show the relation between tkestamnposed by the
two governments.

The values we set to the parameters are

a=64, c=30, b=2/3, 1,=06, 1,=08, g =16, g,=18, Pe=6,
d, =16, d, =18, W, =16, W, =16

The results based on these values are

t,=12.2611  t,=3.40417, ¢, =9.805  ,=14.955  k, =0.582009
k, =0.174675 A =5.7066, A, =2.61227, E, =0.176403 E, =9.35173

As it is shown, the results confirm what arise frhra equations in
section 7. Governments intervene strategicalhh&rmarket by imposing
taxes. The firms’ outputs are also influenced. Vhakies ofl, and k;,

i =12 are also valid ag >k , because otherwise the results would make

no sense. Finally, abatement and emission valegasitive, which is
according to what we assume above.

In order to provide another view of our outcome, present Figure
1. The axes of the graph represent the taxes imdptsgethe two
governments. In section 7 we note that the funstiohthe taxes are
downward sloping and this conclusion is verified thé graph. The
reaction functions of the taxes are downward skppamnd they are
intersected, which means that there is a soluddhé problem.
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Figure 1

9. Conclusions

This paper analyzes governments’ optimal intereenpolicies and
strategic behavior and firms’ optimal emission auogput amounts when
international emissions trading and environmerdaes$ implementation
exist. It is found that considering firms’ ancifabenefits of abatement
would affect governments’ optimal intervention joas directly.

We expect all the variables be positive, somettiag is verified in
the model through the reaction functions and thkiesm set to the
parameters. Governments set taxes on per unit cfsems, and firms
react by reducing their output. As emissions argtpely related to the
firms’ output, they also decrease. On the contrabgtement increases,
which is reasonable.
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This paper adds to the previous literature as wamaxe a more
specific model and try to find values of the valesbwe use, like optimal
taxation and ancillary benefits. Bearing in miné #am to calculate the
taxes, outputs, abatement and emissions, we fatcat$12.26 per unit of
emissions tax imposed by government 1 would yielfl @nits of the
output produced by the firm 1, while a 3.4 per urfitemissions tax
imposed by government 2 would yield 14.9 unitsimh’s 2 output.
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