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Abstract

Ficre ZehaieEnvironmental Policy and the Properties of Environmentahiages—
Applications to economic growth and international envirental problemsDoc-
toral Thesis.

ISSN, 1652-6880, ISBN, 91-576-6986-4.

This thesis focus on three properties of environmental dg@siavariation across
individuals, across sectors and geographical variatidme fhesis consists of five
articles, two are on long term growth and the environment, ave on international
environmental problems and one is on growth and internatiemvironmental prob-
lems.

In Article | it is shown that under the assumption that padintis a public bad,
productivity of pollution has no effect on steady state gtovate. However, if the
reach of pollution is limited then pollution is not purelyldic in character and the
productivity of pollution has a positive impact on growtim Article V population
growth’s positive and negative effects on pollution areneixeed.

In Article 1l the strategic aspect of self-protective attes to moderate envi-
ronmental damages is analyzed. Self-protection is defisedkareasing own en-
vironmental damages without changing the level of pollutidgents can through
self-protection make strategic gains by decreasing thosit of abatement and still
enjoy high level environmental quality as other agentsadeded to increase their
abetment. These gains are greatest when agents cooperabtat@ment because
cooperation leaves more room for strategic behavior tefgelfection.

In Article 1l environmental policy of open countries trawgj polluting goods and
polluted eco-services is investigated. Large economiesshstrict or lax environ-
mental policies depending on the relative value of ecoisesvand how this value
changes due to changes in environmental policy. For smgibmal environmen-
tal problems where prices are exogenous, it is shown thatatigés response to
changes of the world price depend on the relative produgtdfiemissions within
the region and the response of other countries.

In Article IV we look at a problem when countries concernedhwthe envi-
ronment unilaterally abate in foreign countries becauskwftechnological pro-
ductivity levels in the latter countries and asymmetriesnnironmental damages.
Sweden, financing sewage treatment plants in the baltiomeégimoderate eutroph-
ication of the Baltic Sea, may be such an example.

Key words:Environmental damages, environmental policy, charaattesi of bads,
economic growth, population growth, strategic behaviseff;protection, trade and
the environment, transboundary pollution.

Author’s addressDepartment of Economics, SLU Box 7013, 750 07 Uppsala, Swe-
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Preface

| developed a particular interest in environmental ecowsrduring my undergradu-
ate studies in the first half of the 90’s thanks to a dynamiagrworking in that field
at the Department of Economics at SLU. Years later, whenMiage Green gave
me the opportunity to start the PhD programme in economitis sgiecialization on
environmental issues, | never hesitated.

| am very grateful to my supervisors. Some months ago whexarel seemed
meaningless and | was slowing down with my work Clas Eriksssked me "Would
it make any difference if | am tougher on you?". At that timéihk those words
were among the few that could have reached me. That is typic@las, he could
always read me. He gave me the necessary input when | needéalatigh our col-
laboration on the first article he gave me inspiration anbthiced me to academic
writing. He also gave me the freedom to develop my own ideakewstill keeping a
great interest in my work. He quickly discovered weaknesayrdrafts and always
gave me valuable advice and suggestions. Thank you Clas!uldwaiso like to
thank Ing-Marie Gren for believing in me and giving me the appnity to start my
PhD. Throughout, my graduated studies Ing-Marie has beeaat gupport to me
and she has continuously encouraged me. | am particulaatefut for her, as well
as other’s colleagues, moral support one year ago in a diffime of my life.

Thanks to the group of graduated students at The Departm&tomomics at
SLU for making my time as a Ph D student much more enjoyablm particularly
indebted to Rob Hart. As a keen observer, Rob, has been argseairce to me. His
comments are always right on target and have improved mxitigrand writing.
Functioning as an English dictionary, introducing and mgjpme with the computer
package Latex he has saved me lots of time. Special tharksoaRuben Hoffman,
Mitesh Kataria, Dennis Collentine and Magnus Hennlock fwhom | have gained
a great deal through discussions and suggestions. ThasixgaaErik Fahlbeck,
Peter Frykblom, Richard Furguson who, along with thoseaalyementioned and
many other graduated students, with interest have paat@ijin one or more of my
seminars at the department. Thanks, to Tomas Sjogren faalvid comments at my
final seminar and to Christina Brundin for an excellent ligrservice.

There also other people that deserve my gratitude. My firat yeUppsala |
arranged a room to rent but was later refused the room beeaube landlord ex-
pressed it ‘| have to give priority to Swedish students’. kgwno where to stay
Yared Tekeste, Adiam and their daughter Malaika invited ongtay in their apart-
ment and gave me the opportunity to start my academic canrteeir a warm and
secure home. Thank you! Early in my undergraduate studiestiogknow a group
of students starting up an organization that later took #maanof SUG (Studenter
utan Granser). Being part of this group made my academietfger and full of
interesting discussions and laughter. Thank you to all SE&pfe, and especially
(in a rough order of appearance!) to Samuel Habteab, Rene, 1&dicia Barczyk,
Nesrin Aslan, Roland Madarasz, Valenka Molina Vidal, Cimis Schnabel, Josef
el Mahdi, Cristoffer Lindgren, Nadine Gaib, Elin AsplunddaDaniel Lindvall.

Among my fellow country men | often heard that ‘a good freedahter build-
ing a nation must start by building up his family’. In that eake best freedom
fighter |1 know is my mother. Knowing her, | have many times askeyself how



much love a heart can contain. She gives love to everybodyt&eeigh her love is
not returned. Her love and teaching to always do good no mattat others do is
fundamental to me as it helps me to face each day in a posiwmar. Thanks also
to my brother Ghedlom that better than anyone of her chiltitamed to be gen-
erous with his love and whatever he owns. My admiration g¢s&sta my brother
lyob who was way ahead of us in any thinking that he did. Hedtgofor his be-
liefs against authorities, norms and traditions no matteaitvthe cost. His curiosity
and critical analysis would have made him a great reseatultene chose to deal
with real problems rather than academic abstractions.llizinam grateful to my
soul mate, my wife Malin. No words can express how much | owe kker love
has constantly been feeding me with energy and helped mesto@mwe that which
| believed was not possible to overcome. The fruit of our lieveur son lyob whom
in these last months has been the source of so much joy, that Itfimpossible
to convey. His birth was a turning point in my life and I'm natre that this PhD
would have been finished if he had not been with me these lasthwof writing.

This thesis consists of five papers where the main themetishb@conomic dam-
ages of pollution are more complicated than is often assumggek literature. This
idea later crystalized in the the title of this thesis. | anh swure this title fits all the
articles but | found it to be the most appropriate of all theeralative that | could
think of.

Ficre Zehaie,
Uppsala, August 2005.



Articles appended to the thesis

The thesis is based on the following articles, by Ficre Zekacept where otherwise
stated.

| Population Density,Pollution and Growth.
Clas Eriksson and Ficre Zehaie.

Il The Strategic Role of Self-protection.
Il Environmental Policy in Open Economies

IV Unilateral Actions Abroad to Reduce Inflowing Transbounda
Pollution

V Is Population Growth Good for the Environment?
Clas Eriksson and Ficre Zehaie.






Contents

Environmental Policy and the Properties of Environ-
mental Damages—Applications to economic growth and
international environmental problems

1
2

Introduction 13
Environmental Damages 14
2.1 Variation Across Individuals . . . . ... ... ... ........ 41
2.2 Variation ACross SEcCtors . . . . . . . . . . e e 15
2.3 \Variation AcrossRegions . . . . .. .. ... L oL, 15

3 Article [—Population Density, Pollution and Growth 16

4 Article I—The Strategic Role of Self-protection. 17
5 Atrticle lll—Environmental Policy in Open
Economies. 19
6 Article IV—Transboundary Pollution 21
7 Article V—Is Population Growth Good for the Environ-
ment. 23
8 Conclusions 24
8.1 FurtherResearch . .. .. .. ... .. .. ... . ... . ... 25

Articles -V






1 Introduction

The process of environmentally caused economic damagesjolyenvironmen-
tal damages—may be described as follows: Human activitiegrgée emissions
polluting the environment which then lands to economic dg@sa In the literature
there is a tendency to overlook the difference between potiwf the environment
and its economic consequences. To some extent this may lasesmas most en-
vironmental economist when they use the term pollution @t faean its economic
consequences. However, there seems to be more to it. Indbeetical literature on
environmental economics it is often assumed that polluganpublic bad (or that
environmental quality is a public good) and therefore affed! individuals® This
assumption is often interpreted as if all individuals araaly affected. Alterna-
tively, the literature disregards variations in pollutiorhus, it may be problematic
to use pollution as synonymous with the damages it causesality environmental
damages often varies across geographical areas, indiwiduaectors of the econ-
omy even when pollution is public. For instance, global wiagris predicted to
increase sea water level and the damages upon individufitensrvary depending
on the distance to the sea and the altitude of the area wheyeth situated. Fur-
thermore, the better the local infrastructure the lowerdamages. In the case of
ozone depleting chemicals, it is acknowledged that the @tmbes occur primar-
ily in cold areas and therefore damages vary depending omewhdividuals live
relative to the holes. Similarly, damages due to car emissiepend on individ-
ual’'s positions relative to heavily trafficked areas. In the last cases individuals
can protect themselves by solar blocks or air masks, bothhidhwinfluence the
variation across individuals. It is therefore reasonablthink that agents’ choices
between environmental quality and consumption goods dagerkto these varia-
tions, which in this thesis are described as properties wif@mmental damages.
Most models make the common assumption that pollution iskdigpbad and ig-
nore these variations. The main theme of this thesis is a caneful treatment of
environmental damages.

The purpose of this thesis is to show that the propertiesif@ammental dam-
ages need to be considered in order to efficiently desigrr@mwviental policies.
This is applied to two areas: economic growth and internalienvironmental eco-
nomics. Articles | and V consider how the reach of damagessacindividuals
may affect long term economic choices. Article Il examingeras’ strategic be-
havior when they can decrease damages to their own benetfiicleAlll studies
open economies’ optimal behavior when damages vary aceassrs that produce
traded goods. Finally, Article 1V deals with both economiowgth and international
environmental problems when damages vary across geogehpinéas.

First the properties of environmental damages consideréus thesis are pre-
sented, followed by a summery of each of the five articlesuthet! in the thesis are

1n this thesis we sometime use the terms individuals, firms andtdea and sometimes the more
general term agents to refer to any of the three terms.
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summarized. In the final section conclusions are presented.

2 Environmental Damages

To capture some conceptual similarities of environmendahages it is necessary
to disregard from at least some of its complexities. In envinental economics it
is common to disregard from the many ways in which envirortiaetamages may
affect humans. In particular, this is often the case in tleotétical literature on
growth and pollution (see for instance Keeler et al. (19B2pck (1977), Tahvo-
nen and Kuuluvainen (1993) and Bovenberg and Smulders jL888 the theoret-
ical literature on international environmental probleses( for instance Markusen
(1975), Copeland and Taylor (1990), Hoel (1992) and Ba(f€394)). However,
in this thesis it is argued that the final impact of pollutiam lmuman welfare may
show to have greater variations than is often acknowledgddtiects environmen-
tal policy. In the following sections the different prope# (types of variation) of
environmental damages that are examined in this thesissmessed.

2.1 Variation Across Individuals

In this thesis two types of variations across individuaks examined. In Article |
variation across individuals occurs because the reachlbftjpm is limited and in
Article Il because agents can take self-protective meagorsmoderate damages.

If pollutants are not purely public the damages across iddal will vary be-
cause one agents exposure to pollution will leave less fiatidor other individ-
uals. The crucial assumption is that pollutants are rivalwdl known example
of a private bad is a bag of garbage thrown into a neighbordegza An example
of something between a public and private bad may be illtesiray the following
case. If a a good available in the market contains some cladsoc dangerous mi-
cro organisms there is a given probability that a consumibeiaffected. For each
consumer that is affected, and given that the affected ¢nasuloes not himself
affect other consumers, the probability that other consaraee affected decreases.
Thus consumers are rivals in the bad but they are not fulblsias the 'consump-
tion’ of the bad of one individual just decreases the prditgtthat other consumers
will be affected.

Furthermore, environmental damages across agents maybeagause agents
can take self-protective measures to moderate damagesvéor igvels of pollu-
tion. For example, if global warming, as predicted, incesathe frequency of bad
weather, then countries can moderate damages throughvements in weather
forecasting, monitoring systems and improvements in gtftetures. An other ex-
ample of self-protection is individuals protecting thetaee from hazardous solar
rays by using solar blocks or clothing. Therefore the lefedaif-protection that
each agent chooses will to some extent determine the ledidrofges harming the
agent. Since the possibility of self-protection may diienong agents, for instance
as a result of differences in income and technological $e\@ie should expect that
environmental damages vary across individuals.
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2.2 \Variation Across Sectors

Some sectors of the economy are more likely to suffer fronirenmental damage
than others. For example, emissions that may result in stasydegradation, re-
duces the flow of eco-services. Meanwhile, production irepo#ectors, given the
level of technology, may be positively related to emissigrels.

From a consumer’s point of view degradation of the enviromini often con-
sidered to be a public bad. However, from a producer’s pdintiew, allowing
higher emission levels may benefit production in some sgetbile harming other
sectors. Although this is well known in the literature masalgses of international
environmental economics ignore such variations acrogsrsec

If environmental policy affects sectors of the economy iffedent ways, it will
also affect the structures of the economies. Since thetateiof an economy is
closely connected to trade, it is interesting to investgaivironmental policy when
environmental damages vary across sectors in open ecospiomie

2.3 \Variation Across Regions

Environmental damages can vary across regions and this maydependent of
where the sources of emissions are located. The extent whvemissions cause
subsequent damages in a region depends upon factors stslgesgraphical loca-
tion and the the ecology and the meteorology prevailing énafea. These factors
determine the concentrations of emissions across a gigéornre

This is illustrated by the problem of eutrophication in thalti® Sea. The Baltic
Sea is bordered by nine countries: Sweden, Finland, Denn@akmany, Poland,
Lithuania, Latvia, Estonia and Russia. Sweden and Finlawd much longer costs
to the Baltic sea than the other countries and a higher ptiopgrof their popula-
tions living around the costs. Furthermore, the highly pafmd areas in Sweden
and Finland are in the archipelagos which are coastal regidth limited water
exchange. Thus nutrient runoff in these areas is primaoitalland only a smaller
amount is transported off to the sea. On the other hand, agsesissuch as those of
Latvia and Poland, with high water exchange, are likely tasesa situation where
nutrient losses from these countries lead to relatively llmval pollution and con-
versely high transport to the sea proper. Thus nutrientdéadhe Baltic Sea seem
to have asymmetric characteristics.

It seems that eutrophication of the Baltic Sea is a concemapily of Sweden
and Finland. This is partly because a greater proportioh@pbpulation in these
two countries lives around the costs and partly becauserasyries in the loads of
nutrient tend to give higher environmental damage in theselgrpopulated coastal
areas of these two countries. Thus the average citizen s tteuntries is probably
more concerned about eutrophication than the averageritizthe other countries.
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3 Atrticle [—Population Density, Pollution and
Growth

In the theoretical literature of economic growth it is starttito assume that degra-
dation of environmental quality has public bad charadiesswhich is often in-
terpreted as if every unit of pollution harms the entire gapan of the economy.
However, as we argue in the previous section, pollution nifgctonly a propor-
tion of the population and the extent of exposure may be lems the aggregate
pollution generated in the economy. This implies that tlaeheof pollution may be
limited. In this paper we therefore investigate the coondsifor sustainable growth
when we take into consideration that the reach of pollut®liniited. Sustainable
growth is defined as a situation with per capita consumptiomth and declining
pollution. Allowing the characters of pollution to vary beten the two extremes
cases of a private bad and a public bad, population densigygia as an interesting
factor for sustainable growth.

We introduce the concept perceived pollutiorio capture that each individual’s
exposure to pollution is less than the total pollution pretliin the economy. We
define perceived pollution as aggregated pollution deflati¢al the size of popu-
lation, weighted to account for the characteristics of yt@h and the population
density. The more private pollution is the greater the wegjlpopulation as defla-
tor and the more will pollution be divided among the popwaati The more public
pollution is the less is the weight of population size as defland the more will
pollution be spread among the population. Therefore theacheristics of aggre-
gate pollution is related to population density. This fielats introduced through
the elasticity of perceived pollution with respect to paidn densityEPD). The
more responsive perceived pollution is to population dgngie. the higher the
EPD), the lower is the weight of population in deflating aggregallution and the
more public is pollution.

We assume that there is a representative dynasty that nmedgnatility and dis-
regard from generational conflicts. We calculate optimagléerm growth rates
for two types of models: the traditional exogenous growthdetcand a semi-
endogenous growth model. Consumers face a trade-off betweasumption and
pollution. However, as opposed to the earlier literatuomstimers pollution is less
than aggregate pollution and is introduced in the modeleaseived pollutionFol-
lowing, Brock (1977), pollution is an input in the produgtiunction along with
capital and labor. We assume that pollution is a flow pollutio hold the model
simple. As Stokey (1998) has showed, assuming stock pafiwtill not change the
results significantly, at least in the long term.

In the exogenous growth model the condition for sustaingtdeth can be de-
scribed as a race between exogenous technological chatiffeeesirag on economic
growth from the additional pollution resulting from a grawgi population. A large
EPD—corresponding to higher responsiveness of perceivedtfmilto population

2See for example Keeler et al. (1972), Brock (1977), Tahvomehkaiuluvainen (1993), Bovenberg
and Smulders (1995), Michel and Rotillon (1995), Smulders @naidus (1996), Stokey (1998) and
Schou (2000).
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density—reinforces the drag that pollution puts on econagnievth. In this case
society puts more resources into the environmental seéta@mall EPD moder-
ates the economic drag of population growth and corresptmndssituation where
society puts less resources in the environmental sector.

In the semi-endogenous model technological change isrdieted within the
model and is therefore an endogenous variable, but populgtbwth is still exoge-
nous. Population growth increases the supply of labor for¢ke economy and as
such is the driving force for growth in a semi-endogenousehdeurthermore, low
population density decreases the reach of pollution ancktiyeindividuals’ per-
ceived pollution. Consequently, pollution contributessl¢éo jeopardize sustainable
growth. This is reversed if the reach of pollution is highefiperceived pollution is
high and pollution implies a stronger threat to sustaingbdevth. The more densely
an area is populated the more difficult it is to achieve snatae growth.

To summarize: the more public pollution is and the great@upation density
is the more difficult it is to achieve sustainable growth.

4  Article II—The Strategic Role of Self-protection.

In this paper self-protection from adverse environmerffalcés is examined as an
alternative strategy to abatement. Self-protection desme own damages for given
levels of the activities generating the public bad whiletab®ent decreases the ac-
tivities generating public bads to reduce damages. Agemtditerefore substitute
an action that has private good characteristics (selfeptmn) for an action that
has public good characteristics (abatement). It is importa understand strate-
gic games of this kind as sometimes it may be difficult to squblic bad prob-
lems through abatement. For example, interventional enmiental agreements on
abatement need to be self-enforcing and it may difficult giain efficient levels of
abatement. Therefore, protection may be an alternatiieropgjainst pollution. In
fact, protective action are considered as a possible girabemeet global warming,
see for instance IPCC (2001).

The existing literature on self-protection focuses on utadety (Ehrlich and
Becker, 1972; Dionne and Eeckhoudt, 1985; Lewis and Nickers989; Immordino,
2003). Shogren and Crocker (1991) study how self-protedtiansfers or dilutes
the public bad to other agents. Individuals’ expendituresself-protection has
also been used to approximate the market value of envirotainguality (Murdoch
and Thayer, 1990; Baumol and Oates, 1988). Mendelsohn J2@0Giders self-
protection as the only instrument against global warmindyfards the common re-
sult that government interventions tend to give non-opitimeels of self-protection
and therefore these intervention are not cost efficientp@ethe obvious interrela-
tion between abatement and protective activities there@studies that investigate
this interrelation except for Kane and Shogren (2000). Témysider protective
activities as an alternative policy to abatement and déhigeoptimality conditions
under uncertainty and investigate how changes in risksgghg@olicy choices of
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abatement and protection. As opposed to this paper, howéesrdo not analyze
strategic issues.

The level of self-protection affects agents’ vulnerabiti pollution and thereby
how much they abate. Since abatement is public, each agdr®ment level
affects abatement levels of all other agents. Thereforegents choice of self-
protection will affect his own as well as other agents’ shafrstal abatement. Fol-
lowing the literature on investment as a strategic variabtee provision of public
goods, a two-stage two-agents model, where agents in the firs¢ sththe game
choose the level of self-protection and in the second-stagechoose the level of
abatement, is set up. In each stage agents maximize utilen @ budget constraint.
In the first stage income can be consumed or used for sekgifon, while in the
second stage it can be consumed or used for abatement. Thgreenthree inter-
esting scenarios to investigate. The first scenario is timeamperative case when
agent do not cooperate in any stage. The second scenari® s&thi-cooperative
case when agents cooperate in the second stage of the gatnatemant but not in
the first stage on self-protection. The third scenario idtilecooperative scenario
when countries cooperate in both stages.

In all scenarios, agents’ choices of abatement and selégtion are determined
by the relative sizes of their marginal costs. However, thatagic aspects of the
problem twist the relative attractiveness of self-prdtecbver abatement. For the
non-cooperative and semi-cooperative scenarios it is sttbat self-protection is
substituted for abatement. Self-protection in additiothtodirect benefit of protect-
ing from damages, gives strategic advantages, which iseseagents’ incentives to
use self-protection. Higher self-protection reduces oamages for a given level
of abatement and thereby decreases own demand for abateGurgequently, an
agent that has taken self-protective measures decreasssdne of abatement level
and other agents respond by increasing their share of toéé¢ment. Since abate-
ment benefits all agents but has private costs an agent byhbixecof the level of
self-protection transfers more costs of abatement ovethier agents.

The semi-cooperative scenario is an interesting case bedaaorresponds to
the most common cases of regulation on environmental issBebcy maker of-
ten regulate abatements or emissions levels but very dittention, if any, is given
to self-protective activities. This in line with converi@ economic theory where
regulations on pubic goods may be Pareto improving whil@leggpn on private
goods in not. However, when self-protection is a substitoteabatement this not
to be case. The reason is that agents can still free ride psémeaffect the coop-
erative levels of abatements through the use of self-ptioteto their own benefits.
Within a country it means that individuals can manipulate sbcial planner’s so-
lution such that the share of abatement they need to cotgribith is decreased
and that of the other individual is increased. In internaioenvironmental prob-
lems it means that countries can affect cooperative or bangaoutcomes such
that the own contribution to abatement is decreased andtihe other countries
is increased. Furthermore, it is shown that the greatestiegfic advantages are to

3See for instance Copeland and Taylor (1990); Buchholtz aomt&d (1994); Stranlund (1996) and
Aggarwal and Narayan (2004).
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be found in the semi-cooperative scenario. The reason idhiedevels of abate-
ment when countries cooperate are higher as each coungy ilatlo consideration
the positive externality of abatement. Thus, in additiothi® strategic gains in the
noncooperative case, self-protection gives an agentdudtnategic gains from the
additional abatements due to cooperation.

Finally, the full cooperative scenario is investigated @mslshown that the level
of self-protection is the lowest compared to the other twenacios. The social
planner in the full cooperation case is less willing to sitbst self-protection for
abatement because her opportunity cost of self-proteditite benefits abatement
gives to all agents. This is to be compared to the opportwaisy of self protection
for atomic agents which is only their own benefit of abatement

Assuming that marginal cost of self-protection is negdyivelated to technol-
ogy, countries with high technology of self-protection easily lower own share of
abatements and induce other countries to increase thegssbbabatements. Thus
when we consider self-protection in the non-cooperativiessami-cooperative sce-
narios technologically less advanced countries’ sharebafeament increases and
that of high income countries is decreased. Note also tietdbult is strongest in
the semi-cooperative case, which is the scenario that lesstibes the situation of
most international environmental problems. This is irdéng because the debate
about international environmental problems often hasréisggpoint where low in-
come countries, corresponding to technologically lesgaaded countries, have low
environmental concerns. For instance, the Kyoto Protacdesigned such that the
global warming is primarily a responsibility of high inconseuntries. However,
as long as self-protective activities are not included m pihotocol, the interest of
high income countries may be limited. This may be one of tlesweas why the
agreed levels of GHG-reduction, already at early stagegs®of the protocol, were
considered too small to stop global warming. This was fotainse pointed out by
Wigley (1998).

Until now very little attention has been directed towardd-geotection in en-
vironmental issues. Earlier studies on self-protectioith iocus on uncertainty,
concluded that there is little support to ex-ante investsigrself-protectiorf. How-
ever, in this paper it is shown that strategic aspects ofrenmiental problems give
reasons for ex-ante investments in self-protection whemisgldo not cooperate as
well as when they cooperate on abatement.

5 Atrticle lll—Environmental Policy in Open
Economies.

This paper examines international environmental probledmsn the use of envi-
ronmental services are rival and are traded on the world ebark is found that
environmental policy is crucially dependent on the rekatimarket value of envi-
ronmental services. Most of the literature investigatimgitonmental policy in

4See Ehrlich and Becker (1972); Dionne and Eeckhoudt (1988)js and Nickerson (1989) and
Immordino (2003)
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open economies model environmental problems as a genetdllitly to society.
In the model used here, emissions result in ecosystem dagrador a loss of
biodiversity), which has an impact on the flow of ecosystemvises, henceforth
eco-services. Consequently, sectors of the economy inhwdrizduction is closely
connected to these eco-services will be harmed. Thesersexsty be agriculture,
tourism, hydropower or sectors which harvest biologicatks such as timber and
fish. The economic losses that may occur in these sectoretpellic, because the
output is rival in consumption. Thus, governments choosimgronmental policy
have to take into account these sector specific damagesisHsupecially important
when open economies are considered, and services prodyteslénvironmentally
harmed sectors are traded in the world market.

In a world where most countries have signed free trade agretsmthere are
restrictions on direct support through trade policies sastexport subsidies and
tariffs to support domestic industries. Thus, environrakepblicy has emerged as
an alternative way to channel this support. There are at temspotential ways
in which environmental policy can be used to support the dgimeconomy. The
first is that large economies can use environmental policiekange terms of trade
in their favor. The second way to support the domestic ecgnisrto make use of
strategic aspects of environmental problems. Given thiditpm is a public bad,
the large economy, by a lax environmental policy, may fohesforeign economy to
pursue an environmentally conservative policy. This magiféhe large economy’s
production sector at the expense of the foreign economgduymtion sector.

In the literature on environmental economics, analysisgranarily focused
on whether or not environmental policy in a free trade regmiledeteriorate the
quality of the environment. Markusen (1975) and Rauche®1)8how that a large
economy exporting polluted goods should have an envirotetigiprotective policy
to affect terms of trade in its own favor, while a large ecogamporting polluted
goods should have lax environmentally policy to affect teohtrade to its own fa-
vor. Kennedy (1994); Barrett (1994); Ulph (1996) and Tang{®01) show that in
a free trade regime countries with market power have sti@iegentives to choose
lax environmental policy. However, these results do notihielgeneral. Rausher
(1994) and Benarroch and Thille (2001) show that generallibum effects in
factor market may change these results. Furthermore, @agelind Taylor (2005)
show that the emission levels in a general equilibrium madét trade may be
strategic complements, which implies that a lax environtaewolicy in one coun-
try induces lax environmental policy in other countries.this case, the rationale
for a strategically lax environmental policy is not longeid. Thus, in general
neither the terms of trade argument nor the strategic behawjument support the
hypothesis of lax environmental policy in a free trade reginHowever, Rausher
(1994) and Benarroch and Thille (2001) and Copeland ancbTé2005) give little
attention to the conditions when the terms of trade or sifateehaviors improve or
deteriorate the quality of the environment.

In this paper environmental policy is analyzed in a two-ggddo-country gen-

S5There are also other arguments against lax environmentaigmliSee for instance Greaker (2003)
for a recent contribution and Ulph (1997/1998) for a summarefliterature.
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eral equilibrium model. There are two types of traded googt-services and
conventional goods. The production of the conventionaldggenerates emissions
that damage eco-services. Increasing exposure of emisdeamreases the amount
of services that the ecosystem can deliver, at an increaategas the biodiversity
falls and the amount of various species in the system deszsedsurthermore, it
is assumed that eco-services are traded gbo@sven consumer choices of con-
ventional goods and eco-services the social planner in eaghtry maximizes a
representative individual’s indirect utility function thi respect to environmental
policy. The problem is solved for the cases of a benchmarll @pan economy, a
small regional economy and large economy.

It is shown that environmental policy is more complex tharatvls portrayed
in the literature. In the large economy case, rent seekifgnders may result in
increased or decreased domestic emission levels compatbe small economy
case. The change in domestic emission levels depends on ¢wweevices are
valued relative to conventional goods in the world market amether the large
economy is an importer or exporter of eco-services. Theceffen total emission
levels in the world will be moderate if, as in most cases, anatry increases its
emission levels when the other decreases its emissiorslet#wever, for some
range of the relative price, there are cases when both desritricrease or both
countries decrease emission levels. Itis also of intehasthe greater the difference
in the productivity of emissions the greater the range offtiee when emission
levels in both countries go in the same direction.

In the small regional case, it is shown that an exogenous phock induces the
country with higher marginal productivity in eco-servigeshoose emission levels
that occur together with more production of the good whotative market value
has increased. However, the other country must also tat@adount that its gains
from free riding change and it therefore faces a trade-dffrben these two effects,
and may increase or decrease its emission levels.

In this paper we show that the strategic incentives of coesitwhen involved
in trade may be more intricate than the earlier literaturg indicated. The main
reason for our result is that this paper specifies envirotahelamages as sector
specific rather than as a general disutility to consumers.

6 Article IV—Transboundary Pollution

This paper is built up around two observations about inténal environmental
problems. The first is that often relatively wealthy cowsdrgive financial support
to improvement of environmental quality in less wealthy mwies when the envi-
ronmental problem is international. For instance, a subisigproportion of abate-
ments in low income countries in global environmental peald are financed by
high income countries through multilateral funds. In aidditto this, high income
countries do bilaterally finance abatements in low incomentges. One such case
is Sweden, through environmental aid, financing abatenm&ntsitrients loads to

6Ecosystem services may also be non-traded goods but thesetam@nsidered in this paper.
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moderate eutrophication in the Baltic Sea. In most of tlegditure on international
environmental problems it is assumed that countries areremn. This implies

that the behavior of Sweden in the Baltic region and that ghlincome countries
in low income countries are interpreted as altruistic behag. However, Hassler
(2002), by studying how Swedish environmental aid is aledan the Baltic states,
showed that Sweden acts in self-interest. In this paperdbersignty assumption
is reinterpreted such that countries can act in other'gdeies as long as no harm is
done to the host country, i.e. in this model unilateral aipatets abroad are allowed.

The second observation is that environmental problems @fte characterized
by asymmetries, as discussed earlier. A common explanfidrdhe difference in
interests between high income and low income countriesaistite demand for en-
vironmental quality is income related. Often environmeéntsality is assumed to
be a luxury good and thereby high incomes countries’ demdrehdronmental
quality is higher than the demand in low income countriesis Timay explain why
high income countries invest in the environmental sectbfsvoincome countries.
However, empirical evidence seems to suggest that envientahquality is a nor-
mal good which then questions the rationale for high incomntries to finance
abatements in low income countries. In this paper asymasein environmental
problems are a further explanation for the behavior of higlome countries. This
is particularly evident in the case of eutrophication ofttieBaltic Sea where Swe-
den, due to asymmetries in eutrophication, seems to be otteeahost affected
counties while Poland and the Baltic states are among tHfesged the least.

It seems that Sweden unilaterally abates in the Baltic regand that high in-
come countries often unilaterally abate in low income cdast In this paper it is
investigated whether asymmetries in how pollution hitéedént geographical areas
may explain these behaviors.

Unilateral improvement of environmental quality may befieetive. Hoel (1991)
and Buchholtz et al. (1998) have shown that if some countriesalitions of coun-
tries take unilateral abatements other countries will fide and decrease their
abatements. Hoel (1992) shows that unilateral abatemesyseren increase total
pollution levels. Heal (1993) shows that a unilateral alvegiet, caused by technol-
ogy improvement, may decrease total pollution due to teldgysspill over effects.
Unfortunately the free riding problem is true for unilateadatements abroad as
well. Therefore, unless there are technology spill overaff, these abatements may
not improve environmental quality or the improvements ass than predicted.

However there may be conditions when unilateral abatensntsad may give
the desired improvement in environmental quality. In paar if the asymmetries
are the motives for the disinterests of some economies i gmwironmental prob-
lems it may be permanent.

If countries where abatement takes place are not concetmmat ¢he trans-
boudary environmental problems and choose not to take aatg@ents at all then
the problem is a concern of other environmentally more coreztcountries alone.
First the environmentally less concerned country are nedellt is shown that if
the asymmetries are high enough and the productivity paearisdow this country
may end up in a corner solution where no abatement is undgrtatsiven such
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behavior, pollution generated in the environmentally lesscerned country is a
problem only to the environmentally more concerned counherefore, allowing
the latter to abate abroad, its chooses abatement at homellaand abatement
abroad. The optimal level of abatement abroad is found winarginal loss of util-
ity from refraining from consumption is equal to the mardivalue of decreasing
transboundary emissions. In optimum the marginal decrieasensboundary pol-
lution is inversely proportional to the marginal decreasdamestic productivity of
emission. Thus if the productivity of emission at home ishh&ggcountry is more
willing to substitute domestic abatement with abatemelntsad. Furthermore, itis
found that there is a unique saddle point equilibrium. lis$®ahown that the equi-
librium with countries allowed to abate abroad does notitatalely differ from
an equilibrium with no such possibilities. However, the iéjtium stock pollution
decreases when the sovereignty assumption is less stritghpreted.

7 Article V—Is Population Growth Good for the
Environment.

In this paper we start from the observation that populatiamth may have positive
as well negative effects in the environment. On the one haoypljlation growth may
increase the environmental impact as more individualssme aggregate demand.
This causes a larger throughput of substances from the eaush and the burden
on our resource bases increases.

Population growth may however have positive effects on therenment. In
the literature of growth it is for instance assumed that pemn growth stimulate
production as more individuals create more idedr instance in Jones (1995) a
larger population means a larger number of gifted reseeschédio produce more
(useful) ideas. The ideas are transformed into innovatibat make it possible
to produce more with a given stock of production factors. doromics : it may
contribute to technological progress, which can be bemfior the environment.

Jones does not include environmental issues in his analydidis framework
is easily amended to allow production to be an increasingtfan of the quantity
of pollution that is allowed as a by-product of ordinary puotiorf. We do this
and obtain a model where some of the technological progeesbe used to reduce
the quantity of pollution generated, without reducing atfr hat is, technological
progress can make production cleaner, and population groamtributes to this
process.

A central feature, necessary for sustained growth, is trests/knowledge are non-rival, as opposed
to rival production factors, such as capital and labor.

8population growth is often ignored in the literature on esminent and economic growth. Two
interesting exceptions are however Keeler et al. (1972)@nadlus and Smulders (1993). However, they
only include the negative effect of population growth.

9The literature on growth and pollution has of course useatedl models before (see Xepapadeas
(2003) for a survey) but not, as far as we know, to analyze thielem we address in this paper. However,
Dasgupta (2003) contains a brief informal discussion of the toles of population growth that we
analyze here.
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Consequently, we have a model in which population growthidwilk negative
and positive effects on the environméhtWe derive and analyze a condition for
when the positive effect is dominating. To simplify the egpion, we study the
solution of the benevolent social planner’s problem. We thiglnote by pointing
out the limitations of the simplified model analyzed herel anggest directions for
further research.

8 Conclusions

The general message of this thesis is that when we think afemaental prob-
lems we often neglect the way these problems are transform@damages. This
is probably because there is a consensus that environnugratitly (degradation of
environmental quality) has public good (bad) characteristhich is particularly
evident in the theoretical literature of environmental aesource economics. In
this thesis we show that the ways in which pollution is readimto economic dam-
ages has major implications for environmental policy. Weubon two areas of
economics, namely long term growth and international emrirental problems.

In a growth model aggregate pollution may be composed of npatiytants
that may affect part or may reach the entire population. &foee, assuming that
the reach of pollution is limited, it is shown that produdgiof pollution may be a
determinant of the optimal steady state growth rate. Thériboion of this factor
decreases with population density. The higher the pomuatensity the higher is
the reach of pollution and the more public pollution tendbé¢o Thus, it is shown
that sustainable growth is easier to achieve if we acknaydetiat the reach of
pollution may be limited.

In international environmental problems, environmentaigy is more complex
if individuals can protect themselves from pollution. Selbtection decreases do-
mestic damages for a given level of pollution and may be atgutesfor abatement.
An agent can, through self-protection, decreases her owteaient and induce
other agents to increase their abatements. The agent la#eggtrgains because
costs of abatement are private and benefits of abatementbenayblic. A second
reason for the complexity of designing policy in internagbenvironmental prob-
lems is that environmental damages may be rivals. In suobscasvironmental
policy always harms some sector of the economy and favoey stctors. In this
model the incentives to adopt a lax or strict environmentdity depend on the rela-
tive value of the goods produced in the harmed and benefitédrseand how policy
may change this relative value. Finally, Article IV argubattit may be rational for
some countries to unilaterally abate in a foreign econontlyéfe are asymmetries
in environmental damages and the foreign economy has loduptivity.

100 Eriksson and Zehaie (2005) there are elements of the sanmemle@on in a one-sector growth
model. However, the mechanisms are easier to understand wwdhgettor model that we analyze here.
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8.1 Further Research

Based on new or the already existing empirical work it maynberesting to see if it
is possible to find some regularity in the way pollution islieal as environmental
damages. Some such research may already be going on bubttfiglg incorpo-
rated into the theoretical literature on growth and themmrnent and the literature
on international environmental problems.

An interesting extension of Article | and V may be to look @dost the pop-
ulation variables. In both articles population densitynddpendent of population
growth. However, it is more realistic to assume that pojpotagrowth is related
to population density. This way it is possible to capture legative effects of a
high population growth. An interesting other extension islobe to endogenize
population growth.

The articles included in this thesis mainly contain anadyskthe social opti-
mum, further interesting information may be gained by saivihe models in de-
centralized settings. For instance, mechanism designdimiinteresting to investi-
gate. In Article Il it is suggested that the social plannertervention in the market
of self-protection may be Pareto improving. However, usimgrket instruments
such as taxes and subsidies probably would not be effedieg@nts may still act
strategically, which would favor other instruments sucle@®mand and control.

It would be interesting to investigate the choice of setftpction and abatement
in a dynamic model, in particular, in a model of research amekbbpment. The
probability that new clean technologies may substitutesttigng technologies may
support a temporary use of self-protection. Self-protectnay also be of inter-
est if the pollution is related to a non-renewable resoutmd sas carbon dioxide
emissions are related to oil.

The idea that environmental damages may be private and mrabemental
policy may have indirect effects on other sectors of the egon as in Article I,
may be extended to other areas of environmental theory. WtdMor instance be
interesting to investigate the choice of dirty and cleammetogies. It is also inter-
esting to see how bargaining and cooperation may be affedted environmental
policy has positive as well as negative effects on the damesbnomy. An empir-
ical application of the model in Article 11l would also be @resting. For instance,
the starting point could be to study the relative prices mbtr and environmental
policy in Canada and Sweden.

In Article IV the obvious extension is the inclusion of capiin the model.
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