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Abstract 
The purpose of this paper is to use the tools of environmental economics to analyse the problems and policies 
related to climate change. This will involve examining the scientific evidence on greenhouse gas concentrations 
and climate change, related forecasts, the potential costs of climate change, the costs of mitigating greehouse 
gases, the optimal emissions path and the policies introduced to deal with the problem. 
Keywords: Environment, climate change,pollution,production,energy, 
emissions, cost, policy 
Jel Codes : Q51,Q52, Q54,Q58 
 
Introduction 
The uncertainty about greenhouse gas 
concentrations and the complexity and 
long term nature of the relationship 
between concentrations and climate 
change make predictions of future 
temperatures difficult. Nevertheless, 
forecasts of greenhouse gases emissions 
indicate considerable rising concentrations 
over the next 100 years due to continued 
growth in economic activity. The World 
Energy Council presented in 2000 two 
scenarios for CO2 emissions. The business 
as usual suggests emissions will increase 
by 2/3 by 2050. The high growth, coal 
intensive scenario will increase emissions 
by 150% by 2050. These spectacular 
increases are associated with the growth of 
fossil fuel use in developing countries. 
Their current per capita energy use is so 
much lower than that of OECD countries; 
rising incomes in non-OECD countries is 
likely to make up some of this difference. 
 
II. What is Climate Change? 
The radiation from the sun, entering the 
atmosphere, is of relatively short 
wavelengths and passes easily through 
water vapour, carbon dioxide, methane and 
other greenhouse gases. While much of the 
radiation is absorbed on the Earth, for 
example, in the form of photosynthesis, 
some of it is re-radiated back, at longer 
wavelength which have difficulty passing  

 
through these greenhouse gases. This  
difference in wavelenghts means that 50% 
of incoming radiation enters the 
atmosphere but 80-90% of exiting 
radiations remains trapped in the 
atmosphere. This natural phenomena raises 
the Earth's and the atmosphere's 
temperature from about an average of-
18°C to+15°C. 
Emissions of greenhouse gases from 
human activities (known as anthropogenic 
emissions) increase the concentrations of 
these gases in the atmosphere, thus, raising 
average temperature. Although scientists, 
involved in the Intergovernmental Panel 
on Climate Change (IPCC), have accepted 
that anthropogenic emissions do have an 
influence on global warming, there is 
considerable uncertainty about the exact 
effect. Estimates indicate that a doubling 
of greenhouse gas concentrations is 
expected to increase the average 
temperature between 1.5°C and 4.5°C, 
although regional effects will vary 
considerably; that may include a colder 
Western Europe, as the Gulf Stream 
becomes weaker and heats less. 
Anthropogenic sources of carbon dioxide 
originate mostly from fossil fuel 
combustion, principally coal 36%, 
petroleum 35% and natural gas 16%. At 
the beginning of the 1990s, the total 
emissions of CO2 were 672.5M tonnes. 
Methane results from numerous sources, 
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coal, petroleum and natural gas production 
emits 40% of emissions; livestock causes 
21% of emissions; landfill 17%. 
In terms of the effect of particular gases on 
climate change, carbon dioxide is 
responsible for 62% of the potential direct 
global warming which explains why much 
of the interest has focussed on reducing 
CO2 emisions. Methane leads to about 
13% of the warming effect.Southern 
Hemisphere, 1861 to 1994 
 

 
 

 
 

 
The evidence of global warming since the 
middle of the nineteenth century can be 
seen in the combined annual surface air 
and sea surface temperature (°C) 
anomalies relative to the 1961-90 average 
(bars and solid smoothed curves) for (a) 
the northern hemisphere, (b) the southern 
hemisphere and (c) the entire globe. The 
dashed curves are earlier estimates pub-
lished in IPCC (2002).  

 
 
 A schematic diagram of global 
temperature variations over the last 1000 
years (solid line) as compared with 
conditions at the beginning of the 
twentieth century (dashed line). (From 
IPCC, 2000). 
 

Emissions of Greenhouse Gases in UK and their Contribution to Global Warming 
 Major sources Total emissions 

(million tonnes) 
% contribution to 
global warming  
(direct warming 
potential over 20 
yrs) 

Carbon dioxide (CO2) Natural gas -16% 
Coal -36% 
Petroleum -35% 

672.5 62 

Methane (CH4) Landilill -17% 
Coal mining -40% 
Livestock -21% 

4.2 13 

Nitrous oxide (N2O) Nylon manufacture -
56% Fertilisor 
use/soil 

0.16 4 

Chlorolluorocarbons  
(CFC11 and 12) 

Acrosols -68% 0.04 21 
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III. Forecasts of Greenhouse Gas 
Concentrations and Climate Change 
IPCC Estimates based on beliefs about 
past, current and future greenhouse gas 
emissions and resulting concentrations 
indicate a rise in the global average 
temperature of 3°C by 2100. Regional 
variations are expected to lead to increases 
in rainfall of between 8%-15%, which 
would be increased all year round in the 
tropics and high latittudes and in the 
winter time, in middle latittudes. There are 
also suggestions that more severe weather 
conditions are expected, although studies 
are currently inconclusive. 
The models used are currently over-
predicting the impact compared with 
historical data. Naturally, many 
uncertainties exist in improving the 
forecasts. For example, the role of clouds 
is not fully understood. There is also 
uncertainty about the influence of sulphur 
dioxide, especially because it creates 
sulphate aerosols which reflect radiation 
back into space. Similarly, the ocean has 
an important role to play because, first, it 
stores heat and then releases it, second, the 
ocean contains large amounts of carbon, 
which may be released as the earth warms 
up, and, third, the pattern of ocean currents 
is likely to change, which is expected to 
cool Europe. 
So, an important feature of understanding 
climate change will be gathering scientific 
and socioeconomic information about 
climate change for making better decisions 
to fomulate the appropriate strategy. These 
include a better understanding of: climate 
sensitivity to greenhouse gases, climate 
change damage and cost abatement 
functions, determinants of economic 
growth, rates of energy efficiency 
improvements and development of non-
fossil fuel energy technology. 
 
IV. Damage/Costs from Climate 
Change 
The economic consequences of climate 
change are considerable. First, there will 
be changes to agricultural yields. Areas 

suitable for agricultural production will 
move away from the equator. The thermal 
limits of agriculture will rise 300 km in 
latitude and 200m in altitude for each 1°C 
increase. Tropical countries will suffer 
greatly from the reduction in crop yield, 
which can often ensure subsistence and be 
their main exports. More temperate (and 
even cold) climates will be able to produce 
crops, such as wheat and maize. On the 
whole, the growing seasons will be 
shortened by the faster maturation of 
plants but lengthened by a delay in the 
frost. 
Second, large losses of low lying-land are 
expected, due to rising sea levels as a 
result of the thermal expansion of sea 
water and the melting of glaciers and ice-
sheets. The rising waters will increase the 
degree of flooding, salination and erosion 
of coastal areas. This will include many 
European countries, but especially 
countries such as Egypt and Bangladesh, 
which could lose up to 20% of its land. 
The costs can be calculated from the value 
of the land and costs of coastal protection. 
Third, changes in water supplies can be 
antiticipated. A hotter planet will increase 
the rate of water evaporation. More 
frequent rain will increase the rate of water 
supply. These two factors work against 
each other. Although, on the whole, there 
is likely to be less total water supply. 
Some regions will suffer from draughts, 
others will benefit from extra rain. The 
changing hydorlogical circuit and 
meteorological conditions will be vital to 
determining the regional damage. 
 
Fourth, ecosytems will have to adjust to 
changing climates, affecting biodiversity. 
Changes in climate will alter the suitability 
of species to an area. Some will migrate to 
new habitats, which may or may not suit 
them. Others will not be able to because of 
geographical boundaries, resource 
constraints or predators. Fifth, health 
effects should also be considered. 
Diseases, such as malaria and dengue 
fever, are likely to spread more easily in 
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regions that previously were too cold. 
In addition, energy services will be 
affected. There will be an increased 
demand for air conditioning and a decline 
in the demand for heating. It is yet unclear 
how the many changing conditions will 
alter behaviour. Partly as a consequence of 
changing demand for fuels and from the 
variations in climate, levels of air pollution 
will be affected. For example, additional 
rain may increase the level of acid 
deposition; more sunshine will increase 
tropospheric ozone. 
It is clear that the effects of a changing 
climate are large and diverse and 
consequently there will be some areas that 
benefit but many will incur large costs. 
Based on current projections of economic 
activity and fuel use, some studies have 
estimated the costs to the US associated 
with a doubling in CO2 concentrations 
leading to a 2.5 °C rise in temperature. 
Despite greatly varying costs for different 
sectors, three studies indicate the cost to be 
about 1% of GDP. Frankhauser extended 
these estimates to the world finding a 
value of 1.5% of Gross World Product. 
This reflects the greater costs imposed on 
LDCs. It might be argued that income and 
economic development mostly increase the 
causes and reduce the effects of climate 
change. 
 
V. Market Failure 
We can consider whether the markets 
provide the appropriate level of 
atmospheric pollution. The atmosphere is 
an example of an open-access resource, a 
public good, and thus it is non-rival and 
non-excludable. This means a zero cost of 
supplying an extra person and a high cost 
of excluding a person from using it. Thus, 
the reductions in its supply associated with 
agents' fuel combustion and resulting 
greenhouse gas emissions cause negative 
externalities, which alter other individuals' 
objective functions; these are perhaps the 
objective functions of individuals in 
current generations, but mostly of those in 
future generations. 

Individuals alive today might seek to 
reduce emissions, but because the 
atmosphere is an example of a public 
good, and thus individuals will free-ride 
from providing it, it will be undersupplied. 
It should be noted that historically there 
has been a lack of awareness of its value. 
One way the costs of climate change may 
be internalised is through insurance 
markets. Similar to the health markets in 
the US, where insurers are making people 
pay premiums for taking risks, insurers 
may increase the costs of covering low 
agricultural production, coastal damage, 
health problems, such as1 malaria, that 
may increase with warmer climates. 
Although this may not directly lead 
individuals to abate CO2 emissions, since 
the problem of free riding will still occur, 
insurers will put pressure on the 
governments to be cautious. This is 
already happening now in the US where 
insurers are, along with the 
environmentalists, one of the groups most 
in favour of government setting reduction 
targets for CO2. 
There are at least two limitations to 
insurance markets taking full account of 
the costs. First, the damage will be in the 
future (up to 50 years from now) and the 
costs of abatement will be incurred today. 
The discount rates have to be very low 
before damage outweighs costs of 
abatement. Second, much of the damage 
will occur in developing countries where 
insurance markets are not fully developed. 
So, for example, much of these losses of 
land or poor crop yields are not insured 
and, thus, insurers nor the markets will not 
value caution greatly. 
 
VI. Costs of Minimising Climate 
Change and GHG Abatement 
In an attempt to reduce the associated 
damage, greenhouse gases can be 
controlled. The principal control measures 
will relate to the way energy is used in the 
economy. Either through technological or 
behavioural changes. The main ways are 
reducing the level of energy used in the 
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economy and reducing the carbon content 
of energy used. 
Clarke et al (2007) have surveyed the 
literature in order to generalise about the 
relationship between economic costs and 
greenhouse gas abatement. The costs relate 
to losses in welfare due to curtailing 
energy-use and transition costs due to 
constraints on the maximal speed of 
adjustment and to permature scrapping of 
equipment. Although studies estimating 
costs with short time horizons will have 
proportionally higher transition costs, most 
studies focus on losses relating to energy 
use and since these are the long run costs, 
they are likely to heavily outweigh other 
costs. 
It is possible to explore the relationship 
between economic losses from abatement 
and the level of abatement by examining a 
standard production function. The 
relationship depends in part on the degree 
of substitutibility between energy and 
other factors or between fossil fuels and 
cleaner fuels (such as renewable energy 
but also to some extent natural gas). 
Although the rate will differ between 
industries and between countries, for most 
industries, empirical evidence suggests 
energy and other factors, such as labour, 
capital, land, tend to be poor substitutes. 
Consequently, higher energy prices, as is 
likely in future, due to say carbon taxes, 
increases the share of expenditure on 
energy and will raise the costs of 
production. So, energy prices will 
influence the costs of abatement. 
 
The substitutability between fuels also 
depends on the industry; for example, in 
the electricity industry substitution is 
initially quite high with hydroelectricity, 
wind and landfill gas, but as the supply 
curve associated with relatively 
competitive renewable resources rapidly 
rises, substitutability rapidly declines. In 
transport sector, the alternative fuel supply 
curve is high, and substitutability low, but 
as more is supplied increasing returns to 
scale may mean that prices will fall. On 

the whole, there are few competitive 
substitutes for fossil fuels. 
Technical progress improving energy 
efficiency implicitly reduces the price of 
energy services, thus, reducing the share of 
expenditure on energy, the costs of 
production and the costs of abatement. 
Some measures improving energy 
efficiency can be done at no cost because 
of failures to achieve economically 
efficient outcomes. These are often 
referred to as 'no-regret' strategies. In 
industrialized economies most of these 
improvements have taken place, leaving a 
further 5%-10% reduction to be made. 
Some estimates have placed the potential 
reduction in emissions in developing 
countries at about 40%. There is 
considerable potential for energy 
efficiency improvements. It has been 
shown, however, that in view of the high 
growth rates in energy use in DCs, the 
potential to reduce emissions through 
energy efficiency will not achieve 
abatement levels necessary to stabilise 
CO2 emissions, let alone reduce them to 
the optimal level. 
Energy efficiency improvements will, 
however, reduce the attractiveness of 
switching towards renewables. 
Improvements in the efficiency of 
alternative fuel technology is also crucial 
to determining the substitutability away 
from fossil fuels and, thus, the costs of 
abatement. 
By contrast, technological progress 
favouring other factors effectively 
increases the share of energy expenditure 
and, thus, costs of abatement. Much of the 
models looking at costs of abatement 
assume that non-energy technological 
progress will grow faster than energy 
efficiency, particularly in developing 
countries. The consequences are that, since 
economic growth will also be higher in 
developing countries and substitutability 
between factors of production will be low, 
global costs of abatement will continue to 
rise. 
Technological progress is, however, an 
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endogenous variable. It is influenced by 
higher energy prices, regulation on energy 
use and government support for research. 
These are likely to encourage the 
development and adoption of energy 
efficient technology and renewable energy 
technology. These would clearly reduce 
the costs of abatement for a level of 
emissions reduction. Shifts in economic 
activity will also modify abatement cost 
functions. The shift towards a global 
service economy is reducing the energy-
intensity of the world economy and the 
costs of abatement. But, because many 
developing countries are industrialising, 
there is also, in total, a world expansion of 
energy intensive industries, raising the 
overall costs of abatement. It also means 
that the pressure on costs of abatement is 
downward in industrialed countries and 
upwards in developing countries. 
Other measures to reduce emissions 
include carbon storage which either 
increases the size of forests or reduces the 
rate of deforestation. Such measures to 
enhance future carbon storage can abosorb 
some of the emissions. But because they 
will eventually release carbon and because 
the forecast growth in emissions is 
considerably higher than the potential rate 
of absorption, this methods will not be 
sufficient. 
Engineering methods have been proposed. 
These include fertilising the oceans to 
increase the rate of photsynthesis in order 
to absorb more carbon and large balloons 
into low orbit to re-radiate sunlight. These 
ideas may be far-fetched, costly to 
introduce and the implications for the 
ecosystem have not been fully examined. 
The number of factors influencing costs of 
abatement makes it difficult to assess the 
future costs. Estimates of future costs of 
abatement are based on general 
equilibrium models that incorporate to 
some extent these factors. In Clarke et al's 
survey, the estimates differ considerably 
and are difficult to compare because the 
assumptions the figures are based upon 
vary. They nevertheless represent a linear 

relationship between losses of Gross 
World Product and emission reductions. 
 
VII. Optimal Control of GHGs 
Having examined the costs of climate 
change, and aware that un-regulated the 
markets will over-pollute the atmosphere, 
the economist seeks to estimate the 
socially optimal level of climate change. 
Ingham and Ulph point out that the 
standard approach of trying to abate 
pollution to the level where marginal costs 
of abatement meet marginal benefits 
ignores three factors crucial in relation to 
climate change: dynamics, global damages 
and uncertainty. The approach should be 
modified such that the global pollution 
level is set where the marginal abatement 
cost in the current period equals the 
present value of the expected marginal 
damage costs in each future period. Thus, 
because we are looking at a problem 
through time, we are not trying to achieve 
an optimal level of concentrations but an 
optimal path of concentrations. 
Nordhaus using estimates of the costs and 
benefits of abatement developed a 
dynamic optimisation model that 
calculates the path for greenhouse gas 
emissions through time which maximises 
the present value of per capita 
consumption. He finds that the economic 
optimum is an initial reduction in 
greenhouse gas emissions of 10% below 
the 1990 level. This approach actually 
leads to a slight economic gain and limits 
global wanning in 2100 to 1.5 °C. 
Alternative scenarios of stabilising 
emissions at 1990 level would reduce 
OWP by 1.4% and stabilising world 
temperature at current levels would reduce 
GWP by 8.2%. 
Cline examines a range of alternative 
control options and finds that a much more 
aggressive approach to abatement would 
be needed. He suggests that emissions 
should be reduced to about 2/3 of the 1990 
level and would remain at this level until 
2200, at which point temperature would 
have risen by 2.5 °C. Although this 
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strategy does lead to net costs, Cline 
argues that policymakers should be risk-
averse - in case the losses turn out to be 
much greater. 
The main differences between Nordhaus' 
and Cline's models are the very long run 
time horizon used by Cline (of nearly 300 
years), taking more account of the benefits 
of abatement, and the low discount rates 
assumed, raising the present value of the 
benefits of abatement. These differences 
suggest a higher optimal abatement path. 
There are arguments in favour of using the 
'precautionary principle'. The possibility of 
catastrophic consequences means the 
occurrence of irreversible outcomes, 
placing a value on the option to remaining 
in (or being able to return to) the current 
state. Also, much of the costs will be 
incurred by the LDCs that are least able to 
take action. For reasons of equity, 
additional action should be taken. And, the 
damage will affect ecological systems for 
which humans currentlyplace no value. 
The IPCC report explains that the 
appropriate strategy is not to set the correct 
policy for the next 100 years, but instead 
to chose prudent policies that can be 
adjusted in light of further information. 
The most suitable abatement path will 
involve balancing the economic risks of 
rapid abatement now against the 
corresponding risk of delay. 
The benefits from further information is 
explored by Nordhaus and Popp (1997). 
The value of improved information for 
climate change policy-making is measured 
as the increased real income from making 
a decision with certainty about the state of 
the world relative to a decision where 
uncertainty prevails about the possible 
state of the world. These states of the 
world are like scenarios, where the 
uncertainties relate to a set of variables: 
population growth, productivity growth, 
social time preference (a discount rate), 
growth of CO2-output ratio, rate of 
retention of CO2 in atmosphere, effect of 
climate from CO2, damages from climate 
change and cost of reducing emissions. 

Their conclusions are, first, that major 
uncertainties do exist about the appropriate 
action - for example, they say that the 
range of appropriate tax to introduce is 
between $0.04 per ton and $34 per ton of 
carbon for a reduction of emissions 
between 0 and 24%; and, second, the 
discounted value to the global economy of 
having certainty in 1995 rather than 2045 
(ie 50 years earlier) was estimated between 
$45 and $108Bn or between $l-2Bn per 
year. This analysis, accepting considerable 
limitations, gives a feel for the size of 
benefits from research seeking a better 
understanding of the problem, and a 
justification for the research undertaken by 
the Intergovernmental Panel on Climate 
Change (IPCC). 
 
VIII. Policy Options: The Targets 
Most policy-makers accept the need for 
greenhouse gas abatement because of the 
potentially high costs of climate change. 
But, since the atmosphere is a globally 
free-access resource, significant abatement 
will only be achieved by the commitment 
of many countries to reducing their 
emissions. Without multilateral reductions, 
abatement will have little effect. 
While multilateral agreements are 
necessary for policy control they raise 
considerable problems. First, the benefits 
from abatement are unevenly distributed 
between countries. Low-lying and tropical 
countries will benefit most from 
stabilisation. Does that mean they should 
contribute more to abatement? Second, 
some countries are most responsible for 
anthropogenic effects. Developed 
countries have been emitting above their 
own carbon absoption rates for hundreds 
of years and CO2 has residency in the 
atmosphere for 120 years. Should they also 
be made to contribute more to abatement? 
Third, while some countries have emitted 
in the past, their future emissions may start 
to decline. Others' emissions are likely to 
increase, particularly those in developing 
countries. Should they also be made to 
contribute now or should they be allowed 
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to wait until after they developed and 
increased their wealth? Fourth, the costs of 
reductions are also unevenly distributed 
between countries. For example, 
developed countries are reducing their 
energy-intensive industrial activity, 
starting to use cleaner fuels and 
developing pollution abatement 
equipment. On the other hand, much of 
these changes have already been 
introduced reducing emissions. Further 
abatement will be costly. Developing 
countries are expanding their industrial 
base and with it their level of GMG 
emissions. Nevertheless, much of the 
reductions they could achieve would be 
done at lower (even negative) costs. Who 
should abate emissions more? All these 
questions are problems of social equity, 
economic efficiency and political 
acceptability. 
At the Earth Summit in Rio in 1992, 
politicians met and signed the Climate 
Change Convention. It states that 
government have a responsibility for a 
sustainable management of the atmosphere 
which introduced a framework for 
agreeing national reductions on 
greenhouse gas emissions. Its aim is to 
stabilise GHG concentrations in the 
atmosphere at a level that will prevent 
dangerous anthropogenic interference with 
the climate. In an attempt to start to agree 
on how to stabilise concentrations a 
proposal was made to stabilise CO2 
emissions at the 1990 level by 2000. While 
many signed this proposal, it was a non-
binding agreement and few are likely to 
achieve this target. 
More recently, they met for the third 
Conference of the parties to the Climate 
Change Convention in Kyoto in December 
1997. In an attempt to agree to legally 
binding targets, dealing with a basket of 
GHGs rather just CO2, for targets up to 
2012 and that might be more ambitious 
than previous targets. The protocol sets 
legally binding targets for OECD countries 
to reduce their collective basket of 
greenhouse gases. Some of the key targets 

are, for the EU, to reduce emissions by 8% 
below 1990 levels; for the US, a 7% 
reduction below the 1990 levels; for 
Russia, a stabilisation at the 1990 level. 
The protocols have not been signed yet, 
and must be done by March 1999. 
The US, with their experience of tradeable 
permit schemes, may be aware of the huge 
potential savings from financial incentives 
to abate pollution. The chief White House 
economist has suggested that the current 
targets would cost the US only 0.1% of its 
GDP and would only raise the price of 
electricity and petrol by 3%-5%. These 
estimates have been criticised by trade 
unions, energy intensive industries and 
many Republicans. These calculations are 
based on assumptions about the US being 
able to negotiate favourable rules for 
emission-trading program in the next 
meeting. 
In November 1998, a fourth Conference 
brought countries together in Buenos Aires 
to pursue details on how the protocol can 
also provide for limited credit for CO2 
emissions absorbed by foresty, 
development of an emissions trading 
regime, joint implementation amongst 
parties and a scheme crediting countries 
for GHG emission reductions arising from 
appropriate investments in DCs. 
The current proposal allows joint 
implementation of target emissions 
between countries. It allows US, Canada, 
Australia Russia and the Ukraine to 
exchange allowances such that one country 
can emit more than their target in 
compensation for another country being 
below its target. This is the first sign that 
international agreements have allowed 
some flexibility in the system in an attempt 
to achieve cost savings. The joint 
implementation agreement may not be as 
simple for the group as many observers 
claim. Most of the joint implementation is 
based on the fact that Russia economy 
collapsed and the argument that emissions 
dropped over 30% and will be still low by 
2008 when the targets are to be achieved. 
Certain issues must be remembered. First, 
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the Russian economy is already growing 
again. In 10 years time, it may have grown 
beyond its earlier level. Second, the 
Russian economy is notoriously energy 
inefficient. Huge energy reserves and state 
intervention have led to energy 
consumption subsidies. Thus, neither 
households nor firms have behavioural 
patterns to conserve energy. Third, the 
relatively lax targets to achieve, in terms 
of GHG emissions, will mean that the 
Russian government is unlikely to create 
incentives to abate pollution. Fourth, the 
US may not be the only country wanting to 
use the Russian GHG emission 
allowances. Competition may develop 
between the US, Canada and Australia 
such that the financial compensation for 
the allowances become expensive. Fifth, 
the poor quality of statistical information 
on GHG emissions may create confusion 
and disagreement about emissions in 1990, 
the reference year for the target, 1997, the 
year of the lowest emissions, and 2008, the 
beginning year of the target period. It is 
possible that, despite a flexible system for 
achievement, the countries will not meet 
their targets. 
Interestingly, the EU target for an 8% 
reduction is also a cost saving mechanism 
since different EU countries have different 
targets taking some account of the costs of 
abatement. UK and Germany have high 
reduction targets, while Portugal, Greece 
and Ireland have low ones in order to 
expand economic activity. In this case, 
high abating countries are not being 
financially compensated for their 
contribution, although some political 
compensation may take place in the future. 
 
IX. Policy Options: Methods of 
Abatement 
More politicians appear to be warming to 
the idea of market-based instruments. The 
two main international approaches are a 
carbon tax and a tradeable permit scheme. 
Within the European Union, discussions 
were quite advanced but governments 
failed to agree. The tax would have been 

levied on the carbon content of fuels. 
Estimates suggested the tax would be 
around £60/ton of carbon. This would raise 
the price of coal by 87%, of oil by 96% 
and natural gas by 49%. 
These would create the appropriate 
incentives for internalising the external 
costs, ensuring an efficient means of 
reducing emissions and encouraging 
investment in energy efficient and 
pollution abatement technology. This 
would provide opportunities for reducing 
distortionary taxes for raising revenue 
neutral taxes. The tax could be gradually 
introduced to ensure lower transitional 
costs. Despite these advantages, the tax 
would be regressive, hitting lower incomes 
proportionally more; redistribution could 
be used to limit the effects. Furthermore, at 
the European level, there are difficulties 
about harmonising the tax level. There is 
also uncertainty about the level of 
emissions that would result from a specific 
level. At a more international level, a 
supranational body could be involved in 
setting taxes and collecting income. The 
size of the revenue this body would collect 
is unacceptable for national governments. 
Finally, difficulties would be accentuated 
by taxing all GHGs which are often 
associated with non-energy sources. 
Nevertheless, this would be necessary for 
ensuring low costs of abatement. 
The alternative method to reduce 
emissions cost-effectively would be an 
international tradeable permit scheme, 
which now seems more likely in view of 
current developments in Kyoto. Thus, 
countries would be allocated a level of 
permits which they could sell if their 
emissions are below their target or they 
could buy if their emissions are in excess 
of their target. This system can resolve 
some of the concerns about distributional 
aspects of abatement by allocating lower 
income countries more permits. The 
allocation might be based on the country's 
population. It can also provide certainty 
that global targets will be met and at lower 
costs than inflexible systems. 
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Cost savings from using a tradeable permit 
scheme would benefit countries with high 
costs of abatement (in the absence of 
emissions trading) most. If, the permit 
scheme only existed amongst Annex Β 
countries (ie OECD and Eastern European 
countries), then Japan and EU countries 
have most to gain, and the US least to 
gain. In the case of a global trading 
scheme, Ellerman and Dccaux (1998) 
suggest that developing countries have low 
abatement cost curves, so, OECD 
countries would gain most from the 
system. This explains to a large extent the 
US insistence that developing countries arc 
also involved. Nevertheless, developing 
countries have much to gain, since it will 
provide considerable opportunities to sell 
carbon credits, receive support in the form 
of technological transfers and trade certain 
commodities. The gains would be felt 
especially by oil and gas exporting 
countries, since there would a tendency to 
switch away from coal towards lighter 
fossil fuels (Ellerman et al 1998). On the 
other hand, large coal producing countries, 
such as China and India, are likely to 
suffer most (which suggests they probably 
will not want to join the scheme). 
One danger of such a scheme is that, in a 
similar fashion to the IMF and World 
Bank's recommendations for debt 
repayment in the 1970s, developing 
countries may be encouraged to invest in 
export markets and risk an international 
collapse in the value of their assets. DC 
governments may introduce policies that 
abate emissions in exchange for financial 

rewards, possibly at the expense of not 
developing their economy. A possible 
scenario is that a market for environmental 
pollution allowances is created. With high 
prices initially paid for allowances, 
developing countries will focus economic 
activity to export permits. Then a shock in 
the permit market occurs, perhaps as a 
result of hydrogen as a fuel becoming fully 
competitive with fossil fuels. The value of 
environmental assets will drop, destroying 
certain economies. 
Much of the problems with a tradeable 
permit system will need to be dealt with in 
Bonn in October 1999 at the fifth 
'Conference of the Parties'. First, permits 
need to cover all GHGs; this might include 
an exchange rate between pollutants as 
these are non-uniformly mixed pollutants. 
Second, countries that increase their 
carbon absorption through deforestation 
should be compensated. Third, factors that 
reduce trading should be dealt with. 
Fourth, monitoring and enforcing are 
additional costs that need to be considered. 
Finally, to administer these issues an ' 
international agency will need to be set up. 
Provided these problems can be ironed out 
in Bonn, this scheme will be the most 
likely means of reducing emissions cost-
effectively. 
 
VIII. Conclusions 
The purpose of these paper is to use the 
tools of environmental economics to 
analyse the climate change problem and 
the related policies. Climate change results 
from increased concentration of 
greenhouse gases trapping heat inside the 
atmosphere. Human activities, principally 
fossil fuel combustion, increases the 
concentration of greenhouse gases - thus, 
raising global temperature an estimated 
3°C in the next 100 years. The potential 
damage, associated with agricultural 
losses, coastal damage, health effects, 
changing energy use and air pollution, is 
estimated at around 1.5% Gross World 
Product (GWP) per year. 
Their appears to be a market failure in the 
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level of greenhouse gas emissions because 
the atmosphere is a free-access good. The 
costs of abatement rise linearly with the 
level of abatement from 1% GWP for a 
20% abatement from the base level to 4% 
GWP for a 80% abatement from the base 
level. The optimal control, which involves 
finding the optimal path, is estimated at 
between a 10% reduction from 1990 level 
up to 2100 and a 66% reduction from 1990 
level up to 2200. These results depend on 
the assumptions made. 
There is a failure in the market to abate 
greenhouse gases because of countries 
tending to free-ride. So, multilateral 
agreements are necessary to achieve 
optimal abatement. The Kyoto conference 
has proposed reductions for the EU of 8% 
from the 1990 level by 2008 and for the 
US of 7% from the 1990 level by 2008. It 
has also allowed the US joint 
implementation with Canada, Australia 
and Russia, although it is ambiguous 
whether the US will meet its target or not. 
The future meeting in Buenos Aires will 
decided the potential for an international 
tradeable permit scheme. The final 
strategy for climate change control will be 
a compromise between social equity, 
economic efficiency and political will. 
Previously, economic efficiency was not 
considered greatly; politicians are starting 
to appreciate its importance, and it may 
play a crucial role in ensuring a 
mulitlateral reduction targets is agreed 
upon. 
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