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FOREWORD

The adoption of the Kyoto Protocol marked 
a significant step in the global policy 
response to the threat of human induced 
global warming. Since Kyoto, enormous 
international effort has gone into moving 
from the framework that the protocol repre­
sents toward policies that can be imple­
mented. Implementation of the Kyoto 
Protocol would have far reaching economic 
consequences, including for those countries 
that do not have quantified emission targets 
as listed in Annex B of the protocol.

The purpose in this report is to examine 
the economic impacts of the protocol on 
these non-Annex B (developing) countries. 
The extent and nature of these impacts will 
be significantly influenced by the final form 
in which the protocol is implemented. Some

of these issues of instrument design are also 
considered here.

The report is the forerunner of a more 
detailed ABARE research report. Impacts of 
the Kyoto Protocol on Developing Countries, 
scheduled to be published shortly. Copies of 
the report can be ordered from ABARE's 
website, (www.abareconomics.com). The 
analysis forms part of ABARE's continuing 
program of research in climate change 
policy, which aims to provide policy makers 
with a better understanding of the economic 
dimensions of the issues at stake.

Brian S. Fisher 
Executive Director

March 2000
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Impacts of the Kyoto Protocol on

DEVELOPING COUNTRIES

Under the Kyoto Protocol, developed 
(Annex B) countries have agreed to 
reduce or limit their greenhouse gas 

emissions. Developing countries 
have no emission reduction 

commitments, but their economies 
may be affected by Annex B emission 

abatement through trade and 
investment linkages. The net 

economic impact of the protocol on 
any one developing country will 

depend on its particular production 
and trade structure.

Kyoto mechanisms such as 
international emissions trading and 
the clean development mechanism 
could reduce the impacts on both 
developing countries and Annex B 

countries. An indicative analysis of 
the clean development mechanism in 
electricity generation highlights the 
potential for achieving sustainable 

development in developing countries 
while achieving environmental goals 

at least cost. Appropriate 
mechanism design that realises this 

potential is a crucial issue in the 
lead up to the sixth Conference of the 

Parties later this year.

The Kyoto Protocol
The world community adopted the Kyoto 
Protocol in December 1997 (see box 1). The 
main achievement was agreement by 
developed (Annex B) countries to reduce 
or limit their greenhouse gas emissions. 
The aggregate target is a reduction in their 
combined emissions of 5 per cent compared 
with 1990 levels for the commitment 
period, 2008-12.

To assist parties in meeting their emis­
sions targets the protocol sanctions the use 
of economic insfruments such as emissions 
trading, joint implementation and the clean 
development mechanism. The rules govern­
ing the use of these mechanisms are still to 
be negotiated. The challenge in these nego­
tiations will be to design, agree and imple­
ment rules for the Kyoto mechanisms that 
allow emission targets to be achieved at least 
cost to the global economy.

Even though developing countries have 
no emission reduction commitments under 
the protocol, the potential remains for both 
climate change itself and fhe implementa­
tion of measures in industrialised countries 
to reduce emissions to affect the economies 
of developing countries. To date compre­
hensive assessments of fhese potential 
economic impacts of the protocol on devel­
oping countries have been limited.

However, there have been studies exam­
ining the impacts of the Kyoto Protocol on 
developing countries using global general 
equilibrium models of the world economy. 
These include the analysis by Bernstein, 
Montgomery and Rutherford (1999) using 
fhe MS-MRT model, and by Ellerman, 
Jacoby and Decaux (1998) and Babiker, 
Reilly and Jacoby (1999) using the EPPA 
model (Yang et al. 1996). The OPEC

ABAKI-:. M,ml, 2000



Secretariat has also assessed the implications 
of the protocol for the OPEC economies, 
using its World Energy Model, OWEM 
(Ghanem, Lounnas and I3rennand 1999).

The purpose in this paper is twofold: to 
add to the stock of knowledge about indi­
rect economic impacts on developing coun­
tries, and to consider some of the 
implications for the design of the Kyoto 
mechanisms.

Two specific effects on developing coun­
tries are assessed:
• the indirect trade related impacts on 

developing countries of emission reduc­

tions in developed countries — with and 
without international emissions trading; 
and

• an indicative example of the impacts that 
may result from adopting the clean devel­
opment mechanism — with a particular 
focus on electricity generation.

The Kyoto mechanisms 
The Kyoto mechanisms convey flexibility to 
Annex B parties in how they meet their 
emission abatement commitments. All three 
mechanisms enable parties to access abate­
ment options that are lower cost than

-fenlot the Kyoto Protocol

Target commitments
Developed countries, as listed in Annex B of 
the Kyoto Protocol, have collectively agreed 
to reduce their greenhouse gas emissions to at 
least 5 per cent below 1990 levels for the 
commitment period, 2008-12.

To achieve this collective objective, indi­
vidual countries were allocated differentiated 
targets. Japan, the United States and members 
of the European Union have commitments to 
reduce greenhouse gas emissions to 6 per cent, 
7 per cent and 8 per cent below 1990 levels 
respectively in the first commitment period. 
Australia is required to constrain greenhouse 
gas emissions to 8 per cent above its 1990 
level.

Whether a country meets its commitments 
will be assessed by comparing its target with 
its emission inventory averaged over the 
period 2008-12. An average is used to reduce 
the influence of annual fluctuations in 
emission levels that could be caused by factors 
such as unusual weather conditions or cyclical 
changes in economic activity.

Since the third Conference of the Parties in 
Kyoto, the European Union has agreed to a 
differentiated internal burden sharing 
arrangement for the purposes of collectively 
meeting its commitments. Under this 
arrangement, which is provided for under 
Article 4 of the protocol, Portugal and Greece, 
for example, can increase emissions by 27 per 
cent and 25 per cent respectively, while

Germany and Denmark have each agreed 
to reduce emissions by 21 per cent. The 
European Union has the opportunity to 
further revise its individual targets. Final 
targets will be included in the European 
Union's ratification instrument as required by 
Article 4 of the protocol.

Anthropogenic (human) sources of six 
greenhouse gases are to be included in 
national greenhouse gas emission inventories, 
including emissions from land use change. 
However, for the purposes of calculating the 
base period inventory, emissions from land 
use change are not included when defining 
the emission targets unless land use changes 
were a net source of emissions in 1990. The six 
greenhouse gases covered by the protocol are 
carbon dioxide, methane, nitrous oxide, 
hydrofluorocarbons, perfluorocarbons and 
sulfur hexafluoride.

Reductions in greenhouse gas emissions 
from sources and removals of carbon by sinks 
(such as forestry activities, subject to certain 
limitations and future agreement on rules and 
methodologies) can be used to meet target 
commitments.

Kyoto mechanisms
There are a number of flexibility provisions in 
the protocol that, if implemented, would 
reduce the costs of meeting abatement targets. 
Emissions trading, joint implementation and 
the clean development mechanism are the key

Coulimied
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domestic abatement, potentially reducing 
the overall cost of meeting their targets. To 
that extent, all the mechanisms are impor­
tant in the context of examining the impact 
of climate change response policies on devel­
oping countries.

However, it is the clean development 
mechanism that provides a direct opportu­
nity for developing country involvement in 
greenhouse gas emission abatement. Under 
this rnechanism, an Annex B country (the 
investing country) may use a portion of the 
certified emission reduction credits gener­
ated from a project in a non-Annex B coun­

try (the host country) toward meeting its 
target commitment.

Article 12 of the Kyoto Protocol clearly 
states that one of the aims of the clean devel­
opment mechanism is to assist non-Annex 
B parties achieve sustainable development. 
What is unclear at this stage is the way in 
which the economic benefits from clean 
development projects will be shared 
between the project participants from devel­
oped and developing country parties. This 
will be clarified to some extent once the 
negotiations on the modalities and proce­
dures governing the clean development 
mechanism are finalised. However, even

Kyoto Protocol Continued

The compliance system 
The shape and nature of the protocol's compli­
ance system was an issue left undetermined 
in Kyoto. A compliance system is needed to 
help parties comply with their protocol 
emission abatement targets and to sanction 
those parties that fail to meet their targets. 
Parties are currently working toward 
agreement on the operation of this compliance 
system at the sixth Conference of the Parties.

One of the most difficult issues for parties 
to agree on is likely to be the consequences 
that would be invoked if a party fails to meet 
its target. Current proposals range from 
facilitative means designed to help parties 
overcome their implementation problems to 
enforcement or 'hard' measures such as 
requiring additional emissions reductions in 
a subsequent commitment period. An out­
come on this issue will be important to most 
Annex B countries' ratification decisions.

Entry into force
If the protocol is to come into effect, hold 
international legal status and be legally 
binding on those countries that have ratified 
it, then it must first enter into force. There are 
two conditions that must be met before it can 
enter into force. The first is that at least 55 
parties to the UNFCCC ratify the protocol; and 
the second is that Annex I parties representing 
at least 55 per cent of total Annex I carbon 
dioxide emissions for 1990 must also have 
ratified the protocol.

Kyoto mechanisms. The rules, guidelines and 
procedures governing these mechanisms are 
subject to ongoing negotiations.

Abatement projects between Annex B 
parties that generate greenhouse gas emission 
reduction credits fall into the category of joint 
implementation, while credits generated from 
abatement projects between Aiuiex B and non- 
Annex B parties are provided for under the 
clean development mechanism. These credits 
can be used by Annex B countries to meet 
their emission commitments.

Policies and measures
The protocol recognises that countries will 
implement greenhouse policies and measures 
in accordance with their national circum­
stances. The protocol lists a range of policies 
and measures; however, the list is illustrative 
rather than mandatory.

'Bubble' arrangements
Parties, such as those comprising the 
European Union, may fulfil their (aggregate) 
commitments jointly (as a 'bubble'). In the 
event of the European Union not meeting its 
aggregate Kyoto commitment, each member 
party will be responsible for meeting the target 
inscribed for it in its instrument of ratification.

The protocol provides in principle for the 
establishment of 'bubble' arrangements 
between any group of parties that choose to 
fulfil their commitments jointly. It also requires 
transparency in the way particular bubbles 
may operate.

ABARE, Mitrch 21)00



then the final incidence of benefits will be 
the subject of commercial negotiation 
between the participants.

The fourth Conference of the Parties held 
in Buenos Aires in November 1998 set the 
target of resolving all the issues surround­
ing the implementation of the Kyoto mech­
anisms by the sixth Conference of the 
Parties, to be held in The Hague in 
November 2000. Details of various parties' 
submissions on the mechanisms both in the 
leadup to the fifth Conference of the Parties 
(held in Bonn in late 1999) and since that 
time are available at www.unfccc.de.

Developing country impacts 
The impacts of climate change and climate 
change policy of most concern to develop­
ing countries can be broadly divided into 
two classes. The first class of impacts is the 
physical impact of climate change. These 
issues are covered primarily in Articles 4.8 
and 4.9 of the UN Framework Convention 
on Climate Change (UNFCCC). There is 
substantial coverage in both the scientific 
and economic literature of the potential 
physical impacts of climate change (see, for 
example, McMichael et al. 1996; Watson et 
al. 1996; Mendelsohn and Neumann 1999) 
and this issue will not be dealt with further 
here.

The second class of impacts is the indirect 
impact on developing countries of the 
implementation of response measures in 
developed countries designed to meet the 
Kyoto targets. These issues (as they relate to 
measures taken under the convention) are 
dealt with in Article 4.8 of the convention 
and (as they relate to measures implemented 
to meet commitments under the protocol) 
Article 3.14 of the protocol. These articles 
require Annex B parties to consider the 
actions necessary to meet the needs and 
concerns of developing countries adversely 
affected by climate change and/or the 
impact of the implementation of climate 
change response measures and 'to strive to 
implement [their] commitments ... in such 
a way as to minimize adverse social, envi­
ronmental and economic impacts on devel­
oping country Parties...' (Article 3.14 of the 
protocol).

Estimates of the economic impacts on 
developing countries of implementing the

protocol are provided here for a select set of 
countries and some conclusions are drawn 
about how mechanism design can determine 
the extent to which it will actually be possi­
ble to minimise the impacts on developing 
countries.

Analytical framework
Anthropogenic greenhouse gas emissions 
arise from many activities throughout the 
economy and therefore policies designed to 
constrain greenhouse gas emissions will 
influence almost every part of the economy. 
The analysis of the impacts of climate 
change policies in this paper is based on 
simulation results from ABARE's general 
equilibrium model of the world economy, 
GTEM. Models such as this are able to 
capture the impacts of policy changes on 
large numbers of economic variables such 
as prices, output and trade and investment 
flows between regions.

GTEM is a dynamic model developed at 
ABARE to address policy issues with long 
term, global dimensions, such as climate 
change. It is derived from the Megabare 
model (ABARE 1996) and the GTAP model 
(Hertel 1997). A detailed description of 
GTEM features can be found in Brown et al. 
(1999) and a full specification of the model 
can be viewed on ABARE's web page 
(ww'w.abareconomics.com).

GTEM is an ideal tool for analysing Inter­
national policies with wide ranging inter­
sectoral ramifications, such as climate 
change policies, because of its detailed 
coverage of regions, sectors and greenhouse 
gases, and its detailed modeling of energy 
markets. At its most disaggregated level, 
GTEM includes 50 industries in 45 countries 
and regions. The greenhouse gas coverage 
in GTEM Includes combustion and noncom­
bustion carbon dioxide and methane and 
nitrous oxide, which account for around 99 
per cent of global anthropogenic greenhouse 
gas emissions (IPCC 1996). Energy model­
ing features include fuel switching in elec­
tricity generation, and differentiated supply 
responses in fossil fuel markets.

AHA RE, Mnnii 200(1



Modeling emission abatement 
policies
The policy simulations presented in this 
paper assume that countries reduce national 
emissions gradually until reaching their 
Kyoto target in 2010. The model specifica­
tion requires that a particular year be 
defined as the time at which the Kyoto 
targets are met. In practice, countries must 
meet their emissions target over an average 
of the years 2008-12.

In GTEM, modeling independent emis­
sion abatement involves imposing a per unit 
tax or a 'carbon equivalent emission penalty' 
on greenhouse gas emissions in each period 
for which emission restrictions apply. The 
carbon equivalent penalty will be suffi­
ciently large to achieve the assumed emis­
sion target, and will differ from country to 
country. The carbon equivalent penalty 
raises the costs of emission producing activ­
ities and encourages a shift of resources into 
less emission intensive industries, thereby 
reducing emissions. The magnitude of emis­
sion reduction required in each country 
depends on the abatement target and on the 
level of emissions growth that would have 
occurred in the absence of the protocol.

International emissions trading allows 
more abatement to be undertaken in coun­
tries where the marginal cost of abatement 
(at the given quota allocation) is lowest. 
Modeling an international emissions trad­
ing scheme requires the aggregate emissions 
of participating regions to be constrained to 
their emission reduction commitments 
under the Kyoto Protocol.

The model determines a uniform carbon 
equivalent penalty across participating 
regions that is sufficient to meet the aggre­
gate emission target. The individual Kyoto 
commitments represent an initial allocation 
of emission quotas among the participating 
countries that can be traded between coun­
tries. The uniform carbon equivalent penalty 
can therefore be interpreted as the price of 
the international emission quota.

GTEM modeling does not generally take 
into account gains from technology transfer 
and economies of scale. Future model devel­
opment will focus on representing these 
gains in a more realistic fashion. The model­
ing work undertaken to examine the impact

of the clean development mechanism 
discussed later in this paper is one prelimi­
nary representation of technology transfer.

Reference case
The GTEM reference case scenario provides 
a representation of the world economy over 
the period to 2010 in the absence of any poli­
cies to reduce greenhouse gas emissions. 
Comparing the projections from a policy 
simulation with results from the reference 
case allows the effects of implementing a 
policy change under the Kyoto Protocol to 
be isolated.

Global emissions groivth 
Global emissions of the three major green­
house gases (carbon dioxide, methane and 
nitrous oxide) are projected to rise substan­
tially in the absence of climate change policy, 
from 27 billion tonnes of carbon dioxide 
equivalent in 1990 to 37 billion tonnes by 
2010. The growth in global emissions is 
driven largely by high projected emissions 
growth in non-Annex B countries, high­
lighting the importance of engaging devel­
oping countries in reducing emissions 
growth. In carbon dioxide equivalent terms 
the share of non-Annex B regions in global 
emissions is projected to increase from 39 
per cent in 1990 to 52 per cent In 2010 (figure 
A).

The difference between projected refer­
ence case emissions and emission targets

A Annex B and non-Annex B 
contributions to global greenhouse 

gas emissions, reference case

II Annex B
■ .......: . Non-Annex B............

1990
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represents the magnitude of the abatement 
task for Annex B countries, and therefore is 
a key determinant of the economic impact 
of the Kyoto Protocol on economies. The 
primary determinants of emissions growth 
are the growth in economic activity, 
measured in gross domestic product (GDP), 
and changes in the emission intensity of 
output, measured as greenhouse gas emis­
sions per dollar of output.

The Russian Federation, the Ukraine, 
eastern Europe and some western European 
countries are projected to have low emis­
sions growth compared with the Annex B 
average, and compared with their Kyoto 
targets. Emissions from the Russian 
Federation and the Ukraine, and eastern 
Europe are projected to stay below their 
Kyoto target levels without implementing 
policies to curb emissions.

Among developing countries, projected 
emission growth rates also vary substan­
tially (table 1). China, for example, which is 
the largest emitter in the developing world, 
also has one of the highest projected emis­
sions growth rates. China's share of global 
greenhouse gas emissions is projected to 
increase from 12 per cent in 1990 to 21 per 
cent in 2010.

GDP groivth
Developing countries' economies are 
projected to grow faster than those of indus­
trialised countries (table 1). This is because 
of faster increases in population, productiv­
ity and investment. TTie average annual rate 
of population growth is projected to be 1.4 
per cent in non-Annex B regions, compared 
with 0.2 per cent in Annex B regions. 
Population growth tends to be inversely 
related to per person income.

Productivity growth is on average 
projected to be higher in developing coun­
tries, reflecting greater potential for techno­
logical catch up in low income economies. 
Eor the countries affected by the Asian 
downturn, projected productivity growth is 
low over the reference case. Investment 
growth is projected to be higher in non- 
Annex B countries, reflecting higher returns 
to investment because of lower levels of 
capital stock per person.

"7 Projected annual average change in 
-L emissions, GDP, and emission 

intensity, 1990-2010: reference case

Carbon
dioxide

equivalent
emissions Real GDP

Emission 
intensity 
of output

% %
South Korea 5.1 5.5 -0.4
India 2.7 6.0 -3.1
Brazil 1.8 3.4 -1.5
China 4.3 7.9 -3.3
Southern Africa 1.2 2.8 -1.5
Mexico 1.4 3.9 -2.4
Indonesia 4.0 4.7 -0.6
Middle East 1.8 4.2 -2.3
Colombia 2.0 3.8 -1.7
Venezuela 2.0 3.1 -1.0
Non-Annex B 

average 3.0 4.8 -1.8
Annex B average 0.2 2.3 -2.0

Emission intensity
The aggregate emission intensity of produc­
tion, measured as emissions per dollar of 
output, is more than three times higher in 
non-Annex B regions than in Annex B 
regions. This is both because production effi­
ciency is typically lower, and because the 
economic structure of developing countries 
tends to be more emission intensive. Agri­
culture and heavy industries on average 
contribute a larger share to total output in 
developing countries, while the share of 
services in the economy is smaller than in 
developed countries.

From its relatively high base, emission 
intensity in non-Annex B regions is projected 
to decline over time as productivity 
improvements are achieved and the struc­
tures of the economies change. The poten­
tial for improvements in aggregate emission 
intensity is generally greater in developing 
countries than in Annex B countries. FIow- 
ever, changes in emissions intensity over 
time vary substantially from country to 
country, depending on economic structure 
and the stage of economic development.

In GTEM, economywide productivity 
growth is assumed to apply a so to energy 
inputs. Consequently, countries with high
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projected rates of productivity growth, such 
as China and India, tend to exhibit a rela­
tively fast projected decline in emission 
intensity.

The economic structure of developing 
countries is projected to change significantly 
over the reference case. For example, energy 
intensive industries are projected to grow at 
relatively high rates, and the contribution of 
industries such as iron and steel to total 
developing countries' emissions is projected 
to increase.

In contrast, the share of agriculture in 
total output is projected to contract relative 
to industrial output and services as indus­
trialisation proceeds. Economies where the 
relatively slow growing agricultural sector 
accounts for a large share of total emissions 
tend to have lower projected emissions 
growth. In Brazil, for example, the livestock 
industry is estimated to account for over 
40 per cent of total greenhouse gas emissions 
and is projected to grow at a rate below the 
average in the economy, contributing to rela­
tively low projected emissions growth.

The projected relative contributions of 
carbon dioxide, methane and nitrous oxide 
to total emissions in selected non-Annex B 
countries is shown in table 2.

O Contribution of greenhouse gases 
Z. to total carbon dioxide equivalent 

emissions at 2010, reference case

Carbon
dioxide Methane

Nitrous
oxide

% % 7o

South Korea 94 3 3
India 62 29 9
Brazil 55 34 11
China 84 13 3
Southern Africa 87 11 2
Mexico 84 11 5
Indonesia 74 22 4
Middle East 89 7 4
Venezuela 80 17 3
Colombia 63 30 7
Non-Annex

B average 77 18 5

Annex B average 88 8 4

Economic impacts of the 

Kyoto Protocol
Adoption of Kyoto emissions targets and 
mechanisms will affect world trade, as well 
as investment flows and technology adop­
tion. Such changes have the potential to 
profoundly affect the economic environment 
faced by developing countries despite the 
fact that they have no emission targets under 
the protocol. The source of change is that, to 
achieve emission reductions. Annex B coun­
tries would have to place explicit or implicit 
financial penalties on emitters.

For developing countries, the most 
important economic impacts would occur 
through changes in trade. Both positive and 
negative effects could be expected — the net 
impact would depend on the relative magni­
tude of the effects on individual sectors of 
the economy.

Emission abatement in Annex B countries 
has the following two main effects on trade 
flows and commodity prices.
• Lower demand for fossil fuels: Industrial­

ised countries reduce their fossil fuel 
consumption to meet their emission 
reduction targets. They reduce their 
demand for fossil fuel imports from both 
Annex B and non-Annex B countries, 
leading to lower fossil fuel export prices 
and volumes than would otherwise be the 
case. Exporters of fossil fuels lose export 
earnings, while importers benefit from 
lower world prices.

• Improved competitiveness of non-Annex 
B emission intensive industries: The 
production of emission intensive goods 
pecomes more expensive in Annex B 
countries as emissions are penalised. This 
leads to higher world prices and in­
creased demand for emission intensive 
exports from developing countries, where 
emissions are not penalised. Emission 
intensive industries, such as iron and 
steel, in those countries benefit from 
higher export volumes and higher export 
prices.
Increased export demand causes in­

creased production in developing countries, 
and increased emissions. As a result, emis­
sion reductions in abating countries are 
partially offset by increasing emissions in
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developing countries. This phenomenon is 
known as 'carbon equivalent leakage'.

Annex B emission abatement also affects 
import prices and investment. Increased 
world prices for emission intensive products 
are passed on to consumers, so developing 
countries that import emission intensive 
goods sustain losses relative to the reference 
case. Tire increased competitiveness of non- 
Annex B energy intensive production gener­
ally increases the rates of return on 
investment and the demand for capital in 
non-Annex B regions, relative to Annex B 
regions. As a result, investment tends to shift 
from developed to developing countries.

Emissions trading 
The use of Kyoto mechanisms in imple­
menting the Kyoto Protocol can reduce the 
economic impacts both on Annex B and 
non-Annex B economies. Under interna­
tional emissions trading for example, abate­
ment is undertaken where the cost of 
abatement is lowest, thus minimising and 
equalising the marginal costs of abatement 
across participating (Annex B) regions 
(Fisher et al. 1996).

Among Annex B regions, the Russian 
Federation, the Ukraine and eastern Europe 
have significant low cost opportunities to 
reduce emissions, given that production 
processes in these countries rely heavily on 
fossil fuel inputs and old technology.

As a result of reducing the total cost of 
abatement, the impacts on developing coun­
tries are generally reduced in magnitude 
relative to independent abatement. The 
competitive advantage gained by non- 
Annex B energy intensive exporters is 
reduced; at the same time, fossil fuel 
exporters are relatively better off under 
emissions trading because of smaller im­
pacts on fossil fuel exports and prices.

Estimates of global economic 
impacts
To estimate the magnitude of economic 
impacts of the Kyoto Protocol, two policy 
scenarios are analysed here: independent 
abatement, where Annex B countries each 
meet their Kyoto emission abatement target 
through domestic policies only; and inter­
national emissions trading, where Annex B

countries can trade emissions quota to assist 
in meeting their commitments.

Carbon equivalent penalties 
In GTEM modeling, a carbon equivalent 
penalty required to meet the Kyoto emis­
sions target is estimated. This penalty is 
equal to the marginal cost of abatement. 
Under independent abatement, the carbon 
equivalent penalty can be interpreted as the 
quota price in a domestic emissions trading 
scheme or a uniform tax applied in each 
particular region.

Under emissions trading, Kyoto emission 
targets represent an initial allocation of emis­
sion quota that can be traded among Annex 
B countries. In this case, the carbon equiva­
lent penalty is uniform across participating 
countries and represents the global price of 
emissions quota.

Emissions trading is projected to greatly 
reduce the magnitude of the carbon equiv­
alent penalty relative to independent abate­
ment, particularly in Annex B coimtries with 
large abatement tasks. The average Annex 
B carbon equivalent penalty is projected to 
be reduced to US$38 (in 1995 terms) a tonne 
of carbon equivalent at 2010, or less than a 
quarter of that under independent abate­
ment (figure B).

Emissions growth in the Russian 
Federation, the Ukraine and eastern 
Europe and the carbon equivalent petmlty 
The projected size of the carbon equivalent 
penalty in Annex B countries influences the

B Average Annex B carbon 
equivalent penalty at 2010

25
1995 US$/t 
carbon equiv.

Independent
abatement

Emissions
trading
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c Average Annex B carbon equivalent 
penalty under emissions trading at 
2010, under alternative assumptions 
on reference case emissions growfh

1995 US$/t carbon equiv. 
100

Standard 
GTEM reference 

case

Alternative 
scenario 1

Alternative 
scenario 2

impacts on developing countries. The size 
of this penalty under emissions trading 
depends to a large degree on reference case 
emissions in the Russian Federation, the 
Ukraine and eastern Europe, regions that are 
projected to sell quota. Given uncertainty 
about the medium term economic develop­
ment in the region, particularly in the 
Russian Federation and the Ukraine, emis­
sion projections are also subject to a degree 
of uncertainty. Emissions in the Russian 
Federation and the Ukraine have fallen from 
1990 to 1996, and slow emissions growth is 
projected after that in the GTEM reference 
case.

Higher projected reference case emissions 
growth increases the projected carbon equiv­
alent penalty under emissions trading, as the 
Russian Federation, the Ukraine and east­
ern Europe would sell less emissions quota 
than in the standard GTEM reference case. 
The projected carbon equivalent penalties 
under emissions trading with two alterna­
tive assumptions about emissions growth in 
these regions are shown in figure C.

In the standard GTEM reference case, 
emissions in the Russian Federation and the 
Ukraine at 2010 are projected to be 59 per 
cent, and in eastern Europe 81 per cent, of 
1990 emissions.

In alternative scenario 1, reference case 
emissions from these countries are assumed 
to equal their respective Kyoto target levels 
at 2010. Alternative scenario 2 assumes refer­

ence case emissions to be half way between 
the standard reference case and the Kyoto 
target.

Economic welfare
As noted earlier the impact on aggregate 
economic welfare, measured in terms of the 
change in real GNP relative to the reference 
case, is closely correlated with the size of the 
Annex B carbon equivalent penalty. Under 
emissions trading, the impact on global real 
GNP is projected to be reduced to one 
seventh of that under independent abate­
ment. The impacts on both Annex B and 
non-Annex B regions in aggregate terms are 
projected to be reduced by a similar propor­
tion (figure D).

The change for Annex B regions results 
from the access to emissions reductions in 
least cost countries under emissions trading. 
For non-Annex B regions, the GNP gain is 
reduced relative to independent abatement 
because of a reduction in competitive advan­
tage relative to Annex B countries.

The net economic impact of implementa­
tion of the Kyoto Protocol on individual 
developing countries' economies is projected 
to vary significantly between countries 
(figure E). Generally, countries that rely 
heavily on fossil fuel exports to Annex B 
regions are projected to incur losses while 
exporters of emission intensive goods tend 
to gain.

Changes in export volumes and prices, 
and changes in import prices are the driving

Change in real GNP at 2010
relative to the reference case

-0.4

n Independent abatement 
n Emissions trading

Annex B Non-Annex B Global
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forces behind impacts on developing coun­
tries. The particular trade structure of the 
economy determines the relative size of 
positive and negative impacts. The 
composition and destination of exports, 
along with the composition of imports, are 
the most important factors.

The ma^itude of impacts on developing 
countries is correlated with the size of the 
carbon equivalent penalty in Annex B coun­
tries. Consequently, the projected impacts 
are significantly smaller under Annex B 
emissions trading than under independent 
abatement.

Impact on emission intensive industries 
Production and exports of emission inten­
sive goods in developing countries are 
projected to increase relative to the reference 
case as a result of increased export compet­
itiveness against Annex B producers. Under 
emissions trading, the lower carbon equiv­
alent penalty in Amiex B regions diminishes 
the competitive advantage gained by non- 
Annex B emission intensive exporters, 
reducing the impacts relative to independent 
abatement.

The increase in competitiveness is 
projected to be greatest in energy intensive 
commodities that are widely traded, such as 
iron and steel, and nonferrous metals. Total 
non-Annex B production and exports of 
these commodities are projected to increase 
substantially relative to the reference case, 
and Annex B production and exports to
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decline, as shown for iron and steel and 
nonferrous metals in figures F and G.

These projected changes illustrate the 
carbon equivalent leakage effect. The carbon 
equivalent leakage rate is estimated to be 9.2 
per cent at 2010 under independent abate­
ment. That is, carbon equivalent emissions 
from non-Annex B regions are projected to 
rise by 92 tonnes for every 1000 tonne reduc­
tion in carbon equivalent emissions in 
Annex B countries. Under emissions trad­
ing, the leakage rate is projected to be 
reduced to 6.7 per cent.

The production impacts in the South 
Korean iron and steel industry provide an 
example of changes in Lntemational compet­
itiveness. Production of iron and steel is

F Change in iron and steel 
production and exports at 2010

relative to the reference case
H Independent abatement 
Bl Emissions trading
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G Change in nonferrous metals 
production and exports at 2010

relative to the reference case
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projected to increase relative to the reference 
case, driven by higher export demand 
(figure H). Japanese and US iron and steel 
imports from South Korea are projected to 
increase, substituting for domestic produc­
tion, which would be subject to a carbon 
equivalent penalty under the Kyoto 
Protocol. The projected changes are smaller 
under emissions trading, as the carbon 
equivalent penalty in Annex B countries is 
projected to be tower than under indepen­
dent abatement.

South Korean exports of emission inten­
sive goods to non-Annex B couiitries are also 
projected to increase relative to the reference 
case. This is because South Korea is pro­
jected to gain a cost advantage over Annex 
B competitors in these markets.

Change in South Korean iron and 
steel production and exports at 2010

relative to the reference case
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Similar gains in export competitiveness 
are projected for developing countries such 
as China, India and Brazil (figures I, J and 
K), and in other emission intensive indus­
tries, such as chemicals and nonferrous 
metals. Aluminium producers in Annex B 
countries where electricity is generated 
mainly using fossil fuels are projected to be 
affected particularly strongly. Large 
aluminium exporters such as Brazil and 
southern Africa are projected to greatly 
increase their exports to the main Annex B 
markets. For southern Africa in particular, 
the increase in energy intensive exports 
more than offsets the reduction in coal 
exports, yielding a small projected increase 
in GNP relative to the reference case.

Emission intensive agricultural produc­
tion in developing countries is also projected 
to benefit to some degree from carbon equiv­
alent leakage. A case in point is rice cultiva­
tion, which is an important source of 
methane emissions and would thus be 
subject to the carbon equivalent penalty in 
cases where governments consistently apply 
abatement policies to all sectors. India, along 
with other Asian countries, exports rice to 
the Middle East, the largest market for 
imported rice, where it competes with the 
United States. Under independent abate­
ment, the imposition of the carbon equiva­
lent penalty is projected to lead to an 
increase in the production costs and export 
price of US rice, hr response, the Middle East 
is projected to substitute away from US rice, 
and to increase imports from India and other 
Asian producers, such as Thailand.

As with rice, output from the livestock 
and meat and milk processing industries in 
developing countries is also projected to 
increase relative to the reference case. 
Livestock production is an important source 
of methane and nitrous oxide emissions. A 
carbon equivalent penalty applied in Annex 
B livestock industries would reduce the 
competitiveness of Annex B countries rela­
tive to livestock production in non-Annex B 
countries.

Impact on fossil fuel markets 
Emission reduction in Annex B countries is 
projected to be achieved to a large degree by 
reduced fossil fuel consumption. Increases 
in developing countries' demand are
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projected to be smaller than declines in 
Annex B demand. Lower fossil fuel demand 
is projected to result in reduced world fossil 
fuel prices relative to the reference case 
(figure L).

Different fossil fuels are projected to be 
affected to varying degrees. Consumption 
of coal, the most emission intensive fuel in 
terms of carbon content per energy unit, is 
projected to be cut back most strongly. The 
use of natural gas, the least emission inten­
sive fossil fuel, is projected to be less affected 
than coal because the carbon equivalent 
penalty per energy unit would be lower. 
Some substitution away from coal and into 
gas is projected, particularly in electricity 
generation. World oil demand is projected 
to be least affected, because substitution 
possibilities are more limited, particularly 
in the transport sector.

The impacts on fossil fuel producers differ 
between Annex B and non-Annex B coun­
tries. Fossil fuel extraction in Annex B coun­
tries would be subject to a penalty on 
fugitive emissions, which tends to increase 
production costs and reduces competitive­
ness relative to non-Annex B producers.

Oil is more widely traded than gas and 
coal, and oil exports generally constitute a 
substantially larger share of developing 
countries' output than other fossil fuels. A 
large share of oil exports is destined for 
industrialised countries, making oil produc­
tion more vulnerable to reduced Annex B 
demand. Approximately 50 per cent of oil 
produced in non-Annex B regions is

^ Change in Brazilian exports at 2010 T
l\. relative to the reference case / y Change in world fossil fuel 

export prices at 2010
relative to the reference case
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destined for Annex B regions, compared 
with approximately 13 per cent for coal and 
for gas. Consequently, developing countries 
are projected to be most significantly 
affected by reduced oil demand in Annex B 
countries.

Under emissions trading, OECD coun­
tries in Annex B purchase emission quotas 
from low abatement cost regions, such as the 
Russian Federation, the Ukraine and east­
ern Europe. As a result, OECD countries are 
able to increase their emissions and fossil 
fuel use relative to the independent abate­
ment scenario. This reduces the impact of 
abatement policies on OECD demand for 
fossil fuel input from non-Annex B coun­
tries.

On the other hand, emission abatement 
in the Russian Federation under emissions 
trading has the potential to free fossil fuel 
supplies from this region to enter world 
export markets. In the market for natural 
gas, projected increases in supply from the 
Russian Federation lead to a slightly larger 
projected fall in world prices under emis­
sions trading than under independent abate­
ment. However, the extent to which such 
supplies could enter world markets is 
constrained by infrastructure and factors 
such as perceptions about quality and relia­
bility of supply, as well as established trad­
ing patterns. Also, the application of carbon 
equivalent penalties to fugitive emissions 
from fossil fuel production in the Russian 
Federation would reduce its competitive­
ness relative to non-Annex B fossil fuel 
exports.

On balance, emissions trading is projected 
to greatly reduce the impacts on fossil fuel 
exports from non-Annex B countries. 
Projected changes in export revenue from 
oil at 2010 are shown in table 3.

The impacts of Annex B emission reduc­
tion policies on fuel exporting developing 
countries are exemplified in the projected 
changes in Indonesia's fuel exports. Oil 
accounts for more than 10 per cent of 
Indonesia's export revenue, and exports of 
coal and gas are important as well. Japan is 
Indonesia's main export market, and 
accounts for just under half of Indonesia's 
tofal fuel exports. Japan is projected to 
reduce the use of fossil fuels in order to meet 
its Kyoto target, leading to reductions in

Loss in oil export revenue at 2010, 
relative to the reference case

Independent Emissions
abatement trading

(1995) US$m (1995) US$m

Middle East 7 443 1 552
Mexico 1 122 223
Venezuela 855 189
Colombia 525 111
Indonesia 899 177

import demand. Indonesia's exports of all 
fossil fuels to Japan are projected to decline 
relative to the reference case, particularly 
under independent abatement (figure M).

Higher domestic fossil fuel demand in 
Indonesia as a result of carbon equivalent 
leakage and increased exports to China, 
Chinese Taipei, South Korea and ASEAN 
countries is projected to mitigate the nega­
tive impact of the fall in exports to Japan. 
Production of fossil fuels in Indonesia, 
however, is still projected to be reduced rela­
tive to the reference case.

Reduced global demand for fossil fuels is 
also projected to be the dominant effect for 
oil exporters such as the Middle East, 
Mexico, Venezuela and Colombia. In the 
Middle East, oil and petroleum products 
accormt for over 50 per cent of the total value 
of exports. More than 60 per cent of these 
exports are destined for Annex B countries.

The Mexican and Latin American oil 
industries rely heavily on exports to the

Change in Indonesian fossil fuel 
exports to Japan at 2010

relative to the reference case

%

ii Independent abatement 
n Emissions trading 

Coai Oil Gas
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United States, where oil consumption is 
projected to decline by around 15 per cent 
relative to the reference case under inde­
pendent abatement. Non-Annex B produc­
ers are in direct competition with US 
producers, which adds further downward 
pressure on their export prices and volume.

Coal export revenue for exporters such as 
southern Africa, Indonesia, China and 
Colombia is also projecfed to decrease rela­
tive to the reference case, as global coal 
demand and prices decline. The magnitude 
of the projected impact depends on the 
destination of exports from each country. 
Under independent abatement, exports to 
countries with high projected carbon equiv­
alent penalties such as Japan are particularly 
affected. The largest impact is on southern 
Africa, where coal export revenue is 
projected to fall by US$529 million under 
independent abatement and US$329 million 
imder emissions trading in 1995 dollar terms 
at 2010.

The clean development 
mechanism
The operational details surrounding the 
implementation of the clean development 
mechanism (CDM) have yet to be negoti­
ated. To qualify as a CDM project, the project 
activity must result in reductions in emis­
sions (removal of carbon dioxide by sinks) 
that are additional to any that would occur 
in the absence of the certified project activ­
ity (environmental additionality).

Ensuring environmental additionality 
and calculating certified emission reductions 
(CERs) attributable to each project will 
involve projecting baseline emissions (the 
emissions that would have occurred in the 
absence of the project). The CERs generated 
by the project are the difference between the 
projected baseline emissions and the actual 
emissions.

Under the CDM, CERs obtained from the 
year 2000 onward can be used toward meet­
ing Annex B emission reduction targets in 
the first commitment period.

This section contains an illustrative analy­
sis of the potential impacts of the CDM on 
non-Annex B countries, focusing on energy 
efficiency improvements in the thermal elec­
tricity sector (coal, oil and gas fired tech­

nologies). Transaction costs, monitoring and 
compliance costs are ignored in this analy­
sis.

The protocol stipulates that a share of the 
proceeds from the CERs will be used to 
cover administrative expenses and to assist 
developing countries that are particularly 
vulnerable to the adverse effects of climafe 
change to meet the costs of adaptation 
(Article 12.8). The size of this so-called 'share 
of proceeds' is yet to be negotiated. No 
account is taken of the effects of fhe redis­
tribution of the share of proceeds in this 
analysis. Distribution of the remaining CERs 
would be expected to be the subject of nego­
tiation on a project by project basis between 
the project participants, perhaps with some 
involvement by governments.

It is further assumed here that, in line 
with the provisions of the protocol, CERs are 
perfectly substitutable with Annex B emis­
sions quotas (assigned amount units) in an 
Annex B emissions trading scheme.

Implementation of the clean 
development mechanism in GTEM 
Thermal electricity generation is an impor­
tant source of power and emissions in non- 
Annex B countries. There is likely to be 
scope for efficiency improvements in the 
thermal electricity generation capacity 
currently employed in non-Annex B coun­
tries. For example, based on lEA data (lEA 
1998) the average energy efficiency of non- 
OECD coal fired power stations, measured 
as the ratio of electricity output to coal 
inputs, is 27 per cent lower than the OECD 
average.

Technology transfer into the electricity 
sector may take the form of improving the 
energy efficiency of existing infrastructure 
through, for example, refurbishmenf. To 
undertake a comprehensive analysis of the 
economic effects of technology transfer 
under the CDM, large amounts of project 
specific data for each developing country 
would need to be collected and analysed. 
Here the simplifying assumption is made 
that CDM projects would result in a 10 per 
cent increase in the energy efficiency of ther­
mal electricity generation across all non- 
Annex B countries over the period 2000-10 
relative to the reference case.
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The energy efficiency gains modeled 
relate to reduced consumption of fossil fuels 
in electricity generation and do not account 
for fuel switching and emission capture and 
disposal technologies. The reduction in 
emissions is therefore proportional to the 
energy efficiency improvement assumed.

The results should be viewed as indica­
tive of the potential for CER generation from 
the thermal electricity sector and of the 
impacts of technology transfer on non- 
Annex B economies. For example, CERs 
generated in South Korea, Chinese Taipei 
and the Middle East are likely to have been 
overestimated, given the already high levels 
of thermal efficiency in those regions. On the 
other hand, there may be additional scope 
to generate CERs in China and India espe­
cially in older and highly inefficient power 
stations.

Obviously, this scenario provides no 
information on the potential impact of sink 
or other projects in the COM.

Under the scenarios modeled here, the 
amount of CERs generated will vary across 
non-Annex B regions depending on the size 
of the thermal electricity sector, its compo­
sition in terms of fuel source and its 
projected growth over the reference case 
(table 4). For example, China and India 
dominate the emissions credits generated as 
a result of the relatively large size of their 
thermal electricity sectors and their heavy 
reliance on coal. Latin American countries 
have a low reliance on fossil fuel technolo­
gies in electricity generation, making tech­
nology transfer potential very low given the 
assumptions in this analysis.

The stream of revenue from CER projects 
will depend on the amount of CERs gener­
ated (table 4) and the size of the carbon 
equivalent penalty (figure N).

The trade in CERs from COM projects in 
conjunction with an international emissions 
trading scheme is projected to lead to a 
decline in the carbon equivalent penalty 
from US$38 (in 1995 terms) a tonne of 
carbon equivalent to US$31 a tonne (figure 
N). COM offers Annex B parties access to 
low cost abatement options, reducing their 
reliance on Annex B emissions trading to 
meet the objectives of the Kyoto Protocol 
while at the same time providing a means

CERs and revenue generated in 
non-Annex B regions assuming a 
10 per cent increase in the energy 
efficiency of thermal electricity 
generation from 2000 to 2010

CERs in

Cumu- : 
lative 
CERs

Revenue 
Revenue stream 

from from
CERs CERs

2010 2000-10 in 2010 a2000-10 a

Mt Mt
(1995)
US$m

(1995)
US$m

Middle East 8.3 45.0 116 597
North Africa 0.9 5.0 13 66
Southern Africa 0.6 3.4 8 45
China 22.3 113.3 312 1 508
Chinese Taipei 1.8 10.0 26 133

South Korea 2.5 13.5 35 178
India 14.2 75.6 198 1004
Indonesia 3.2 15.9 45 212
Rest of ASEAN 6.8 33.2 95 442
Mexico 3.4 17.7 48 236
Argentina 0.8 4.1 11 55
Brazil 0.7 3.3 9 44
Venezuela 1.0 5.0 13 66
Colombia 0.5 2.3 6 31
Rest of world 9.1 48.0 128 638

Total 76.0 395.3 1063 5 255

a Figures discounted using a 5 per cent discount rate.

of accelerating technology transfer to devel­
oping countries.

Over the period 2000-10 the total revenue 
generated in this analysis by selling CERs is 
projected to be around US$5.3 billion (in 
1995 terms). At 2010, sales of CERs are 
projected to be worth around US$1.1 billion 
(in 1995 terms). Sales of CERs from China 
and India are projected to account for about 
half the total revenue generated, with China 
accounting for around 30 per cent and India 
19 per cent.

Impacts on developing country 
welfare
The clean development mechanism will 
affect developing countries in several ways. 
The main effects on developing countries 
will be through;
• income transfers through the sale of 

CERs;
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• indirect trade effects of any change in the 
carbon equivalent penalty applying in 
Annex B regions;

• impacts on the efficiency and prices of 
thermal electricity generation; and

• impacts on the availability of capital.
To examine these impacts in more detail, 

two simulations were undertaken using 
GTEM;
• Optimistic: Non-Annex B countries sell 

CERs into an Annex B emissions trading 
scheme, with a 10 per cent improvement 
in energy efficiency in thermal electricity 
generation in non-Annex B countries over 
the period 2000-10.

• Pessimistic: Non-Annex B countries sell 
CERs into an Annex B emissions trading 
scheme, with a 10 per cent improvement 
of energy efficiency in thermal electricity 
generation in non-Annex B countries over 
the period 2000-10 and an offsetting 
increase in capital costs sufficient to hold 
thermal electricity prices at the same level 
as projected in the optimistic scenario.
It is assumed in all simulations in this 

analysis that the revenue from the sale of 
CERs is shared equally between the host and 
investing countries.

There is a wide range of possibilities for 
technological advancement in the thermal 
electricity sector available at various costs 
in terms of capital investment (IPCC 1996). 
The technology chosen in a given CDM 
project is likely to have an impact on the cost 
of thermal electricity generation and the

availability of capital in the remainder of the 
economy in developing countries.

The optimistic assumption illustrates the 
effects of non-Annex B regions adopting 
technologies that achieve abatement through 
no-regrets energy efficiency gains. In this 
case, technologies are adopted that increase 
the energy efficiency of existing plants with­
out any additional capital costs. Under these 
optimistic assumptions the price of electric­
ity falls and the economic gain to non-Annex 
B countries in aggregate is projected to 
increase significantly relative to emissions 
trading alone (figure O).

Holding electricity prices constant leads 
to a projected loss in non-Annex B real CNP 
relative to the reference case (figure O). In 
this case, non-Amiex B regions do not bene­
fit from reduced electricity prices and the 
availability of capital is effectively reduced 
in non-Annex B regions. The reduction in 
the availability of capital results from capi­
tal being redirected into thermal electricity 
generation, away from other sectors in 
developing countries. The reduction in capi­
tal availability in the rest of the economy 
increases capital costs across non-Annex B 
regions, reducing output and income.

It is important to bear in mind that these 
simulations are illustrative only and that the 
aggregate impact of CDM on developing 
countries is likely to lie somewhere between 
the optimistic and pessimistic scenarios.

Change in real GNP in non-Annex B 
Lx regions, various scenarios, at 2010

relative to the reference case

Emissions
trading

Emissions Emissions 
trading and trading and
technology

transfer
optimistic

technology
transfer

pessimistic
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Conclusions
Despite having no emission abatement 
commitments under the Kyoto Protocol, 
non-Armex B economies would be affected 
by emission abatement in Annex B regions 
undertaken as a result of entry into force of 
the Kyoto Protocol through their trade and 
investment linkages. Although the net 
impact for non-Annex B regions in aggre­
gate is projected to be positive, there is a 
range of effects and the net impact for any 
one non-Annex B country will depend on its 
particular production and trade structure.

The analysis presented in this paper illus­
trates that as industrialised countries reduce 
their fossil fuel consumption to meet their 
emission reduction targets their demand for 
fossil fuel imports from non-Annex B coun­
tries declines, leading to lower fossil fuel 
export prices and volumes.

Regions that rely on exports of fossU fuels, 
face a reduction in export earnings and 
welfare. On the other hand, as the produc­
tion of emission intensive goods becomes 
more expensive in Annex B countries as 
emissions are penalised, this leads to 
increased demand for emission intensive 
exports from developing countries.

Non-Annex B regions that export emis­
sion intensive products, such as iron and 
steel and nonferrous metals, benefit from 
higher export earnings.

International emissions trading — one of 
the mechanisms included in the protocol to 
help parties meet their targets — is shown 
to reduce the impacts both on developing 
countries and on Annex B countries of meet­
ing the target commitments.

The preliminary analysis of the clean 
development mechanism presented high­
lights the scope for the generation of certi­
fied emission reductions in non-Annex B 
regions. Under the illustrative example 
chosen in the paper, developing countries 
generated certified emission reductions 
worth around US$5.3 billion (in 1995 terms), 
the majority of which accrued to China and 
India. This was because the analysis focused 
on the example of technology transfer in 
thermal electricity generation, giving results 
that were skewed toward a particular set of 
countries. Africa and Latin America, for 
example, are largely excluded from access

to the mechanism and its benefits in this 
analysis.

This underscores the importance of ensur­
ing that the clean development mechanism 
is implemented in a way that is all encom­
passing in its approach to projects, and 
includes removals by sinks as well as emis­
sion reductions by technology transfer.

In the lead up to the sixth Conference of 
the Parties later this year, it will be impor­
tant that the opportunities afforded by the 
Kyoto mechanisms to achieve environmen­
tal outcomes at least cost and to maximise 
the benefits of technology transfer to all 
developing countries are not squandered by 
inappropriate mechanism design.
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Agenda for the workshop envisaged in the annex (Programme of work) 
to decision 5/CP.4: Implementation of Article 4, paragraphs 8 and 9, 
of the Convention (decision 3/CP.3 and Articles 2.3 and 3.14 of the. 
Kyoto Protocol)...............................................................................

1. The Conference of the Parties, at its fourth session, agreed upon the programme of v. 
set out in the annex to decision 5/CP.4, including the organization of an expert workshop. I 
the guidance of Mr. Kok Kee Chow, the Chairman of the Subsidiary Body for Scientific and 
Technological Advice (SBSTA), assisted by Mr. Mohammad Reza Salamat, the Vice-Chair 
of the Subsidiary Body for Implementation (SBI), this workshop was held from Tuesday,
21 September 1999 to Friday, 24 September 1999 at Bonn, in accordance with the terms of 
reference adopted by the SBSTA, at its tenth session (FCCC/SBSTA/1999/6, para. 80).

II. SCOPE

2. This document is intended to respond to the requirements of the work programme se 
in decision 5/CP.4, in accordance with which the subsidiary bodies are to consider the outer 
of the workshop and prepare a report including conclusions and/or a draft decision for COP 
which would identify initial actions to address the implementation of Article 4.8 and 4.9 of 
Convention, as well as Articles 2.3 and 3.14 of the Kyoto Protocol.

3. The workshop included expert presentations followed by panel discussions in which 
policy-related implications of the information presented were addressed. The agenda for th' 
workshop is included in the aruiex to this note.

III. WORKSHOP SUMMARY

A. Information

4. Information has been available and is being developed on the adverse effects of dir 
change. More information is needed on the nature and magnitude of the effects on countrie 
subject to the circumstances laid out in Article 4.8 and 4.9 of the Convention. Work relatei 
vulnerability and adaptation is still at an early stage.

5. Information gaps centre around uncertainties related to national and regional impact 
to reducing the vulnerability of natural ecosystems and semi-managed resources, as well as 
potential consequences on livelihood security. There are differences in availability of data i 
and in scientific understanding of, the various areas; for example, there is better understand: 
small island countries and countries with low lying coastal areas than areas liable to drough 
desertification. Similarly, there is much more information on water resources and agricultu 
than there is on food security and health. Gaps have also been idehtifi^'on the interaction" 
among different impacts, as well as on the assessment of effective adaptive strategies. It is 
difficult to establish with certainty the proportion of the impacts directly attributable to 
anthropogenic climate change.
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6. Some participants felt that sufficient information was available on the impact of the 
implementation of response measures by Parties included in Annex I to the Convention 
(Annex I Parties). Some other participants felt that further information needed to be developed 
with regard to the nature and magnitude of the impact on countries subject to the circumstances 
laid out in Article 4.8 and 4.9 of the Convention. Some gaps also remain in the assessment of 
the social, economic and environmental impacts of the implementation of response measures, 
particularly in relation to uncertainties in determining the baselines.

B. Specific needs, concerns and special situations

7. Developing countries would be affected by the adverse effects of climate change in 
different ways, depending on their national circumstances, their economic conditions and their 
capacity for adaptation. The adverse effects of climate change will have an impact on the 
livelihood security of developing countries by affecting water resources, agriculture and food 
security, economic activities and health, and in particular the least developed countries, where 
widespread poverty limits the capacity for adaptation. Countries with areas prone to natural 
disasters and other climate-related risks, including small island countries and countries with 
low-lying coastal areas, will be more affected by the adverse effects of climate change.

8. The adverse effects of climate change would also lead to secondary effects on developing 
countries, and in particular on the least developed countries, which could damage the 
life-supporting capacity of natural systems and/or the sustainability of human habitation.
Such effects might include the use of poorer quality sources of fresh water, abandonment of the 
rural economy, displacement of settlements and infrastructure, and the occurrence of epidemics:

9. Capacity-building related to institutions and human resources at the local, national and 
regional levels will need to be further developed to reduce vulnerability. Some Parties pointed 
out that assistance would be needed in this context. Developing countries, and particularly the 
least developed countries, have limited capacities for conducting research on the adverse effects 
of climate change and for vulnerability assessment. There is a need to move towards 
implementing integrated approaches, such as integrated coastal zone management, and further 
developing integrated assessment models, as well as identifying effective adaptation strategies 
and assessing how to integrate these into national development programmes.

10. The impact of the implementation of response measures will affect developing country 
Parties through changes in the terms of trade, changes in income levels, and shifts in 
international capital flows. In this context, an especially important sector is the international 
energy sector. Some participants pointed out that the models presented in the workshop showed 
that the oil producing developing countries may be the most adversely affected and would have 
to bear a disproportionate or abnormal burden. Other participants pointed out that there were 
disparities in the timing and magnitude of this potential impact, and that the models did not cover 
the range of possible response measures.

- S'
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C. Addressing information gaps to support actions

11. Cooperative research on the adverse effeets of climate change on developing co 
subject to the circumstances laid out in Article 4.8 and 4.9 of the Convention is needed, 
regard, practical capacity-building measures are needed in developing countries. This re: 
should cover the adverse effects on social and economic conditions, in particular, on wat' 
resources, agriculture, food security, economic activities and health, including in the leas 
developed countries. The research should focus on the regional and national levels, shou 
monitor changes in both vulnerability of ecosystems and effects of climate change, and s 
integrated with an analysis of the level of certainty on the adverse effects of climate chan 
Research is also required to distinguish between effects due to climate change and those : 
other natural phenomena or economic and social changes, as well as the extent to which i 
change interacts with other natural phenomena and with socio-economic activities. More 
research on the potential changes in risks associated with climatic hazards such as drougl 
floods, and hurricanes is needed. This will also lead to information on what adaptation n 
might be adopted in the most cost-effective manner and on what time-scale. Countty-spc 
information on adaptation could be provided through national communications.

12; In addressing the impact of the implementation of response measures, efforts a 
needed to address the uncertainties in the information available on changes in patterns of 
capital flows, availability and accessibility of new technologies, response measures undei 
by all Parties, and any influence of the Kyoto mechanisms. Modelling activities could he 
identify and refine our understanding of the key underlying assumptions. Country-specif 
information on the impact of existing policies and measures could be provided through n; 
communications. Some participants felt that sufficient information was available to take 
actions, including actions related to funding, insurance and the transfer of technology. O' 
participants felt that significant uncertainties in baseline assumptions and model parameh 
remained, so approaches to addressing the impact of the implementation of response mea 
developing country Parties would need to take into account these uncertainties.

13. More information is needed on actions related to funding, insurance and the trans! 
technology to meet the needs and concerns arising from the adverse effects of climate chf 
and/or the impact of the implementation of response measures.

D. Views on preliminary actions

14. It is recalled that the Convention has called upon the Parties to give full considers 
actions under the Convention to meet the specific needs and concerns of developing coun 
Parties arising from the adverse effects of climate change, and the impact of the implemei 
of response measures. The Convention has singled out the least developed countries as a 
vulnerable group, and has requested the Parties to take full account of the specific needs a 
special situations of the least developed countries in their actions with regard to funding a 
transfer of technology.
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(a) Initial actions addressing the adverse effects of climate change on water resources, 
agriculture and food security, economic activities and health, as well as on coastal zones, should 
focus on:

(i) Further developing methods for sensitivity, vulnerability and adaptation 
assessment, including through research and studies identified in section C 
above, and the information could be integrated in national 
communications;

(ii) Capacity-building in environmental management and conducting 
integrated assessment on areas identified in section C above;

(iii) Disseminating examples of useful strategies to reduce vulnerability;

(iv) Monitoring and systematic observation of climate change impacts in 
developing countries in order to facilitate timely adaptation; and

(v) Identifying adaptation measures and facilitating timely adaptation where 
near-term climate change impacts are well understood, and adaptation 
measures are feasible;

(b) Initial actions to address the impact of the implementation of response measures 
should focus on additional model development and assessment, including through studies 
identified in section C above. The information should be developed with experts from both 
developing and developed countries, as this will improve the models and lead to 
capacity-building, and the information could be integrated in national communications.

15. Some participants suggested that the policies and measures reported by Annex I Parties 
and the projected actions to implement the Kyoto Protocol should be examined in order to 
analyse potential impacts on the economies of oil producing countries and other developing 
countries under Article 4.8 and 4.9 of the Convention. In this context, it was also suggested that 
the subsidiary bodies should continue to examine information needed to minimize the adverse 
social, environmental and economic impacts of response measures by Annex I Parties on 
developing country Parties. This information should cover the following:

(a) Tax restructuring to reflect the carbon content of fuels, including measures to 
discourage the production of fossil fuels and nuclear energy;

(b) Compensation;

(c) Assistance to developing countries, including increasing investment, to help them 
diversify their economies.

FCCC/SB/1999/9
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Other participants stated that the uncertainties associated with the impact of the imple 
of response measures are such that consideration of specific actions is at best prematu 
noted that actions related to the impact of the implementation of response measures ui 
Kyoto Protocol would be considered at the Conference of the Parties serving as the m 
the Parties to the Kyoto Protocol at its first session (COP/MOP 1). These participants 
pointed out that any consideration of information relating to the impact of the implem 
response measures should include examination of ways in which developing countrie; 
their economies. It should also include, inter alia, consideration of the potential posit 
of the implementation of response measures within the scope of the Convention and ti 
Protocol. The same participants recalled that compensation was not provided for und. 
Convention or the Kyoto Protocol.

16. Some participants stressed the need for the identification and analysis of initia 
meet the specific needs and concerns of developing country Parties arising from the at 
effects of climate change and the impact of the implementation of response measures, 
information on the possibility of using insurance and other appropriate mechanisms.

17. Some participants felt that the eleventh sessions of the subsidiary bodies shoul 
initial priority actions to implement Article 4.9 of the Convention. Such actions, with 
funding and the transfer of technology, should take full account of the specific needs £ 
circumstances of the least developed countries. Other participants felt that it was nece 
first explore initial actions to implement Article 4.8 of the Convention.

18. Some participants suggested that workshops to address these issues could be o; 
by the secretariat as one option for taking the work forward. Some participants pointe 
there was no provision in the budget for 2000-2001 for such a workshop, and that in v 
possibility of other workshops being organized, a consolidated approach to the organi; 
timing of workshops needed to be taken.
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Annex

Agenda for the workshop envisaged in the annex (Programme of work) to 
decision 5/CP.4 : Implementation of Article 4, paragraphs 8 and 9, of the 
Convention(decision 3/CP.3 and Articles 2.3 and 3.14 of the Kyoto Protocol)

21-24 September 1999 
Beethovenhalle, Bonn, Germany

Day I: Tuesday, 21 September 1999

Afternoon session

* Introduction and general overview.
Chow Kok Kee, Chairman of the SBSTA
Michael Zammil Cutajar, UNFCCC Executive Secretary

* Methodologies related to the adverse effects of climate change.
Osvaldo Canziani. Co-Chairman, IPCC Working Group II 
Thomas Downing, Programme Leader, Environmental Change Unit,
University of Oxford

* Impact of climate change on countries with arid and semi-arid areas, forested areas, and areas 
liable to forest decay; and countries with areas liable to drought and desertification.

Dieudonne Goudou, National Environment Council, Niger 
BubuJallow, Department of Water Resources, Gambia 
Discussant: Massimo Candelori, UNCCD secretariat.

* Impact of climate change on countries with areas prone to natural disasters.
Peter Walker, International Federation of Red Cross and Red Crescent Societies 
Max Campos, Comite Regional Recursos Hidraulicos, Costa Rica 
Atiq Rahman, Centre for Advanced Studies, Bangladesh

Day 2: Wednesday. 22 September 1999

Mornine session

-*_Irnpact-of-climate-change-on-countr-ies-with-areas-of-high-urbanatmospheric-pollution.-
Alexander Alusa, UNEP
Discussant: Andrew Githeko, Kenya Medical Research Institute
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* Impact of climate change on countries with low-lying coastal areas.
Roger McLean. School of Geography and Oceanography,
University of New South Wales, Australia 
Discussant: Manuel Dengo, SIDS

* Impact of climate change on small island countries.
Graham Sem, Pacific Islands Climate Change Assistance Programme, Samoa 
Brian Challenger, Ministry of Public Utilities, Antigua and Barbuda 
Discussant: Clifford Mahlung, Meteorological Services, Jamaica

Afternoon session

* Impact of climate change on countries with areas with fragile ecosystems, including 
mountainous ecosystems.

Martin Price, University of Oxford, UK 
Andrew Githeko, Kenya Medical Research Institute
Discussant: Andreas Fischlin, Institute for Terrestial Ecology, Switzerland

* Consideration of the specific needs and special situations of the least developed coun 
and land-locked and transit counUnes.

Mustafa Babiker, MIT Joint Program on the Science and Policy of Global Char 
Discussant: BubuJallow, Department of Water Resources, Gambia

* Panel discussion
Discussants:
Kiyotaka Akasaka, Deputy Director-General, Ministry of Foreign Affairs, Japai 
Mohamed Ould-el-Ghaouth, Counsellor, Ministry of Foreign Affairs, Mauritani 
Bernarditas Muller, Department of Foreign Affairs, Philippines 
Ole Ploughman, Deputy Permanent Undersecretary of State, Denmark

* Methodologies related to impacts of response measures.
Bert Metz, Co-Chairman, IPCC Working Group III 
John Weyant, Stanford University, USA

Day 3: Thursday. 23 September 1999

Morning session

* Minimizing adverse effects of the implementation of response measures on intematic 
trade, and social, environmental and economic impacts on developing country Partie: 
identified in Article 4.8 and 4.9 of the Convention.

Warwick MeKibbin, Australian National University 
Houshang Shojania, National Iranian Oil Company
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Discussants:
Frodipto Ghosh, Asian Development Bank 
John Weyant, Stanford University, USA

* Minimizing adverse effects of the implementation of response measures on countries whose 
economies are highly dependent on income generated from the production, processing and 
export, and/or on consumption of fossil fuels and associated energy-intensive products.

Davoud Ghasemzadeh, OPEC 
Jonathan Pershing, lEA
Thomas Rutherford, University of Colorado, USA 
Discussants:
Mustafa Babiker, MIT Joint Program on the Science and Policy of Global Change, USA 
Brian Flannery, Exxon Corporation 
Prodipto Ghosh, Asian Development Bank

Afternoon session

* (continuation of morning session)

* Panel discussion
Discussants:
Evelyn Bravo, Ministry of Energy and Mines, Venezuela
Jos Delbeke, European Commission, European Community
Brian Fisher, Bureau of Agricultural and Resource Economics, Australia
Mohammad al-Sabban, Ministry of Petroleum and Mineral Resources, Saudi Arabia

Day 4: Friday. 24 September 1999

* Conclusions.
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Joint SUBSTA/SUBIM Meeting 
12 June 2000 
Jack Schick

Nigeria launched a vigorous assault on unified Annex I opposition to the Co-chairs 
so-called consolidated text on 4.8/4.9/3.14 that quickly took over the opening formal 
meeting of this session, Mohammed Barkindo, as G 77 Chair, laid out the Group s 
criteria for success at COP 6 that it is more important “to get it right than to get it 
done.” Getting it right for him means bluntly that the G 77’s “mterests must be 
satisfied.” “We will not step aside for the Mechanisms, compliance, and sinks 
without concrete actions on 4.8/4.9/3.14” and said “it is important for everybody to 
understand that at the outset.” He rejected enhanced roles for developing countries 
beyond the 1995 Berlin Mandate that excluded them from emissions commitments. 
Instead, the G 77 is looking for financing of technology transfers. At COP 6, he said, 
the G 77 will insist on a commitment to “specific funding amounts” on a long tenn 
basis. Moreover, all decisions must be in balance and integrated together (a decision 
on 4.8/4.9/3.14 must achieve the same status as the decision on Mechanisms, 
compliance, and sinks.).

Saudi Arabia endorsed Nigeria’s statement. The Saudis were joined by nearly ^ 
entire Arab world that lined up to speak in support of Nigeria’s effort. Many Afccan 
countries joined the chorus of endorsements mainly by reciting the ravages of climate 
change th<^t were already affecting them and for which they needed assistance.
AOSIS joined the list of supporters. China and India made relatively pro-forma 
supporting statements but did not go beyond that—in India’s case, a one sentmee 
nod. Interestingly enough, Colombia, Peru, and Venezuela wctc the only Lato 
American countries to support Nigeria. Brazil, Malaysia, Thailand, and South Africa 

remained silent

The Co-chairs of the 4.8 Contact Group tried to reassure Annex I countries t^t their 
text of last weekend was without prejudice to develop^ countries’ views md 
acknowledged that Annex I did not favor separate decisions on 4.8/4.9 of the FCCC
and on 3.14 of the Kyoto Protocol (double jeopardy for Annex I), MoreovCT.they
indicated they would have another paper—a negotiating text—^by the end of the week.

Australia led the counter-attack, insisting that only one decision be taken at this 
session, combining the consideration of 4.S/4.9 togethCT with 3.14. The emrent 
was not an appropriate basis for discussion for Austraha friat urged gomg back o e 
compilation document where Australia’s views were initially stated. Portu^ 
immediately joined Australia with a similar statement, noting in parucular that CUk 4 
and COP 5 decisions kept the two provisions together. The US would not agree to 
modify the Buenos Aires Plan of Action that associated the two, arguing that me way 
forward was a further discussion of me issues and conceptual draft element of a 
decision to be pursued after this session. Switzerland and Japan . ,
Umbrella Group-EU effort to turn back me Nigerian bid. Japan recit^ 
support programs it has already extended to developing 
chSge in a^effort to reassure me G 77 that it sympathized esp^iaUy wim 
of me least developed countries but clearly joined me US and EU. Canada InJ 
itself to me US and EU while also saying that it has new ODA fundmg available.
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New Zealand chimed in but with a mild-mannered statement (it was the least 
enthusiastic of the Umbrella Group to take on the Saudies over the 4,8 issue).

Compliance got off with the Co-chair’s status report and an announcement that his 
newest draft elements text would be available at 6 PM tonight—no extended 
discussion ensued as the Joint Meeting was running out of time. However, Chairman 
Chow of the Mechanisms Contact Group, while congratulated all round for his efforts, 
drew a complaint from India that Chow’s 94-pager had left out some of the nature and 
scope material. India also wanted to know what Chow’s terms of reference arc for the 
Lyon session in September. Both the EU and Umbrella Group endorsed Chow’s 
latest text (without going into further detail where there is unhappiness with many 
sections). Canada warned that the 94-pager was still too long and complex: “We need 
simple rules for our work to produce satisfactory results at COP 6.'* Australia, the US, 
and Rumania (for EITs), and Chile generally supported Chow’s text. (Comment: 
Saudi Arabia spoke to the Chow text but did not shred it as some in the Umbrella 
Group had feared it would if the EU and Umbrella Group opposed the status of the 
4.8 text)..



SENSITIVE BUT UNCLASSIFIED

Points of Leverage with the Saudi/Nigerian/African/AOSIS Coalition

Multiple points of leverage potentially exist because the coalition comprises markedly 
disparate elements.

AOSIS
• The island states’ interests lie in adaptation to the impacts of climate change, 

not in dealing with the impact of response measures on oil revenues. Indeed, 
AOSIS was among the first in 1994 to point out the inadequacy of developed 
countries’ commitments in the Convention and to urge more stringent 
response measures.

• These states have seen OPEC recently inflict higher oil prices on their 
economies without any special relief for the islanders.

• They should be alarmed that the adaptation fund in the CDM is at risk if 
OPEC blocks implementation of the Kyoto Mechanisms, but their reactions on 
this point are unknown.

• AOSIS is positioned to welcome developed countries’ bilateral assistance in 
building disaster management infrastructures, including USAID/NOAA’s 
early storm warning programs.

Africa
• African countries, excluding Nigeria, have a concern about dealing with the 

impacts of climate change from extreme weather events, including flooding 
and drought, but no economic interest in the impact of response measures on 
oil revenues.

• They, too, have seen OPEC recently inflict higher oil prices on their 
economies without any effort by OPEC to ease the impact on them. African 
governments are caught in a squeeze between paying higher oil prices and 
subsidizing extremely low retail gasoline prices of 20-30 cents per gallon for 
their populations.

• They should be concerned that the adaptation fund is at risk if OPEC blocks 
implementation of the Mechanisms, but their reactions are unknown.

• POTUS’ August visit to Nigeria offers an opportunity to take up the issue of 
Nigeria’s obstruction in the climate negotiations directly with President 
Obasanjo, who has respected authority in Nigeria to make things happen. He 
is probably unaware of Nigerian tactics as spokesman for the G 77 in the 
climate talks.

• Even so, Obasanjo would need to be reassured that Nigeria’s oil revenues are 
not at stake in the negotiations as long as the Kyoto Mechanisms are 
implemented and that it is in Nigeria’s interest to allow the Mechanisms to go 
forward as a least cost approach to limiting emissions. Implementing the



Protocol with full use of the Mechanisms would reduce any potential loss of 
oil revenue as much as ten-fold, according to Patrick Dunn of EB.

• Promoting CDM in Nigeria, however, may be a tougher sell because Nigeria’s 
investment climate is not as hospitable as Latin America’s or even Eastern 
Europe’s due to Africa’s lack of infrastructure especially in communications.

• It is worth noting that there is probably little leverage in attempting to urge 
South Africa to act as a counter-weight to Nigeria because Mbeki and the 
ANC remember the help Nigeria gave to them in their struggle against 
apartheid. Moreover, Nigeria has respect in Africa as a military heavy-weight 
that has helped Liberia and Sierra Leone maintain order.

Brazil, China, India
• The biggest countries in the G 77 have given only formal deference to Nigeria 

as current Chair of the Group. Each of the three gave a two or three sentence 
public endorsement to Saudi-Nigerian efforts in Bonn at SUBSTA 12 without 
elaboration

• Brazil stated publicly at the Pew Conference last April that the climate talks 
are about carbon removals from the atmosphere, not about funds. Moreover, 
Brazil claims parenthood for the CDM and continues to seek implementation 
even though it opposes inclusion of credits for forest management.

• China has a keen interest in the CDM as a vehicle for attracting investments in 
a range of clean energy sources.

• Similarly, India’s willingness to sign a clean energy agreement during 
POTUS’ visit to India last March puts it on the side of implementing the 
CDM. In the climate negotiations to date, it has focused primarily on the 
modalities of the CDM.

The OPEC Secretariat’s “analysis” of the impact of response measures on oil revenues 
remains a point of leverage because it does not hold together. The latest graphics 
displayed by the Saudis at the Warsaw Ministerial and at the Chatham House conference 
in June indicate that the driving assumption is that developed countries will impose 
higher energy taxes to drive up oil prices as their main tool to cap emissions (as some EU 
governments have done). All else follows from that assumption—a rise in the price of 
OECD exports due to higher energy costs, a fall in oil prices because of lower OECD 
demand, and an inability of OPEC oil exporters to import OECD manufactured goods due 
to lower export earnings.

• However if one takes away the assumption that higher energy taxes are the 
only policy option and replaces it with emissions trading and forest 
management to meet emissions targets (as the Umbrella Group proposes and 
as Patrick Dunn has illustrated), the dire consequences for oil export revenues 
fail to materialize.

Another point of leverage is that Nigeria’s claim about Article 4.5 of the Convention 
requiring direct and concrete technology transfers to developing countries misreads the
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Impacts upon OPEC of Achieving Kyoto Protocoi Targets
OWEM Results for 2010

Reference

case

Kyoto
(+ reference 

price)

Kyoto 

(+ lower 
price)

Differences from Reference Ca 

Kyoto Kyoto
(+reference (+lower

price) price)
Real Basket Price $(98)/b 19.4 18.8 11.2 -0.6 -8.2

Annualised OPEC revenue 

$b II 1.(96)
144.2 120.9 81.2 -233 -63.0

World Oil Demand (mb/d) 87.9 80.6 84.2 -7.3 -3.7

Non-OPEC Production (mWd) 48.3 48.0 44.4 -0.3 -3.9

OPEC Production (mlVd) 39.6 32.7 39.8 -6.9 02

It has been argued that OPEC can avoid revenue losses by sustaining a higher oil price, 
but this is not feasible

m Even maintaining “referencecase” prices implies production that is 7 mb/d below busIness-as-usual and Is 
therefore a Iso an irlikety outcome

€> Revenue losses are likely to be huge, probably between $20 and $60 billion pa

OPEC Secretarial, 1999



The Effects
GNP T. of T. Welfare

USA -1.18 +1.3 -0.64
EU -3.68 +1.07 -1.45
India +0.55 +1.12 +0.29
China +0.06 -0.30 -0.01
RME -3.12 -8.65 -3.81
MEX -0.58 -1.98 -0.67
RSS -0.92 -4.68 -1.00
ROW +0.04 -0.37 -0.01

M. BabikcM', .1. Reilly & .lacopy “Miligaliiig llie Et'fcel ol' Response Measures on Developing 
Countries’', MIT .loini Pn^gram on the science and Pcdicy of Global Change, MIT, 1999



OECD Energy Taxes
Currently, OECD countries apply different rates of tax on fossil fuels. 

Petroleum transport fuels are heavily discriminated compared to other

fuels.
Additional carbon/energy taxes could exacerbate this discrimination.

TAXES ON UNLEADED GASOLINE
($US per 1,000 L)
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Fossil Fuel Consumption Taxes
(Percentage of End-Use Prices)

EU US Japan

jasoline 66% to 81% 30.6% 55.8%
/

Diesel 62% to 82% 42.3% 42.7%

HfFO 0% to 31.2% 0.0% 4.8%

Deal 0% 0.0% 4.3%

\[atural Gas 0% 0.0% 4.8%

* Finland is the exception with taxes of 48.6%



l\^n>ltatfnTa\ l^everuies -1998 estimiite

CjansiunniiiMi - (W to 1998 Tiixes - $ per tonire. Taxes $milli(Hi
Ciisoline Qisoll FR9 Ciisoline Gasoil HHT9 Gasoline Gasoil FIR) Tiym.

Austria 2,129 5,438 1,544 824 52^ 40 $1,7.55 $2,841 $62 .$4,658
Mgium 2,512 11,007 l.trSO 988 521 7 $2,482 $5,731 .$11 $8,225
Deni nark 2.031 3.972 610 932 .575 307 $1,892 $2,282 $187 $4,362
Hnland 1,857 4,144 1,377 1,092 552 .53 $2,027 $2288 .$72 $4,385
France 14,577 43,313 4,288 1,119 635 20 $18,318 $27,507 $87 $43,910
Gennanv 30,352 61.907 4.938 918 525 17 $27,854 $32,504 $84 $60,443
Geece. 847 6,225 2„558 649 309 45 15.50 $2,486 $114 .$3,1.50
Ireland 1,'308 2,592 1,498 773 607 21 $1,010 $1„572 $31 .$2,614
Italv 18.044 24,778 20,580 1,025 671 28 $18,490 $16,626 $533 .$35,649
Lux. 545 1,090 6 623 423 7 $340 .$461 .$0 $800
Nctli 4,116 6,424 81 1,077 676 34 $4,432 $3,70) $3 $8,1.35
F\)ituaal 2.016 3,963 3.431 888 473 14 $1,785 .$1,874 .$48 $3,708
Spain 9;234 21,4% 5,413 688 448 15 18,351 $9,830 .$79 $16,061
Sweden 4,019 5,059 1,719 1,048 597 260 $4,212 .$3,020 $447 $7,678
UK 21.884 23,149 3,;^>4 1,223 1.101 37 $26,756 $25,497 $122 $52375
ej Total 115.469 2245553 5zm $116251 $138,018 $256,151



Coal Subsidies in 1997
US$ Million

Production Other Total

ermany 5,579 467 6,046

pain 798 413 1,211

ranee 100 671 771

flC 0 581 581

ipan 528 0 528

TOTAL 7,005 2,132 9,137
i



Imnlicit Subsidy for Nuclear 1998
$ Million 

per year
Consumption mtoes

ipan $3,628 84

f.S.A. $7,903 183

anada $799 19

Airopean Union $9,428 218

Benelux $505 12

Finland $246 6

France $4,319 100

Gennany $1,801 42

Spain $656 15

Sweden $786 18

UK $1,114 26

lest of World $2,652 123

TOTAL $24,410 627
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Party in Annwlshall strive tp
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pa^prse efjfects of eiimate change, effects on internation^ 

trade, anillspr ial? environine^|al and econpnti^ impacts 

on other Parties, especially developing country parties \ . 
and in partieiiiar those identiiied in Article d, 

paragraphs 8 and 9 of the convention, taking Into 

account A|ti|le 3 of the Convention, The Conference pf 

the Parties serving as the meeting of the Parties to this 

Protocol ipay , as appropriate, to
grontote the imiiiementation Of the provisions of ^
'Paragraph.”;:': :,

iffiitil

liiil
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Each Party included in Annex 1 shall strive to

social, environmental and economic 

impacts on developing cohntry Par|ie^ partiewlariy thdse 

identified in Article 4, paragraphs 8 and 9, of the Convention.
in'liiie'\vilhireieVaht;decisioh%;:(difhe5Gori'ference^ofthe 

Parties servihg as the meetinjgspf ihe Parties to this Protocdl; 

shall, at its first session, consider what
of climate change and or the 

impact of response measures ort Parties referred to in thdse = 
paragraphs. Among the issues to be considered shall be



Kii0a!rPmt:o0tj’^^Po^^
Measmes : : ■

Progressive reductian or phasing out of 

market imperfeetions, fiscal incentives, tax 

and duty exemptions and subsidies in all 

greenhouse gas emitting sectors that run 

counter to the objective of the Convention 

and apply market instruments;



REQUIARD ACnONS

In order for Annex I countries to strive to minimize the adverse economic impact on 

developing countries, they should start with removing existing market distortions through:

Restructuring of Annex I countries tax systems to reflect the GHGs content In ail 
GHGs emitting sectors, and removal of subsidies.
Discouraging the production of fossil fuels in Annex I countries.
Discouraging the use of nuclear energy by reflecting Its huge Externalities. 
Removing the existing barriers (political and regulatory) to the use of oil in the 

electricity sector.
Encouraging a wider use of co2 sequestration technologies.

And they also should:

Assist developing countries highly dependent on the Exportation of Fossil Fuels in 

diversifying their Economies.
Provide Compensation to those proved impacted developing countries.



Minimising Impacts: Restructuring Energy Taxes
According to Carbon Content

Calls for such a “greening” of taxes have been heard before (e.g. Norwegian 

Energy Minister)
OECD energy taxation has strong emphasis upon oil e.g. average tax on 

composite barrel in EU was $66/b in 1995, or 65% of retail price
Overt objective of raising revenue
If OECD energy taxes are restructured according to carbon content, the most 

dramatic price increases would be for coal, with increases of between 108% and

270%
Key impact: lower coal use in electricity generation, falling by between 63% and 

92% compared to reference case (replaced largely by gas)
OECD CO2 emissions reduced by at least 10%

OPEC Secretariat, 1999



■ieplacement 'Of exis^ng fuel taxes reduce* 

jsproportionate Impacts on oil exporters'i.
Percentage Change in Welfare from Baseline

Larger Non- Other Non- 
Annex I, Non Annex I, Non 

All Oil Exporting Oil Exporting Oil Exporting
OECD FSU Non-Annex I Countries Countries Countries
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Lowering distorting fuel taxes and subsidies improves welfare for oil exporters and OECD
Welfare (% Change from Baseline)

EUR NAR JPN OOC FSU SAU OOE CHI OWC ROW
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Ĉ  -4.00
£
O

■ Kyoto - No Flexibility

■ Kyoto -
No Flexibility - Uniform Tax



Lowering preexisting tax rates lowers
burden on OECD and oil exporters

GDP under Kyoto with and without Tax Adjustments

Baseline Kyoto - No Flexibility - No
Tax Adjustments

Kyoto - No Flexibility -
with Tax Adjustments

2010
(Billions of US $s)

2030
(Billions of US $s)

2010
(%)

2030
(%)

2010
(%)

2030
(%)

EUR 11420 17218 -0.12 -1.21 0.65 -0.38
NAR 11827 17960 -1.01 -1.26 -1.03 -1.30
JPN 6777 10117 -0.67 -1.53 -0.26 -1.19
OOC 1203 1796 -0.65 -1.14 -0.01 -1.00
FSU 941 1809 0.46 0.01 0.43 -0.16
SAU 234 508 -7.14 -8.28 -3.16 -4.72
OEC 1247 2485 -3.25 -3.98 -1.38 -2.22
CHI 2268 6759 0.88 1.03 0.73 0.62

owe 4922 11539 0.61 0.51 0.58 0.33
ROW 2329 5567 0.15 0.25 0,27 0.19

cm



''leplacement of t^xisfioci fuel faxes and subsidies 

x/ith uniform tax reduces adverse impacts
* • .♦V( •..• I ••! • -'yii- ■' :t ■ '■■'i

Kyoto-No Hexibility- 

NoTaxAcfustmsnt
Kyoto - No Rexibility- 

Wth Tax Acf ustment
VMsreLces
iPetcextaas)

Enpe -0.3% -0.2%
Saud Arabia -6.4% -3.1%
OI Bqxxtinq Qxrtries -3.3% -1.6%

Conpensatian Required
(BlliGns of 1985 US Ddlaisl

Said Arabia $203.4 $99.4
Ql Bqx»tina Counbies $503.8 $243.9
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r meetings that contributed an energy perspective to the climate change debate. Prior to 
that, he served three years as chef de cabinet for the Executive Director of the lEA.

Mr Solsbery has also been Deputy Land Commissioner of the State of Texas, where 
he managed policy, finance and legislation for the agency responsible for natural 
resources development and protection on 8 million hectares of onshore and offshore 
public lands. He represented the State of Texas in Washington, DC on natural 
resources and environment matters for four years, following service in the White House 
Office of Management and Budget. At 0MB, he served as staff secretary to the White 
House Energy Coordinating Committee and conducted a series of projects for the 
federal government in the natural resources and energy field.

He has a Master’s Degree in Public Policy from the Lyndon B Johnson School of Public 
Affairs at the University of Texas at Austin and a bachelor’s degree in public policy 
analysis from Brown University in Providence, Rhode Island.

DR MOHAMMAD AL-SABBAN
Senior Economic Advisor to the Minister of Petroleum and Mineral Resources, 
Saudi Arabia

Mohammad Al-Sabban completed his undergraduate degree in economics in 1974 at 
King Abdulaziz University in Jeddah. He obtained his PhD in economics in 1983 from 
the University of Colorado and started his career as a professor of economics at King 
Abdulaziz University.

From 1984 to 1986 he was a part-time adviser to the Ministry of Industry and 
Electricity. In 1987 he was a part-time adviser to the Minister of Petroleum and Mineral 
Resources. This has been a full-time position since 1988.

Dr Al-Sabban has participated in many OPEC conferences and committees as a Saudi 
representative. He has participated in many IPCC meetings since 1990. He was the 
chief negotiator for Saudi Arabia to the UN Framework Convention on Climate Change. 
He headed the Saudi delegation to the AGBM process that led to the Kyoto Protocol. 
He has published many articles on energy and/or the environment. He is currently the 
head of the Saudi delegation to the COP meetings.

DR BENITO MULLER
Senior Research Fellow
Oxford Institute for Energy Studies

Dr Benito Muller jointed the Oxford Institute for Energy Studies in February 1996. He 
has a Dphil in philosophy from Oxford University, specializing in philosophy of science. 
He was formerly a research fellow at Wolfson College and a lecturer in logic at the 
Queen’s College, Oxford. He has diploma in mathematics from the Eidgendssische 
Technische Hochschule (ETH) in Zurich, Switzerland.

His work in the field of climate change has focused on socio-economic and political 
issues, in particular issues of equity in allocating emission targets and in burden
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lira otrrfcr for Arinex (IB ) coMiBfrks to sliive to miinijmjM flhe adveo’se ecooiomk impacts Oir? deveSoptog
coiontncs, toey shouidl sHao't wotih re 1111071 crag existmg mniarket dlistoirtaoins tSirouglh: -

Resti'ucturing of Annex (B)countries tax systems to reflect the GHG3 content in all GHGs
emitting sectors, and removal of subsidies.

Discouraging the production of fossils in Annex B countries.

Discouraging the use of nuclear energy by reflecting its huge Externalities.

Removing the existing (political and regulatory) barriers to the use of more oil in ectricity sector.

• Encouraging a wider use of coi sequestration technologies.
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OECD Energy Taxes

fuels.
Additional carbon/energy taxes could exacerbate this discrimin^on.

TAXES ON UNLEADED GASOLINE 
($US per 1,000 L)
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FossSl Fuel Consumptioin Taxes
(Percenhige of End-Use Prices)

EU US Japan

Gasoline 66% to 81% 30.6% 55.8%

Diesel 62% to 82% 42.3% 42.7%

HFO 0% to 31.2%
0.0% ^ 4.8%

Coal 0% 0.0% 4.3%

Natural Gas 0% 0.0% 4.8%

* Finland is the exception with taxes of 48.6%
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Coal Subsidies in 1997
US$ Million
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GDP under Kyoto with and without Tax Adjustments

Baseline
Kyoto - No Flexibility - No 

Tax Adjustments
Kyoto - No Flexibility 
-with Tax 
Adjustments

EUR
NAR
JPN
OOC
FSU
SAU
OEC
CHI
owe
ROW

2010
(Billions

o^S^
11420
11827
6777
1203
941
234

1247
2268
4922
2329

2030
(Billions  of  

US $s17218
17960
10117
1796
1809
508

2485
6759
11539
5567

2010
(%) 

■0.12
-1.01
-0.67
-0.65 
0.46

-7.14
-3.25 
0.88 
0.61 
0.15

2030
{%)

-1.21
-1.26
-1,53
-1.14 
0.01

-8.28
-3.98 
1.03 
0.51 
0.25

2010
(%]
0.65
-1.03
-0.26
-0.01 
0.43

-3.16
-1.38 
0,73 
0.58 
0.27

2030

-0.38
-1.30
-1.19
-1.00
-0,16
-4.72
-2.22 
0.62 
0.33 
0.19
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How Non-Annex I countries are affected
Many non-Annex I countries will face adverse effects from 

actions aken by Annex I countries to limit their emissions

Impacts on terms of trade create spillover effects

costT^^ Annex I countries will rise in price due to higher
energy

nseExports of energy-intensive goods from non-Annex I countries will ri 

in price

Energy exports will fall in price because of less demand

Exporte of less-energy intensive goods to Annex I countries will fall in 

price because of a drop in demand for all imports by Annex I countries

m
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How oil exporting countries are affected
o
o
o

Oil demand from Annex I countries will fall due to limits on carbon
emissions and effectively a higher tax on oil use

Export earnings of oil-exporting non-Annex I countries will fall
▲ World oil prices will fall due to lower demand
A Oil production and exports will be reduced in response to lower prices

Other trade spillovers will also harm oil-exporting non-Annex I
countries
A General reduction in levels of economic activity reduces demand for other

exports
A Higher costs for Imports from Annex I countries

Oil exporting countries, such as Saudi Arabia, that are more heavily
dependent on oil export revenues will be harmed the most

Cn

T3
>

m.
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Trade Impacts of Annex I actions on
economies of oil-exporting countries

■ Terms of Trade

A Oil exporting non-Annex I countries experience erosion in terms of trade as
prices received for exports fall and prices paid for most imports rise

■ Exports and Imports
A Oil exports fall and to some extent oil exporting countries shift toward

exporting other goods
A Imports of manufactured and other goods must fall because of loss of

export earnings

■ Capital flows
A Oil exporters must draw down foreign assets to pay for imports when oil

prices fall
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Terms of trade move against oil exporters as 

oil prices fall and import prices rise
Percentage Change in Terms of Trade in 2010 

EUR NAR JPN OOC FSU CHI OWC ROW OEC SAU

-2 -
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-10 -
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PRELIMINARY, UNEDIILD VERSION
2. Decides that the process referred to in paragraph 1 above shall address

mformation-gathering on initial actions needed to address the specific needs and concerns of 
developing country Parties referred to in Article 4.8 of the Convention and the specific needs and 
special situalions of Ihe least developed countries refeired to in Article 4.9 of the Convention 
ansing from the adveise effects of climate change and/or the impact of the imptemen.i.tion „f 
response measures;

3. Decides that the process shall also identify what actions are necessary under the
Convention, including actions relating to funding, insurance and the transfer of technology to 
meet the specific needs and concerns of developing country Parties referred to in Article 4 8 of 
the Convention, and the specific needs and special situations of the least developed countries;

4. Requests the subsidiary bodies to continue their consideration of the
implementation of Article 4.8 and 4.9 at their twelfth and thirteenth sessions, and in particular of 
the following examples of initial actions, giving special attention to the situations of the least 
developed countnes in accordance with Article 4.9, and reaffirming, in particular, the need for 
support for capacity-building and technical assistance;

(a) Information on the adverse effects of climate change, based on
country-specific data, drawn from the national communications of non-Annex I Parties and other
sources;

(b) Information on the impact of the implementation of response measures, drawn
from the national communications of non-Annex I Parties and other sources;

(c) Information on policies and measures undertaken to respond to climate change
drawn from the national communications of Annex I countries;

(d) Consideration of the importance and extent of efforts to diversify the national
economies of developing countnes referred to in Article 4.8 and 4.9 of the Convention, and of 
how the international community could best support such efforts;

(e) Consideration of how adaptation measures can be integrated into national
strategies for sustainable development and could help to form a basis for action in multilateral 
and bilateral development programmes;

and encourages Fames to respond positively where adaptation measures are identified by 
developing country Parties as priorities;

3. Dcudes to organize a workshop, under the guidance of the Chairmen of the
subsidiary bodies, on the consideration of initial actions, including actions related to funding 
insurance and the iiansler ol technology, needed to meet the specific needs and concerns of 
developing coniurv Fames, and ihe specific needs and special situalions of the least developed

- 30 -



PRELIMINARY, UNEDITED VERSION
countries, arising from the adverse effects of climate change on, inter alia, water resources, 
agriculture and food security, economic activities, coastal zones and health. The workshop shall 
consider, among other issues, the following;

(a) Enhancing capacity for monitoring, systematic observation and vulnerability
assessment in developing countries;

(b) Capacity-building in environmental management and integrated assessment;

(c) Identifying adaptation options and facilitating adaptation where near-term climate
change impacts are understood and adaptation measures are feasible;

6. Decides to organize a workshop, under the guidance of the Chairmen of the
subsidiary bodies, on methodological approaches and what actions are necessary under the 
Convention relating to the impact of the implementation of response measures on, inter alia, 
terms of trade, international capital flows and developmental efforts, in accordance with Article 
4.8 and 4.9 of the Convention and in the light of matters related to Article 3.14 of the Kyoto 
Protocol. The workshop shall consider, among other issues, the following;

(a) The nature and content of information needed;

(b) The sources of information;

(c) Procedures and modalities for the provision of information;

(d) What actions are necessary, including those relating to funding, insurance and the
transfer of technology;

7. Decides that the workshops referred to in paragraphs 5 and 6 above shall be
organized in two consecutive but equal time periods, before the end of March 2000, and requests 
the Chairmen of the subsidiary bodies to present a report in two parts thereon to the subsidiary 
bodies at their twelfth sessions;

8. Invites the subsidiary bodies to consider the report in two parts, referred to in
paragraph 7 above, at their twelfth and thirteenth sessions and to make recommendations to the 
Conference of the Panics at its sixth session;

9. Decides to consider further, at its sixth session, matters related to Article 3.14 of
the Kyoto Protocol, as an input to the first session of the Conference of the Parties serving as the 
meeting of the Parties to the Kyoto Protocol, taking into account the ongoing discussions in the 
Conference of the Panics on the implementation of Article 4.8 and 4.9 of the Convention.

9lh plenary meeting 
4 November 1999

- 31 -
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FRAMEWORK CONVENTION ON climate CHANGE-S«eratariat 

' CONVENTION - CADRE SUR LES CHANGEMENTS CLIMATIQUES .aeorftirl»t

Exocutive stcratnrr 
Sacrfinirft exicutif

pqte: 21 Dicamber 199B
R»f: MZC/YN/mls
Direct line: BIS-1100

INVITATION

Workshop on Article 4.S and 4.9 of the Convention: Advene effects of climate change 
(Initial actiona retoting to the advene effects of Climate Change . 

in accordance with Article 4.S and 4,'9 of the Convention)
9-11 March 2000

Workshop on. Aitiele 4.8 and 4S of the ConventlaD: Impact of the implethentation of response
measures

(Methodological approaches and what actioiu are nepessary under the Convention, 
relating to tihe impact of the implementation of rmponse measureSi 

in accordance with Article 4.8 and 4.9 of the Canventioik 
and in the light of mattera related to Artidc 3.14 of the Kyoto Protocol)

13.115 March 2000

Internationale KongresszentruiuBundesbaiu Bonn, G&rretstr. 15,53113 Bonn? Germany

Dear Madam/Sir,

On behalf of tiie secretariat; of the United Nations Framework Convraition on 
Climate Change. I am pleased to extend an invitation to you To nominate an expat to participate in 
The two wodeshops mandated by decision 12/CP.5, which the UNFCCC pecretarirt is convening 
under the guidance of the Chainnan of the Subsidiary Body for Scientific and Technological 
Advice (SBSTA) and the Subgxdlaiy Bodies fbr ImplamentBpon (SBI).

The workshops will be held at the Intamationalea Kongresazentrum Bundeshaus Bonn 
(Former Gctman Parliament), Gtinesstr, IS, 53113 Bonn, G^meny &om 9-11 March and from 13- 
15 March 1999.

.,.7.

Mailing Adanaa-. CLIMATE CHANGE SECRETARIAT (UNFCCC). p.O. Bat 260 124, D.^153 Bann, Gemnny 
omcB Looalion: H*U3 Car»t*r\jon. Martin-Luther-Klng.Sir8iSK 8, D-5317S Bonn, Garmany 

T«l. (Swftchbaard): (*S-228) 815-1000 Fax: (48'2Za) 815-1009 
Email: xacnstnflatQlunTccc.cte IVeO: http://www.ur1fccc.cl0
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TTic proposed agendas of liie lyorkshops arc cudosed Hie outooma of the workshops vnll 
tie a rqmrT twn parfw, which will serve as input to the twelfth and thirteenth sessions of the 
SBSTAandtheSBI.

Included with diU invitation are two registration foniis and the provisional agendas of the 
■workshops. We would f^ipredaie receiving the fonns by fax (+49 22S 815 1999), by
31 January 1999.

Please note that where applicable, and in order to facilitate travel, the secretariat strongly 
advises early contact with the appropriate consular authorities to allow sufficient time for the 
necessary visa and where required, transit visas, to be issqed before departure, A copy of this 
notification should be attached to the visa request in order to facilitaxe issuance.

Should you require further information or wish to discusp matters relating to the 
■wDikshops, please contact either Mukul San-wal (Tel; +49 228 815 1429, email;
msemwal@unfccc.de), or YoussefNassef (Tel: +49 228 815 1416, email; ynassef@unfccc,de) at
the UNFCCC secretariaL

We look forward to hearing fcom you.

Yours sincerely,

Michael Zaramit Cutajar
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Workahop on Article 4.S and 4.9 of the Convention: Ailverse effects of climate change 
(Initial actions relating to the adverse eflects of Climate Change 

in accordance with Article 4.8 and 4.9 of the Convention)

9-n March 2p00
Internationales Kongresazentnim Bundcshaus Bonn (forroer Parliament building),

Bonn, Germany

Day ]; J'hursdav. 9 March 2000

09.00-10.30
Regisiration

Mitrnim s^sion

10.30-11.00
Introduction and opening of the workshop

11-00-11.20
* Coffee break

11:20-12{3Q 
Overview

12.30 -14.00
• Lunch breeik

14.00. 15.30 
^ Food security

15.30-17.00 
* Water resources

17.00-17.20
* Tea break

17.20-18.50
* Economic activities
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Day 2: Friday. J(J ^arch 2000 

Mornj.nr session

09.10'. 10.40
* Coastal zones

10.40- 11.00
* Coffee break

11.00- 12.30
* Human health

12.30- 14,00 
Lunch break

Afternoon session

14.00- 17.00
^ Least developed countries

17.00- 17.20
* Tea break

17.20-19.10
*• Actions related to funding, insurance and the transfer of technology. 

i)gy -J." Sofur4ay. 11 {^greh 20^Q

Afamine session

09.00- 10.10 
Actions. (Com.)

10.10-10.30 
Coffee break

3 January 2000 (4:08)
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10,30-12.30
Panel discussion 

liisctisspnts:
Banghdesh
Jamaica
Japan
Netherlands
Uganda
UK

12.30 - 14.00
* Lunch break

Afternoon session

14.00- 15.00
Panel discussion (cant)

15.00-
*, Conclusions,

January 2000 (4:08)
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Workshop on Article 4.8 a.nd 4.9 of the Convention: Impact of the implementation of
response mens ares

(McthodolDglcal approaches and what ach'ons are necessary under the Convention, 
relating to the impact of the implementation of response measures] 

in accordance with Article 4.8 and 4.9 of the Convention 
and in the light of matters related to Article 3,14 of the Kyoto Protocol)

13 - 15 March 2000
Internationales Kongresszcntrnm Bundcshaus Bonn (former Parliament building),

Bonn, Germany

I: Monday. 13 March

09.00- 10.30
llegistratjon

Morninf session 

10.30-11.00
* Introducrion and opening of the workshop

11-00-11.20
CafTee break

11.20-12,30 
" Overview

12.30 - 14.00
* Lunch break

Affiernooti Session

14.00- 16.00 
Terms of Trade

16,00- 16.20 
* Tea break

16.20- 18.20
^ Tmernational Capita) Flows



0;!/09/00 17:56 FAX 819 953 5787 INT'L RELATIONS DIR.
JPN. 5.2000 , l:i7PM 

O’. JAW. ^lUUU lo’.oo
■DFPIT/PiGE
uwr

@008

iNO.3991 f.9/ia
iiu, j u u I 1, u/ n

Dgy 7: Tuesday. 14 March 2000

09.00- 11.00 
Developmental efforts

11.00 - 11.20 
Coffee Break

U.20-12.30
^ Least Developed Countries

12.30- 14.00
* Lunch, break

Arte moon Session

14.00- 15.50
* Least developed countries (cent)

15.50-17.20
T Consideration of -wbat actions are necessary, including those relating to funding, insurance 
and the transfer of technology.

17,20-17.40
^ Tea break /

17.40-19.10
* Consideration of whnt actions are necessary. (Cont.)
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JDavS; Wedne/tdav, March 2000

Mornbte stersion

09.30 - 12.30
Panel discussion 

Discussants:
Australia
Canada
European Community 
Nigeria 
Saudi Arabia 
Venezuela

12.30-14.00
* Lunoh break

Afternoon Session

14.00 - 17.00
* Conclusions.

3 .lanuary 2000 '



2. Workshop related to the implementation of response measures

How can impacts on consumers of fossil fuels be assessed?

How can impacts on sectors other than fossil fuels be assessed - e.g. financial markets, agriculture? 

How can assessments include non-oil fossil fuels?

How can the benefits for developing countries of the implementation of response measures be assessed?

Given doubts about models described at the last workshop, what other methods are available to assess 
impacts?

In looking at models and other assessment methods, how can the problem of defining baselines be 
tackled?

How can any impacts of implementation of response measures be disaggregated from other factors 
affecting fossil fuel markets?

What are the distinctions between Convention issues and Protocol issues under this heading, and how 
can actual evidence be identified in the case of Convention-related issues?

How to address the gathering of information on the impact of the implementation of response measures, 
drawn from the national communications of non-Annex 1 Parties and other sources?

What are the ways in which affected countries can adapt their economies?

How should we address the importance and extent of efforts to diversify national economies?

OFFieiAL ySE 

OKLY



Decision 5/CP.4

Implementation of Article 4.8 and 4.9 of the Convention 
(decision 3/CP.3 and Articles 2.3 and 3.14 of the Kyoto Protocol)

The Conference of the Parties,

Recalling its decision 3/CP.3 on implementation of Article 4, paragraphs 8 and 9, of 
the United Nations Framework Convention on Climate Change,

Recalling also the provisions of Article 4.8 and 4.9 of the Convention,

Noting the provisions of Article 2.3 and Article 3.14 of the Kyoto Protocol to the 
Convention,

Recognizing that, in the implementation of the commitments in Article 4 of the 
Convention, the Parties shall give full consideration to what actions are necessary under the 
Convention, including actions related to funding, insurance and the transfer of technology, to 
meet the specific needs and concerns of developing country Parties arising from the adverse 
effects of climate change and/or the impact of the implementation of response measures.

Noting the provision under Article 12.8 of the Kyoto Protocol,

Recognizing the concern for sustainable development of the countries referred to in 
Article 4.8 and 4.9 of the Convention,

Welcoming the relevant work of the Intergovernmental Panel on Climate Change 
(IPCC), in particular its First and Second Assessment Reports, its recent Special Report on 
the Regional Impacts of Climate Change and its forthcoming Third Assessment Report, 
which will inter alia address issues relevant to Article 4.8 and 4.9 of the Convention,

Noting, however, that considerable uncertainties still persist with regard to the 
assessment of the adverse effects of climate change, particularly at the regional, sub-regional 
and national levels, and that in this context information gaps need to be filled, using in 
particular information contained in national communications from Parties included in 
Annex I to the Convention (Aimex I Parties) and Parties not included in Annex I to the 
Convention (non-Aimex I Parties),

Noting also that there is not enough information available on the adverse effects of 
climate change and the impact of the implementation of response measures, and that in this 
context also information gaps need to be filled, using in particular information contained in 
national communications from Annex I Parties and non-Annex I Parties,

1. Decides that the basic elements for further analysis should include the
following;

(a) Identification of the adverse effects of climate change;



(b) Identification of the impacts of the implementation of response measures 
under the Corivention;

(c) Identification of the specific needs and concerns of developing country Parties 
arising firom such adverse effects and impacts defined through inter alia the national 
communications from non-Annex I Parties;

(d) Identification and consideration of actions, including actions related to 
funding, insurance and the transfer of technology, to meet the specific needs and concerns 
referred to in subparagraph (c) above;

2. Requests the Subsidiary Body for Scientific and Technological Advice 
(SBSTA) to initiate a process of compilation and analysis of available information, which is 
needed to elaborate any actions necessary to implement Article 4.8 and 4.9 of the 
Convention;

3. Further requests the SBSTA to take into account information needs arising 
fforn the basic elements mentioned in paragraph 1 above, as well as the programme of work 
set out in the annex to this decision, in revising the guidelines for the preparation of national 
communications by Annex I Parties and non-Annex I Parties;

4. Requests the Subsidiary Body for Implementation (SBI) and the SBSTA to 
continue consideration of the implementation of Article 4.8 and 4.9 of the Convention at their 
tenth and eleventh sessions and to report thereon to the Conference of the Parties at its fifth 
session;

(

5. Invites the IPCC to provide, in its Third Assessment Report, a further 
scientific and technical assessment on matters related to Article 4.8 and 4.9 of the 
Convention;

6. Decides to adopt and implement the programme of work set out in the annex 
to this decision.

8th plenary meeting 
14 November 1998



Annex
PROGRAMME OF WORK

ITEM ACTION OBJECTIVE RESPONSIBILITY DEADLINE

1 Submission of views on the issues to be 
discussed in the expert workshop

Identify factors that will help determine the adverse 
effects of climate change and/or the impact of 
implementation of response measures, the 
information available, existing information gaps 
and further information needed as well as views on 
methodologies, taking into account inter alia 
submissions already made to the COP and the 
subsidiary bodies on the implementation of Article
4.8 and 4.9 of the Convention

All Parties End of April
1999

2 Consideration of the secretariat’s compilation 
of national submissions

Define the expert workshop terms of reference SBI 10, SBSTA 10 June 1999

3 Organization of the expert workshop, 
including budgetary issues

Produce input for SBSTA 11 and SBI 11 Chairman of SBSTA, 
with the assistance of the 
secretariat

September
1999

4 Further discussion on the implementation of 
Article 4.8 and 4.9 of the Convention 
considering the outcome of the workshop

Prepare report including conclusions and/or draft 
decision for COP 5

SBI 11, SBSTA 11 October/
November
1999

5 Identification of initial actions to address the 
implementation of Article 4.8 and 4.9 of the 
Convention, as well as Articles 2.3 and 3.14 
of the Kyoto Protocol

Identify initial actions, including initial input for 
COP/MOP 1, in accordance with Articles 2.3 and 
3.14 of the Kyoto Protocol

COP 5 October/
November
1999

6 Identification of any additional actions 
needed to address the implementation of
Article 4.8 and 4.9 of the Convention, as well 
as Articles 2.3 and 3.14 of the Kyoto Protocol

Take a decision on any further actions COP 6 November/
December
2000
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Decision 12/CP.5

Implementation of Article 4, paragraphs 8 and 9, of the Convention and 
matters relating to Article 3, paragraph 14, of the Kyoto Protocol

The Conference of the Parties,

Recalling its decision 5/CP.4 entitled Implementation of Article 4.8 and 4.9 of the 
Convention (decision 3/CP.3 and Articles 2.3 and 3.14 of the Kyoto Protocol),

Recalling also its decision 8/CP.4 on preparations for the first session of the Conference 
of the Parties serving as the meeting of the Parties to the Kyoto Protocol,

Recognizing the specific needs and concerns of developing country Parties referred to in 
Article 4.8 of the Convention, and the specific needs and special situations of the least developed 
countries referred to in Article 4.9,

Recognizing also the concern for sustainable development of the countries referred to in 
Article 4.8 and 4.9 of the Convention,

Taking note of the report of the expert workshop referred to in the programme of work 
contained in the annex to decision 5/CP.4, which was held in Bonn from 21 to 
24 September 1999,'

Recognizing that the identification of initial actions necessary to address the adverse 
effects of climate change and/or the impact of the implementation of response measures needs to 
be based on sufficient information and analysis within a clearly-defined process.

Acknowledging \h& efforts already made by Parties towards meeting the specific needs 
and concerns of developing country Parties, in particular the least developed countries, with 
regard to adaptation.

Having considered the report of the above-mentioned workshop regarding the specific 
needs and concerns of developing country Parties, and the specific needs and special situations of 
the least developed countries where widespread poverty limits adaptive capacity, particularly in 
relation to the impacts of the adverse effects of climate change on socio-economic conditions, 
including, inter alia, water resources, agriculture and food security, economic activities, coastal

See FCCC/SB/l 999/9.
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zones and health, and the impact of the implementation of response measures on, inter alia, 
terms of trade, international capital flows arid developmental efforts.

i1. Decides to continue the process of implementation of Article 4.8 and 4.9 of the
Convention, as established by decisions 3/CP.3 and 5/CP.4, and to assess the process at its sixth 
session and, as appropriate, at subsequent sessions;

2. Decides that the process referred to in paragraph 1 above shall address
information-gathering on initial actions needed to address the specific needs and concerns of 
developing country Parties referred to in Article 4.8 of the Convention, and the specific needs 
and special situations of the least developed countries referred to in Article 4.9 of the 
Convention, arising from the adverse effects of climate change and/or the impact of the 
implementation of response measures;

3. Decides that the process shall also identify what actions are necessary under the
Convention, including actions relating to funding, insurance and the transfer of technology, to 
meet the specific needs and concerns of developing country Parties referred to in Article 4.8 of 
the Convention and the specific needs and special situations of the leeist developed countries;

4. Requests the subsidiary bodies, at their twelfth and thirteenth sessions, giving
special attention to the situations of the least developed countries in accordance with Article 4.9 
of the Convention, and reaffirming, in particular, the need for support for capacity-building and 
technical assistance, to continue their consideration of the implementation of Article 4.8 and 4.9 
of the Convention, and in particular of the examples of initial actions listed in subparagraphs (a) 
to (e) below, and encourages Parties to respond positively where adaptation measures are 
identified by developing country Parties as priorities:

(a) Information on the adverse effects of climate change, based on country-specific
data, drawn from the national communications of Parties not included in Annex I to the 
Convention and other sources;

(b) Information on the impact of the implementation of response measures, drawn
from the national communications of Parties not included in Annex I to the Convention and other 
sources;

(c) Information on policies and measures undertaken to respond to climate change,
drawn from the national communications of Parties included in Annex I to the Convention;

(d) Consideration of the importance and extent of efforts to diversify the national
economies of developing countries referred to in Article 4.8 and 4.9 of the Convention, and of 

. how the international community could best support such efforts;
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(e) Consideration of hOw adaptation measures can be integrated into national 
strategies for sustainable development and could help to form a basis for action in multilateral 
and bilateral development programmes;

5. Decides that a workshop be organized, under the guidance of the Chairmen of the 
subsidiary bodies, on the consideration of initial actions, including actions related to funding, 
insurance and the transfer of technology, needed to meet the specific needs and concerns of 
developing country Parties, aind the specific needs and special situations of the least developed 
countries, arising from the adverse effects of climate change on, inter alia, water resources, 
agriculture and food security, economic activities, coastal zones and health. The workshop shall 
consider, among other issues, the following;

(a) Enhancing capacity for monitoring, systematic observation and. vulnerability 
assessment in developing countries;

(b) Capacity-building in environmental management and integrated assessment;

(c) Identifying adaptation options and facilitating adaptation where near-term climate 
change impacts are understood and adaptation measures are feasible;

6. Decides that a workshop be organized, under the guideince of the Chairmen of the 
subsidiary bodies, on methodological approaches and what actions are necessary pnder the 
Convention relating to the impact of the implementation of response measures on, inter alia, 
terms of trade, international capital flows and developmental efforts, in accordance with 
Article 4.8 and 4.9 of the Convention and in the light of matters related to Article 3.14 of the 
Kyoto Protocol. The workshop shall consider, among other issues, the following:

(a) The nature and content of information needed;

(b) The sources of information;

(c) Procedures and modalities for the provision of information;

(d) What actions are necessary, including those relating to funding, insurance and the 
transfer of technology;

7. Decides that the workshops referred to in paragraphs 5 and 6 above shall be 
organized in two consecutive, equal time periods before the end of March 2000, and requests the 
Chairmen of the subsidiary bodies to present a report in two parts thereon to the subsidiary 
bodies at their twelfth sessions;
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8. Invites the subsidiary bodies, at their twelfth and thirteenth sessions, to consider
the report in two parts referred to in paragraph 7 above, and to make recommendations to the 
Conference of the Parties at its sixth session; i

9. Decides to consider further, at its sixth session, matters related to Article 3.14 of 
the Kyoto Protocol, as an input to the first session of the Conference of the Parties serving as the 
meeting of the Parties to the Kyoto Protocol, taking into account its ongoing discussions on the 
implementation of Article 4.8 and 4.9 of the Convention. J

9th plenary meeting 
4 November 1999



Workshop on Article 4.8 and 4.9 of the Convention: Impact of the
IMPLEMENTATION OF RESPONSE MEASURES (METHODOLOGICAL APPROACHES AND WHAT 
ACTIONS ARE NECESSARY UNDER THE CONVENTION, RELATING TO THE IMPACT OF THE 
IMPLEMENTATION OF RESPONSE MEASURES, IN ACCORDANCE WITH ARTICLE 4.8 AND 4.9 OF 
THE Convention and in the light of matters related to Article 3.14 of the Kyoto 
Protocol)

Compilation of Preliminary Views of Parties 
ON Questions to be addressed by presenters

How can impacts on consumers of fossil fuels be assessed?

How can impacts on sectors other than fossil fuels be assessed - e.g. financial markets, 
agriculture?

How can assessments include non-oil fossil fuels?

How can the benefits for developing countries of the implementation of response measures be 
assessed?

Given doubts about models described at the last workshop, what other methods are available to 
assess impacts?

In looking at models and other assessment methods, how can the problem of defining baselines 
be tackled?

How to address the gathering of information on the impact of the implementation of response 
measures, drawn from the national communications of non-Annex I Parties zmd other sources?

What is the nature and content of information needed for the establishment of criteria triggering 
the necessary actions related to:

Compensation 
Funding 
Insurance and 

Transfer of technology
to address the specific needs and concerns of pertinent/affected Parties?

What is the nature and content of information needed for evaluating the impacts on: ^
Terms of trade
International capital flows and 
Developmental efforts

resulting from the implementation of response measures?

What is the nature and content of information needed to take precautionary actions to address 
the special needs and concerns of the parties that could be impacted?

What are the data sources that could be utilized as inputs to processes for identifying the impacts



on terms of trade, international capital flows, developmental efforts, and actions for funding, 
insurance, the transfer of technology, and on precautionary measures?

How can any impacts of implementation of response measures be disaggregated from other 
factors affecting fossil fuel markets?

What are the distinctions between Convention issues and Protocol issues under this heading, and ^ 
how can actual evidence be identified in the case of Convention-related issues? |

What are the ways in which affected countries can adapt their economies?

How should we address the importance and extent of efforts to diversify national economies?

What are the procedures {e.g., When? How? Prioritization,...) and modalities for:
Compensation 
Funding 
Insurance and 
Transfer of technology 

to assist impacted parties?

What actions other than funding, insurance, and the transfer of technology can be considered 
under Article 4.8 of the Convention?

What are the ways to minimize the impacts of response measures? Do they include, but are not 
limited to, the removal of any exsisting market distortions in Annex-1 Parties? And if so, what 
actions should be taken to eliminate such distortions including, but not limited to, the removal of 
subsidies and tax restructuring?

Given the fact that Article 4.8 addresses actions required under the Convention to meet the 
specific needs and concerns of developing country parties, is there a need to assess the benefits - 
or positive impacts - of the implementation of response measures? And if so, are they relevant to 
the implementation of the Articles 4.8, 4.9, 2.3, 3.14?

What types of measures are needed to maintain continuous sustainable development in the most 
impacted countries?

What policies and studies are needed to further develop the “full consideration” principle 
referred to in Article 4.8 of the Convention?

What precautionary measures other than ‘insurance” could be used to meet the specific needs 
and concerns of potentially impacted Parties?



Methodological Approaches and Necessary Actions under the Convention, Relating to the 
Impacts of Response Measures, in Accordance with Article 4.8 & 4.9 of the Convention 

and in Light of Matters Related to Article 3.14 of the Kyoto Protocol

Presented to the Workshop on Impacts of the Implementation of Response Measures
March 13-15,2000

Professor Thomas F. Rutherford 
University of Colorado and 

Charles River Associates

SUMMARY

Actions by Annex I countries to reduce greenhouse gas emissions will have adverse impacts on 
a number of non-Annex I countries, with disproportionate impacts affecting countries that are 
highly dependent on revenues from oil exports. Based on analysis using the MS-MRT model, 
it would require a lump-sum payment of $300 to $600 billion US dollars to offset the economic 
damage to non-Aimex I countries in the period 2000-2030.

Damages to non-Annex I countries could be significantly reduced if Annex I countries 
eliminated existing fuel taxes and subsidies and replaced them with carbon taxes sufficient to 
meet their obligations under the Kyoto Protocol. All spillover effects on developing countries 
would be reduced, and impacts on oil-exporting non-Annex I countries would be cut in half 
Since existing taxes are so heavily weighted to penalize the use of a single fuel, and do not 
provide a consistent incentive to reduce carbon emissions across the board. Annex I countries 
could also gain by replacing existing taxes and subsidies with carbon taxes high enough to 
meet their obligations under the Kyoto Protocol in some regions. Such carbon taxes would 
also be sufficient to replace the net revenue from the existing tax and subsidy system.

The Framework Convention addresses adverse impacts of actions on non-Annex I countries 
taken by Annex 1 countries. Article 3.2 of the Convention refers to disproportionate impacts or 
abnormal burdens on specific groups of countries, and clearly oil-exporting non-Annex I 
countries would suffer disproportionate impacts. Articles 4.8 and 4.9 of the Framework 
Convention refer to actions related to Funding, Insurance, and the Transfer of Technology 
resulting from adverse effects on non-Annex I parties of actions taken by Annex I parties in the 
implementation of their commitments to reduce their emissions. Countries whose economies 
are dependent on exports of fossil fuels are mentioned explicitly.

EXPLANATION OF FINDINGS

Trade is a significant factor affecting the economic interactions of Annex I and non-Annex I 
countnes. Many non-Annex I countries will face adverse effects from actions taken by Annex



I countries to limit-their emissions. These adverse impacts are transmitted by changes in the 
terms of trade between Annex I and non-Annex I countries, and by changes in the volumes of 
imports and exports.

There are four important changes in the terms of trade that account for these spillover effects;

• Imports from Annex I countries will rise in price due to higher energy costs.

• Energy exports will fall in price because of decreasing demand.

• Exports of less-energy intensive goods to Annex I countries will fall in price because of
a drop in demand for all imports by Annex I countries.

• Exports of energy-intensive goods from all countries will rise in price.

These changes in terms of trade lead to wealth transfers among countries, the largest of which 
are from oil-exporting non-Annex I countries to all others. Annex I countries benefit from the 
lower price of oil on world markets, and also receive higher prices for their exports to non- 
Annex I countries. On balance, terms of trade effects are;

• Beneficial for larger, oil-importing non-Annex I countries with infrastructure to expand
production of energy-intensive goods for exports or domestic consumption;

• Very harmful for non-Annex I oil exporters;

• Mostly harmful for poorer non-Annex I countries, whose lower oil import costs are
offset by higher prices of imports from Annex I and wealthier non-Annex I countries
and lower prices for exports; and

• Ambiguous for Annex I countries, who benefit from lower prices for oil imports and
higher prices for exports to non-Annex I countries, but suffer from higher prices for
energy-intensive imports.

Oil-exporting countries are disproportionately affected by actions of Annex I countries to limit 
their carbon emissions. The mechanism by which these impacts occur is as follows;

• Oil demand from Annex I countries will fall due to limits on carbon emissions and
(effectively) a higher tax on oil use.

• World oil prices will fall due to lower demand.

• Oil production and exports will be reduced in response to lower prices.

• Export earnings of oil-exporting non-Annex I countries will fall due to lower export
volumes and prices.

I



Other trade spillovers will also harm oil-exporting non-Annex I countries. A general reduction 
in levels of economic activity in Annex I countries, compared to baseline levels, will reduce 
demand for other exports. Oil-exporting countries will also face higher costs for imports from 
Annex I countries, especially energy-intensive imports. Specialized oil-exporting countries, 
such as Saudi Arabia, that are more heavily dependent on oil export revenues will be harmed 

the most.

The figure below illustrates how wealth is transferred among regions through changes in oil 
prices.

Figure 1: Wealth Transfers

Annex I

Larger 
Non-Annex I 
Oil Importers

Non-Annex I 
Oil Exporters

Smaller Non- 
Annex I Oil 
Importers

Note: Wealth transfer in billions of dollars under the Kyoto-No Flexibility scenario for 2010

The MS-MRT model was used to analyze impacts on non-Annex I countries. MS-MRT is a 
dynamic computable general equilibrium model of international trade. It includes several 
groups of non-Annex I countries, including oil-importing countries and oil-exporting countries. 
Saudi Arabia is highlighted as an example of a specialized oil-producing country. The regional 
breakdown of MS-MRT is as follows;



EUR European Union
NAR North Amenca (Canada and United States)
JPN Japan
OOC Other OECD
FSU Eastern Europe and Former Soviet Union
OEC Oil-Exporting Non-Annex I Countries
CEII China and India
OLC Other Large Non-Annex I Countries (per capita GDP > $3,300)
ROW Rest of World (per capita GDP < $3,300)

In order to deal with spillover effects in trade for non-energy-intensive goods, the industry 
breakdown in MS-MRT includes two non-energy industries: manufacturing and all other 
industries, and five energy sectors: crude oil, oil refining, natural gas, coal, and electricity.

For this study, an improved representation of world oil markets has been included in MS-MRT. 
For the first time, we assume that oil-exporting non-Annex I countries limit output and produce 
oil at a constant marginal cost of oil production equal to $7.50/barrel in the Oil-Exporting 
Countries (OEC) region.

The approximate oil supply elasticity equals 0.1 outside OEC. OEC countries are assumed to 
limit crude oil production and refined product exports through quotas.

Estimates of adverse impacts and required compensation are based on results from four 
scenarios:

1. Business as usual
Oil production and economic growth forecasts match those of the U.S. Energy 
Information Administration lEO 1998. No carbon emissions limits are imposed 
by any country.

2. FCCC Scenario
Annex I countries are assumed to have started in 1995 to reduce emissions to 
1990 levels by 2000 and apply these targets from 2000 onward.

3. Kyoto Protocol with no flexibility mechanisms
Each Annex I country is assumed to reduce its carbon emissions to meet its 
Kyoto target through domestic action.

4. Kyoto Protocol with existing energy taxes and subsidies replaced by carbon taxes
large enough to collect equal net revenues

No flexibility mechanisms are adopted. Each region meets its Kyoto obligation 
with an internal carbon tax, cuts industry fuel oil taxes in half, and reduces 
gasoline taxes to U.S. levels. All coal subsidies are removed.

World oil demand and world oil prices fall relative to baseline levels in all the scenarios with 
limits on carbon emissions, as shown in Table 1.



Table 1: World Oil Market Impacts

World Oil Consumption 
(% Change from 

_____ Baseline)_____

World Oil Price 
(% Change from 

Baseline)__

2010 2030 2010 2030
FCCC
Kyoto - No Tax Adjustment 
Kyoto - With Tax Adjustment

-3

-4

-2

-4

-5

-3

-11

-15

-7

-13

-16

-9

Macro-economic impacts of Annex I actions on other economies are summarized in a net 
present value estimate of the change in economic welfare. MS-MRT reports a theoretically 
correct measure of the lump-sum cash payment required to restore the standard of living, 
which is used as the estimate of the change in welfare. Non-Annex I countries as a group are 
adversely affected by Annex I country actions to limit carbon emissions. Less well-off non- 
Annex I countries suffer adverse impacts, as well as oil-exporting countries, as seen in Figure 
2.

Figure 2: Non-Annex I Countries Suffer Adverse Impacts

Percentage Change in Welfare from Baseline
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China, India, and other wealthier non-Annex I countries can gain from being able to take 
advantage of lower world oil prices and sell energy-intensive goods at higher prices to Annex I
countnes.



Specialized oil exporters experience even larger welfare losses, as seen in Figure 3. In general, 
oil-exporting countries bear larger costs than any Annex I countries, a result strongly 
suggesting “disproportionate” impacts are suffered by oil-exporting non-Annex I countries.

Figure 3: Oil-Exporting Non-Annex I Countries Suffer Disproportionate Impacts

Percentage Change in Welfare
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Cash compensation is calculated as the lump-sum payment required to restore welfare loss 
from Annex I actions. Almost all of the compensation payments are to oil-exporting non- 
Annex I countries, with a significant payment to the less wealthy countries as well. Estimates 
of cash compensation in net present value covering damages in the period 2000-2030 are 
presented in Figure 4.



Figure 4: Net Present Value of Compensation Ranges from $300 to $600 Billion 
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Estimates of welfare impacts and cash compensations are sensitive to key assumptions. For 
example, varying the oil supply elasticity outside OEC from 0.1 to 0.5 provides a range of 
estimates of welfare loss from -3.3% to -2.4% and cash compensation from 500 billions of US 
dollars to 370 billions of dollars. However, major conclusions hold in either case: 1) some 
non-Annex I countries suffer disproportionate impacts; 2) significant compensation would be 
required to offset these impacts; and 3) a harmonized carbon tax replacing existing fuel taxes 
still provides significant benefits to all parties.

Terms of trade changes produce these spillover effects. Terms of trade move against oil 
exporters and other poorer non-Annex I countries as oil price fall and import prices rise. Oil­
exporting non-Annex I countries experience erosion in terms of trade as prices received for 
exports fall and prices paid for most imports rise. Other poorer non-Annex I countries must 
pay more to Annex I countries for imports and earn less for their exports of goods and services. 
Terms of trade remain almost unchanged for OEC. China and India experience a small 
improvement in their terms of trade.



Figure 5; Terms of Trade Move Against Most Non-Annex I Countries

Percentage Change in Terms of Trade in 2010 
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A great deal of attention has been paid to the question of whether it is possible to provide 
development assistance rather than compensation to offset adverse impacts. The viability of 
such assistance is unclear and definitely depends on what type of country is being considered.
It is much less likely that specialized oil exporters can benefit from the types of traditional 
development assistance when compared to diversified oil exporters.

Faced with a loss of oil revenues, diversified oil exporters might be able to shift to greater 
production of non-energy goods. Their reduced imports could be replaced by domestic 
production of manufactured goods. Capital inflows and increased investment would be 
required to finance this transition.

The loss of oil revenues is much more difficult to replace for specialized oil exporters. In 
countries like Saudi Arabia, production and exports of goods other than oil are very small, so 
that the domestic industrial base for producing non-energy goods is lacking. There will be 
capital flight between 2000 and 2010, as investors realize that once policies to limit carbon 
emissions are implemented, oil production will be much less profitable. Without a domestic 
industrial base, consumption can be sustained only through imports and, in turn, imports can be 
sustained only by depleting net foreign assets. As a result, in the longer term, consumption 
must be reduced because imports cannot be replaced.

Additional studies are needed to establish requirements for a successfully transition for oil 
exporting countries from oil production to a different industrial base, to determine which kinds 
of industnes could be viable in different countries, and to determine the cost of creating 
competitive global industries in all oil-exporting countries.



CONCLUSIONS

• Annex I country policies towards greenhouse gas emissions reduction should consider 
impacts of response measures on non-Annex I countries.

• Measures taken by Annex I countries will have a disproportionate economic impact on 
non-Annex I countries.

• Oil-producing as well as poorer non-Annex I countries are the most negatively affected 
by the implementation of the Convention.

• The Buenos Aires Plan of Action requires full consideration in COP-6 of Articles 4.8 
and 4.9 of the Framework Convention in light of matters related to Article 3.14 of the 
Kyoto Protocol.

• Harmonization of carbon taxes in Annex I countries will result in reduced burdens on 
both non-Annex I and Annex I countries.
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Under Ihc Kyoto ProtocoL the world’s wealthier countries assumed binding commitments to reduce greenhouse gas emissions. The 
agreement requires these countries to consider ways to minimize adverse effects on developing countries of these aaions. transmitied 
through trade. Using a genera) equilibrium model of the world economy, we find that adverse effects fall mainly on energy-exporting 
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1. The obligations of Annex B nations

’’Economic trade links among countries will transmit
> of greenhouse gas control measures adopted by
ct of nations, in a ripple cfTcci, to countries that may

not have agreed to share the burdens of control. For 
exahiplc. emission restrictions under the Kyoto Protocol 
will increase the cost to Annex B regions of using car-' 
bon-emitting fuels, thereby raising manufacturing costs 
of their energy-intensive goods, some of which may be 
exported to developing countries. The restrictions also 
will lower global demand for carbon-etnitiing fuels, re­
ducing their international prices. In addition, emission 
controls may depress economic activity in countries sub­
ject to emission restrictions, lowering these countries’ 
demand for imports, some of which come from develop­
ing countries. In combination, these changes in trade 
volumes and prices can have complex consequences, 
harming some developing countries while benefiting 
others.

Beginning with the Framework Convention on Cli­
mate Change (United Nations, 1992), the Parties have 
agreed that implementation of any agreement should

• Corresponding suthor. Tdj 617-25J-0514; fax 617-253-9845.
E-mail address: glob«lchange^)inl<.cdu (J.M. Reilly)

give special attention lo the concerns of vulnerable econ­
omics. Article 4.8 of the Convention slates:

In the implementation of commitments... the Parties 
shall give full consideration to what actions are neces­
sary... to meet the specific needs and concerns of 
developing country parties arising from adverse effects 
of climate change and/or the implementation of re­
sponse measures —

Among a list of nine specific points of focus for this 
concern is the following:

(h) Countries whose economics are highly dependent on
income generated from the production, processing
and export, and/or on consumption of fossil fuels
and associated cnergy-imensive products.

Article 4.9 of the Convention calls for special attention lo 
the least developed countries “with regard to funding and 
transfer of technology.”

The Kyoto Protocol restates this obligation, using 
somewhat stronger language (United Nations, 1997). Its 
Article Z3 holds that;

The Parties in Annex I shall strive to implement 
policies and measures... in such a way as to minimize 
adverse effects, including... effects on international 
trade, and social, environmental and economic

03Q1-421S/00/S-SCC front matter £> 2000 Elsevier Scicnoe Ltd. All rights reserved. 
PU: S030 I-42 1 5(00)00033-1



impacts on other Parties, especially developing 
country Parties and in particular those identified in 
Article 4, paragraphs 8 and 9 of the Convention, which 
consist mainly of energy expjorting and small island
countries.'
Article 3.14 goes on to call for early consideration by 

the Parties of “what actions are necessary to minimize 
the adverse effects,” and expands the list of mechanisms 
to be considered to include “the establishment of funding, 
insurance and transfer of technology.”

Building on an earlier analysis of these issues (Babikcr 
and Jacoby, 1999), wc here explore mechanisms by which 
implementation of Annex B commitments in the Kyoto 
Protocol may affect developing economics, and how 
these effects might be mediated. While we focus on pos­
sible adverse effects, we note positive effects, as well. 
Moreover, our analysis is designed to highlight effects on 
those countries that seem to be the special concern of the 
Convention’s Article 4.8(h) above, i.e., those in the Non- 
Annex B group that are heavily depjcndcnt on exports of 
energy.

We do not consider all possible instruments that might 
be applied to mitigate these effects. For example, the 
mention of “insurance" in article 3.14 of the Protocol is 
a reference to means of alleviating the impacts of climate 
change itself; it is thtis outside the scope of our analysis, 
which includes only the economic effects of proposed 
emission restrictions. In addition, the possible uses of 
technology transfers arc not well defined and not easily 
subjected to economic analysis, so we do not consider 
them here. We do, however, consider two sets of actions 
that Annex B countries could lake to limit negative 
impacts on Non-Annex B countries. The first is a set of 
policy measures, not spjecific to any particular disadvan­
taged country, that could accompany implementation of 
Annex B controls:

• revision of fuel taxation policies,
• removal of coal subsidies,
m trading of emission permits.

The second set of policy measures includes actions that 
Annex B countries might consider to meet the needs of 
particular developing countries. These actions include:

• special tariff concessions,
m direct financial compensation.

We explore these two sets of possible responses to the 
stated Annex B obligations in the context of the specific 
Kyoto emissions targets and timetable, Le., a reduction in 
Annex B country emissions below 1990 levels (a reduc­
tion that averages around 5% for the 2008-12 coihmit-

‘ The list oT panics lo the Conveniion in Annex I diRers only lUghily 
from the Annex B grouping developed in the Kyoto Protocol and lued 
in this analysis. The composition of Annex B is shown in Table I.

ment period (United Nations. 1997)). For the Usk. wc * *
apply a general equilibrium model of the world economy: 
briefly described in Section 2 of this paper.

In Section 3, we consider the distribution of burdens 
resulting from the Kyoto Protocol, and the mechanisms 
that could lead lo such a distribution, taking the year 
2010 as representative of the first commitmem period.
We assume in the first case that none of the possible 
measures listed above is adopted. For this case, our 
results are similar to those of previous analyses 
(Babikcr and Jacoby, 1999; Babiker et a/., 1997; 
Montgomery e/ al.. 1998). Wc find that, in the absence of 
corrective measures, the welfare loss attributable to 
Kyoto for some Non-Annex B countries could exceed 
that for countries accepting emission, restrictions. A key 
contributing factor is a shift in the terms of trade (i.e., the 
ratio of a country’s export prices to its import prices, 
suitably weighted). As noted earlier, cost penalties on 
carbon emissions will increase the costs of energy-inten­
sive goods (if manufactured in a country under restric­
tion). even if the international prices of carbon-intensive 
fossil fuels fall. In this circumstance, for example, an 
oil-exporting Non-Annex B country will suffer economic 
losses because it (1) will have less revenue from oil 
exports and (2) will face higher prices for imports of 
energy-intensive goods from Annex B regions. Other 
Non-Annex B countries with a different mix of imports 
and exports may be belter off under the same set of 
Annex B restrictions. The vulnerability of nations to this 
phenomenon is roughly related to the “weight” of fossil 
energy exports in their economies.

For our reference case, wc establish a policy scenario . 
that presumes no special effort is expended to mitigate 
dcveloping-couniry effects of the Kyoto Protocol. In 
Section 4, we consider the extent to which these economic 
impacts might be mitigated using one or more of the 
first set of instruments mentioned above. Wc find that 
the latter “accompanying policies” could significantly 
reduce, though not completely offset, the adverse influ­
ence of Kyoto implementation on the most seriously 
affected developing countries.

Section S considers specific aettops that may be in­
voked to compensate Non-Annex B countries that are 
adversely affected by response measures adopted by An­
nex B nations, beyond the mitigation options offered by 
emissions-reducing policies’ implementation mecha­
nisms. Wc first consider preferential tariff reductions 

•granted to Non-Annex B countries, and find that benefi­
ciaries of such a measure do not closely match those 
countries that suffer adverse consequences from Annex 
B carbon restrictions. Next, we estimate the direct level of 
financial transfers that would be needed to compensate 
adversely affected developing countries, Wc set up 
a mechanism for compensation within our model so that 
general equilibrium effects are considered in establishing 
the magnitude of transfer needed.
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Section 6 draws conclusions from these sample 
calculations about (1) the nature and magnitude of spill- 
r ^ from Annex B policies onto Non-Annex B ccono- 

ind (2) the feasibility of the various policy measures 
might be considered to reduce adverse spillover 

effects.
Before we turn to the analysis methods and results, 

a cautionary note is in order. Our purposes in conducting 
these numerical exercises arc to explore the mechanisms 
by which policies adopted by Annex B countries might 
influence Non-Annex B economies, and to develop 
a rough impression of how various attempts to limit 
these effects might work. The absolute magnitudes of 
these effects are, of course, subject to considerable uncer­
tainty (Webster. 1997; Webster and Sokolov, 1998). For 
example, the cost of attaining any fixed emissions target 
is highly sensitive to growth rates in the forecast period. 
Experiences in Russia, the United States. Japan, and 
several Asian developing countries over the last decade 
indicate that one can expect large errors in growth fore­
casts over a period as short as a decade. Few foresaw 
the collapse of the Soviet Union or the economic prob­
lems that beset Asian economics in the 1990s. Nearly 
all forecasters have underestimated economic growth 
in the United Slates over the 1990s. By the same token, 
the precise effects of changes in tax and tariff regimes, 
or of real-world emissions permit-trading schemes are 
influenced by many details of implementation and 
market adjustment, and so are uncertain in themselves, 
as well. Still, it is worth pointing out that the mechanisms 
of burden transfer would remain the same (though 
the magnitude of effect might change) across the wide 

* of possible estimates of growth, ease of economic
tmeni, and performance of any corrective measures

A further caveat regarding our results is the fact that 
they are computed assuming no economic, environ­
mental, or political shocks other than those attributable 
to the Kyoto Protocol. In reality, other shocks arc 
inevitable, and the magnitudes of policy effects studied 
here are such that, although it may be possible to identify 
and roughly quantify them ex ante, their influence 
would not likely be separable from general economic 
variability ex post. Finally, our economic model Is based 
on the most highly disaggregated data set of its type, 
yet we arc still only able to identify regional groupings 
of countries such as the Middle East or North Africa. 
These regions contain diverse countries in which the 
magnitude of imjTacts from Annex B actions will certain­
ly vary (e.g., Egypt vs. Libya in North Africa); we cannot 
be sure even that the direction of impact would be the 
same for all countries in a region. If direct financial 
transfers to compensate for adverse consequences of 
Kyoto implementation were to be considered as a practi­
cal matter, these difficult problems would have to be 
dealt with.

2. The analysis method

For analysis of these burden-reducing measures, we
apply the MIT Emissions Prediaion and Policy Analysis 
(EPPA) Model (Babikcr et al^ 2000; Yang et al^ 1996) 
EPPA is a recursive dynamic, mulU-rcgional "general 
equilibrium model of the world economy. The current 
version of EPPA is built on a comprehensive energy- 
economy dataset that extends the existing GTAP system 
(Hertcl 1997). Denoted GTAP-E, this dataset accom­
modates a consistent representation of energy markets in 
physical units as well as detailed accounts of regional 
production and bilateral trade flows. The base year for 
the model is 1995, and the model is solved recursively 
through 2100 in five-year intervals.

The GTAP-E database identifies 22 sectors and 45 
nations or regions. Its underlying deuil allows aggrega­
tion of the model to suit the spedfic analysis task. For the 
studies presented here, the model was aggregated to eight 
sectors, plus two future '‘backstop” energy sources, and 
25 regions. As shown in Table 1. nonenergy goods arc 
aggregated to three sectors, whereas the energy sector is

Tabic I
Dimenuons of the EPPA-OTAP model

Production ftcctors Countries and regions

UoJi-Em^rgy Annex B
1 ^Agriculture USA United Slates
2. Energy-intensive
industries JPN Japan

3. Other industries and
services EEC Europe*

Energy OOE Other OECD*
a. Crude oil FSU Former Soviet Union
3. Natural gas EET Central European

Associates
6. Refined oil Kon-Annex 3 (Seteeted regianxj*
7. Coal KOR Korea
8. Electricity IDN Indonesia

Future energy rupply CHN China
10. Carbon Kquids IND India
11. Carboa-ftee electric MEX Mexico

Primary Taaors VEN Venauela
1. Labor BRA Brazil
2. Capital RME Rest pf Middle Easri
3. Fixed factors for fuel
and agriculture

RNF Rest of North Africa’

SAF South Africa

-1 nc nauons oi the buropeaa Uoion of IW5.
•European Free Trade Area (EFT). Australia. New Zealand. Canada,
Turkey.
•Other Non-Annex B rejujnj included in the model but not in the
reponed results arc Malaysia (MYS), Philippines (PHL). Thailand
fTHA). Argentina (ARC). Chile (CHLX Colombia (COL). Morocco
(MAR). Rest of Sub-Saharan Africa (RSS). and Rest of the World
(ROW).
'Includes the Arabian Peninsula. Iran, and Iraq.
•Tunisia, Algeria, Libya, and Egypt.



represented in terms of fossil fuel type and electricity. 
Annex B is aggregated into six regions. Non-Annex B is 
modeled in greater detail, allowing the study of impacts 
of Kyoto-siyle restnetions on developing countries. 
Within the calculations, the Non-Annex B group is 
modeled as 19 separata countries or multicountry ag­
gregates. but for case of presentation, only the ten regions 
listed in Tabic 1 are shown in our tables and figures.

The model’s equilibrium framework is based on final 
demands for goods and services in each region, arising 
from a representative agenu Final demands are subject to 
an income balance constraint with fixed marginal pro­
pensity to save. Investment is savings-driven. and capital 
is accumulated subject to vintaging and depreciation. 
Consumption within each region is financed from factor 
income and taxes. Taxes apply to energy demand, factor 
income, and international trade, and the proceeds are 
used to finance an exogenously grown level of public 
provision. International capital flows in base year ac­
counts are phased out gradually, and the government 
budget is balanced each period through lump-sum taxes.

Along the baseline, fossil energy resources through 
2010 are calibrated to an exogenous price path for fuels. 
Afterward, prices arc driven by a long-run resource de­
pletion model. Energy goods and other commodities arc 
traded in world markets. Crude oil is imported and 
exported as a homogeneous product, subject to tariffs 
and export taxes. All other goc^s, including energy prod- 
ucu such as coal and natural gas; arc characterized by 
product differentiation, with an explicit representation of 
bilateral trade flows calibrated to the 1995 reference year 
of the GTAP database. Energy products (i.c., refined oil. 
coal, natural gas, and electricity) arc sold at prices that 
differ between industrial customers and final consumers.

The analysis presented here focuses on COj only, and 
the Kyoto targets arc assumed to apply to a 1990 base­
line of fossil carbon emissions, and to be achieved by 
a reduction in fossil fuel burning. In fact, implications of 
the Kyoto Protocol will depend also on the treatment of 
carbon sinks and the six non-COj gases included in the 
agreemenL Depending on the region, including sinks and 
all gases in the baseline and in the control regime yields 
an average OECD control cost that is 20% to 35% lower 
than the cost estimated from a carbon-only analysis 
(Reilly el at., 1999a, b). Were this analysis extended to all 
gases and carbon sinks, therefore, the welfare effects 
would likely be reduced somewhat because fewer reduc­
tions in fossil fuel emissions would then be needed to 
meet the emissions largeu under Kyoto.

3. The reference case, with and without the 
Kyoto Protocol

Carbon emissions (in megatons of carbon, MiC, by 
year) under the reference conditions are shown in
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Fig. 1. Reference and Kyoto carbon emiulons.

Fig. 1 for the Annex B and Non-Annex B aggregates. 
Also shown is the trajectory of Annex B emissions under 
the Kyoto emissions restraint, assuming the agreement 
stays in place at the 2008-12 level in succeeding decades. 
Under Kyoto-type constraints, the emissions of Non- 
Annex B countries may vary from their reference levels 
because of carbon leakage, but that difference is not 
shown here because it varies from case to case.

Under our reference conditions, with no climate pol­
icy. we assume the world oil price will fall somewhat by 
the year 2010 from its level in the 1995 GTAP base year. 
The scenario is a smoothed approximation of the realized 
price behavior over the period of price volatility experi­
enced from 1995 to 1998, based on U.S. Dcparlmcni of 
Energy statistics (DOE/EIA, 1998). The oil price turns up 
after 2010 as the oil market comes under control of the 
EPPA Model’s long-run resource depiction model. All 
the comparisons below arc developed in relation to this 
reference case, with its underlying price model.

For a version of this reference case with the Kyoto 
Protocol in place, we chose a policy scenario with no 
trading in emissions permits and no attempt to correct 
distortions resulting from Annex B existing fuel taxes and 
tariffs. (Coal subsidies are removed by 2010 in the EPPA 
reference case, as discussed further in Section 5.2) This 
case is labeled NT-D, for No permit Trade with tax 
Distortions. As suggested earlier, the imposition of 
Kyoto emissions reduaions would reduce the demand 
for the more carbon-intensive fuels, oil and coal, and thus 
lower their international prices below the levels under the 
reference with no climate policy. For example, in this 
case, the 2010 oil price is 15% below its level under 
no-climatc-fxjlicy condiuons. This oil price change is 
a key determinant of the burdens imposed on oil-export­
ing developing countries, and of the gains realized by 
others.
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Fig. 3. Kyoto ami wellarc: The implication of pre-existing distortion* 
in Annex B’s energy markets (2010).

for the change is straightforward. The oil price declines 
by only 9% if tax distortions are removed (Case 
NT-ND), compared to the previously discussed 15% 

e if tax distortions are maintained. With a har­
ed system, therefore, deterioration in terms of trade 

fo. oil-exporting regions is reduced, lowering their wel­
fare losses.

For Annex B, shown in the lower pan of the figure, 
a switch to a carbon-based increase in fuel prices is 
favorable for all regions. The gain is greatest in Europe 
because fuel tax distortions are greatest there. Interest­
ingly, a choice of carbon-based rather than distoned fuel 
surcharges also benefits non-oil-exporting Non-Annex 
B countries such as Korea (KOR), India (IND). China 
(CHNX and Brazil (BRA).

4.2. Remooal of subsidies for coal use

Another distortion in the energy system arises from 
subsidies provided to coal producers in several Annex B 
countries. These subsidies encourage use of Annex B coal 
at the expense of imported coal, and encourage coal 
usage at the expense of oil and natural gas. Removing 
coal subsidies from Annex B nations should therefore 
reduce effects on developing-country energy exporters. 
Such subsidies dearly distort economic activity in Annex B 
regions, and their removal might therefore increase wcl-' 
fare in Annex B regions, as well. Among the Annex B

regions that will be under restraint in 2010, the 
main region where these subsidies arc currently in 
place is Europe (EEC). Such subsidies also remain in 
effect in some countries of the Former Soviet Union 
(FSU) and Eastern JEurope (EET). but these regions are 
not under restraint in 2010. so no change is considered 
there.

As noted earlier, our reference case (REF) assumes that 
these coal subsidies are removed from all countries by 
2010. However, we can test the implications of this 
change by performing a calculation under the assump­
tion that the subsidies will remain in place in OECD 
countries. This calculation reveals that the effects of re­
moving all coal subsidies from the OECD are in the 
expected direction, but very small. The wdfare effects of 
removal arc neutral or positive everywhere, but not sig­
nificant for any oil-exporting developing region. The coal 
sector is too small to make a difference to the OECD 
regions as defined in our model, and the effect on oil 
prices is also insignificanL Only in South Africa, where 
coal exports to the OECD are important, is the effect 
observable with rounding: the country’s 2010 welfare loss 
is reduced from 0.15% to 0.13% when OECD coal subsi­
dies arc removed.

4.3. Emissions trading

The details of international emissions trading, covered 
under Article 17 of the Kyoto Protocol (United Nations. 
1997). arc the subject of continuing debate. Although the 
complexities of alternative implementation schemes may 
prevent attainment of the cost savings of an ideal trading 
regiine (Hahn and Stavjns, 1999X many studies have 
shown that the potential for cost reductions is great (c.g., 
Montgomery ef al., 1998; Jacoby et a/„ 1997; OECd] 
1992; Ellcrman ei a!., 1998). The analysis conducted here 
shows the same result. Gains from unrestricted emissions 
trading arc substantial not only for those engaging in 
such trade, but often for others as well.

The results are displayed In Fig. 4. which shows a case 
with permit trade only among Annex B countries. Given 
our reference forecast, FSU and EET share a total of 165 
MtC of “hot air" in 2010. They benefit from selling it, and 
the four OECD regions benefit from lower-cost carbon 
control when they buy it. In the United States, for 
example, the carbon price in 2010 drops from S205 per 
ton under autarchy to S92 per ton with Annex B trading 
(T-AB). In wdfare terms, the cost is lowered most in 
Japan (by 58%) and in other OECD regions, as well (by 
28% to 40%), compared to the case with no emissions 
trading.

The introduction of Annex B trading means that 
the 2010 oil price would fall from the reference by less 
than in the no-trading case (10% as compared to 15%). 
The reduced impact on energy prices would tend to 
mediate effects transmitted through the mechanisms of
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Table 4
M^deienoe welfare lotj under Kyoto implemcmation. and the change j 
\n loss under various accompanying policies ^

AAMa B
Fig. 4. Kyoto Protocol" The welfare implications of aliernstivo emis­
sions trading schemes. 2010.

international trade discussed earlier. So, for example, oil 
exporters (c.g, IDN, MEX, RME and RNF) would suffer 
lower welfare losses than they would in a world without 
trading. On the other hand, those regions that benefited 
under no-trade conditions (e.g., KOR and IND) would 
be somewhat less advantaged by Kyoto if trading is in 
effect. These effects arc enhanced if a large developing 
country joins the trading regime, as explored in Babikcr 
and Jacoby (1999).

4.4. The combined effect ofaccompanying policy measures

In this section, we combine all three of the above 
actions to evaluate the extent to which they reduce im­
pacts on Non-Annex B regions. Table 4 shows the results 
for a subset of the developing countries that are of inter- 
esu Venezuela (VEN). the Persian Gulf (RME), and 
North Africa (RNF). The tabic shows the reference EV 
loss if the Kyoto Protocol is implemented, then presents 
the change in impact resulting from each associated pol­
icy, considered alone. Again, removal of coal subsidies is 
shown to be insignificant. Depending on the region, on 
the other hand, emissions trading and removal of distort­
ing fuel taxes could soften the efiect of Kyoto implemen­
tation.

VEN (V.) RME (•/.) RNF (V.)

Rdereoce EV loss
Change in EV loss wiih;

-2.92 - J.81 - 2,40

Removal o( distoning fuel 
taxes

+ 0.16 + 0.96 + 0J7

Removal of coal subsidies 0.0 + aoi 0.0
Addition of emissions 
uading

+ 0.81 + 1.03 + 0J9

Combined effect of the 
above

+ 2.47 + 3.26 + 1.80

The table also shows the effect if all measures were to 
be taken together. It is interesting to note that, contrary 
to what might be expected, the effects are not additive. 
Indeed, the combined effect is more than twice the sum of 
the separate effects for VEN. twice the sum of the separ­
ate effects for RNF, and about 50% higher than the sum 
of the separate effects for RME. This magnification of 
eifen when combining the removal of existing energy 
distortions with omission-rights trading is explained by 
what happens to the international price of oil in the 
combined measure compared to the two separate 
measures. Whereas the oil price falls by 9.2% when only 
existing energy taxes are removed and by 10.1% when 
only emissions trading is considered, it falls by only 2.5% 
when all the measures arc considered jointly (recall that 
dropping coal subsidies has no appreciable effect on oil 
prices). On the other hand, no Annex B region is adverse­
ly affected by the combined measure compared to the 
case NT-D. Thus, combining the two measures almost 
offsets the welfare costs inflicted on some developing 
countries by the Kyoto response measure without result­
ing in additional costs to Annex B regions.

Two main points can be drawn from the results in this 
section. First, the way emission restrictions are imple­
mented substantially affects Non-Annex B countries. 
Second, the implementation options considered here, for 
the most part, both reduce the cost of the Kyoto emission 
restrictions for Annex B countries and limit the impacts 
on Non-Annex B countries. The implementation options 
we considered do not completely eliminate all negative 
consequences for all Non-Annex B countries, but they go 
a long way toward doing so. The other side of this coin is 
that the implementation options we considered also re­
duce the unintended beneficial consequences of Annex B 
acu’ons on Non-Annex B countries, some of which arc 
the poorest members of this group.

Basically, a more efficiently implemented policy has 
smaller costs and smaller unintended consequences. Fur­
thermore, while we have not been able to consider the



influence of non-CO^ greenhouse gases and sinks, the 
work of Reilly et al. (1999a, b) died earlier, indicates that 
efficient use of these control options would reduce bur- 

even further.

5. Direct measures to reduce effects on developing
countries

The ways in which emissions constraints are imple­
mented can substantially reduce impacts on Non-Annex 
B countries, but as long as polides lead to reductions in 
fossil fuel use. fuel exporters will experience conse­
quences. In this section, we consider two options that 
go beyond the general polides that might accompany 
the imposition of Kyoto emission restrictions. These 
arc preferential tariff reductions for Non-Annex B 
countries, and direct compensation of countries suffer­
ing losses from Annex B implementation of the Kyoto 
agreement.

5.1. Tariff concessions

.Here we consider preferential removal of tariffs for Non- 
Annex B countries from goods imported into Annex B 
countries. When applying these preferential tariffs in our 
model, we exclude energy (oil, gas, and coal) and energy- 
iniensLve goods. Our reasoning is that redudng tariffs on 
energy-intensive goods would be inconsistent with the 
objectives of the Climate Convention, as this would en­
courage leakage of carbon emissions from Annex B to 
Non-Annex B regions. Tariff reductions extended to oil,

■ and coal would effectively shift production of these
Is from Annex B countries to Non-Annex B coun-

... Such a shift in production of oil, gas. and coal
would further concentrate Kyoto-related losses on the 
energy-producing sectors in Annex B. Tariff levels arc 
included in the GTAP data set. The effect of tariff conces­
sions can be computed by comparing the Kyoto case 
under current conditions (with Annex B tariffs in place) 
to a case assuming one-way reduction in tariffs by Annex 
B countries on goods from all Non-Annex B countries. 
We denote this case NT-TC, indicating No Emissions 
Trading and Tariff Concessions. AH fuel-specific taxes 
(distortions) arc in place.

The results of such tariff concessions arc shown in 
Fig. 5. Not surprisingly. the«n©-way preferential removal 
of Annex B tariffs from Non-Annex B goods causes 
welfare losses in all Annex B regions except FSU. which 
seems to realize minor gains from the resulting trade 
diversion. In contrast. EET is most affected by such 
a concession policy, losing all the welfare gains it might 
have achieved from Kyoto. This is because the conces­
sion policy diverts Annex B imports away from EET 
toward Non-Annex B regions. This is not true for FSU 
because, as reflected in the GTAP base-year trade staiis-

awT-o
a»rr-Tc

0^

0.0

.^5

•1.0
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Fig. 5. Kyoio Protocol with «nd without tariff concessions on non- 
energy intensive producu.

tics, FSU has lower tariff rates and a smaller volume of 
trade with OECD than does EET.

The effect of the concession on developing countries is 
highly variable. A number of countries benefit substan­
tially, South Africa being the most prominent example. 
A number of regions that would suffer welfare losses from 
Kyoto implementauon, on the other hand, are little affec­
ted by such tariff reductions. For example, benefits to the 
Persian Gulf countries (RME) and Venezuela (VEN) are 
quite small.

The basic conclusion is that a policy of country-speci­
fic preferential reductions in tariffs on Non-Annex B ex­
ports to Annex B nations would bertefit many developing 
countries, but not target the benefits to those countries 
negatively affected by Annex B implementation of the 
Kyoto Protocol. Furthermore, even if, in prindple, 
trade concessions could target countries that experience 
economic losses, predicting the dynamic effects of trade 
concessions targeted to closely compensate those 
adversely affected by Annex B climate policies would 
raise many difficult issues.

5.2. Direct compensation

We consider, finally, the level of financial transfer that 
would be required to compensate losses to Non-Annex
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^regions. Even iTsuch a direct transfer mechanism is not 
likely to be established, the calculations can oiler some 
indication of the attention that should be given to other 
mitigation measures, both those discussed above and 
others we are unable to model, such as technology trans­
fer. Naturally, the amount of compensation required to 
“minimize” Kyoto effects would depend on the strin­
gency of the emissions control measures taken, how the 
measures are implemented, and other uncertain 
economic developments between now and 2010. We 
make the calculations on an ex ante basis, using our 
reference scenario as a representation of conditions in 
this future period. We do not attempt to resolve the 
institutional question of how the adverse effects would be 
calculated in the year in which they are to be paid.

Here we explore the potential magnitude of these 
financial transfers, focusing only on those regions that 
suffer welfare losses. We make no correction for Non- 
Annex B regions that may actually benefit from the 
imposition of Kyoto reslricUons. Using the EPPA- 
GTAP Model, we analyze financial transfers by assum­
ing an implicit allocation of emissions permits from 
selected Annex B countries to those Non-Annex B 
regions that are disadvantaged. Since the regions of the 
former Soviet Union (FSU) and Eastern Europe (EET) 
are not under restraint in 2010, the transfer of permits 
must come from the four OECD regions only (see Table 
1 for their compositions). The obligation to transfer is 
allocated across the four OECD regions as a percentage 
of their individual post-reduction emissions targets.

The permit transfers are modeled such that each re­
ceiving region in Non-Annex B gets the same percentage 
of permits from each OECD region, with the objective of 
meeting the welfare criterion stated in the transfer scen­
ario. For example, if RME requires 1% of the permits 
allocated to OECD to meet the prescribed welfare level 
in the scenario, then 1% of these permits allotted to each 
OECD region are transferred to RME. The redpient

nation is then assumed to sell the permits back to the 
corresponding source at the marginal value in the source 
region. By this method, we can calculate the financial 
transfer that would be required, in the face of Kyoto 
implementation, to maintain all Non-Annex B regions at 
their reference levels of welfare, or with only some limited 
decrease in welfare. The calculation of the level of permits 
allocated was made endogenously in the model. Thus, the 
estimate takes into account the general equilibrium ad­
justment of the world economy to these transfers. To 
explore the magnitude of these general equilibrium ad­
justments, we also consider a case in which the effects of 
the financial transfers on goods flaws and prices are 
ignored.

Tabic 5 presents the results. Considering first the gen­
eral equilibrium adjustment, and assuming no trade in 
emissions permits, we can sec that the “minimization” of 
adverse impacts to Non-Annex B regions (noted in the 
table as AEV - 0) would require an overall annual finan­
cial transfer from OECD nations to Non-Annex B re­
gions of S27.6 billion in the year 2010. Somewhat over 
half this amount would comprise transfers to the Persian 
Gulf nations (RME). Other nations needing substantial 
transfers would include North Africa (RNF). Venezuela 
(VEN), Mexico (MEX), and Indonesia (IDN). If the ob­
jective were to mitigate these effects but not necessarily 
eliminate them, the overall transfer required would be 
substantially reduced. For example, the table includes 
a calculation for the 2010 loss in welfare within Non- 
Annex B nations limited to 1%. The overall transfer is 
cut to SI4.5 billion, and in this case, roughly 80% of the 
transfer is to the Persian Gulf region.

The allowance of permit trading among Annex B na­
tions would lower the financial transfers required to hold 
EV at zero. Direct transfers would be reduced by about 
25%, to a total of S20 billion, as shown in the table.

The EPPA-GTAP Model computes a general equilib­
rium adjustment to these financial transfers. That is.

Table S
Financial transfen from OECD countries required to reduce Non-Annex B welfare losses in 2010 to zero, or to a maximum of 1.0% (1995 SUS billions)

Region General cquiEbrium Partial equilibrium

No pennii trading Wilh trading No permit trading

AEV - 0 AEY C 1.0% AEV . 0 AEV-0

IDN 1.59 1.16 1.52
CHN 0.13 0j09
MEX 1.75 1.16 1.60
YEN 1.97 129 1.44 1.S4
RME 15.6 11J IIJ 14.7
RNF 2.96 1.72 2.26 269
SAF 0.14 ao6 0.15

Total 27.6 14.5 20.0 25.7
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compared to a solution without these transfers <NT-D), 
their addition increases the aggregate demand levels, 
cr-->ing an upward pressure on prices in the recipient 

•ies and decreasing the level of incomes in the
, countries. Thus, global adjustments occur in eco­
nomic activity, international trade; and prices in response
to the compensation plan. An alternative estimate would
simply calculate the financial transfers needed to return
Non-Annex B countries to the reference level of welfare
(in effect, calculate the EV loss in monetary terms), ignor­
ing the fact that these transfers influence economic activ­
ities in both recipient and donor regions. As can be seen
from the table, this partial equilibrium approach differs
only slightly from the EPPA-GTAP general equilibrium
answer. The total transfer in 2010 is approximately $25.7
billion; thus, the partial equilibrium approach to estima­
ting this figure underestimates the nc^cd transfers by 
about 7%.

Second, all of the above implementation options would 
also reduce the cost of restrictions for Annex B countries 
by increasing the cost-effectiveness of the emissions-re- 
duction policies or by eliminating other economic 
distortions. %

Third, as long as energy markets are affected. Non- 
Annex B countries that export energy are likely to experi­
ence some negative consequences. A broad policy of 
preferential tariff reduction on Non-Annex B exports to 
the OECD would benefit many developing countries but 
not target the benefits to those countries negatively affec­
ted by Annex B implemenlalion of Kyoto. Therefore, the 
only remaining methods of mitigation may be a selective 
use of preferential tariffs or some form of direct compen­
sation. If direct compensation is invoked, the required 
transfers could be substantial, concentrated on a few 
countries. We estimate the annual transfer for 2010 to be 
around S2S billion, the annual amount transferred 
would, of course, change over time.

6. Discussion and conclusions

It is no surprise that emissions conuol actions by the
large develop^ countries, which dominate world trade 
flows, will have ripple effects on the global economy, 
affecting countries that have not volunteered to share 
any burdens of the emissions control regime. The magni­
tudes of these impacts arc highly uncertain, but the anal­
ysis above does give an idea of what these impacts might 
be. Clearly, the greatest loss is imposed on energy ex­
porters, and the more dependent a country is on energy 
exDorts. the greater the effect will be on its economic 

re. A country like Mexico, therefore, wiih a large, 
iified economy, will be affected much less than will 

i,--.ons of the Persian Gulf(RME), for which oil revenues 
constitute a much larger fraction of GNP.

Our analysis leads to two broad conclusions. First, the 
way in which emissions targets are implemented can have 
a major effect on a policy’s impact on Non-Annex 
B countries. In parUcular:

• Unrestricted emissions trading would reduce impacts
substantially. With the accession of Non-Anpex B re­
gions to the agreement, the reduction could be even
greater.

• Removing fuel price distortions in Annex B countries
would also substantially reduce impacts.

• Removing coal subsidies would have a very small
effect, though it would reduce negative consequences
for South Africa measurably because of the import­
ance of coial exports to the South African economy.

• We did not consider the effect on Non-Annex B of
including other gases in the mitigation strategy of
Annex B. Other work we have conducted leads us to
believe that a "multi-gas” strategy would further re­
duce negative impacts on Non-Annex B countries.
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• Uses and limitations of economic equilibrium models
• EMF 18 - Models, Modeling Issues and Scenarios
• GTAP - Data Issues
• Implications of Kyoto for Energy-Exporting and Energy-

Importing Developing Countries
• Methodological issues: quantifying uncertainty and

decomposing spill-overs
• Outstanding Questions



Economic Models

• Can provide a useful reality check for policy proposals. 
Model-based justification for a policy proposal is a necessary 
but not a sufficient justification for the proposal’s merit.

• Most dependable for policy issues which involve small 
changes from base year conditions

• Determinants of structural change, economic growth and 
development, international financial markets are all 
challenging issues for current models

• Model comparisons are essential in order to sort out a 
concensus opinion among the academic community.
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Models Participating in EMF 18:
"International Trade Dimensions

of Climate Policies"

Large collection of heterogeneous models
Considerable variation in results presented at the first
meeting
At present time, we are unable to summarize findings, as a
number of modeling groups are making changes which may
change results substantially
Focus on international spillovers, leakage and capital flows

ABARE-GTEM
(Ausnxdian Bureau of Agriculture and Resources)

Economics - aobal Trade and Environment Model)

Brian FisherA'ivek Tulpule/Danen Kennedy/
Steve Brown (ABARE)

AIM
(Asian-Pacific Integrated Model)

T. Merita, M.Kamuma (MIES, Japan)
Yuzuri Matsuoka (Kyoto University)

GCubed
(Global General EquUibrium Growth Model)

Warwick McKibben
(Australian National University)
Peter Wilcoxen (University of Texas)
Robert Shackleton (US. Congressional Budget Office)

GEMEVl-E3/GEMWTrap Modd
(A General Equilibriitm Model of International
Interaction lor Economy-Energy- Envnonment)

Alain Bernard - IVSnistry of Equipment, Housing and
the Environment (France)
Marc VieUe - CEA/IDIE (France)

MERGE 4.0
(Model for Evaluating Regional and Global

Eflects of GHG Reductions Policies)

Alan Manne (Stanford University)
Richard Richels (EPRl)

MIT-EPPA
(Emissions Projection and Policy Analysis Model)

Henry Jacoby/John Reilly (MIT)
Mustafe EJabiker/Ian Sue Wing (MIT)

MSMRT
(Multi-Sector - Multi-Region Trade Model)

David Montgomeiy/
Paul Bemstem (Charles River Assoc.)
Thomas Rutherford (Univ. Of Colorado)

SGM
(Second Generanon Model)

Jae [almonds (Pacific Ntarthwest National Lab)
Ron Sands (Pacific Northwest Nationai Lab)

WAGE
(Worid Applied General Equilibrium Model)

Claudia Kemfert (InsOMte for Energy Economic
Investigations and the Rarionale Use of Energy (lER),
University of Stuttgart, Germnany)

WORGDSCAN Tom Manders/Hans Timmer



Modeling Issues Addressed by EMF 18

• Determinants of aggregate leakage
• Spillovers for oil, coal and energy-intensive industries - 

determinants of winners and losers
• Sector-specific impacts (coal mining, oil refining, energy- 

intensive sectors - EIS)
• Role of EIS in the development process (higher GDP shares 

in developing countries)
• The Armington formulation
• Physical processes versus neoclassical production functions
• Treatment of exhaustible resources and the determinants of 

oil supply response

I

Data Issues Facing EMF Modelers

• Strengths and weakness of the GTAP/IEA database
• Updating to a 2000 base year
• Representation of EIS location decisions and technology 

choice (relatively little base year trade in EIS, and most of 
that is from the North to the South)

• Important to compare and quantify the differences implied by 
data versus model structure in order to identify important 
data issues

• Impacts on developing countries are particularly difficult to 
assess due to difficulties in reconciling energy and economic 
data



EMF 18 Scenario Focus

• Terms of trade effects and the transfer of impacts across
countries

• Leakage rates and their determinants
• Impacts on developing countries
• Oil price responses
• Decomposition methodologies

GTAP

• Mission of the project; assemble a consistent set of
economic production and trade statistics for a recent year in
order to facilitate policy analysis.

• Based on joint work with GTAP consortium members from
Purdue and OECD

• Extended with sattellite tables for fossil-fuel production,
demand and trade through a project funded by DOE.

• Energy dataset includes 45 regions, 23 goods and four
primary factors, and a 1995 base year for energy and
economic data

• Sattelite energy data based on 1995 energy balances from
OECD/IEA; converted to exajoules and tkwh



Carbon Content of Energy-Intensive Goods 

Produced in Different Regions Can Vary Widely
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Change in Net Exports of Embodied
Carbon Between OECD and Non-OECD

Countries
Comparison of Base Year with a Counter-Factual Equilibrium 

with both UR and OECD Carbon Abatement 
(Millions of metric tons)
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CRA Models Based on GTAP

• International models currently in use or under development
at CRA:
► HAM (integrated impact assessment)
- 80 small open economies
- 6 region trade framework
- Ramsey determination of savings and investment

► MS-MRT (multi-regional, multi-sectoral trade model)
- 25 regions, 5 energy goods, 1-7 other goods
- Special applications for auto stock, chemical industry

► CETM (carbon emission and trade model)
- 8 regions, several energy-intensive goods
- Process representation of energy sectors (ETA)



Policy Questions

• What are the costs of Kyoto in 2010 under alternative 
assumptions regarding permit trading?
► Kyoto Targets without trade
► Annex 1 trade
► Annex 1 trade + China or India or Brazil or CEA

• How do carbon taxes interact with international trade
► Steam coal markets
► Oil markets and welfare of non-Annex 1 countries
► Aggregation bias: how many goods are needed?

►

►

Economic Impacts of 

Commitments by Annex 1 Countries

OECD Countries - unambiguously negative 

Reduction in GDP due to higher energy costs 

Loss of competitiveness to non-participating countries
• Developing countries - offsetting effects

► “Income effect” - loss in exports due to reduction in 

demand in OECD
► “Substitution effect” - possible gain in competitivenss 

because of lower energy costs
► “Terms of trade effects” - decreases in oil and coal 

prices, increases in prices of energy-intensive imports
• Oil producing countries - negative and potentially large

I



International Trade Effects

• Carbon emissions abatement in Annex-B can result in
significant reductions in international oil and coal prices

• Carbon abatement in Annex-B provides an economic
incentive for energy intensive industries to migrate from US,
Canada, Australia and Japan to developing countries

Economic Implications for
Developing Countries

• Most developing countries would be harmed by emission
limits in the industialized countries, even if they do not take
actions to reduce their own emissions.

• China is an exception, due to a favorable positions in trade
and energy

• Oil-exporting developing countries face the largest costs
often exceeding those of the industrial countries.

• CDM and Annex B trading provide limited welfare gains to
developing countries



Impact of Uniform Targets 

on Non-Annex 1 Countries I

Saudi Arabia ^ 
Venezuela 

Gabon -! 
Mexico -j 

Indonesia 
Malaysia 

Bolivia - 
Singapore - 

China - 
Pakistan - 

India - 
South Korea -
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Participation of Developing Countries
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• Kyoto with no permit trade produces an average leakage rate 
of roughly 20%. Annex B trading has virtually no impact on 
this value.

• Limited CDM (<2.5% of emission targets, 5% of obligation) 
does nothing to prevent GDP losses or migration of 
industries and other competitive effects.

• China+India are 27% of global emissions in 2010. Unless 
they participate, cost savings from other developing countries 
are limited.

• China and India gain from a large influx of energy intensive 
industries and improved GDP when they remain outside a 
global agreement.



Reasons for Beneficial Effects of Annex B
Emission Limitations for China and India

• Industries are carbon intensive relative to other non-Annex
B regions, so that lower energy costs are a large advantage

• Higher ratio of exports to Annex B than other non-Annex B
regions

• Lower share of imports from Annex B than other non-Annex
B regions - higher costs of energy-intensive imports are less
important

• Not a significant energy exporter - lower world oil prices
provide significant benefits.

Carbon Content
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Production and Trade in Energy-Intensive Goods
USA
147.6

JPN
131.4

EUR
218.8

FSU
9.2

ROW
100.0

Kyoto-Induced Changes in EIS Trade (Vo)

USA

,+40.2

+35.0 + 14.7

+ 18.8

-11.4

+23.9

+ 12.0 '+25.2

EUR

+29.9

10.4

I

ROW



WTO Provisions and
Green Trade Restrictions

Bases for Wavers of MFN Obligations and Tariff Bindings in OECD

• Article XXV of GATT and Article IX of WTO
► Required to support environmental policy and to deal with

“exceptional circumstances”
• Article XX of GATT

► Safeguard of public health, natural resources, national security and
operation of domestic laws

• Agreement on Subsidies and Countervailing Measures
► Broad interpretation of subsidy to include “government revenue that is

otherwise due, is foregone or not collected” - absence of
environmental taxes constitutes unfair and sector-specific subsidies

Coal Market Statistics

• Coal as a fraction of fossil fuel demand:
► 73% in China
► 53% in India
► < 11% in Brazil and other developing countries
► 36% in Central Europe
► 32% in Other OECD (Austral-Asia)
► 25% in the US

• 14% increase in China’s coal consumption in 2010
contributes 21% to the global leakage rate.



Source Versus Destination 

Taxes On Fossil Fuels

• US welfare cost of Kyoto rises by an order of magnitude if 

tax revenues are remitted to the oil exporting countries
• Welfare cost of Kyoto for oil exporters is on the order of 5- 

10% of GDP under a destination tax. This changes to a 50% 
welfare increase when taxes are applied on a source basis.

• In most models the price elasticity of demand for oil is 
inelastic, so the gross payment for oil increases with the 
carbon tax

h

Outstanding Issues:

Considerable uncertainty regarding the extent to which 
individual non-Annex-B are harmed by actions undertaken 
under the Climate Convention. Models are useful for 
understanding economic effects and orders of magnitude, but 
they are not ready to provide detailed estimates of damages.
Technology transfer programs have obvious appeal, but they 

would be difficult to administer and suffer from a lack of 
clear individual incentives.

Continued attention to the legality and likelihood of border 
measures is warranted



Quantifying Uncertainty
*a-^?An583US:3^f'V>v^*ia^.'S*-

• Problems arise in the definition of input distributions - we
typically do not have statistically meaningful samples, so a
mathematically consistent approach, while appealing, is
unlikely.

• There are important interactions between assumptions
regarding correlations of parameters across markets.

Quantifying Uncertainty
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Identifying the Source of Uncertainty
MPC Welfare I
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Need to assess magnitude of multilateral spillovers from 
Annex B policies on non-Annex B countries
Existing analyses typically are based on partial equilibrium 

reasoning, e.g. calculating changes in terms of trade
The problem with partial-equilibrium approach is that the 
decomposition is incomplete and does not “add up”



Key Findings:

• Emission constraints induce significant spillovers from
Annex B to non-Annex B countries, both positive and
negative

• In our analysis the greatest individual contribution to
spillovers is due to actions of the United States

• There are significant positive spillover effects from US
action for Japan and Europe

• Actions of other Annex B countries have negligible impact
on the US

• The linear decomposition methodology provides a matrix of
bilateral compensation payments, however specific values
depend on instrument choice

Percentage of Welfare Variation Attributable to
Actions of Individual Annex B Countries

{tax instrument decomposition)

USA EUR JPN OOE CAN CEA
USA 107 -4 -3 -1 1 !
EUR -121 264 -23 -4 -15
JPN -47 -8 165 -4 -7 1

OOE 16 7 18 58 1
CAN 10 1 -3 92 I

CEA 67 11 11 1 9 i

FSU 55 18 30 4 -7
ASI 102 4 -25 9 10
BRA 68 7 14 1 10 i
CHN 82 1 -9 3 23 -1 '
IND 73 7 11 1 9 1
MPC 70 11 11 8 !

i
ROW 57 18 17 1 7



How can impacts on consumers of fossil fuels be assessed?

Using a multi-sectoral general equilibrium model, we have a 
consistent framework for thinking about these effects. Key 
uncertainties relate to the response of international oil prices to 
changes in Annex-B imports.

How should we address the gathering of information 

on the impact of the implementation of response 

measures, drawn from the national communications of 

non-Annex I Parties and other sources?

The OECD/IEA data is a useful starting point, but there is a great 
lack of consistent economic data which corresponds to this 
information. The GTAP consortium and the EMF provide models 
of how collaborative work might be conducted.



What is the nature and content of information needed
for evaluating the impacts on:

Terms of trade
International capital flows and
Developmental efforts

resulting from the implementation of response
measures?

Any analysis of these issues must begin from a consistent base year
dataset describing production and trade. Terms of trade impacts
depend on capturing both the nature of new vintage production
techniques and the transmission of prices through international
trade.

Capital flows are a concern only in the effect of large-scale permit
transfers to the FSU countries.



Non-Annex B Impacts of Annex B Policies

John Reilly
Joint Program on the Science and Policy of Global Change 

Massachusetts Institute of Technology

I review the complex set of interactions among countries that lead to impacts on 
Non-Annex B countries. I identify 5 broad mechanisms or paths by which Annex B 
policy actions may affect Non-Annex B countries. Listed in approximate order of most 
to least studied these are; (1) Terms of trade effects, dominated by the effects on the 
prices of traded energy goods (e.g. oil, gas, and coal). (2) Overall impacts on the volume 
of trade—lower economic growth in Annex B means less demand for non-Annex B 
exports (3) change in comparative advantage of energy-intensive versus less energy 
intensive industry among regions (4) Economic effects of payments related to CDM (or 
carbon permits if a non-Annex B country elects to take on an overall reduction 
commitment) (5) The effects of carbon policy on earnings of capital invested outside a 
country or on labor earning remittances and the extent to which capital and labor can 
move internationally in response or in anticipation of Annex B policies. For the most 
part, these effects are the result of complex international trade and finance relationships. 
It can, therefore, be misleading to evaluate non-Annex B impacts using analytical 
techniques that do not represent these interactions.

For an example set of Non-Annex B countries, I provide estimates that suggest 
the relationship between carbon prices in Annex B and impacts on Non-Annex B 
countries. This provides a start at quantifying the relationship between Annex B policies 
and uncertainty in Non-Annex B effects. Much uncertainty in non-Annex B impacts is 
due to uncertainty in the carbon price in Annex B countries. This suggests that impacts 
can be more confidently assessed once we observe the effects of Annex B policies in 
terms of carbon price. An average carbon price can serve as an index of these impacts; 
to estimate the full effect of Annex B policies on non-Annex B countries would require 
formulas for converting the variety of policies Annex B may undertake to reduce 
emissions to a carbon-price equivalent basis. Such a process would be similar to 
estimates of producer and consumer subsidy equivalents in international trade work. I 
offer some concrete steps that are needed to improve estimates of non-Annex B impacts 
on the assumption that these impacts would be evaluated contemporaneously with the 
imposition of controls in Annex B. I conclude by identifying some of the tough issues 
that will need to be addressed.



Non-Annex B Impacts of
Annex B Policies

Presented by John Reilly
MIT Joint Program on the Science

and Policy of Global Change

Workshop on Article 4.8 and 4.9 of the Convention: Impact
of the implementation of response measures

13 - 15 March 2000
Bonn, Germany



Presentation Outline
Complex set of interaetions among eountries that lead 

to impacts on Non-Annex B countries.

Quantifying the relationship between Annex B 

policies and uncertainty in Non-Annex B effects.

A process for evaluating impacts on Non-Annex B 

countries.

Concrete steps.



Issues: Most to Least Well-Studied
• Terms of Trade—^Price of exports versus imports.

• Overall trade volume effects—^Reduced demand for
non-Annex B exports due to less income in Annex B.

Relocation of industry due to energy price effects.

Payment for GDM credits or other reductions.

Financial Capital and Labor Mobility—investors and
workers seeking highest return and better



Terms of Trade Effects.
Energy price changes dominate:
- The direction of effect for most economies is 

clear
- The magnitude of the effect for particular 

economies depends on:
• Estimates of the cost to Annex B of the policies.
• How important energy exports or imports are to the 

non-Annex B economy.

- Lower cost of energy use outside of Annex B 

contributes to carbon leakage.
If^P ISV. ^OfQ
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Overall Trade Volume Effects

Annex B countries are the major markets
for goods from non-Annex B countries.
- Lower economic growth in Annex B means

less demand for non-Annex B exports.
Inclusion of this effect in analyses is
relatively more recent and not all models
include this mechanism.
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Relocation of Industry
Annex B climate policies favor relocation of 

energy-intensive industries to countries without 

these policies.
- The estimated magnitude of this effect varies widely and 

depends on key specifications of existing models.

One aspect of this phenomenon is carbon leakage.
- Carbon leakage rates range from 6% to 30% or more. 11

High end leakage rates are due to lots of relocation



Carbon permit payments to Non-
Annex B?

’ CDM rules or how non-Annex B countries could
take on commitments are not yet well-specified.
- Aggregate models poorly represent the magnitude of CDM

carbon reductions, real cost to the non-Armex B country,
and payments to the country.

The details of policy design and economic effects
of them need more analysis.
- Is participation beneficial for a particular non-Annex B

country? Under what conditions? Relative merits of CDM
versus other mechanisms? OB
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International capital and labor
mobility.

There is a web of cross-border investment and 

cross-border wage remittance. Compare:
- Economic impacts that occurs within the border of a 

country.
- Economic impacts to labor and capital that may be owned 

?y residents of other countries.

Capital and labor may also move due to climate 

policy, seeking higher returns or better jobs.
- How much international capital and labor mobility is

Pfithere? How fast can small economies absorb capital? V-IBtnsu
3E



The Effects on Energy Exporters
and Importers are Different.

* Fossil energy exporters experience large
economic losses from Annex B policies.

* Non-Annex B energy importers often
benefit.

* The size of these impacts are uncertain:
— Much of the uncertainty is due to estimates of

the carbon price in Annex B countries.



Fossil Energy Exporters
Fossil energy exporters lose due to Annex B 

actions compared to a reference projection
- Energy prices & volume of exports fall
- These negative effects dominate, more so if the energy 

production sector is a big part of the economy.

Partially offsetting gains
- Energy intensive industrial production could move from 

Annex B to Energy Exporting Countries.
- If much relocation, the negative economic effects might be 

much smaller than currently estimated:
• But carbon leakage increases. Ofi

c
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Non-Annex B Energy Importers
Multiple effects
- Lower energy prices in world markets are a benefit.
- They may also gain from relocation of Energy Intensive

Industries fi-om Annex B countries
- They may suffer losses from reduced exports of other goods

to Annex Baa result of lower overall income in Annex B
and reduced demand for imports.

- Shift of financial investment to these countries could spur
growth.

- Potential CDM & carbon permit payments benefits

Energy price effects are important but not as large
as in energy-exporting countries. <$^3r
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Quantifying Carbon Prices &
Non-Annex B Impacts

Large uncertainty in economic growth, energy
prices, other factors over the next few decades
(e.g. 2000-2030).
® wide range of estimated Annex B carbon prices.
(D uncertainty in non-Annex B impacts.

High Annex B emission growth ® high carbon
price ® big impacts on Non-Annex B countries.
Low Annex B emissions growth (D low carbon
price (D negligible impacts on Non-Annex B
countries Ofi.



w'p
pAm

fe
pfc
IS

1
m«
1*

Uncertainty in Carbon Prices & Impacts on Non-
Annex B Countries, 2010-2030: Examples
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Implications
Wide uncertainty in non-Annex B impacts exists.
- E.g. Middle East range from 0 to -16 percent.

Much of this can be reduced if we wait to observe 

the carbon price and focus on specific countries.
— If in 2010 the carbon price in Annex B is $200 we are 

much more certain that the impact on Venezuela would be 

a loss of 5 percent and for India a gain of .5 percent.

Model differences and limits discussed earlier 

would still be a source of additional uncertainty.



One Way to Proceed
1. Improve estimates of the relationships between

carbon price and non-Annex B impact.
Panel of experts choose best estimate of the
relationship for each non-Annex B country.
Used observed carbon prices (during the
commitment period) in Annex B countries as
basis for estimating impact on Non-Annex B.

4. Convert various Annex B carbon policies to a
“carbon price equivalent.”

Ch
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Some Research & Follow-on Tasks
Model Improvement
- Disaggregated regions, other GHGs, better representation 

of all mechanisms through which Annex B policies affect 

non-Annex B.

Improved Data and Reference Forecasts
- Estimates of emissions growth, energy use, CDM potential, 

data for model improvement—^particularly for non-Annex 

B & trade relationships.

Carbon Permit Price Equivalency Calculations
- Develop approach and develop data reporting system.



Tough Issues to Resolve
Reference for non-Annex B impact scenarios.
- Existing Annex B energy taxes
- Energy exporter pricing & production restraints
“Carbon price equivalence” of Annex B policies
- Which policies are climate policies?
- Anticipatory response, “early action,” voluntary

reductions, no-cost reductions.
- Basis for estimating equivalency

Process for agreeing on impact estimates.
- Role of technical experts; arbiter of final decisions.*^
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g The Kyoto protocol and its impact on 

global oil markets up to 2020

Knut H. Alfsen

aCERO
SmtofbrUimafiinfaiiq

Based on a studiy carried out by Oxford Institute for Energy Studies and 
CICERO in 1999, and financed by the Ministry of Oil and Energy of Norway

To be published as an Oxford University Press book “Fossil fuel in a 
chanhing climate” in the spring of 2000



The question

a
• What are the impacts of climate protocols

on oil production revenues

The answer: It depends ...

CICERO CgiiwIwIiittmaitaHlClinwtiwdfavro^
Smtnlwldinufbnfaang

rsmoxFORoNSTTnjTE

BaS

A seemingly simple question

I



Why one more model-based study?

• NEMS, EPPA, MERGE, SGM, GREEN, G- 
9 cubed, HAM, GTEM, ...

• ... and now CLIMOX

CiCERO CenMlwIntmuilo^aifflMMdEflvjrimcnQlfleKiKhr-Oilo
SwlctfDrklimifonbiing mM

Adds to the set of assumptios, samples the assumption space 

Certain advantages in the construction and use of CLIMOX



9

Assumptions

• Resource and technology availability (backstop)
• Supply and demand elasticities
• Foresight?
• Industrial flexibility at the regional level
• Substitution possibilities among input factors
• Regional and sector aggregations
• International capital flow and financial effects

CICERO C(m«>xliiWwtfcMOInwteaniltovito(wwtillleswithrOj^
:SmtvfDrldln^iiKlu<n9



CLIMOX advantages

H
• Explicit consideration of oil supply, including 

non-conventional oil
• Includes fugitive methane emissions
• More realistic policy based considerations of 

mix of instruments

CiCERO
Smlaibrk&iulbntning



CLIMOX: OIES model for climate
policy analysis

H
Based on the GTAP data base and model,
together with OECD’s GREEN model
Base year: 1995
Production function structure as in GREEN
Neo-classical foundation

CICERO Ccntnf(irlniniuilonaiaim<lcaKlBninnmnt9lites«)i(ti-0!lo
SmlCftHkanafonkreng

I NStnUTE
ENERGY
STUDIES
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... the model

• Fossil fuel supply modules based on transparent 

exogenous parameters determining e.g. capacity
• Solves for single periods (5 year averages)
• Capital stock distinguished by vintages
• Stock variables (capital, labour) updated
• Model is calibrated => scenarios, not forecasting

GiQRO (>nt«ti)tliiwwitonalQlwafctnd&wfenm
Senttrlbridiaufbnknng

lOXPORDInstitute
ENERGY
STUDIES
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Sectors in CLIMOX

• Non-energy sectors
• Agriculture
• Forestry
• Paddy rice
• Livestock
• Energy intensive

manufacture
• Transport
• Other goods and services

Energy sectors
Oil
Refined oil
Gas
Coal
Electricity
Gas distribution

CICERO OnWfatliittwilonalCliwiftindEiwnnmtnoll^
Smwfbrttinifcnkning grasiaiapii
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Regions in CLIMOX

Annex I
USA
EU
Japan
Rest of OECD/Europe 
(ROE)
Rest of OECD (ROO)
Economies in transistion 

(EIT)

Non-annex T
China
India
Asia Newly 
Industrialising (ANI)
Middle East and N. 
Africa Oil Exporters 
(AOE)
Latin America (LAM) 

Rest of World (ROW)
aCERO

Smtolbrilfinubnkaiig
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Three scenarios to 2020

• Business as usual (BaU)
• An extention of the Kyoto Protocol (Kyoto)
• A global, ambitious scenario (Ambitious)

ciaRO
SmttrfnkrinaMrin;

CeUwfeflrmiiHiionalOifiwtei^tiivinxirruiiultetiidi - Oslo



H

Population
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Average annual BaU economic growth
1995-2020

aoRO

■ USA
■ JPN
■ EUM
ilROE
■ ROO
■ EIT
UCHN
■ DVD
□ ANI
■ AOE
■ LAM
■ ROW
■ WORLD

CcnkttelMErnuiMViiaiNR^&lnnnncnt^
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Kyoto scenario

Kyoto protocol targets extended to 2020 

Japan and EU limits use of the Kyoto mechanisms 

Sales of ‘hot air’ from EIT limited 

‘Realistic’ policy mix
- Use of flexible mechanisms
- Carbon tax/National quotas
- Energy tax
- Energy efficiency
- Sinks

CICERO Cmi«faliiWMitaj(lifflaitai(l6wii^
SmlahrUm^onbing til iJ energy
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'Sizing the Cake’ in the ambitious
scenario: Global CO2 energy emissions

---- OES BaU
---- 550B»
---- 550A*
• Kyoto target
♦ 2020 target

SetitvfofUinafiintaiii;

2005 2010 2015 2020
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Ambitious scenario: ‘‘Distributing the 

cake”

100

aCERO

1995 1995 Global
Population Emission preference 

shares shares score shares

_______ &n>afelntrow»(rtaiiiwfeOTl6wnwiwnt»llte>idir
StntnlbrldinWHslinng

Row 
India 
China 
Annex 1



Energy CO2 and Fugitive-Fuel CH4
Emission Index

-^BaU
Kyoto

“^Ambitious

CICERO

1995 2000 2005 2010 2015
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2020
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Emission shares
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Oil supply - Ball and Ambitious

a
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Oil price index - BaU and Ambitious

CICERO
-BaU Ambitious
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Coal consumption - Ball and Ambitious
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Gas use - BaU and Ambitious

CiCERO
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Loss of revenue relative to BaU in 2020

H 0 %
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Countries exporting oil more dependent on oil revenue than coal and gas 
producing countries
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Oil revenue indices
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Gas revenue indices

S
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Coal revenue indices
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Changes relative to BaU in 2020

H
Conv. oil

Emissions production Oil price Oil revenue

-10 »/o

-15 »/o

-20 %

-25 »/o

-30 »/o

ScflinIbiliSnatofaiing

■ Kyoto

■ Kyoto without cartel

il National quotas

D Energy tax

B Ambitious

B Ambitious without 
cartel

B Ambitious with a 
strong cartel

iS?

Oil exporting countries could be expected to argue strongly in favour of the 
flexible mechanisms



Some conclusions

• Climate policy affects all producers of fossil 
9 fuels

• The choice of policy intruments matters

Oil producers should argue for the full use of 

the flexible mechanisms
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The Kyoto Protocol and its impact on global oil markets
up to 2020

Knut H. Alfsen
CICERO

Center for International Climate and Environmental Research Oslo

The question
The question posed in the presentation is: What are the impacts of climate protocols on oil 
production revenues?

The answer
To help answer this question, I will use the CLIMOX' model, developed by the Oxford 
Institute for Energy Studies. This model is a general equilibrium model and covers 13 sectors 
in 12 world regions. Although a number of model-based climate policy studies have already 
been performed, this study has a number of advantages, including the following:

• It explicitly addresses the issue of oil supply, including non-conventional oil;
• It includes fugitive methane emissions;
• And it is has been able to take into account the likely variation in policy development

from region to region, thus producing more realistic policy scenarios.

After I elaborate on these advantages, 1 will then describe some of the fundamental 
assumptions underlying the construction and use of the model. Thereafter, I will present the 
three scenarios developed by using the CLIMOX model:

• CL-ii).------ *-*

1) A business as usual scenario up to the year 2020,
2) A scenario prolonging the Kyoto Protocol to 2020, and
3) An ambitious scenario where the greenhouse gas emissions of all countries are regulated. .P'lC,

Anti

The impacts of these policy scenarios on emissions and fossil fuel markets will be illustrated 
with special emphasis on effects on revenue from fossil fuel production.

Some conclusions
While income from oil, gas and coal production is expected to decline with the establishment 
of climate regimes compared to the business as usual scenario, the distribution of losses 
among regions varies according to the fuel under consideration. Also the distribution of 
revenue losses is strongly affected by the type of protocol (restricted to Annex I-countries in 
the case of the Kyoto scenario and global in the Ambitious scenario) and the type of policy 
instrument employed to reach the emission targets (that is, flexible instruments vs. command 
and control). Finally, the potential emergence of cartels in the market for emission permits 
will have an impact on future fossil fuel revenues.

' A full presentation of the model and the studies carried out by the use of the model is forthcoming in a 
book titled “Fossil fuel in a changing climate” to be published by the Oxford University Press in April 
2000.
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Sustainable Development

Meeting the needs of the current generation
without compromising the ability of the
future generations to meet their own needs.

...The Bmndtland Commission
Ability = capacity for sustainable
development = necessary but not sufficient
condition

/



Global Income Inequity

Population Income

82.7%

11.7%

(



The “2 billion” Poor



Alternative Approaches

• Static approach: finance, welfare increase
• Dynamic growth theory

- Rent creation=> incentives for investment or 

rent seeking (transparency, governance)
- Gradualism versus sudden changes
- Dollar report: successful ODA as leveraging
- Institutional structure (value chains, 

certification)



Sustainable Livelihoods

Coping Strategies
Asset Base of the Poor: physical capital,
human capital, natural capital, technological
capital, social capital
Vulnerability
Capacity
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Capacity for Sustainable
Development

Climate Capital
Conventional capacity
- Financial Capital
- Technological Capital
- Ecological Capital
- Social [equity] Capital
- Institutional Capital
- Cultural Capital;



Climate Capital

Correlation between emissions and PCI
Cross-section and time series

Carbon intensity indicator: possibility of 

sustainable development transition through 

increase in carbon intensity
In medium term, increase in emissions from 

0.3-0.5 tC/cap to 1-2 tC/cap indicated
Long-term feasibility: 0.25-0.3 tC/cap



Relationship of Carbon Emissions to Income
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World Carbon Emissions by Region
Reference Case, 1990-2020 (Million Metric Tons)

Reqion/Countrv History Projections Avg. Ann. 
% Change

1990 1996 2000 2010 2020 1996-2

North America 1550 1687 1833 2079 2314 1.3
United States 1346 1463 1585 1790 1975 1.3
Canada 126 140 151 162 182 1.1

Western Europe 936 904 947 1021 1114 0.9
industrialized Asia 364 389 377 435 479 0.9

Japan 274 291 273 322 358 0.9
Australasia 90 99 103 113 122 0.9

Total Industrialized 2850 2980 3157 3535 3907 1.1

Former Soviet Union 991 613 583 666 746 0.8
Eastern Europe 299 228 243 270 277 0.8

Total EE/FSU 1290 842 827 935 1024 0.8

Developing Asia 1065 1474 1659 2426 3377 3.5
China 620 805 930 1391 2031 3.9
India 153 230 273 386 494 3.2

Middle East 229 283 323 434 555 2.8
Africa 178 198 214 270 325 2.1
Central and South America 174 206 251 418 629 4.8
Total Developing 1646 2161 2447 3547 4886 3.5

Total World 5786 5983 6430 8018 9817 2.1

Sources; History: EIA, International Energy Annual 1996; Projections; EIA, Annual Energy Outlook 1999



Equity and Climate Change
© Consistent principle in FCCC

- But persistent doubts in South
4 different approaches
- Silenced: tradable permits/ rights to commons
- Ignored: Liability for damages
- Muted: 2 billion excluded
- Actual compromise: commitment, no payment,

space for SD (but not Australian model)

(



The Compromise on Equity
No payment for South for any commitment 

(but persistent fears of it being overturned)
Not the same thing as a lack of willingness 

to act (i.e. to combat climate change)
Refusal to accept restrictions on the space 

for sustainable development
Commitment contingent on explicit 

demonstration of Northern commitment



Growing Southern Emissions
Pinguelli-Rosa, La Rovere, Ribeiro, Tolmasquim 1998

• 1990: Only 20 per cent emissions from non-
Annex 1

• 2016: 50 per cent emissions from non-
Annex 1

• 2056: 50 per cent of contribution to
atmospheric carbon concentration

• 2118: 50 per cent contribution to global
temperature increase

(



Carbon Trajectories for 

Stabilization at 450 ppm



Carbon Trajectories for
Stabilization at 450 ppm

Cumulative emissions: 650 GtC
1990 emission rate : 6 GtC/yr
2100 emission rate : 3 GtC/yr



Growing Southern Emissions
Billion Metric Tons

Non-Annex I
■i Annex I

1990 2010 2020 2010 2020

IE099
Reference Case

Kyoto Protocol 

Target

Source: U.S. Department of Energy - International Energy Outlook 1999



Growth Caps: An Emissions “Guessing Game'

Source: World Resources Institute



Financial Capital and SD

ODA Future Trends and Baselines
ODA-CDM Fungibility/Complementarity
Separate CER and FDI. What will happen 

to CER? Table
How to maximize CER earnings?
Human Security for the 2 billion poor.



Capital Flows to “Developing” Countries
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■Other Official Flows
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Private Flows at
market terms
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1996 prices and
exchange rates)

Source: OECD, Development Assistance Committee (1998)
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Estimates of the CDM Market in 2010

Sources: Edmonds eta/. (1998); Ellerman and Decaux (1998); Haites (1998b); McKibbin eta/. (1999); 
Van der Mensbrugghe (1998); Vrolijk (1999); Zhang (1999).



C02 Permit Price Simulations

EU = European Union; CEE = Central and Eastern Europe; Annex I = OECD (US and EU) and CEE;
World-Wide = all nations (Annex I + developing countries).



Technological Capital

Incentive for renewables transition
Technology for Sustainable Livelihoods
Experience with AIJ projeets
Experience with EDI. Code of conduct
Value chains approach. “Certifier-driven' 

value chain



Industrialized Countries:
Carbon Intensity

Tons of carbon per million dollars of GDP (PPP)

United States

Source: World Resources Institute



Developing Countries: 

Carbon Intensity
Tons of carbon per million dollars of GDP (PPP)

Korea

Mexico
roentina

Source: World Resources Institute



China: Carbon Intensity
Tons of carbon per million dollars of GDP (PPP)

Source: World Resources Institute



Institutional Capital

National: Planning, research, policy 

development, establishment of priorities, 

selection of projects
Local: Community institutions, links 

between poverty, resource management, 

and protection against global impacts
Global: research capacity, advocacy, policy 

agreements



Kyoto Mechanisms
Kyoto

Protocol

National Policie^ 
Annex I

Corporate
Strategies

Global Reduction 
5.2% over 1990

Reduction Committments 
by Countries (QELRC)

Market Instruments'"'^ 

Regulations

Incentives and/or Obligations 
to Reduce Net Emissions

Domestic
Activities

Internationa
Activities

Technology
Management
Consumption

Finance, 
Certification, 
Monitoring

Investment
Domestic International

Emissions Trading Jl J CDM

Institutional/SupportiveFramework 
Project Approval/Seclection Mechanisms 
Capacity Building (project preparation, 
certification, infrastructure, national reporting) 
National Reporting

f National \ 
( Policies J 
V non-Annex I J



Recommendations

Renewables transition
sustainable livelihoods
Capacity building for certification, 

monitoring, project preparation, self­
protection, research and policy development
Baselines on ODA
National adaptation funds
Gradualist approach
Code of Conduct



GLOBAL EMISSION SCENARIOS
EMISSIONS EMISSIONS

iGET TARGET

TIME

• TOTAL

TIME



: • ■

UNFCCC PRINCIPLES
Article 3.2 and 3.3 emphsise the 

special needs of developing 

countries that would have to bear a 

disproportionate or abnormal 

burden, should be given full 

consideration, and account must be 

taken of different socio-economic 

contexts.



Proposed Strategies

Sii
M

Long Term Policy Measures
• A1 look at domestic mitigation

measures first such as reduction of
local fossil usage.

• Technology transfer linked to
restructuring economies dependent on
primary fuel income to service
industries.

• Technology transfer link to COM and
adaptation fund

• Forced leakage



Proposed Strategies
Actions not ‘wait & see’, nor ‘act now’, but 

rather sequential approach
Short Term Policy Measures
• Modeling and scenario work on response 

measures impacts and actions, and 

development, equity and sustainability with 

explicit terns of reference from the Parties. 

Peer review by Party representatives
• Technical review of mitigation measures as set 

out in the National Communications from A1.
• R&D on macroeconomic impacts, N/A 1 asset 

base, social impacts and range of 

compensation measures



outhern African Market Potential

ENERGY RESOURCES

Gas Oil Southern Africa
7,6Q0 2a130

South Africa
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Gas
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Total : 380,000 MWe Total : 161,000 MWe



DEVELOPMENTAL IMPACTS
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Positive Externalities impacted:
• Job creation through FDI
• Labour dependency of Zimbabwe, Uganda, 

Lesotho etc.
• Electrification programme
• Energy trading pool with SAPP
• Black economic empowerment

All the above can be extrapolated for 

developing economies revenue dependent 

on oil, gas and energy-intensive products
African export potential



DEVELOPMENTAL 5 

IMPACTS
mr^ 5

^m.
mmmmApproximately 1.3 billion people have Incomes of 

< 1USD per day and +2 billion without access to
electricity and modern cooking fuels.
More than 80 countries have lower incomes than
a decade ago

Any negative impacts on GNP of fossil dependent
countries is significant
Economic multiplier effect: increase in local
price of fuel-stranded assets-investment
decisions based on low fuel price eg Mozambique
smelter based on cheap electricity from S.Africa/
Investment decisions of countries in Africa



Key Policy Issues
The scale of regulation implemented 

and the “carbon value” that would be 

built into fossil fuel prices to meet 

the KP targets
Cumulative impacts on “fossil 

countries” of both response 

measures and adverse impacts
Above statements are equally 

applicable to oil and gas.
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Key Policy Issues
The business as usual (BALI) 

projections provides a likely 

outcome based on current policy 

environment.
Variations from the BAU 

assumptions, especialiy policies 

adopted and measures taken by 

developed countries to reduce their 

GHGs, could produce marked 

deviations from the BAU projections



Non-annex 1 Market Dynamics
Indonesian coal production has been 

dominated by exports, over 75% in 

1995. Exports continue to rise rapidly 

by 23% in 1995 and by 16% in 1996
South Africa is the third largest coal 

exporter in the world. Further 

capacity is planned for expansion in 

the future.



Non-annex 1 Market Dynamics
China and India will exert a large influence
on the level of Asia’s coal production and
international coal trade. China could retain
its position as a significant exporter of
coai
Columbia is already an established coai
exporter with plans for significant
expansion to US and European markets.
Venezueia is similariy placed to Colombia
with good quality coai and access to
European and US markets. Infrastructure
development from current export revenue.



Annexi Market dynamics

USA major player in the international 

steam coal market, but high price a factor. 

In general, changes in the US domestic 

market are pushing for investment in low 

sulphur coal for domestic market, leaving 

surpluses of higher sulphur coal for 

export.
Canada exports primarily to Japan, Korea, 

Chinese Taipei and Brazil.
Australia’s ability to increase its exports 

to Asia, dependent on ability to compete 

with Indones a, S. Afr'ca and Ch'na



Market Dynamics
(BAU)

2035 total emissions estimated @ 11.71
billion tons C02-(1995 6.46 billion) of
which 50% is Annexi
lEA BAU projections are that fossil fuels
are expected to meet 95% of additional
global energy demand from 1995-2020.
Major exporters from non-AI are South
Africa, Indonesia, PR China, Columbia and
Venezuela
Percentage of internationally traded coal
will increase with projected growth in
emerging markef^ ^



BUSINESS AS USUAL PROJECTION-WORLD 

ELECTRICITY GENERATION (TWh) lEA database
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Coal Market
Coal -major fuel for generating electricity. Dependent

Annex 1 countries include:
mm

Poland
Australia
Czech Rep
Greece
Denmark
USA
Germany
Netherlands
Japan

96%
86%
73%
70%
59%
56%

51%
42%
37%



Major Coal producers
Include (WC11998)

China
India
S Africa
Kazakhstan
Indonesia
Coiumbia
Venezueia

1,236 Mt 

303Mt 

223Mt 

67Mt 

61 Mt 

34Mt 

7Mt

USA
Germany
Austraiia
Russia
Poland
Ukraine
UK

936Mt
240Mt
219Mt
149Mt
117Mt
74Mt
50Mt



Total World Primary Energy
Consumption-% by Fuel
(BP AM0C01998 DATA)

iOil 32%
i Coal 21%
i Renewables 20%
■ Natural Gas 19.%
■ Nuclear 6%
■ Coal provides around 26% of global

primary energy needs and generates
about 37% of the world’s electricity
needs

( ^



if '

mw^m§^
a ESSfi b.*' ■•: ,--■! N '■■> ‘' v.

... ’ ■ -

a'^ ,:,. " '; -k ■

apsUiSiWifee:.
-*a

J.„. :m: i'a?'-- :^-="'

v»,a

«a.; na a i pa

........ .

x^

I,:n
CA

$



IMPACTS OF RESPONSE MEASURES ON
THE LEAST DEVELOPED COUNTRIES

Presented at the UNFCCC Workshop
on Article 4.8 and 4.9, Bonn, Germany

From la* to 15“' March, 2000

Philip M. Gwage
Department of Meteorology,

P.O.Box 7025,
Kampala - Uganda



IMPACTS OF RESPONSE MEASURES ON THE 
ON THE LEAST DEVELOPED COUNTRIES

1. Background

1.1 Characterization of LDCs

The least developed countries (LDCs) are countries recognized by the UN system. The 
LDCs are characterized by unbalanced balance of trade, their n
eeds exceed their production (higher imports than exports). Both gross national product 
(GNP) and gross domestic product (GDP) are low in these countries.

The LDCS also have high illiteracy rates, poor health services leading to high mortality 
rate, poor trans()ort infrastructure making it difficult for peasants to market their produce 
and very low manufacturing capacity. Although the population in the LDCs is high their 
purchasing power is very low making it unattractive for big investors. In an attempt to 
improve living conditions for the people of the LDCS governments have borrowed large 
sums of money. The benefits of these borrowing is not being felt by the population 
instead the high repayment rates of this loans is adding more sufferings to the people of 
the LDCs.

1.2 Population Growth

The rate of population growth is high in the LDCS. This high rate of population growth 
is not matched with growth in production and provision of social services such as water, 
health and education. The high growth rate has tended to enhance the poverty in these 
countries. Although efforts are being made to control population growth these efforts 
will take long time to achieve results because of cultural practices and religious beliefs.

1.3 Economy Activities

The economic base in many of these countries has been very narrow for a very long time. 
The main economic activity has been agricultural production (both crop and animal). 
However, recent weather and climate events are posing a great threat to this sector. 
Ecotourism is an economic activity that is. picking up in many LDCs. Processing of 
agricultural products has remained very low and therefore the value of the products has 
continued to remain low. Fishing is also gaining importance in some of these countries.

1.4 Transport Sector

The transport sector is key to development both for movement of people, goods and 
services. It is also a pre-requisite to attracting investment. The transport sector has 
remained undeveloped in many if not in all the LDCs. Many LDCs have depended on 
“small mass” transport systems such as motor bikes {boda bocias), minibuses, pickups 
and light lorries. Mass transport systems are literally absent. Increasingly second hand 
vehicles are being imported to ameliorate the transport problems. The consequence of

I



the undeveloped transport systems has led to high oil bills thus impacting negatively on 
other sectors such as water, health, education and agriculture).

2. Highly Vulnerable Countries

The LDCS are the most vulnerable to adverse effects of climate change. The population 
suffers from direct impacts of weather and climate events and also from the after math 
such as outbreaks of diseases. The economies of these countries are also vulnerable to 
extreme weather events. The Mozambique situation is still fresh in our minds. The 
human and economic losses including loss of development are very high. The economies 
of these countries will also be impacted by response measures taken by Annex I Parties to 
mitigate greenhouse gases (GHGs).

3. Impacts of Response Measures

Article 4.2 (a) obligates Annex I Parties to adopt national policies and take corresponding 
measures on mitigation of GHGs. Article 4.8 also obligates the same Parties to give full 
consideration to negative impacts of the implementation of response measures on 
developing countries. The Convention demands that Annex I Parties reduce their GHG 
emissions to the 1990 level by the end of the year 2000. The energy sector provides the 
easiest option for achieving significant reduction in GHGs.

Some of the measures taken by the European Union to reduce GHG emissions include the 
following in the energy sector;-

Agreements with automobile manufacturers to improve fuel efficiency in new 
vehicles.

- Taxation of aviation fuel.

- Energy efficiency of appliances, equipment and buildings.

Each member state of the European Union is expected to use these general guidelines to 
develop a more detailed strategy for achieving its reduction targets both under the 
Convention and the Kyoto Protocol. Other Annex I Parties are likely to take similar 
actions, although the approaches may differ. The overall objective is to use less fossil 
fuel and thereby reducing GHG emissions in such a way that the society feel very much 
the impact of the measures taken in their normal activities.

Measures taken by Annex I Parties are expected to directly impact on the following;-

a) Coal prices and

b) Oil prices.



a) Coal Prices

Coal is used in many Annex I Parties to generate power. Some of the coal used in these 
countries is imported from developing countries and countries in transition. As Annex I 
Parties reduce the use of coal for power generation the demand and hence the prices of 
coal will fall until new markets are found and developed. Some potential does exist in 
some developing countries. However, if such developing countries take the issues of the 
Convention seriously then coal may never regain its place in the market place. The 
economies of such developing countries would be negatively impacted. Bilateral. 
assistance to LDCs from these countries would be negatively impacted. These countries 
would also import less than they would otherwise have done.

I

b) Oil Prices

It is hot quite clear whether the consumption of oil wilPdecrease in the immediate term 
(five to ten years). It is, however, clear that growth rate in oil consumption in Annex I 
Parties will decrease as a result of the measures taken by Annex I Parties. Economies of 
developing countries, including the least developed countries, will continue to grow.
This growth will be reflected in the growth of oil consumption. However, it is not quite 
clear at the moment whether the two rates (decrease and increase growth rates) are 
comparable. Some analysis needs to be done to estimate these rates. This growth could 
offset the decrease growth rate of oil consumption in Annex I Parties.

Oil prices are not purely market driven as evidenced by the current high oil prices. Oil 
prices have been rising in the last many months. This fact cannot be disputed.

Oil Producers are likely to take some measures to ensure that there is minimum revenue 
loss. It is important to note that oil prices are not purely driven by the market forces as 
stated above and evidenced by the current high prices. This is a reflection and evidence of 
some control mechanism.

Oil is an essential and primary energy source for LDCs. Oil bills of the LDCs are 
expected to continue increasing to meet their development and social needs. However, 
the rate of increase is likely to be affected by the oil prices. High oil prices would have 
negative impact on economies of the LDCs thereby affecting other basic programme on 
sectors such as health, education, water and agriculture. The high current oil prices are 
having a serious impact on the economies of the LDCS. In Uganda, the fuel prices have 
been increasing since the last six or so months. This has led to increases in the prices of 
other basic commodities such as food prices and transport costs.

Encouraging efficiency in the energy sector and innovative technologies are very good 
moves. Automobile manufacturers are intensifying their efforts to respond to this 
demand. Manufacture of spare parts for the old technology will cease and therefore the



transport sector will be negatively impacted. Old inefficient appliances would cease to be 
produced and LDCs would be expected to purchase new products. Fewer people in the 
LDCs can afford these new products and therefore pushing more people to pot of poverty 
thus enhancing poverty in these countries. While there will be global environmental 
benefits the less privileged members of the society will be punished for not fault of their 
own. The same argument goes for improvement in appliances. Access to new and better 
technology'may not be affordable by the LDCs thus enhancing their poverty status.

In summary the response measures taken or envisaged to be taken with have the 
following impacts on the LDCs;- -

Decrease in imports;

High prices of essential manufactured goods;

Decrease in development assistance;

Disincentive to higher productions;

- Very serious impact on the transport sector because of high fuel costs and cost
of new technologies.

Higher loans to pay due to low exports and high interest rates thus enhancing
poverty. This will lead to many other social problems, which are closely
associated with poverty.

4. Suggested Possible Actions

The following are suggested possible actions:-

- The LDCS seem not to have attracted the interest of the academic community.
While there are studies being undertaken no single study seems to be focusing
on the impact of climate change on the LDCs.

Remove interventions and control of oil production so that market forces will
drive this commodity. Developed countries have always used this argument.

- Remove market imperfections on other commodities so that commodities are
driven by the market forces. In this way the LDCs will get some value for
their products.

- Revenues, accruing from climate change tax/environment tax, should be used
to assist the LDCs to cope up with these impacts. This can be apportioned
inversely proportional to their pollution level.

- The LDCs should be given preferential treatment under technology transfer.
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World Hard Coal Production
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Source: lEA 1998 Coal Information (1999)
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World Coal Consumption -1998
N America 

24%

S & C America
• 1%

Europe
16%

Former FSU 
8%

Source: BP Amoco Statistical Review 1999

Africa

Asia-Pacific
47%

http://www.wci-coal.com Ron Knapp - World Coal Institute

Kyoto ... impact on coal
♦ Kyoto Protocol will impose costs on coal
♦ Impact is not trade neutral
♦ Coal demand: dramatic variations across

both producer and consumer countries
♦ Coal for steel maintains its market

- different countries expand production
♦ Dependent on who ratifies...EU-15, Japan,

usr~--------------
... and innovations over the next two decades

http://www.wci-coal.com Ron Knapp - World Coal Institute



1998 International Coal Trade
♦ Total 524 Mt (GIF value $US 22-23 billion)

♦ Annex B destinations about 65 % of total
♦ Around 36% (189 Mt) used in steel industry
♦ Balance 334 Mt for electricity generation 

and other industrial/energy requirements
♦ Top seven countries covered 85 % of 1998 

coal exports ... Australia (32%), USA (13%), 
RSA (13%), Indonesia (9%), Canada,
PR China, Colombia

http7/www.wci-coal.com Ron Knapp - World Coal Institute

Market Split Hard Coal Production
1998 Domestic Export
PR China (1236 Mt) 97% 3%

USA (936 Mt) 92% 8%

India (303 Mt) 100% -

RSA (223 Mt) 70% 30%

Australia (219 Mt) 24% 76%

Indonesia (61 Mt) 23% 77%

Canada (38 Mt) 10% 90%

Colombia (34 Mt) 12% 88%

http://www.wci-coal.com Ron Knapp - World Coal Institute



Internationally Traded Coal
(Million tonnes)

Total

Steam Exports

Coking Exports

1978 1980 1982 1984 1986 1988 1994 1996 1998

Source: lEA

http://www.wci-coal.com Ron Knapp - World Coal Institute

\

Domestic
Producers

India

High Sulphur
China, UK, USA-part

Domestic/Export
Producers

USA, China, Poland, 
Russia

Thermal
China, Colombia, Indonesia, RSA

Annex B
Aust, Canada, USA

Export Destination 
Annex B Dependency

plWiS
Coking

Aust, Canada, USA

Export
Producers

Aust, Canada, Colombia, 
Indonesia, RSA

Low Sulphur
Aust, Colombia, 

Indonesia, USA-part

Non-Annex B
China, Rusia, Poland, 
Colombia, RSA, India

Export Destination 
Non-Annex B Focus?

“Market Low Cost High Cost
Operators” Australia, Colombia, 

Indonesia, RSA
UK, Germany, 
Poland, Russia

“Market
Adjusters”

http.V/w ww.wci-coal.com Ron Knapp - World Coal Institute



ABARE Projections: Coal Production - Kyoto 2010 

selected countries relative to reference case
lo-r 

0

-10 

-20 

-30 

-40 

-50 

-60

lill

PR China Indonesia India Australia USA Canada EU-IS 

Source: ABARE Research Report 99.6
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US Faces Significant Adjustment

♦ Over half (55%) of electricity from coal in 1999

♦ DOE EIA modelling shows collapse of domestic 

coal industry

♦ Western coalfield ( mainly sub-bitumunous) 

carries majority share of burden - over 75% of 

reduction
... but this is key US low sulphur coal source.

http://www.wci-coal.com Ron Knapp - World Coal Institute



EIA Coal Consumption - USA
Quadrillion Btu 
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Source: US DOE EIA (October 1998)
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Japan
♦ World’s largest coal importer
♦ 130 Mt of coal imports in 1997

- steel industry...65 Mt
- power sector/other industry

♦ Will ratify Kyoto Protocol if ...
♦ Limited domestic options to reduce emissions
♦ Impact will be dependent on access to off­

shore solutions:
- CDM, JI and ET

http://www.wci-coal.com Ron Knapp - World Coal Institute



Coal for steel...
♦ About 600 Mt (16%) of total hard coal production 

used by steel industry

♦ Around 36% (189 Mt) of total traded coal for steel 
sector used in steel industry

♦ Kyoto impact is relocation (from Annex B to non- 

Annex B) not decline over BAU
... unless global economic growth affected by Kyoto

♦ Australia, Canada and USA dominate coking coal 
trade supplying 80% of market

http://www.wci-coal.com Ron Knapp - World Coal Institute

AN EARLIER EXPERIENCE...
Aluminium: Australia, Japan 1973-1992

1973

1988

Source: ACIL Consulting, Australia
1992

http://www.wci-coal.com Ron Knapp - World Coal Institute



EU-15 coal market ...continues decline
♦ Restructuring and competitive energy market
♦ Declining ‘local’ production
♦ EU-15 Hard Coal Consumption

1990 350 Mt 1998 250 Mt(e)
... down 100 million tonnes - over 28%
... no corresponding GHG reduction ... why?

♦ EU-15 coal demand 60 Mt for steel industry
...could be exported to countries without Kyoto
targets if EU-15 uncompetitive under Kyoto

http://www.wci-coal.com Ron Knapp - World Coal Institute
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EU-15 GHG Reduction Scenario
Outcome for Solid Fuel Consumption

120

100

80

60

40
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2010 2020

pi
Baseline 1990 GHG 1990-6%

Levels GHG Levels
Baseline 1990 GHG 1990-6%

Levels GHG Leveb

Source: European Commission Directorate-General for Energy
‘European Union Energy Outlook to 2020’, November 1999
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Kyoto - Iron and Steel Production 2010 

Selected countries relative to reference case
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Source: ABARE Research Report 99.6
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Thermal coal trade vulnerable ...
♦ About 334 Mt (84%) of total traded coal
♦ Annex B destinations 2/3^ of thermal coal trade
♦ Four leading developing country coal exporters 

have high exposure to thermal market:
Colombia 95+% RSA 90%
Indonesia 90% China 85%

♦ Colombia exports 70% to EU-15 with further 

10% Annex B exposure in US market
♦ RSA exports over 60% to EU-15 destinations

http://www.wci-coal.com Ron Knapp - World Coal Institute



Leading coal exporters ...
1998

1. Australia

2. USA (69.1)

3. South Africa

4. Indonesia

1999
1. Australia

2. South Africa

3. Indonesia

4. USA (52.6)
(Note: USA exports down 25% [16.5 Mt] in 1999 c f

1998, but less than 2% of USA production)
http://www.wci-coal.com

Ron Knapp - World Cpal Institute

USA...
♦ World’s second largest coal producer (936 Mt 1998)
♦ Significant coal exporter - 70 Mt 1998
♦ 60 % into the metallurgical sector
♦ Capacity to make tonnage available at short notice

due to size of domestic industry (the swing supplier)
♦ Exports dechning due to world price (52 Mt 1999)

... Australia and Canada taking more market
share in Met. coal sector

... and emergence of new/dedicated
thermal/steam coal export suppliers

http://www.wci-coal.com
Ron Knapp - World Coal Institute

. I

(



Australia ...
♦ World’s fifth largest producer (219 Mt 1998)

♦ Largest coal exporter (166.7 Mt 1998)

♦ Exports dominate the Australian coal industry

♦ Equal split between exports of metallurgical and 

thermal coal

♦ Almost all met. coal exported

♦ Australia delivers just under 50 % of total 

thermal coal exports to Japan.

http://www.wci-coal.com Ron Knapp - World Coal Institute

Indonesia ...
♦ Two decades of coal growth

♦ Less than 1.0 million tonnes in early 1980s

♦ Today, a producer of about 70 Mt [check]

♦ ... and exports about 54 Mt (low ash/low sulphur)

♦ An impressive record of achievement

♦ (Like Australia) Indonesia exports are around 

75% of total coal production.

http://www.wci-coal.com Ron Knapp - World Coal Institute



Colombia...
♦ 1983 5.2 Mt coal production
♦ 1998 33.8 Mt coal production (low sulphur)
♦ Exports of 29.6 Mt in 1998 (88% of production)
♦ Almost all exports into the thermal sector (29.1

Mt - over 98%)
♦ High exposure to EU-15 thermal market (70%

to the EU-15
... and has further Annex B exposure in the

US market (10%).
http://www.wci-coal.com Ron Knapp - World Coal Institute
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Republic of South Africa (RSA)...
♦ World’s fourth largest producer (223 Mt 1998)

♦ Now second largest coal exporter (67.1 Mt 1998)

♦ Thermal coal dominates RSA export tonnage ...
over 90% of total exports

♦ RSA exports over 60% of its thermal coal to the
vulnerable EU-15 destinations

... with additional tonnage into Japan.

http://www.wci-coal.com Ron Knapp - World Coal Institute



Kyoto...identify the objective
♦ The goal is to reduce global increases in GHGs - 

not carbon intensity

♦ Reducing carbon will not be the most effective or 

appropriate response, or the least-cost option to 

achieving the goal for some countries (open markets 
are good for this type of decision-making...)

♦ Reducing carbon intensity is only one of range of 

solutions which include new technology, 
capture/sequestration, sink developments, etc

http://www.wci-coal.com Ron Knapp - World Coal Institute

No discrimination between fuels
♦ We should not try to judge or pick winners
♦ No market quota or subsidy for renewables - this 

is a high cost policy for reducing GHGs
♦ Set the GHG emissions limit [the Kyoto target 

at country level] and allow markets to work
♦ Companies required to meet GHG targets will 

choose the least cost option to meet their goal
♦ Remove market impediments ... to allow the 

market to search out the best solutions
http://www.wci-coal.com Ron Knapp - World Coal Institute



A Kyoto coal outcome...
♦ Can reduce the impact...the greater the use of

voluntary measures, Kyoto mechanisms and
effective market solutions ...the more efficient
the outcome

♦ Technology can deliver successful coal
outcomes in response to market circumstances

♦ Promote clean coal technology for combustion
efficiency and environmental solutions

http://www.wci-coal.com Ron Knapp - World Coal Institute
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Impacts of Response Measures: Consideration of What Actions Are Necessary 
Pre.en,aUon mthe UNFCCC Workshop on ArHcle 4.8 and 4.9 of,he ConvZZ

of the Implementation of Response Measures
March, 2000

Jonathan Pershing, International Energy Agency, Paris

presentation reviews some of the issues related to macro and micro analyses of the 
mpacts of response measures, particularly on the energy sector. With respect to a “macro” ■: 

analysis, the most commonly used assessment tool is the economic model This form of 
assessment provides results which are constrained by several factors including the adequacy 
of data, as well as an inability (currently) to fully model all aspects of the response optkins^ 
open to countries. Thus, Parties may choose to substantially offset costs though such 
mechanisms as non-C02 measures and sinks, and may choose, for political raLr thm 
economic reasons, to undertake policies that transfer a share of the burden beteen sectors 
(e.g., exempting transport from additional costs while adding additional costs to powe

In spite of their shortcomngs, such models offer insights on some specific policy options 
For example, they clearly indicate the reduction in overall costs (and consequently of 

,jg^||fmmJhei^eK>H^ mechanism^rom the reduction of energy 
subsidies. Such models also suggest that, broadly speaking, theTid^Stions in'fossTff^-,^
modT°r"afn ) in.some
models, gas gains).

Micro analyses may be more relevant given the requirements of the Convention and Protocol 
require that individual policies be examined, and their impacts considered A

framework suggesting five steps for such an analysis is presented:

1. Select policy that may be relevant
2. Project effect of policyr lujcLi cnect or policy
3. Evaluate share of effect that might impact individual country 

with redlStapaa

5. Consider whether alternative policy would have adverse impacts on others

In the measure considered (the voluntary agreement between the vehicle manufacturers and 
the European Commission), the net reduction in oil is less than 1 %, and lower impact 
alternatives may not be readily available. . ^ '

The mi "" brief review of some policy options is provided. It is suggested that with respect to 
edie h o'^erarching efforts to reduce the overall costs of mitigation will also

reduce the impacts on fossil fuel dependent countnes. Thus, subsidy removal the use of
C WurespecTofhfi'"'"^ l"'' mechanisms are all
l^ey. With respect to the micro policies, it is necessary to establish and then implement an
assessment framework to evaluate measures. Additionally, it appears that options such as
[echtn^ r accomplished by fossil fuel producers themselves, while '
technology transfer may be aided through other Convention and Protocol mechanisms
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Impacts of Response Measures:
Consideration of What Actions

Are Necessary

Jonathan Pershing
International Energy Agency

UNFCCC Workshop on 
Articles 4.8, 4.9 and KP Article 3.14 

March 2000
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Overview
V .

• Assessing impacts : macro vs. micro
• Macro issues in coal, oil and gas

♦ Confounding factors in projections
♦ Separating impacts of response measures

from other factors
♦ Some aggregate trends

• Micro issues : impacts from specific
policies and measures

• Consideration of necessary action
♦ Methodological recommendations
♦ Possible actions to limit effects

[AGENCE INTERNATIONALE DE L'ENERGlEy



Macro Impacts : Modelled Resultsle-iS® • Conclusions of global economic models

♦ “Top down” macro models (e.g., EMF) show 
global costs at several percent GDP

♦ “Bottom up” models (e.g., ETSAP) show rapid 
technology improvements, lower costs

• Distribution of effect highly variable
♦ Loss is function of national circumstances, 

including demographics, exports/imports, 
industrial structure, fuel mix, etc.

• Some Caveats
♦ Most models do not include market power
♦ Sinks/other GHGs not usually included
♦ Conservative baseline assumptions

IaGENCE INTERNATIONALE DE L’ENERGIE

A Closer Look : COAL
• Most carbon intensive per unit of delivered 

energy; primary use power generation
• Majority consumed locally : less than 15% of 

production exported

• South Africa may be only significant non- 
Annex I “loser”, although GDP losses less 
than 5% even with 30% decline in coal price

• Historic market fluctuations in coal price are 
much larger than those anticipated with 

Kyoto

AGENCE INTERNATIONALE DE L’ENERGIE



m
OIL & GAS: More Complex

• 50% of oil produced is exported to a
global market; gas market more
local/regional

• Total reserves and costs of production are
unevenly distributed

• Future price/volume affected by
♦ Supply/demand and price fluctuations
♦ Reserve depletion
♦ Market power behaviour
♦ Government policy (including for local

pollution, congestion, energy security, tax
revenue, and climate change)

AGENCE INTERNATIONAtE DE L’ENERGIE7

Political and Climate Events
and Long Term Oil Prices

(Annual Average Price)

Start INC
llranian Revolution—

S30 -• CCP-1
(pulf Crists

Saudi Production
Increases ~

[Arab OH EmOargo j

jOPSC Quota Increases ^$10

• 1984

jNote: from 1972-1986 price quotad is Arabian Ligni, from • 387 (o 17th r^oruary 2000 price quolec is Ouoai.
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m Some solutions...
• Minimise overall costs for any 

specific target level
♦ Use sinks, non-C02 GHGs
♦ Remove subsidies that might distort 

playing field
♦ Fully implement Kyoto mechanisms

• Exchange experiences
♦ Diversify economic portfolios, long-term 

savings, (e.g., Kuwait Investment 

Authority, Norwegian Petroleum Fund)

IaGENCE INTERNATIONALE DE L’ENERGIeJ
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...and their cost implications
• Including non-C02 greenhouse 

gases: up to 60% reduction in cost 

(Reilly et al, 1999)

• Subsidy removal:
♦ Annex I: subsidy removal could offset 

as much as a $50 - $90 ton carbon tax 

( World Bank, 1992)
♦ Developing countries: energy subsidy 

removal in India and China could reduce
- ; by 14% and 13% respectively

(lEA, 1999)
AGENCE INTERNATIONALE DE L’ENERGIE



r-
[SIS Changes in Global GDP with and

without Emissions Trading
Mechanism Change in Global GDP

1 ' • _ Marginal % Change in Real
‘ ' ! Cost Income

(1995$ ton c)
Base Case 0 ~ 2.5%/yr;
(without Kyoto) ~ 45% growth by

' 2010
Domestic 41-762 -0.2 to -2% in 2010;
implementation (growth of ~ 43-
only 44%)
A-1 mechanisms 18-160 >0.5% in 2010;
only. (growth of ~ 45%)

AGENCE INTERNATIONALE DE L’ENERGIE^

V Micro Analysis : Focus on FCCC
and KP Requirements

• Article 4.8 : “In the implementation of the
commitments, Parties shall give full
consideration to what actions are necessary ...
related to ... specific needs and concerns arising
from the ... impact of the implementation of
response measures....”

• Article 3.14: “Each Party included in Annex I shall
strive to implement the commitments mentioned
in paragraph 1 in such a way as to minimize
adverse social, environmental and economic
impacts on developing country Parties....”

AGENCE INTERNATIONALE DE L’ENERGIE.



mlis What ARE the Policies?
• Policies cover all sectors and all gases -- 

but neither policies (nor emissions) are 

evenly divided among these
♦ Energy and C02 are key
♦ Disaggregating emissions useful for policy 

analysis

• Policy actions include:
♦ Market approaches (taxes, subsidies, cap-and- 

trade)
♦ Regulations
♦ R&D
♦ Processes/outreach

INTERNATIONALE DE L’ENERCiE^

1996 OECD GHG Emissions 

by Sector

8%

15%

28%

17% 23%

@ Energy Industries 
B Transport

□ Manufaeturtng/constructton

□ Residential/Commercial

■ Agriculture

□ Waste

■ Industrial Processes

□ Fugitive Emissions from Fuel^

% Change since 1990
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Shares of Greenhouse Gases in
m Total Emissions: Annex I Countries, 1995

Gas Type CO2 CH4 N2O Others E

Shares in 
Total GHGs

82% 12%. 4% 2%. 100%

Contribution 
of Energy 
Sector

96% 35% 26% n.a. 85%

Main Source 
of Energy 
Sector

Fuel
combustion

Fugitive
fuel

Fuel
combustion

n.a.

Source: UNFCCC, “Second ccmpilation and synthesis of second national communications’
FCCC/CP/199a/11/Add.1, Septemder 1998

[aGENCE INTERNATIONALE DE L’ENERGlEy
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ie-1 CO2 Emissions from Energy and
Energy-Related Sectors

100%

40% -

=7 C . c? i?
5 C j Cd = <

Q CJ
o,- -

□ Res A Comm ■Industry Q Transport C Electricity f CHP



Policy Relevant Features of Emissions Sectors
Capital Stock 
Turnover

Decisionmakers Policies % Oil
Consumed

•. ■ • .

Residential/
Commercial

- Buildings
- Appliances, 

Office 
Equipment

> 50 years 
< 10 years

1

Large numbers of 
individual 
consumers, ' ' 
contractors, 
financial institutions

Regulatory 
instruments; 
efficiency standards, 
fiscal incentives, 
labelling

23%

Energy 
Sector/Power 
Production .

> 30 years Small number of 
large players, 
sometimes 
government 
controlled

Market 
liberalisation/ 
deregulation, 
subsidy reform

2%

Industry >10 - 15 years Relatively small 
number, strongly 
profit driven

VA, energy intensity 
improvements, 
emissions 
regulations

10%

Transport
- Infrastructure
- Road Vehicles

> 50 years
> 10 - 15 years

Governrrient and' 
private sector 
actors, complex 
policy process

Limited policies; 
vehicle, efficiency 
standards, fuel 
taxes

56%

AGENCE INTERNATIONALE DE L’ENERGIE.

ie-1 OECD Total
Final Consumption of Energy

(mtoe, % fuel in sector)

Fuel Coal Oil Gas TOTAL
Sector
Industry 119 16% 345 46% 284 38% 748
Transport 0 0% 1,113 98% 24 2% 1,137
Comm/Res 24 5% 216 43% 261 52% 501
Electricty/heat 821 68% 133 11% 260 21% 1,215
TOTAL 964 27% 1,807 50% 829 23% 3,600

[aGENCE INTERNATIONALE DE L’ENERGIE^



m Policies Affecting Transport
• Europe:

♦ Voluntary agreement with auto manufacturers to cut C02
from 180 g/km to 140 g/km by 2008 (EU)

♦ Taxes (Denmark, France, Germany, Netherlands, Norway,
Sweden, Switzerland, UK)

• Asia - Pacific:
♦ Top-runner prograrri (Japan)
♦ Vehicle emissions standards (Australia)

• North America:
♦ VA with auto industry, PNGV (US)
♦ “Fleetwise” ~ information program to help with fleet

efficiency (Canada)
♦ R&D in alternative fuels (Canada)

lAGENCE INTERNATIONALE DE L’ENERGIeJ
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lO-l Hypothetical Steps in
Considering Adverse Impacts

1. Select policy that may be relevant
2. Project effect of policy
3. Evaluate share of effect that might impact

individual country
4. Evaluate alternatives (if any) to policy

that would have similar emissions
reductions with reduced impact

5. Consider whether alternative policy
would have adverse impacts on others

[aGENCE INTERNATIONALE DE L’ENERGlEyf



le-1 Example: EUVAwith 

Automobile Industry
Environmental Impact: Reduce C02 

from 180g/l to 140g/l by 2009
♦ passenger vehicle fuel consumption 

down -22% (7.7 1/100km to 6.0 1/100km)
Adverse impact:reduce oil imports 

from countries with economies 

highly dependent on income 

generated from the production of 

fossil fuels
lAGENCE INTERNATIONALE DE L’ENERGIEJ

m Some Background EU Statistics

• Energy related CO2emissions : 94% 

of total CO2
♦ Energy related CO2 emissions derived 

from oil : 51%
• Transport’s share of energy 

emissions: 21%
♦ Transport related emissions from oil ; 

99%

IAGENCE INTERNATIONALE DE L’ENERGIE^



^ Detailing Adverse Impact

• Fleet fuel efficiency improvement in
Europe (1985- 1995): 12%
♦ VA Effect: 10% greater than trend

• Total OH Imports (1998): 554,171,000
metric tons
♦ Import share from non-EU sources : 65%
♦ Share of total consumption in transport: 47%
♦ Share of motor gasoline in transport: 41%

• Proportional decline in imports from
policy : -1%

IaGENCE INTERNATIONALE DE.L'ENERGIE>
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im Caveats to Numbers

• Emissions growth projected in ,
transport sector (1990 - 2010): 39%
♦ Proportional increase in imports from

non-OECD countries as function of new
demand : 25 %

• Consequence of policy: decrease in
demand growth to approximately
24%

AGENCE INTERNATIONALE DE L’ENERGIE



m Ancillary Policy Benefits

• Reduced reliance on foreign supplies 

(energy security issue)
• Lower costs for vehicle operation 

(consumer benefits)
• Improved local/regional air quality

♦ Equivalent percent reduction in emissions of 
SO^, NO^ and particulates

• Share of fuel efficiency reduction driven 

by these benefits : ??

lAGENCE INTERNATIONALE DE L’ENERGIE^

. . . . -

Next Steps

• Meeting the specific needs and 

concerns of developing country 

Parties
♦ Funding
♦ Insurance
♦ Transfer of technology
♦ Other

• Methodological actions

AGENCE INTERNATIONALE DE L’ENERGIE^



Compensation?

^ 9

I. ■ . Comp«)satioii\7^-
12!

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year

Compensation: (Annual Price - Minimum Price) * Annual Production 
OPEC Share: - $350 billion/year

lAGENCE INTERNATIONALE DE L’ENERGIE.
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M ViO" “Insurance”

• Long-term savings and national
investments of revenues
♦ Kuwait Investment Authority
♦ Norwegian Petroleum Fund

• Diversification of economy,
promotion of new technology
♦ Financing, inter alia, through CDM

lAGENCE INTERNATIONALE DE L’ENERGIeJ



ie-1 Methodological Actions
• Develop framework for assessing 

impacts
• Undertake impact studies for 

countries
.♦ Requires data input and analysis from 

both developed and developing country
♦ Perhaps best undertaken through 

national communications
• Provide forum for exchange of

experiences
AGENCE INTERNATIONALE DE L’ENERGIE

10-1 Conclusions
• Difficult to evaluate the impacts; 

separating climate policy 

consequences from other 

fluctuations will be difficult if not 

impossible
• Near-term impacts likely to be 

relatively minor (based on full use of 

all mitigation options discussed)
• In the longer term (post 2020), 

impacts may be felt
ar,FMrF Internationale de l’energieV



Conclusions (2)
• Ultimately, FCCC and KP require

assessment of individual policies
♦ Requires framework for consideration
♦ Best undertaken at national level

• Preliminary analysis suggests little impact
from current Annex I policies

• Actions related to Impacts are both macro
and micro
♦ Macro: KP mechanisms, sinks other gases,

subsidy removal
♦ Micro: national assessments, diversification.

insurance
lAGENCE INTERNATIONALE DE L’ENERGIEV



Workshop on Article 4.8 and 4.9 of the Convention: Impact of the 
implementation of response measures 

(Methodological approaches and 'what actions are necessary under the 
Convention, relating to the impact of the implementation of response measures, 

in accordance with Article 4.8 and 4.9 of the Convention and in the light of 
matters related to Article 3.14 of the Kyoto Protocol)

Faten Alawadhi

Abstract

This presentation argues for the importance of adoption of a framework for the 
discussion on actions necessary relating to the impact of the implementation of 
response measures, in which two issues advance in parallel:

• Exploring the details of the manner in which Annex B countries minimize, 
the impacts of their mitigation policies on oil exporting developing 
countries.

• Information gathering and further detailed assessment of the impacts of 
mitigation measures on oil exporting developing countries.

The presentation then puts forward some suggestions regarding actions that may be 
taken by Annex B countries to fulfd their commitments as indicated in Article 3.14.



So: What Actions are Necessary?
(cont.)

All of those projects are consistent with the
objectives of diversification
It is important that mechanisms, which
explicitiy encourage projects in oii exporting
developing countries, be in piace

Genuine effort to inciude aii GHGs in abatement
policies of Annex B countries



So: What Actions are Necessary? 

_________ (cont.)_________ ^ a I

The West Africa Pipeline Project: A pipeline that would 

feed Nigerian natural gas, which would have been 

flared otherwise, to three other West African countries; 

Benin, Togo and Ghana to be used in power generation 

and industries. The gas will also be used domestically 

to replace use of wood fuel thus slowing down 

deforestation and improving air quality in the region

Energy efficiency improvement

Enhancing the role of natural gas



So: What Actions are Necessary?
(cont.)

Funding and transfer of state of the art technology
for projects such as
CO2 storage: enhanced oil recovery and the use of
exhausted oil and gas fields
Reduction of gas flaring and venting
— Natural gas electricity production for export
— Developing local markets for natural gas
— Separation and storage of associated CO2
— Utilization of natural gas as energy source for oil

production process
— Investing in transport systems such as long-distance

pipelines or LNG systems



So: What Actions are Necessary?
(cont.)

There is a need to explore ways to overcome those 

problems. Encouraging developments that would 

bring about diversification, within the context of 

climate change mitigation, can be part of the 

fulfillment of commitments of Annex B countries

Funding and transfer of technology are important. 

So is improving the terms of trade for oil exporting 

developing countries and providing more access for 

their exports in Annex B markets



So: What Actions are Necessary?
__________ tconU__________

Assistance in diversification of economies

Efforts of oil exporting developing
countries to diversify their economies
have been frustrated by many problems



So; What Actions are Necessary? <ito

Tax Reform
Removing distortions in the Annex B energy markets and 

restructuring of existing energy taxes, some of which are 

designed mainiy for revenue raising purposes, to refiect 

carbon content of fuels

This, as some studies have shown, would reduce the 

negative economic effects on oil exporting developing 

countries. The deterioration in terms of trade of those 

countries would be reduced thus lowering their welfare 

losses. At the same time significant CO2 emissions 

reduction would be achieved



Impact of Climate Change 

Measures on OPEC (cont.)
A more constructive discussion is 

needed, within which two issues can 

advance in parallel:
♦ Exploring details of the manner in which 

this commitment is to be fulfilled

♦ Reaching a consensus on the degree of 

losses through more modelling efforts 

and other methods



Impact of Climate Change 

Measures on OPEC (cont.)
So far, the debate has been frozen within the circle of 

“the degree of losses that oil exporting countries may 

incur”. There are for sure uncertainties regarding this 

issue, but there are tremendous uncertainties 

surrounding every aspect of climate change

Annex B countries have the commitment to strive to 

minimize the impact of their mitigation policies on those 

countries, which would be negatively impacted. So far 

their efforts have not gone beyond emphasizing the 

efficiency of flexible mechanisms and global trading in 

reducing costs



xMOj-.Impact of Climate Change
Measures on OPEC (cont.)

iO

ly

More modelling efforts, which would provide
detailed examination of the welfare, terms of
trade and socioeconomic impacts on individual
OPEC Member Countries, can be undertaken
by Annex B countries in co-operation with
OPEC



Impact of Climate Change 

Measures on OPEC (cont.)
Doubts were expressed about model results. 

This, however, should not constitute a basis for 

inaction on consideration of specific ways to 

minimize the impacts

We shouid be in a position, through carefui 

examination of the structure of those modeis and 

assumptions made, to assess the robustness of 

the resuits and understand the reason for 

discrepancies among models’ outputs



Impact of Climate Change
Measures on OPEC (cont.)

The combination of Kyoto mechanisms cannot be
viewed as corresponding to fuii globai trading. It is
unlikely that they would result in the dramatic fall
in marginal abatement costs implied by full global
trading

Anyway, global trading is not on the agenda of the
negotiation and is not a realistic scenario, given
the position of developing countries and the almost
impossible task of agreement on how to allocate
initial permits

8
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Model Comparison c. the Estimated OPEC 

Losses as a Result of Emissions Trading: 

Percentage of No Trade Case
NO TRADE

100

80 -

60 -

40 -

20 H

mmm
mm

111iaai
iiii

OIES GREEN EPPA-GTAP AIM (high) MSMRT AIM (low)

Model results typically suggest losses for oil exporting DCs (mainly OPEC countries) with full trade would be 35-50% of the 

losses with no trade
Therefore general agreement that: - trading reduces losses, BUT, - they remain substantial 
The models assume global trading, which is almost impossible to be implemented



Impact of Climate Change
Measures on OPEC fcont.) -w-

Given the high share of oil revenues in the GDP of
those countries, negative welfare implications are even
greater

Declining oii revenues wouid have genuine and severe
implications for socioeconomic deveiopments, and
there is a clear need to address this

Those studies aiso showed that Kyoto mechanisms
reduce iosses. However, iosses remain high



Changes in CO2 Emissions and Gas Demand from Reference Case in
Alternative Emission Abatement Studies

DRl (1992)
Hoeller et al (1991)
Bossier and De Rous (1992)
Proost and Van Regemorter (1992) 
Burniaux et al (1991)
Barker (1995)
IEA(1993)
Ghanem et al (1999)
Baron (1996)“^
Birkelund et al (1994)
Bernow et al (1997)
Gregory et al (1992)
WEC (1993) Case C 
Kratena and Schleicher (1998)
Mitsubishi Research Institute (1998) 
Fujime (1998)
Bernstein, Montgomery, Rutherford (1999) 
Bernstein, Montgomery, Rutherford (1999) 
Bernstein, Montgomery, Rutherford (1999) 
Bernstein, Montgomery, Rutherford (1999) 
Bacchilega et al (1999)

Change in 
CO 2

Emissions
(%)

Change in 
Natural Gas 

Demand 
(%)

Ratio of Changes 
in Gas Demand 
to those of CO2 

Emissions Year- Region

-1 1.7 
-49.2 

-8.2 
-28.0 
-53.6 
-12.8 

-8.8 
-9.0 
-8.5‘^> 

-10.7 
-17.8 

-8.4 
-24.3 
-29.0 
-11.3<'' 
-16.3^'^ 
-30.0 
-24.0 
-18.0 
-25.0 

-2.3

-7.2
-27.4

3.0
15.3
0.0

-6.2
23.0
-8.2
-4.0
-8.0
-5.4
-5.2

-16.5
-36.4

9.2
-6.2

-25.0
-49.0
-38.0
-41.0

-1.2

(1) Citing a study by the US Congressional Budget Office (CBO).
(2) Estimated.
(d) Change in fossil fuel demand.
Median ratio (column d): 0.56

0.62 
0.56 
-0.37 
-0.55 
0.0 

0.48 
-2.61 
0.91 
0.47 
0.75 
0.30 
0.62 
0.68 
1.26 

-0.81 
0.38 
0.83 
2.04 
2.1 1 
1.64 
0.52

2005 EC 
2000 World
1999 Belgium 
2005 Belgium 
2020 World 
2005 UK 
2010 OECD 
2010 World
2000 USA 
2010 EU
2015 Minnesota 
2005 UK 
2020 World 
2005 Austria 
2010 OECD 
2010 Japan 
2010 USA 
2010 Japan 
2010 EU 
2010 Other OECD 
2010 Italy



Impact of Climate Change
Measures on OPEC (cont.)

The impact of climate change policies on
natural gas demand, however, is uncertain.
Some of the studies point to a net increase in
gas demand while others suggest an
opposite effect

A decrease in gas demand would worsen the
impacts on those oil exporters, which are
also gas exporters



Impact upon OPEC of Achieving Kyoto 

Protocol Targets - OWEM Results for 2010"

Reference

case

Kyoto
(+ reference 

price)

Kyoto 

(+ lower 

price)

Differences from Reference Case
Kyoto Kyoto

(+ reference (+ lower
price) price)

Real Basket Price $(98)/b 19.4 18.8 11.2 -0.6 -8.2

Annualised OPEC revenue 144.2 120.9 81.2 -23.3 -63.0
$ bill.(98)

World Oil Demand (mb/d) 87.9 80.6 84.2 -7.3 -3.7

Non-OPEC Production (mb/d) 48.3 48.0 44.4 -0.3 -3.9

OPEC Production (mb/d) 39.6 32.7 39.8 -6.9 0.2

•l( "/«

It has been argued that OPEC can avoid revenue losses by sustaining a higher oil price, 
but this is not feasible
Even maintaining “reference case” prices implies production that is 7 mb/d below business-as- 

usual and is therefore also an unlikely outcome
Revenue losses are likely to be huge, probably between $20 and $60 billion pa

C^lis ^ 0?6C



Impact of Climate Change
Measures on OPEC II-'

Studies that have examined the impacts of
Kyoto protocol implementation have
generally agreed on the fact that it would
result in reduction in oil demand and price
and showed substantial reduction in
revenues of oil exporting countries (ranging
from 10% to 45%)
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Yearly Average Oil Prices
(WTI Cushing)

Year Nominal Real ($1999)
1970 3.35 14.38
1971 3.56 14.66
1972 3.56 14.19
1973 3.87 14.53
1974 10.37 35.06
1975 11.16 34.56
1976 12.65 37.02
1977 14.30 39.31
1978 14.85 37.94
1979 22.40 51.45
1980 37.38 75.62
1981 36.67 67.21
1982 33.64 58.08
1983 30.40 50.88
1984 29.28 46.95
1985 27.97 43.33
1986 15.04 22.85
1987 19.16 28.09
1988 15.96 22.48
1989 19.59 26.33
1990 24.49 31.22
1991 21.48 26.28
1992 20.56 24.41
1993 18.46 21.28
1994 17.19 19.31
1995 18.43 20.14
1996 22.15 23.53
1997 20.60 21.37
1998 14.39 14.70
1999 19.24 19.24



ttp;//llp.cia.doe.gov/pub/oil_gas/pclrol...m_stalus_report/curreiilylxc/iaDieizi.ixi

Table 12. World Crude Oil Prices 
(Dollars per Barrel)

Country,
Type of Crude/API 
Gravity(2)

OPEC

Saudi Arabia,
Arabian Light 34 

Saudi Arabia,
Arabian Medium 31 

Saudi Arabia,
Arabian Heavy 27 

Abu Dhabi,
Murban 39 

Dubai,
Fateh 32 

Qatar,
Dukhan 40 

Iran,
Iranian Light 34 

Iran,
Iranian Heavy 31 

Iraq(3),

In Effect:

3 Mar 25 Feb 
2000 2000

7 Jan 1 Jan 1 Jan 1 Jan 1 Jan 1 Jan 
2000 1999 1998 1997 1996 1978

25.30 

24.35 

23.45 

26.01 

24.20 

25.27 

25.15 

24.35

25.30

24.35

23.45

26.01

24.20

25.27

25.15

24.35

23.45 

22.85 

22.10 

23.94 

22.20 

23.61 

23.55 

23.05

10.03

9.63

9.28

10.50

10.20

10.50

9.83

9.58

15.50

14.90

14.00

16.27

15.25

15.78

14.93

15.12

22.98

21.93

21.08

24.06

21.90

23.24

22.63

21.87

18.20

17.40

17.05

18.81

17.40

18.22

17.73

17.57

12.70

12.32

12.02

13.26

12.64

13.19

13.45

12.49

Kirkuk 36 30.25 26.31 21.75 0.00 0.00 0.00 0.00 13.17
Kuwait,

Kuwait 31 24.15 24.15 22.90 9.38 14.90 21.83 17.40 12.22
Neutral Zone,

Khafji 28 25.30 25.30 23.45 10.03 15.50 22.98 18.20 12.03
Algeria,

Saharan Blend 44 28.43 28.43 24.28 10.78 16.90 24.75 19.79 14.10
Nigeria,

Bonny Light 37 28.10 28.10 23.85 10.60 16.50 24.65 19.70 15.12
Nigeria,

Forcados 31 28.00 28.00 23.85 10.40 16.50 24.75 19.70 13.70
Libya,

Es Sider 37 28.28 28.28 23.25 10.65 16.72 24.10 19.20 13.68
Indonesia,

Minas 34 26.50 26.50 23.25 9.95 16.50 24.95 20.05 13.55
Venezuela,

Tia Juana Light 31 28.50 28.50 23.42 9.45 15.93 26.62 18.81 13.54
Venezuela,

Bachaquero 24 0.00 0.00 0.00 0.00 0.00 24.74 17.24 12.39
Venezuela,

Bachaquero 17 0.00 0.00 0.00 0.00 0.00 20.45 15.60 11.38
Gabon(6),

Mandji 30 0.00 0.00 0.00 0.00 0.00 0.00 17.80 12.59

Total OPEC(4),
NA 2 6.31 25.94 23.19 9.96 14.97 23.07 18 . 12 13.03

Non-OPEC
United Kingdom,

Brent Blend 38 30.05 28.69 23.26 10.44 15.89 24.05 19.37 0.00
Norway,

Ekofisk Blend 42 28.25 28.25 23.95 10.60 16.50 24.30 19.45 14.20
Canada,

Sweet Mixed Bid 38 44.35 41. 91 33.91 14.48 22.82 32.44 24.12 0.00
Canada,

Lloyd Blend 22 37.08 31.63 27.80 7.90 13.36 23.17 17.89 0.00
Mexico,

1 oil 3/9/2000 8:59 PM
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NA = Not applicable.

Sources:
EIA, Office of Energy Markets and End Use, Energy Markets and 
Contingency Information Division.
Platt's Oilgram Price Report.
Petroleum Intelligence Weekly.
Bloomberg Oil Buyers' Guide.
Oil and Gas Journal.
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Crude Oil Revenues Bill $)
I i

Algeria 
Indonesia 
Iran 
Iraq 
Kuwait 
Libya 
Nigeria 
Qatar 
Saudi Arab 
United Arab 
Venezuela 

Total

0.9
0.6
3.3
1.5
2.4 
3.2
1.6 
0.4
3.4 
0.8 
2.8

20.9

1.3
0.9
4.1 

-0.1
2.7 
2.9
2.1 
0.5
4.7 
1.1 
3.0

23.3

1.9
1.6
6.5
2.8
3.4
4.0
3.4 
0.7
8.4 
1.9
4.1 

38.7

4.6
4.9 

23.4
7.9

10.3 
8.5

11.2
2.3

34.3 
7.0

11.2
125.5

4.0
4.8 

19.1
8.5
8.3
7.8
7.4
1.8 

28.3
6.6 
8.8

105.4

4.7
5.8 

22.3
9.7
8.9 
8.5
9.8 
2.1

36.5
8.3
8.3

124.8

5.5
6.8

23.3 
10.2
8.9

10.2
10.3 
2.1

41.7
9.2
8.8

137.1

5.8
6.4 

21.3 
11.1
9.5
9.6
8.8 
0.9

38.1
8.6 
8.4

128.5

8.5 
8.2

17.6
22.3 
16.9
15.5 
16.2

3.6
58.5 
12.8
12.3 

192.3

12.7 
14.2
13.1 
27.5 
18.0
22.2 
24.3

5.3
102.5

18.8 
17.8

276.6

12.6
15.8
10.5 
10.2
12.9 
15.0 
17.3

5.2
114.3

17.8
19.5 

251.2

Consumer 40.4 42.0

Crude Oil Revenues (Bill 90$)

44.4 49.3 53.8 56.9 60.6 65.2 72.6 82.4 90.9

71 72 73 74 75 76 77 78 79 80 81

Algeria 3.0 4.2 5.7 12.1 9.7 10.7 11.9 11.6 15.3 20.2 18.2
Indonesia 1.8 2.8 4.8 13.1 11.8 13.3 14.6 12.7 14.7 22.6 22.8
Iran 10.7 12.9 19.2 62.1 46.5 51.3 50.3 42.8 31.7 20.9 15.2
Iraq 5.0 -0.3 8.1 20.9 20.6 22.2 22.0 22.2 40.1 43.6 14.7
Kuwait 7.6 8.5 9.9 27.3 20.1 20.4 19.2 19.1 30.4 28.5 18.6
Libya 10.5 9.1 11.9 22.5 19.0 19.6 22.1 19.3 27.9 35.3 21.6
Nigeria 5.2 6.6 10.0 29.7 18.1 22.6 22.2 17.7 29.2 38.6 24.8
Qatar 1.2 1.4 2.2 6.1 4.3 4.9 4.5 1.7 6.5 8.5 7.5
Saudi Arab 11.1 14.5 24.7 90.9 68.9 83.9 90.1 76.5 105.4 162.8 164.5
United Arab 2.7 3.3 5.5 18.6 16.0 19.0 19.8 17.3 23.1 29.9 25.6
Venezuela 9.0 9.4 12.1 29.6 21.4 19.0 19.1 16.8 22.2 28.3 28.1

Total 67.6 72.4 114.1 332.9 256.3 287.0 295.8 257.8 346.5 439.1 361.5

0^
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86 88
11.0
11.7
17.2 
10.0
8.3

13.4
13.7 

3.9
68.2 
14.0 
17.2

188.5

9.6
10.1
16.9
8.2
9.5

11.1
11.2

3.0
46.7 
11.1
13.8 

151.3

9.6
10.6
14.2
10.2
10.3 
10.7
12.3 
3.9

38.1
10.7
14.0

144.8

9.5
9.1

14.8
12.0
9.0

10.3 
13.0
2.8

24.4
10.4 
12.2

127.5

4.0 
4.7
5.6
6.7
6.0
4.6 
6.5
1.4 

18.0
5.7
6.5 

69.6

5.9
5.7
8.8 

11.2
8.8
5.5
7.5 
1.7

19.9
8.5 
8.1

91.6

4.8
4.6
6.5 

11.8
6.3
5.6
6.7 
1.6

19.0
6.7
7.1

80.7

6.1
5.6 

10.6 
15.4
9.2
6.7
9.8 
2.0

23.1
9.8
8.8 

107.3

8.6
7.0

15.4 
12.8
7.8 

10.6
13.5
2.9

38.7
14.8
11.8 

144.0

7.7
6.8

13.7 
0.3 
0.9 
9.8

12.0
2.3

40.8
13.8 
11.4

119.6

7.2 
6.0

14.8
0.5
5.8
9.2 

12.0
2.6

43.7
13.5
11.5 

126.7

6.0
4.9 

12.9
0.6
8.9 
7.5

10.8
2.2

36.8
11.4
10.6

112.6

96.5 99.6 103.9 107.6 109.6 113.7 118.4 124 130.8 136.3 140.4 144.6

82 83 84 85 86 87 88 89 90 91 92 93
15.0 12.6 12.1 11.5 4.8 6.8 5.3 6.5 8.6 7.4 6.7 5.4
15.9 13.3 13.4 11.0 5.6 6.6 5.1 5.9 7.0 6.5 5.6 4.5
23.3 22.3 17.8 18.0 6.7 10.1 7.2 11.2 15.4 13.2 13.8 11.7
13.5 10.8 12.8 14.6 8.0 12.9 13.1 16.3 12.8 0.3 0.5 0.5
11.3 12.5 13.0 10.9 7.1 10.2 7.0 9.7 7.8 0.8 5.4 8.1
18.2 14.6 13.5 12.6 5.5 6.4 6.1 7.0 10.6 9.4 8.6 6.8
18.6 14.7 15.5 15.8 7.7 8.7 7.4 10.4 13.5 11.5 11.2. 9.7
5.3 3.9 4.9 3.5 1.6 1.9 1.7 2.1 2.9 2.2 2.4 2.0

92.4 61.4 48.0 29.7 21.5 22.9 21.0 24.4 38.7 39.2 40.7 33.3
19.0 14.6 13.5 12.6 6.8 9.8 7.5 10.3 14.8 13.3 12.6 10.3
23.3 18.2 17.6 14.8 7.8 9.3 7.8 9.3 11.8 10.9 10.7 9.6

255.6 198.7 182.3 155.0 83.1 105.4 89.2 113.2 144.0 114.8 118.0 101.9
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5.6 
4.4

13.4
0.5
9.7 
7.0 
9.9 
2.2

36.9
11.1
11.2

111.9

6.2
4.5

14.8 
0.5

11.1
7.7

10.8 
2.4

41.5
12.0
13.4

124.8

8.0
5.2

17.6 
0.8

12.9
9.4

14.7
3.3

48.7
14.6
18.6 

153.8

7.5
4.1 

16.1
4.8 

12.5
8.9

14.0
4.2

48.2
14.2
18.0 

152.6

4.8 
2.7

10.3
6.4
7.9
5.5
8.6
2.9 

29.6
9.3

11.1
99.1

99
6.5
3.7

13.9 
11.4 
10.0
7.4

12.0
4.1

38.3
11.9 
13.6

132.8
0.339709

10.1
5.6 

21.9
20.4 
16.2
11.7
18.5
6.6

59.6 
19.1
21.8 

211.5

148.3 152.5 157 160.6 163.1 166.7 170.7

94 95 96 97 98 99 00
4.9 5.3 6.6 6.1 3.9 5.1 7.7
3.9 3.8 4.3 3.3 2.1 2.9 4.3

11.8 12.7 14.6 13.1 8.3 10.9 16.8
0.5 0.4 0.6 3.9 5.2 9.0 15.6
8.6 9.5 10.8 10.2 6.3 7.8 12.4
6.2 6.6 7.8 7.3 4.4 5.8 9.0
8.8 9.2 12.3 11.4 6.9 9.4 14.2
1.9 2.1 2.8 3.4 2.3 3.2 5.0

32.5 35.6 40.6 39.3 23.7 30.1 45.6
9.8 10.3 12.2 11.6 7.5 9.4 14.7
9.9 11.5 15.5 14.7 8.9 10.7 16.7

98.7 107.1 128.1 124.3 79.5 104.2 162.0
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OPEC Revenues Fact Sheet http://www.eia.doe.gov/emeu/cabs/opecrev.html
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United States

Energy Information Administration

March 2000

OPEC Revenues Fact Sheet
The following provides information on OPEC 
oil revenues and the impact of sharply 
increased oil prices since their low point in 
early 1999. OPEC countries include: Algeria. 
Indonesia. Iran. Iraq. Kuwait. Libya. Nigeria. 
Qatar. Saudi Arabia. United Arab Emirates. 
and Venezuela. Most OPEC countries are 
overwhelmingly dependent on oil export 
revenues, and the surge in oil prices over the 
past year has translated into sharply higher oil 
export revenues, alleviating many of the 

pressures which had built up during the oil price slump of late 1997-early 1999. Please note that all the 
data andforecasts contained in this report are based on the best available information as of March 
2000 and can change.

V.'.'.i'/.'/y.'/

EXECUTIVE SUMMARY
The main conclusions of this study are the following:

• Assuming the U.S. Energy Information Administration's (EIA's) March 2000 "reference case"
forecast for world oil prices and production, OPEC oil export revenues for 2000 are projected to
be $211.5 billion (see table!, or 59% higher than in 1999, which itself had seen a 34% increase
from 1998 revenues (the lowest in "real," i.e., inflation-adjusted, terms since 1972). Thus, in only
two years, OPEC oil export revenues have more than doubled, and are now the highest (in real
ternis) since 1984 (and in "nominal" terms since 1981).

• Increased OPEC oil export revenues since early 1999 have resulted in a dramatic improvement in
OPEC finances and economic situations in general. Low OPEC oil revenues during 1998 and early
1999 had posed difficult social/economic/political challenges and tradeoffs for many OPEC
countries

• Higher OPEC oil export revenues in 2000 are a result of sharply higher prices (52% higher)
compared to 1999. OPEC oil production in 2000 is expected to be about 3.5% higher than in 1999.

• Saudi Arabia maintains the highest share of OPEC oil export revenues (at around 28% of the
OPEC total). Other top OPEC oil exporters include Iran, Venezuela, Iraq, and Nigeria.

• Iraq is expected to earn around $20.4 billion in 2000, nearly double its former United Nations
(U.N.) oil export ceiling (under the "food-for-oil" program) of $10.5 billion ($5.26 billion every
180 days). During the first half of 2000, Iraq is expected to earn $9.4 billion in oil export revenues,
compared to $4.2 billion in the first half of 1999.

• In addition to the OPEC countries, dramatically increased oil export revenues during 1999 and
early 2000 are significantly impacting non-OPEC countries, such as Russia and Mexico, as well.
Russia's economic situation has rebounded somewhat (with positive economic growth in 1999 after

1 of 8 3/9/2000 8:50 PM
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a sharp downturn in 1998), partly as a result of a rebound in the country's oil and gas export 
revenues from 1998. Mexico's economy is expected to grow by 4.8% in 2000.
According to EIA's Monthly Energy Review, the price collapse of late 1997 and 1998 cut U.S. oil 
imports by over $20 billion. The sharp increase in oil prices of the past year increased U.S. oil 
imports in 1999 to $67 billion, up $17 billion from 1998. Given El A oil price forecasts, U.S. oil 
imports could approach $90 billion in 2000.
It is important to note that OPEC oil export revenue forecasts are dependent on both oil prices and 
production levels, each of which has a significant degree of uncertainty attached to it. Despite this 
uncertainty, EIA has a high degree of confidence in its general conclusion that OPEC oil export 
revenues in 2000 will be sharply higher than in 1999.

OVERVIEW
World oil prices declined sharply in late 1997, and continued to remain extremely low 
through 1998 and into early 1999. Over the past year, following OPEC's March 23, 1999 
agreement to cut oil production by 1.7 million barrels per day (bbl/d), oil prices have 

rebounded sharply from their lowest levels in decades, with West Texas Intermediate and other major 
crude prices approximately tripling in less than a year. The latest U.S. Energy Information 
Administration's (EIA's) data and forecast information reflect this increase, with OPEC oil export 
revenues for 2000 up 59% from 1999, and an amazing 113% from 1998. For 2000 as a whole, it is 
expected that OPEC oil export revenues will be the highest (in real terms) since 1984, the year before the 
oil price collapse of 1985/1986. This massive inflow of oil revenues is helping OPEC countries' balance of 
payments, budgets, and overall economic conditions. (Note: EIA oil price forecasts include high, low, 
and reference cases. For the purposes of this report, the reference case was used. Use of low or high oil 
price cases would have resulted in, respectively, lower or higher OPEC oil export revenue forecasts — 
possibly by about 10% in either direction.)

The sharp increase in oil prices of the past year is even more dramatic considering that the OPEC 
"basket" price (a weighted average of Algeria's Saharan Blend, Indonesia's Minas, Nigeria's Bonny Light, 
Saudi Arabia's Arabian Light, Dubai, Venezuela's Tia Juana, and Mexico's Isthmus) had fallen to under 
$10 per barrel in December 1998. Prior to the past year's oil price increases, real world oil prices during 
1998 and early 1999 had been ainning at the lowest levels since 1973, prior to the Arab Oil Embargo late 
that year, and since 1986, following the oil price collapse of late 1985/early 1986. This had represented a 
reverse oil price "shock" (downward in this case), in contrast to the sharp upward oil price shocks of 
1973/4, 1979, and 1990. In the most recent downward oil price "shock" from late 1997 through early 
1999, low oil prices had a negative effect on oil exporting countries, while generally helping the major oil 
importing countries.

•«K« IV* The sharp increase in oil prices has been caused by several main factors as well: 1) OPEC's 
March 1999, 1.7-million bbl/d quota cut agreement, in addition to over 2.5 million bbl/d in 
two output cutbacks agreed to earlier; 2) high levels of OPEC compliance to its quota 
agreement; and 3) strong world oil demand, including the rebounding Asian economies and 

the surging U.S. economy.

Among other effects, sharply increased oil prices during 1999 have resulted in a dramatic improvement in 
OPEC countries' economic situations, budgets, trade balances, etc. For 1999 as a whole, OPEC earned an 
estimated $133 billion in oil export revenuesfsee table), up 59% (in nominal terms) from 1999 and more 
than double 1998 levels (although still down around $20 billion from 1997). For 1999, prior to the 
upsurge in oil prices (and revenues), most OPEC countries had reduced their expectations for oil prices 
and revenues substantially. Given sharply increased OPEC oil prices and revenues, however, OPEC 
country budgetary assumptions for oil prices during 2000 now appear to have been far too low in many
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cases.

In real terms (constant $1990), OPEC revenue peaked in 1980, at $439 billion (see graph). OPEC's worst 
revenue year in constant dollar terms since the early 1970s ($77 billion in 1972) was 1998, when 
revenues reached only $80 billion (in constant $1990), slightly below the previous low revenue year of 
1986 ($83 billion in earnings), following the oil price collapse of late 1985/early 1986. OPEC revenues 
for all of 2000 will most likely be around $162 billion (in constant $1990) given EIA's oil price and net oil 
export forecasts. Assuming EIA's current baseline forecast, OPEC revenues in real terms in 2000 would 
still be only 37% of 1980 revenues, but more than double 1998 revenues.

Individual OPEC members' shares of total oil export revenues have fluctuated over the past 
three decades, but several trends are apparent (see graph). First, Saudi Arabia consistently 
has earned more oil export revenues than any other single member of OPEC, with the 
Saudi share ranging from below 20% in 1972 to over 40% in the early 1980s, and 28% 

today. Second, Iran's revenue share fell after the 1978/79 Iranian Revolution (followed soon thereafter by 
the Iran-Iraq War for much of the 1980s), and has not recovered since. Today, Iran accounts for about 
10% of total OPEC oil export revenues, down from 17%-18% in the 1970s. Third, Iraq's oil export 
revenue share has fluctuated sharply, from a high of around 15% in the late 1980s, to near 0% for several 
years following its August 1990 invasion of Kuwait (and the subsequent U.N. oil embargo, which 
continues to this day). Iraqi oil export revenues have increased over the past three years or so under the 
U.N. "food-for-oil" deal, which permits limited Iraqi oil exports to buy food and medicine, for war 
reparations, and for other U.N.-authorized purposes. Iraq's share of total OPEC oil revenues is now 
approaching 10%. Fourth, Venezuela has maintained a major — and fairly consistent share of around 
10%-12% of OPEC oil revenues. Finally, the rest of OPEC has earned between 40% and 50% of total 
OPEC oil export revenues between 1972 and 1998. Around half of this was earned by "other Persian 
Gulf countries, which includes Kuwait, the United Arab Emirates, and Qatar.

Algeria
In 1999, Algeria's oil and gas export revenues accounted for at least 90% of Algeria's total export 
revenues, and more than half of total fiscal revenues. The combination of sharply higher oil prices and 
moderately lower oil production since March 1999 has resulted in significantly higher oil export revenues 
for Algeria — an estimated $6.5 billion in 1999, compared to $4.8 billion in 1998. This has helped to 
relieve pressures on government finances and has helped the country's overall economic growth. Prior to 
the oil price collapse of late 1997, Algeria's real GDP had grown strongly (5.5% in 1997, for instance). 
For 1998, a 6% growth rate had been projected prior to the oil price collapse, but in actuality ended up at 
1%. In 1999 and 2000, higher oil prices have contributed to a sharp rebound in Algeria's GDP growth, to 
5.2% and 6.1%, respectively. ElA is estimating that revenues from Algeria's oil exports will reach $10.1 
billion in 2000 (up 55% from 1999), on exports of nearly 1 million bbl/d.

Indonesia
Indonesia's oil revenues are expected to rise 52%, to $5.6 billion, in 2000, compared to $3.7 billion in 
1999 (and more than double the $2.7 billion earned in 1998). Increased Indonesian oil export revenues 
are helping the country's economy as it begins to recover from the devastating collapse of 1998.
Indonesia is expected to export about 538,000 bbl/d of crude oil (on a net basis) in 2000, with oil and gas 
exports accounting for about one-third of Indonesia' total export revenues. For 2000, the Indonesian 
economy is expected to grow (in real terms) by 3.2%, following a sharp decline in 1998 and a smaller 
decline in 1999. Indonesia's oil price projection for the country's 2000/2001 budget is around $18 per 
barrel. This is around $10 per barrel lower than EIA's estimate for the average Indonesian oil price in 
2000.
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Iran
Iran's economy, which relies heavily on oil export revenues (around 80%-85% of total export earnings, 
for instance), was hit hard by record-low oil prices during 1998 and early 1999, but with the rebound in 
oil prices over the past year, has begun to recover somewhat. For 1999, Iran's real GDP grew by 2.5%; 
for 2000, it is expected to grow at a more rapid, 4.2% rate.

For 2000, Iran's oil export revenues are expected to reach $22 billion, up 58% from 1999 and more than 
double 1998 revenues. Despite higher oil prices, Iran continues to face budgetary pressures, a rapidly 
growing, young population with limited job prospects; heavy dependence on oil revenues (about half the 
state's budget and 80% of the country's hard currency earnings); $16 billion in external debt (including a 
high proportion of short-term debt); expensive state subsidies on many basic goods; a large, inefficient 
public sector and state monopolies (bonyads, which control at least a quarter of the economy and 
constitutionally are answerable only to supreme leader Ayatollah Ali Khamenei); and international 
isolation and sanctions. To cope with its economic problems, Iran's government has proposed a variety of 
privatization and other restructuring and diversification measures.

Iran's budget for FY 2000 is based on a forecast price of oil at $16 per barrel, compared to a price for 
Iranian crude oil of around $25 per barrel in February 2000. Low oil prices during 1998 exacerbated 
Iran's budget shortfall, which is a chronic problem in part due to large-scale state subsidies - totaling 
some $11 billion per year — including foodstuffs and especially gasoline (see below). Iran gains around 
$800 million in revenues for every $1 per barrel increase in the price of its oil. Iran is expected to export 
around 2.4 million bbl/d of crude oil in 2000, the same as in 1999.

Iraq
The effect of world oil price fluctuations on Iraq is more complicated than on other OPEC countries for 
one main reason: Iraq remains subject to U.N. sanctions stemming from its invasion of Kuwait in August 
1990. Over the years, these sanctions have constrained both the dollar value that Iraq could export and 
also have controlled how Iraqi oil export revenues could be spent (in December 1999, the previous limit 
on Iraqi oil export revenues — $5.26 billion per every 6 months — was ended by the U.N. Security 
Council, although, for somewhat complex reasons, Iraq has informally, and somewhat vaguely, claimed 
continued adherence to the limit). Since late 1996, Iraqi oil production has increased by over 2 million 
bbl/d — from 550,000 bbl/d in November 1996 to around 2.7 million bbl/d forecast for 2000. Iraqi oil 
exports reached an estimated 1.5 million bbl/d in April 1998 and around 2.2 million bbl/d in October 
1999, before falling off sharply in November and December due to an impasse over U.N. weapons 
inspections. In 1997 and 1998, rapidly increasing Iraqi oil exports played a significant role in creating a 
world oil glut and causing a price collapse. Currently, Iraqi oil exports are increasing much more slowly, 
or have even leveled off, and are expected to average 2.2 million bbl/d for 2000 as a whole.

If Iraq were, for whatever reason, to adhere unilaterally to the old $5.26-billion, 6-month oil export 
revenue target, it would need to sustain oil exports of around 1.2 million bbl/d (assuming the $25 per 
barrel which EIA expects Iraq will average during 2000). Assuming oil exports of 2.2 million bbl/d for 
2000 (EIA's current forecast), Iraq would earn around $20 billion in oil export revenues, up 79% from 
1999 and more than triple 1998 levels. EIA's Iraqi oil production forecast assumes that the country 
receives sufficient spare parts for its oil industi'y (a frequent source of contention between Iraq and the 
United Nations), and also that Iraqi oil production is not capped by the United Nations or restricted by 
unilateral action by Iraq.

Kuwait
With oil revenues accounting for about 90% of Kuwait's government income (and nearly half the 
country's GDP), sharply increased oil prices since early 1999 obviously have had positive implications for
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Kuwait's financial and economic situation. Following a serious recession in 1997 and 1998, Kuwait's 
economy is now expected to grow by 4.5% (real GDP) in 2000. For 2000, Kuwait oil export revenues 
are expected to increase sharply, to $16.2 billion, up 62% from 1999 revenues and more than double 
1998 revenues. Kuwaiti net crude oil exports are expected to average around 1.8 million bbl/d, up slightly 
from 1.7 million bbl/d in 1999.

Libya
Libya is expected to earn $11.7 billion from oil exports in 2000, up 59% from 1999 revenues and more 
than double 1998 earnings of $5.5 billion. Oil export revenues account for about 98% of Libya's hard 
currency earnings and half of fiscal receipts. Over the past several years, Libyan oil export production and 
export earnings have been affected by U.N. (and U.S.) sanctions imposed in the years following the 1988 
bombing of Pan Am flight 103 over Lockerbie, Scotland, in which 270 people were killed. On April 5 
1999, Libya handed over the two suspects, prompting the United Nations (but not the United States) to 
suspend sanctions (see EIA's report on energy sanctions').

As a result of both sanctions and low oil prices, Libya's economy has barely grown in several years (0.6% 
growth in 1997, a decline of 1.5% in 1998, and 1.9% growth in 1999). For 2000, helped by higher oil 
export earnings and the end of international sanctions, Libya's real GDP is expected to grow by around 
3.2%. Libya had been forced to adopt a more conservative fiscal policy and to limit public infrastructure 
spending to a few main projects, such as the Great Man Made River (GMR), a $25 billion project to 
bring water from underground aquifers beneath the Sahara to the Mediterranean coast. Given the 
rebound in oil prices (and the suspension of U.N. sanctions), Libya's macroeconomic picture has 
improved somewhat, as has its economic outlook. Libya continues its attempts at diversifying the 
country's economy away from oil and towards natural gas, and has kept government spending under tight 
control. Libya is expected to export around 1.2 million bbl/d of crude oil in 2000, up slightly from 1.1 
million bbl/d in 1999.

Nigeria
Crude oil exports generate over 90% of Nigeria's foreign exchange earnings. Nigeria's crude oil export 
revenues are expected to increase by 54% in 2000, to $18.5 billion, compared to $12.0 billion in 1999 
(and $8.6 billion in 1998). Low oil export revenues during 1998 came amidst a period of political and 
social turmoil for Nigeria, especially following the deaths of President Sani Abacha on June 8, 1998 and 
of Mashood Abiola - presumed winner of 1993 presidential elections - on July 7, 1998, and the election 
of a new president (General Olusegun Obasanjo) on March 1, 1999. Political turmoil, combined with low 
oil prices during late 1997 and into early 1999, had a serious effect on Nigeria's economic and fiscal 
situations. With higher oil prices and political stability, these situations now are improving. Real GDP, for 
instance, is expected to grow by 4.3% in 2000, compared to 2% in 1999. Nigeria is expected to export 
around 1.8 million bbl/d of caide oil in 2000, as it did in 1999.

Qatar
Oil continues as the dominant feature of Qatar's economy, although natural gas is becoming increasingly 
important and the government is pushing diversification efforts. Oil accounts for around 70% of Qatar's 
government revenues, and also has an impact on production of condensate and associated natural gas. 
Increased oil prices since early 1999 are helping Qatar in several ways, not the least of which is the 
increase in revenues which can be used to balance the country's budget and to pay for a huge liquefied 
natural gas (LNG) development program (Qatar has the third largest gas reserves in the world, after 
Russia and Iran). Qatar's oil export earnings for 2000 currently are forecast at $6.6 billion, up 61% from 
1999 and more than double the $2.9 billion which Qatar earned from oil exports in 1998. Qatar continues 
to maintain relatively tight fiscal and monetary policies, keeping inflation under control. Qatar's real GDP 
is forecast to increase by 4.6% in 2000, up from 3.3% growth in 1999. Qatar is expected to export
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685,000 bbl/d of cmde oil in 2000, up from 649,000 bbl/d in 1999.

Saudi Arabia
Saudi Arabia is the largest world crude oil producer and is a leader in OPEC's production quota 
decisions. As such, Saudi Arabia was a critically important player behind the oil price collapse of late 
1997 through early 1999, and also in actions taken by world oil producers which have led to a tripling in 
oil prices. Currently, Saudi Arabia produces about 8 million bbl/d of crude oil (28% of total OPEC crude 
production) and exports around 6.6-6.7 million bbl/d. This represents a significant cut from Saudi 
Arabia's production of 8.4 million bbl/d in 1998 (and 8.6 million bbl/d in 1997). The sharp decline in oil 
revenues which Saudi Arabia experienced during 1998 and early 1999 represented a major challenge for 
the country's government (since oil export revenues account for nearly 90% of total Saudi export 
earnings). The sharp increase in oil prices over the past year has significantly improved Saudi Arabia's 
economic situation, with 5.4% real GDP growth forecast for 2000.

Saudi Arabia is forecast to earn about $60 billion in 2000 from crude oil exports, up 55% from around 
$38 billion in 1999, and double 1998 oil export revenues. From January 1998 through March 1999, the 
price of Saudi oil averaged between $9 and $13 per barrel, down sharply from late 1997, and the lowest 
in inflation-adjusted terms for any sustained period of time since 1973. Saudi oil prices increased sharply 
following OPEC's March 23, 1999 cutback agreement, and now average $25-$30 per barrel.

Despite attempts to diversify its economy, Saudi Arabia remains heavily dependent on oil revenues (for 
around 90% of total export earnings, about 70% of state revenues, and 40% of GDP). The oil price 
decline of 1998 and early 1999 came just as the Saudi economy appeared to be recovering from the 
adverse impacts of the 1990/91 Gulf War, and seriously hurt Saudi Arabia's short-term economic and 
financial situations. The dramatic turnaround in Saudi oil revenues over the past year has resulted in a 
significant higher GDP growth rate, as well as greatly improved external trade and internal budgetary 
situations. For 1999, Saudi Arabia had adopted an austerity budget which included spending cuts of 
almost 16% but without any new taxes or other measure to increase revenues. Low oil prices also had 
forced state oil and gas company Saudi Aramco, whose expenditures account for around 6% of Saudi 
GDP) to reassess its capital expenditure program, to delay a series of upstream and refining projects (at 
an estimated savings of $2 billion this in 1998), and to defer bidding on the $150-$200 million Haradh 
(phase 2) crude oil production increment project. In October 1998, a planned $800 million upgrade of the 
Rabigh oil refinery was cancelled, leaving Saudi Arabia with only one major energy project under bidding 
— the $2 billion Flawiya natural gas processing plant (part of an ambitious expansion plan for the Saudi 
Master Gas System), Increased oil revenues now mean that Saudi Arabia will be more able to spend 
money on such projects.

UAE
The UAE is expected to earn $19.1 billion in oil export revenues in 2000, up 160% from 1999 and more 
than double 1998 revenues. As with other OPEC countries, the sharp increase in oil prices of the past 
year has significantly improved the UAE's economic and budgetary situation. Real GDP is forecast to 
grow by 5.2% in 2000, up from 5% growth in 1999 and a 5% decline in 1998. The UAE is expected to 
export around 1.9 million bbl/d in 2000, up slightly from 1999 oil export levels.

Venezuela
Venezuela is expected to earn $21.8 billion in oil export revenues during 2000, up 60% from $13.6 billion 
in 1999 (and nearly double 1998 oil export revenues). Due to this surge in oil revenues, Venezuela's real 
GDP is expected to grow by 3.5% in 2000, compared to a 5.7% declim in 1999. Despite this forecast 
increase, Venezuela is faced with a host of economic and political challenges, including the aftermath of 
devastating floods and mudslides that ravaged Venezuela in December 1999 and added yet another
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financial burden to the country, while also killing as many as 50,000 people, leaving over 100,000 
homeless, and destroying businesses and public buildings.

Due to low oil prices during 1998, PdVSA's 1999 budget was the smallest in 10 years. Cuts in PdVSA's 
budget over the past few years have crimped the company's ambitious long-term expansion plans. 
PdVSA's production capacity target for 2007 already has been lowered from 6.4 million bbl/d, to 5.8 
million bbl/d (up from 3.3 million bbl/d in 1997). Development of the Orinoco heavy oil field, a 
$2.6-billion project owned 51% by Conoco and 49% by PdVSA, has been threatened by Venezuela's 
economic crisis. Complicating this picture somewhat is the fact that PdVSA is a vertically integrated oil 
company, with extensive downstream (i.e., refining) operations in the United States, Caribbean, and 
elsewhere. In general, all else being equal (i.e., there is no abnormal oil stock overhang, as there was in 
1998) downstream operations are helped by lower oil prices, while upstream operations are hurt. On 
balance, however, Venezuela still was hurt by the low oil prices of late 1997 through early 1999, and is 
being helped by sharply increased oil prices now.

OPEC Oil Export Revenues at a Glance
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Persian Gulf Oil Export Fact Sheet
In 1998, the Persian Gulf countries (Bahrain, Iran, Iraq, Kuwait, Qatar, Saudi Arabia, and the United 
Arab Emirates produced over 27 percent of the world's oil, while holding 64 percent of the world's oil 
reserves. Persian Gulf net oil exports to OECD countries were up over 0.5 million barrels per day in 
1998from 1997 to more than 10.5 million barrels per day.

Percent of Oil Supplied from the Persian Gulf
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U.S. net oil imports from the 

Persian Gulf in 1998 rose to 
2.14 million barrels per day 
from 1.76 million barrels per 
day in 1997. The vast majority 
of Persian Gulf exports to the 
United States came from Saudi 
Arabia (70 percent), with 
significant amounts also 
coming from Iraq (nearly 16 
percent) and Kuwait (14 
percent), with only very small 
amounts of oil coming from 
Qatar and the United Arab 
Emirates. Since rising from a 

25-year low of 0.31 million barrels per day in 1985 to 1.97 million barrels per day in 1990, U.S. oil 
imports from the Persian Gulf as a percentage of oil demand declined gradually through 1996, until 
increasing in 1997 and 1998 (see graph). In 1998, more oil was imported to the United States from the 
Persian Gulf than in any year since 1977-1978. In these years, 2.45 million barrels per day and 2.22 
million barrels per day of oil respectively was imported from the Persian Gulf to the United States.

Western Europe (defined as European countries belonging to the Organization for Economic 

Cooperation and Development, or OECD, but excluding new European OECD members Poland, 
Hungary, and the Czech Republic) imported nearly 4.0 million barrels per day from the Persian Gulf in 
1998. This was an increase of nearly 0.5 million barrels per day from 1997. Nearly half of Persian Gulf oil 
exports to Western Europe came from Saudi Arabia (48 percent), with significant amounts also coming 
from Iran (over 25 percent) and Iraq (nearly 19 percent). After declining steadily between 1993 and 1996, 
Western Europe's oil imports from the Persian Gulf as a percentage of oil demand increased significantly 
in 1997 and 1998, rising from 22 percent in 1996 to 27 percent in 1998.
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1998 Net Oil Exports from the Persian Gulf
Million Barrels per Day (MMBD)

Iran 
2.6.

Total = 17.1 MMBD

Saudi Arabia 
7.9

Qatar 0.74
Note: Bahrain's net oil 
exports were 0.025 MMBD

Japan imported over 4.1 million 

barrels per day from the Persian Gulf in 
1998. Unlike the United States and 
Western Europe, this represented a 
decrease of nearly 0.2 million barrels per 
day from 1997. However, due to a 
significant decline in Japanese oil 
demand (0.2 million barrels per day) as a 
result of the Asian economic crisis, 
Japan's oil imports from the Persian Gulf 
as a percentage of demand stayed 
relatively flat from 1997 at 75 percent. 
Japan's dependence on the Persian Gulf 
for its oil supplies has been increasing 
steadily since 1988, when Persian Gulf
oil imports represented only 57 percent
of Japanese oil demand. In 1998, more

than a third of Persian Gulf exports to Japan came from the United Arab Emirates (34 percent), with 
slightly less coming from Saudi Arabia (31 percent).

In 1998, Persian Gulf countries exported 17.1 million barrels per day of oil (see pie chart). This 

represented an increase of about 1 million barrels per day from 1997. Iraq's oil exports alone increased by 
1 million barrels per day as increases in the United Nations' "oil-for-food" deal allowed Iraq to export 
more oil. Iran, the United Arab Emirates, Kuwait, Qatar, and even Bahrain all exported slightly more oil 
in 1998 than in 1997. The exception was Saudi Arabia, whose oil exports dropped from 8.1 million 
barrels per day to 7.9 million barrels per day. However, Saudi Arabia still accounted for about half of 
Persian Gulf oil exports (46 percent), with Iran, the United Arab Emirates, Kuwait, and Iraq each 
accounting for between 10 to 15 percent.

Imports from the Persian Gulf Region
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OPEC FACT SHEET
'Uie 11 countries which make up the Organization of Petroleum Exporting Countries (OPEC) produce 
about 40 percent of the world's oil and hold more than 77 percent of the world’s proved oil reserves. 
OPEC also contains most of the world's excess oil production capacity.

April 1 
1999 

Quota*
Crude Oil** Production 

{thousand b/d)
(thousand November

Countrv/Date Joined b/dl '99 October '99 Oil/Enerev Minister
Algeria {19691 731 760 760 Youcef Yousfi

Indonesia {19621 1,187 1,300 1,300 Susilo Bambang 
Yudhoyono

Iran (1960) 3,359 3,450 3,500 Bijan Namdar 
Zaganeh

KuwaiC (19601 1,836 1,905 1,925 Sheikh Saud Naser 
Al-Sabah

Libya (1962) 1,227 1,320 1,310 Abdullah Salim 
al-Badri

Nigeria (19711 1,885 2,050 2,060 Rilwanu Lukman***

Qatar (1961) 593 650 650
Abdullah bin Hamad 
Al-Attiya

Saudi Arabia^ (19601 7,438 7,865 7,845 Ali bin Ibrahim 
al-Naimi

United Arab Emirates^^ 
(1967) 2,000 2,065 2,065 Obeid bin Saif 

Al-Nasiri
Venezuela (19601 2,720 2,740 2,720 Ali Rodriguez
OPEC 10 22,976 24,105 24,135

Iraq^++ (1960) NA 2,200 2,665
Lt. Gen. Amir 
Muhammed Rashid

TOTAL OPEC NA 26,305 26,800 Secretary General 
Rilwanu Lukman

NA; Not Applicable
*Quotas are based on cntde oil production.
**Crude oil does not include natural gas liquids or lease condensate.
***Rilwanu Lukman is the oil advisor to President Olusegun Ohasanjo.
* Kuwaiti and Saudi Arabian figures each include half of production from the Neutral Zone between the
two countries.
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^ '^Quota applies only to Abu Dhabi.
Iraqi oil production is constrained by the United Nations' limits on its exports and as such has not

been a part of any OPEC agreements in 1998.

OPEC Overview
The Organization of Petroleum Exporting Countries (OPEC) was formed at a conference held in 

Baghdad on September 10-14, 1960. There were five original members; Iran, Iraq, Kuwait, Saudi Arabia, 
and Venezuela. Between 1960 and 1975, the organization expanded to 13 members with the addition of 
Qatar, Indonesia, Libya, United Arab Emirates, Algeria, Nigeria, Ecuador, and Gabon. Currently, OPEC 
consists of 11 member nations (Ecuador dropped out in December 1992 and Gabon withdrew effective 
January 1995).

OPEC Monthly Crude Oil 
Production Levels, 1998-1999
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OPEC was set up to help unify and 
coordinate members' petroleum policies 
and to safeguard their interests. Among 
other activities, OPEC holds regular 
meetings of national oil ministers to 
discuss prices and, since the early 1980s, 
to set production quotas. OPEC also 
provides financial assistance to developing 
countries through its OPEC Fund for 
International Development (founded in 
1976), and conducts research on such 
topics as energy finance, technology, and 
relevant economic issues.

EIA estimates that combined, the 11 
current OPEC members will account for 
39.8 percent of total world oil supply 
(including crude oil, natural gas liquids, 
refinery gain, etc.) in 1999. OPEC's share 

of world oil supply had remained constant between 1993 and 1996 (at about 39.5 percent) as non-OPEC 
oil supply had increased dramatically, especially in the North Sea, Latin America, and West Africa. 
However, OPEC oil production increased by about 1.6 million barrels per day (b/d) in 1997 and another 
0.5 million barrels per day in 1998, out of total global oil supply growth of nearly 3.2 million b/d between 
1996 and 1998, thus increasing its share of the world's oil supply by more than 1 percentage point. 
However, following the most recent pledge to cut production, OPEC's share is expected to decline some 
in 1999, before increasing some over the latter half of 2000 as OPEC production is expected to gradually 
rise beginning in the first quarter of 2000.
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OPEC Pricing
OPEC maintains a "basket" of seven crudes (Algeria's Saharan Blend, Indonesia's Minas, Nigeria's Bonny 
Light, Saudi Arabia's Arabian Light, Dubai, Venezuela's Tia Juana, and Mexico's Isthmus) which it uses 
for pricing purposes. In January 2000, the OPEC basket price averaged $24.58 per barrel, down SO. 19 
from the December 1999 average price, and $13.84 per barrel more than the price in January 1999 
($10.74 per barrel). The average OPEC basket price for the fourth quarter of 1999 averaged $23.42 per 
barrel, up $3.41 from the average third quarter price, while the average OPEC basket price for 1999 was 
$17.47 per barrel, up $5.19 per barrel above the average OPEC Basket price in 1998.
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Recent Developments
On September 22, the Organization of Petroleum Exporting Countries (OPEC), at a meeting of its 
member states' oil ministers, decided to maintain current production cuts until March 2000. In another 
development, OPEC announced that its current Secretary General, Nigerian Rilwanu Lukman, will stay in 
office until March 2000. The announcement follows a vigorously contested race to succeed Lukman in 
the post, in which OPEC's three largest members, Saudi Arabia, Iran, and Iraq, had fielded candidates. 
The next OPEC Ministerial Meeting is scheduled to take place on March 27, 2000.

This meeting followed one on March 23, 1999, where OPEC (excluding Iraq) agreed to cut an additional 
1.7 million barrels per day on top of cuts made in two agreements last year. At that meeting, four 
non-OPEC countries (Mexico, Norway, Russia, and Oman) pledged to cut nearly an additional 0.4 
million barrels per day, bringing the total pledged cuts to just over 2.1 million barrels per day. These cuts 
are to be from the previous quotas, after making an adjustment for Iran. However, since the previous two 
agreements were only partially implemented (between 65% and 78% over the last 5 months of 1998), the 
levels in which these cuts are to be made from do not represent actual cuts for most countries. The table 
below shows what EIA is forecasting for OPEC crude oil production in each quarter of 1999 and the first 
quarter of 2000, as well as the new OPEC target crude oil production levels. Although our current 
estimates have fourth quarter 1999 OPEC (excluding Iraq) crude oil production about 1.1 million barrels 
per day above the new target level, it still represents over a 1.1 million barrel per day decrease from first 
quarter 1999 levels. Combining the pledged cuts in 1998 and the most recent agreement (a total of 4.3 
million barrels per day), EIA is estimating that over 80% of the total supply cuts pledged occurred in the 
second and third quarters of 1999 before falling slightly to 74% in the fourth quarter of 1999.

OPEC Crude Oil Production in 1999 by Quarter 
(tliousand barrels per day)

April 1, 1999 
Production

EIA Forecast

Country 1Q99 Tareet Levels 2Q99 3Q99 4Q99 mo
Saudi Arabia 8,150 7,438 7,647 7,684 7,857 7,850
Iran 3,756 3,359 3,410 3,477 3,450 3,500
Venezuela 2,953 2,720 2,740 2,720 2,733 2,740
UAE 2,186 2,000 2,060 2,058 2,068 2,075
Nigeria 1,976 1,885 2,057 2,030 2,057 2,060
Kuwait 2,007 „ 1,836 1,810 1,858 1,918 1,925
Libya 1,360 1,227 1,303 1,293 1,320 1,320
Indonesia 1,350 1,187 1,343 1,303 1,300 1,300
Algeria 810 731 763 757 760 760
Qatar 688 593 647 650 650 650
OPEC 10 25,235 22,976 23,780 23,831 24,113 24,180

Iraq 2,524 NA 2,568 2,833 2,087 2,900
Total OPEC 27,759 NA 26,348 26,664 26,201 27,080

NA: Not Applicable
Note: Effective April 1, 1999, four non-OPEC countries (Mexico, Norway, Russia, and Oman) have 
pledged to cut production by a total of 3HH,000 barrels per day as part of the March 23, 1999 OPEC
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agreement to cut crude oil production.

For more information on OPEC, see these other sources on the ElA web site:
EIA Information on OPEC 
OPEC Oil Prices 
Non-OPEC Fact Sheet 
Persian Gulf Export Fact Sheet
International Petroleum Statistics Report - EIA's latest monthly international petroleum data 
International Energy Annual 1998 - Annual international energy data through 1997 
WORLD ENERGY Database for the International Energy Annual (requires Microsoft Access)
Detailed 1997 or 1998 Energy Data by country

The following link is provided solely as a service to our customers, and therefore should not be construed 
as advocating or reflecting any position of the Energy Information Administration (EIA) or the United 
States Government. In addition, EIA does not guarantee the content or accuracy of any information 
presented in linked sites.
OPEC's Home Page

If you liked this OPEC Fact Sheet or any of our many other Country /\nalysis Briefs, you can be 
automatically notified via e-mail of updates. Simply click here, click on the mailing list you would like to 
join, then click on the "Join" button at the bottom of the screen and fill in the requested information. You 
will then be notified within an hour of any updates to this Fact Sheet any any of our other Country 
Analysis Briefs.

Return to Country Analysis Briefs home page 

File last modified: February 11, 2000 

Contact:

Douglas MacIntyre 
dmacintv@eia. doe, gov 
Phone: (202) 586-1831 
Fax:(202)586-9753

URL: http//www.eia.doe.gov/emeu/cabs/opec.htmI

If you are having problem.s with this site, please contact the EIA Webmaster at wmaster(b).eia. doe, gov
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Crude Oil Exports- (Thousand Barrels per Day)

Algeria Indonesia Iran Iraq Kuwait Libya Nigeria Qatar Saudi ArabUnited AratVenezuela
1994 329.2 792.6 2650 60 1263.5 1125 1590 322.6 6233 1955 1696.4
1995 332.8 743.9 2621 63.5 1186.4 1120.3 1665 333 6290.8 1925 1819.9
1996 390.8 706.8 2630 88.1 1224.2 1099.4 1699 367 6109.3 1943.2 1976.4
1997 373.1 707.8 2587 713.9 1134.2 1091.4 1778.5 465 6184.5 1949 2210.8
1998 549.4 678 2512 1531.5 1190.2 1136.6 1544.6 572.4 6390.4 2039 2243.9

Annual Barrels (Millions)

Algeria Indonesia Iran Iraq Kuwait Libya Nigeria Qatar Saudi ArabUnited Arab7enezuela
1994 120.158 289.299 967.25 21.9 461.1775 410.625 580.35 117.749 2275.045 713.575 619.186
1995 121.472 271.5235 956.665 23.1775 433.036 408.9095 607.725 121.545 2296.142 702.625 664.2635
1996 142.642 257.982 959.95 32.1565 446.833 401.281 620.135 133.955 2229.895 709.268 721.386
1997 136.1815 258.347 944.255 260.5735 413.983 398.361 649.1525 169.725 2257.343 711.385 806.942
1998 200.531 247.47 916.88 558.9975 434.423 414.859 563.779 208.926 2332.496 744.235 819.0235
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Table 8. Worldwide Petroleum Trade in the Reference Case, 1995 and 2020
(Million Barrels per Day)

Exporting
Region

Importing Region j|
Industrialized | Nonindustrialized ||

North
America

Western
Europe Asia Total

Pacific
Rim China

Rest
of

World

Total 1

1995 1

OPEC j ;
i ;

Persian Gulf ||1.8 .. i 4:2 J 9 A 4.1 1 0.4 T"5..J 6.0 i

North Africa l|0.3 1.9 , , J 00... i 2.2 \ 0.0 0.0 M...J 0.1
0.4 i1 West Africa ih.O 0.6 0.1 : 1.7 ; 6.3 0.0 1 0.1

South 1
America 111.6 i 0.3 : 0.0 :

1.9 i 0.1 i
1 i
0.0 ! 0.6

i

0.7 i
Asia jO.1 0.0 0.5 0.6 ; 0.1 ;l 0.0 1 0.0 0.1

i fotai OPEC 14.8 6.2 Ts.. : 15.8 1 4.6 0.4 2.3 7.3

1 i...... ....^ ........................... ,.l
Non-OPEC

■0:7“;
3.4....... j

i ^ ........i :
............... i

North Sea 0.1 i 4-2 6.0.. j 0.0 i 0.4 .. i 0.4
i Caribbean 
: Basin |2.8 0.3

.... II
3.2 i 0.1

.................. j

0.0
i

0.9 1.0
1 Former
i Soviet Union HO.O 1.6 0.0 1 1.6 0.3 0.0 0.7 1.0

i Other
Non-OPEC ilO.6 0.2 1.1 1 1.9 0.1 0.2 in 0.7

: Total
Non-OPEC 4.1 5.5 1.3 i 10.9 1 0.5 0.2 i 2.4 3.1

•:

6.1

Total
Petroleum
Imports |i8.9 11.7 26.7 ; 5.1 0.6 4.7 10.4

2020 1

1 OPEC i ...... ii..... =
1 Persian Gulf ; 3.4 3.5 5.6 12.5 ’ 9.9 4.6 10.2 24.7 1

North Africa ^ 0.3 1.9 0.1 ; 2.3 0.1 io.o 0.2 |0.3 "1
1 West Africa 1.7 0.9 o'T” 61 io¥ ; 0.1 |0.2

i South 
i America 2.8 0.7 0.1 1 3.6 0.1 io.o 0.6 0.7
i Asia 0.0 0.0 0.2... ; 6.2 fo.i jO.O old..... 6.1
; Total OPEC 8.2 7.0 |6.3 21.5 [10.3 4.6 11.1 26.6 i

1 li [ ,il...... : iL=J
i Non-OPEC

■0.9
I. I ......... i i

1 North Sea 2,7 ^ 0.0 i 3.6 lO.I lO.O 0.4 |f0.5 1
i Caribbean 
i Basin J3.3 0.2 0.1

3...... .....

3.6
........
0.1 io.o 1.5 1.6
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Table 4.8 OECD Imports from OPEC, 1988-1998 
(Million Barrels per Day)

1988 1989 1990 1991 1992 1993

Average

Total............................... 13.049 14.521 15.576 15.360 15.567 16.018
United Statesl/.... 3.439 3.986 4.172 3.918 3.888 4.103
Canada............................. .161 .205 .199 .210 .210 .268
OECD Europe2/............ 5.842 6.188 6.633 6.728 6.758 6.794
Main European Importers

France........................... .737 .875 1.101 1.021 .932 1.006
Germany3/................... .761 .739 .771 .859 .957 .948
Italy............................. 1.191 1.260 1.375 1.393 1.343 1.222
Netherlands............... .850 .892 .850 .900 .914 .982
Spain............................. .604 .686 .652 .700 .632 .582

European Net Exporters
Norway........................... .002 .003 .007 .014 .004 .005
United Kingdom.... .322 .342 .406 .377 .390 .439

Smaller European Importers
Austria........................ .082 .086 .097 .108 .115 .128
Belgium........................ .302 .353 .313 .362 .359 .359
Denmark........................ .067 .069 .044 .006 .001 .006
Ireland........................ - - .000 .000 .000 .000
Finland.................... .011 .013 .013 .029 .033 .007
Greece........................... .233 .244 .340 .298 .346 .303
Portugal...................... .118 .156 .166 .139 .152 .166
Sweden........................... .074 .064 .073 .105 .116 .123
Switzerland............... .051 .021 .036 .052 .051 .063
Turkey........................... .439 .384 .388 .365 .412 .452

Japan................................ 3.309 3.788 4.062 4.026 4.198 4.245
Other OECD................... .298 .355 .510 .478 .512 .609

1/ U.S. geographic coverage is the 50 States and District of Columbia.
2/ "OECD Europe" consists of Austria, Belgium, Denmark, Finland, France, Germany, G 

the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, and the United
3/ Data through 1990 are for the former West Germany.
Notes: Imports include crude oil, natural gas liquids, and refined products, and

for Economic Cooperation and Development. OPEC=Organization of Petroleum Exporting C 
in these groups. Negative numbers represent net exports. A dash (-) indicates no t 
less than 0.0005 million barrels per day. Data for 1997 are preliminary.

Sources: See end of Section 4.
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Table D1. World Oil Production Capacity by Region and Country, Reference Case, 1990-2020
(Million Barrels per Day)

Region/Country

History
(Estimates) Projections

1990 1 1997 I 2000 1 2005 1 2010 1 2015 1 2020 II
OPEC

!.............
:] 1 i 5

Persian Gulf
............ .<

Iran 3.2J 3.9 i 4.0 :j 4.3! 4.5 4.9 5.5 i

Iraq I 2.2 1 1.......1,6j 2.8 J 3.2 3.8 i 4.7 5.9 i

Kuwait 1.7 2.6: 2.7 ii 3.1 3.2 4.3 5.2 i

Qatar 0.5! 0.6: .....0:5.il..... 0.6j 1 oT 0.6 0.7 i
............. ;

Saudi Arabia 8.6 1 11.4 11.1 ii 13.7 I 1 14.1 : 16.2 1 20.0 i
United Arab Emirates | 2.5 1 2.7 II ... 211

...........  :
.....22] 3.4 1 4.2 4.9

Total Persian Gulf 18.7 i 22.8 I 23.9 \...28^1; 29.6 34.9 42.2
Other OPEC i[ ........................ 1..... i :

Algeria 1.3 1.4 i 1.6 i 2.0 1 2.2 2.1 ; 2.0 i
Indonesia || 1.5 1.7 i 1.5 ii 1.5 FT? IFI yj
Libya 1.5 I 1.5 1 1.5 i| 1.6; 1.7 : 1.6 i 1 1.5 1
Nigeria 1.8 2.2 2.5 1! 2.9 3.2 i: 3.3 3.1 i

Wnezuela ...... '2A\ 3.4 3.8 i 4.6 i 5.1 1 5.4 5.8
i Total other OPEC .7''8-5] "'"'j(L2l 10.9 i 12.6 13.7 j .. isifi 13.7
1 Total OPEC 27.2 : 33.0 34.8 1 40.7 L43Z1 48.7 ZlPl

:
............ i!............. 1...... ; ............ !

i Non-OPEC
i.......................

: ::i........
i Industrialized i 1... ............J
: United States 9.7 1 9.5 9.1; 9.0 i 9.0 8.9 ! 8.7
; Canada 2.0 1 2.6; 2.8 : 1 3.0 J 3.2 i 3.4 3.4

Mexico 3.0 i 3.4 1 3.7 i 1...3 JJi...."O 1 3.9 3.9
Australia 0.7 : 0.8 i 0.8 I 0.8 i 0.8 i 0.8 0.7;

North Sea 4.2: 6.3 I 6.9 1 7.2 7.0 ..... 6.4 5.9
Other 0.5 i 0.8 : 0.8 ; 0.8: 0.8 0.7 0.7 i

1 Total Industrialized 20.1 23.4 24.1 ii 24.5 ii 24.8 24.1; 23.3
Eurasia

............. : 1 I
1 China 2.8; .......3.2

.......7'l
... 3i2 f..'sT 3-5

12.1 ;
...... 3-6

I Former Soviet Union ; 7''B l ' 7.3 7.6 ;
......0^3'

io.1 

0.4 i
13.1 i

1 Eastern Europe q.3| 0.3 0.3 0.4 0.5
: Total Eurasia 14.51 10.6 I 16.8 i 11.2 iilo 16.1 17.2:
; Other Non-OPEC

:
3-^1

i

i;

i Central and South 
America

4.4 4.8
5

::

5.0 i

Middle East 1.4: I'.g' 2.0 1 2.1 2.2 ......2.1j 2.0 i

: Africa 2.6 2.6 ii 2.7 1 3.3 .....4.5 5.5
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As[a 1.7: 2.2 ..... 2.3 2.4Ji 3.01| 3.2 ...3.3
Total Other 
Non-OPEC

7.7 1 10.1: 10.7 i 11.2 1 12.9 1
1

14.6

............ •'

15.8

Total Non-OPEC 42.3: 44.1 45.6 46.9 51.7 54.8 56.3
j

Total World 69.5 77.1 i 80.4: 87.6 95.0 j 103.5 112.2J
Note: OPEC = Organization of Petroleum Exporting Countries.
Sources: History: Energy Information Administration (EIA), Energy Markets and 
Contingency Information Division. Projections: EIA, Office of Integrated Analysis and| 
Forecasting, World Energy Projection System and "DESTINY" International Energy 
Forecast Software (Dallas, TX: Petroconsultants, Fourth Quarter 1998).

Table D2. World Oil Production Capacity by Region and Country, High Oil Price Case, 1990-2020
(Million Barrels per Day)

Region/Country

History (Estimates) [ Projections |

1990 1997 [ 2000 2005| 2010 2015 2020 1
OPEC ;| J i ;

....... J
Persian Gulf :l i
Iran 3.2 ii 3.9 I ^9 ii 4.1 ij 4.2 4.3: 4.5
Iraq 2.2 : 1.6 2.3 i 2.8 I 3.2 : 3.7 !| 4.7
[Kuwait 1.7 ; 2.6 2.6 j 2.9 3.1 i 3.4 .....3.'9

Qatar :| 0.5 | 0.6 i 0.5 1 0.6 ..0.6" 0.6 0.7
[Saudi Arabia [ 8.6 J 11.4 11.5 12.4 12.9 13.3 17.8
United Arab Emirates 12.5 j 2.7 2.7 :j 3.0 : 3.1 i 3.3JI 3.7 i
Total Persian Gulf :| 18.71 22.8 23.5 25.8 1 27.1 1 28.6 I 35.3
Other OPEC j;

Algeria :| 1.3 : 1.4 T6 1 2.6. 2.0 i 2.1 : 1 2;0
: Indonesia I 1.5 i 1.7 1.5 1 1.5

......... lie]
1.5 1.4" 1-3:

[Libya 1.5 | 1.5 1.6 1.6 .......l:5j
Nigeria 1.8 : 2.2 2:5 1 2.7 2.8 ] 3.3 .... 3.2;

5.8
13.8 i

Venezuela 2.4
......... 8.5

3-4: 3.8 j 4.5
10^9 j 123

4.9 5.5 1
Total Other OPEC 10.2 12.8 j13.9 j
Total OPEC 1 27.2 i 33.0 i 34.4 :38.1 ; 39.9 i 42.5 1 49.1 i

i ;i i j ;
....................... __ J

Non-OPEC :| 1 ;| ... 1 ............... i

........ .:
Industrialized i........ i d 1
United States ;i 9.7 H 9.5: 9.3 I 9.3 9.5 IMJ:

3.4 :i
9.3
3.5Canada | 2.0 i: 2.6 ^ 2.9 1 3.0 3.3

Mexico 3.0 3.4 ^ 3.7 1 3.8 4.1 i ..40’ 3.9
Australia 0.7 i 0.8 0.8; :........ ;•i 0.8 ..0.8 j..Ol ....07i
North Sea :[ 4.2; 6.3 ..6.9 7.3 7.1 6.6 j .... 6.1

1 Other 0.5 : 0.8 1 ..0”.8"

24.4

i 0.8 i 0.8 0.7
25.1

0.7
i Total Industrialized 20.1 i 23.4 i 25.0 25.6 24.2
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Eurasia ....... )....... 1 i 1 i f
China 2.8 1 3.2 3.2 i 3.4 1 3.6 i

........!
3.71 3.7]

Former Soviet Union 11.4 ! 7.1 7.3 I...L7J 10.3] 12.4 1 13.4
Eastern Europe 0.3 : 0.3! Jii.3 I 0.3j 0.4] 0.4 0.5
Total Eurasia 14.5 1 10.61 10.8 11.4! 14.3] 16.5 ’ 17.6
Other Non-OPEC 1 I i

Central and South America i 2.4 1 3.41 ..3:9ji.. 4.5] 4.9; 5.1
Middle East 1.4 i 1.9 2.0 2.1 ! 2.2] 2A\ 2.1
Africa 2.2 i.......... 2.8ji 2.8_ 3.3] 4.7 ....5.7]
Asia I .7J 2.2 i 2.3 i 2.5 3.2 3.31 3.4]

Total Other Non-OPEC 7.7; 10.1 11.0 (11.51 13.2 15.0 1
..Total Non-OPEC 42.3 i 44.1! 47.9 53.1 ^.6 I 58.1

............... ; il
total World 69.5 1.... 80.6 86.0^ 93.0 99.1 107.2 ]

Note: OPEC = Organization of Petroleum Exporting Countries.
Sources: History: Energy Information Administration (EIA), Energy Markets and 
Contingency Information Division. Projections: EIA, Office of Integrated Analysis and 
Forecasting, World Energy Projection System and "DESTINY" International Energy 
Forecast Softw/are (Dallas, TX: Petroconsultants, Fourth Quarter 1998).

Table D3. World Oil Production Capacity by Region and Country, Low Oil Price Case, 1990-2020
(Million Barrels per Day)

Region/Country

History (Estimates)! Projections j
1990 1 1997 j 2000 ro 0 0 cn 2010 1 2015 1 2020 1

OPEC !
1 1 I . .. il III]

Persian Gulf ■j

. ./i
1 ; i

.................j:

Iran .....3.2;i 3^9'i~4]t] 4.7 ; 5.3 ] 5.8 i... 6,4,]

Iraq 2.2 i| .........1.6t 2.9 ' 3.5 ] 4.4 5.4 ] 7.2 ]

Kuwait 1.7 ]:::;::2Z!i 2.7] 3.3 3.7 4.2 4.9
Qatar 0.6 ji 0.5 1 0.6 I 0.7 ] 0.8 ! 0.7
Saudi Arabia 8.6 1 11.4|' 11.2J 14.8 ] 17.3 ] ['21.9' i 27.4

United Arab Emirates II2.5] ~2jT 00csi 3.3 4.0 4.7 i 5.7
Total Persian Guif 18.7 22.8! 24.2 '30J 35.4 42.8 1 52.3

i Other OPEC ; !
i Algeria 1.3 i..........1.:4j 1.8...................f 2.3 2.3 : 2.2 2.1 !
] Indonesia 1.5 ! 1.7 ] 1.7 1.7 1.6 1.5 i 1-4
] Libya ...... 1:5: 1.5]| 1.5; 1.8 ] 1.9 ] 1.8 j 1.6 1

i Nigeria 1.8: 2.2] 2.6 ; 3.0 ] 3.5 !
......... .:

3.6 ! 3.8 ]
] Venezuela 2.4: 4.2: 5.4 6.3 ! 1 6.8 6.7
] Total Other OPEC 8.5 1 10.2] 11.8 14.2 15.6 ] 15.9 15.6
i Total OPEC 27.2 , 1 33.0 ] 36.0 44.4 51.0 1 58.7 ] 67.9

'ii
■...............................................................................

;
; ; 1 ... : i| i
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Non-OPEC ; 1 : j

Industrialized :| ...... 1 i J
United States 9.7 1 ..........9,5] 9.0 1 8.4 8.1 1 7.8; 7.6:
Canada 2.0 : 2.6 2.8 I 3.0 ... 3.2 3.3; 3.3 I

Mexico i 3.0 i 3.4. ....3:6.1 3.7 3.9J 3.8: 3.7 i

Australia 0.7 0.8 J 0.8; 0.8 0.8 0.8 I 0.7 i

North Sea i......... 4.2 i 6.3 i 6.8 i 7.1 i 6.8 : 6.3 i 5.8 i

Other 0.5 0.8; 0,8j 0.8 0.8 : 0.71 0.7:
Total Industrialized j 20.1 1 23.4 23.8 ; 23.8 i 23.6: 22.7 ! 21.8J
Eurasia :i
China 2.8 ^ 3.2 3.2! 3.2: 3.4 ; 3.5 3.5
Former Soviet Union 11.4 7.11 7.4 , 9.8 I 11.7 1 12l6^

Eastern Europe 0.3 i 0.3 ....0:3.: 0.3 0.4 0.4 j 0.4
Total Eurasia 14.5 10.6: loj; 10.9 i 13.6 ! 15.6: i 16.5
Other Non-OPEC

>V.V.V.-.V.

: ; 1
Central and South America [........24| 1........3.4J 3.8 i

....... .<
3.9; 4.3 1 4.6 i i 4.8

Middle East 1.. .... 1,4 j|..........1,9J 2:0:11 2.1 1 2.1 i i 2.0 i i 2.0 :

Africa 2.2 1 2.6J 2.6j1 2.6 3.2 1 4.3: 1...5.3
Asia 1.7=1 2.21 ..2.3ji1 2.4 2.8 ... ............3,ij
Total Other Non-OPEC i... 7.7 i 10.1 i 10.7 i 11.0 12.41 14.0 J 15.2
Total Non-OPEC I 42.3 44.1 1 45.2 *■ 45.7 49.6 52.3;ISJ

I
.........

! ..........
.......... : : i :

Total World 69.5 i'Il77-l] 8T.'2 9b!i 100.6 111.0 1121.4 i

Note; OPEC = Organization of Petroleum Exporting Countries.
Sources: History: Energy Information Administration (ElA), Energy Markets and 
Contingency Information Division. Projections: ElA, Office of Integrated Analysis and 
Forecasting, World Energy Projection System and "DESTINY" International Energy 
Forecast Softw/are (Dallas, TX: Petroconsultants, Fourth Quarter 1998).

Table D4. World Oil Production Capacity by Region and Country, High Non-OPEC Supply Case, 1990-2020
(Million Barrels per Day)

Region/Country
History (Estimates)! Projections

1990 i 1997 |2000|200Si201o! 2015 i 2020
OPEC ............ 1.............1.......i....... 1
Persian Gulf

Iran
J J| 1^^ ....... 1.. ......:

....5.1

5.5

3.2 3.9 ; 3.9 1 4.0 4.1 4.4
Iraq 2.2 : 1.6 ) 2.3 ! 2.6 3.0 ....3.9
Kuwait 1.7 : 2.6 1 2.6 J 2.8 2.9 i 3.3 ! 4.4 1
Qatar 0.5 r 0.6 1 0.5 1 0.6 0.7
Saudi Arabia 8.6 : 11.4 111.6 112.1: I2;6 j|

Zp]l
1 13.9 17.5 ;

United Arab Emirates ........zsj........-yilTTiTsl ri3i 3.9
Total Persian Gulf 18.7 i 22.8 123.6 124.9 1 26.1 1 29.4

•:
37.1 1

i.......................... •
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Other OPEC i I i i i
Algeria i 1.31 1.4 1.6 ! 1.8 1.9 2.0 1.9
Indonesia . || 1.5 i 1.7 : 1.5 1.5 1.4 1.4 1.3
Libya 1.51 T5 I 1.5 i 1.6 i[ 1.5 :f i .5 1.4
Nigeria 1.8 2.2 i 2.4 i 2.5 [ 2.6 2.8 j 3.0!
Venezuela 2.4 3.4 1 3.7 ! 4.2 4.4 . 5.1! 5.5!
Total Other OPEC 8.5 10.2 i10.7 111.6 [11.8 I 12.8 13.1
Total OPEC 27.2 i 33.0 134.3 i 36.5 | 37.9 42.2

r

i
!

Non-OPEC 5

: :

Industrialized i :

United States 9.7! ......... 9-5 9.2 9.1 : 9.4 9.3^ 9.1
Canada 2.0: 2.6 2.9 II 3.2 ....3.4..; 3.7! 3.8
Mexico 3.0] 3.4 : 3.8 ....4:0..! 4.3 4.5 4.5!
Australia 0.7 ! 0.8 0.8 1 0.8 0.8 0.8 0.8!
North Sea 4.2i 6.3 ..7,2 7.6 7.5 _6.9 6.3
Other 0.5 ! 0.8 0.8. 0.8 0.8 0.8: 0.8

i Total Industrialized 20.1 23.4 24.7 25.5 26.2 26.0
......... ;

25.3
1 Eurasia j ... il... i
1 China 2.8 ! 1........3 2 3.3 I 3.6 3.9 4.0 3.9
1 Former Soviet Union 7.1 j 7.5 j 8.9 11.8 13.5 I 14.6
i Eastern Europe 6.3 ! 6.3 1 6.3 j 0.4 0.5: 0.5 0.5
I Total Eurasia 14.5 ; 10.6!|11.1 hiigi 16.2 18.0 19.0
1 Other Non-OPEC ........................ Si |i............

.! !i
i Central and South America 2.4 i 3.4 ! 4.1 I 4.6 5.1 : 5.5! 5.7
1 Middle East 1.4 1.9 1 2.0 ! 2.3 2.3 2.2 2.2
I Africa 2.2 2.6 i 2.8 ! 3.6 4.7 > 5.6! 5.9
i Asia 1.7 i 2.2 2.5 ! 3.0 3.6 3.8 3.7
1 Total Other Non-OPEC 7.7 1 10.1 11.41)13.5 15.7 17.1 17.5
i Total Non-OPEC 42.3ji 44.1 {47.2 51.9 58.1 61.1 61.8

:[ 1 1
i Total World 69.5 i 77.1 81.5 188-4 96.0 103.3 112.0
Note; OPEC = Organization of Petroleum Exporting Countries.
Sources: History: Energy Information Administration (EIA), Energy Markets and 
Contingency Information Division. Projections: EIA, Office of Integrated Analysis and 
Forecasting, World Energy Projection System and "DESTINY" International Energy 
Forecast Software (Dallas, TX; Petroconsultants, Fourth Quarter 1998).

Table D5. World Oil Production Capacity by Region and Country, Low Non-OPEC Supply Case, 1990-2020
(Million Barrels per Day)

Region/Country

History (Estimates)! Projections

1990 ! 1997 |2000|2005i2010l 2015 1 2020
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OPEC 1 ................... ............?.......... ;
Persian Gulf || - p ... ; ! 1 j

Iran ij 3.21 3.9 ! 4.0 H 4.7 >
......................... ......... '

5.2 I 5.6 i 6.3 i
Iraq !| 2.21

..........
3.6 5.2 7.1 i

Kuwait 1.7 1 2.6 j 2.7 3.2 i 3.5 i 4.1 i 4.7 1
Qatar 0.5; 0.6 i 0.6 0.7 0.7 0.8 ! 0.7 i

Saudi Arabia 8.6 i 11.4 11.6- 14.7! 16.7 i 21.51 27.0;
United Arab Emirates 2.5; 2.7; 2.8 3.3; 3.7

........>
4.5; 5.5

Total Persian Gulf 18.7 1 22.8 : 24.2 30.2, 34.0 1 41.7 1 51.3
Other OPEC 1 ; I
Algeria 1.3 1 ........1:1! 1.6 ..2.0 2.2 2.1 I 2.0
Indonesia ^ 1.5 j 1.7 :..1.-5J 1.5 1.6 1 . ..11! 1.3
Libya 1-51 ..........1.-5j ;..1.5 1.6 1.8: 1.71 1.6
Nigeria 1.8 : 2.2 2.5 3.0 3.5 i 3.6 3.7
Venezuela 2.4 3.4^ 3.9 i 4.8 6.0 6.71 6.9 1

Total Other OPEC ......... 8”5 1 10.2 111.0 I12.9 15.1! 15.5 15.5

Total OPEC ....... 27:2; 33.0 35.2 43.1; 49.1 ........57;2J 66-8:
i ... i 1

Non-OPEC il i i

Industrialized 1 ........ il... i

United States 9.7; 9.5 9.1 ; 8.8 8.6 8.4: 8.1

Canada 2.0; 2.6 .2.7 1 2.8 i 2^1 3.0: 2.8

Mexico 3.0; 3.4 3.5 3.6 3.7 3.6 3.4
Australia 0.7 i 0.8 i 0.8 I 0.8 0.8 0.7 0.6

North Sea 4.2; 6.3 6.8 ; 6.4 5.8 5.1 4.2

Other 0.5; 0.81 0.8 0.8 0.7 0.7
Total Industrialized 20.1 I 23.4 23.7 23.2 22.6 [....215J 19.8
Eurasia il .................j .........................J
China 2.8; 3.2; 3.2 i 3.2 3.3 ; 3.3 1 ..3.2

Former Soviet Union 11.4; .......... 7!i” I 7.2 i 7.3 8.2; ....9.0 9.6
Eastern Europe I 0.3 i 0.3 0.3 0.3 0.3: 0.3
Total Eurasia 14.5 ! 10.6 10.7 10.8 11-8 12.6 13.1
Other Non-OPEC

... ...S ....................

Central and South America i 2.4 j 3.4 ; 3.8 { 3.9 4.2 4.3 4.3

Middle East 1.4 ^ 1.9 2.0 i 2.1 : 2.1 ‘ ....20 1.9
Africa 2.2j| 2.6; 2.6 j 2.5 2.8 ; 3.5 4.0

1 Asia 1.7; 2.2 2.3 I2.4 2.6 j 2.8 1
2.7

Total Other Non-OPEC 7.7:1 10.1 i 10.7 j10.9 11.7 12.6! 12.9
Total Non-OPEC 42.3 j 44.1 45.1 ]44.9 46.1 | 46.7 45.8

;i 1...
Total World 69.5; 1 77.1 1 80.3 188.0 ; [95.2! 103.9 112.6
Note: OPEC = Organization of Petroleum Exporting Countries.
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Sources: History: Energy Information Administration (ElA), Energy Markets and 
Contingency Information Division. Projections: ElA, Office of Integrated Analysis and 
Forecasting, World Energy Projection System and "DESTINY" International Energy 
Forecast Softw/are (Dallas, TX; Petroconsultants, Fourth Quarter 1998).
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Table 10.1a World Crude Oil Production, 1973-1992; Algeria Through Venezuela 

(Thousand Barrels per Day)

I
I
i
I

Algeria | Iraq Kuwait a Libya

1
1973

January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1974
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1975
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1976
January... 
February..
March...........
April...........
May................
June........... ..
July........... ..
August....

1, 142 1, 527 3, 768 2,293
1, 142 1, 687 3, 340 2,250
1, 142 2,044 2,753 2,287
1, 142 2, 152 2,699 2,318
1, 153 2, 117 2,827 2,251
1, 153 2, 051 2, 857 2,276
1, 142 2, 099 3,283 2, 176
1, 142 2, 091 3, 012 2, 096
1, 142 2, 166 3,483 2,273
1, 059 1, 846 3, 060 2,370

914 2,203 2,617 1,756
893 2,215 2,558 1,759

1, 097 2,018 3, 020 2, 175

1, 046 1,994 2, 839 2, 007
1,067 1, 975 2,850 1, 921
1, 067 1, 986 2,842 1,859
1, 089 2, 164 2, 837 1,713
1, 089 1, 753 2, 846 1, 926
1, 035 1, 851 2,870 1, 753

980 1, 905 2,287 1,564
1,035 1, 938 2,069 1, 258

980 1, 871 2,226 1,309
980 1,991 2,061 1, 056
871 1,921 2,547 949
871 2, 301 2,321 963

1, 009 1, 971 2,546 1,521

786 2,066 2, 030 956
786 1, 941 2, 155 894

1, 010 2, 093 2,321 928
1, 010 2, 414 2, 143 1, 071

898 2,364 1, 924 1,271
1,010 2,261 2,222 1,494
1,010 2, 377 2, 106 2, 067
1,010 2,390 1,956 2,061
1, 010 2, 541 2,708 1,763
1, 010 2,485 1, 579 1, 625
1, 122 2, 120 1,785 1,760
1, 122 2, 070 2, 099 1, 818

983 2,262 2, 084 1, 480

1, 071 2,044 1, 806 1, 748
1, 071 2,245 2, 004 1, 829
1, 071 2,413 1,758 1, 853
1, 071 1,609 1, 888 1, 921
1, 071 1, 385 1, 642 1, 958
1,071 2, Oil 1, 848 1, 981
1, 017 2, 402 1, 851 1, 989
1, 017 2,681 1, 897 2, 013
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September................. 1, 017
October...................... 1, 071
November................... 1,178
December................... 1,178
Average...................... 1,075

1977
January......................
February...................
March...........................
April...........................
May...............................
June.............................
July.............................
August........................
September.................
October......................
November...................
December...................
Average......................

1978
January......................
February...................
March...........................
April...........................
May................................
June.............................
July.............................
August........................
September.................
October......................
November...................
December...................
Average......................

1979
January......................
February...................
March...........................
April...........................
May...............................
June.............................
July.............................
August........................
September.................
October......................
November...................
December...................
Average......................

1980
January...................... 1, 306
February.................... 1,306
March........................... 1, 306
April........................... 1,088
May................................ 1,088
June............................. 1,088
July............................. 980
August........................ 980
September................. 980
October...................... 1, 088
November................... 1, 088
December................... 980
Average...................... 1,106

, 230 
, 230 
, 195 
, 230 
, 118 
, 118 
, 006 
, 006 
, 006 
, 230 
, 230 
, 230 
, 152

, 125 
, 125 
, 125 
, 125 
, 125 
, 125 
,125 
, 378 
, 378 
, 378 
, 378 
, 378 
,231

, 223 
, 362 
, 362 
, 362 
, 362 
, 362 
, 112 
, 112 
, 112 
, 112 
, 112 
, 112 
, 224

2,681 
2,904 
3,239 
3, 351 
2, 415

2, 000 
2, 631 
2,421 
2,210 
2,316 
2,316 
2, 105 
2,105 
2,526 
2,526 
2,526 
2,526 
2,348

2, 047 
2, 437 
2, 437 
2, 437 
2, 340 
2,340 
2, 340 
2,583 
2, 827
2, 924
3, 022 
3, 022 
2, 563

3, 325 
3, 325 
3, 325 
3, 325 
3, 325 
3, 527 
3, 527 
3, 527 
3, 527 
3, 527 
3,728 
3, 728 
3, 477

3, 336 
3, 336 
3, 336 
3, 336 
3, 336 
3, 336 
3, 240 
3,240 
2,764 

143 
286 
524 

2,514

2,378
2, 652 
2,691
3, 325 
2, 145

1, 480
2, 015 
1, 981 
2,046 
1, 488 
1, 660 
1, 603 
1, 846 
2,397
1, 921
2, 466 
2, 751
1, 969

1,7 57 
1,774
2, 181 
2,033 
1, 890 
1, 984
1, 978 
2,394
2, 637 
2,091 
2, 682 
2,163 
2,131

2, 616 
2, 616 
2,275 
2,559 
2, 616 
2, 616 
2, 587 
2, 559 
2, 502 
2,445 
2,388 
2,235 
2,500

2,216 
2, 440 
2, 122 
1, 541 
1, 480 
1, 579 
1, 335 
1, 374 
1,258 
1,318 
1, 438 
1, 797 
1, 656

2, 008 
1, 987 
1,885 
2,020 
1, 933

2, 038 
2, 072 
2, 068 
2, 129 
2, 138 
2,093 
1,896 
2, 120 
2, 044 
2, 115 
2, 075 
1, 972 
2,063

1,761 
1, 802 
1, 884 
1,877 
1, 924
1, 991
2, 094 
2, 024 
2, 014 
2, 046 
2, 171 
2, 194 
1, 983

2, 125 
2, 165 
2, 174 
2, 090 
2,056 
2,049 
2,053 
2, 021 
2,061 
2,063 
2,130 
2, 124 
2,092

2, 103 
2, 103 
2,003 
1,752 
1, 702 
1,702 
1, 682 
1, 692 
1,682 
1, 667 
1, 682 
1, 682 
1, 787
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1981
January.... 
February...
March...........
April...........
May...............
June.............
July.............
August.........
September.. 
October.... 
November... 
December... 
Average....

1982
January.... 
February...
March...........
April...........
May...............
June.............
July.............
August.........
September.. 
October.... 
November... 
December... 
Average....

1983
January.... 
February...
March...........
April...........
May...............
June.............
July.............
August.........
September.. 
October.... 
November... 
December... 
Average....

1984
January.... 
February...
March...........
April...........
May...............
June.............
July.............
August.........
September.. 
October.... 
November... 
December... 
Average....

1985
January.... 
February...
March...........
April...........
May...............

1, 111 
1, 111 
1, 111 
1, 049 
1, 049 

987 
987 
987 
925 
925 
925 
864 

1, 002

916 
916 
844 
903 
942 
982 
982 
903 

1, 047 
1, 178 
1, 178 
1,047 

987

1, 005 
855 
855 

1, 005 
855 

1, 005 
1, 005 
1, 005 
1, 005 
1, 005 
1, 005 
1, 005 

968

1, 033 
954 
954 
954 

1, 033 
1,113 
1,033 
1,033 
1,033 
1, 033 
1, 033 

954 
1, 014

1, 032 
1, 064 
1, 112 
1, 048 
1, 048

436 1, 837 1,652
763 1,550 1, 704

1, 046 1,515 1,642
872 959 1, 652

1, 019 1, 019 1,446
1, 090 1, 079 1, 136

981 1,234 723
1,090 755 620
1, 090 809 620
1, 090 959 723
1, 199 929 774
1, 308 875 1, 033
1, 000 1, 125 1,140

1, 439 864 860
1, 550 864 669
1,218 741 669

886 679 765
886 741 860
886 803 1, 147
886 864 1,243
886 988 1,243
886 864 1,434
886 864 1, 625
886 864 1, 625
886 741 1, 625

1,012 823 1, 150

850 780 1, 130
850 895 925
900 965 925
950 880 1, 030

1, 000 1, 030 1, 130
1, 000 920 1, 130
1, 050 1,086 1, 130
1, 100 1, 181 1, 130
1, 050 1,376 1, 180
1, 100 1,305 1, 180
1, 150 1,265 1, 180
1,050 1, 075 1, 180
1,005 1,064 1, 105

1, 100 1,080 1, 100
1,000 1,240 1, 100
i, 200 1,293 1, 100
1,200 1,250 1,200
1,200 1,200 1,200
1,200 1,200 1,250
1,200 1, 110 1, 100
i, 300 1,220 1, 000
1,300 1, 183 1, 000
1,200 1, 129 1, 000
1,300 990 1, 000
1, 300 990 1,000
1,209 1, 157 1, 087

1, 250 1, 118 1,000
1,250 1, 133 1, 000
1,200 1,092 1, 000
1, 370 977 1, 000
1,300 946 1, 100
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June............
July............
August.... 
September. 
October... 
November.. 
December.. 
Average...

1986
January... 
February..
March..........
April..........
May...............
June............
July............
August.... 
September. 
October... 
November.. 
December.. 
Average...

1987
January... 
February..
March..........
April..........
May...............
June............
July............
August.... 
September. 
October... 
November.. 
December.. 
Average...

1988
January... 
February..
March..........
April..........
May...............
June............
July............
August.... 
September. 
October... 
November.. 
December.. 
Average...

1989
January... 
February..
March..........
April..........
May...............
June............
July............
August. . .. 
September. 
October... 
November..

967 
967 
967 

1, 048 
1, 048 
1, 096 
1, 048 
1, 037

1, 023 
866 
944 
944 
944 
944 
944 
944 
944 
944 
944
944
945

, 010 
, 010 
, 010 
, 010 
, 010 
, 010 
, 085 
, 085 
, 085 
, 085 
, 085 
, 085 
, 048

990 
, 030 
, 050 
, 010 
, 040 
, 040 
, 040 
, 040 
, 040 
, 040 
, 080 
, 080 
, 040

1, 085 
1, 085 
1, 085 
1, 085 
1, 085 
1, 085 
1, 105 
1,105 
1, 105 
1, 105 
1, 105

1, 370 
1, 450 
1, 400 
1,600 
1, 650 
1,700 
1,650 
1, 433

1, 650 
1,650 
1,650 
1,500 
1,710 
1, 800 
1, 800 
1, 800 
1, 800 
1, 800 
1,605 
1, 510 
1, 690

1, 650 
1, 670 
1,700 
1, 900 
1, 900 
2,000
1, 950 
2,200 
2,300 
2,500
2, 550 
2, 600 
2, 079

2, 588 
2, 639 
2, 689 
2, 689 
2, 639 
2,740 
2, 639 
2, 639 
2,740 
2,740 
2,740 
2, 740 
2, 685

2,720 
2,720 
2,720 
2, 823 
2, 823 
2,772
2, 926
3, 080
2, 977
3, 080 
3, 028

926 
946 
946 
987 

1, 062 
1, 057 
1, 087 
1, 023

1, 115 
1,315 
1,516 
1, 521 
1,511 
1, 651 
1, 806 
1,734 
1, 118 
1, 130 
1,350 
1,250 
1, 419

1, 456 
1,357 
1,287
1, 310 
1,269 
1,374
2, 063 
2, 063 
2, 026 
1, 601 
1, 619 
1,572 
1,585

1,373 
1,239 
1,244 
1, 342 
1,249 
1, 456 
1, 420 
1, 621 
1, 714 
1,7 04 
1, 807 
1,725 
1, 492

1,237 
1, 336 
1,375 
1, 677
1, 984
2, 083 
1, 885 
1, 885 
1,885
1, 885
2, 073

980 
910 
910 

1, 100 
1,200 
1,200 
1, 300 
1, 059

1, 100 
900 
900 
900 

1, 100 
1,200 
1,150 
1, 150 

990 
1, 000 
1, 000 
1, 000 
1,034

950 
950 
850 
925 
930 
950 

1, 100 
1,200 

900 
1, 000 

950 
950 
972

1, 147 
1, 147 
1, 147 
1,086 
1, 147 
1, 147 
1, 147 
1, 147 
1,203 
1,259 
1,259 
1,259 
1, 175

1, 102 
1, 102 
1, 102 
1, 154 
1, 154 
1, 154 
1, 154 
1, 154 
1, 154 
1, 154 
1,207
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December................. 1,105 3, 080 2, 068 1,207
, Average.................... 1,095 2,897 1,783 1, 150

1990
January................... 1,160 2, 946 2, 003 1,222
February................. 1,160 2, 946 2, 003 1,375
March........................ 1,160 2,946 2, 184 1,324
April........................ 1,160 2, 997 1, 958 1,273
May............................. 1,160 3, 150 1, 958 1,273
June........................... 1,160 3, 251 1, 762 1,273
July........................... 1,160 3, 454 1,858 1,273
August...................... 1,160 1, 016 100 1, 426
September............... 1,190 508 100 1,426
October................... 1,210 457 75 1,579
November................. 1,210 432 75 1,528
December................. 1,210 432 75 1,528
Average................... 1,175 2, 040 1, 175 1,375

1991
January................... 1,230 256 51 1,500
February................. 1,230 0 0 1,500
March........................ 1,230 0 0 1,450
April........................ 1,230 205 0 1, 450
May............................. 1,230 358 0 1, 450
June........................... 1,230 358 76 1,450
July........................... 1,230 410 167 1,450
August...................... 1,230 410 198 1, 450
September............... 1,230 410 304 1, 500
October................... 1,230 410 436 1,500
November................. 1,230 410 507 1, 550
December................. 1,230 410 527 1,550
Average................... 1,230 305 190 1, 483

1992
January................... 1,230 450 565 1, 550
February................. 1,230 450 630 1, 550
March........................ 1,230 450 735 1,450
April........................ 1,230 450 863 1, 500
May............................. 1,210 450 915 1,450
June........................... 1,210 450 1, 015 1, 450
July........................... 1,210 450 1, 080 1,450
August...................... 1,210 450 1, 130 1,425
September............... 1,210 450 1,200 1,475
October................... 1,210 450 1,280 1, 500
November................. 1,210 450 1, 375 1,500
December................. 1,210 450 1,550 1, 500
Average................... 1,217 450 1,029 1, 483

See footnotes at end of table.
Table 10.1a World Crude Oil Production, 1973-1992: Algeria Through Venezuela
(Continued)

(Thousand Barrels per Day)

1 1
1 1
1 1
1 Qatar |

1
1

Saudi 1
Arabia a |

1
United |
Arab 1

Emirates |
Arab

OPEC b

1973
January. 581 6, 876 1, 416 17,603
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February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1974
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1975
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1976
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1977
January... 
February..
March...........
April...........
May................
June..............

613 7, 194 1, 597 17,823
604 7, 481 1,548 17,859
591 7,359 1, 602 17,863
586 8, 316 1, 613 18,863
560 7,553 1,537 17,987
606 8,682 1,613 19,601
568 8, 423 1,674 19,006
609 8, 532 1, 660 19,865
600 7,796 1,669 18,400
474 6, 267 1,297 15,528
456 6, 614 1,171 15,666
570 7, 596 1,533 18,009

517 7,513 1,388 17,304
516 7,796 1, 511 17,636
517 8, 131 1,736 18,138
518 8, 654 1, 854 18,829
518 9, 014 1, 856 19,002
519 8,885 1, 821 18,734
519 8,783 1, 933 17,971
515 8,275 1,779 16,869
514 8,763 1,704 17,367
524 9, 052 1, 489 17,153
518 8, 812 1,530 17,148
518 8, 053 1, 536 16,563
518 8, 480 1, 679 17,724

512 7, 839 1, 088 15,277
500 6, 754 1, 007 14,037
428 6, 550 1, 424 14,754
515 5, 917 1,660 14,730
469 6, 989 1, 678 15,593
329 6,818 1, 897 16,031
261 6, 980 2, 023 16,825
411 8,208 1, 829 17,866
279 8, 407 1, 834 18,543
393 5, 869 1, 632 14,593
554 6, 947 2, 010 16,299
608 7, 585 1, 845 17,148
438 7, 075 1, 664 15,985

496 7, 464 1,902 16,530
482 7, 969 1, 902 17,501
508 8, 365 1, 872 17,839
496 8,270 1, 873 17,127
507 8, 450 1, 874 16,886
505 8, 526 1, 944 17,885
502 8, 971 1, 947 18,678
528 8, 738 1, 962 18,835
466 8, 323 1, 979 18,851
474 9,236 2, 024 20,347
489 9, 394 1, 954 20,829
510 9, 185 1, 998 21,566
497 8,577 1, 936 18,579

460 8,609 1, 924 17,741
407 9, 634 2, 038 20,027
496 9, 890 2, 003 20,054
431 10,198 2, 058 20,302
390 8, 507 2, 044 18,001
415 9, 634 2, 034 19,270
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July...........
August.. . . 
September. 
October... 
November.. 
December.. 
Average...

1978
January... 
February..
March.........
April.........
May.............
June...........
July...........
August... . 
September. 
October... 
November.. 
December.. 
Average...

1979
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1980
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1981
January... 
February..
March.........
April.........
May.............
June...........
July...........
August. ... 
September. 
October... 
November.. 
December..

398 9, 839 2,040 18,887
512 8, 711 1, 927 18,227
332 8,711 1, 994 19,010
530 8,711 2, 016 19,049
486 8, 968 1,928 19,679
476 9, 583 1,987 20,525
445 9, 245 1, 999 19,221

456 7, 828 1, 733 16,707
483 8, 446 1, 878 17,945
428 7,725 1, 854 17,634
515 8, 034 1,761 17,782
381 7,313 1, 876 16,849
456 7,519 1, 848 17,263
486 7, 416 1, 834 17,273
547 7,107 1, 839 17,872
517 8, 343 1, 834 19,550
510 9, 270 1, 840 20,059
477 10,249 1, 832 21,811
588 10,403 1,844 21,592
487 8,301 1, 831 18,525

556 9,789 1, 832 21,465
556 9,789 1, 830 21,642
369 9, 789 1, 819 21,112
544 8,758 1,748 20,385
544 8, 758 1, 859 20,519
458 8,758 1, 860 20,629
521 9,789 1, 836 21,424
535 9, 789 1, 831 21,373
455 9, 789 1, 838 21,283
490 9, 789 1,784 21,209
528 9,789 1, 866 21,540
544 9,789 1,874 21,405
508 9, 532 1, 831 21,163

502 9, 767 1, 740 20,970
457 9, 767 1, 737 21,146
498 9, 767 1, 697 20,729
498 9,767 1, 706 19,688
477 9,767 1, 762 19,612
441 9,767 1,746 19,659
460 9, 767 1, 710 19,174
468 9, 767 1, 665 19,186
461 9,767 1, 671 18,583
440 10,199 1, 671 16,526
475 10,414 1, 695 17,078
483 10,281 1, 7 06 17,453
472 9, 900 1,709 19,144

507 10,180 1,579 17,301
482 10,180 1, 564 17,353
507 9, 976 1, 568 17,364
513 10,180 1,619 16,843
436 10,180 1, 486 16,634
342 10,180 1,397 16,210
378 10,282 1, 377 15,961
295 10,384 1, 443 15,573
363 9, 264 1, 426 14,497
363 9, 671 1, 440 15,170
340 8,653 1,331 14,151
342 8, 653 1, 463 14,538
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Average.. .

1982
January.,. 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average. . .

1983
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average. . .

1984
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.. . . 
September. 
October... 
November.. 
December.. 
Average.. .

1985
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.. . . 
September. 
October... 
November.. 
December.. 
Average.. .

1986
January... 
February.. 
March.........

405 9, 815 1, 474 15,961

402 8, 659 1, 407 14,547
374 8, 353 1, 399 14,125
309 7, 335 1, 378 12,494
231 6, 621 1,246 11,331
321 6, 010 1, 197 10,957
407 6, 621 1,228 12,074
274 6, 316 1,228 11,793
340 6, 010 1,228 11,598
286 5, 603 1,228 11,348
380 5, 603 1,228 11,764
309 5, 603 1,228 11,693
327 5, 195 1, 017 10,838
330 6, 483 1,250 12,035

255 4, 950 1, 062 10,032
200 3, 510 1, 062 8,297
170 3, 910 1, 037 8,762
260 3, 930 1, 147 9, 202
275 4,725 1, 111 10,192
300 4, 62 0 1, 182 10,157
300 5, 536 1, 111 11,284
265 5, 931 1, 187 11,799
310 6, 026 1, 187 12,134
320 6, 005 1, 167 12,082
460 5, 915 1, 197 12,172
420 5, 825 1, 197 11,752
295 5, 086 1, 149 10,672

445 5, 130 1,200 11,088
315 5, 040 1,200 10,849
440 4, 843 1,205 11,035
400 5, 150 1,205 11,359
400 5, 000 1,200 11,233
500 5, 450 1,225 11,938
430 5, 010 1, 090 10,973
400 4, 520 990 10,463
480 4, 133 1, 110 10,239
380 4, 129 1, 060 9, 931
280 3, 990 1, 060 9, 653
260 3, 590 1,210 9, 304
394 4, 663 1, 146 10,670

270 3, 510 1, 100 9, 280
290 4, 025 1, 160 9, 922
315 3, 835 1,215 9,770
260 3, 470 1,215 9, 340
290 2, 590 1, 160 8, 435
300 2, 420 1, 100 8,064
320 2, 740 1, 155 8,489
320 2, 340 1,200 8, 084
295 2, 980 1,285 9,295
320 3, 910 1,255 10,446
300 4,200 1,250 10,803
335 4,680 1,225 11,326
301 3, 388 1, 193 9, 434

333 4,310 1, 179 10,711
301 4,551 1, 369 10,952
324 3, 972 1,321 10,627
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April........................... 167 4, 556 1,274 10,862
May............................... 333 4,208 1, 416 11,223
June............................. 398 5, 068 1,511 12,572
July............................. 371 5, 700 1,511 13,281
August........................ 371 6, 209 1, 539 13,747
September................. 259 4, 651 1, 274 11,037
October...................... 278 4, 855 1,283 11,291
November................... 278 5, 164 1, 132 11,474
December.................... 278 5, 164 1, 151 11,298
Average...................... 308 4, 870 1,330 11,596

1987
January...................... 275 4, 004 1,235 10,581
February................... 241 3, 868 1,215 10,312
March........................... 193 3, 300 1, 195 9, 536
April........................... 145 4,030 1,235 10,556
May............................... 270 4, 197 1,265 10,842
June............................. 338 4,238 1, 435 11,346
July............................. 434 4, 602 1, 605 12,841
August........................ 405 4,755 1, 855 13,565
September................. 319 4, 653 1, 995 13,279
October...................... 309 4, 638 1, 895 13,029
November................... 290 4,248 1, 895 12,637
December................... 290 4, 612 1, 645 12,755
Average...................... 293 4,265 1, 541 11,783

1988
January...................... 363 4, 155 1, 174 11,791
February................... 427 4, 322 1,028 11,833
March........................... 318 4, 332 1,223 12,005
April........................... 318 4, 470 1, 389 12,305
May............................... 318 4, 484 1,369 12,247
June............................. 323 4,582 1,369 12,659
July............................. 323 4,641 1, 394 12,604
August........................ 323 5, 177 1,857 . 13,804
September................. 323 5, 314 1, 915 14,250
October...................... 373 6, 336 1, 949 15,401
November................... 373 6, 532 2,047 15,838
December................... 373 6, 655 2,047 15,879
Average...................... 346 5, 086 1, 565 13,389

1989
January...................... 389 4, 918 1, 647 13,098
February................... 408 4, 673 1, 566 12,889
March........................... 330 4,515 1,590 12,718
April........................... 321 4, 914 1, 618 13,592
May............................... 398 5, 022 1, 618 14,084
June............................. 408 4, 825 1, 875 14,201
July............................. 389 4, 923 1, 823 14,204
August........................ 389 5, 022 1, 861 14,494
September................. 389 5,219 2, 046 14,774
October...................... 389 5, 317 2, 141 15,070
November................... 369 5, 701 2,236 15,718
December................... 384 5, 696 2,283 15,821
Average...................... 380 5, 064 1, 860 14,229

1990
January...................... 390 5, 537 2, 052 15,312
February................... 401 5, 636 2, 027 15,549
March........................... 422 5, 765 2, 052 15,853
April........................... 422 5, 888 2,097 15,796
May................................ 385 5, 394 2, 107 15,427
June............................. 385 5, 398 2, 047 15,277
July............................. 390 5, 394 2, 047 15,576
August........................ 422 5, 789 1, 648 11,561
September................. 422 7,660 2, 197 13,503

9 of 15 3/9/2000 8:57 PM



l'tp://l'lp.cia.doc.gov/piilj/eiiergy.overvicw/niolUilly.energy/historic. mer/tablU-1 a. txl

October.... ............ 422 7,729 2, 307 13,779
November... ............ 422 8,224 2, 372 14,263
December... ............ 390 8, 481 2,447 14,563
Average.... ............ 406 6, 410 2, 117 14,698

1991
January.... ............ 366 8,075 2, 448 13,925
February... ............ 407 8, 134 2, 472 13,743
March............ ............ 407 7, 936 2, 496 13,519
April............ ............ 407 7,341 2, 496 13,129
May................. ............ 407 7,341 2, 301 13,088
June............... ............ 407 8,085 2,301 13,908
July............... ............ 407 8, 407 2,301 14,373
August.......... ............ 407 8, 397 2,301 14,393
September.. ............ 407 8, 332 2,292 14,475
October.... ............ 407 8, 382 2, 379 14,744
November... ............ 386 8, 372 2, 443 14,898
December... ............ 324 8,571 2,409 15,020
Average.... ............ 395 8, 115 2,386 14,104

1992
January.... ............ 350 8, 790 2,435 15,370
February... ............ 325 8, 640 2, 425 15,250
March............ ............ 375 8,260 2,300 14,800
April............ ............ 375 8,213 2,300 14,930
May................. ............ 375 8,265 2,300 14,965
June............... ............ 375 8, 315 2,275 15,090
July............... ............ 400 8, 350 2, 300 15,240
August.......... ............ 425 8, 400 2, 330 15,370
September.. ............ 425 8, 450 2, 320 15,530
October.... ............ 440 8, 505 2, 310 15,695
November... ............ 440 8, 500 2, 305 15,780
December... ............ 440 8,575 2, 305 16,030
Average.... ............ 396 8, 438 2, 325 15,338

See footnotes at end of table.
Table 10.1a World Crude Oil Production, 1973-1992: Algeria Through Venezuela
(Continued)

(Thousand Barrels per Day)

1 1
1 1
1 1
1 Indonesia |

1
1
1

Iran | Nigeria

1
1

1 Venezuela

1973

1 1 1 1

January.... ............ 1,157 5, 808 1, 936 3,272
February... ............ 1,197 5, 835 1, 944 3,309
March............ ............ 1,216 5, 832 1, 933 3, 330
April............ ............ 1,258 5, 7 69 1, 963 3, 360
May................. ............ 1,364 5, 842 1, 957 3, 426
June............................. 1,390 5, 82 6 2, 007 3, 383
July............................. 1,37 3 5, 873 2, 000 3, 391
August........................ 1,395 5, 701 2, 110 3,396
September............... 1,390 5,792 2,112 3,406
October......... ............ 1,447 5, 977 2,200 3, 381
November................ 1,432 6, 008 2,210 3, 395
December................ 1,441 6, 070 2,266 3, 340
Average......... ............ 1,339 5, 861 2, 054 3, 366
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1974
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1975
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1976
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average...

1977
January... 
February..
March.........
April.........
May.............
June...........
July...........
August.. . . 
September. 
October... 
November.. 
December.. 
Average..,

1978
January... 
February..
March...........
April...........
May................

1, 431 6, 100 2, 194 3,284
1,416 6, 154 2, 194 3, 230
1, 421 6, 122 2,299 3, 189
1, 480 6, 172 2,284 3, 053
1, 510 6, 179 2,259 2, 939
1, 469 6, 060 2,345 2, 953
1, 431 6, 061 2,205 2, 949
1,332 5, 953 2,308 2, 868
1,332 5, 833 2,321 2,778
1,234 5,717 2, 334 2, 818
1,234 6, 012 2,247 2,826
1,214 5, 912 2,071 2, 841
1, 375 6, 022 2,255 2,976

1, 333 5, 544 1, 991 2,747
1, 338 5, 900 1, 807 2,565
1, 193 5, 513 1,718 2, 535
1,219 5, 456 1, 535 2,490
1, 100 5, 094 1, 551 2,394
1,258 5, 126 1, 621 2,439
1,32 6 5, 437 1, 631 2,336
1, 372 5, 508 1,760 2,285
1, 376 6, 104 1, 926 2, 316
1, 356 4,730 1, 914 2,244
1, 410 4, 995 1, 956 2,045
1, 408 4, 854 1, 986 1,771
1, 307 5, 350 1,783 2,346

1, 425 4,940 1,996 1, 675
1, 456 5, 018 2,067 2, 002
1,521 5, 744 2, 015 2,289
1, 528 5, 502 2,061 2,401
1, 513 5, 600 2, 079 2,410
1, 478 6, 102 2, 092 2,371
1, 498 5, 576 2, 046 2,481
1,511 5, 823 1, 934 2,447
1, 496 6, 461 2,044 2, 429
1, 539 6, 507 2,110 2,364
1, 501 6, 677 2,177 2,264
1, 581 6, 630 2, 187 2, 388
1, 504 5, 883 2, 067 2,294

1, 629 5, 059 2,193 2, 380
1,701 6, 052 2, 192 2,332
1,701 6, 275 2,254 2,367
1,701 5, 412 2,254 2, 180
1, 696 5,741 2,206 2, 125
1, 699 5, 104 2, 096 2,230
1, 698 4,713 2,061 2,209
1, 677 5, 660 2,016 2,284
1, 670 5, 972 2, 023 2,366
1, 639 5, 531 1, 946 2,350
1, 7 08 6,086 1, 915 2, 074
1,720 6, 385 1, 872 1, 965
1, 686 5, 663 2,085 2,238

1, 693 5, 327 1, 620 1, 802
1, 698 5, 567 1, 549 1, 640
1, 698 5, 639 1, 505 2,085
1, 677 5, 648 1, 862 2,251
1, 691 5, 742 1,702 2,038
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June............
July............
August... . 
September. 
October... 
November.. 
December.. 
Average.. .

1979
January... 
February..
March..........
April..........
May..............
June............
July............
August. . . . 
September. 
October... 
November.. 
December.. 
Average. . .

1980
January... 
February..
March..........
April..........
May..............
June............
July............
August.... 
September. 
October... 
November.. 
December.. 
Average...

1981
January... 
February..
March..........
April..........
May...............
June............
July............
August.... 
September. 
October... 
November.. 
December.. 
Average...

1982
January... 
February..
March..........
April..........
May...............
June............
July............
August.... 
September. 
October...

1, 642 
1, 570 
1,608 
1,579 
1, 603 
1,583 
1,582 
1,635

, 593 
, 611 
, 622 
, 605 
, 593 
, 607 
, 601 
, 592 
, 571 
, 568 
, 568 
, 563 
, 591

, 564 
, 553 
,575 
,553 
, 551 
, 575 
, 560 
, 569 
, 579 
, 586 
, 622 
, 636 
,577

1, 632 
1, 622 
1,634 
1,616 
1, 614 
1, 608 
1, 604 
1, 593 
1, 589 
1, 589 
1, 57 4 
1, 582 
1, 605

1, 469 
1, 444 
1,484 
1,239 
1,235 
1, 301 
1,295 
1,235 
1,295 
1,367

5, 801 
5, 842
5, 846
6, 093 
5, 528 
3, 517 
2, 387 
5,242

729
729

2, 448 
4, 167 
4, 063 
4, 063
3, 958 
3, 646 
3, 646 
3, 958 
3, 438 
3, 021 
3, 168

2, 605 
2, 832 
2,265 
2, 039 
1, 472 
1, 699 
1, 699 
1, 472 
1,246 

510 
793 

1, 359 
1, 662

1,243 
1,554 
1, 864 
1, 657 
1, 657 
1,450 
1, 450 
1,243 
1,243 

932 
1, 036 
1,243 
1,380

1,219 
1, 108 
1, 330
1, 663 
2,217
2, 438 
2, 438 
2, 549 
2, 549 
2,771

1, 975
1, 893
2, 038 
2, 086 
2, 091 
2,252 
2, 176 
1, 897

2, 423 
2,423 
2,430 
2, 411 
2, 445 
2, 395 
2,346 
2, 326 
2, 112 
2, 026 
2, 146 
2,147 
2,302

2, 147 
2, 147 
2, 153 
2, 186 
2, 138 
2, 192 
2, 098 
2, 047 
1, 598
1, 877
2, 059 
2, 016 
2, 055

2, 092 
1, 943 
1, 868 
1, 623 
1,293 
1, 350 

773 
707 

1, 061 
1,250 
1, 460 
1, 820 
1, 433

1, 745 
1, 406 

937 
884 

1,314 
1, 656 
1,265 
1,111 
1,170 
1, 489

2,372 
2,309 
2,206 
2,275 
2,328 
2,272 
2,367 
2,165

2, 342 
2,342 
2,422 
2,380 
2,377 
2,246 
2,326 
2,324 
2,358 
2,354 
2,389 
2,407 
2,356

2,281
2,206
1, 989
2, 052 
2,047 
2,060 
2, 171 
2,211 
2, 191 
2,228 
2,231 
2,351 
2, 168

2,214 
2,189 
2,229 
2,194 
2,169 
1, 985 
1,755 
1, 955 
2,092
1, 975 
2,224 
2,254
2, 102

1,989 
1,734 
1, 834 
1, 533 
1, 503 
1, 513 
1, 844 
1, 964
1, 994
2, 165
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November.................... 1,395
December.................... 1,315
Average...................... 1,339

1983
January...................... 1,188
February.................... 984
March........................... 1,144
April........................... 1,358
May................................ 1,358
June............................. 1,358
July............................. 1,445
August........................ 1,445
September................. 1,425
October...................... 1,474
November.................... 1,513
December................... 1, 396
Average...................... 1,343

1984
January...................... 1,415
February.................... 1,515
March........................... 1,505
April........................... 1,512
May................................ 1,415
June............................. 1,465
July............................. 1,340
August........................ 1,3 60
September................. 1, 350
October...................... 1,375
November................... 1,3 00
December.................... 1,395
Average...................... 1,412

1985
January...................... 1, 380
February................... 1, 401
March........................... 1, 3 69
April........................... 1,369
May................................ 1,264
June............................. 1,106
July............................. 1,369
August........................ 1,369
September................. 1,264
October...................... 1,327
November................... 1,3 69
December................... 1, 317
Average...................... 1,325

1986
January...................... 1,458
February.................... 1,335
March........................... 1,335
April........................... 1,376
May................................ 1,463
June............................. 1,386
July............................. 1,381
August........................ 1,461
September................. 1,345
October...................... 1,360
November................... 1,4 06
December................... 1, 365
Average...................... 1,390

1987
January...................... 1,311

3, 103 
3, 103 
2,214

2,716 
2, 414 
2,213 
2, 012 
2, 313 
2,514 
2, 816 
2, 514 
2,716 
2,414 
2,313 
2,313 
2, 440

2,200 
2, 300 
2,400 
2,200 
1,700 
2,200 
2,400 
1, 800
1, 900
2, 100 
2,400 
2, 500 
2, 174

1, 942
2, 147 
2,249 
2, 351 
2, 045 
2,249 
2,249 
2, 453 
2,249 
2, 351 
2,249 
2, 453 
2, 250

2,275 
2, 166
1, 950
2, 166 
2,275 
2,275 
2,220 
1, 841 
1, 625 
1, 625
1, 841
2, 166 
2, 035

2,463

1,361 
1,209 
1,295

880 
675 
905 

1, 150 
1, 625 
1,535 
1,710 
1, 300 
1,220 
1,290 
1,245 
1, 310 
1,241

1, 335 
1, 530 
1,525 
1,270 
1,270 
1,370 
1, 175 
1, 125 
1, 370 
1, 565 
1, 565 
1,565 
1, 388

1, 423 
1,718 
1, 728 
1, 626 
1, 474 
1, 118 
1, 016 
1,220 
1,474 
1,728 
1, 789 
1, 646 
1, 495

1, 197 
1, 397 
1,597 
1, 697 
1, 597 
1,536 
1,552 
1, 7 61 
1,297 
1, 322 
1, 322 
1,322 
1, 467

1,291

2,305
2,338
1,895

2,098 
1,791 
2,093 
1,726 
1, 695 
1,700 
1,705 
1,741 
1, 736 
1,750 
1,781 
1,786 
1, 801

1, 825 
1,800 
1, 800 
1, 800 
1, 825 
1,790 
1,845 
1, 805 
1, 835 
1,785 
1,710 
1,755 
1,798

1, 673 
1,678 
1, 683 
1, 678 
1, 688 
1, 673 
1, 673 
1, 673 
1, 673 
1, 673 
1, 678 
1, 683 
1, 677

1, 730 
1,730 
1,730 
1,730
1, 730 
1,755 
1,770
2, 115 
1,760 
1,750 
1,780 
1, 855 
1, 787

1, 671
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February..
March..........
April..........
May...............
June............
July............
August.... 
September. 
October... 
November.. 
December.. 
Average...

1988
January... 
February..
March..........
April..........
May...............
June............
July............
August.... 
September. 
October... 
November.. 
December.. 
Average. . .

1989
January... 
February..
March..........
April..........
May...............
June............
July............
August. . . . 
September. 
October... 
November.. 
December.. 
Average...

1990
January... 
February..
March..........
April..........
May...............
June............
July............
August.. . . 
September. 
October... 
November.. 
December.. 
Average.. .

1991
January... 
February..
March..........
April..........
May...............
June............
July............

,281 
,296 
, 311 
,332 
,332 
, 362 
, 485 
, 342 
, 352 
, 352 
, 352 
, 343

, 278 
, 278 
, 329 
,379 
, 379 
, 379 
, 379 
,379 
, 278 
,379 
, 278 
,379 
, 342

1, 401 
1, 401 
1, 401 
1, 401 
1, 401 
1, 401 
1, 38 4 
1, 434 
1, 384 
1, 434 
1, 434 
1, 434 
1, 4 09

1, 306 
1, 306 
1,411 
1,4 63 
1,411 
1,411 
1, 442 
1, 516 
1, 536 
1, 542 
1, 568 
1, 620 
1, 462

1, 608 
1, 608 
1, 608 
1, 608 
1, 608 
1, 608 
1, 658

2, 368 
2, 368 
2, 179 
2, 463 
2, 368 
2,368 
2,558
1, 989 
2,273
2, 084 
2, 084 
2,298

2, 082
1, 983
2, 082 
2, 181 
2, 181 
2, 082 
2,280 
2,280 
2, 380 
2,380 
2, 479 
2, 479 
2,240

2, 748 
2,797
3, 141 
2, 846 
2, 454 
2,748 
2,748 
2, 945 
2,797 
2, 896 
2,748 
2, 846 
2, 810

2,700 
3, 000 
3, 000
2, 900 
3,200
3, 100 
3, 050 
3, 300 
3, 300 
3, 000 
3,200 
3, 300 
3, 088

3, 179 
3, 278 
3, 37 8 
3,278 
3,278 
3, 278 
3, 378

1, 191 
1, 281 
1, 183 
1, 348 
1, 413 
1, 413 
1, 401 
1, 351 
1, 401 
1,451 
1, 351 
1,341

1,360 
1, 410 
1,360 
1, 415 
1, 465 
1, 465 
1, 410 
1, 460 
1, 515 
1,515 
1, 465 
1, 560 
1, 450

1, 474 
1, 474 
1,626 
1,677 
1,677 
1,778 
1, 879 
1, 778 
1, 778 
1,677 
1, 879 
1, 879 
1,716

1,731 
1, 731 
1, 731 
1, 830 
1, 731 
1, 731 
1, 731 
1, 830 
1,880 
1, 929 
1, 929 
1, 929 
1, 810

1, 906 
1, 906 
1, 906 
1, 906 
1, 906 
1, 858 
1, 858

1, 671 
1, 807 
1,701 
1,726 
1,766 
1, 887 
1,796 
1,746
1.751 
1,746 
1,746
1.752

1, 853 
1, 853 
1, 853 
1, 853 
1, 853 
1, 853 
1, 853 
1, 853 
1,928
1, 928
2, 078 
2, 078 
1, 903

1, 862 
1, 862 
1, 862 
1, 862 
1, 862 
1, 913 
1, 875 
1,926 
1, 926 
1, 977 
1, 977 
1,977 
1, 907

1,990 
2, 140 
2, 040 
2, 040 
2,040 
2, 040 
2, 040 
2, 090 
2,290 
2,275 
2,320 
2,340 
2, 137

2, 396 
2,396 
2, 396 
2, 346 
2, 346 
2,346 
2,346
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August.... 
September. 
October... 
November.. 
December.. 
Average...

1992
January...

February..
March.........
April.........
May.............
June...........
July...........
August.... 
September. 
October... 
November.. 
December.. 
Average..,

1,608 
1,559 
1, 510 
1, 559 
1,559 
1, 592

1, 580

1, 605 
1,630 
1, 605 
1, 530 
1, 560 
1,550 
1, 540 
1,550 
1,550 
1, 550 
1,550 
1, 566

3, 378 
3,278 
3,278 
3,278 
3, 477 
3, 312

3, 500

3, 500 
3, 350 
3, 250 
3,250 
3,250 
3, 300 
3, 450 
3, 450 
3, 650 
3, 650 
3, 550 
3, 429

1,906 
1,906 
1, 809 
1,906 
1, 930 
1, 892

1, 975

1, 925 
1, 900 
1, 925 
1, 925 
1, 925
1, 975
2, 000 
2, 025 
2, 050 
2, 050 
2, 100 
1, 982

2,346 
2, 346 
2,396 
2,396 
2,446 
2,375

2,390

2,340 
2, 190 
2, 190 
2,290 
2,290 
2,290 
2, 340 
2,390 
2,440 
2, 440 
2, 415 
2,334

a Includes about one-half of the production in the Kuwait-Saudi Arabia 
Neutral Zone from 1973-July 1990 and from June 1991 on. Kuwaiti Neutral Zone 
output was discontinued following Iraq's invasion of Kuwait on August 2, 1990,
but was resumed in June 1991. In 1992, Neutral Zone production by both Kuwait 
and Saudi Arabia totaled about 336 thousand barrels per day.

b The Arab members of the Organization of Petroleum Exporting Countries 
(OPEC) are Algeria, Iraq, Kuwait, Libya, Qatar, Saudi Arabia, and the United 
Arab Emirates. Production in the Neutral Zone between Kuwait and Saudi Arabia 
is included in "Arab OPEC."

Notes: 
liquids. 
rounding. 
rounding. 

Sources:

Crude oil includes lease condensate but excludes natural gas plant 
Annual averages may not equal average of months due to independent 

Data for countries may not sum to totals due to independent

See end of section.
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Table 1.2 OPEC Crude Oil Production (Excluding Condensate), 1990-Present 
(Thousand Barrels per Day)

Algeria
Indo­
nesia Iran Iraq Kuwaiti/ Libya Nigeria

1990
1991
1992
1993
1994
1995
1996
1997

Average
Average
Average
Average
Average
Average
Average
Average

1998 January 
February 
March. 
April. 
May... 
June. . 
July.. 
August 
September 
October. 
November 
December

1998 Average.

1999 January. 
February 
March. 
April. 
May... 
June. .
July.. 
August 
September 
October. 
November 
December 

1999 Average..

765
800
772
747
750
767
812
847

860
860
860
840
820
810
800
790
790
790
790
790
816

800
810
820
780
760
750
750
760
760
760
760
760
772

1,281 
1, 410
1.326
1.327 
1,334 
1, 343 
1, 367 
1,355

1,340 
1,340 
1,340 
1,340 
1, 340 
1,310 
1, 310 
1,330 
1,330 
1,360 
1, 360 
1,360 
1,338

1, 360 
1,340 
1, 350 
1,350 
1,350 
1, 330 
1,310 
1, 300 
1, 300 
1, 300 
1, 300 
1,300 
1,32 4

3, 088 
3, 312 
3, 429 
3, 540 
3, 583 
3, 608 
3, 651 
3, 629

3, 600 
3, 600 
3, 600 
3, 800 
3, 600 
3, 800 
3, 550 
3, 400 
3, 650 
3, 450 
3, 600 
3, 550 
3, 599

3, 630 
3, 890 
3,760 
3, 450 
3, 400 
3, 380 
3, 480 
3, 500 
3, 450 
3, 500 
3, 450 
3, 400 
3, 522

2,040 
305 
425 
512 
548 
555 
574 

1, 150

1,256
1, 698 
1, 820 
1,980 
2,240 
1,915
2, 350 
2,550 
2,550 
2,550 
2,500 
2,300 
2, 145

2,510 
2,650 
2,425 
2,650 
2,700 
2, 350 
2,800 
2,850 
2,850 
2,665 
2,200 
1, 400 
2,503

1, 175 
190 

1, 058
1, 852 
2,025
2, 057 
2,062 
2, 083

2,215 
2,210 
2,210 
2, 115 
2,105 
2, 105 
2, 075 
2,025 
1, 972
1, 970
2, 020 
2, 020 
2, 085

1, 995
2, 005 
2, 020 
1,785 
1, 815 
1, 830 
1, 830 
1, 860 
1, 885 
1, 925 
1, 905 
1, 922 
1, 898

1,375 
1, 483 
1, 433 
1,361 
1,378 
1, 390 
1,401 
1, 446

1, 450 
1, 450 
1, 450 
1, 400 
1, 360 
1, 360 
1, 360 
1,340 
1, 335 
1, 335 
1, 350 
1, 350 
1, 378

1,360 
1, 360 
1, 360 
1, 320 
1,300 
1,290 
1,290 
1,290 
1,300 
1, 310 
1,320 
1,330 
1, 319

1,755 
1, 832 
1, 820 
1,835 
1, 821 
1, 878
1, 885 
2,217

2, 108 
2, 153 
2,270 
2, 128 
2, 120 
2, 100 
2, 050 
1, 900 
1, 900
1, 850 
1,950
2, 000 
2, 043

1, 970 
1,900 
2,050
2, 050 
2, 080 
2, 040 
2, 020 
2, 030 
2, 040 
2,060 
2, 050 
1, 940 
2,020

1/ Includes about one-half of the production in the Kuwait-Saudi Arabia Neutral Zone 
in June 1991. Kuwaiti Neutral Zone output was discontinued following Iraq's invasion 
resumed in June 1991. From August 1990 through May 1991, all production in the Neutra 
Saudi Arabia. In December 1999, Neutral Zone production by both Kuwait and Saudi Ara 
Data for Saudi Arabia include approximately 150,000 barrels per day from the Abu Safa 

Notes: OPEC=Organization of Petroleum Exporting Countries. See Appendix A for co
Monthly data are often preliminary and also may not average to the annual totals due 
Sources: See end of Section 1.
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Impact of greenhouse gas mitigation on oil-exporting countries: Preliminary Analysis

EXECUTIVE SUMMARY

This paper analyzes the oil market impacts of greenhouse gas mitigation commitments now under
discussion within the Framework Convention on Climate Change. As requested, it focuses on the
effects of mitigation on the projected revenues of oil-exporting countries in the Middle East.

The analysis considers a greenhouse gas mitigation commitment under which OECD countries are
required to reduce their emissions 5 percent below their 1990 level by 2010. This target falls
between proposals tabled by Germany and the Alliance of Small Island States requiring emissions
reductions of 15 to 20 percent by 2010 and the widely-discussed alternative of stabilizing
emissions at their 1990 level. Starting from a "conventional wisdom" baseline oil market scenario
“ which is itself subject to great uncertainty - a range of impact estimates are then developed.

Summary of Analysis Results
1993 2010 Baseline 2010 w/ Mitigation

Price of Oil ($1994/barrel)’ $16.48 $23.71 $17.15-$23.71

World Petroleum Production” (million barrels/day) 65.8 87.7 81.5-82.7

Middle East Production” (million barrels/day) 18.7 36.0 31.2-32.8

Middle East Revenues’” (billions of $1994/year) $87 $259 $164-$220
U.S. Refiner Acquisition Cost for imports
including natural gas liquids but excluding refinery gains.
gross revenues based on assumed export price $ 1.50 per barrel below U.S. Refiner Acquisition Cost and
Middle East production level less consumption of 2.8 mbd in 1993 and 4.1 mbd(est.) in 2010.

Global Oil Demand and Production Impacts

• The current conventional wisdom, as captured in four widely cited forecasts, projects a
rise in global oil demand from a 1996 level of roughly 70 million barrels per day (mbd) to
between 86 and 96 mbd by 2010. Nearly all of additional demand is expected to be met
by increased Middle East production.

• Starting from the Energy Information Administration's reference case scenario (88 mbd of
global oil production in 2010), we expect that mitigation efforts necessary to reach the
greenhouse gas emission goal would reduce world oil demand by 5 to 6 mbd in 2010
below otherwise projected levels, assuming a least-cost policy.

* Mitigation would not significantly affect projected non-OPEC production. Middle
East producers are expected to absorb 75 to 80 percent of the global reduction in
baseline oil output.

* A 5 million barrel per day reduction in global demand is expected to reduce
projected Middle East output in 2010 by about 10 percent, but Middle East
production would still exceed present levels by a wide margin.
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Middle East Oil Revenue Impacts

• In the EIA baseline scenario, gross oil revenues for Middle East producers are projected 
to reach nearly $260 billion (1994 dollars) in 2010, tripling their 1993 level.

• Under a least-cost mitigation strategy that reduced global oil demand by between 5 and 6 
mbd, revenues to Middle East oil producers in 2010 would be lowered by between 15 and 
37 percent ($39 to $95 billion). The decrease in revenues reflects the combined effect of 
price and quantity changes.

* Even at the high end of the impact range, projected revenues for Middle East 
producers would remain far above current levels.

* The impact of demand reduction on prices realized by producers, a key driver of 
revenue impacts, depends largely on the capacity decisions of OPEC members.

Implications for Policy Design and Negotiation Positinn.s

• The Berlin Mandate, the agreed basis for the current negotiations, suggests that new 
mitigation commitments could involve two distinct types of elements: common "policies 
and measures" pursued by all parties; and "targets and timetables" that leave the choice of 
reductions in the hands of the individual parties.

• Assuming an unwavering resolution among developed countries to negotiate and 
implement tough new emissions reduction commitments, a "targets and timetables" 
approach could have certain advantages for oil-exporting countries:

* Since many of the most cost-effective opportunities for mitigation involve 
reduction in coal use, targets and timetables should have lower oil market impacts 
than the oil-oriented measures (e.g. common vehicle fuel efficiency standards) 
typically featured under a policies and measures approach.

* Common policies and measures could spread outside the OECD approach and thus 
have additional oil market impacts. For example, vehicle manufacturers subject to 
policies and measures within the OECD may choose to standardize their products 
to the required levels on a global basis. This could lead to an even greater 
reduction in oil demand.

• While still likely to oppose new commitments, the Middle Eastern producers would 
probably favor flexible policies to attain targets and timetables as a secondary negotiation 
strategy to protect oil markets from common policies aimed directly at reducing oil use.

• The projected lifetime of existing oil reserves and the relative abundance of reserves of oil 
and natural gas (which could gain a market advantage due to its lower carbon content per 
unit of energy if mitigation is required) are two key factors affecting the interests of 
individual energy exporting countries. Differences in the circumstances of individual 
Middle East producers may cause their interests, concerns, and responses to diverge.
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This paper responds to a request for analysis of the oil market impacts of greenhouse gas 
mitigation commitments now under discussion within the Framework Convention on 
Climate Change. Per the request, the analysis focuses on the impact of greenhouse gas 
mitigation on projected revenues of oil-exporting countries in the Middle East

This paper, which provides the detail supporting the findings presented in the Executive 
Summary, is organized into the following five main sections:
• review of alternative baseline oil market projections for 2010.
• analysis of mitigation scenarios using the Energy Information Administration world oil

market model.
• outline of oil exporter options to ameliorate the revenue effects of greenhouse

mitigation.
• discussion of differences among oil producers.
• background information on world oil market trends over the past 15 years.

1. Baseline Oil Market Projections

Our review considered a variety of world oil market scenarios from the U.S. Energy 
Information Administration, Cambridge Energy Research Associates, Data Resources 
Incorporated, and the International Energy Agency. These projections are summarized (in 
abbreviated form) in Table 1.

• Total world oil consumption is projected to rise from the present level of
approximately 70 million barrels per day (mbd) to between 86 and 96 mbd.

* Non-OECD consumption is projected to increase by between 14 and 24 mbd.
OECD consumption is projected to increase by between 1 to 8 mbd. In most
scenarios, non-OECD demand, now only 2/3 of the OECD demand level, exceeds
OECD demand by 2010.

* Growing transportation demand underlies demand growth. The International
Energy Agency projects that by 2010, transportation could account for 60 percent
of global oil use.

• All scenarios project that OPEC will supply all, or nearly all, of the growth in oil
demand.

* OPEC production is projected to reach a level of between 46 and 50 mbd, up from
a current level of approximately 27 mbd.

All scenarios considered project some increase in the real price of oil, with most forecasts 
clustered in the range of $21 to $24 (1994 dollars). With higher prices and higher 
volumes, OPEC revenues in 2010 are projected to increase substantially from their current 
levels.
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2. Production and Revenue Impacts of Greenhouse Gas Mitigation

A significant greenhouse gas mitigation effort would reduce world oil demand. The size 
of the reduction depends directly on the mitigation approach taken.

• Modeling analysis suggests that an unrestricted cap-and -trading scheme or an 
emissions tax would focus emission reduction efforts on energy use in the industrial 
and electricity generation sectors rather than in the transportation sector, where oil is 
the dominant fuel.

* Even significant carbon permit values (or taxes) translate into relatively small 
effects on petroleum product prices. For example, a tax or emissions permit value 
of $100 per metric ton of carbon would raise the price of gasoline by only 25 cents 
per gallon. An adder of this size would have only a modest effect on U.S. fuel 
demand and would represent only a small percentage of the consumer price in 
countries where vehicle fuel is already heavily taxed.

• Most of the projected increase in world oil demand between now and 2010 is 
projected to occur outside of countries that will be undertaking new mitigation 
commitments under the Berlin Mandate.

• Energy modeling analyses suggest that a phased-in tradable permit scheme sufficient to 
reduce emissions 5 percent below the 1990 level by 2010 in the OECD would require 
an implicit price of carbon of $150 to $2(X) per metric ton.

* Starting from oil consumption levels projected by EIA, OECD oil consumption 
might be reduced by almost 6 million barrels per day (approximately 12 percent). 
Even with this reduction, OECD oil consumption in 2010 would be approximately 
7 percent above its 1990 level.

* In the U.S., a carbon premium in this range could encourage significant early 
reductions in the utilization of existing coal-fired power generation capacity.

The tradable carbon permits or taxes considered in most modeling exercises are only one 
possible approach to reducing greenhouse emissions. Other available approaches would 
also affect oil demand. For example, if half of the transportation sector’s 60 percent share 
in total year 2010 oil demand projected by the International Energy Agency is used by 
passenger automobiles, a 20 percent improvement in the projected average fuel efficiency 
of the global car fleet in 2010 would also reduce world oil demand by about 5 mbd 
(88mbd*60%*50%*20%) if higher fuel efficiency does not increase miles traveled.

• Greater reliance on “policies and measures” in new mitigation commitments could 
increase oil market impacts.

* Policies and measures are likely to be targeted on a limited number of activities, 
requiring deeper cuts in the targeted areas than would be necessary if the entire 
emissions-reduction potential of each nation were engaged by using economic 
instruments to meet an overall goal.
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* The demand-reducing effects of a policies and measures approach are likely to
spread beyond the industrialized countries. For example, vehicle manufacturers
and others subject to policies and measures within the OECD may choose to
standardize their products to the required levels on a global basis.

The implications of OECD mitigation for world oil demand depend in part on the extent of 
changes in producer prices. If producer prices fall, consumption in regions that are not 
subject to new mitigation commitments is likely to increase, partially offsetting the 
reduction in world demand from lower OECD consumption. To explore the potential 
effects of greenhouse mitigation on world oil markets, the EIA World Oil Model was used 
to estimate the effects of a 5 million barrel per day reduction in world oil demand in 2010. 
The results (see Table 2) are summarized below.

• A 5 mbd reduction in 2010 oil use would leave consumption substantially above the
present level of approximately 70 mbd.

• The change in projected revenues of oil exporting countries reflects two factors:
changes in producer prices and changes in production levels.

• The price impact of demand reduction depends critically on how exporters adjust their
production capacity.

* In the Energy Information Administration World Oil Model, a 5 mbd demand
reduction would lower the world oil price in 2010 by approximately $6.50 per
barrel (28 percent) from a base case level of $23.71 ($1994) if OPEC maintains its
baseline production capacity.

* A3 mbd reduction in projected OPEC production capacity would cut the
projected price impact by 50 percent.

• Changes in oil expon quantities are directly linked to changes in prices

* If oil prices fall by $6 in response to weaker demand, one-fifth of the projected
supply reduction is projected to occur outside of OPEC. The great bulk of non-
OPEC production would still be profitable at the new prices, and would be
unaffected.

* If oil prices are unaffected, non-OPEC production would be unchanged. In this
case, demand in countries that are not required to limit their greenhouse emissions
would remain at baseline levels. Together, these two effects would lower OPEC
output by 2 mbd beyond the 4 mbd loss in the $6 price reduction case.

• The implications for the estimated gross revenues of Persian Gulf oil exporters are
straightforward:

* With no reduction in the world market price and a pro-rata division of production
cuts within OPEC, Persian Gulf production and producers’ gross revenues in
2010 would be reduced by approximately 15 percent.

* With no adjustment in OPEC capacity, the EIA model projects a combination of
price and quantity cuts that would reduce the gross revenues of Persian Gulf
producers in 2010 by 37 percent.



DRAFT* * * *DRAFT* * * *DRAFT

c Note: The above calculations assume an average export price for Middle East 
producers $1.50 per barrel below the projected average U.S. refiner acquisition 
cost for imported oil and a projected Middle East consumption level of 4.1 mbd in 
2010.

Appendix A provides a further discussion of the key relationship between demand 
reduction and price.

3. Possible Actions to Ameliorate Impacts on Oil Exporter Revenues
If OPEC producers see GHG mitigation efforts as unavoidable, they may seek to 
ameliorate its effect on their oil export revenues. Steps they might propose include the 
following:
• Consumer support of oil export tax or cartel pricing. Producers may seek an 

arrangement in which importing countries subject to new commitments allow oil 
exporters to collect all or part of an explicit or implicit carbon tax. In effect, oil 
importing countries would become enforcement agents for a minimum price 
agreement. Such a consumer-sanctioned transfer from importing to exporting 
countries would represent a reversal of existing U.S. oil policy, which has sought to 
maximize price competition among exporters.

• Restraint on non-OPEC supply. Limitations on oil supply investments within the 
OECD area, or by OECD companies in non-OPEC regions, could fully or partially 
offset price and volume reductions that would otherwise result from oil demand 
reductions. Again, such an arrangement would run counter to existing U.S. policy, 
which has sought to maximize production outside the OPEC area.

• Guaranteed access to OECD markets for energy-intensive products. Oil exporters, 
with the support of developing countries, may seek assurances that no trade barriers 
will be erected to forestall the migration of energy-intensive industries away from 
regions that are reducing emissions. Such assurances, while not in conflict with 
current policy, might make it harder to win support for mitigation within the U.S. and 
other OECD countries, where local producers subject to higher energy costs as a 
result of mitigation are likely to seek protection against import competition.

I

4. Differences Among Exporters and the Long-run Perspective
While a broad analysis necessarily addresses the group of major oil exporters as a single 
unit, there are important differences among them.

• Nations with large reserves of oil (e.g. Saudi Arabia, Kuwait) may have greater 
interest in assuring oil’s long-term role in meeting global energy needs than nations 
(e.g. Indonesia, Oman) whose limited resources dictate a transition to other types of 
economic activity whether or not greenhouse mitigation commitments are adopted.
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I • Proved reserves of oil and natural gas, the latter of which might be relatively
advantaged in a world where significant mitigation of greenhouse gas emissions is
required, are distributed in very different patterns.

* For example, while Saudi Arabia’s proved oil reserves are approximately three
times larger than Iran’s, its proved gas reserves are only about 1/3 as large as
Iran’s. Moreover, while the Middle East accounts for approximately 65 percent of
the world’s proved oil reserves, it accounts for less than 40 percent of proved gas
reserves.

* Proved gas reserves in the former Soviet Union (FSU) are larger than those of the
entire Middle East region. Proved oil reserves in the FSU are less than 10 percent
of those in the Middle East region.

Resource depletion alone cannot be relied upon to drive a shift away from oil in the
foreseeable future.
• While oil and natural gas are non-renewable resources, the effects of depletion in the

market have been offset by advances in exploration and production technology that
have lowered costs and increased recovery rates for oil and gas.

• With today’s oil prices in real terms only slightly above levels prior to the 1973 oil
shock, the global reserves to production ratio for oil estimated to be recoverable at
current market prices with current technology is approximately 41 years. This value
has increased by more 20 percent since early 1970s, despite more than 20 years of
resource use and an increased level of production.

• The global reserve-to production ratio for natural gas, now over 65 years, has risen by
50 percent since the early 1970s despite a nearly 100 percent increase in production
levels.

5. World Oil Markets: Recent Experience

Table 3 summarizes data on world oil markets for four years: 1980, 1985, 1990, and
1993.
• World oil consumption has been increasing in recent years, with the lEA projecting a

1996 consumption level of more than 70 million barrels per day. However, total oil
use has been relatively flat over the last 15 years.

• Increases in vehicle fuel economy and other energy efficiency indicators, together with
increased reliance on natural gas and coal in industrial, residential, and power
generation applications, have largely offset the demand-increasing effects of economic
growth and reductions in real oil prices.



I

I
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• OPEC members, whose production was sharply depressed from peak levels by the 
middle of the 1980s, have only recently returned to their 1980 level of production.
* Taking account of price declines and inflation, OPEC’s 1993 revenues in terms of 

real dollars remain substantially below earlier peaks, reaching less than half their 
1974 level or one-third of their 1980 level.

• The slow decline in U.S. production since 1980 has been more than offset by increases 
elsewhere in the OECD - most notably in OECD Europe.

• . OECD oil demand has been stagnant since 1980. Demand has grown at a rapid rate
from a small base in China and other developing countries. Demand in the former 
Soviet Union has fallen sharply in recent years, reflecting sharp declines in economic 
activity.

(

I
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i Appendix A: The effect of demand reduction on the world market price of oil.

Our analysis shows that the sensitivity of world oil prices to demand reduction is the most 
important determinant of revenue impacts on oil-exporting countries.

The EIA model implicitly reflects the role of continually advancing technology in raising 
recovery rates for existing fields, lowering exploration and production costs, and 
providing access to additional reserves as well as the difficulties posed by demand 
reduction for oil exporting nations seeking to coordinate production decisions.

The actual relationship between demand and price levels depends on market dynamics that 
are very imperfectly understood. Capacity decisions by OPEC members, one of the most 
critical factors, may be related to policy on foreign investment, estimates of uncertain 
future world demand for oil, and the role of capacity additions in determining output 
shares of individual OPEC members. .

An intermediate case to the “frozen capacity” and “frozen price” extremes presented in 
this paper might posit that oil markets in 2010 would maintain today’s real prices were 
2010 demand to remain at today’s demand level. Based on recent experience, this is a 
quite optimistic sCbnario from the producer perspective -- real prices have been generally 
falling even with modest global demand growth over the past decade. Under this 
scenario, prices in the 5 mbd demand reduction scenario would be lower than the baseline 
price projections, but would remain above current levels given anticipated growth in 
demand from today’s level.

A final point worth noting is that price estimates from the EIA model without capacity 
adjustments cannot be extrapolated linearly. As increasing demand reductions put 
downward pressure on price, exploration, development activities, and even production in 
high cost areas, would eventually be affected on a significant scale. Once a such a price 
level is reached, cutbacks in non-OPEC oil output would greatly reduce the incremental 
price sensitivity to further demand reductions.
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Table 1
Comparison of Oil Market Projections for 2010

AE096^ CERA" DRI" lEA-CC' lEA-ES"
Price (1994$/Barrel) $23.71 $21.14 $23.12 $28.53 $18.34

Total Consumption 87.98 66.60 96.43 95.20 92.00
OECD 48.23 41.30 46.25 48.30 47.50

OECD North America 25.48 19.20 23.12 25.40 24.70
U.S. 21.03 21.18

OECD Asia/Pacific 8.00 8.20 7.80 7.60
' OECD Europe 14.75 13.90 15.10 15.10
Non-OECD Total 39.75 45.30 50.18 46.90 44.50

Developing Countries 26.51
Pacific Rim 9.69
OPEC 6.78 9.04 5.10 5.10

Eurasia 13.24
Former Soviet Union 6.60 5.90 4.97 7.90 7.10
China 5.11 6.10 7.12 6.50 6.60

Total Production 87.68 86.70 96.43 95.20 92.00
OECD 20.16 15.00 20.43 21.00 17.50

U.S. 8.79 6.95
Canada 2.37 2.46
OECD Europe 5.24 4.80

Non-OECD Total 67.52 71.70 76.00 74.20 74.50
OPEC 46.57 45.88 46.70 49.40
Eurasia 12.81

Former Soviet Union 9.55 10.00 10.04 10.70 10.00
China 3.04 3.81

1. U.S. Energy Information Administration, 1996 Annual Energy Outlook, January 1996
2. Data Resources Incorporated, Oil Market Outlook, Special Issue, July 1995
3. Cambridge Energy Research Associates, model output, 1996
4. International Energy Agency, World fnergy Outlook 1995, April 1995 (Capacity Constrained Case)
5. International Energy Agency, World Energy Outlook 1995, April 1995 (Energy Savings Case)
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Table 2
Impact of Demand Reduction on World Oil Markets 

Sensitivity Analysis for 5 mbd Global Demand Reduction in 2010

Price (1994 $/Barrel)
(U.S. Refiner Acquisition Cost for Imports)

Total Consumption (million barrels/day)
OECD

U.S.
Japan
OECD Europe

Non-OECD Total
OPEC
Developing Countries
Eurasia

Former Soviet Union
China

Total Production 
(million barrels/day)
OECD

U.S.
OECD Europe

Non-OECD Total
OPEC

AE096

$23.71

87.98
48.23
21.03

6.86
14.75
39.75

6.78
19.73
13.24
6.60
5.11

87.68

20.16
8.79
5.24

67.52

Developing Countries
Eurasia

Persian Gulf Production (mbd)
Persian Gulf Oil Revenues 
(billions of $1994)

46.57
8.14

12.81

36.04
$259

-5 MBD

$17.15

82.98
42.00
17.59
5.75

13.67
40.98

6.78
20.41

no price 
change

$23.71
I....

81.75

$16.48

42.00
17.59

5.75
13.67
39.75

6.78
19.73

66.72
40.85

5.38
13.60

s.Si'Oj"

4.58
11.37

13.79
6.83
5.41

82.68

19.80
8.60
5.18

62.88
42.38

7.96
12.53

32.80
$164

13.24 9.92
6.60
5.11

81.4i

20.1 ;
8.79
5.24

62.52

12.81

....
46.24

40.34 2720
8.14 7.85

' 11.22

31.21
$220 .mm$87

* Revenue calculation based on assumed average export price $1.50 below U.S. Refiner Acquisition Cost,
and reported/projected Persian Gulf production levels, with an adjusunent for consumption of 2.8 mbd in
1993 and 4.1 mbd in 2010.
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Table 3
World Consumption and Production of Petroleum

1980 1985 1990 1993

CONSLJMPTION
TOTAL 63.07 60.10 66.16 66.72

OECD 40.20 36.07 39.29 40.85
United States 17.40 15.97 16.99 17.48
Japan 4.96 4.38 5.14 5.38
OECD Europe 14.01 12.04 12.93 13.60

OPEC 2.82 3.69 4.51 4.58
Developing (non-OPEC) 7.59 7.99 10.33 11.37

Eurasia 12.48 12.35 12.02 9.92
Former Soviet Union 9.00 8.95 8.39 5.77
Eastern Europe 1.71 1.51 1.33 1.04
China 1.77 1.89 2.30 3.11

PRODUCTION (excludes ref nery gains)
TOTAL 63.04 57.92 65.20 65.80

OECD 17.09 20.06 18.85 19.56
United States 10.17 10.58 8.91 8.58
Canada 1.77 1.81 1.98 2.18
Mexico 2.13 3.02 2.98 3.13
OECD Europe 2.56 3.98 4.29 5.04

OPEC 27.51 17.25 24.75 27.20
Developing (non-OPEC) 3.97 5.81 4.06 7.82

Eurasia 14.47 14.80 14.44 11.22
Former Soviet Union 11.99 11.94 11.40 8.10
Eastern Europe 0.37 0.37 0.27 0.21
China 2.11 2.51 2.77 2.91




