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The world economy has changed profoundly over the
last 50 years. The sheer size of economic activity has in-
creased tremendously as a result of population and per
capita income growth. World population has more than
doubled from 2.5 billion in 1950 to 6 billion today, at the
same time as average income has risen by a factor of two-
and-a-half. The cumulative effect is a six-fold rise in glob-
al GDP over just half a century. During this period, the
world economy has become more integrated as a result of
three factors: advances in communication and informa-
tion technologies, reduced trade barriers, and reduced
barriers to foreign investment. These factors have reduced
the transactions costs of international commerce substan-
tially, in turn stimulating trade directly, by allowing coun-
tries to specialize in different sectors, and indirectly, by al-
lowing production processes to be subdivided geographi-
cally among specialized production units around the
world. The net result is a 14-fold increase in trade since
1950. At the same time, industries have become more
mobile, as reflected by an even more rapid growth in for-
eign direct investment.

The growing world economy has been accompanied
by environmental degradation, including deforestation,
losses in bio-diversity, global warming, air pollution, de-
pletion of the ozone layer, overfishing and so on. (See
Box 1). Part of the explanation, of course, is the sheer
number of us. Six billion people obviously put more pres-
sure on natural resources and ecological systems than 2.5
billion, and this pressure will continue to rise as we grow
towards 10 billion in the next century. What is more, there
is no indication that consumption per capita is slowing.
On the contrary, globalization has led to an acceleration
of economic growth. At the current growth trend, per
capita GDP will double by 2035 and quadruple by 2070.
In light of the strain already put on the environment, it is
not difficult to appreciate the concern that current trends
are not sustainable unless tough measures are taken to
temper resource consumption and polluting emissions.

Slow progress in introducing adequate environmental
taxes and regulations has in part been blamed on the mul-
tilateral trading system. There are essentially two sides to
the argument, one legal and the other involving political
economy considerations. As far as the legal argument is
concerned, it is claimed that WTO rules circumscribe envi-
ronmental policy-making. It is also claimed that the WTO
rules provide legal cover for foreign countries to challenge
domestic environmental policies that interfere with their
trading rights. The political economy argument is that
competitive pressure from the world market sometimes
makes it impossible to forge the necessary political sup-
port at home to upgrade environmental standards. The
perceived costs of acting alone in terms of lost invest-
ments and jobs often take the steam out of regulatory ini-
tiatives. In the worst case scenario, environmental regula-
tions may even be bid down in the relentless competition
for market share, invese relentlesuibbs often 2202  Tc 0  Tw (.) Tj14.6159ETBT0.8667 1 Tcare essentially two sides t



ties and too few in pollution abatement. Undefined prop-
erty rights over natural resources are another cause. If
anyone, without restriction, can harvest the riches of the
seas, extract the resources of forests, graze animals or col-
lect firewood on common land, or tap water freely from
municipal wells, the result is often overexploitation, a
phenomenon known as the "tragedy of the commons".

In some cases, the people that depend on a given re-
source may be able to work out between themselves a
conservation-cum-distribution scheme, which may in-
clude quotas and sanctions for overuse. However, age-old
common property systems sometimes crumble under the
pressure of rapid population growth, social changes, and
increased mobility. Equally, polluters and victims of pollu-
tion may be able to reach a mutually satisfactory solution



stances, removal of trade-distorting policy measures may
mitigate the underlying distortions. For example, a reduc-
tion in trade-distorting fishing subsidies, currently
amounting to some $54 billion annually, would reduce
overcapitalization in the industry and lessen overfishing.1

In order to illustrate such indirect linkages between
trade and environment, the study includes five case stud-
ies on chemical-intensive agriculture, deforestation, glob-
al warming, acid rain, and overfishing. For each case, we
discuss the economic incentives that drive environmental
degradation, the efficiency of various policy options, and
the interaction between the underlying distortions and
the trade policy regime. Each case study can be seen as a
prototype for a broader range of environmental issues.
For example, the agricultural study is representative of a
wide range of environmental problems whose effects are
mainly local. Likewise, the acid rain study applies also to
other pollution problems that transcend national borders,
but whose effects are limited to the immediate region.
The deforestation study highlights the problem of missing
markets, in this case the valuable but non-marketable
service provided by forests in terms of absorbing carbon
dioxide that otherwise would end up in the atmosphere.
The global warming study illustrates the generic problem
of fostering environmental cooperation in a world with
national policy sovereignty. Finally, the overfishing study il-
lustrates difficulties in managing common natural re-
sources. 

Trade barriers are poor environmental polices

One conclusion that arises from these case studies is
that environmental problems are best addressed at the
source, whether they involve polluting production
processes or undefined property rights over natural re-
sources. What is more, tackling the problems by targeting
some indirect linkage, such as imports or exports, may di-
vert attention from the underlying problems. In some cas-
es, putative trade remedies may even aggravate the prob-
lems. This may be the case, for example, with tropical de-
forestation, where trade barriers on forest products may
increase deforestation pressure by forcing people to con-
vert land into alternative sources for employment, such as
agriculture and ranching. As a general rule, whenever we
sidestep the first-best principles of environmental policy-
i.e., policies directed at the source of the problem-the
benefits do not only become difficult to predict, but we
also impose unnecessary costs on the society. This would
not just be poor economics, but potentially bad for the
environment as well, by making the costs of environmen-
tal polices look higher than they actually are were we to
use the most efficient instruments available.

It must be recognized, however, that while trade mea-
sures are rarely, if ever, the first-best policy for addressing
environmental problems, governments have found trade
measures a useful mechanism for encouraging participa-
tion in and enforcement of multilateral environmental
agreements in some instances, and for attempting to
modify the behaviour of foreign governments in others.
The use of trade measures in this way is fraught with risks
for the multilateral trading system, unless trade policy is

used in this manner on the basis of prior commitments
and agreements among governments as to their obliga-
tions in the field of environmental policy.

Another conclusion is that environmental standards
should not necessarily be harmonized across locations,



Which countries will attract the polluting end of pro-
duction?

To some extent, the answer depends on which coun-
tries will attract the polluting industry when trade is liber-
alized. In the public debate it is often assumed that pol-
luting industries are likely to migrate from developed to
developing countries to take advantage of lax regulations,
thereby shifting the pollution problems from richer to
poorer countries, and also increasing overall emissions in
the world. However, this assertion does not seem to be
supported by standard trade theory, nor by empirical evi-
dence.

Polluting industries tend to be capital intensive, in-
cluding such industries as chemical industries, ferrous and
non-ferrous metals, pulp and paper, and oil refining. Ac-
cording to classical trade theory based on differences in
factor endowments, these industries are more likely to
conglomerate in capital-abundant developed countries,
and to a lesser extent, in economies in transition and
newly industrialized countries. What complicates the
analysis is that the pattern of trade is determined not just
by "natural" comparative advantage, but also by govern-
ment policies, including environmental regulations. How-
ever, pollution abatement costs in developed countries are
no more than 1 per cent of production costs for the aver-
age industry, rising to perhaps 5 per cent for the worst
polluters. It is questionable, although ultimately an empir-
ical issue, if a regulatory cost-disadvantage of a few per-
centage points can turn comparative advantage around. If
not, trade liberalization would tend to shift capital-inten-
sive polluting industries towards developed countries in
spite of tougher environmental regulations, and not the
other way round.

Indeed, data seem to reject the assertion that pollut-
ing industries are migrating from developed to developing
countries, although there are of course exceptions. Devel-
oped countries' share of polluting industries has remained
more or less constant (at around 75-80 per cent) in recent
decades, and has even increased marginally in the 1990s. 

However, even if a larger share of polluting industries
is located in developed countries with tougher environ-
mental regulations, global emissions will not necessarily
decline. While countries are often willing to control emis-
sions that primarily harm themselves (and close neigh-
bours), such as sulphur dioxide (SO2) and nitrogen oxide
(NOx) emissions, they are not always equally ready to ac-
cept the costs of reducing carbon dioxide (CO2) and oth-
er emissions with a global reach. In other words, we
should not have any illusions that global environmental
problems can be contained with less than a concerted ef-
fort to cut emissions, regardless of the location of pollut-
ing industries. 

The gains from trade are sufficient to pay for addi-
tional abatement costs 

What is more interesting, perhaps, is that the income
gain associated with trade could in principle pay for the
necessary abatement costs and still leave an economic
surplus. This has been shown in various economic simula-

tions. In other words, by combining trade and environ-
mental reforms one can find ways to raise consumption
without compromising the natural environment. At least
in this sense, there is no inherent conflict between trade
and environment. Rather, the conflict arises as a result of
the failure of political institutions to address environmen-
tal problems, especially those of a global nature which re-
quire a concerted effort to solve. 

Does economic integration undermine environmental
policies?

Some have argued that regulatory shortcomings are
related to the globalization of the world economy, which
has made industries more foot-loose and therefore more
difficult to regulate. This is an argument that we shall turn
to now.

Let us start by noting the inherent problem of regulat-
ing and taxing mobile resources that can "vote with their
feet." One the one hand, strict regulations may drive
away industries, thereby reducing jobs and income. But
lax regulations carry a price in terms of a polluted envi-
ronment. One solution to this dilemma, which has been
pursued with some success by federal states since the ear-
ly 1970s, is to move regulatory power from the local lev-
el to the central level. In theory, this solves three problems
but creates a new one. It prevents destructive competition
for investments and jobs among local jurisdictions, which
may result in excessively low standards across-the-board.
It also solves the problem with pollution that spills across
jurisdictional borders, and which local communities may
fail to internalize in order to keep production costs com-
n





Is economic growth part of the problem or part of
the solution? 

Turning now to the issue of economic growth, numer-
ous reports in the last decades have questioned the sus-
tainability of economic growth. The most influential re-
port was perhaps the Limits to Growth, authored by the
Club of Rome, forecasting that key natural resources-in
particular non-renewable resources such as fossil fuels-
would become increasingly scarce over time and eventu-
ally exhausted if economic growth, as we know it, were
to continue. The same report also warned that the earth's
environmental carrying capacities would become overbur-
dened by different pollutants, and possibly collapse, un-
less human activities were held at bay. In short, economic
growth and environmental quality were viewed as being
on a collision course where one would eventually have to
surrender.

Three decades later, some of the earlier warnings-in
particular those related to fossil fuel exhaustion-have
been found to be somewhat premature. The discovery of
new deposits of fossil fuel in combination with less ener-
gy demanding technologies have kept pace with demand,
and the current issue is rather whether we can afford to
burn these plentiful reserves because of the potential con-
sequences on the global climate. On the positive side, rel-
atively simple abatement technologies, such as catalytic
converters on cars and scrubbers on smokestacks, have
proven effective in bringing down air pollution in coun-
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Environmental degradation, whether air pollution, de-
forestation, overfishing, global warming, or depletion of
the ozone layer, is often the result of many small actions
that are individually innocuous but harmful in aggregate.
Ecological systems can normally withstand a degree of ex-
ploitation and pollution. For example, forests and land
can withstand a degree of acid rainfall before the chemi-
cal and biological balance of the soil becomes impaired.
Likewise, it is only when the emissions of carbon dioxide
(CO2) outstrip the capacity of the earth’s biomass to ab-
sorb them that greenhouses gases start to build up in the
atmosphere, a point that has long since passed.12 Like-
wise, fish stocks can sustain some taxing of their natural
growth before they decline or, if severely over-taxed, col-
lapse. These ecological limits are not always known with
certainty, nor are the effects of exceeding them. Caution
is therefore called for to ensure some safety margins
against possibly irreversible damage—the “precautionary
principle”.

At the same time, as the world’s population grows in
number and demands, it may become harder to respect
the biological limits, let alone leave any safety margins. At
the beginning of this century, the population stood at 1.6
billion. Today it is roughly 6 billion and projected to grow
towards 10 billion before it peaks. Some 95 per cent of
net births will be in developing countries, which have the
least resources to pay for new and cleaner production
technologies and pollution abatement equipment. In ad-
dition, average per capita consumption is increasing by
roughly 2 per cent a year. At the current growth trend, per
capita GDP will double by 2035 and quadruple by 2070.
Given these considerations, it is not difficult to appreciate
the concerns of the environmental community that the
current trend is not sustainable.

Other observers put their faith in technological devel-
opments that would allow for continued economic
growth at the same time as reducing pollution and the in-
put of virgin resources through the use of more efficient
pollution-abatement equipment, less resource-demand-
ing production, and recycling rather than disposal. How-
ever, this more optimistic outlook will not be realized un-
less incentives are set accordingly. Economic incentives
that influence the behaviour of producers and consumers
must be aligned with the objectives of sustainable devel-
opment, defined by the World Commission on Environ-
ment and Development (1987), also known as the

Brundtland Commission, as “development that meets the
needs of the present without compromising the ability of
future generations to meet their own needs”. This princi-







lution problems that are arguably best addressed by stan-
dards that are targeted to the specificities of the local con-
ditions. The case is different for transboundary and glob-
al pollution problems where explicit policy coordination is
perhaps the only feasible policy option.22 

B. Deforestation

Deforestation is another issue that surfaces high on
the environmental agenda. The current concern is mainly
deforestation of tropical forests in developing countries,
as the temperate forest cover in developed countries is
constant or even slightly increasing, albeit from a very low
level owing to the deforestation of the past.23 Tropical
forests make up just over half of the world’s forest cover
(about 1.8 billion hectares in 1990), and the share is on
the decline. According to the Food and Agricultural Orga-
nization (FAO), the world lost 450 million hectares of trop-
ical forest to logging, agricultural development and hu-
man settlements between 1960 and 1990. Asia lost al-

most one third, while Africa and Latin America each lost
about 18 per cent.24

The environmental problems associated with defor-
estation are partly local and partly global in nature. At the
local level, deforestation of hillsides and high land reduces
the ground’s water-retention capacity, making the lower
land more prone to flooding and landslides. The land-
slides in Central America that occurred in conjunction
with the tropical storm “Mitch” are a recent tragic exam-
ple. Deforestation on a smaller scale, such as removing
trees between fields, increases the rate of soil erosion by
taking away natural wind-breaks. At the global level,
forests bind huge volumes of CO2. Deforestation there-
fore contributes indirectly to global warming by reducing
the earth’s “carbon sinks”.25 Another global concern is
the loss of biodiversity. Deforestation of tropical forests is
particularly serious in this regard, since this is where most
of the earth’s animal and plant species find their natural
habitats.
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2 2 Recall also that the Rio Earth Summit recognised the legitimacy of differentiated environmental standards at different levels of economic development—the
principle of common but differentiated responsibilities. Principle 7 of the Rio Declaration on Environment and Development (June 1992) states the following:
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world was set equal to the amount the earth’s biomass
can absorb, and that emissions rights were allocated in
proportion to each country’s share of the earth’s biomass,
or rather growth in biomass. Assume further that emis-
sions rights were tradable internationally in order to avoid
relocation of factories and people from countries with a
deficit in forests to countries with a surplus. Obviously,
this scheme would provide owners of forests, including
public forests, with a strong commercial interest in retain-
ing the forest cover. The result would not only be a halt to
deforestation (and global warming by design), but also a
process of reforestation that would eventually take us to
the socially optimal division of land between different cat-
egories of usage.35

Needless to say, this hypothetical scheme is unlikely to
be put into practice because of the likely opposition from
countries with a deficit in forests in relation to their CO2
emissions. Economic inferior measures may instead carry
the day, including putative trade barriers against countries
engaging in deforestation.

If industrialized countries (with the deforestation peri-
od behind them) raised their trade barriers against the for-
est products of developing countries, would it halt defor-
estation? Not necessarily. Rather, any policy that depress-
es the return on forestry could increase the incentives to
convert forests into other categories of land,  and thereby
speed up the rate of deforestation in developing coun-
tries.36

In summary, it appears that the root causes of defor-
estation lie partly in the pressure to convert forests into
farmland to feed a growing population, and partly in the
absence of markets for various services provided by
forests, such as carbon-binding and biodiversity. Of
course, policies encouraging forest clearing, including
subsidies and tax breaks, aggravate the problem. Howev-
er, few governments would presumably pursue such poli-
cies if the full value of forests could be commercialized.
Furthermore, trade barriers that depress the value of
forests in relation to the alternative land usage—ranch-
ing, farming, plantations—could be directly counterpro-
ductive.

C. Global warming

Global warming is caused by the increasing emissions
of carbon dioxide from sources that burn fossil fuel, in-
cluding energy-intensive processing industries, fossil-fu-
elled power plants, automobiles, and so on. Since the ear-
ly 1800s, when people began burning large amounts of
coal and oil, the amount of carbon dioxide in the earth’s
atmosphere has increased by nearly 30 per cent, and av-
erage global temperature appears to have risen between
0.3° and 0.6° on the Celsius scale. Carbon dioxide gas
traps solar heat in the atmosphere in the same way as
glass traps solar heat in a greenhouse. For this reason, car-
bon dioxide is sometimes called a “greenhouse gas.” Be-

sides carbon dioxide, human emissions of methane and
nitrous oxide contribute to the process of global warming.

The terminology “global warming” is somewhat of a
misnomer. It does not mean that every day or every place
will be warmer. It is the average temperature that will go
up. This will cause changes in the amount and pattern of
rain and snow, in the length of growing seasons, in the
frequency and severity of storms, and in sea level that will
rise as the polar icecaps start to melt. In turn, this will have
repercussions on farms, forests, plants and animals, as
well as on the well-being of humans, including the geo-
graphical reach of “tropical” diseases such as malaria that
will migrate into temperate zones. For some countries,
global warming may be little more than a nuisance, while
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terests can be overcome between good neighbours. An-
other example of a successful agreement is the Air Quali-
ty Agreement of 1991 between Canada and the United
States, which mandates both parties to undertake coordi-
nated reductions in emissions of SO2 and nitrous oxides
(NOx). Moreover, each country is required to account for
the transboundary environmental effects of new produc-
tion activities before granting a go-ahead.42

But what if the cooperative route is closed because of
free-riding or asymmetric interests—what options remains
to victim countries? One conceivable option for down-
wind countries would be to pay for the abatement costs
of upwind countries. This happens from time to time, and
may be a rational solution. For example, if it costs $10 mil-
lion to reduce pollution by tightening already strict emis-
sions standards at home (marginal abatement costs tend
to rise sharply as the technical limit is approached), or $5
million to get the same effect by paying for the abate-
ment equipment of a foreign producer upwind, why not
spend the money where the pay-off is the highest? For in-
stance, the Scandinavian countries provide both funds
and technical assistance to enable poorer countries
around the Baltic Sea to reduce pollution, including up-
grading the safety of nuclear power plants to reduce the
risk of another accident like at Chernobyl. At the same
time, these policies go against the principle that the pol-
luters, not the victims, should be responsible for cleaning
up (the Polluter Pays Principle), and may fall foul of do-
mestic public opinion. Public pressure may then mount to
use the stick instead, including targeted trade barriers
against countries that are deemed to have insufficient do-
mestic environmental standards. 

How effective are trade barriers in combating trans-
boundary pollution? From a theoretical point of view, it
depends on the share of output that the domestic econo-
my buys from a foreign smokestack industry. If the do-
mestic economy absorbs just a fraction of the output, or
none at all, one should not expect to make much of an
impression. However, if the domestic economy is a large
enough buyer, trade barriers against upwind producers
may force the targeted firms to scale back export produc-
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vidual or collective fishing quotas. The fourth and final el-
ement of the model is the assumption of perfect compe-
tition. That is, the industry consists of many small busi-
nesses without any individual market power, nor any indi-
vidual incentives to conserve the resource base. Given
these parameters, the industry will expand until the rev-
enue just covers the costs.

In the first application of this model, we shall illustrate
the link between overfishing and increasing demand, for
example, due to population growth. The case is illustrated
in Figure 3. At the outset, the industry is operating at the
point where the industry cost function intersects the rev-
enue function denoted “Revenue at low demand.” At this
point, revenue just equals costs and there is no tendency
of either entry or exit from the industry. The fishing effort
at this point is denoted



It should be stressed, however, that in both cases, the
analysis only applies to the situation when the resources
of the seas are not properly managed (open access). If re-
sources were properly managed to restrain harvest at the
point of maximum sustainable yields (with some precau-
tionary margins if there are scientific uncertainties of how
much taxation the stocks can sustain), increased demand
would translate into higher prices for fishery products
rather than overfishing. At the same time, the temptation
for individual fishermen to cheat on the quotas by under-
reporting harvests increases when prices go up. Moreover,
while an individual nation may be able to control cheating





ment. If no such restrictions are imposed, the end result
would only be to encourage further capacity investments
by reducing the investment costs of the industry. 

To conclude this case study, overfishing is related to
difficulties associated with the management of a common
resource. When everyone is free to tap a resource without
restraint, resource degradation is almost inevitable. Indi-
vidual efforts to conserve the resource base is deemed to
fail in a regime with open access—the “tragedy of the
commons.” Whilst this problem may not be serious as
long as demand is low relative to the resource base, in-
creasing demand will eventually make it imperative to in-
troduce proper management schemes. A failure to take
political action to introduce and enforce such schemes
would count as a policy failure.
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associated with a “double-dividend,” one for the econo-
my and one for the environment.

The case is illustrated in Figure 5. If an environmental
protection agency only had access to some inefficient sec-
ond-best instrument, it would presumably act rationally
within the given parameters and choose an abatement
level equal to the point where the marginal environmental
benefit equals the marginal abatement cost for that par-
ticular instrument, i.e., at point A2 in the figure. If the
agency had access to a more efficient first-best instru-
ment, it would be rational to choose a more ambitious
abatement level, marked A1 in the figure. Thus, by replac-
ing inefficient environmental policy instruments with effi-
cient ones, the costs of pollution abatement will not just
go down, but it is rational to extend abatement one step
further. This simple, but fundamental principle, suggests
that the search for efficient policy instruments to address
environmental problems ought to be a priority for indus-
try, for regulatory authorities, and for environmentalists
alike.5 2

Of course, in order to identify the most efficient policy
instrument, we must first identify what the source of the
problem is. For example, in the deforestation analysis we

pointed to the problems of missing market for carbon
dioxide sinks provided by forests, which artificially depress
the return of forests relative to, say, agriculture and ranch-
ing. The first-best solution follows, although we realize the
political difficulties of setting up such markets. In any
event, whenever we sidestep the first-best principles we
impose unnecessary costs on society. This would not only
be bad for the global economy, but potentially also for the
global environment by making the costs of pollution
abatement look higher than what they actually are if we
would consistently use the most efficient instruments
available.

It must be recognized, however, that while trade mea-
sures are rarely, if ever, the first-best policy for addressing
environmental problems, governments have found trade
measures a useful mechanism for enforcing multilateral
environmental agreements in some instances, and for at-
tempting to modify the behaviour of foreign governments
in others. It must be stressed that the use of trade meas-
ures in this way is fraught with risks for the multilateral
trading system, unless trade policy is used in this manner
on the basis of prior commitments and agreements
among governments as to their obligations in the field of
environmental policy. 

5 2 See Fullerton, Hong and Metcalf (1999) for a greater elaboration of this point, and supporting empirical evidence. 



While a great deal can be learned about the roots of
environmental degradation from a sector-by-sector analy-
sis, this approach could overlook important interactions
between the different sectors and countries, so-called
general equilibrium effects. It is worth taking a closer
look, therefore, at general equilibrium models of interna-
tional trade in order to examine the broader effects of





ing countries, the former have a comparative advantage
in capital-intensive production and the latter in labour-in-
tensive production. If we review the data on the sectors
that face the highest abatement costs in the United
States, which presumably are also the inherently most pol-
luting industries, they include industrial sectors such as
pulp and paper, non-ferrous metals, industrial and agri-
cultural chemicals, iron and steel, and petroleum refining.
These sectors are among the most capital-intensive sec-
tors of all60 and will hence have a natural tendency to
conglomerate in capital-abundant countries according to
standard trade theory. It is questionable, indeed, if a cost
disadvantage of 1 or 2 per cent because of higher pollu-
tion-abatement costs in developed countries will turn
comparative advantages 180 degrees around.

If the classical pattern of comparative advantage pre-
vails, that is, is not reversed because of 1 or 2 per cent
higher pollution-abatement costs,  the previous results are
turned on their head. As shown by Antweiler, Copeland,
and Taylor (1998), trade between developed and devel-
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spite of the composition effect, some air pollutants are
projected to go down.63 The reason for this is that the in-
come-induced technique effect dominates both the scale
and composition effects. The reverse is true for Asian de-
veloping countries, in which air pollution is projected to
increase. This is because of the rapid expansion of eco-
nomic activity, which is not moderated to the same extent
as in developed countries by a positive technique effect
(driven by stricter emissions regulations). In turn, this is a
result of the non-linear relationship between income and
pollution (see Section V for details). As far as developing
countries in Africa, Latin America and Eastern Europe are
concerned, air pollution is projected to go up, because of
both a generally negative composition effect and a scale
effect that is not completely counterbalanced by the tech-
nique effect. Finally, note that NO2 emissions are project-
ed to increase in all countries. The reason for this is that
the turning point of the EKC (the per capita income level
at which pollution starts to decrease) is much higher for
NO2 than for SO2, SPM, and CO, respectively. Likewise,
CO2 emissions are projected to increase everywhere for
the same reason (an even higher turning point).64

The projected increase in air pollution attributed to the
Uruguay Round is estimated at between 0.1 and 0.5 per
cent of base emissions. These increases should be weight-
ed against the estimated income gain of between $200 to
$500 billion. If the political will existed, a small fraction of
this gain (a few percentage points according to the study)
would suffice to pay for the additional abatement costs to
redress the environmental impact. 

Lee and Roland-Holst (1997) further demonstrate the



As observed by Levinson (1996a), “[F]or nearly a quar-
ter century, since industrialized nations began legislating
and enforcing environmental laws with substantial com-
pliance costs, critics of those regulations have protested
that stringent environmental regulations force manufac-
turers of pollution-intensive products overseas. Jargon
such as ‘eco-dumping’, ‘race to the bottom’, and ‘com-
petition in laxity’ has been used to describe a feared con-
sequence of this phenomenon, that different jurisdictions
competing to attract international businesses would cre-
ate pollution havens by lowering their environmental
standards below socially efficient levels.” (p. 429)

The race-to-the-bottom hypothesis was initially devel-
oped in the context of local competition for investments
and jobs within federal states with decentralized respon-
sibilities for the environment. A case in point is the Unit-
ed States.67 Before 1970, individual states were free to
define their own standards as they saw fit. In principle,
this should produce a desirable diversity of standards tai-
lored to local conditions and willingness to pay for envi-
ronmental amenities. What was right for California was
not necessarily right for North Dakota, and so on, because
of the huge differences in climate, ecological conditions,
population density, and per capita incomes. There were
essentially two reasons why the decentralized regime
came under pressure. The first was the failure of the sys-
tem to account for interjurisdictional pollution problems,
i.e., pollution spilling over from one state to another. The
second was the inability of governments to regulate mo-
bile industries that could defeat the measures by relocat-
ing elsewhere in the country.68 In fact, very little progress
was made, and under growing pressure from the awak-
ening environmental opinion, the US Congress concluded
that a federal initiative was necessary to break the foot-
dragging at the state and local levels. Starting in 1969, a
series of laws was passed—among them the National En-
vironmental Protection Act (1969), the Clean Air Act
(1970), the Clean Water Act (1972) and the Endangered
Species Act (1973)—which gradually shifted the initiative
and regulatory authority from the local level to the feder-
al level. 

The very same arguments can and have been made
with increasing frequency at the supranational level. In-
deed, many pollution problems transcend national bor-
ders and some are truly global in scope, such as depletion
of the ozone layer and global warming. Moreover, while
capital was more mobile within countries in the past, and
hence more susceptible to domestic variations in environ-
mental standards, international mobility is gradually in-
creasing. The average growth rate of foreign direct in-

vestment (FDI) in recent decades has been 12.5 per cent a
year, roughly twice as fast as growth in world merchan-
dise trade and five times faster than growth in world
GDP.69 The tremendous growth in FDI has been under-
pinned by the removal of investment barriers, especially
since the mid-1980s. Virtually all developing countries to-
day are open to FDI, and increasingly also the least-devel-
oped countries. The investment regimes of OECD coun-
tries were largely liberalized already in the 1950s and
1960s. The roll-back of investment barriers, in combina-
tion with reduced trade barriers, has increased the loca-
tion options for multinational firms, which in turn has re-
duced, or at least, is perceived to have reduced the envi-
ronmental policy autonomy of individual nations.

While international competition for investments and
jobs can play out in many ways,70 the particular concern
of environmentalists is that governments will sell out their
environment rather than offering, say, a tax break. In-
deed, some evidence suggests that new regulations are
occasionally defeated in the political arena on the
grounds that they would harm national competitive-
ness.71 Such defeats are fomented by the perception in
industrialized countries that environmental regulations are
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much leverage over host governments, a leverage that
could potentially be used to challenge new environmental
taxes and regulations. 

Given the importance of these arguments both from a
trade and an environmental perspective, it is worth re-
viewing carefully the evidence relating to this matter. Is it
true, as many seem to believe, that stringent environ-
mental regulations undermine the competitiveness of do-
mestic industries? Do polluting industries relocate from
developed to developing countries in order to take ad-
vantage of lax regulations? Are environmental standards
bid down in accordance with the race-to-the-bottom hy-
pothesis? Or, if not, has the globalization of the world
economy been followed by increased political reluctance
to address environmental problems as suggested by the
regulatory chill hypothesis?

A. The competitive consequences of environ-
mental regulations

Comparison of compliance costs with different na-
tional environmental regulations is seriously hampered by
lack of data. Only the United States has regularly pub-
lished data on compliance costs based on an annual sur-
vey of US industry. This survey was discontinued for budg-
etary reasons in the mid-1990s, however. Nor are we
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They do cost, but they also bring significant benefits to
society and to the quality of life.

In summary, competitiveness concerns seem to have
been somewhat overstated in the public debate.77 Abate-
ment costs in the United States, while perhaps higher
than in most other countries, still only account for a few
percentage points of the production costs. That is, the
overwhelming share of production costs, and hence any
competitiveness problem, is determined by other factors,
such as wages, payroll taxes, capital costs, import tariffs
on intermediate inputs, corporate taxes, and so on.78 Of
course, this is not an argument for ignoring concerns
about pollution-abatement costs. On the contrary, if the
costs can be reduced without compromising the environ-
mental objective by employing modern market-based in-
struments instead of traditional command-and-control
regulations, so much the better.79 A natural objective for
regulators, one would imagine, is to minimize the costs of
achieving the environmental targets defined by society.
The reason why the Porter hypothesis may hold for some
industries but not for others could simply be that some in-
dustries are regulated in a more efficient manner than
others.80 Finally, and perhaps most importantly, while the
debate is on costs, studies that focus on the profitability
of firms have not been able to detect that superior envi-
ronmental performance comes at the expense of reduced
profitability. One reason, which we shall return to later, is
that a good environmental profile can be a valuable mar-
ket asset that allows firms to recoup pollution-abatement
expenditures in the market place.
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G. Concluding remarks

While competitiveness concerns seem to have been
somewhat overstated in the debate, and while data do
not seem to support the hypothesis that investments are
fleeing developed countries for developing countries with
more lax standards, environmental initiatives are never-

theless defeated from time to time because of competi-
tiveness concerns. This finding suggests that at least per-
ceived regulatory autonomy has diminished alongside the
removal of trade and investment barriers, which in turn
underscores the need to seek cooperative solutions to
common environmental problems in the world.
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logical development. Other things being equal, open
economies tend to grow significantly faster than closed
economies.99

Another reason why international trade figures promi-
nently in this debate is that policy failures in the environ-
mental arena are claimed to be caused or exacerbated by
the pressure of international competition. Specifically, the
ease with which firms can move nowadays when trade
and investment barriers are at an all-time low is viewed as
one important reason why governments may have be-
come more reluctant to upgrade environmental stan-
dards. Growth driven by liberalization of the world econ-
omy may then defeat the EKC in that competitive pres-
sure may prevent environmental standards from being up-



convergence of environmental standards, with a special
emphasis on technology that preserves natural resources
and reduces the pollution per unit of output.

A. Theoretical overview

A brief overview of the theory that underlies the EKC
will help identify why it can assume the multiplicity of
shapes that we observe in reality. 

As mentioned before, the EKC draws its inspiration
from the work of Simon Kuznets who observed that in-
come inequality tend to become worse as a country
grows out of poverty, stabilize at some middle income lev-
els, and then gradually improve. The observation that en-
vironmental degradation may follow a similar income-de-
pendent path was made by several economists at the be



may fall once a certain income level has been passed. The
reason is that economic growth allows for more and more
industries to reach the critical size at which the installation
costs of abatement equipment can be borne with mini-
mum impact on production costs and profits. After all,
larger volumes allow fixed costs to be spread out more
thinly. 

Taking this reasoning a step further, we can establish
a positive link between trade and pollution abatement.
Since trade leads to increased specialization in the world,
the size of the average production unit can be expected
to increase, which in turn allows for economies of scale
not just in production itself but also in pollution abate-
ment. Put differently, without trade a country may never
achieve the necessary scale economies in any production
activity for it to be able to afford abatement equipment
with high installation costs. Specialization and trade may
therefore be part of a recipe to combat pollution.

Of course, each generation of abatement technolo-
gies has its own limitations. In other words, even if a giv-
en abatement technology exhibits increasing returns to
scale, it may be necessary to install more sophisticated
and presumably more costly equipment to reach an
abatement target that goes beyond the limitations of the
current technology. This opens up some interesting dy-
namic possibilities. As an economy grows out of poverty,
pollution may first rise until it becomes profitable to install
the most elementary and inexpensive types of abatement
equipment, then fall as a result of these installations, then
rise again as the scale of economic activity increases with
growth until the next generation of abatement technolo-
gies becomes affordable, then fall again, and so on. Pol-
lution may then follow a wave-like pattern in the race be-
tween increasing scales of economic activities and more
advanced abatement technologies that become attain-
able with increasing scales. Indeed, the empirical review
below will show, at least for some environmental indica-
tors, that the EKC seems to follow an N-shaped pattern
rather than the inverted U-shape. However, this may not
be the end of the story. The next turn may be downward
again, turning the N into an M, as the next generation of
abatement equipment becomes attainable with higher
production volumes and income.

Yet another factor that may explain the EKC is struc-
tural changes inherent in the development process.105

Economic growth is a process of continuous transforma-
tion whereby certain sectors contract in relative terms (as
a percentage of GDP), and possibly also in absolute terms,
while others expand. A “stylized” development process
may take place as follows.106 Initially, the economy may
be mainly agrarian. If the country is endowed with valu-
able natural resources, the next step may involve extrac-
tion of these resources combined with some basic pro-
cessing. This first transitional stage is likely to be driven by
demand from the world market and possibly facilitated by
foreign investments (or, as in the past, colonization). The

economy may then gradually move into basic manufac-
turing, such as textiles and clothing production on a more
industrial scale, followed by more advanced manufactur-
ing as experience and educational achievements increase.
The “final” stage is presumably the post-industrialized so-
ciety, with emphasis on high-technology production and
services. Such a development process would gradually al-
ter the pollution intensity and the composition of nation-
al output, so that some, but not all, environmental indi-
cators would eventually improve.

The point is that what may appear as a relationship
between income and pollution may have little to do with
income per se, but may rather reflect underlying structur-
al changes in the economy as the country grows richer.
Take as an example the structural changes in the US econ-
omy between 1960 and 1994, as depicted in Figure 8.107

Note the relative decline of primary production (agricul-
ture and mining) and manufacturing as a share of GDP,
counterbalanced by a relative increase in services, includ-
ing public utilities and government services. These struc-
tural changes have presumably contributed to a drop in
the overall pollution intensity of US output, although this
assertion cannot be substantiated in figures. In contrast,
other economies, such as the newly industrialized coun-
tries in Asia and Latin America, have moved in the oppo-
site direction,108 although this may only be a transient
phenomenon. Indeed, Hettige et al. (1998) suggest that
the manufacturing share of GDP typically rises until a
country reaches middle-income status, peaking at some
25 per cent of GDP at a per capita income of about
$5,000 to $6,000, to decline slowly thereafter to some 20
per cent of GDP at a per capita income of $20,000 or
more. 

Structural changes, in turn, are driven by many fac-
tors, including trade liberalization that induces specializa-
tion according to comparative advantages. As elaborated
in Section III, trade liberalization changes the pattern of
production in the world and so, indirectly, the pattern of
pollution. From the point of view of an individual country,
the local environment will benefit if expanding export sec-
tors are less polluting on average than contracting import-
competing sectors, and suffer otherwise.109 And since
one country’s exportables are another country’s importa-
bles, all countries cannot specialize in clean industries. In-
ternational trade will therefore redistribute local pollution
problems in the world from countries that have a com-
parative advantage in industries that are inherently less
polluting to countries that have a comparative advantage
in industries that are inherently more polluting. And even
if an adverse composition effects may be counteracted by
stricter environmental regulations induced by higher in-
comes, the technique effect is unlikely to neutralize both
the scale and composition effects as argued by Copeland
and Taylor (1994).

These arguments have some interesting implications.
It is at least conceivable that the turning points that have
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1 0 5Panayotou (1993).

1 0 6See, e.g., Syrquin (1989). 

1 0 7Data is taken from the Council of Economic Advisers, Economic Report of the President, February 1997.

1 0 8Suri and Chapman (1998).

1 0 9In practice, it may be difficult to evaluate if the environment actually benefited from the changing structure, since the composition of pollution also changes.
What is the net benefit of, say, a 50 per cent reduction in SO2 emissions and a 10 per cent increase in toxic waste? 





“benevolent social planner” (through the imposition of
environmental taxes or regulations) with recurrent direct
voting on environmental policies, whereby the preferen-
ces of the median voter effectively determine the out-
come.

Interestingly, the policies chosen by the benevolent so-
cial planner generate a standard inverted U-shaped EKC.
When a country is poor, growth considerations take
precedence over environmental concerns. However, as
the economy grows out of poverty, pollution taxes or reg-
ulations are introduced at some stage and start to bend
the pollution trajectory. At a sufficiently high level of in-
come, pollution taxes or regulations have become so
stringent that they encourage investments in sufficiently
clean production technologies to start reducing the over-
all level of pollution. In short, an inverted U-shaped pollu-
tion path occurs naturally if environmental policies are de-
termined by an enlD -tollution. In short, an invert2ce2meno5.39-



capita income. Their results also hinted at the possibility
that the emissions may eventually turn upwards again at
around $12,000 to $15,000. Since Mexico’s per capita in-
come just so happened to be at the estimated downward
turning point, the additional growth impetus from NAFTA
could conceivably push Mexico over the top and initiate a
process of improved environmental performance.

This thought-provoking, not to say controversial, study
has been followed by a huge number of empirical studies
that have partly confirmed, partly contradicted, and part-
ly qualified Grossman and Krueger’s findings. One lesson
from this literature is that the existence of an eventual
turning point depends almost entirely on the type of emis-
sion reviewed, making any generalizations about the EKC

hypothesis problematic. The turning points range from a
couple of thousand dollars per capita to incomes that are
yet to be seen anywhere in the world, as shown in
Table 8. 

Another finding is that pollution, after declining for a
while at middle-income levels, may turn upward at high-
er incomes. For example, Kaufmann et al. (1997) note
that after passing the $12,500 per capita GDP mark, SO2
emissions may once again start to increase. Based on this
and other studies, including the original study by Gross-
man and Krueger, several observers have noted that the
inverted-U shaped curve more accurately resembles an
“N”-shape for many environmental indicators. However,
as argued in the theoretical review, this may not be the
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Table 8: Estimated turning points for the environmental Kuznets curve (US$)

Air Pollution

SO2 SPM NOx CO CO2 CFCs

Cole et al. (1997) 6'900 7'300 14'700 9'900 12'600
Grossman and Krueger (1993) 4'100
Holtz-Ekin and Selden (1995) 35'400

Moomaw and Unruh (1997) 12'800
Panayotou (1995) 3'000 4'500 5'500

Panayotou (1997) 5'000
Selden and Song (1994) 10'700 9'600 21'800 19'100
Shafik (1994) 3'700 3'300

Water pollution

Faecal coliform BOD COD Arsenic Nitrates

Cole et al. (1997) 15'600
Grossman and Krueger (1995) 7'800 7'600 7'900 4'900

Deforestation

Global Latin Africa 
America

Antle and Heidebrink (1995) 2'000
Cropper and Griffiths (1994) 5'400 4'800
Panayotou (1995) 800

Others

Heavy Toxic
metals intensity

Hettige et al. (1992) 12'800
Rock (1996) 10'800

Source: This table is based on Table 2 in Barbier (1997).



end of the story. The next turn in the pollution path may
be downward again, so that the N becomes an M as the
next generation of abatement technologies becomes at-
tainable with increased production and higher incomes.
Essentially, there is no knowing if this process will eventu-
ally converge and, in that case, if the ensuing emissions
will be within the bounds of the carrying capacity of local
and global ecosystems
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Table 9:  The relationship between income and various environmental indicators

Environmental indicator Inverted Increasing Decreasing Constant N-shape
U-shape

Air pollution

S O2 CRB, GK1, GK2,  S, SS, P1, P2 CJM

SPM CRB, P1, S, SS V CJM, GK1
Heavy particles GK2
Smoke GK2

Dark matter GK1
NOx



torical case studies, certain candidates spring to mind, for
example, North Korea and the Republic of Korea, East
Germany and West Germany, or Eastern Europe and
Western Europe more generally. Unfortunately, no such
studies seem to be available. Rather, what most re-
searchers have managed so far is to include an “open-
ness” indicator in standard cross-country EKC regressions
in order to say something about the impact on the pollu-
tion path of the trade policy stance followed by a country. 

Earlier studies using this approach, including Gross-
man and Krueger (1991) and Shafik and Bandyopadhyay
(1992), did not find much impact of the trade policy
stance per se. The openness indicator was generally sta-
tistically insignificant, although not for all environmental
indicators. For example, Grossman and Krueger found
that the ambient SO2 levels tend to be lower in cities lo-
cated in countries conducting more trade, while the oth-
er air-quality indicators—suspended particle and dark
matter pollution—did not seem to have any significant as-
sociation with trade.

Another study by Lucas, Wheeler and Hettige (1992)
found that the toxic (pollution) intensity of GDP had a
positive correlation with Dollar’s (1990) index of trade dis-
tortion.116 Although this index does not say which sec-
tors are protected, the fact that the toxic intensity of GDP
is closely linked to the manufacturing share of GDP sug-
gests that the Dollar’s index is correlated with the protec-
tion of the manufacturing sector. The way we interpret
this finding is not that protection per se is associated with
a high degree of pollution, but rather that protection of
the manufacturing sector is. This conjecture is also sup-
ported by the finding that the total emissions of toxic sub-
stances eventually decline with higher incomes, partly be-
cause the manufacturing share of GDP tends to decline as
a country grows richer.

The study by Rock (1996) suggest that open econo-
mies are more polluting than closed economies, even
when differences in the manufacturing share of GDP have
been accounted for. That is, comparing countries with the
same income level and the same manufacturing share of
GDP, he finds that the more open economies tend to be
more polluting. On the basis of this finding, the author ar-
gues that the recipe for economic development advocat-
ed by the World Bank and others (i.e., development based
on trade and economic integration) has a high price in
terms of environmental degradation, which even if it is
not permanent, is at least transitional until developing
countries have passed the peak of the EKC. Put another
way, growth-promoting development strategies must in-
clude an environmental element to be sustainable in the
long term. 

Suri and Chapman (1998) analyze the impact of
growth, international trade, and structural change on the
turning point of the EKC for commercial energy con-
sumption and so, indirectly, pollution related to energy
consumption, including CO2 emissions. They find that

growing exports of manufactured goods are a key source
of energy consumption in rapidly industrializing countries
in East Asia and Latin America. The mirror image was ob-
served in developed countries, where growing imports of
manufactured goods has contributed to a slowing of the
demand for energy. In short, trade has changed the com-
position of GDP in a more energy-intensive way in rapidly
industrializing developing countries and in a less energy-
intensive way in mature industrialized countries. More-
over, the authors argue that, as a result, the turning point
of the EKC for energy has drifted upward in industrializ-
ing countries, and also in the world as a whole. The rea-
son for this is that developing countries use less energy-
efficient technologies, apply generally lower energy taxes
and, in some cases, offer energy subsidies to spur indus-
trialization.117

The study by Antweiler, Copeland, and Taylor (1998) is
also relevant in this context, although they do not set out
to estimate the EKC per se. Their objective is to quantify
the underlying mechanism by which trade affects the en-
vironment, specifically, through the composition, scale
and technique effects. The study focuses on the relation-
ship between openness to trade and changes in ground
level SO2 concentration in a data set covering 44 coun-
tries from 1971 to 1996. They find that a 1 per cent in-
crease in the share of trade in GDP reduces SO2 concen-
tration by some 0.7 per cent for the average country. At
the same time, countries that are induced to specialize in
SO2-intensive production may still see higher emissions.
Again, trade changes the location of production and thus
indirectly also the distribution of pollution in the world.

In summary, empirical evidence suggests that the com-
position effect of trade can influence the shape and rele-
vance of the EKC. Structural changes in the global econ-
omy in the last decades may have shifted some manufac-
turing industries from developed countries into rapidly in-
dustrializing developing countries, and this in turn has in-
fluenced the pollution path of both groups of coun-
tries.118 Since traditional manufacturing industries are
generally more polluting than high-technology and servic-
es production, the structural changes may have helped
developed countries to pass the peak of the EKC, if not
yet in all environmental indicators. At the same time, the
upward-sloping segment of the EKC for industrializing
developing countries may have become steeper and the
peak possibly higher because of a more polluting compo-
sition of their national output. In short, while trade spurs
economic growth, thereby possibly shortening the time
before appropriate environmental policies are introduced,
the composition effect of trade will make the transition
over the EKC peak easier for some countries and more dif-
ficult for others. 
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lands between 1980 and 1990 found that technological
change driven by higher energy taxes and stricter regula-
tions is the key to improved environmental performance.
Structural changes in the composition of national output
added some further reductions in air pollution in Germany
and subtracted some potential reductions in the Nether-
lands (Table 10). Thus, when the dust has settled, envi-



Having said this, it should be noted that global warm-
ing and depletion of the ozone layer are rather recent
public concerns. It is at least conceivable, not to say plau-
sible, that the varying turning points that have been esti-
mated for different kinds of pollutants have a tendency to
fall within the income range of the leading countries at
the time the specific problems became an issue of intense



One of the greatest challenges facing mankind at the
inception of the 21st century is how to accommodate a
growing population and material aspirations in developed
and developing countries without compromising the nat-
ural environment. This challenge is compounded by the
vast difference in living standards in the world, and hence
differences in immediate policy priorities. It is also com-
pounded by the fact that many environmental problems
are transboundary or global in nature, and hence beyond
the control of any individual nation. 

The frustration in some quarters with the slowness of
the political process in responding to these challenges has
partly been blamed on the multilateral trading system.
Part of the argument is that the legal provisions of the
WTO circumscribe the tools available for environmental
policy making, including trade measures to encourage
participation in and enforcement of multilateral environ-
mental agreements. The other part of the argument is
that international trade, by increasing the mobility of in-
dustries, undermines the regulatory power of individual
nations. Both of these arguments deserve to be taken se-
riously, although this study shows why trade measures are
nearly always a poor policy response to environmental
degradation.

The removal of economic borders imposes new de-
mands for cooperation among governments on environ-
mental issues. At the same time, countries would be in-
terdependent in an ecological sense even if they did not
trade. Ecological systems do not begin and end at the
border, nor does pollution traveling with wind and water.

The point is, rather, that the removal of economic borders
and the associated increase in mobility of industries, has
made cooperation more urgent by reducing the regulato-
ry automony of individual nations.  The perceived costs of
acting alone in terms of lost investments and jobs often
take the steam out of new regulatory initiatives.

But this need for cooperation goes far beyond what
the WTO is capable of delivering by itself, especially since
environmental problems and international trade are only
indirectly linked. At the same time, the cooperative mod-
el of the WTO, based on legal rights and obligations,
could potentially serve as a model for more structured en-
vironmental cooperation among nations. Today, interna-
tional cooperation on the environment finds expression
through a multitude of organizations and conventions,
not always coherently linked together. Of course, to find
the appropriate forms for a new global architecture of en-
vironmental cooperation may take some time, and will
have to account for a broad spectrum of interests and
opinions, including inputs from civil society.

Meanwhile, even with its current mandate, the WTO
can do a few important things for the environment. The
most obvious contribution would be to address the re-
maining trade barriers on environmentally-friendly pro-
duction technologies and environmental services in order
to reduce the cost of investing in clean production tech-
nologies and environmental management systems. An-
other potential contribution would be to seek reductions
in subsidies that harm the environment, including energy,
agricultural, and fishing subsidies.
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