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Preface

The Whole Climate project was launched by three Finnish NGOs – namely Dodo, Friends of the Earth Finland and Service Centre for Development Cooperation – in late 1999. The goal was to shed light on the elusive concept of equity vis-à-vis international climate politics. Why were so many people especially in the South getting so excited about equity? Is something wrong with how things currently stand in climate negotiations?

The project was to analyse the differences and similarities in how the North and the South will suffer from the impacts of climate change, who is responsible for causing it and what they are doing to mitigate further warming. The current policy architecture would be critically evaluated and we would have a look at the alternatives proposed so far from the equity point of view. Finally we would investigate what it would actually mean for a Northern country like Finland should equitable burden sharing be actually implemented.

At the time of launching the project very few people in Finland knew about climate equity. The project wanted to introduce the concept and some basics especially to the people working on climate issues: government officials, politicians, journalists, NGO representatives and businessmen and women. The general public would be reached through the media.

This report is the most tangible outcome of the project. It will be released at a seminar on climate equity in March 2001 in Helsinki with prominent speakers from India and the Finnish government. Hopefully the report and the seminar will carry the message of climate equity to a large number of people.

The authors are grateful for the three organisations in charge of the project. Financial backing was generously given by Department of Development Cooperation, Finnish Ministry of Foreign Affairs. Discussions and correspondence with several individuals have cultivated our thinking. It would be a considerable task to list everyone, so may we simply extend our warmest thanks to all people working on climate and equity. 

However, this report would be incomplete without acknowledgements to a few particularly enlightened people. Anil Agarwal, Sunita Narain and Anju Sharma from the Indian Centre for Science and Environment are true pioneers of climate equity and role models for many. Aubrey Meyer from the London-based Global Commons Institute has been speaking tirelessly for contraction and convergence against all odds. Finally, Frances McGuire formerly from Friends of the Earth International, now enriching the work of Greenpeace, has had the formidable task to remind the environmental NGO community about equity – at times when everyone else has got all excited about the nitty-gritty of negotiations.

The example set by these people has given us strength and encouraged us to work on equity. However, we would like to dedicate this report – not to these exceptional individuals, but to the world's poor both in the North and in the South. The poor have done precious little to cause global warming, but it is them who will suffer the most from the impacts of climate change.

15th of March 2001

Harri Lammi




Oras Tynkkynen

harri.lammi@nordic.greenpeace.org

oras@iki.fi

Harri Lammi is preparing his PhD on international climate policy and equity. He has a long experience in NGO work and has co-authored extensive climate web pages in Finnish (http://www.ilmasto.org). He is a co-founder of customer-owned wind power company Lumituuli Oy. Currently he is working as a climate and energy campaigner for Greenpeace Nordic.

Oras Tynkkynen has co-ordinated Friends of the Earth Finland climate campaign for the past four years. He has co-authored extensive climate web pages in Finnish (http://www.ilmasto.org) and has participated in four Conferences of the Parties (COPs 3 to 6) – the last three as an expert member of the Finnish government delegation. He did basic research for this report while staying in New Delhi for three months in early 1999. His briefing on climate change and the South is available in Finnish, English and Spanish.

Climate change: the impacts

Greenhouse effect is a natural phenomenon that keeps Earth suitable for life. Since the industrial revolution, mankind has produced greenhouse gases that enhance the greenhouse effect. This leads to higher average temperatures – global warming or climate change. Whereas the natural greenhouse effect is actually beneficial, climate change is most likely the biggest environmental threat humankind has ever faced.

The global mean surface temperature rose 0.4–0.8°C in the 20th century. It is estimated to rise by a further 1.4–5.8°C in 1990–2100. The change in temperature varies significantly temporally and spatially: stronger warming is observed near the poles, over continents, at night and in winter. 

Warming causes many changes most of which are reckoned to be negative. Among the impacts already taken or most likely to take place are for instance:

· decrease in snow cover and ice extent

· rise in sea level

· changes in precipitation and evaporation

· decrease in extremely low and increase in extremely high temperatures

· change in the frequency and intensity of the El Niño phenomenon

· increase in certain extreme weather events (IPCC 2001a)

· shifts in plant and animal ranges and changes in populations

· extinction of species

· lengthening of mid- to high-latitude growing seasons

· reduction in crop yields in tropical and sub-tropical regions, increased potential crop yields in some regions at mid-latitudes

· changes in water availability

· increased exposure to vector- and water-borne diseases (e.g. malaria and cholera)

· increase in heat waves, reduced winter mortality in mid- and high-latitudes

· higher risk of flooding 

· accelerated shore erosion, storm surges and seawater intrusion 

· increased risk of forest fires (IPCC 2001b)

The worst case climate scenario would be a run-away greenhouse effect. Anthropogenic emissions warm the climate which may trigger positive feedbacks that release more greenhouse gases in the atmosphere (e.g. carbon contained in oceans, forests and wetlands or methane hydrates stored under permafrost and in coastal sediments). This, in turn, leads to accelerated warming that may spiral out of control. Run-away greenhouse effect could potentially render large parts of the Earth uninhabitable and practically wipe out the human civilisation as we know it. (Isomäki 1996.)

The South likely to suffer the most

Climate change will not treat world's nations equally. The vulnerability of different countries varies according to their sensitivity to climate change (the degree to which it is affected by climate) and adaptive capacity (ability to adjust to changes in climate) (IPCC 2001b). According to a vulnerability index derived analysing dependence on exports, isolation, distance and sensitivity, developing countries are on average twice and small island states three times as vulnerable as industrialised countries. (TERI 1998.) 

A relatively small increase in global temperatures would produce net economic losses in many developing countries, but the effect on developed countries would be mixed: there would probably be both losses and gains. Stronger warming would mean losses both for developed and developing countries. Climate change would increase the disparity in well-being between the North and the South and the disparity would increase with higher projected temperatures. (IPCC 2001b.) According to one estimate, the costs arising from a doubling of carbon dioxide (CO2) concentration in the atmosphere would be 12% of gross domestic product (GDP) to the rich OECD countries but 2​9% of GDP to developing countries (TERI 1997a).

Unlike industrialised countries, only few developing countries have the economic, technical and human resources to adequately guard themselves against the damages of climate change. It is also probable that within developing countries it is the poorer section of the population that will suffer the most. (IPCC 2001b.)

Most developing countries are situated in tropical or sub-tropical regions where even a small rise in temperature aggravates climate-related problems (TERI 1998). For instance in North Africa and the Eastern Mediterranean region, climate change would probably worsen desertification and water shortage, weaken peoples’ health and affect food production (Greenpeace International 1997a). Average temperatures could rise in parts of northern South America, the Sahel region and India by a substantial 5​–8°C (Meteorological Office 1997). For instance, the high end of most recent scenarios predicts a 6°C rise in Zimbabwe's mean annual temperature by 2080 (Hulme & Sheard 1999b).

In many developing countries a central pillar of the economy is agriculture which is largely dependent on the climate. In tropics and subtropics some crops are near their maximum temperature tolerance. Thus even a small rise in temperature would affect agricultural production negatively. (IPCC 2001b.) 

One of the most well known impacts of climate change is a rise in the sea level. About half of the people on the globe live in the lower coastal regions and three-quarters within a 60-kilometre radius from the coast. About a third of the current arable lands are situated less than 5 metres above sea level so even a small rise can have enormous consequences. (Isomäki 1996.) 
When one takes into consideration population growth, a one-metre rise in sea level could render hundreds of millions of people homeless in this century. A one-metre rise would submerge 1/6 of the land area in Bangladesh. Half a metre rise would drive away 16% of the population of Egypt and threaten up to 90% of the population of Guyana. Eighty per cent of the industrial activities in Tanzania and Nigeria are located in the capital cities that would be vulnerable even to a small rise in the sea level due to their location near the coast. (Ibid.) 2.5 million people in the capital Manila Bay region in the Philippines would be affected by a one-metre rise (Hulme & Sheard 1999a).

A 40 cm sea level rise would increase the number of people suffering from flooding due to storm surges several fold: by 75 to 200 million people by 2080s. The potential damages of sea level rise to infrastructure could reach tens of billions dollars for some individual countries like Egypt and Vietnam. (IPCC 2001b.)

Climate change is believed to increase the force and frequency of certain extreme weather phenomena such as storms, drought and floods. The emergence of a tropical hurricane requires a sea water temperature of 26°C. According to the computer modelling of the US meteorological department already a 2°C rise in temperature would increase the intensity of storms by 5–12% (Knutson, Tuleya & Kurihara 1998).

Good examples of the destructiveness of storms to developing countries are the two supercyclones that hit the Indian state of Orissa in late October 1999. With wind speeds reaching 300 km/h and storm surges of several metres, they damaged three million homes and key infrastructure, killed around 10,000 people, made 7.5 million people homeless and affected another 15 million people. Most of the tree cover on the coast and closer to half a million livestock were lost. Economic costs may run into billions of US dollars. Rebuilding the area will take years if not decades. (Tynkkynen 2000.)

According to many estimates a rise in temperature would on an average increase the amount of rain in the tropics. Yet at the same time the rate of evapotranspiration would increase substantially so problems caused by drought would only be worsened (Isomäki 1996). According to the estimates of the Intergovernmental Panel on Climate Change (IPCC), the flow of the Nile would decrease by 11%, the river Niger by 31% and the Indus by even 43% due to the increase in the rate of evapotranspiration (IPCC 1996). By the year 2050 an estimated 100 million people would suffer severe water shortage arising from climate change (Meteorological Office 1997).

Another factor threatening the water resources of developing countries is water salinity. The rise in sea level and floods caused by storms could push huge quantities of seawater into the interior and threaten potable water resources. Salinity has been reckoned to harm agriculture in all coastal regions under five metres above sea level. (Isomäki 1996.) One-tenth of the rice cultivating lands in South, East and Southeast Asia are susceptible to damages caused by water salinity as a result of a rise in the sea level. This can endanger up to 200 million people’s source of food. (IPCC 1996.)
The combined effects of climate change and population growth can be devastating to agriculture in many developing countries. According to estimates by the United Nations Environmental Programme (UNEP), global warming might reduce harvests in the next few decades by 10–15% in Africa, tropical Latin America and a large part of India and Southeast Asia – regions where food security is already now often threatened. (Isomäki 1996.) During this century, declines of up to 30% may be expected (Watson 2000).

According to the IPCC, a reduction in crop harvests can be severe in certain areas. For instance, in Egypt maize harvests are estimated to decrease by 71% and wheat by 65%, in Senegal millet harvest would decline by 70% and in Mexico maize harvest would decline by 6–61%. (IPCC 1996.) While a moderate warming of less than 2°C would leave the global agricultural production more or less unaffected, further warming would result in a decline (Watson 2000). Even if there were sufficient food at the global level, the world’s poor could not necessarily afford to buy it from the market. Smallholder producers and poor urban consumers are among the populations most at risk (IPCC 2001b). 

According to the Hadley research centre in England, food shortage caused by climate change would threaten 50 million people in the tropics especially in Africa by 2080 (Meteorological Office 1997). Wildest estimates claim that climate change could lead to famines that would claim the lives of tens or even hundreds of millions of people (Isomäki 1996).

The rapid change in climate is also harmful on nature. Coral reefs can only grow in shallow waters and under certain temperatures. If the sea level rises too rapidly or water warms up too much, many corals will die along with the numerous species that live on them. A rise in sea level could destroy a quarter of the world’s wetlands by the year 2080. During the same time the surface area of tropical grasslands is estimated to decrease by one-eighth of its present size, and tropical forests would also suffer. (Meteorological Office 1997.)

The most obvious health risk of climate change is increased and intensified heat waves (for an overview on health impacts see Epstein 2000). For instance, the 1998 heat wave in the coastal state of Orissa in India killed more than 2,000 people (The Hindustan Times 2000). 

However, a lot more dangerous would be the spread of tropical diseases. Malignant malaria attacks every year 100 million people out of which three million die. 60% of the globe’s population still lives in regions that are too cold for the disease to flourish. This situation might change soon as the climate gets warmer. A warming climate would among other things be likely to change large parts of China and India as well as Bangladesh into disease-prone areas. Tropical diseases such as bilharzia, filariasis, sleeping sickness and river blindness could become more common. (Isomäki 1996.) Also some non-vector-borne infectious diseases such as salmonellosis and cholera could proliferate because of climate impacts on temperature and water distribution (Watson 2000).
Even though individual cases of damages caused by climate change could be solved, their combined effect could be devastating. In areas already suffering from drought climate change could be a determining factor that could spark off conflicts over decreasing water resources. Famines and floods could force millions of people to leave their homes as climate refugees. 

Who is responsible for climate change?

Carbon dioxide is the most important greenhouse gas and it is responsible for more than 60% of warming. About three-quarters of global CO2 emissions, in turn, are created in the production and use of fossil fuels (UNEP 1997). Historically the amount of CO2 produced has been closely linked with the level of industrialisation: emissions have increased in tandem with rising levels of industrial production.

The first countries to industrialise were the currently affluent nations of the North. It is no surprise, then, that industrialised countries have been and continue to be largely responsible for causing climate change, as seen in Table 1.

Table 1: The contribution of industrialised and developing countries in climate change

Industrialised countries
Developing countries

Carbon dioxide emissions in 1990
75%
25%

Contribution to carbon dioxide concentration in the atmosphere in 1990
79%
21%

Contribution to the rise in temperature in 1990
88%
12%

Contribution to the rise in temperature in 2010
82%
18%

Contribution to rise in temperature in 2020
79%
21%

(CSE 1998).

According to more recent figures, industrialised countries still produce over 60% of the world’s CO2 emissions even though they are home to only one-quarter of the world’s population (IEA 1999). On the other hand, the poorest fifth of the world’s population produce only 2% of the emissions (Thomas, Sokona & Humphreys undated).

The controversy of blame: what role for the South?

Both the UN Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol recognise that industrialised countries are responsible for causing climate change and should thus take the lead in mitigating it (UNFCCC 1992; UNFCCC 1997a). The Convention states (UNFCCC 1992):

Noting that the largest share of historical and current global emissions of greenhouse gases has originated in developed countries, that per capita emissions in developing countries are still relatively low and that the share of global emissions originating in developing countries will grow to meet their social and development needs

Despite this, there have been increasing calls by certain Northern countries and the United States in particular that developing countries should adopt binding emission limitation or reduction targets.

The reasoning behind these calls is fairly simple. While industrialised countries are still responsible for a majority of global emissions, emissions from developing countries increase on an average 4.6% annually. Given this situation they would surpass the level of emissions produced by developed countries in the coming decades. (Kammen & Kinzig 1998.) One year quoted for this is as early as 2015 (National Institute of Public Health and the Environment 1999). For instance, India's emissions are expected to increase five-fold by 2020 and ten-fold by 2050 compared to 1990 levels (TERI 1997b).

If emissions in developing countries go unchecked, global emissions will continue to increase even if industrialised countries adopt more stringent reduction targets. The most populous developing countries are already among the most significant contributors to climate change in absolute terms (see Table 2).

Table 2: The ten most important contributors to climate change

Emissions (mil. tonnes CO2)
Population (mil.)
Emission per capita (tonnes CO2)

United States
5 470
267
20.50

China
3 121
1 227
2.54

Russia
1 456
147
9.89

Japan
1 173
126
9.29

Germany
884
82
10.77

India
881
962
0.92

United Kingdom
555
59
9.40

Canada
477
30
15.76

Italy
424
58
7.38

Ukraine
376
51
7.41

Data is for 1997. Emissions cover only those produced from burning fuel. (IEA 1999.)

It is also good to bear in mind the effect of historic emissions. If one compares the actual heating impact of accumulated emissions so far, developing countries would pass industrialised countries only during the latter half of our century (Agarwal & Narain 1998). Brazil has presented figures that suggest the year would be 2150 (UNFCCC 1997c), but these have been refuted by later studies (National Institute of Public Health and the Environment 1999).
The share of historic responsibility depends to a great extent on the criteria chosen. If one takes into account only CO2 emissions from fossil fuel combustion and cement production, industrialised countries had caused about 80% of the heating impact by 1990. Adding carbon from deforestation into the formula changes the picture: the share of industrialised countries shrinks closer to 70% whereas developing countries are responsible for 31–36% of the heating. If also methane and nitrous oxide are included, the South would have caused 39% of warming. There are also differences between historical data sets and methodologies used to derive the amount of heating from emission statistics. (Ibid.) 

Choosing numbers is thus an inherently political process. With only fossil fuel CO2 emissions, the South would overtake the North in 2065 with respect to the heating already occurred. If CO2 emissions from land-use changes and non-CO2 greenhouse gases were included, the heating impact convergence years would be 2055 and 2035 respectively. (Ibid.)
While the contribution of developing countries is undoubtedly increasing, from the equity point of view it is vital to recognise the fundamental difference between emissions originating from wealthy and poorer countries. Emissions from the North are mainly created by producing consumer goods, running home appliances, heating large homes and fuelling private cars and aeroplanes. Emissions in the South, on the other hand, are often directly related to meeting basic needs such as growing food, rearing cattle and clearing forests. 

This leads Agarwal and Narain to ask (Agarwal & Narain 1991): 

Can we really equate the carbon dioxide contributions of gas guzzling automobiles in Europe and North America or, for that matter, anywhere in the Third World with the methane emission of draught cattle and rice fields of subsistence farmers in West Bengal or Thailand? Do these people not have a right to live?

Industrialised countries have already built their affluence by using large amounts of fossil fuels and creating greenhouse gases. Developing countries argue that it is well within their right to do precisely the same: to provide a better standard of living for their citizens. Thus the small survival emissions of the South and the massive luxury emissions of the North should be treated differently. (Ibid.)

The current fundamental inequality between the North and the South becomes even more evident when one examines emissions on a per capita basis (see Tables 2 and 3).
Table 3: Regional distribution of carbon dioxide emissions

Population (million)
Emissions (mil. tonnes CO2)
Emission per capita (tonnes CO2)

World total
5 681
22 853
4.02

OECD
1 094
12 235
11.18

Former Soviet Union
292
2 257
7.74

Non-OECD Europe
60
308
5.09

Middle East
156
956
6.12

China
1 234
3 162
2.56

Other parts of Asia
1 713
1 908
1.11

Latin America
397
879
2.22

Africa
736
729
0.99

The data is for 1997. Emissions cover only for burning fuel. Data for Albania, North Korea and Vietnam is missing. (IEA 1999.)

Excluding Middle East, the whole of developing world produces less carbon dioxide than the world average and an African produces less than one-tenth of the emissions of a citizen of the industrialised countries. An average person in the United States produces 22 times the emissions of an inhabitant of India. 

Centre for Science and Environment (CSE) in India has devised an alternative way of defining who is responsible for climate change. CSE first allocates global sinks – natural processes that absorb greenhouse gases – equally to nations on the basis of their population. It estimates that the natural sink available for carbon dioxide and methane is 15,000 and 213 megatonnes respectively. Each country’s share of global sinks is the amount of permissible emissions it can safely produce without harming the climate. The actual emission levels are then compared with permissible levels of emissions (Table 4).

Table 4: Permissible vs. total CO2 emissions


Permissible emissions
Total emissions
Excess/deficit

Industrialised countries




USA
227
1,228
1,001

USSR
262
1,034
772

Japan
112
248
136

West Germany
55
181
126

UK
52
154
102

Canada
24
109
85

Developing countries




Brazil
137
1,253
1,116

Nigeria
103
74
–29

Ethiopia
43
9
–34

Pakistan
112
15
–97

Bangladesh
105
5
–100

China
1,034
596
–438

India
777
295
–482

Permissible emissions are CSE calculations. Total emissions are provided by World Resources Institute in World Resources 1990–91. The data in this table is old and the estimate of global sinks is not very reliable, but it nevertheless highlights the large difference between the responsibilities of industrialised and developing countries. Brazil is an exceptional case and it is dealt with at length in the CSE report. (Agarwal & Narain 1991.)

CSE calculations show that even if most developing countries continued to increase their emissions, they would be well within sustainable limits and thus cannot be blamed for causing climate change. It can be asked whether not in fact developing countries should be lauded for keeping the climate in balance with their low emissions – and not constantly harassed to take on emission targets. Some Southern groups have actually called demands for developing country commitments a case of environmental colonialism. (Agarwal & Narain 1991)

Additional consideration that is rarely touched upon is the fact that a large portion of the emissions originating in the South is actually directly linked to the consumption of industrialised countries. Greenhouse gas emissions in OPEC countries come mostly from oil production, but nearly two thirds of world's oil is still consumed in OECD countries (BP Amoco 2000b). A similar trend can be observed for natural gas (Tammilehto 1999).

A considerable proportion of the energy-intensive mining industry in developing countries caters to the needs of the North as more than 80% of all raw materials are consumed in the North. In many poorer countries, the single largest source of emissions is deforestation, which is partly caused by the demand for wood in rich Northern countries. For instance, in Africa approximately 70% of rainforests have been decimated – much of this for timber exports to the North. Also tourism consumes considerable amounts of energy and resources in the South. (Ibid.)

These are all relatively evident cases of Northern emissions taking place in the South. A deeper analysis identifies additional mechanisms. The North is actively exporting its resource- and energy-intensive lifestyle to the South through advertising and the media and by setting an example. Finally, many of the current tools for global governance such as the World Bank, the International Monetary Fund (IMF) and the World Trade Organisation (WTO) are dominated by the North. For example, when the IMF imposes a structural adjustment programme on a Southern nation, this often leads to cuts in government spending and increasing marginalisation of certain sections of population. This, in turn, might contribute to logging, deforestation and other environmental impacts that produce greenhouse gas emissions. (Ibid.)

Calling for voluntary commitments by developing countries is hypocritical as long as industrialised countries continue to channel massive funds to projects that increase greenhouse gas emissions in the South. In 1993–98 the World Bank spent 25 times more on climate-changing fossil fuels than on renewable energy sources. The fossil fuel projects the Bank financed will over the next 20–50 years produce carbon dioxide equivalent to 1.3 times the total global emissions in 1995. (SEEN 1998.) In 1992–98, the Export-Import Bank and Overseas Private Investment Corporation of the United States cumulatively underwrote $23.2 billion in financing for oil, gas and coal projects around the world. These projects will, over their lifetimes, release 25.5 billion tons of carbon dioxide – equivalent to all global carbon dioxide emissions in 1996. (Institute for Policy Studies 1999.)

The developing countries are already doing a lot

Few people acknowledge the fact that developing countries are already doing a lot to reduce their greenhouse gas emissions even though international agreements do not directly force them to. At the moment the reason to reduce emissions has very often been to improve economic efficiency or fight local environmental problems – for instance, reducing acid rain. The result has been favourable for the whole world. (Zhang undated.)
For instance between 1990–91 and 1995–96 14 big developing countries cut back their subsidies to fossil fuels from US$60 billion to US$33 billion, i.e. 45%. At the same time the rich OECD countries reduced theirs by just a fifth from US$12.5 billion to US$10 billion. (Reid & Goldemberg 1997.) The reduction in fossil fuel subsidies that Brazil, China, Mexico, South Africa and Saudi Arabia made in 1990s is estimated to reduce their emissions by a substantial 10% compared with a business as usual scenario (UNFCCC 1997b). This reduction is comparable with the EU target in the Kyoto Protocol (TERI 1997a; UNFCCC 1997a).

China has been one of the most successful developing countries in reducing emissions. In 1980–1997 the country’s economic growth was on an average 10% annually, but energy consumption increased only by 5% a year (Zhang undated). Without energy-saving measures, cuts in subsidies and changes in energy pricing policies the carbon dioxide emissions arising from energy production would have been one-fifth bigger than what was achieved (Reid & Goldemberg 1997).
Another telling example of China's success is the decline in coal consumption. The consumption increased by 30% from 1989 to 1996. Since then, however, the trend has been reversed: in 1999 the consumption was 511 million tons of oil equivalent (Mtoe) ​– down 25% in just three years. The change from 1998 to 1999 was a whopping decline of 17%. In fact, the consumption was lower in 1999 than ten years earlier despite a considerable increase in population and a growing economy. India's coal consumption has remained more or less stagnant in 1996–1999 in spite of similar changes in population and economy. This can be compared with the developments in the USA: in 1989–99 the coal consumption increased by 14%. (BP Amoco 2000a.)

Since 1976 motor vehicles in Brazil have been using fuel half of which is ethanol produced from sugar cane, which has reduced emissions by 15%. Indonesia’s energy-saving measures and the project to promote the use of renewable energy sources has been projected to reduce carbon dioxide emissions by 1.2 million tonnes in the first year of its implementation. (UNFCCC 1997b) Road tolls are collected in all motorways and only cars with at least three passengers are allowed into the centre of the capital Jakarta (NET 1999).

India’s installed wind power capacity at the end of 1999 was 1,080 MW – the fifth largest in the world after Germany, the US, Denmark and Spain (Bakthavatsalam 2000). In 1993–97 the number of biogas plants rose from 1.8 million to 2.5 million, the number of solar cookers increased from 290,000 to 430,000 and the small hydro capacity grew from 93 MW to 141 MW (Pachauri & Sharma 2000). Every year solar panels with a combined capacity of 10 MW are sold in the country, which is one-tenth of the world’s sales (TERI 1997a). In early 2000, the government of India announced a plan to have 10% of all new electricity production facilities to run on renewable energy sources by 2012 and to improve energy efficiency by 15% by 2007–2008 (U.S. Department of State 2000).

The programme to improve the energy-efficiency of Morocco’s power plants is likely to reduce emissions by 140 000 tonnes a year, and energy saving measures in the Philippines are reckoned to reduce emissions by 1.5–5 tonnes a year by 2010 (UNFCCC 1997b). Argentina has 400,000 motor vehicles that run on natural gas (CAN 1998a). A Thai demand-side management programme in 1993–97 saved 1,400 GWh of electricity and avoided 1.6 million tons of CO2 through installing energy-efficient lighting and improvements in refrigeration and air conditinioning technology (NET 1999).

These and other cases show that many developing countries are already participating meaningfully in international efforts to combat climate change. Calls for developing country voluntary commitments under the current Kyoto Protocol framework are poorly founded. What this does not mean, however, is that developing countries should remain outside binding emission targets forever. Averting catastrophic climate change will necessitate their participation. How the participation could be based on equity is a question that is considered in the rest of this report.

Looking forward: after Kyoto

The UN climate conference held in Kyoto in late 1997 has been hailed as a milestone in global environmental diplomacy. After years of painstaking negotiations, government officials emerged from the conference centre with the Kyoto Protocol. A key feature of the Protocol is that it includes legally binding greenhouse gas (GHG) emission targets for industrialised countries totalling a reduction of 5.2% from 1990 levels by 2008–12 (UNFCCC 1997a).

Critics of the Protocol have pointed out that reduction targets of a different order of magnitude are needed to avert potentially catastrophic changes in climate. IPCC has called for a reduction of 60% in carbon dioxide (CO2) emissions to stabilise its concentration in the atmosphere. If the Protocol targets were properly implemented, the effect would be a mere 0.07ºC lower temperature rise by 2050 (TERI 1999). Moreover, an analysis by the environmental group Greenpeace International shows that if all potential "loopholes" of the Protocol were added together, it would mean an increase of the order of 15% in the OECD emissions instead of the promised 7% decrease (Greenpeace International 2000).

However, less attention has been devoted to the principles the emission targets are based on. Many peculiarities crop up even in a casual study. Firstly, the sharp division to Annex I and non-Annex I countries – i.e. industrialised and developing countries – in the UNFCCC and the Kyoto Protocol is more or less arbitrary. Economically more prosperous Southern countries, such as Israel, Mexico and South Korea have just about as good possibilities to limit their emissions as, for example, Greece and Ireland.

Even within Annex I, the emission targets set in the Protocol are difficult to justify. Why should Australia, a country that has followed a carbon-intensive development path, be allowed to increase its emissions by 8% while Japan, known for its efficient use of energy, is obliged to reduce its emissions by 6%?

The targets can also be criticised on the grounds that they, in a way, reward big polluters because reductions have to be made in relation to 1990 levels. Countries whose emissions were excessively high at that time (e.g. US) are allowed to get away with little compared to countries whose emissions were relatively small (e.g. Japan). (Agarwal & Narain undated.)

The reason for the seemingly arbitrary emission targets is simple: they were forced out in the last moments of the negotiations as a result of political trade-offs and not because they had an objective or a rational basis in any calculations (Estrada-Oyuela 2000). An inherently ad hoc solution, which is based on the political muscle of countries involved, can hardly be called fair or equitable. 

This could be taken as an inadequate first step to the right direction, but many people fear that the current policy architecture will lay the groundwork on which all future commitments are based on. The baseline political scenario is probably 'evolution' of the Protocol, i.e. taking additional countries on board little by little. Developing country commitments could be targets for emission limitation instead of reduction, indicative targets instead of caps, targets relative to economic development or qualitative instead of quantitative targets (TERI 1999).

A prerequisite for an equitable solution is that it is based on some rationally defined criteria. Ideally it should define the ultimate goal – the level of acceptable climate change – and devise a global emission budget in accordance with it. The final task would be to distribute responsibilities between different countries in an equitable manner.

Setting targets

Article 2 of the UNFCCC defines the ultimate objective of the Convention as (UNFCCC 1992):

stabilization of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system. Such a level should be achieved within a time-frame sufficient to allow ecosystems to adapt naturally to climate change, to ensure that food production is not threatened and to enable economic development to proceed in a sustainable manner.

As good as this objective is, the Convention does not go further to define either dangerous interference or the required concentration level of greenhouse gases. Not satisfied with this ad hoc basis for emission reductions, there have been many attempts to define ecological limits or acceptable levels of climate change. Global Commons Institute (GCI) has suggested a range of indicators to define dangerous anthropogenic interference with the climate system. They are (GCI 1996):

a) relative sea level rise to a threatening level at any location; 

b) increased coastal erosion that forces evacuation of inhabited land or loss of wetlands; 

c) global mean surface temperature rise or significant regional temperature changes over a given time period; 

d) an annual increase in the number of tornadoes or tropical cyclones in any region beyond current natural variability; 

e) a significant reduction in permafrost area, resulting in release of natural methane; 

f) significant changes in regional or sub-regional precipitation resulting in prolonged droughts or frequent flooding; 

g) an increase in bush and forest fires above natural variability; 

h) loss of marine and terrestrial ecosystems and species; 

i) substantial prolonged reduction in marine primary production (plankton, algae); 

j) a significant contraction of either polar ice cap and/or glaciers; 

k) a major prolonged change in ocean circulation, such as the North Atlantic current or El Niño/Southern Oscillation; 

l) a spread attributable to climate change of any human, animal or plant disease; 

m) direct impact of climate change on human health; 

n) economic damages attributable to climate change.

As early as in 1990, the UN Advisory Group on Greenhouse Gases (AGGG) introduced a simple set of indicators for assessing the risk of climate change. They set limits to rates and total amounts of temperature rise and sea level rise on the basis of known behaviour of ecosystems. The low risk indicators are (Greenpeace International 1997b):

Sea level rise

     maximum rate of rise of 20–50 mm per decade 

     maximum total rise of 20–50 cm above 1990 global mean sea level 

Global mean temperature

     maximum rate of increase of 0.1ºC per decade 

     maximum total increase of 1.0ºC 

The report also said that above 1ºC there may be "rapid, unpredictable and non-linear responses that could lead to extensive ecosystem damage." A total 2ºC increase was "viewed as an upper limit beyond which the risks of grave damage to ecosystems, and of non-linear responses, are expected to increase rapidly." This leads Greenpeace to adopt the lower range of the limits set by AGGG. (Ibid.)

Climate sensitivity is used to estimate the warming effect of a rise in greenhouse gas concentrations. According to IPCC, a doubling in CO2 concentrations would yield a rise of 1.5–4.5ºC – i.e. climate sensitivity is 1.5–4.5ºC – the best estimate being 2.5ºC. This is often considered to be a too conservative estimate. The effect of different climate sensitivities and different ecological limits to eventual concentration targets is given in Table 5.

Table 5: Climate sensitivity, ecological limits and concentration targets

Climate sensitivity
CO2 concentration for


1ºC rise
2ºC rise

2.5ºC
348 ppmv
436 ppmv

3.5ºC
327 ppmv
384 ppmv

4.5ºC
315 ppmv
357 ppmv

ppmv = parts per million in volume (Hare 1997.)

Even if we adopted a high-risk target of 2ºC rise in temperature and the conservative IPCC estimate of 2.5ºC for climate sensitivity, we should have to limit the CO2 concentrations to 436 parts per million in volume (ppmv). This is less than a fifth higher than the current concentration of 368 ppmv (Carbon Dioxide Information Analysis Center 2000). If on the other hand we were to follow the precautionary principle and adopted both the low-risk target of 1ºC and a higher climate sensitivity of 4.5ºC, we would actually have to decrease the concentration over time. This would mean not only an end to producing emissions altogether but actually producing negative emissions, i.e. storing carbon in sinks. While this may sound utterly unrealistic, even such drastic measures would not save us from large-scale negative changes in ecosystems.

With any given concentration target it is possible to define a global emission budget that would lead to that target. IPCC has given the following emissions budget ranges for different targets (Table 6):

Table 6: Concentration targets and corresponding emission budgets

CO2 concentration in ppmv
range of accumulated CO2 emissions in GTC

350
300–430

450
630–650

550
870–890

650
1,030–1,190

750
1,200–1,300

ppmv = parts per million in volume, GTC = gigatonnes of carbon (GCI 1998b.)

Global emission budget tells how much the world can produce greenhouse gases in the future. To derive emission trajectories or pathways the temporal distribution of this budget has to be decided. Usually it makes sense to gradually decrease the emissions until they approach the sustainable level while allowing societies to adjust and develop carbon-free methods of functioning. 

Defining ecological limits, suitable climate sensitivity, concentration targets and emission budgets and trajectories is a process that would not be possible without the help of science. Distributing emission targets between and within countries, however, is an inherently political task. This is where equity has to take the centerfield.

In search of equity

Equity carries many meanings in the English language. Oftentimes it is used as a synonym for justice or fairness, but it can also be understood as shares (fractions of capital or equity as shares of 100%) or collateral (total of fractions of capital, i.e. equity as 100%). D. Meadows has coined three different equities: green or natural equity, blue or commercial equity and red or people’s equity. (Meyer 2000.)

Estrada makes a clear distinction between equity and equality. According to him equality is a relatively unambiguous concept meaning equality for all human beings with same rights and duties. Equality was still in use at the time of the Stockholm Environment Conference in 1972, but recent climate negotiations have referred to equity instead. Equity is used to moderate equality, which would not be acceptable to those who have been using more than their share of the atmosphere. Although vested interests will be sure to block any progress towards equality, he considers it nevertheless a useful and important utopia. (Estrada-Oyuela 2000.)

The principle of equity is deeply imbedded in the UNFCCC. Article 3.1 of the Convention says (UNFCCC 1992):

The Parties should protect the climate system for the benefit of present and future generations of humankind, on the basis of equity and in accordance with their common but differentiated responsibilities and respective capabilities.

The Kyoto Protocol refers to the same principle (UNFCCC 1997a). However, what equity should mean in practice is very much open to debate. Equity can be intergenerational, i.e. between generations and over time, or intragenerational, i.e. within generations and people living currently. It can also be international (between nations) or intranational (between people within a nation). Additional dimensions of equity in the context of climate politics are equity in negotiations, implementation and consequences or end result. Another potential distinction would be between economic (distribution) and cultural equity (social construction of issues). (Haukkala 2000.)
In the context of international climate politics, the issue receiving most attention is equity between countries. Two key considerations are equality of results and equality of efforts. Equality of results means that all countries will eventually reach the same level whereas equality of efforts would require all countries to expend equal effort. Not surprisingly both levels and efforts can be defined in a variety of ways. (Claussen & McNeilly 1998.)

There are several ways of distributing the burden of climate change mitigation between countries. The simplest solution would be to set symmetric obligations – i.e. everyone has to do the same thing (Ibid). Symmetric obligations are widely used in international environmental agreements and they have featured also in climate negotiations. 

One of the first emission targets was presented in the Toronto Conference on the Changing Atmosphere in 1988. It called for a flat-rate 20% reduction in industrialised countries’ CO2 emissions by 2005. (Foley 1991.) The target was later adopted by the Alliance of Small Island States (AOSIS) and endorsed by environmental organisations. The base year was defined as 1990 and the target concerned only Annex I countries. (UNFCCC 1994a.) The EU proposal of the same time suggested a flat-rate target of –15% by 2010 for the three most important greenhouse gases (UNFCCC 1994b).

A great advantage with symmetric obligations is that they are easy to negotiate. Agreeing on a single figure is enough – endless discussions about suitable criteria can be ignored. However, there can be very little in the way of equity if a particular solution requires all countries to reduce emissions by the same amount regardless of the responsibility of causing climate change or possibilities for mitigating it. This should be evident enough when comparing countries within Annex I like Russia and Iceland or Japan and Australia. As stopping climate change will eventually require the participation of all countries of the world, the inequity of symmetric obligations becomes glaringly apparent.

Equitable burden sharing thus requires setting asymmetric obligations that are differentiated on some sort of rational and objective basis. What this basis should be is at the heart of the equity debate.

This report studies burden-sharing proposals that use objectively defined criteria for differentiation and try to factor in equity. The only one currently being considered in the UNFCCC process is the Brazilian proposal that takes historic emissions into account. American Pew Centre has come up with criteria with which to group countries in three tiers with different levels of action required. Finally attention is focused on different models revolving around the concept of environmental space and per capita entitlements, including contraction and convergence – perhaps the most comprehensive model devised so far.

Brazilian proposal

Brazil made its proposal originally in 1997 in the run-up to the third Conference of Parties (COP3) to the UNFCCC in Kyoto (Claussen & McNeilly 1998). The eleventh session of the Subsidiary Body for Scientific and Technological Advice (SBSTA) at COP5 in Bonn requested the UNFCCC secretariat to coordinate an expert review of this proposal by its fourteenth session (UNFCCC 1999). In 1999 Brazil released a revised version of the proposal with some corrections and methodological improvements (National Institute of Public Health and the Environment 1999; Meira Filho & Gonzalez Miguez 2000).

The proposal sets targets only for Annex I countries. The basic unit is the change in global mean surface temperature caused by greenhouse gas emissions. Using temperature change instead of emissions per se to measure progress makes deriving reduction targets from the acceptable level of climate change easy. Temperature change also serves the purposes of Brazil and other Southern countries: while their emissions are going to equal those of industrialised countries in the coming decades, their share in the resulting induced change in temperature will take many decades more to surpass the effect of industrialised nations. (UNFCCC 1997c.)
The proposal sets a 30% reduction target for industrialised countries of the 1990 levels by the year 2020. Intermediate targets are set for five-year periods between 2001 and 2020. Targets cover the three key greenhouse gases – carbon dioxide, methane and nitrous oxide – and take sinks into account. Anthropogenic emissions minus anthropogenic removals by sinks constitute what the proposal dubs net anthropogenic emissions. (Ibid.)

The burden is shared between industrialised countries on the basis of the cumulative temperature change they have caused, i.e. effective emissions. Effective emissions for all countries are estimated based on the statistics provided by the US Oak Ridge National Laboratory on CO2 emissions from energy and cement production for 1950–90. For pre-1950 emissions, a backward extrapolation is used. First, the period 1950–73 is chosen as during that time global aggregate emissions seemed to follow a smooth exponential function. Second, this period is used for all countries as the basis for backward extrapolation for 1840–1949. CO2 has been chosen for this purpose, as there are comprehensive statistics available for all countries and because of its clear role in generating the majority of the heating impact. (Ibid.)

According to the Brazilian proposal, countries with a longer history in industrialisation and hence a bigger responsibility would be required to make larger reductions, while those that have industrialised relatively late would have to reduce less. For instance, the reduction target for Great Britain would be 63.3% while Japan’s would be a mere 9.5% (Table 7). (Ibid.)
Table 7: Annex I reduction targets in the Brazilian proposal

Country
Reduction
Country
Reduction
Country
Reduction

United Kingdom
63.3%
Denmark
17.8%
Russia
11.5%

Luxembourg
41.7%
Austria
17.6%
Estonia
11.5%

Belgium
37.4%
Poland
16.7%
Australia
11.3%

Germany
27.4%
Canada
16.1%
Romania
11.0%

Sweden
25.0%
Iceland
16.0%
Bulgaria
10.9%

France
24.4%
New Zealand
16.0%
Finland
10.7%

USA
22.3%
Ireland
14.0%
Italy
10.5%

Hungary
20.3%
Switzerland
13.5%
Spain
10.5%

Netherlands
18.8%
Norway
12.4%
Japan
9.5%

Slovakia
18.2%
Lithuania
11.5%
Portugal
8.4%

Czech Republic
18.2%
Latvia
11.5%
Greece
7.5%

Emission reductions are as percentage of 1990 levels by 2010. Italy’s target includes San Marino. Monaco and Liechtenstein were omitted. Figures are from the original Brazilian proposal. (Ibid.)

Countries could use trading of temperature credits to achieve their targets. If this option fails, the countries exceeding their targets – or effective emissions ceiling in Brazilian terminology – would pay 3.33 USD for each extra tonne of carbon emitted into a clean development fund. The resulting funds would be used to finance climate mitigation and, to a lesser extent, adaptation projects in the South. Each Non-Annex I country could apply for the funds in relation to its share of non-Annex I effective emissions, i.e. temperature change caused by their emissions. Thus China, India and Mexico would be able to use 30%, 9% and 4% of the funds respectively. (Ibid.) 

The Brazilian proposal has retained the Berlin mandate divide to Annex I and non-Annex I countries. It assigns targets only to industrialised countries, although the methodology would allow taking also Southern countries on board. The Dutch National Institute of Public Health and the Environment has experimented with the idea of global implementation. This could take place immediately after the first budget period of the Kyoto Protocol. However, this would seem to be both inequitable and politically unrealistic ​– developing countries may not be expected to take targets so soon. (National Institute of Public Health and the Environment 1999.)

A more reasonable option would be to use a participation threshold of some sorts. The Institute runs a simulation with 30% of the average 1990 Annex I per capita income to trigger participation. Burden is then shared between participating countries on the basis of temperature increase per capita caused by that country's cumulative emissions (effective emissions). (Ibid.)

Institute's simulation points out that this approach is not particularly fruitful. An income threshold as high as that leads to a long delay in the participation of developing countries. Even if industrialised countries made every conceivable effort to reduce their emissions, it would be impossible to reach a relatively low CO2 concentration target like 450 ppmv. The Institute goes then to suggest alternative options: lowering the income threshold and sharing the burden on another basis, like per capita emissions. Even if the threshold was lowered to 10% of Annex I per capita income, industrialised countries would still be required to make drastic cuts of more than 5% a year. (Ibid.) Thresholds based on actual emissions per capita are considered later in this report.
The reasoning behind the Brazilian burden sharing proposal is appealing: those who are responsible for climate change should also mitigate, i.e. polluter pays. Choosing effective emissions instead of emissions per se gives a good tool for incorporating different greenhouse gases and emissions over time.

However, by its emphasis on historic emissions the proposal seems to downplay the significance of current emission levels. It is rather difficult to justify, why a country like the United States, with a per capita emission level of 20 tons of CO2 should get away with a reduction of 22%, while the British, producing only half as much, would have to cut their emissions by a staggering 63%. (UNFCCC 1997c.)

Penalising the present generation of the British for something their predecessors did in the early 19th century may go a bit too far in history. The proposal does, however, include a possibility for using historic emissions as a basis for deriving emission targets and then elaborating these for individual countries in further negotiations (Ibid).

Moreover, it is highly dubious to estimate the responsibility based on crude extrapolations when statistics for Britain are available as far back in history as 1751. It is no wonder that the Brazilian extrapolation comes up with highly inflated figures: it suggests that the UK produced more than 50 megatons of carbon (MTC) in 1840, whereas the data provided by the Carbon Dioxide Information Analysis Center gives an amount of only 22 MTC (Carbon Dioxide Information Analysis Center 1999b). This would suggest that not only are the figures used in the proposal questionable, they may not even be in the right order of magnitude. 

The Dutch Institute has presented a detailed analysis of the methodologies used both in the original and revised Brazilian proposals. The Institute identifies several shortcomings in the original methodology: an unrealistically long time delay between emissions and heating impact; ignoring non-fossil fuel CO2 as well as methane and nitrous oxide emissions; weaknesses in simulating greenhouse gas concentrations and calculating radiative forcing; and underestimating historical emissions by using backward extrapolation instead of statistical data. These faults result in an overall bias that overestimates the responsibility of industrialised countries. The revised methodology is a considerable improvement, but contains still some deficiencies. (National Institute of Public Health and the Environment 1999.)
Pew Center criteria

The Pew Center on Global Climate Change, an American think tank close to progressive business, has made a proposal using a set of three criteria to divide countries into three groups. These criteria, standard of living, responsibility and opportunity, consist, in turn, of different indicators. (Claussen & McNeilly 1998.)
Responsibility for causing climate change is defined in terms of countries’ historical and current total emissions, emissions per capita and projected future emissions (Table 8). Historical emissions are defined as the cumulative CO2 emissions in the period 1950–95. Current total emissions by country and emissions per capita both are for CO2 and 1995. Estimated growth in emissions is extrapolated using the average annual growth in CO2 emissions in 1992–95. (Ibid.)

Table 8: Responsibility for climate change as defined by Pew Center


Cumulative CO2 emissions 1950–95
CO2 per capita 1995
Total CO2 1995
Estimated growth in CO2 emissions

Average
3 850 234 000
4.6
132 063 000
1.1%

Median
272 594 000
2.2
10 475 000
1.7%

Maximum
180 235 575 000
53.1
5 156 190 000
9.1%

Minimum
92 000
0
4 000
–11.9%

Some outliers were removed from the calculation of projected future emissions on the assumption that the estimated growth was not sufficiently representative of future growth. (Ibid.)

Standard of living reflects the fact that in poor countries emissions very often stem from an effort to meet basic necessities and that richer nations are better equipped to cut down emission levels. The indicator used for defining the standard of living is GDP per capita calculated using purchasing power parity (PPP) in US dollars for 1995. (Ibid.)

The opportunity criterion factors in the differences between countries’ chances to reduce emissions. It is defined according to the energy intensity of the economy, i.e. the amount of energy that is used to produce a given economic unit of output. Both the standard of living and opportunity are presented in Table 9. (Ibid.)

Table 9: Standard of living and opportunity as defined by Pew Center


GDP per capita (PPP) 1995 USD
Energy use/GDP (PPP)

Average
6 663
9.5

Median
3 973
6.0

Maximum
26 026
72.1

Minimum
460
0.2

 (Ibid.)

Countries are grouped in high, middle and low for each of the three criteria. For standard of living, high countries would be those with GDP per capita above the average, the middle countries between the average and the median and the low countries below the median. Opportunity is divided in a similar manner. In defining responsibility past and current total emissions and per capita levels are first divided as above. The growth variable is divided by designating high countries as those above the median, middle as between the median and the average and low as below the average. These four variables are then combined in an index with overall high, middle and low rankings. (Ibid.)

Finally the Pew Center divides countries into three groups, or tiers, according to the criteria. Countries that have high responsibility and standard of living fall into the first group, “Must Act Now”, regardless of the opportunity ranking. The countries ranking middle for any two criteria of the variables end up in the second group, “Should Act Now, But Differently”. Finally the third group, “Could Act Now”, would consist of countries that rank low on two or all three counts. Countries with any other combinations would end up in the second tier. (Ibid.)

No quantified targets or even procedures for defining them are given. Instead the tiers are meant to act as indicative groupings for further negotiations. Countries in the first tier are expected to take leadership in emission reductions. The second group would be required to act in some way or another, but not as strongly as the first group. The countries in the third group would not be required to take action but would be encouraged to participate through institutions such as the Clean Development Mechanism. (Ibid.)

The emerging picture is interesting and remarkably different from the rigid divide into Annex I and non-Annex I under the UNFCCC. “Must Act Now” includes the majority of OECD countries, a few transition economies, economically more prosperous Southern nations (e.g. Chile, Israel and Malaysia) as well as some oil-producing countries, such as Kuwait, Saudi Arabia and Venezuela. “Should Act Now, But Differently” is comprised of the majority of transition economies, the rest of the western industrialised nations as well as a good number of middle-income developing countries. The rest of the developing countries fall into “Could Act Now” (Appendix 1). (Ibid.)

It is interesting to note that the Pew Center tiers are not unlike those put forward by the US Under Secretary Stuart Eizenstat prior to Kyoto. Eizenstat suggested dividing developing countries into four groups. Economically more developed Southern countries – South Korea, Mexico and Turkey, for example – would have to take on emission targets similar to those of industrialised countries. Small developing countries with a growing and developed economy – e.g. Israel and Singapore – would face less ambitious targets. Developing countries with a middle-sized economy, like Brazil and Argentina, would be required to limit the growth in emissions and the rest of the Southern world could participate through the Clean Development Mechanism. (Agarwal, Narain & Sharma 1999.)
The Pew set of criteria can be criticised on many grounds. One of the criteria under responsibility is projected future emissions. Countries that are expected to have high growth rates carry a greater burden while countries with a projected slow growth assume less responsibility. A country like Canada that already produces vast amounts of emissions (14.7 tons of CO2 per capita) but has a relatively modest growth rate of 0.7% pockets concessions while nations, such as India, with low emissions (1.1 tons per capita) but high growth rates (6.0%), get the blame.

Choosing future emissions as one of the indicators punishes Southern countries as they have, to date, retained low emission levels and in an effort to improve the lot of their people now see an increase in emissions. In other words, Southern countries are punished for their frugality while Northern countries are made to look good because they managed to industrialise early. It is questionable whether any country can be required to make bigger cuts today just in case they may emit more in the future. The criteria on total current emissions and emission levels per capita would be more than sufficient to factor in the potential future growth in emissions if and when it takes place. 

In addition the basis for projections is somewhat dubious: extrapolations are based on the average growth in 1992–95. Whether these years are in any way representative or are likely to predict future growth accurately is not established. 

Using total past and current emissions by country for defining responsibility discriminates against countries with large populations. If Nation A with 100 million people produces 100 million tons of CO2 a year, it ranks high in Pew Center's calculations. However, if the same population happened to be dispersed in 10 countries of 10 million people with 10 million tons of emissions in each, they would rank lower. So countries, simply by the virtue of being large, get more blame for climate change although one ton of carbon has the same effect whether it is emitted in a small or a big nation. 

India, for instance, is included in the second tier – perhaps to a large extent because it has a population of about one billion people. If India’s 25 states and seven union territories were suddenly to gain independence, they would be treated more leniently. Interestingly enough, seven of the ten most populous nations are developing countries.

Framework for fair shares

Environmental space is a concept originally created by Friends of the Earth Netherlands and later used widely by Friends of the Earth groups across the world. It refers to the amount of natural resources each person can consume sustainably without causing permanent damage to the environment. When applied to climate, environmental space means the amount of greenhouse gases, which can be produced without causing further climate change. Because climate is a global resource that belongs equally to everyone on the globe, environmental space for greenhouse gases is also the same for everyone – an equal amount of emissions per capita. (Friends of the Earth Europe 1995.) The equal emission quotas given to all citizens of the globe are often also called per capita entitlements or allocations.

The actual size of the environmental space depends on the ecological limits that are chosen and the resulting global emissions budget. IPCC has called for a reduction of 60–80% in global emissions in order to stop climate change. Using current global industrial emissions and the present world population as the basis would yield an environmental space of 0.2–0.4 tons of carbon or 0.8–1.6 tons of CO2 per capita per year (Carbon Dioxide Information Analysis Center 1999a; UNFPA). Friends of the Earth has used a figure of 1.7 tons of CO2 (Friends of the Earth Europe 1995).

However, as populations continue to grow, environmental space will gradually decrease. According to UN mid estimates, the world population could reach nine billion by 2050, bringing down the environmental space to 0.5–1.1 tons of CO2 (UNFPA). In reality, the figures could be even lower as this back-of-the-envelope calculation does not take into account, for instance, emissions resulting from deforestation.

Figure 1: Per capita emission levels of key countries compared with environmental space

Industrialised countries:

United States 20.50

Germany 10.77

Russia 9.89

UK 9.40

Japan 9.29

Developing countries:

China 2.54

Brazil 1.84

Indonesia 1.28

India 0.92

Pakistan 0.70

Environmental space: 0.8–1.6 tons

The figure includes five of the most populous countries both from the North and the South. Emissions cover CO2 from fuel combustion in 1997. (EIA 1999.)
The advantage of the environmental space concept is that it provides clarity and offers an equitable solution. Using per capita entitlements as the basis for burden sharing could eliminate the need for long and difficult negotiations about fair differentiation and suitable emission targets for each country. As climate is a global resource and as such it belongs equally to everyone, it is difficult to ethically justify why, for instance the people of the United States would have more rights than Pakistanis to change the climate (Figure 1).

Baer et al (2000) argue that the concept of equal rights of all people is deeply enshrined in many modern ethical and legal codes. This is true especially in cases dealing with resources outside the jurisdiction of individuals or countries. For example, the UN Convention on the Law of the Sea mandates common ownership of deep-sea resources for the benefit of all humanity. Similarly the Public Trust Doctrine concerning access to inland water and the US Clean Air Act are based on egalitarian rules.

A global solution to a global problem

Per capita entitlements mean distributing the rights to produce emissions equally among all people. All countries would be given emission quotas on the basis of their population. Eventually, people in Japan and Malawi, for example, would have equal per capita entitlements. Theoretically, it would be possible to use environmental space for sharing the mitigation burden between industrialised countries only, but extending per capita entitlements to developing countries is an almost direct derivative of the general principle. 

There are several additional reasons for globalising climate protection. It is impossible to stop a potentially catastrophic climate change without emissions limitations and reductions in the South. Even a 100% cut in Northern emissions would not stop climate change if emission levels in developing countries continued rising.

If there are no incentives to reduce emissions, developing countries may follow the prevalent energy- and carbon-intensive paradigm thus repeating the mistake of the industrialised North. The carbon paradigm means that emissions in the South continue to grow at a considerable pace, making the inevitable emission cuts difficult and costly. Per capita entitlements would encourage developing countries to retain low emission levels.

A global framework, if coupled with international emissions trading, would also ease the transition in the North. First, it would bring down the costs of reducing emissions as reductions could be done where it is cheapest globally. This would decrease the adverse impact on the economy and resistance to change. Second, trading would allow for differentiation as countries wanting to retain high emission levels could do so if they are able to buy emission rights from other countries. Finally, it would result in a considerable redistribution of resources globally and it could rectify some of the current inequalities.

A global framework based on per capita entitlements would resolve one of the most difficult problems related to the Kyoto Protocol. Leakage, i.e. emissions moving from countries with commitments to ones without any, would disappear almost by definition as all countries would have quotas and there would be an incentive to keep emission levels low everywhere. (Agarwal, Narain & Sharma 1999.)
While a global framework would be the preferred option, an alternative could be to start with the Annex B countries of the Kyoto Protocol – i.e. industrialised countries – and bring in other parties in the subsequent commitment periods. Several studies have looked at possible triggers to decide when a country should take on commitments.

Henry Jacoby and others from the Massachusetts Institute of Technology suggest that the UNFCCC process has already given the world a policy architecture that implicitly distributes burdens on the basis of per capita income. A country would enter the commitment family after its per capita income has crossed a given income threshold – say 3,000 or 4,500 USD. According to the study, both triggers would be sufficient to reach a CO2 concentration target of 550 ppmv by 2150. (Ibid. 110.) The higher threshold would bring in, for example, South Korea, Argentina and many Arab countries at 1995 levels. The lower threshold would add Mexico, Brazil, Malaysia and South Africa. (UNDP 1998.)

Another option could be to use emissions per capita as a trigger. A Southern country would be required take on commitments when its emissions per capita reach a graduation point. To reach a 450 ppmv concentration target and to keep emission cuts for industrialised countries within reasonable limits, the threshold should be lower than one tonne of carbon per capita per year. Developing countries with low emissions would still have room for growth, but Southern countries emitting more would have to participate in mitigation efforts quite soon. (National Institute of Public Health and the Environment 1999.)
A static threshold such as a fixed value of per capita emissions could also be replaced with a dynamic threshold relative to global average emissions. World average per capita emissions as a threshold would give room for developing countries to grow, but it would also give incentives for both participating and non-participating countries to keep their emissions low. When participating countries manage to cut their emissions, they lower the participating threshold and bring in new countries. Non-participating nations would, in turn, benefit from retaining low emission levels as this would postpone their participation. (Ibid.)

It would be practical to introduce per capita entitlements after the first commitment period of the Kyoto Protocol. The Protocol already covers 2008–2012 and few would want to re-open the negotiations. A faster alternative would be to keep the Kyoto commitments for Annex I, but bring in Southern countries on the basis of per capita entitlements before the second commitment period – a two line system for Annex I and non-Annex I nations. (Agarwal, Narain & Sharma 1999).

The UNFCCC process has been remarkably slow and difficult. A considerable chunk of these difficulties can be attributed to a handful of countries both in the North and the South, namely the US, Australia and some of their allies in the Umbrella group of countries as well as many of the OPEC nations. This has lead some people to ask whether it were better to try a sub-global approach within the Convention process. Without the worst laggards to stall the process, the rest of the world could make progress and show the way in climate change mitigation.

One proposal dubs this potential "alliance of the willing" GRACE or Global Responsibility Alliance for Climate and Environment. It could perhaps start with the EU, AOSIS countries and India; probably others would soon follow. Ideally the alliance would be based on per capita entitlements, but nothing would prevent using other burden sharing approaches. At its more challenging form, the alliance would impose a tariff on countries outside the agreement to penalise free riders (Alexander 2001).

Operationalising per capita entitlements

While there has been considerable support for the general principle of per capita entitlements, there have been few models to operationalise the concept until recently. The Indian research and advocacy organisation, Centre for Science and Environment (CSE) has developed four different ways of applying per capita entitlements: sinks, budget, moving entitlements and convergence. (Agarwal, Narain & Sharma 1999.)
The sinks approach was first suggested as early as 1991. CSE starts by calculating the total amount of natural sinks of carbon dioxide and methane. This is the amount of emissions humankind can safely produce without causing climate change, i.e. permissible emissions. Permissible emissions are then distributed equally to countries on a per capita basis. Countries that exceed their permissible emissions may buy emission rights from nations that have not used their entire quota. As the amount of permissible emissions is clearly smaller than the total global emissions, any emissions that are left after trading will have to be covered for by paying a fine to a global climate protection fund. These funds will, in turn, be used to finance adaptation and mitigation. (Agarwal & Narain 1991.)

According to IPCC, the size of oceanic sinks totals two billion tons of carbon every year. As oceans represent common global property, CSE argues that they should be shared equally. (Agarwal, Narain & Sharma 1999) This yields a per capita entitlement of 0.33 tons of carbon per year with the current population of six billion. In addition to this, terrestrial sinks (forests, land), constituting a national property, have to be considered. The total entitlement in each country would thus be its share of the global oceanic sink plus its terrestrial sink.

The budget approach starts by defining a tolerable concentration target for greenhouse gases. The target provides humankind with a global emission budget that will be temporally allocated for each year. Finally, the global budget is shared equally on a per capita basis (Table 10). As there may be a need to revise the concentration target when new scientific information becomes available, global budgets and per capita allocations may change accordingly. (Ibid.)
Table 10: Emission budgets and per capita entitlements for different atmospheric targets
Atmospheric concentration target (CO2 ppmv)
Emission budget 1991–2100 (MTC)
Average annual budget (MTC)
Per capita entitlement (TC)

350
300–430
2.73–3.91
0.46–0.65

450
630–650
5.73–5.91
0.96–0.99

550
870–890
7.91–8.09
1.32–1.35

650
1,030–1,190
10.27–10.82
1.71–1.80

750
1,200–1,300
10.91–11.82
1.82–1.97

MTC = million tons of carbon. Original data cited from IPCC. Per capita entitlements calculated with a fixed global population of six billion. (Agarwal, Narain & Sharma 1999.)
A moving entitlements approach sets all complex scientific and technical considerations aside and defines an ad hoc per capita entitlement. The entitlement could be anything from one ton to 2.5 tons of carbon to begin with as it is more important to move ahead in the right direction than to specify the final definite figure. (Ibid.)
Finally, CSE outlines a general convergence approach, according to which countries aim to reach an equal level of per capita emissions. (Ibid.) This convergence can take place in different ways. An exponential convergence curve implies large reductions in the beginning as well as emission levels that approach environmental space asymptotically. Arithmetical convergence assumes the reduction of emissions by an equal amount each year. Achieving equal per capita entitlements and the eventual reduction in the global emission budget to a sustainable level can but do not have to coincide – reducing emissions represents a long-term project and it would be likely to follow convergence. 

The Ecooperation Foundation of the Dutch government has sketched a climate fund to compensate Southern countries for the unequal distribution of environmental space. The fund has evolved under the sustainable development agreements the Netherlands has made with Benin, Bhutan and Costa Rica. Initially, the fund would operate on a voluntary basis; however, the ultimate goal is to base it on binding agreements. (Ecooperation Foundation 1998.)
The climate fund would set a global limit based on the total 1990 CO2 emissions minus the five per cent reduction in the industrialised nations’ emissions as decided in the Kyoto Protocol. Emission entitlements would be distributed equally between all countries according to their population in a base year, say 1998. This would remain the same regardless of population growth. Those countries that exceed their quota would be obliged to buy emission rights from countries producing fewer emissions. (Ibid.)

Recently, the initiative has been renamed United Air Fund with some revisions in the concept. The Fund plans to manage the consumption of "clean air" (i.e. the global atmospheric commons). Developing countries would get SHAIRES, or credit notes, for their clean air surplus. Industrialised countries running a clean air deficit would buy SHAIRES and thus finance the purchase of clean technology in the South. (United Air Fund.)

Northern companies, governments and NGOs can become SHAIRE-holders by evaluating the amount of their clean air deficits and paying into the Fund accordingly. One SHAIRE costs 15 US dollars and covers for one ton of clean air shortage. Members of the Fund can use a membership logo and are entitled to the services of the Fund, including help with reducing emissions and matchmaking between suppliers and purchasers of clean technology. When a member invests in clean technology, the reduction in emissions is registered. (Ibid.)

Friends of the Earth (FoE) has estimated the costs and benefits of per capita entitlements coupled with international emissions trading. Assuming a price of 20 USD for a tonne of carbon and an immediate allocation of current global emissions on a per capita basis, a global market worth 58 billion USD a year would be created. (FoE EWNI 2000.)

Most industrialised countries would suffer small financial losses of less than 0.5% of GDP. This would be usually less than the current official development assistance (ODA) or the difference between the ODA and the UN target of 0.7% of GDP. It would also be but a small fraction of military spending. (Ibid.)

Poor developing countries in turn would benefit considerably. Countries such as India, Nigeria, Pakistan and Vietnam would gain 5–10% of GDP annually. Bangladesh and Togo would get 10–20%, Uganda 20–30% and Ethiopia and Mozambique a whopping 30–50% of their GDP. For instance, India would gain 18 and China 9 billion USD annually (Figure 2). These gains would usually be greater than current flows out servicing external debt. (Ibid.)

Figure 2: Net annual financial transfers

India 17.98

China 9.00

Indonesia 3.43

Pakistan 3.19

Bangladesh 2.98

Brazil 2.58

Nigeria 2.37

Ethiopia 1.59

Egypt 1.00

Mozambique 0.48

Mexico 0.12

Argentina 0.04

Iran –0.02

Malaysia –0.34

South Africa –0.76

France –0.80

Venezuela –0.90

South Korea –1.43

Australia –1.48

UK –1.58

Germany –3.37

Japan –3.51

Russia –7.38

USA –26.60

Billions of USD

Figures are based on 2000 carbon emissions and per capita entitlements. A ton of carbon is assumed to cost 20 USD. (FoE EWNI 2000.)

However, also some relatively poor or indebted countries would lose out under the proposed scheme. These include economies in transition and some developing countries dependent on fossil fuel exports such as Kazakhstan, Malaysia, South Africa, Poland, Russia, Ukraine and Venezuela. Although the scheme would be likely to take until 2012 as a minimum to commence and there would be time to adjust, these special cases could also get preferential treatment in the form of larger entitlements for equity reasons. (Ibid.)

Moreover, Friends of the Earth advocates repaying the carbon debt accrued over the past two centuries and compensating for the ecological damages caused by climate change. This would be a two stage process. First, all external debt by developing countries should be cancelled immediately. Second, an annual fund of 100 billion USD would be set up by industrialised countries to pay for climate change mitigation and adaptation in the South. Poorer countries that would suffer from trade with per capita entitlements would get their fair share of these resources and would end up with a net benefit. The FoE proposal can thus be summed up with three C's: contraction, convergence and compensation. (Ibid.)

Contraction and convergence

Another interesting application of environmental space is the contraction and convergence (C&C) model developed by the Global Commons Institute in England. Sometimes it is also put forth as contraction, convergence, allocation and trade or C-CAT. (GCI 1998a.) 

The foundation for C&C was laid in the second World Climate Conference in 1990, when GCI presented an agenda for solving the global climate crisis. This was developed into the actual contraction and convergence model for the second Conference of Parties (COP2) at Geneva in 1996. (GCI 1998b) In the run-up to COP3, GCI drafted a protocol based on the model (GCI 1996). Since then the idea has featured on the sidelines of climate politics and has received endorsements from a number of individuals, NGOs and occasionally also some governments (GCI 1998a).

GCI first sets out to define a tolerable level of climate change. Based on IPCC reports, it arrives at a concentration target of 450 ppmv for CO2 by 2100 (GCI 1998c). The target balances the political difficulty of achieving drastic cuts in emissions and the ecological difficulty of averting potentially catastrophic climate change. It is suggested that the target is reviewed every five years in the light of new scientific evidence and, if need be, adjusted downwards to minimise damage caused by climate change. (GCI 1998b.)
If  450 ppmv is adopted as the target, it is still possible later to adjust to 350 ppmv via 400 ppmv whereas from 550 ppmv path this would be too difficult. However, if the impacts of climate change prove to be in the upper range and positive feedback processes make the emergence of a run-away greenhouse effect likely, GCI considers also the possibility of returning eventually to the pre-industrial level of 280 ppmv. This would actually require negative emissions for a prolonged period of time. (Ibid.)

After choosing the concentration target, a global carbon budget is devised accordingly. IPCC estimates that staying within 450 ppmv would give humankind a total carbon budget of 630–650 gigatonnes of carbon (GTC). (Ibid.) As humans have already produced 265 GTC in 1751–96 and some 20 GTC in 1997–99 (assuming that annual emissions in 1997–99 were around 6.5 GTC reported for 1996), this leaves us with a carbon budget of around 345–365 GTC (Carbon Dioxide Information Analysis Center 1999a). GCI subtracts a 50 GTC allowance for deforestation, which further reduces the amount of allowable emissions (GCI 1998c). This means that humankind has actually already consumed around half of its carbon budget.

To stay within the budget, emissions have to be reduced gradually. This is the contraction part of the model. Annual limits that decrease in stages up to the target year will thus be set for the global level of emissions. The aim of the gradual contraction is to avoid both unrealistically drastic annual reductions and over-producing in the beginning, which would necessitate temporary net negative emissions in the future. (GCI 1996) Eventually emissions will reach a level that is 60% lower than currently (Table 11).

Table 11: Global and regional contraction budgets aiming at 450 ppmv


USA
OECD minus USA
Non-OECD Annex I
China
India
Rest of the world
World total

1990
1,367
1,478
1,139
638
186
1,176
5,984

2000
1,666
1,554
1,022
1,086
311
1,711
7,349

2010
1,301
1,319
826
1,255
668
2,562
7,931

2020
782
934
535
1,302
972
3,185
7,710

2030
272
532
242
1,255
1,175
3,521
6,997

2040
235
460
209
1,084
1,015
3,043
6,046

2050
196
385
175
907
849
2,544
5,056

2060
162
317
144
747
699
2,096
4,165

2070
134
263
120
620
580
1,740
3,457

2080
115
225
102
530
496
1,488
2,957

2090
102
200
91
472
442
1,325
2,632

2100
93
182
83
429
402
1,205
2,393

2150
68
133
60
313
293
880
1,748

2200
61
119
54
281
263
790
1,569

1990–2100
–93%
–88%
–93%
–33%
+116%
+2%
–60%

Figures cover industrial CO2 only. OECD comprises the original 24 western industrialised countries. (GCI 1997.)
The quotas would cover net anthropogenic CO2 emissions resulting from human activities, including changes in sinks. Emissions from international air and marine transport would also be included. Greenhouse gases other than CO2 would not be covered initially, but could be brought in later. (GCI 1996)
The word convergence comes from the fact that in the model countries will reach equal emission levels per capita by 2045 – the centenary of the United Nations (GCI 1998b). The industrialised countries whose emissions per capita are clearly above the sustainable level would reduce their emissions while developing countries under that level would be allowed to increase their emissions (Figure 3). Convergence takes place exponentially, i.e. emission levels approach the same per capita levels asymptotically. However, the model also provides the possibility of linear convergence. (GCI 1998c) After the convergence has taken place, the relative shares of different countries will remain static, but the contraction will continue (GCI 1996). 

Figure 3: Contraction and convergence to 450 ppmv
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(GCI 1997.)

To avoid creating a perverse incentive for countries to encourage population growth, the population figures used for allocating emissions quotas are frozen after a given time. GCI suggests that for Annex I countries the cutoff year should be immediately – a pre-2000 proposal mentions the year 2000 – and for others it could coincide with the convergence scheduled for 2045. If the population continues to grow after the cutoff year, the emission quotas remain stable. (GCI 1998b.)
C&C includes emission trading, but GCI’s acceptance of trading depends on a finite budget of quotas allocated by convergence towards per capita equity. In addition, there would be a cap on the share of quotas that can be traded. (GCI 1996.)

The draft C&C protocol calls for estimating the climate debt caused by the historic emissions of industrialised countries. Funds created by paying the debt could be used to finance research, education, technology transfer and damage compensation. Other potential sources of funds could be a tax on emissions trading and penalties for non-compliance. The protocol also gives passing attention to the need for intranational equity, but this is not elaborated. (Ibid.)
Contraction and convergence is a practical burden sharing model that can be used flexibly for any concentration target and convergence timetable. GCI advocates using one particular set of targets, but also admits that if the model were taken seriously in international negotiations, there would inevitably be many changes. (Ibid.) 

GCI argues that there can be no solution to climate crisis without the two key elements: contraction (ecological sustainability) and convergence (equity). If Southern countries refuse to participate in limiting emissions, a catastrophic climate change cannot be averted. However, Southern governments would be foolish to accept burden sharing that is inherently inequitable; thus equity is a prerequisite for a workable solution. C&C presents a global solution to a global problem. It is also a comprehensive model with rationally defined targets.

The biggest problem related to contraction and convergence is that while it has made recurring appearances in international climate negotiations, it is yet to be put on the official agenda. There are many countries, including China, India and African nations, and even the European parliament that have raised their voices to support the model, but none have been persistent enough to push it through (GCI 1998a). While there is no lack of implicit support for C&C – including the famous Byrd-Hagel resolution, which, in effect, prevents the US from ratifying the Kyoto Protocol as long as there are no emission targets for developing countries – when it is time to stand up for it, the number of supporters seems to shrink notably. 

Many people would argue that a solution that requires industrialised countries to reduce their emissions as much as 80% is hardly going to be accepted by Northern governments in general and nations like the USA and Australia in particular. Moreover, as C&C would mean early emission limitations for many Southern countries and also reductions in the foreseeable future, it is questionable whether C&C can ever garner enough support either from the North or the South. This is not to say that there is anything inherently wrong with contraction and convergence, rather, this underlines the complexity and difficulty of the transition to sustainability.

Making fair shares work: some answers to criticism

Per capita entitlements are criticised mostly on five accounts (Claussen & McNeilly 1998; Baer et al 2000). They: 1) would create a perverse incentive for countries to retain high population growth rates; 2) do not address intranational equity; 3) ignore historic emissions; 4) require uniformity from a diverse set of countries; and 5) are unrealistic.

It can be doubted whether per capita entitlements would really encourage population growth: while the quota for the country would grow with the population, there would anyway be more people sharing it (Agarwal, Narain & Sharma 1999). The potential financial gain from a larger entitlement would be far outweighed by the negative impacts of a growing population. Demographic changes require also a lot of time; planning population policies today to profit from emission entitlements in 20 years' time seems highly unlikely. (FoE EWNI 2000.)

Even if we assume that the argument holds water, the problem is easy to solve. The population levels used for calculating countries’ emission quotas could be frozen after a given population cut-off year after which the relative proportion of each country’s emissions from the global budget would remain the same. This could be around 2020 or 2030 to give governments time to implement population policies. The cut-off year could also be different for industrialised and developing countries (GCI 1998b). Alternatively population baselines for Southern countries could be determined with reasonable declines in population growth (Baer et al 2000). 

Both freezing relative quotas and defining population baselines with moderate growth rates would encourage countries to reach zero population growth and reward countries with diminishing population levels. The population figures could be readjusted every now and then to take into account migration and refugees (Tuomioja undated). On the other hand, industrialised countries have enjoyed unrestricted population growth for a long time. One could argue that a population cut-off year at this point would discriminate against developing countries. (FoE EWNI 2000.)

An international framework based on per capita entitlements does not as such address the important issue of intranational equity, but nor does the current UNFCCC framework based on grandfathering. In that sense per capita entitlements do not fare any worse than the status quo in climate negotiations. Entitlements coupled with trading would mean a flow of resources from the rich North to the poor South. It is difficult to guarantee that the benefit would trickle down to the poorest sections of the society, but the resource transfers would create an enabling environment for Southern governments to reduce poverty.

If one believes that all people should have equal rights to produce emissions, a logical conclusion would be to extend this principle to apply within nations as well. One way to operationalise this would be to use domestic tradable quotas (DTQs). They would be issued for free to all people; organisations could buy the units they need from a tender. (Domestic Tradable Quotas 2001.)

Including the effect of historic emissions is a relevant concern and it is in line with the generally accepted polluter pays principle. Developing countries might argue that it is unfair to require them to start reducing emissions immediately upon exceeding the environmental space threshold as industrialised countries have enjoyed high emissions levels for such a long time. The per capita approach could be adjusted accordingly: countries with a large historic responsibility would be required to reduce emissions more than countries with a small historic impact. As per capita entitlements are clear and simple, minor revisions would not necessarily result in confusion.

It is certainly true that circumstances in different parts of the world vary significantly. The amount of emissions is influenced by, among other things, the country’s renewable energy resources, the efficiency of energy use, the climate, the standard of living and the structure of the economy. It may be considerably easier to reduce emissions in one country than in another. This is particularly the case for small countries, as highlighted in the UNFCCC negotiations by Iceland (see Article 5 (d) of the Kyoto Protocol).

There are several ways to add flexibility to the otherwise static per capita entitlements. The simplest would be to use the entitlements as a basis for negotiations from which to derive actual emission targets – a framework for fair shares with some ad hoc flavour. Countries, which for some special reason are considered to have difficulties in reaching the equal per capita level could be given larger quotas provided that other countries make up for the overage in the global emission budget. 

The British Royal Commission on Environmental Pollution (RCEP) has suggested that countries with regular very high or low temperatures, for instance, would get allocations additional to their per capita based quotas to allow for space heating or cooling (RCEP 2000). Other factors that may need consideration are the share of nuclear power in energy production and dependence on energy-intensive industries (Tuomioja undated).

Instead of using one figure, it is possible to have a range of emissions: for instance, the Indian Tata Research Institute has suggested a sustainability corridor of 0.5–0.75 tons of carbon per capita (TERI 1997b). When countries are still in the process of converging to equal emission levels, problem cases could also get a ´time-out´.

Another option would be to follow the example of the EU under the Kyoto Protocol and form bubbles, i.e. groups of countries that meet the target set for them collectively (see article 4 of the Kyoto Protocol). In a global framework, bubbles consisting of both Southern and Northern countries – the EU and Africa, for instance – would give industrialised nations some more time to adjust to the environmental space.

After introducing a global framework based on per capita entitlements as well as strict rules for monitoring and compliance, the flexibility mechanisms of the Kyoto Protocol could be used to bring down the global costs of reducing emissions and to ease the transition of industrialised countries towards the environmental space. Under emissions trading countries emitting more than their fair share could buy emission rights from countries that decide to stay below their quotas. Joint implementation projects could be used to the same effect. 

An MIT modelling study suggests that per capita entitlements coupled with trading could result in the perpetuation of vast differences in per capita emission levels (Agarwal, Narain & Sharma 1999). This would be different from a status quo inasmuch as highly polluting countries would have to pay for their use of the global atmospheric commons.

People who claim that demanding per capita entitlements is politically unrealistic overlook the relatively widespread support they enjoy. Individual proponents include the French president Jacques Chirac (UNFCCC 2000), COP3 chair Raúl Estrada-Oyuela, COP6 chair and the Dutch minister of the environment Jan Pronk, UNEP chief Klaus Töpfer, Danish minister of the environment Svend Auken and British minister of the environment Michael Meacher. Organisations and countries that have explicitly supported per capita entitlements include the European Parliament, Africa Group, India, GLOBE, the Royal Commission on Environmental Pollution (GCI 2000) and The World Council of Churches (WCC 2000).

The realism of the conventional wisdom – i.e. burden sharing based on grandfathering – is not that evident either. Many developing countries have made it clear that they will not accept any commitments in the foreseeable future if they are based on grandfathering. As Baer et al (2000) argue, "institutionalising inequity is a poor basis for co-operation." Grandfathering vs. per capita entitlements may seem like a close match with current inadequate reduction targets. However, if we aim at stopping climate change, it is difficult to imagine a solution based on grandfathering that would result in emission cuts of the required order of magnitude.

Per capita entitlements will seem stringent only as long as societies are treading the carbon path. After the transition to a non-carbon society has been made, the entitlements will become increasingly redundant (Agarwal, Narain & Sharma 1999). Industrialised countries will also have several decades to reach sustainable levels. Entitlements will be initially given based on current emission levels, i.e. grandfathering (FoE EWNI 2000).

Political realities may also change surprisingly fast if climate change progresses as predicted causing unprecedented devastation to people and the environment all over the world. Several consecutive once in a lifetime weather events might turn the political scale towards rapid decarbonisation efforts. The activities of the international civil society may also have a considerable influence. This was clearly demonstrated by the fate of the World Trade Organisation's ministerial meeting in Seattle in the end of 1999.

Furthermore, is it more “realistic” to assume that humanity is doomed to head towards a potentially catastrophic climate change that could, in effect, destroy the current civilisation? From the two evils – drastic emission reductions coupled with equitable burden sharing and resulting changes in economies on one hand and the possible end of civilisation on the other – it should not be too difficult to choose the lesser.

Implications for the north: the case of Finland

Finland is a country with large energy-intensive industrial sectors, paper, basic metal and chemical industries. In the last decade new less energy consuming areas such as telecommunications have become very important in Finnish economy.

For a Northern country like Finland equitable burden sharing will intensify both the challenges and possibilities of climate change mitigation. First, demand for equal emission rights for developing countries requires faster emission reductions in Northern countries in order to get developing countries to join in. On the other hand political solutions for equitable burden sharing might create more economical possibilities through global emissions trading and development and export of new energy and production technologies. Both ways, it is obvious that a wealthy Northern country like Finland, has both the moral and economic responsibility to take the lead: make its economy more sustainable and develop more efficient and environmentally sound production methods for global use. IPCC recently stated in its Third Assessment Report that technology improvement and transfer (to developing countries) play a critical role in the stabilisation scenarios. (IPCC 2001C.)

The main problem with emission reductions is that they are often claimed to be expensive. However, there are existing and expanding possibilities to find win-win solutions and to combine environment, social justice and economy. In its recent report IPCC states that using known and currently available technologies global greenhouse emissions can be reduced below the levels in 2000 by the period 2010–20 at zero net costs, with at least half of this achievable at negative costs, i.e. at a profit. Hundreds of technologies are available to improve energy efficiency and there are many technologies that reduce or eliminate emissions from power production. (IPCC WGIII, 2001) Taking the lead in developing new emission reduction technologies can create economical advantages and possibilities, as the wind power industries of Denmark and Germany have demonstrated.

Long-term equitable emission targets for Finland: the scale of the challenge

The following analysis demonstrates what kind of long-term emission targets Finland would have in a transition to more equitable burden sharing and environmental space. Long-term emission reduction targets were calculated using the Contraction and Convergence model. Also, energy and industrial reduction possibilities are analysed for Finland to demonstrate possible long-term climate change mitigation strategies. Targets are of course merely indicative, as the analysis only takes into account the most important sector of emissions – industrial carbon dioxide emissions – and other greenhouse gases are omitted. It, however, can give an insight to the scale of challenges and possibilities ahead in these crucial sectors of economy.

If it is assumed that every person on earth has an equal right to atmosphere and emissions, the per capita emissions of industrialised and developing countries must converge to the same level. In Finland annual per capita emissions are now over 11 tons per person when the global average is 4 tons per capita, and for a person in India below 2 tons per capita. (IEA 1999.) On the other hand global emissions must contract within the limits of the global carbon budget, which is derived from the targeted stabilisation level of greenhouse gases.

Using the Contraction and Convergence model it is possible to calculate long-term emission reduction targets for each country. The basic idea is that the per capita emissions of industrial and developing countries converge and reach the same level during this century. GCI has usually suggested the centenary of the United Nations, year 2045. Population growth does not affect countries’ emission quotas after 2020. If we assume this kind of burden sharing agreement to convergence by 2040, Finland would have long-term emission targets presented in Table 12. A different emission trajectory can be calculated for each target of stabilising CO2 in the atmosphere.

It must be noted that this calculation does not take into account the effects of the Kyoto Protocol and is thus only indicative. The overall effect of Kyoto procotol is however small. 
Figure 4, Table 12: Emission reduction trajectories in relation to 1990 levels for Finland for different stabilisation targets
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The CO2 level in the atmosphere has already risen from pre-industrial 280 ppm to the present day 370 ppm. The IPCC estimates of effects of climate change are usually calculated for doubling of the pre-industrial CO2 level to 550 ppm.

· Stabilisation at 350 ppm would result in an average warming of 1ºC. This would be safer target where ecosystems can more easily adapt to the change. In Finland this would require emission reductions of 57% from 1990 levels by 2020, 90% by 2030 and almost stopping producing emissions altogether by 2040.

· Stabilisation at 400 ppm would lead to an average 1.25ºC warming during this century. Reaching the target requires a 31% reduction by 2020, 65% by 2030 and 87% by 2040. 
· Stabilisation at 450 ppm would probably result in considerable negative impacts of climate change. The emission reductions for Finland for this target would be 13% by 2020, 24% by 2030 and 59% by 2040. 

All reduction targets reduce emissions by factor ten during the century within different time scales. Convergence year, the target year for equal per capita emissions around the world, is a crucial factor in the burden sharing model, because it affects the balance of burden between industrialised and developing countries. If convergence year is set late, this will diminish the entitlements of developing countries and increase them for industrialised countries. The difference between convergence targets of 2040 to 2100 for Finland and India can be seen in Figure 5. The effects of the 2100 scenario are quite inequitable for developing countries. In scenario of 2100 convergence India is required to lower emissions from the level of one ton of CO2 per capita. This would be giving away the emission rights of its people. 

Figure 5: Emission trajectories for Finland and India with a 400 ppm stabilisation target and convergence years 2040 and 2100
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Contraction and Convergence also includes a possibility for emissions trading, which enables countries to fulfil their commitments through buying emissions rights from global markets. As emission entitlements are allocated based on population, developing countries would have a lot of emission rights to sell and a financial flow from the North to the South would be created. The original idea of Contraction and Convergence was to limit the emissions trading to 50% of the targets. (CGI 1996)

The trade-off between stabilisation levels and equity hinted by this analysis could be somewhat illusory, which can be seen from the scenarios above. If Northern countries adopt lower, “2040” emission tracks for equity reasons, this will enable reaching 400 ppm stabilisation target globally even if developing countries use their emission rights or sell them to polluting Northern countries. On the other hand, if severe effects of climate change forces lower stabilisation level to be sought later, the lower track could enable reaching a stabilisation target even lower than 400 ppm, if developing countries agree to reduce emissions more than their equal share.

Possibilities for a long-term climate strategy in Finland

The Kyoto Protocol has stimulated the debate about emission reductions in Finland. This discussion, however, has been limited to the first Kyoto commitment period 2008–12. In order to truly mitigate climate change, much longer-term reduction possibilities and energy trends must be scrutinised. Any climate strategy looking only at Kyoto targets is not addressing the most crucial questions for climate change mitigation: how to create and open possibilities for rapid emission reductions in the coming decades and how to create solutions that can be rapidly utilised globally and especially in developing countries. The Protocol with its 5% reduction can only be meaningful from a climate protection perspective if it helps to turn the trend to achieve rapid emission reductions in the near future.

When trying to de-link economic growth and emissions we have several possibilities, which do not exclude each other. Here three possibilities are analysed that apply to emissions from energy production, industrial processes and traffic.

1. Increasing efficiency of production and demand side management

2. Increasing and developing renewable energy technology

3. Changing the structure of the industry to less energy intensive direction

First, it is possible to increase efficiency in the energy-intensive industry and motor vehicles. Promising technologies already exist, but these must be effectively developed and commercialised. Second possibility is to increase renewable energy sources. This leads to the question of what are the potentials and costs. The third possibility is to guide the development of economy to sectors and products that use less energy and to guide consumers to choose less energy-intensive products or services. In the end this raises the question of how quality of life is linked to material consumption in industrialised countries. 

1. Increasing the efficiency of production

The energy demand and efficiency of production methods are crucial for emission reductions. This is a global question for both industrialised and developing countries and goes deep into the structure and function of the industrial economy. The process of industrialisation in countries with heavy industry, like Finland, has more or less been relying on cheap energy. The demand for energy has continued to grow with the production of the energy-intensive industry. In the same time cheap energy has limited energy efficiency investments by making them more uneconomical in the eyes of investors, which again has further increased the demand for cheap energy. This has created a catch-22 of cheap energy, which industrialised countries must break and developing countries must avoid.

IPCC concludes that hundreds of technologies are available to improve energy efficiency. (IPCC 2001C.) It must be noted that many of these energy saving measures have negative costs and they create economic benefits. Because of lack of knowledge, resources and proper political incentives these measures remain unused. One of the usual problems is that energy saving measures are required to pay back investments several times faster than new energy production.

Presently the demand for electricity in Finland is rising and the government climate strategy is not pursuing to reverse this trend in the coming decades (VN 2001). However large potential remains to increase energy efficiency. Potentials of 10–20% of the present energy consumption have been found in different studies. (MTI 1995, Lehtilä 2000.) Many of these measures would produce economical benefits (MTI 2001).

The paper industry consumes one third of the electricity in Finland (Statistics Finland 1999.) A large share of this goes to mechanical pulp making. According to recent studies there are still possibilities for improving energy efficiency both in the short and long term future in the processes of pulp and paper making. Many of these energy saving measures have negative costs, i.e. create economic profits. Also many new technologies are waiting to be commercialised. In the basic metal and chemical industries possibilities for more efficient use of energy and control of production still exist and new production technologies are being researched. (MTI 2001.)

The known potentials are, however, quite small compared to the challenge facing the industry. Much more investments and research are needed if radically more efficient products are to be developed. As efficiency also saves money, this contributes to the future competitive edge of the energy intensive industries. 

Electric motors use 60% of the industrial electricity in the world. More efficient motors and frequency converter bring about considerable savings. By regulating the speed of the motor with frequency converters, the electricity consumption can be reduced often to half. The investments usually pay themselves back 5–10 times faster than when building new power plant capacity. However, only 10% of the electric motors used in the Finnish industry have frequency converters. (ETLA 1999.) More efficient electric motors and frequency converters are one of the most profitable ways of reducing emissions. 

Approximately 20% of the energy used in Finland goes to the heating of buildings. Low energy buildings can reduce, however, the need of heating energy by 60–90%. In practice they would not cost more than normal buildings. If all new buildings were low energy buildings, by 2020 annual savings in energy would be roughly 7 TWh, an amount equal to the production of the Loviisa nuclear power plant. (VTT 1999.)

2. Increasing and developing renewable energy technology

Renewable energy technology presents vast and expanding possibilities for energy production. For example off-shore wind energy could technically meet three times the demand for electricity of five North Sea countries, The United Kingdom, The Netherlands, Belgium, Denmark and Germany. (Greenpeace e.V. 2000.)

Finland has large renewable energy potentials, which are not fully utilised in the government climate strategy. Most important potentials include wood and other bio energy, wind power, heat pumps, and biogas. There is also a wide range of promising renewable energy technologies that wait for commercialisation.

The potential in utilising forest wood residues, thinnings from forestry and agricultural fuel plants is large. The possible electricity production capacity based on biomass in the next 10 years has recently been assessed to be 2,000 MW. (Finnbio 2000.) Wood energy, especially in combined heat and power, is already economically competitive. The employment effects of wood energy are several times better than for example coal power. Using wood creates jobs particularly in the poorer rural areas and this makes wood more competitive from the point of view of the national economy. (Turkki 1999.)

Biogas is methane produced from biowaste. This gas is then burned to produce heat and electricity. Technically the potentials for biogas in Finland have been calculated to be large, at least 7 TWh of energy. (Leinonen 2001.) In the near future more efficient combined heat and power production gives new possibilities to produce more electricity with the same amount of biomass fuel. Gasification of both wood chips and black liquor, a wood based side product of papermaking, could create almost 1,000 MW of power capacity. (KTM 1996.) Wood based pyrolysis oil has a good potential in substituting oil in heating of apartments and later as fuel for transportation (MTI 2001).

According to several studies wind energy could meet tens of percents of the Finnish electricity demand, especially off-shore wind out in the sea. 3,000 MW of wind power capacity dispersed in 12 off-shore wind parks would produce 10% of the Finnish electricity and need only 300 MW of reserve capacity, assuming that electricity could not be bought from Nordic electricity market. (VTT 2000.)

Wind power is the fastest growing form of energy production in the world. 3,500 MW of wind power capacity was built around the world in 2000. (AWEA 2001.) In Germany alone, 1,670 MW of capacity was built, over three times the target Finland has set to reach by 2010 (BWE 2001). At present Germany has 6,100 MW of wind power, which produces 8 TWh of electricity. By 2005 wind is projected to produce 22 TWh, the same amount as the four Finnish nuclear reactors put together. (DEWI 2000.) Germany has also created a booming wind power industry, which has a turnover of 12 billion FIM and employs 30,000 people (BWE 2001).

In the future wind power can be combined with fuel cells, a new and very efficient technology, which uses hydrogen to produce electricity and heat. Wind power can be used to produce hydrogen at times when electricity is not needed and fuel cells use this hydrogen to produce electricity when the demand is high.

Heat pumps collect heat from the ground or air for heating buildings and water. Sweden has 300,000 heat pumps collecting about 10 TWh of solar energy annually. In Stockholm, for example, they are found in detached houses, industrial plants and district heating systems. (The Swedish… 1999.) There are 10,000 heat pumps in Finland so the growth potential is large. Heat pumps are already economically competitive, but the initial investment costs are relatively high (MTI 2001). Solar collectors are utilised to collect heat from sun to warm household water. In southern Finland solar collectors can heat over 70% of household water from April to September. (Motiva 2000.)

Increasing renewable energy has vast possibilities, but the tapping of these potentials is presently limited by higher costs. Waiting for technical development to cut the costs could be useless. According to many studies the costs of small unit size renewable energy technologies are most effectively lowered by investments. This will enable the mass scale production, which will lower costs. (KPMG 1999.) Creating a market for renewable energy technologies will also speed up research and development of these technologies. The cost barrier can be broken either by initially accepting higher cost of electricity or by subsidising renewable energy. It is good to remember that also nuclear and coal were developed with government subsidies and support. The export possibilities of new energy technology are already important, as energy technology exports have doubled to 16 billion FIM (ETLA 1999).

The Finnish nuclear path 

Nuclear power has not gained support as solution to climate change, because its constant safety problems, polluting uranium mining, unresolved radioactive waste problem and high costs. Every EU country, except Finland, France and the UK, have either stopped building new reactors or are phasing out nuclear power (EU Commission 2000). 

If the share of nuclear was to be doubled in the next 25 years from the present 7% in the global primary energy mix, this would mean a new nuclear power project starting every week, an increase of hundred times. No trend for such massive investments can be seen on the energy markets. Nuclear power would also have to be built in developing countries on a large scale. In addition to fast growing safety risks, this would create a proliferation problem of potential nuclear arms materials. (WWF 2000.) 

Nuclear power is a very costly way of providing electricity to development country population, because it requires expensive investments in the electric grid. In contrast, renewable energy production is often decentralised and efficient requiring smaller grids. However the biggest economic problem is that few developing countries will have the financiation required for nuclear power. If they are already locked into industries dependent on cheap electricity, they will instead have to invest in fossil fuels. 

In many cases nuclear power has not lowered emissions because it has important opposite side effects. It promotes the use of electricity by producing large amount of relatively cheap electricity. The growing demand for electricity will in the end lead to rising demand for fossil fuels, and we face the problem again in 20 years. If we are going to mitigate climate change by nuclear power, 5–6 new reactors are needed, as has been publicly stated by the industry.  

In the same time nuclear power blocks the investments and breaking the cost-barriers or renewable energy. The argument that nuclear reactor will buy us time to develop new energy systems is thus deeply flawed. Developing and commercialising new renewable energy technologies further requires investments. Promising energy technology has been waiting for demonstration already decades. Further waiting is not going to do the trick.

3. Changing the structure of the industry to less energy intensive direction

The change in the economy of Finland has been rapid during the last decade as telecommunications and other high technology sectors have grown to be more important than traditional heavy industrial sector. It must be noted that non-energy-intensive sectors employ much more than energy-intensive sectors but use only fraction of the energy. For example, the environment cluster, the production of environmental technologies and services put together, has rapidly grown to 28 billion FIM, which is as big as the basic metal industry. The sector employs 23,000 people – more than basic metal industries. (Statistics Finland 2000.)

Producing and exporting new energy technologies is a rapidly growing part of the environmental sector, and markets for, e.g. wind power are growing by 40% annually (Statistics Finland 2000). The transfer and export of new renewable energy technologies to developing countries could be one of the possibilities created by political solutions to equity question. Emissions trading based on per capita entitlements would bring investment possibilities and financing to projects in the developing countries.

On the other hand the energy-intensive paper and metal industries are facing a challenge. If the efficiency improvements or the renewable energy investments are not progressing fast enough, the industry will have a problem with the growth of production and emissions. If the emission targets are assumed to be met, in principle the efficiency and renewable energy must grow faster than the rate of growth of production and the rate of emission reductions together. However, the energy intensive industries could utilise emissions trading.

The most important effect for production could be the change in consumer preferences. It is crucial to notice that almost 40% Finnish electricity goes to manufacturing paper and basic metals, which both are materials that can in many uses be substituted by other materials and services. The paper, which requires both enormous amounts of electricity and virgin wood to produce, is a good example. The basic question, bound to come up in the next decades, is: does the western consumer need so much different magazines or the advertisements printed on glossy, energy consuming paper? What is the consumer reaction, when the effects of these products are becoming more evident?  Do we need to guide the consumers to choose alternative products? The industry has already warned itself. The recent study on the future forest industries “The Finnish Forest Cluster at a Crossroads” took up the need of the industry to develop new innovative products. (Seppälä 2000) The same applies to the economy at large, not just Finland but in all industrial countries. We are at a cross roads and now is the time for new answers.

Conclusions

Climate change is most likely the biggest environmental threat humankind has ever faced. It will cause considerable additional stress to people, the environment and economies. The worst case scenario would mean an end to the civilisation as we know it.

The impacts are not evenly distributed. Poor nations in the South are more vulnerable as they usually lack the resources required for adaptation. Most of them are located in already hot regions and depend on agriculture – in turn largely reliant on climate. Climate change is likely to flood small islands and low-lying coastal areas, increase water stress, make extreme weather events more common and destructive, threaten food security, wipe out species, spread tropical diseases and force people to leave their homes as climate refugees. Some poor countries may even collapse due to the combined effect of climate change and other maladies.

While the South suffers more, it is the North that is responsible for climate change. More than 80% of the warming so far has been caused by emissions from wealthy Northern nations. Industrialised countries still produce over 60% of the world’s CO2 emissions even though they are home to only one-quarter of the world’s population. The poorest fifth of the world’s population produce only 2% of emissions.

Some industrialised countries have been calling for developing countries to adopt binding emission targets. Emissions from the South are growing fast and they are likely surpass the level of emissions produced by the North in the coming decades. However, if historical emissions are taken into account, North-South convergence takes place in 2035–65.

A ton of carbon has the same effect on climate regardless of where it is emitted. From a social point of view, however, there can be a vast difference. Emissions in the South are often directly linked to meeting basic needs – growing food, rearing cattle, clearing forests. Northern emissions in turn emanate from maintaining affluence. An African produces less than one-tenth of the emissions of a citizen of the industrialised countries and an average person in the United States produces 22 times the emissions of an inhabitant of India. The small survival emissions of the South and the massive luxury emissions of the North should be treated differently.

Even of the current low emission levels in the South a considerable proportion is caused by the consumption in the North. For example, emissions in OPEC countries come mostly from oil production, but nearly two thirds of world's oil is still consumed in OECD countries. The North is also actively exporting its unsustainable lifestyle through various mechanisms. 

Developing countries are already doing a lot to limit emissions – in many cases more than industrialised countries. For instance, in 1980–97 China's economic growth was 10% annually, but energy consumption increased only by 5% a year. Without changes in energy policy the emissions from energy production would have been one-fifth bigger than what was achieved.

The current international climate policy architecture – the UNFCCC and the Kyoto Protocol – is based on questionable premises. The sharp division to Annex I and non-Annex I countries is more or less arbitrary. Economically more prosperous Southern countries have just about as good possibilities to limit their emissions as, say, Greece and Ireland. The targets in the Protocol seem equally dubious. The Protocol also rewards big polluters because reductions have to be made in relation to 1990 levels. 

A prerequisite for an equitable solution is that it is based on some rationally defined criteria. It should define the level of acceptable climate change and devise a global emission budget in accordance with it. The final task would be to distribute responsibilities between different countries in an equitable manner.

A 1ºC rise in temperature is often considered the upper limit above which extensive ecosystem damage is possible. Beyond a 2ºC increase catastrophic changes become likely. However, keeping to the lower one degree limit would require actually reducing CO2 concentrations in the atmosphere. This would mean not only stopping all emissions altogether but even producing negative emissions – i.e. storing carbon already produced back to trees and oceans. A two degree rise seems like a more realistic option, but even that would leave the world with a rather small carbon budget.

The principle of equity is deeply imbedded in the UNFCCC. However, the elusive concept is left undefined. It can be viewed from many different angles: inter- and intragenerational; inter- and intranational; economic and cultural; and equity in negotiations, implementation and end result. Equity between countries has received a lion's share of the attention so far.
Symmetric obligations – all countries reduce emissions by the same amount – would be the simplest burden sharing option, but it would hardly be equitable to require, for example Canada and Malawi to cut their emissions by the same percentage. Equitable burden sharing thus requires some sort of differentiation.

Brazil has proposed a model based on historic emissions. Annex I countries would be required to reduce their emissions by 30% by 2020. The burden would be shared on the basis of the warming each country has caused with their cumulative emissions so far. Countries with a longer history in industrialisation would be required to make larger reductions (e.g. the UK –63%), while those that have industrialised relatively late would have to reduce less (e.g. Japan –9.5%). Emission quotas would be tradable and if a country exceeded its target, it would have to pay a punitive fine into a clean development fund.

The Brazilian proposal contains methodological shortcomings even in its revised form. A computer simulation with a participation threshold for non-Annex I countries shows that the model is not particularly suitable for global implementation. The proposal seems to downplay the significance of current emission levels. Penalising the present generations for what their predecessors did in the early 19th century may also go a bit too far in history.

American Pew Centre has proposed a set of three criteria to define a suitable burden. Responsibility takes into account past, current and future emissions, standard of living the differences between economies and opportunity chances to reduce emissions. Countries are divided into three groups: “Must Act Now”, “Should Act Now, But Differently” and “Could Act Now”. Some more prosperous Southern nations would have to act now and much to the same effect as industrialised countries whereas some Northern nations would fall into Should Act Now with more moderate action required. The criteria discriminate against fast-growing countries of the South and nations with large populations.

Environmental space is a straightforward concept that shares the sustainable consumption of global resources equally to all world's citizens. In the case of climate, environmental space means the amount of greenhouse gases each person can produce without causing further climate change. Depending on the ecological limits the per capita entitlement would be in the order of 0.8–1.6 tons of CO2 per year.

It is impossible to stop a potentially catastrophic climate change without emissions limitations and reductions also in the South. Thus it would make sense to apply per capita entitlements on a global scale. Developing countries would have an incentive to retain low emission levels as they could trade their unused quotas. Industrialised countries would face challenging emission targets, but international emissions trading would ease the transition.

If not implemented on a global scale from the beginning, per capita entitlements could be applied after countries have crossed a threshold based on emission levels or income per capita. A particularly useful approach would seem to be using a dynamic threshold of world average per capita emissions. Another alternative would be to start with a group of countries, "an alliance of the willing", within the UNFCCC.

Centre for Science and Environment has proposed four different approaches to per capita entitlements: sinks, budget, moving entitlements and convergence. The sinks approach would share global sinks equally to all. Trading could be used and excess emissions after trading would have to be covered for by paying a fine to a global climate protection fund. The budget approach would start with a global emission budget aiming at a tolerable concentration target and then sharing the budget to everyone. Moving entitlements would mean setting an ad hoc entitlement and adjusting it as new information becomes available. Convergence would set a target year for countries to reach an equal level of per capita emissions.

Friends of the Earth has estimated the costs and benefits of per capita entitlements coupled with international emissions trading. Assuming a price of 20 USD for a tonne of carbon, a global market worth 58 billion USD a year would be created. Most industrialised countries would suffer small financial losses while poor developing countries would benefit considerably. For instance, India would gain 18 and China 9 billion USD annually. 

Contraction and convergence (C&C) is the most comprehensive application of per capita entitlements. It defines a concentration target and devises a global carbon budget accordingly. To stay within the budget, emissions have to be reduced gradually (contraction). Eventually emissions will reach a level that is 60% lower than currently. Convergence means that countries will reach equal emission levels per capita by a given year. Industrialised countries whose emissions per capita are clearly above the sustainable level would reduce their emissions while developing countries under that level would be allowed to increase their emissions. After the convergence has taken place, the relative shares of different countries will remain static, but the contraction will continue. Emissions trading is a central feature of the model.


While C&C has made recurring appearances in international climate negotiations, it is yet to be put on the official agenda and taken into serious consideration. Many people would argue that it is questionable whether the model can ever garner enough support either from the North or the South.

Per capita entitlements are criticised mostly on five accounts. They: 1) would encourage countries to retain high population growth rates; 2) do not address intranational equity; 3) ignore historic emissions; 4) require uniformity from a diverse set of countries; and 5) are unrealistic. 

It is doubtful whether entitlements would really create an incentive for high population growth, but the problem is easy to solve: population levels used for calculating countries’ emission quotas could be frozen after a given population cut-off year. Per capita entitlements do not as such address intranational equity, but nor does the current UNFCCC framework. One possible solution could be the domestic tradable quotas (DTQs) system proposed by some researchers.

Countries with a large historic responsibility could be required to reduce more emissions than others. Entitlements could be used as a basis for negotiations from which to derive actual emission targets – fair shares with some ad hoc flavour. Countries which have difficulties in reaching the equal per capita level could be given larger quotas provided that other countries make up for the overage. As per capita entitlements are simple, minor revisions would not result in confusion.

Another option would be to follow the example of the EU and form bubbles, i.e. groups of countries that meet the target set for them collectively. In a global framework, bubbles consisting of both Southern and Northern countries would give industrialised nations more time to adjust to the environmental space. Countries emitting more than their fair share could buy emission rights from countries that decide to stay below their quotas with emissions trading. 

Entitlements may seem unrealistic for the time being, but they enjoy relatively widespread support already now. As ample difficulties with the Kyoto Protocol have shown, the realism of conventional wisdom may be doubted as well. This would become even more apparent if developing countries were asked to take on emission targets based on grandfathering. Political realities may change surprisingly fast if climate change progresses as predicted causing unprecedented devastation. Besides, from the two evils – drastic emission reductions coupled with equitable burden sharing and the possible end of civilisation – it should not be too difficult to choose the lesser.

Equitable burden sharing will affect Finland by requiring faster emission reduction targets and expanding the scope of emissions trading and export markets for new technologies. A Northern industrialised country like Finland should take initiative to develop possibilities for global emission reductions. The investments in developing more efficient production methods and energy technology will create advantage for domestic industry.

Stabilisation targets calculated with Contraction and Convergence imply that to reach a 400 ppm stabilisation level Finland would have to reduce CO2 emissions by 30% by 2020 and 65% by 2030. The model includes emissions trading which can be used to reach part of the targets. Assuming fast emission reduction tracks in the North for equity reasons is essential to get developing countries in the process, but it also leaves open the possibility of even lower stabilisation targets later.

Finland has good possibilities to increase renewable energy production and several promising technologies are waiting to be commercialised. Also good possibilities exist to reduce emissions by energy efficiency, some of them with negative costs. Even the energy-intensive industry has possibilities to increase efficiency, but they are insufficient compared to the scale of the challenge. The efficiency improvements and increases in renewable energy should be faster than the growth of production and emission reduction rate combined. This will put pressure on paper, metal and chemical industries to develop less energy-intensive products.

Finland has been the only western country seriously considering nuclear power. This is short-sighted as nuclear power increases the demand for energy, and effectively stops the investments and development in renewable energy. In this way the problems are transferred cumulated to the next target periods. Finnish nuclear power is also affecting the choices of developing countries. Any meaningful climate strategy should make rapid reduction of emissions possible in the coming decades.

Energy efficiency research and projects in Northern countries have a major implication for energy paths also in developing countries. The visions and energy paths are now discussed in industrialised countries, but this should be enlarged to meet the needs of both groups of countries. Energy saving and renewable energy technologies such as district heating or cooling, frequency converters and wind power turbines must be transferred to developing countries. It is essential that developing countries leapfrog over the inefficient and polluting period the industrialised countries have experienced. On the other hand industrialised countries themselves must be prepared to show the way forward and take themselves the technological leap they are recommending.
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The three tiers of Pew Center

Tier 1: “Must Act Now”

Argentina
Czech Republic
Italy
Netherlands
Spain

Australia
Denmark
Japan
Norway
Thailand

Austria
France
Korea, South
Portugal
United Arab Emirates

Belgium
Germany
Kuwait
Saudi Arabia
United Kingdom

Canada
Greece
Malaysia
Singapore
United States

Chile
Israel
Mexico
Slovenia
Venezuela







Tier 2: “Should Act Now, But Differently”

Algeria
Estonia
Jordan
Poland
Trinidad & Tobago

Azerbaijan
Finland
Kazakhstan
Romania
Tunisia

Belarus
Gabon
Kyrgyz Republic
Russia
Turkey

Belize
Georgia
Latvia
Slovak Republic
Turkmenistan

Brazil
Hungary
Lithuania
South Africa
Ukraine

Bulgaria
Iceland
Mauritius
Suriname
Uruguay

China
India
Moldova
Sweden
Uzbekistan

Colombia
Iran
New Zealand
Switzerland
Yugoslavia

Ecuador
Ireland
Oman
Syria


Egypt
Jamaica
Panama
Tajikistan








Tier 3: “Could Act Now”

Albania
Comoros
Grenada
Mauritania
Samoa

Angola
Congo, Democratic Republic of
Guatemala
Mongolia
Senegal

Armenia
Congo, Republic of
Guinea
Morocco
Sierra Leone

Bangladesh
Cook Islands
Guinea-Bissau
Mozambique
Solomon Islands

Barbados
Costa Rica
Guyana
Myanmar
Sri Lanka

Benin
Cote D’Ivoire
Haiti
Nepal
Sudan

Bhutan
Djibouti
Honduras
Nicaragua
Swaziland

Bolivia
Dominica
Indonesia
Niger
Tanzania

Botswana
Dominican Republic
Kenya
Nigeria
Togo

Burkina Faso
El Salvador
Kiribati
Niue
Uganda

Cambodia
Eritrea
Laos
Pakistan
Vanuatu

Cameroon
Ethiopia
Madagascar
Papua New Guinea
Vietnam

Cape Verde
Fiji
Malawi
Paraguay
Yemen

Central African Republic
Gambia
Maldives
Peru
Zambia

Chad
Ghana
Mali
Philippines
Zimbabwe

(Claussen & McNeilly 1998.)
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		2142		2142		2142		2142		2142		2142		2142

		2144		2144		2144		2144		2144		2144		2144

		2146		2146		2146		2146		2146		2146		2146

		2148		2148		2148		2148		2148		2148		2148

		2150		2150		2150		2150		2150		2150		2150

		2152		2152		2152		2152		2152		2152		2152

		2154		2154		2154		2154		2154		2154		2154

		2156		2156		2156		2156		2156		2156		2156

		2158		2158		2158		2158		2158		2158		2158

		2160		2160		2160		2160		2160		2160		2160

		2162		2162		2162		2162		2162		2162		2162

		2164		2164		2164		2164		2164		2164		2164

		2166		2166		2166		2166		2166		2166		2166

		2168		2168		2168		2168		2168		2168		2168

		2170		2170		2170		2170		2170		2170		2170

		2172		2172		2172		2172		2172		2172		2172

		2174		2174		2174		2174		2174		2174		2174

		2176		2176		2176		2176		2176		2176		2176

		2178		2178		2178		2178		2178		2178		2178

		2180		2180		2180		2180		2180		2180		2180

		2182		2182		2182		2182		2182		2182		2182

		2184		2184		2184		2184		2184		2184		2184

		2186		2186		2186		2186		2186		2186		2186

		2188		2188		2188		2188		2188		2188		2188

		2190		2190		2190		2190		2190		2190		2190

		2192		2192		2192		2192		2192		2192		2192

		2194		2194		2194		2194		2194		2194		2194

		2196		2196		2196		2196		2196		2196		2196

		2198		2198		2198		2198		2198		2198		2198

		2200		2200		2200		2200		2200		2200		2200



UNITED STATES

OECD minus USA

Annex 1 (non-OECD)

CHINA

INDIA

Rest of World

Deforestation

Historical/Allocated CO2 Emissions

39922430.8757273

29390033.4249619

12496751.7538625

1245330.19227213

1052792.38287418

7095148.26221598

5701093.13539949

42180568.6676868

31052425.8126011

13203607.1931011

1315769.97033553

1112341.61909819

7496472.0814078

6186081.96115397

49110053.3422991

36153763.1244139

15372714.8316211

1531926.55932291

1295078.70505832

8728003.33009773

6712328.51687713

54815583.4470101

40354051.4537134

17158693.0844161

1709903.4196106

1445538.9476522

9742009.26910163

7283342.57473646

58295962.4533481

42916231.4884467

18248141.5848581

1818469.48039569

1537319.8444316

10360553.8946918

7902932.48126786

61919757.2468028

45583991.1355575

19382482.9299959

1931509.2169021

1632882.75159835

11004586.8547947

8575230.5569313

74634473.6190465

54944291.3720933

23362517.477975

2328128.8574701

1968181.88678309

13264288.8767964

9304720.65639246

78150009.7341858

57532353.3128161

24462971.0613099

2437791.60019822

2060889.90988065

13889081.7416329

10096268.0733425

81654906.7826234

60112583.0018669

25560094.3420418

2547122.47057562

2153317.37069434

14511983.7958663

10955151.9893039

84028465.0268882

61859945.4395949

26303079.3632757

2621162.64498034

2215910.35376315

14933820.524809

11887100.6828385

96746164.49342

71222441.7658705

30284047.6967974

3017875.33943564

2551288.15597479

17194052.7123286

12898329.7339827

111427017.951457

82030169.761738

34879533.9228496

3475826.16203278

2938436.191695

19803183.2090381

13995583.4787139

119810632.942959

88202006.4815318

37503821.8995733

3737342.52364416

3159520.07387336

21293147.3728737

15186179.9899239

119012238.260888

87614245.5191437

37253903.7476825

3712437.60224726

3138465.64854469

21151253.9932172

16478059.8849001

136955327.299459

100823561.059879

42870553.948931

4272149.77488317

3611641.93191892

24340159.9345189

17879839.2848308

148772975.90517

109523459.335299

46569783.1216149

4640786.51086164

3923284.53891108

26440432.0654748

19400867.2795474

157117184.460321

115666285.885719

49181735.8661954

4901073.63808322

4143329.2359718

27923392.7853248

21051288.2807589

161270709.503128

118724021.528609

50481896.458244

5030637.64575267

4252861.63245226

28661571.1813575

22842109.6796428

175960816.460681

129538561.75144

55080279.2685916

5488877.11966884

4640253.69173496

31272346.2410243

24785275.2600292

194133018.751631

142916545.532004

60768647.8340699

6055736.19304143

5119471.90897014

34501970.9576808

26893744.8568025

223335005.9883

164414419.33715

69909623.9021879

6966655.58302978

5889556.02091349

39691846.0341876

29181580.7908012

235653735.551729

173483202.617137

73765704.3537102

7350922.91142788

6214412.6082149

41881171.9529115

31664041.6566855

261102132.897355

192217764.420948

81731709.8595348

8144753.76952612

6885510.99311111

46403946.4494112

34357684.0892854

295556264.046183

217582153.409288

92516742.5946957

9219507.2058011

7794099.12355202

52527250.1507234

37280473.1871587

313190896.316927

230564389.72369

98036837.862545

9769597.45618527

8259141.10927725

55661336.1210918

40451902.3298162

342055353.968693

251813781.520986

107072158.454792

10669988.0338332

9020324.24579939

60791224.3081427

43893123.1877346

368320166.164718

271149370.346837

115293722.890516

11489285.9298928

9712952.2649616

65459094.7890289

47627086.7922468

358941850.687879

264245256.561979

112358067.976408

11196741.1334019

9465637.18715631

63792349.1200312

51678696.6061705

383490853.285976

282317703.331403

120042539.701798

11962516.4996551

10113017.6791631

68155280.1666203

56074974.6160705

400501571.33196

294840627.436659

125367333.706385

12493144.5278138

10561606.454776

71178482.0091806

60845241.5538959

413558125.660645

304452581.41134

129454372.361779

12900427.3749723

10905920.1812274

73498936.6188734

66021312.4499739

388618380.633221

286092478.48455

121647588.166134

12122463.288394

10248235.4406006

69066561.5177107

71637708.8215863

434569602.296993

319920777.788768

136031507.114016

13555854.0527945

11460012.7570163

77233166.6913608

77731888.9123115

440472756.733356

324266552.892932

137879346.885736

13739995.5564051

11615684.5407531

78282295.0891566

84344497.517699

477309775.379158

351385172.313833

149410284.939133

14889080.1814298

12587111.6755089

84829093.5454828

91519637.0634755

475703446.5095

350202627.610639

148907462.523792

14838972.7657183

12544751.2590395

84543611.3932655

99305161.7442226

397688027.436899

292769357.042933

124486621.815001

12405379.5525119

10487410.6326122

70678449.555249

107752996.684269

450921054.932564

331958364.903693

141149934.021381

14065917.1228007

11891216.078208

80139201.6748807

116919484.249424

515406577.819011

379431217.420074

161335567.850606

16077462.1828931

13591760.5042686

91599785.0013337

126865759.819254

526147959.71503

387338791.333521

164697897.751454

16412526.1278587

13875020.9369029

93508779.4042707

137658159.5261

587033259.856614

432161237.437071

183756568.895434

18311766.7519551

15480624.0730847

104329519.074126

149368662.68023

606234363.256017

446296676.044536

189767010.076471

18910721.1057782

15986975.3888299

107742003.545349

162075371.831847

619410080.474982

455996355.171507

193891349.793586

19321721.0899398

16334431.5537666

110083636.183417

175863033.671709

593185249.606669

436690199.737662

185682300.545845

18503670.3612855

15642857.8801527

105422871.318138

190823604.244476

699374019.671251

514864084.27061

218922127.616393

21816095.946123

18443156.5047222

124295095.550567

207056862.24444

696069000

512431000

217887571.116018

21713000

18356000

123707716.373933

224671074.483984

697920000

576030000

254749709.7445

35396000

20263000

146069715.507975

243783717.973073

680491000

610640000

294579240.384876

44508000

21703000

164860376.136372

264522263.425643

781912000

689791000

355137285.805245

59702000

24372000

206683831.245309

287025025.41845

750766000

688015000

409842733.441937

145012000

28577000

229258731.256106

311442084.87245

799544000

747785000

451254742.440663

215295000

33193000

258152450.598867

337936290.009169

831489000

824163000

495114103.544624

121402000

39486000

286501189.935155

366684342.457866

912912000

921150000

564484186.301073

120432000

41437000

329906925.401588

397877975.757233

999673000

972794000

619100677.295573

144066000

47224000

381077025.492574

431725234.11158

1080969000

1075142000

668685185.322288

129195000

51475000

441984120.552772

468451859.9301

1155779000

1194001000

724195234.227674

211607000

53261000

511378427.048834

508302799.403321

1215253000

1269178000

797898026.59315

255513000

59396000

581986800.441344

551543836.158117

1218402000

1311428000

858622423.421074

270967000

63578000

662201440.709622

598463363.886846

1248095000

1335910000

944100298.241574

328181000

72232000

734544603.738527

649374309.773053

1274009000

1359760000

1012087585.99762

407398000

87046000

807693354.600384

704616221.541942

1236297000

1394803000

1051133912.11594

406440000

95547000

871973067.884061

764557532.055059

1139230000

1302891000

1046870205.4094

431541000

109186000

895855794.590605

829598016.552798

1184227000

1304014000

1073724876.87629

494786000

122502000

941961123.123712

900171458.933158

1224096000

1317976000

1145285472.28243

564391000

144167000

1022923527.71757

976748544.849347

1340168000

1330139000

1203699704.31207

646047000

164699000

1115109295.68793

1059840000.9216

1367124272.72727

1477548363.63636

1138564658.49443

638355000

185795000

1176230747.36846

1150000001

1422356093.34545

1493866111.27273

1071614454.54545

728213000

209711000

1247621000

1132857143.8

1479819279.51661

1513045858.90909

978684818.181818

828436000

236448000

1352587000

1115714286.6

1539603978.40908

1528290606.54545

955277181.818182

906865200.052505

260162200.014893

1467325000.07101

1098571429.4

1601803979.13681

1539600354.18182

1001391545.45455

996344000.078751

285555600.022339

1589254000.107

1081428572.2

1665876138.30228

1553772101.81818

1021526476.67624

1085822800.105

310949000.029785

1711250400.14267

1064285715

1616177315.5244

1527452668.59977

996458244.993405

1130919405.13808

382504061.126636

1893325500.66042

1032582857.7616

1552738776.38545

1489136025.57464

963185477.851953

1170223874.3779

454794349.980343

2070803792.41433

1000880000.5232

1477774072.9695

1440563816.59627

922978376.598477

1203929917.68956

526930094.61782

2242201271.33362

969177143.284801

1393328031.16884

1383351678.04389

877012143.77907

1232242578.85293

598116569.867523

2406225569.24989

937474286.046401

1301282492.85252

1318993377.16397

826370175.696895

1255377269.66227

667650257.486355

2561767686.6031

905771428.808

1203362058.03482

1248864950.41156

772047254.969752

1273558804.02588

734915006.286559

2707893725.14761

874068571.5696

1101139827.04377

1174228841.79173

714952743.087649

1287020432.0657

799378192.262612

2843836620.65815

842365714.331199

996043142.689689

1096238041.20097

655913772.970365

1296002874.21689

860586878.718132

2968987875.63584

810662857.092799

889359332.433642

1015940222.76863

595678441.525018

1300753355.32754

918163976.392763

3082889292.01418

778959999.854398

782241450.555978

934281883.198268

534919002.203636

1301524638.75821

971804403.589083

3185224703.86505

747257142.615998

675714020.324832

852112480.109117

474235057.560719

1298574060.48155

1021271246.29949

3275811710.10471

715554285.377597

570678776.164626

770188570.377458

414156751.810811

1292162563.18199

1066391918.33312

3354593407.19982

683851428.139197

467920405.824582

689177948.478044

355147963.386064

1282553730.35527

1107054321.4427

3421630121.87344

654639999.529597

368112292.547225

609663784.825502

297609497.493808

1270012820.40812

1143203005.45151

3477091143.81097

627919999.548797

271822257.236893

532148764.115747

241882278.674117

1254805800.75786

1174835328.38023

3521246458.36626

601199999.567997

264896949.339816

518591029.454826

235719761.771739

1222836687.52328

1144903650.01032

3431534467.32638

574479999.587197

257678504.805053

504459418.684392

229296395.891771

1189514375.48473

1113705014.02813

3338025118.56544

547759999.606397

250231787.06701

489880915.506248

222669900.057948

1155138291.97602

1081519764.8581

3241558667.55409

521039999.625597

242618096.414172

474975528.020865

215894822.612309

1119991415.87591

1048612846.75199

3142929211.97189

494319999.644797

234895169.989102

459856288.727387

209022541.215203

1084340277.60816

1015233803.78883

3042884691.7073

467599999.663997

227117181.788439

444629254.523627

202101262.845282

1048434959.14149

981616779.874927

2942126888.85774

440879999.683197

219334742.662901

429393506.706067

195176023.799507

1012509093.98962

947980518.743881

2841311427.72951

414159999.702397

211594900.317283

414241150.969863

188288689.693143

976779867.211224

914528363.956567

2741047774.83788

387439999.721598

203941139.310457

399257317.408838

181477955.459762

941448015.409958

881448258.901146

2641899238.90698

360719999.740798

196413381.055373

384520160.515486

174779345.351242

906697826.734458

848912746.793058

2544382970.86992

333999999.759998

189047983.819058

370100859.180973

168225212.937769

872697140.878338

817078970.675031

2448969963.8687

307279999.779198

181877742.722619

356063616.695135

161844741.107833

839597349.080186

786088673.41707

2356085053.25424

280559999.798398

174931889.741236

342465660.746476

155663942.068231

807533394.123568

756068197.716467

2266106916.58638

253839999.817598

168236093.704171

329357243.422172

149705657.344067

776623770.337026

727128486.097793

2179368073.6339

227119999.836798

161812460.294761

316781641.20807

143989557.77875

746970523.59408

699365080.912905

2096154886.37449

200399999.855998

155679532.05042

304775154.988687

138532143.533995

718659251.313225

672858124.340938

2016707558.99475

173679999.875198

149852288.362642

293367110.04721

133346744.089826

691759102.457935

647672358.388315

1941220137.89022

146959999.894399

144342145.476997

282579856.065495

128443518.244569

666322777.536659

623857124.888736

1869840511.66535

120239999.913599

139156956.493132

272428767.124071

123829454.114861

642386528.602823

601446365.503189

1802670411.13351

93519999.9327989

134301011.364773

262922241.702137

119508369.135641

619970159.254831

580458621.71994

1739765409.317

66799999.9519991

129775036.899722

254061702.677559

115480910.060156

599077024.636063

560897034.85454

1681134921.44702

40079999.9711992

125576196.75986

245841597.326877

111744552.959961

579694031.434875

542749346.049821

1626742204.96373

13359999.9903993

121698091.461144

238249397.325301

108293603.224914

561791637.884601

525987896.2759

1576504359.51616

118130758.373609

231265598.746709

105119195.563181

545323853.763552

510569626.330174

1530292326.96231

114860671.721369

224863722.063652

102209294.001234

530228240.395014

496436076.837323

1487930891.36907

111870742.582615

219010312.14735

99548691.8838511

516425910.647252

483513388.249312

1449198679.01226

109140318.889612

213664938.267693

97119011.8741173

503821528.933506

471712300.845384

1413828158.37662

106645185.428708

208780194.093242

94898705.9534232

492303311.211994

460928154.732069

1381505640.15581

104357563.840325

204301697.691229

92863055.4214657

481743024.985909

451040889.843177

1351871277.25243

102246112.618964

200168091.527555

90984170.8962479

471995989.303424

441915045.939802

1324519064.77796

100275927.113202

196311042.466792

89230992.3140793

462901074.757686

433399762.610318

1298996840.05284

98408539.5256947

192655241.772183

87569288.9295757

454280703.486819

425328779.270385

1274806282.60642

96601918.9131757

189118405.105639

85961659.3156589

445940849.173925

417520435.162943

1251402914.17695

94810471.1864552

185611272.527745

84367531.3635572

437671037.047083

409777669.358216

1228196098.71163

92985039.1104214

182037608.497753

82743162.282805

429244343.879347

401888020.753709

1204549042.36657

91249525.0823828

178639977.801451

81198807.1882661

421232736.986606

394387004.413968

1182066804.5734

89600786.7557462

175412228.639964

79731669.8484541

413621710.438503

387261038.891214

1160708678.66989

88034485.3454414

172345866.936551

78337889.3756327

406391235.217804

380491371.644598

1140418459.06156

86546499.0056518

169432823.318309

77013797.9264524

399522283.758141

374060187.760312

1121142750.43364

85132911.9828517

166665431.880978

75755911.0497311

392996779.87146

367950563.070241

1102830827.23712

83790004.3111916

164036410.015515

74560918.5168459

386797551.179114

362146419.614674

1085434500.20042

82514242.0231145

161538839.243324

73425675.6106049

380908283.921385

356632483.331885

1068907989.51556

81302267.8494413

159166147.009743

72347194.849676

375313480.026542

351394243.863235

1053207804.36494

80150892.3844517

156912089.387842

71322638.1267936

369998416.326442

346417916.368018

1038292628.47185

79057085.6927117

154770734.647035

70349309.2400552

364949105.811346

341690405.247562

1024123211.37342

78017969.3355586

152736447.643268

69424646.7976538

360152260.822005

337199269.683128

1010662265.12991

77030808.7962631

150803874.98969

68546217.4773724

355595258.082132

332932690.896916

997874366.198574

76093006.2839325

148967930.968791

67711709.6231051

351266105.479252

328879441.050015

985725862.213805

75202093.8972184

147223784.148937

66918927.1615512

347153410.506516

325028853.695459

974184783.428274

74355727.1298399

145566844.670075

66165783.823075

343246350.282417

321370795.70863

963220758.58202

73551678.7008304

143992752.165157

65450297.6515225

339534643.069522

317895640.621143

952804934.978079

72787832.6932714

142497364.285484

64770585.7885477

336008521.217273

314594243.288031

942909902.554334

72062178.9860903

141076745.799795

64124859.5187217

332658705.457636

311457915.821574

933509621.751777

71372807.9642683

139727158.238391

63511419.5623869

329476380.485981

308478404.728439

924579354.989348

70717905.4935374

138445050.055057

62928651.6038689

326453171.762908

305647869.189962

916095601.56504

70095748.146343

137227047.280889

62375022.0432768

323581123.47599

302958860.428408

908036035.811948

69504698.6665084

136069944.64543

61849073.9607143

320852677.603417

300404302.104933

900379448.34651

68943201.6606655

134970697.141744

61349423.2822799

318260654.024472

297977471.69763

893105690.254344

68409779.5051147

133926412.013242

60874755.1377672

315798231.624475

295671982.810694

886195620.066787

67903028.4573414

132934341.141165

60423820.4004802

313458930.344478

293481768.368103

879631053.388607

67421614.9619569

131991873.812692

59995432.4000575

311236594.128481

291401064.647643

873394715.044336

66964272.1413415

131096529.850643

59588463.799656

309125374.723284

289424396.113205

867470193.617279

66529796.461757

130245953.086696

59201843.6292745

307119716.288346

287546561.005489

861841898.261575

66117044.5661516

129437905.160946

58834554.4674121

305214340.775155

285762617.653159

856495017.673656

65724930.2653265

128670259.631484

58485629.7636428

303404234.037624

284067871.468446

851415481.115132

65352421.6795427

127940996.378495

58154151.295062

301684632.63697

282457862.592968

846589921.384536

64998538.5230481

127248196.288156

57839246.7499103

300051011.306348

280928354.161264

842005639.640468

64662349.5243782

126590036.202333

57540087.4320161

298499071.042257

279475321.151146

837650571.983605

64342969.9756418

125964784.120802

57255886.0800166

297024727.791371

278094939.791533

833513257.709584

64039559.4043422

125370794.643347

56985894.7956171

295624101.703029

276783577.499901

829582809.149264

63751319.3616076

124806504.639765

56729403.0754376

294293506.919104

275537783.32285

825848883.016961

63477491.3210097

124270429.136362

56485735.941267

293029441.874375

274354278.854652

822301653.191272

63217354.6824417

123761157.408129

56254252.163805

291828580.081883

273229949.609864

818931784.856869

62970224.8758021

123277349.266308

56034342.5752161

290687761.379016

272161836.827316

815730409.939185

62735451.5594945

122817731.531578

55825428.4660566

289603983.611292

271147129.683894

812689103.767385

62512416.9090023

122381094.683585

55626960.0623551

288574394.731954

270183157.897644

809799862.904175

62300533.9910347

121966289.677991

55438415.0788387

287596285.296583

269267384.700707

807055084.084126

62099245.2189654

121572224.922676

55259297.3444981

286667081.33298

268397400.163616

804447544.20508

61908020.8854996

121197863.405128

55089135.4968745

285784337.567558

267570914.853379

801970381.319985

61726357.7687072

120842219.963457

54927481.7416321

284945730.990406

266785753.808655

799617076.579146

61553777.8077543

120504358.693869

54773910.6741518

284149054.742113

266039850.816167

797381437.075348

61389826.8448491

120183390.487761

54628018.1600456

283392212.306234

265331242.973303

795257579.54674

61234073.4300891

119878470.691958

54489420.2716446

282673211.992149

264658065.522582

793239914.894563

61086107.6860672

119588796.885946

54357752.2776637

281990161.693768

264018546.944398

791323133.474994

60945540.2292463

119313606.770234

54232667.6833819

281341263.910306

263411004.295123

789502191.126404
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Welcome to CCOptions - GCI's toolkit for exploring the possible global and national CO2 emissions under a regime of "Contraction and Convergence".

Copyright (c) Global Commons Institute 1997-9.

More information about CCOptions can be obtained from or any comments on it sent to: tonycooper@gci.org.uk . The spreadsheet can be downloaded from GCI's website www.gci.org.uk

To start using CCOptions, click the control tab. You should have read the associated document "howtousev55.html".

Note that "OECD" in CCOptions refers to the OECD as it was at the time of the Rio conference in 1992, comprising  24 leading 'Western' industrialised countries. Several other nations have since joined.

CCOptions is free software; you can redistribute it and/or modify it under the terms of the GCI software use licence which is enclosed with the CCOptions distribution package. You also require a valid license to and a copy of Microsoft Excel (v5 or later) to run it.

CCOptions is distributed in the hope that it will be useful, but without any warranty; without even the implied warranty of merchantability or fitness for a particular purpose.



Control

		

		CONTRACTION AND CONVERGENCE OPTIONS						0		2.2244

		Initial year for contraction & convergence		2000						0.4830

		Global emissions in 1990		5983618042		Values		Total emissions		5.9E11

				Data Entries		used		90s emissions		65800567483

		Use scenario, or if blank, typed-in values						100(nr yrs)*final_yr_emns		2.39345E11

		CONVERGENCE:…... year (up to 2100)		2030		2030		Tv=T-T90s-100C2100		2.79983E11

		Population cutoff year (up to 2060)		2030		2030		A=Tv/Cv00=var part of area		0.5650

		Conv. mode (1=linear;2=exponential)		1		1		k		-4.8195

		Speed of convergence parameter		4		4

		CONTRACTION scenario, or values if blank		0		0

		Emissions Growth Rate in 2000		1.50%		1.50%		0

		Contraction year (up to 2100)		2100		2100

		Emissions decline rate  in contrn. year		1.00%		1.00%

		Contraction level of  emissions		40%		40%

		Planned total 110-year emissions		590		590		r7c122		r6c121

		PHASE2:…………………………………...... start year		2100		2100		r4c122		2393447217

		Contraction year		0		0				0.0000

		Emissions decline rate  in contrn. year		0.00%		0		-0.96%		20.2162

		Contraction level		0%		0				0.0000

		Planned total 110-year emissions		0		0		Total		-5.87599E11

		22nd CENTURY:Target concentration in ppm		450		450		T90s allowed for in cumulative

		Emissions smoothing parameter		0.05		0.05		yrs_left*C00		0

						Results		Tv=T-T90s-100fC00		-5.91274E11

		Actual total 110-year industrial CO2 emissions				587GTC		A=Tv/Cv00=var part of area		0.1176

		Deforestation 110-year CO2 Emissions				50GTC		k2		-62.0113

		Bunker fuels 110-year total

		Overall total 110-year CO2 emissions				637GTC		1500000000

		Phase 1 Target 2100 world emissions				2393447217		92%		16

		Phase 2 Target 2100 world emissions				0				1

		Annex 1 reduction in 2010				13.47%				2										ppmv		GTC/110yr		Report Year

		Peak US decline rate				13.08%														350		300-430		1994

		Peak China decline rate				1.91%														450		630-650		1995

		Peak Global decline rate				1.91%														550		870-890		1995

		Per Capita Convergence amount				0.81														650		1030-1190		1995

		US 2010 compared to 1990				-4.82%														750		1200-1300		1995

		Scenario CO2 concentrations in 2100 (approx)				448ppm														400		500		interpolated

		Scenario CO2 concentrations in 2200 (approx)				450ppm														500		760		interpolated

		Approx. scenario temperature rise in 2200 (2.5C sensitivity)				1.6degC

		Version 5.5
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Control

		1860		1860		1860		1860		1860		1860		1860

		1862		1862		1862		1862		1862		1862		1862

		1864		1864		1864		1864		1864		1864		1864

		1866		1866		1866		1866		1866		1866		1866

		1868		1868		1868		1868		1868		1868		1868

		1870		1870		1870		1870		1870		1870		1870

		1872		1872		1872		1872		1872		1872		1872

		1874		1874		1874		1874		1874		1874		1874

		1876		1876		1876		1876		1876		1876		1876

		1878		1878		1878		1878		1878		1878		1878

		1880		1880		1880		1880		1880		1880		1880

		1882		1882		1882		1882		1882		1882		1882

		1884		1884		1884		1884		1884		1884		1884

		1886		1886		1886		1886		1886		1886		1886

		1888		1888		1888		1888		1888		1888		1888

		1890		1890		1890		1890		1890		1890		1890

		1892		1892		1892		1892		1892		1892		1892

		1894		1894		1894		1894		1894		1894		1894

		1896		1896		1896		1896		1896		1896		1896

		1898		1898		1898		1898		1898		1898		1898

		1900		1900		1900		1900		1900		1900		1900

		1902		1902		1902		1902		1902		1902		1902

		1904		1904		1904		1904		1904		1904		1904

		1906		1906		1906		1906		1906		1906		1906

		1908		1908		1908		1908		1908		1908		1908

		1910		1910		1910		1910		1910		1910		1910

		1912		1912		1912		1912		1912		1912		1912

		1914		1914		1914		1914		1914		1914		1914

		1916		1916		1916		1916		1916		1916		1916

		1918		1918		1918		1918		1918		1918		1918

		1920		1920		1920		1920		1920		1920		1920

		1922		1922		1922		1922		1922		1922		1922

		1924		1924		1924		1924		1924		1924		1924

		1926		1926		1926		1926		1926		1926		1926

		1928		1928		1928		1928		1928		1928		1928

		1930		1930		1930		1930		1930		1930		1930

		1932		1932		1932		1932		1932		1932		1932

		1934		1934		1934		1934		1934		1934		1934

		1936		1936		1936		1936		1936		1936		1936

		1938		1938		1938		1938		1938		1938		1938

		1940		1940		1940		1940		1940		1940		1940

		1942		1942		1942		1942		1942		1942		1942

		1944		1944		1944		1944		1944		1944		1944

		1946		1946		1946		1946		1946		1946		1946

		1948		1948		1948		1948		1948		1948		1948

		1950		1950		1950		1950		1950		1950		1950

		1952		1952		1952		1952		1952		1952		1952

		1954		1954		1954		1954		1954		1954		1954

		1956		1956		1956		1956		1956		1956		1956

		1958		1958		1958		1958		1958		1958		1958

		1960		1960		1960		1960		1960		1960		1960

		1962		1962		1962		1962		1962		1962		1962

		1964		1964		1964		1964		1964		1964		1964

		1966		1966		1966		1966		1966		1966		1966

		1968		1968		1968		1968		1968		1968		1968

		1970		1970		1970		1970		1970		1970		1970

		1972		1972		1972		1972		1972		1972		1972

		1974		1974		1974		1974		1974		1974		1974

		1976		1976		1976		1976		1976		1976		1976

		1978		1978		1978		1978		1978		1978		1978

		1980		1980		1980		1980		1980		1980		1980

		1982		1982		1982		1982		1982		1982		1982

		1984		1984		1984		1984		1984		1984		1984

		1986		1986		1986		1986		1986		1986		1986

		1988		1988		1988		1988		1988		1988		1988

		1990		1990		1990		1990		1990		1990		1990

		1992		1992		1992		1992		1992		1992		1992

		1994		1994		1994		1994		1994		1994		1994

		1996		1996		1996		1996		1996		1996		1996

		1998		1998		1998		1998		1998		1998		1998

		2000		2000		2000		2000		2000		2000		2000

		2002		2002		2002		2002		2002		2002		2002

		2004		2004		2004		2004		2004		2004		2004

		2006		2006		2006		2006		2006		2006		2006

		2008		2008		2008		2008		2008		2008		2008

		2010		2010		2010		2010		2010		2010		2010

		2012		2012		2012		2012		2012		2012		2012

		2014		2014		2014		2014		2014		2014		2014

		2016		2016		2016		2016		2016		2016		2016

		2018		2018		2018		2018		2018		2018		2018

		2020		2020		2020		2020		2020		2020		2020

		2022		2022		2022		2022		2022		2022		2022

		2024		2024		2024		2024		2024		2024		2024

		2026		2026		2026		2026		2026		2026		2026

		2028		2028		2028		2028		2028		2028		2028

		2030		2030		2030		2030		2030		2030		2030

		2032		2032		2032		2032		2032		2032		2032

		2034		2034		2034		2034		2034		2034		2034

		2036		2036		2036		2036		2036		2036		2036

		2038		2038		2038		2038		2038		2038		2038

		2040		2040		2040		2040		2040		2040		2040

		2042		2042		2042		2042		2042		2042		2042

		2044		2044		2044		2044		2044		2044		2044

		2046		2046		2046		2046		2046		2046		2046

		2048		2048		2048		2048		2048		2048		2048

		2050		2050		2050		2050		2050		2050		2050

		2052		2052		2052		2052		2052		2052		2052

		2054		2054		2054		2054		2054		2054		2054

		2056		2056		2056		2056		2056		2056		2056

		2058		2058		2058		2058		2058		2058		2058

		2060		2060		2060		2060		2060		2060		2060

		2062		2062		2062		2062		2062		2062		2062

		2064		2064		2064		2064		2064		2064		2064

		2066		2066		2066		2066		2066		2066		2066

		2068		2068		2068		2068		2068		2068		2068

		2070		2070		2070		2070		2070		2070		2070

		2072		2072		2072		2072		2072		2072		2072

		2074		2074		2074		2074		2074		2074		2074

		2076		2076		2076		2076		2076		2076		2076

		2078		2078		2078		2078		2078		2078		2078

		2080		2080		2080		2080		2080		2080		2080

		2082		2082		2082		2082		2082		2082		2082

		2084		2084		2084		2084		2084		2084		2084

		2086		2086		2086		2086		2086		2086		2086

		2088		2088		2088		2088		2088		2088		2088

		2090		2090		2090		2090		2090		2090		2090

		2092		2092		2092		2092		2092		2092		2092

		2094		2094		2094		2094		2094		2094		2094

		2096		2096		2096		2096		2096		2096		2096

		2098		2098		2098		2098		2098		2098		2098

		2100		2100		2100		2100		2100		2100		2100

		2102		2102		2102		2102		2102		2102		2102

		2104		2104		2104		2104		2104		2104		2104

		2106		2106		2106		2106		2106		2106		2106

		2108		2108		2108		2108		2108		2108		2108

		2110		2110		2110		2110		2110		2110		2110

		2112		2112		2112		2112		2112		2112		2112

		2114		2114		2114		2114		2114		2114		2114

		2116		2116		2116		2116		2116		2116		2116

		2118		2118		2118		2118		2118		2118		2118

		2120		2120		2120		2120		2120		2120		2120

		2122		2122		2122		2122		2122		2122		2122

		2124		2124		2124		2124		2124		2124		2124

		2126		2126		2126		2126		2126		2126		2126

		2128		2128		2128		2128		2128		2128		2128

		2130		2130		2130		2130		2130		2130		2130

		2132		2132		2132		2132		2132		2132		2132

		2134		2134		2134		2134		2134		2134		2134

		2136		2136		2136		2136		2136		2136		2136

		2138		2138		2138		2138		2138		2138		2138

		2140		2140		2140		2140		2140		2140		2140

		2142		2142		2142		2142		2142		2142		2142

		2144		2144		2144		2144		2144		2144		2144

		2146		2146		2146		2146		2146		2146		2146

		2148		2148		2148		2148		2148		2148		2148

		2150		2150		2150		2150		2150		2150		2150

		2152		2152		2152		2152		2152		2152		2152

		2154		2154		2154		2154		2154		2154		2154

		2156		2156		2156		2156		2156		2156		2156

		2158		2158		2158		2158		2158		2158		2158

		2160		2160		2160		2160		2160		2160		2160

		2162		2162		2162		2162		2162		2162		2162

		2164		2164		2164		2164		2164		2164		2164

		2166		2166		2166		2166		2166		2166		2166

		2168		2168		2168		2168		2168		2168		2168

		2170		2170		2170		2170		2170		2170		2170

		2172		2172		2172		2172		2172		2172		2172

		2174		2174		2174		2174		2174		2174		2174

		2176		2176		2176		2176		2176		2176		2176

		2178		2178		2178		2178		2178		2178		2178

		2180		2180		2180		2180		2180		2180		2180

		2182		2182		2182		2182		2182		2182		2182

		2184		2184		2184		2184		2184		2184		2184

		2186		2186		2186		2186		2186		2186		2186

		2188		2188		2188		2188		2188		2188		2188

		2190		2190		2190		2190		2190		2190		2190

		2192		2192		2192		2192		2192		2192		2192

		2194		2194		2194		2194		2194		2194		2194

		2196		2196		2196		2196		2196		2196		2196

		2198		2198		2198		2198		2198		2198		2198

		2200		2200		2200		2200		2200		2200		2200
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UNITED STATES

OECD minus USA

Annex 1 (non-OECD)

CHINA

INDIA

Rest of World

Deforestation

Historical/Allocated CO2 Emissions

39922430.8757273

29390033.4249619

12496751.7538625

1245330.19227213

1052792.38287418

7095148.26221598

5701093.13539949

42180568.6676868

31052425.8126011

13203607.1931011

1315769.97033553

1112341.61909819

7496472.0814078

6186081.96115397

49110053.3422991

36153763.1244139

15372714.8316211

1531926.55932291

1295078.70505832

8728003.33009773

6712328.51687713

54815583.4470101

40354051.4537134

17158693.0844161

1709903.4196106

1445538.9476522

9742009.26910163

7283342.57473646

58295962.4533481

42916231.4884467

18248141.5848581

1818469.48039569

1537319.8444316

10360553.8946918

7902932.48126786

61919757.2468028

45583991.1355575

19382482.9299959

1931509.2169021

1632882.75159835

11004586.8547947

8575230.5569313

74634473.6190465

54944291.3720933

23362517.477975

2328128.8574701

1968181.88678309

13264288.8767964

9304720.65639246

78150009.7341858

57532353.3128161

24462971.0613099

2437791.60019822

2060889.90988065

13889081.7416329

10096268.0733425

81654906.7826234

60112583.0018669

25560094.3420418

2547122.47057562

2153317.37069434

14511983.7958663

10955151.9893039

84028465.0268882

61859945.4395949

26303079.3632757

2621162.64498034

2215910.35376315

14933820.524809

11887100.6828385

96746164.49342

71222441.7658705

30284047.6967974

3017875.33943564

2551288.15597479

17194052.7123286

12898329.7339827

111427017.951457

82030169.761738

34879533.9228496

3475826.16203278

2938436.191695

19803183.2090381

13995583.4787139

119810632.942959

88202006.4815318

37503821.8995733

3737342.52364416

3159520.07387336

21293147.3728737

15186179.9899239

119012238.260888

87614245.5191437

37253903.7476825

3712437.60224726

3138465.64854469

21151253.9932172

16478059.8849001

136955327.299459

100823561.059879

42870553.948931

4272149.77488317

3611641.93191892

24340159.9345189

17879839.2848308

148772975.90517

109523459.335299

46569783.1216149

4640786.51086164

3923284.53891108

26440432.0654748

19400867.2795474

157117184.460321

115666285.885719

49181735.8661954

4901073.63808322

4143329.2359718

27923392.7853248

21051288.2807589

161270709.503128

118724021.528609

50481896.458244

5030637.64575267

4252861.63245226

28661571.1813575

22842109.6796428

175960816.460681

129538561.75144

55080279.2685916

5488877.11966884

4640253.69173496

31272346.2410243

24785275.2600292

194133018.751631

142916545.532004

60768647.8340699

6055736.19304143

5119471.90897014

34501970.9576808

26893744.8568025

223335005.9883

164414419.33715

69909623.9021879

6966655.58302978

5889556.02091349

39691846.0341876

29181580.7908012

235653735.551729

173483202.617137

73765704.3537102

7350922.91142788

6214412.6082149

41881171.9529115

31664041.6566855

261102132.897355

192217764.420948

81731709.8595348

8144753.76952612

6885510.99311111

46403946.4494112

34357684.0892854

295556264.046183

217582153.409288

92516742.5946957

9219507.2058011

7794099.12355202

52527250.1507234

37280473.1871587

313190896.316927

230564389.72369

98036837.862545

9769597.45618527

8259141.10927725

55661336.1210918

40451902.3298162

342055353.968693

251813781.520986

107072158.454792

10669988.0338332

9020324.24579939

60791224.3081427

43893123.1877346

368320166.164718

271149370.346837

115293722.890516

11489285.9298928

9712952.2649616

65459094.7890289

47627086.7922468

358941850.687879

264245256.561979

112358067.976408

11196741.1334019

9465637.18715631

63792349.1200312

51678696.6061705

383490853.285976

282317703.331403

120042539.701798

11962516.4996551

10113017.6791631

68155280.1666203

56074974.6160705

400501571.33196

294840627.436659

125367333.706385

12493144.5278138

10561606.454776

71178482.0091806

60845241.5538959

413558125.660645

304452581.41134

129454372.361779

12900427.3749723

10905920.1812274

73498936.6188734

66021312.4499739

388618380.633221

286092478.48455

121647588.166134

12122463.288394

10248235.4406006

69066561.5177107

71637708.8215863

434569602.296993

319920777.788768

136031507.114016

13555854.0527945

11460012.7570163

77233166.6913608

77731888.9123115

440472756.733356

324266552.892932

137879346.885736

13739995.5564051

11615684.5407531

78282295.0891566

84344497.517699

477309775.379158

351385172.313833

149410284.939133

14889080.1814298

12587111.6755089

84829093.5454828

91519637.0634755

475703446.5095

350202627.610639

148907462.523792

14838972.7657183

12544751.2590395

84543611.3932655

99305161.7442226

397688027.436899

292769357.042933

124486621.815001

12405379.5525119

10487410.6326122

70678449.555249

107752996.684269

450921054.932564

331958364.903693

141149934.021381

14065917.1228007

11891216.078208

80139201.6748807

116919484.249424

515406577.819011

379431217.420074

161335567.850606

16077462.1828931

13591760.5042686

91599785.0013337

126865759.819254

526147959.71503

387338791.333521

164697897.751454

16412526.1278587

13875020.9369029

93508779.4042707

137658159.5261

587033259.856614

432161237.437071

183756568.895434

18311766.7519551

15480624.0730847

104329519.074126

149368662.68023

606234363.256017

446296676.044536

189767010.076471

18910721.1057782

15986975.3888299

107742003.545349

162075371.831847

619410080.474982

455996355.171507

193891349.793586

19321721.0899398

16334431.5537666

110083636.183417

175863033.671709

593185249.606669

436690199.737662

185682300.545845

18503670.3612855

15642857.8801527

105422871.318138

190823604.244476

699374019.671251

514864084.27061

218922127.616393

21816095.946123

18443156.5047222

124295095.550567

207056862.24444

696069000

512431000

217887571.116018

21713000

18356000

123707716.373933

224671074.483984

697920000

576030000

254749709.7445

35396000

20263000

146069715.507975

243783717.973073

680491000

610640000

294579240.384876

44508000

21703000

164860376.136372

264522263.425643

781912000

689791000

355137285.805245

59702000

24372000

206683831.245309

287025025.41845

750766000

688015000

409842733.441937

145012000

28577000

229258731.256106

311442084.87245

799544000

747785000

451254742.440663

215295000

33193000

258152450.598867

337936290.009169

831489000

824163000

495114103.544624

121402000

39486000

286501189.935155

366684342.457866

912912000

921150000

564484186.301073

120432000

41437000

329906925.401588

397877975.757233

999673000

972794000

619100677.295573

144066000

47224000

381077025.492574

431725234.11158

1080969000

1075142000

668685185.322288

129195000

51475000

441984120.552772

468451859.9301

1155779000

1194001000

724195234.227674

211607000

53261000

511378427.048834

508302799.403321

1215253000

1269178000

797898026.59315

255513000

59396000

581986800.441344

551543836.158117

1218402000

1311428000

858622423.421074

270967000

63578000

662201440.709622

598463363.886846

1248095000

1335910000

944100298.241574

328181000

72232000

734544603.738527

649374309.773053

1274009000

1359760000

1012087585.99762

407398000

87046000

807693354.600384

704616221.541942

1236297000

1394803000

1051133912.11594

406440000

95547000

871973067.884061

764557532.055059

1139230000

1302891000

1046870205.4094

431541000

109186000

895855794.590605

829598016.552798

1184227000

1304014000

1073724876.87629

494786000

122502000

941961123.123712

900171458.933158

1224096000

1317976000

1145285472.28243

564391000

144167000

1022923527.71757

976748544.849347

1340168000

1330139000

1203699704.31207

646047000

164699000

1115109295.68793

1059840000.9216

1367124272.72727

1477548363.63636

1138564658.49443

638355000

185795000

1176230747.36846

1150000001

1422356093.34545

1493866111.27273

1071614454.54545

728213000

209711000

1247621000

1132857143.8

1479819279.51661

1513045858.90909

978684818.181818

828436000

236448000

1352587000

1115714286.6

1539603978.40908

1528290606.54545

955277181.818182

906865200.052505

260162200.014893

1467325000.07101

1098571429.4

1601803979.13681

1539600354.18182

1001391545.45455

996344000.078751

285555600.022339

1589254000.107

1081428572.2

1665876138.30228

1553772101.81818

1021526476.67624

1085822800.105

310949000.029785

1711250400.14267

1064285715

1616177315.5244

1527452668.59977

996458244.993405

1130919405.13808

382504061.126636

1893325500.66042

1032582857.7616

1552738776.38545

1489136025.57464

963185477.851953

1170223874.3779

454794349.980343

2070803792.41433

1000880000.5232

1477774072.9695

1440563816.59627

922978376.598477

1203929917.68956

526930094.61782

2242201271.33362

969177143.284801

1393328031.16884

1383351678.04389

877012143.77907

1232242578.85293

598116569.867523

2406225569.24989

937474286.046401

1301282492.85252

1318993377.16397

826370175.696895

1255377269.66227

667650257.486355

2561767686.6031

905771428.808

1203362058.03482

1248864950.41156

772047254.969752

1273558804.02588

734915006.286559

2707893725.14761

874068571.5696

1101139827.04377

1174228841.79173

714952743.087649

1287020432.0657

799378192.262612

2843836620.65815

842365714.331199

996043142.689689

1096238041.20097

655913772.970365

1296002874.21689

860586878.718132

2968987875.63584

810662857.092799

889359332.433642

1015940222.76863

595678441.525018

1300753355.32754

918163976.392763

3082889292.01418

778959999.854398

782241450.555978

934281883.198268

534919002.203636

1301524638.75821

971804403.589083

3185224703.86505

747257142.615998

675714020.324832

852112480.109117

474235057.560719

1298574060.48155

1021271246.29949

3275811710.10471

715554285.377597

570678776.164626

770188570.377458

414156751.810811

1292162563.18199

1066391918.33312

3354593407.19982

683851428.139197

467920405.824582

689177948.478044

355147963.386064

1282553730.35527

1107054321.4427

3421630121.87344

654639999.529597

368112292.547225

609663784.825502

297609497.493808

1270012820.40812

1143203005.45151

3477091143.81097

627919999.548797

271822257.236893

532148764.115747

241882278.674117

1254805800.75786

1174835328.38023

3521246458.36626

601199999.567997

264896949.339816

518591029.454826

235719761.771739

1222836687.52328

1144903650.01032

3431534467.32638

574479999.587197

257678504.805053

504459418.684392

229296395.891771

1189514375.48473

1113705014.02813

3338025118.56544

547759999.606397

250231787.06701

489880915.506248

222669900.057948

1155138291.97602

1081519764.8581

3241558667.55409

521039999.625597

242618096.414172

474975528.020865

215894822.612309

1119991415.87591

1048612846.75199

3142929211.97189

494319999.644797

234895169.989102

459856288.727387

209022541.215203

1084340277.60816

1015233803.78883

3042884691.7073

467599999.663997

227117181.788439

444629254.523627

202101262.845282

1048434959.14149

981616779.874927

2942126888.85774

440879999.683197

219334742.662901

429393506.706067

195176023.799507

1012509093.98962

947980518.743881

2841311427.72951

414159999.702397

211594900.317283

414241150.969863

188288689.693143

976779867.211224

914528363.956567

2741047774.83788

387439999.721598

203941139.310457

399257317.408838

181477955.459762

941448015.409958

881448258.901146

2641899238.90698

360719999.740798

196413381.055373

384520160.515486

174779345.351242

906697826.734458

848912746.793058

2544382970.86992

333999999.759998

189047983.819058

370100859.180973

168225212.937769

872697140.878338

817078970.675031

2448969963.8687

307279999.779198

181877742.722619

356063616.695135

161844741.107833

839597349.080186

786088673.41707

2356085053.25424

280559999.798398

174931889.741236

342465660.746476

155663942.068231

807533394.123568

756068197.716467

2266106916.58638

253839999.817598

168236093.704171

329357243.422172

149705657.344067

776623770.337026

727128486.097793

2179368073.6339

227119999.836798

161812460.294761

316781641.20807

143989557.77875

746970523.59408

699365080.912905

2096154886.37449

200399999.855998

155679532.05042

304775154.988687

138532143.533995

718659251.313225

672858124.340938

2016707558.99475

173679999.875198

149852288.362642

293367110.04721

133346744.089826

691759102.457935

647672358.388315

1941220137.89022

146959999.894399

144342145.476997

282579856.065495

128443518.244569

666322777.536659

623857124.888736

1869840511.66535

120239999.913599

139156956.493132

272428767.124071

123829454.114861

642386528.602823

601446365.503189

1802670411.13351

93519999.9327989

134301011.364773

262922241.702137

119508369.135641

619970159.254831

580458621.71994

1739765409.317

66799999.9519991

129775036.899722

254061702.677559

115480910.060156

599077024.636063

560897034.85454

1681134921.44702

40079999.9711992

125576196.75986

245841597.326877

111744552.959961

579694031.434875

542749346.049821

1626742204.96373

13359999.9903993

121698091.461144

238249397.325301

108293603.224914

561791637.884601

525987896.2759

1576504359.51616

118130758.373609

231265598.746709

105119195.563181

545323853.763552

510569626.330174

1530292326.96231

114860671.721369

224863722.063652

102209294.001234

530228240.395014

496436076.837323

1487930891.36907

111870742.582615

219010312.14735

99548691.8838511

516425910.647252

483513388.249312

1449198679.01226

109140318.889612

213664938.267693

97119011.8741173

503821528.933506

471712300.845384

1413828158.37662

106645185.428708

208780194.093242

94898705.9534232

492303311.211994

460928154.732069

1381505640.15581

104357563.840325

204301697.691229

92863055.4214657

481743024.985909

451040889.843177

1351871277.25243

102246112.618964

200168091.527555

90984170.8962479

471995989.303424

441915045.939802

1324519064.77796

100275927.113202

196311042.466792

89230992.3140793

462901074.757686

433399762.610318

1298996840.05284

98408539.5256947

192655241.772183

87569288.9295757

454280703.486819

425328779.270385

1274806282.60642

96601918.9131757

189118405.105639

85961659.3156589

445940849.173925

417520435.162943

1251402914.17695

94810471.1864552

185611272.527745

84367531.3635572

437671037.047083

409777669.358216

1228196098.71163

92985039.1104214

182037608.497753

82743162.282805

429244343.879347

401888020.753709

1204549042.36657

91249525.0823828

178639977.801451

81198807.1882661

421232736.986606

394387004.413968

1182066804.5734

89600786.7557462

175412228.639964

79731669.8484541

413621710.438503

387261038.891214

1160708678.66989

88034485.3454414

172345866.936551

78337889.3756327

406391235.217804

380491371.644598

1140418459.06156

86546499.0056518

169432823.318309

77013797.9264524

399522283.758141

374060187.760312

1121142750.43364

85132911.9828517

166665431.880978

75755911.0497311

392996779.87146

367950563.070241

1102830827.23712

83790004.3111916

164036410.015515

74560918.5168459

386797551.179114

362146419.614674

1085434500.20042

82514242.0231145

161538839.243324

73425675.6106049

380908283.921385

356632483.331885

1068907989.51556

81302267.8494413

159166147.009743

72347194.849676

375313480.026542

351394243.863235

1053207804.36494

80150892.3844517

156912089.387842

71322638.1267936

369998416.326442

346417916.368018

1038292628.47185

79057085.6927117

154770734.647035

70349309.2400552

364949105.811346

341690405.247562

1024123211.37342

78017969.3355586

152736447.643268

69424646.7976538

360152260.822005

337199269.683128

1010662265.12991

77030808.7962631

150803874.98969

68546217.4773724

355595258.082132

332932690.896916

997874366.198574

76093006.2839325

148967930.968791

67711709.6231051

351266105.479252

328879441.050015

985725862.213805

75202093.8972184

147223784.148937

66918927.1615512

347153410.506516

325028853.695459

974184783.428274

74355727.1298399

145566844.670075

66165783.823075

343246350.282417

321370795.70863

963220758.58202

73551678.7008304

143992752.165157

65450297.6515225

339534643.069522

317895640.621143

952804934.978079

72787832.6932714

142497364.285484

64770585.7885477

336008521.217273

314594243.288031

942909902.554334

72062178.9860903

141076745.799795

64124859.5187217

332658705.457636

311457915.821574

933509621.751777

71372807.9642683

139727158.238391

63511419.5623869

329476380.485981

308478404.728439

924579354.989348

70717905.4935374

138445050.055057

62928651.6038689

326453171.762908

305647869.189962

916095601.56504

70095748.146343

137227047.280889

62375022.0432768

323581123.47599

302958860.428408

908036035.811948

69504698.6665084

136069944.64543

61849073.9607143

320852677.603417

300404302.104933

900379448.34651

68943201.6606655

134970697.141744

61349423.2822799

318260654.024472

297977471.69763

893105690.254344

68409779.5051147

133926412.013242

60874755.1377672

315798231.624475

295671982.810694

886195620.066787

67903028.4573414

132934341.141165

60423820.4004802

313458930.344478

293481768.368103

879631053.388607

67421614.9619569

131991873.812692

59995432.4000575

311236594.128481

291401064.647643

873394715.044336

66964272.1413415

131096529.850643

59588463.799656

309125374.723284

289424396.113205

867470193.617279

66529796.461757

130245953.086696

59201843.6292745

307119716.288346

287546561.005489

861841898.261575

66117044.5661516

129437905.160946

58834554.4674121

305214340.775155

285762617.653159

856495017.673656

65724930.2653265

128670259.631484

58485629.7636428

303404234.037624

284067871.468446

851415481.115132

65352421.6795427

127940996.378495

58154151.295062

301684632.63697

282457862.592968

846589921.384536

64998538.5230481

127248196.288156

57839246.7499103

300051011.306348

280928354.161264

842005639.640468

64662349.5243782

126590036.202333

57540087.4320161

298499071.042257

279475321.151146

837650571.983605

64342969.9756418

125964784.120802

57255886.0800166

297024727.791371

278094939.791533

833513257.709584

64039559.4043422

125370794.643347

56985894.7956171

295624101.703029

276783577.499901

829582809.149264

63751319.3616076

124806504.639765

56729403.0754376

294293506.919104

275537783.32285

825848883.016961

63477491.3210097

124270429.136362

56485735.941267

293029441.874375

274354278.854652

822301653.191272

63217354.6824417

123761157.408129

56254252.163805

291828580.081883

273229949.609864

818931784.856869

62970224.8758021

123277349.266308

56034342.5752161

290687761.379016

272161836.827316

815730409.939185

62735451.5594945

122817731.531578

55825428.4660566

289603983.611292

271147129.683894

812689103.767385

62512416.9090023

122381094.683585

55626960.0623551

288574394.731954

270183157.897644

809799862.904175

62300533.9910347

121966289.677991

55438415.0788387

287596285.296583

269267384.700707

807055084.084126

62099245.2189654

121572224.922676

55259297.3444981

286667081.33298

268397400.163616

804447544.20508

61908020.8854996

121197863.405128

55089135.4968745

285784337.567558

267570914.853379

801970381.319985

61726357.7687072

120842219.963457

54927481.7416321

284945730.990406

266785753.808655

799617076.579146

61553777.8077543

120504358.693869

54773910.6741518

284149054.742113

266039850.816167

797381437.075348

61389826.8448491

120183390.487761

54628018.1600456

283392212.306234

265331242.973303

795257579.54674

61234073.4300891

119878470.691958

54489420.2716446

282673211.992149

264658065.522582

793239914.894563

61086107.6860672

119588796.885946

54357752.2776637

281990161.693768

264018546.944398

791323133.474994

60945540.2292463

119313606.770234

54232667.6833819

281341263.910306

263411004.295123

789502191.126404



Scenarios

		Overall Scenarios																																								Contraction scenarios

		Description		S350basic as per July 97 initial web load																Oslo:emulation of WG1/450 scenario		Another one		Oslo: Wigley/ Richels/Edmonds 450		Nearest to stated Oslo WGI450		Nearest to stated Oslo WRE450												Insert extra scenarios to the left of this column		Leave this column blank		Name		2000		2002		2004		2006		2008		2010		2012		2014		2016		2018		2020		2022		2024		2026		2028		2030		2032		2034		2036		2038		2040		2042		2044		2046		2048		2050		2052		2054		2056		2058		2060		2062		2064		2066		2068		2070		2072		2074		2076		2078		2080		2082		2084		2086		2088		2090		2092		2094		2096		2098		2100

		Reference		S350basic		s350v2		S400basic		s400v2		S450basic		s450v2		S450T350v1		S450T400		WG1450em1		WG1450em2		WRE450em1		WGI450a		WRE450a		WRE550a		WGI550a		MID550a		WRE650a		WGI650a		***				WGI450		5819000000		5811600000		5804200000		5796800000		5789400000		5782000000		5745400000		5708800000		5672200000		5635600000		5599000000		5573600000		5548200000		5522800000		5497400000		5472000000		5415600000		5359200000		5302800000		5246400000		5190000000		5138600000		5087200000		5035800000		4984400000		4933000000		4882840000		4832680000		4782520000		4732360000		4682200000		4632040000		4581880000		4531720000		4481560000		4431400000		4381240000		4331080000		4258240000		4162720000		4067200000		3971680000		3876160000		3780640000		3685120000		3589600000		3494080000		3398560000		3303040000		3207520000		3112000000

		CONVERGENCE:…... year (up to 2100)		2050		2050		2050		2030		2030		2030		2030		2030		2050		2040		2050		2040		2040		2050		2050		2050		2060		2060						WRE450		6901000000		7128800000		7356600000		7584400000		7812200000		8040000000		7941000000		7842000000		7743000000		7644000000		7545000000		7339400000		7133800000		6928200000		6722600000		6517000000		6297800000		6078600000		5859400000		5640200000		5421000000		5264600000		5108200000		4951800000		4795400000		4639000000		4567240000		4495480000		4423720000		4351960000		4280200000		4208440000		4136680000		4064920000		3993160000		3921400000		3849640000		3777880000		3715960000		3663880000		3611800000		3559720000		3507640000		3455560000		3403480000		3351400000		3299320000		3247240000		3195160000		3143080000		3091000000

		Population cutoff year (up to 2060)		2020		2020		2020		2015		2030		2030		2030		2030		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000						WRE550		6901000000		7196400000		7491800000		7787200000		8082600000		8378000000		8561400000		8744800000		8928200000		9111600000		9295000000		9405600000		9516200000		9626800000		9737400000		9848000000		9838600000		9829200000		9819800000		9810400000		9801000000		9726600000		9652200000		9577800000		9503400000		9429000000		9312440000		9195880000		9079320000		8962760000		8846200000		8729640000		8613080000		8496520000		8379960000		8263400000		8146840000		8030280000		7902480000		7763440000		7624400000		7485360000		7346320000		7207280000		7068240000		6929200000		6790160000		6651120000		6512080000		6373040000		6234000000

		Conv. mode (1=linear;2=exponential)		2		2		1		1		1		2		2		2		2		2		2		1		1		1		1		1		1		1						WGI550		6072000000		6127800000		6183600000		6239400000		6295200000		6351000000		6388200000		6425400000		6462600000		6499800000		6537000000		6596600000		6656200000		6715800000		6775400000		6835000000		6868200000		6901400000		6934600000		6967800000		7001000000		7043000000		7085000000		7127000000		7169000000		7211000000		7246280000		7281560000		7316840000		7352120000		7387400000		7422680000		7457960000		7493240000		7528520000		7563800000		7599080000		7634360000		7636560000		7605680000		7574800000		7543920000		7513040000		7482160000		7451280000		7420400000		7389520000		7358640000		7327760000		7296880000		7266000000

		Speed of convergence parameter		4.00		4.00		4.00		4.00		4.00		4.00		4.00		4		4.00		4.00		4.00		4.00		4.00		2000		2000		2000		2000		2000						MID550		6510000000		6594800000		6679600000		6764400000		6849200000		6934000000		7061000000		7188000000		7315000000		7442000000		7569000000		7737200000		7905400000		8073600000		8241800000		8410000000		8351800000		8293600000		8235400000		8177200000		8119000000		8061000000		8003000000		7945000000		7887000000		7829000000		7779400000		7729800000		7680200000		7630600000		7581000000		7531400000		7481800000		7432200000		7382600000		7333000000		7283400000		7233800000		7190440000		7153320000		7116200000		7079080000		7041960000		7004840000		6967720000		6930600000		6893480000		6856360000		6819240000		6782120000		6745000000

		CONTRACTION scenario, or values if blank				0.00								0.00				0								WGI450		WRE450		WRE550		WGI550		MID550		WRE650		WGI650						WRE650		6901000000		7196400000		7491800000		7787200000		8082600000		8378000000		8640200000		8902400000		9164600000		9426800000		9689000000		9913400000		10137800000		10362200000		10586600000		10811000000		10939600000		11068200000		11196800000		11325400000		11454000000		11510000000		11566000000		11622000000		11678000000		11734000000		11695840000		11657680000		11619520000		11581360000		11543200000		11505040000		11466880000		11428720000		11390560000		11352400000		11314240000		11276080000		11186640000		11045920000		10905200000		10764480000		10623760000		10483040000		10342320000		10201600000		10060880000		9920160000		9779440000		9638720000		9498000000

		Emissions Growth Rate in 2000		1.50%		1.50%		1.50%		1.50%		1.50%		1.50%		1.50%		1.50%		0.00%		1.00%		1.50%		1.50%		1.50%																WGI650		6345000000		6461400000		6577800000		6694200000		6810600000		6927000000		7026800000		7126600000		7226400000		7326200000		7426000000		7548400000		7670800000		7793200000		7915600000		8038000000		8129400000		8220800000		8312200000		8403600000		8495000000		8586200000		8677400000		8768600000		8859800000		8951000000		9016920000		9082840000		9148760000		9214680000		9280600000		9346520000		9412440000		9478360000		9544280000		9610200000		9676120000		9742040000		9765240000		9745720000		9726200000		9706680000		9687160000		9667640000		9648120000		9628600000		9609080000		9589560000		9570040000		9550520000		9531000000

		Contraction year (up to 2100)		2050		2070		2075		2100		2100		2100		2100		2100		2100		2100		2100		2100		2100																Step2060		6345000000		6461400000		6577800000		6694200000		6810600000		6927000000		7026800000		7126600000		7226400000		7326200000		7426000000		7548400000		7670800000		7793200000		7915600000		8038000000		8129400000		8220800000		8312200000		8403600000		8495000000		8586200000		8677400000		8768600000		8859800000		8951000000		9016920000		9082840000		9148760000		9214680000		4640300000		4673260000		4706220000		4739180000		4772140000		4805100000		4838060000		4871020000		4882620000		4872860000		4863100000		4853340000		4843580000		4833820000		4824060000		4814300000		4804540000		4794780000		4785020000		4775260000		4765500000

		Emissions decline rate  in contrn. year		0.00%		0.50%		0.00%		0.50%		1.00%		1.00%		0.00%		1.00%		1.07%		0.80%		0.00%		0.00%		0.00%																Insert extra contraction scenarios above this row

		Contraction level of  emissions		25%		10%		40%		15%		40%		40%		40%		40%		54%		52%		40%		30%		30%																																																																														1

		Planned total 110-year emissions		325GTC		325GTC		450GTC		450GTC		590GTC		590GTC		590GTC		590		590GTC		590GTC		700GTC		590		590GTC

		PHASE2:…………………………………...... start year		2100		2100		2100		2100		2100		2100		2006		2020		2100		2100		2004		2100		2100		2100		2100		2100		2100		2100

		Contraction year														2050		2100						2100

		Emissions decline rate  in contrn. year														0.00%		1.00%						0.70%

		Contraction level														20%		20%						54%

		Planned total 110-year emissions														325GTC		500						590GTC

		22nd CENTURY:Target concentration in ppm		350ppm		350ppm		400ppm		400ppm		450ppm		450ppm		350ppm		400		450ppm		450ppm		450ppm		450ppm		450ppm		550ppm		550ppm		550ppm		650ppm		650ppm

		Emissions smoothing parameter		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05



CONTRACTION AND CONVERGENCE OPTIONS SPREADSHEET

Target Atmospheric Concentrations and 110-year CO2 emissions totals that the IPCC (WG1 1994 and 1995 reports) suggest would lead to them.

Click to add graph

In this box the values used for the various parameters are displayed. These may either come from the typed-in block to the left; or from a selected scenario from the scenario sheet.

To enter a scenario directly, or change an existing one, type or copy a set of numbers into the cells in the double-walled box below.

Can be anywhere from 2000 to 2100

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

Also subtract rounding allowance since we add up 111 years worth of emissions and the equations are assuming 110 years.

The year up to which population changes are counted for emissions allocations.
The UN source that GCI used for population forecasts only goes up to 2060.

Doesn't have any effect if it's later than the convergence year; and should not be set to be the same as the convergence year.
Also cannot be later than 2050.

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

Integral of
y=(1+(2+startslope)t +kt^2)(1-t)^2 from 0 to 1 is
0.5+startslope/12 +k/30
and dy/dt is startslope at t=0

This parameter is rather arbitrary. It must be greater than 0; GCI recommend leaving it at 4, but users are free to modify it. Larger numbers cause a slower convergence of the different countries' emissions allocations.
It is not used for linear convergence.

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

The contraction scenarios work in a similar way to the overall scenarios, giving an opportunity to enter preset global totals for CO2 emissions from 2000 to 2100.
Note that they only affect phase 1; also they can be freely incorporated into overall scenarios, if required.

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

This % can be set to anything--GCI recommends leaving it at 1.5%, which is the forecast global rate of CO2 emissions in 2000 if Annex1 countries adhere to the FCCC and other countries develop as hitherto.

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

Can be anywhere from 2000 to 2100

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

This is only intended to be given a nonzero value if the contraction year is 2100, to address scenarios where stabilisation is not achieved until after that year.

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

Globally, as % of 1995 global emissions

This value cannot be exactly 100%--it can be 0% or any value up to 99% (and normally is) or it can be set to greater than 100% to explore scenarios where CO2 emissions are supposed to stabilise at greater than 1990 values

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

The target for the total industrial CO2 emissions from 1990 to 2100. (As used by the 1994 and 1995 IPCC Working Group 1 reports to act as a guide to atmospheric CO2 stabilisation levels.)
In units of GTC, Gigatonnes of carbon. (Note that this is 3/11 of the weight of Carbon dioxide.)

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

% Annual chg at ph 2 st yr

cumulative to ph 2 st yr -- gives total emissions still ok to allow to be emitted

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

World total for ph2 st yr

The emissions in ph2 start yr

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

Growth rate (or -decline rate) of global emissions in phase2 start year

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

This is the target for industrial emissions that we suppose is adopted in the Phase 2 start year.
It refers to the total global emissions for the period 1990-2100.

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

Had to remove array due to excel refusing to calculate it properly.
DO NOT TYPE INTO THIS CELL

We intend to insert numbers for these emissions soon.

From p63 of IPCC WG1 1994.
emissions in 2200 are.2 for 350, 1.5 for 450 and 2.8 for 550 and 4.1 for 650, approx.

Parts per million by volume of CO2 in the atmosphere. (1997 actual is about 360 ppm)

The maximum rate of decline of US CO2 emissions allocations from one year to the next, as computed by the CCOptions model

As above, bu for China

Percapita emissions in the convergence year in Tonnes C / capita
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Can be anywhere from 2000 to 2100

Can be anywhere from 2000 to 2100

Can be anywhere from 2000 to 2100

Can be anywhere from 2000 to 2100

Can be anywhere from 2000 to 2100

Can be anywhere from 2000 to 2100

Doesn't have any effect if it's later than the convergence year; and should not be set to be the same as the convergence year.
Also cannot be later than 2050.

Doesn't have any effect if it's later than the convergence year; and should not be set to be the same as the convergence year.
Also cannot be later than 2050.

Doesn't have any effect if it's later than the convergence year; and should not be set to be the same as the convergence year.
Also cannot be later than 2050.

Doesn't have any effect if it's later than the convergence year; and should not be set to be the same as the convergence year.
Also cannot be later than 2050.

Doesn't have any effect if it's later than the convergence year; and should not be set to be the same as the convergence year.
Also cannot be later than 2050.

This parameter is rather arbitrary. It must be greater than 0; GCI recommend leaving it at 4, but users are free to modify it. Larger numbers cause a slower convergence of the different countries' emissions allocations.

This parameter is rather arbitrary. It must be greater than 0; GCI recommend leaving it at 4, but users are free to modify it. Larger numbers cause a slower convergence of the different countries' emissions allocations.

This parameter is rather arbitrary. It must be greater than 0; GCI recommend leaving it at 4, but users are free to modify it. Larger numbers cause a slower convergence of the different countries' emissions allocations.

This parameter is rather arbitrary. It must be greater than 0; GCI recommend leaving it at 4, but users are free to modify it. Larger numbers cause a slower convergence of the different countries' emissions allocations.

This parameter is rather arbitrary. It must be greater than 0; GCI recommend leaving it at 4, but users are free to modify it. Larger numbers cause a slower convergence of the different countries' emissions allocations.

This % can be set to anything--GCI recommends leaving it at 1.5%, which is the forecast global rate of CO2 emissions in 2000 if Annex1 countries adhere to the FCCC and other countries develop as hitherto.

This % can be set to anything--GCI recommends leaving it at 1.5%, which is the forecast global rate of CO2 emissions in 2000 if Annex1 countries adhere to the FCCC and other countries develop as hitherto.

This % can be set to anything--GCI recommends leaving it at 1.5%, which is the forecast global rate of CO2 emissions in 2000 if Annex1 countries adhere to the FCCC and other countries develop as hitherto.

This % can be set to anything--GCI recommends leaving it at 1.5%, which is the forecast global rate of CO2 emissions in 2000 if Annex1 countries adhere to the FCCC and other countries develop as hitherto.

This % can be set to anything--GCI recommends leaving it at 1.5%, which is the forecast global rate of CO2 emissions in 2000 if Annex1 countries adhere to the FCCC and other countries develop as hitherto.

Can be anywhere from 2000 to 2100

Can be anywhere from 2000 to 2100

Can be anywhere from 2000 to 2100

Can be anywhere from 2000 to 2100

Can be anywhere from 2000 to 2100

This value cannot be exactly 100%--it can be 0% or any value up to 99% (and normally is) or it can be set to greater than 100% to explore scenarios where CO2 emissions are supposed to stabilise at greater than 1990 values

This value cannot be exactly 100%--it can be 0% or any value up to 99% (and normally is) or it can be set to greater than 100% to explore scenarios where CO2 emissions are supposed to stabilise at greater than 1990 values

This value cannot be exactly 100%--it can be 0% or any value up to 99% (and normally is) or it can be set to greater than 100% to explore scenarios where CO2 emissions are supposed to stabilise at greater than 1990 values

This value cannot be exactly 100%--it can be 0% or any value up to 99% (and normally is) or it can be set to greater than 100% to explore scenarios where CO2 emissions are supposed to stabilise at greater than 1990 values

This value cannot be exactly 100%--it can be 0% or any value up to 99% (and normally is) or it can be set to greater than 100% to explore scenarios where CO2 emissions are supposed to stabilise at greater than 1990 values



Population

		Population (mill.)		1990		1992		1994		1996		1998		2000		2002		2004		2006		2008		2010		2012		2014		2016		2018		2020		2022		2024		2026		2028		2030		2032		2034		2036		2038		2040		2042		2044		2046		2048		2050

		UNITED STATES		249,924,000		255,191,000		260,631,000		265,765,000		270,537,000		275,119,000		279,613,000		284,042,000		288,476,000		292,945,000		297,486,000		302,116,000		306,795,000		311,440,000		315,997,000		320,551,000		325,148,000		329,385,000		332,629,000		334,862,000		336,664,000		338,397,000		340,001,000		341,381,000		342,589,000		343,698,000		344,759,000		345,794,000		346,818,000		347,860,000		348,966,000

		OECD minus USA		604,076,000		611,331,000		618,242,000		624,599,000		630,319,000		635,412,000		639,886,000		643,743,000		647,022,000		649,761,000		652,018,000		653,850,000		655,367,000		656,698,000		657,876,000		658,951,000		659,955,000		660,673,000		660,733,000		660,107,000		659,090,000		657,855,000		656,368,000		654,597,000		652,575,000		650,294,000		647,769,000		645,073,000		642,294,000		639,515,000		636,814,000

		Annex 1 (non-OECD)		313,963,000		313,971,000		312,698,000		311,543,000		310,725,000		309,976,000		309,198,000		308,506,000		307,952,000		307,524,000		307,135,000		306,730,000		306,245,000		305,576,000		304,720,000		303,834,000		303,019,000		302,229,000		301,388,000		300,501,000		299,582,000		298,646,000		297,698,000		296,745,000		295,801,000		294,907,000		294,097,000		293,355,000		292,667,000		292,023,000		291,424,000

		CHINA		1,155,305,000		1,183,617,000		1,208,841,000		1,234,338,000		1,260,199,000		1,284,597,000		1,306,608,000		1,327,151,000		1,347,476,000		1,367,815,000		1,388,474,000		1,409,631,000		1,430,794,000		1,451,080,000		1,470,227,000		1,488,075,000		1,504,482,000		1,519,312,000		1,532,482,000		1,544,030,000		1,554,133,000		1,562,920,000		1,570,730,000		1,578,091,000		1,585,055,000		1,591,227,000		1,596,323,000		1,600,395,000		1,603,513,000		1,605,525,000		1,605,991,000

		INDIA		850,638,000		884,425,000		918,570,000		952,969,000		987,507,000		1,022,021,000		1,056,343,000		1,090,357,000		1,123,967,000		1,156,974,000		1,189,082,000		1,220,161,000		1,249,734,000		1,277,014,000		1,302,192,000		1,327,110,000		1,352,895,000		1,379,101,000		1,404,941,000		1,430,303,000		1,455,086,000		1,479,144,000		1,502,231,000		1,524,066,000		1,544,541,000		1,563,604,000		1,581,255,000		1,597,554,000		1,612,622,000		1,626,642,000		1,639,863,000

		Rest of World		2,122,971,800		2,221,121,593		2,321,243,964		2,424,782,549		2,531,071,046		2,639,342,782		2,749,053,483		2,860,204,096		2,972,892,611		3,086,959,038		3,202,316,403		3,318,837,745		3,436,148,104		3,553,787,528		3,671,448,064		3,788,925,758		3,905,928,651		4,022,065,782		4,136,973,186		4,250,198,893		4,361,220,931		4,469,643,323		4,574,808,092		4,675,830,261		4,772,687,845		4,865,904,858		4,956,090,327		5,043,659,268		5,129,127,699		5,213,432,636		5,303,554,688

		GLOBAL TOTAL		5,296,877,800		5,469,656,593		5,640,225,964		5,813,996,549		5,990,358,046		6,166,467,782		6,340,701,483		6,514,003,096		6,687,785,611		6,861,978,038		7,036,511,403		7,211,325,745		7,385,083,104		7,555,595,528		7,722,460,064		7,887,446,758		8,051,427,651		8,212,765,782		8,369,146,186		8,520,001,893		8,665,775,931		8,806,605,323		8,941,836,092		9,070,710,261		9,193,248,845		9,309,634,858		9,420,293,327		9,525,830,268		9,627,041,699		9,724,997,636		9,826,612,688
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cutoffpop

		cutoff-pop		2000		2002		2004		2006		2008		2010		2012		2014		2016		2018		2020		2022		2024		2026		2028		2030		2032		2034		2036		2038		2040		2042		2044		2046		2048		2050		2052		2054		2056		2058		2060		2062		2064		2066		2068		2070		2072		2074		2076		2078		2080		2082		2084		2086		2088		2090		2092		2094		2096		2098		2100

		UNITED STATES		275,119,000		279,613,000		284,042,000		288,476,000		292,945,000		297,486,000		302,116,000		306,795,000		311,440,000		315,997,000		320,551,000		325,148,000		329,385,000		332,629,000		334,862,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000		336,664,000

		OECD minus USA		635,412,000		639,886,000		643,743,000		647,022,000		649,761,000		652,018,000		653,850,000		655,367,000		656,698,000		657,876,000		658,951,000		659,955,000		660,673,000		660,733,000		660,107,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000		659,090,000

		Annex 1 (non-OECD)		309,976,000		309,198,000		308,506,000		307,952,000		307,524,000		307,135,000		306,730,000		306,245,000		305,576,000		304,720,000		303,834,000		303,019,000		302,229,000		301,388,000		300,501,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000		299,582,000

		CHINA		1,284,597,000		1,306,608,000		1,327,151,000		1,347,476,000		1,367,815,000		1,388,474,000		1,409,631,000		1,430,794,000		1,451,080,000		1,470,227,000		1,488,075,000		1,504,482,000		1,519,312,000		1,532,482,000		1,544,030,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000		1,554,133,000

		INDIA		1,022,021,000		1,056,343,000		1,090,357,000		1,123,967,000		1,156,974,000		1,189,082,000		1,220,161,000		1,249,734,000		1,277,014,000		1,302,192,000		1,327,110,000		1,352,895,000		1,379,101,000		1,404,941,000		1,430,303,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000		1,455,086,000

		Rest of World		2,639,342,782		2,749,053,483		2,860,204,096		2,972,892,611		3,086,959,038		3,202,316,403		3,318,837,745		3,436,148,104		3,553,787,528		3,671,448,064		3,788,925,758		3,905,928,651		4,022,065,782		4,136,973,186		4,250,198,893		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931		4,361,220,931

		GLOBAL TOTAL		6,166,467,782		6,340,701,483		6,514,003,096		6,687,785,611		6,861,978,038		7,036,511,403		7,211,325,745		7,385,083,104		7,555,595,528		7,722,460,064		7,887,446,758		8,051,427,651		8,212,765,782		8,369,146,186		8,520,001,893		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931		8,665,775,931

																																		3.88%

																																		7.61%

																																		3.46%

																																		17.93%

																																		16.79%

																																		50.33%
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The share of global emissions that 'equitably' should be allocated to each country, based on populations in each year up to the population cutoff year.

The actual allocated shares converge towards these proportions.



ActualCO2

		COUNTRY		1860		1862		1864		1866		1868		1870		1872		1874		1876		1878		1880		1882		1884		1886		1888		1890		1892		1894		1896		1898		1900		1902		1904		1906		1908		1910		1912		1914		1916		1918		1920		1922		1924		1926		1928		1930		1932		1934		1936		1938		1940		1942		1944		1946		1948		1950		1952		1954		1956		1958		1960		1962		1964		1966		1968		1970		1972		1974		1976		1978		1980		1982		1984		1986		1988		1990		1992		1994		1996		1998		2000

		UNITED STATES		39922430.88		42180568.67		49110053.34		54815583.45		58295962.45		61919757.25		74634473.62		78150009.73		81654906.78		84028465.03		96746164.49		111427018		119810632.9		119012238.3		136955327.3		148772975.9		157117184.5		161270709.5		175960816.5		194133018.8		223335006		235653735.6		261102132.9		295556264		313190896.3		342055354		368320166.2		358941850.7		383490853.3		400501571.3		413558125.7		388618380.6		434569602.3		440472756.7		477309775.4		475703446.5		397688027.4		450921054.9		515406577.8		526147959.7		587033259.9		606234363.3		619410080.5		593185249.6		699374019.7		696069000		697920000		680491000		781912000		750766000		799544000		831489000		912912000		999673000		1080969000		1155779000		1215253000		1218402000		1248095000		1274009000		1236297000		1139230000		1184227000		1224096000		1340168000		1367124273		1422356093		1479819280		1539603978		1601803979		1665876138

		OECD minus USA		29390033.42		31052425.81		36153763.12		40354051.45		42916231.49		45583991.14		54944291.37		57532353.31		60112583		61859945.44		71222441.77		82030169.76		88202006.48		87614245.52		100823561.1		109523459.3		115666285.9		118724021.5		129538561.8		142916545.5		164414419.3		173483202.6		192217764.4		217582153.4		230564389.7		251813781.5		271149370.3		264245256.6		282317703.3		294840627.4		304452581.4		286092478.5		319920777.8		324266552.9		351385172.3		350202627.6		292769357		331958364.9		379431217.4		387338791.3		432161237.4		446296676		455996355.2		436690199.7		514864084.3		512431000		576030000		610640000		689791000		688015000		747785000		824163000		921150000		972794000		1075142000		1194001000		1269178000		1311428000		1335910000		1359760000		1394803000		1302891000		1304014000		1317976000		1330139000		1477548364		1493866111		1513045859		1528290607		1539600354		1553772102

		Annex 1 (non-OECD)		12496751.75		13203607.19		15372714.83		17158693.08		18248141.58		19382482.93		23362517.48		24462971.06		25560094.34		26303079.36		30284047.7		34879533.92		37503821.9		37253903.75		42870553.95		46569783.12		49181735.87		50481896.46		55080279.27		60768647.83		69909623.9		73765704.35		81731709.86		92516742.59		98036837.86		107072158.5		115293722.9		112358068		120042539.7		125367333.7		129454372.4		121647588.2		136031507.1		137879346.9		149410284.9		148907462.5		124486621.8		141149934		161335567.9		164697897.8		183756568.9		189767010.1		193891349.8		185682300.5		218922127.6		217887571.1		254749709.7		294579240.4		355137285.8		409842733.4		451254742.4		495114103.5		564484186.3		619100677.3		668685185.3		724195234.2		797898026.6		858622423.4		944100298.2		1012087586		1051133912		1046870205		1073724877		1145285472		1203699704		1138564658		1071614455		978684818.2		955277181.8		1001391545		1021526477

		CHINA		1245330.192		1315769.97		1531926.559		1709903.42		1818469.48		1931509.217		2328128.857		2437791.6		2547122.471		2621162.645		3017875.339		3475826.162		3737342.524		3712437.602		4272149.775		4640786.511		4901073.638		5030637.646		5488877.12		6055736.193		6966655.583		7350922.911		8144753.77		9219507.206		9769597.456		10669988.03		11489285.93		11196741.13		11962516.5		12493144.53		12900427.37		12122463.29		13555854.05		13739995.56		14889080.18		14838972.77		12405379.55		14065917.12		16077462.18		16412526.13		18311766.75		18910721.11		19321721.09		18503670.36		21816095.95		21713000		35396000		44508000		59702000		145012000		215295000		121402000		120432000		144066000		129195000		211607000		255513000		270967000		328181000		407398000		406440000		431541000		494786000		564391000		646047000		638355000		728213000		828436000		906865200.1		996344000.1		1085822800

		INDIA		1052792.383		1112341.619		1295078.705		1445538.948		1537319.844		1632882.752		1968181.887		2060889.91		2153317.371		2215910.354		2551288.156		2938436.192		3159520.074		3138465.649		3611641.932		3923284.539		4143329.236		4252861.632		4640253.692		5119471.909		5889556.021		6214412.608		6885510.993		7794099.124		8259141.109		9020324.246		9712952.265		9465637.187		10113017.68		10561606.45		10905920.18		10248235.44		11460012.76		11615684.54		12587111.68		12544751.26		10487410.63		11891216.08		13591760.5		13875020.94		15480624.07		15986975.39		16334431.55		15642857.88		18443156.5		18356000		20263000		21703000		24372000		28577000		33193000		39486000		41437000		47224000		51475000		53261000		59396000		63578000		72232000		87046000		95547000		109186000		122502000		144167000		164699000		185795000		209711000		236448000		260162200		285555600		310949000

		Rest of World		7095148.262		7496472.081		8728003.33		9742009.269		10360553.89		11004586.85		13264288.88		13889081.74		14511983.8		14933820.52		17194052.71		19803183.21		21293147.37		21151253.99		24340159.93		26440432.07		27923392.79		28661571.18		31272346.24		34501970.96		39691846.03		41881171.95		46403946.45		52527250.15		55661336.12		60791224.31		65459094.79		63792349.12		68155280.17		71178482.01		73498936.62		69066561.52		77233166.69		78282295.09		84829093.55		84543611.39		70678449.56		80139201.67		91599785		93508779.4		104329519.1		107742003.5		110083636.2		105422871.3		124295095.6		123707716.4		146069715.5		164860376.1		206683831.2		229258731.3		258152450.6		286501189.9		329906925.4		381077025.5		441984120.6		511378427		581986800.4		662201440.7		734544603.7		807693354.6		871973067.9		895855794.6		941961123.1		1022923528		1115109296		1176230747		1247621000		1352587000		1467325000		1589254000		1711250400

		GLOBAL TOTAL		91202486.89		96361185.34		112191539.9		125225779.6		133176678.7		141455210.1		170501882.1		178533097.4		186540007.8		191962383.4		221015870.2		254554167.2		273706471.3		271882544.8		312873393.9		339870721.5		358933001.9		368421697.9		401981134.5		443495391.2		510207106.9		538349150		596485818.4		675196016.5		715482198.6		781422830.5		841424592.4		819999902.7		876081910.7		914942765.5		944770363.6		887795707.5		992770920.7		1006256632		1090410518		1086740872		908515246		1030125689		1177442371		1201980975		1341072976		1384937749		1415037574		1355127149		1597714580		1590164287		1730428425		1816781617		2117598117		2251471465		2505224193		2598155293		2890322112		3163934703		3447450306		3850221661		4179224827		4385198864		4663062902		4947993941		5056193980		4925574000		5121215000		5418839000		5799862000		5983618042		6173381659		6389020957		6657524167		7013949479		7349196917

		DEFORESTATION		5701093.135		6186081.961		6712328.517		7283342.575		7902932.481		8575230.557		9304720.656		10096268.07		10955151.99		11887100.68		12898329.73		13995583.48		15186179.99		16478059.88		17879839.28		19400867.28		21051288.28		22842109.68		24785275.26		26893744.86		29181580.79		31664041.66		34357684.09		37280473.19		40451902.33		43893123.19		47627086.79		51678696.61		56074974.62		60845241.55		66021312.45		71637708.82		77731888.91		84344497.52		91519637.06		99305161.74		107752996.7		116919484.2		126865759.8		137658159.5		149368662.7		162075371.8		175863033.7		190823604.2		207056862.2		224671074.5		243783718		264522263.4		287025025.4		311442084.9		337936290		366684342.5		397877975.8		431725234.1		468451859.9		508302799.4		551543836.2		598463363.9		649374309.8		704616221.5		764557532.1		829598016.6		900171458.9		976748544.8		1059840001		1150000001		1132857144		1115714287		1098571429		1081428572		1064285715
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Equitableshare

		Equitable share		2000		2002		2004		2006		2008		2010		2012		2014		2016		2018		2020		2022		2024		2026		2028		2030		2032		2034		2036		2038		2040		2042		2044		2046		2048		2050		2052		2054		2056		2058		2060		2062		2064		2066		2068		2070		2072		2074		2076		2078		2080		2082		2084		2086		2088		2090		2092		2094		2096		2098		2100

		UNITED STATES		4.46%		4.41%		4.36%		4.31%		4.27%		4.23%		4.19%		4.15%		4.12%		4.09%		4.06%		4.04%		4.01%		3.97%		3.93%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%

		OECD minus USA		10.30%		10.09%		9.88%		9.67%		9.47%		9.27%		9.07%		8.87%		8.69%		8.52%		8.35%		8.20%		8.04%		7.89%		7.75%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%

		Annex 1 (non-OECD)		5.03%		4.88%		4.74%		4.60%		4.48%		4.36%		4.25%		4.15%		4.04%		3.95%		3.85%		3.76%		3.68%		3.60%		3.53%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%

		CHINA		20.83%		20.61%		20.37%		20.15%		19.93%		19.73%		19.55%		19.37%		19.21%		19.04%		18.87%		18.69%		18.50%		18.31%		18.12%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%

		INDIA		16.57%		16.66%		16.74%		16.81%		16.86%		16.90%		16.92%		16.92%		16.90%		16.86%		16.83%		16.80%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%

		Rest of World		42.80%		43.36%		43.91%		44.45%		44.99%		45.51%		46.02%		46.53%		47.04%		47.54%		48.04%		48.51%		48.97%		49.43%		49.88%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%

				1.00
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The share of global emissions that 'equitably' should be allocated to each country, based on populations in each year up to the population cutoff year.

The actual allocated shares converge towards these proportions.



Allocatedshare

		Allocated share		2000		2002		2004		2006		2008		2010		2012		2014		2016		2018		2020		2022		2024		2026		2028		2030		2032		2034		2036		2038		2040		2042		2044		2046		2048		2050		2052		2054		2056		2058		2060		2062		2064		2066		2068		2070		2072		2074		2076		2078		2080		2082		2084		2086		2088		2090		2092		2094		2096		2098		2100

		t-convergence		0.000		0.067		0.133		0.200		0.267		0.333		0.400		0.467		0.533		0.600		0.667		0.733		0.800		0.867		0.933		1.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		F		0.018		0.024		0.031		0.041		0.053		0.069		0.091		0.118		0.155		0.202		0.264		0.344		0.449		0.587		0.766		1.000		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		0.018		Equitable share in converge_yr

		UNITED STATES		22.67%		21.42%		20.16%		18.91%		17.66%		16.41%		15.15%		13.90%		12.65%		11.40%		10.15%		8.89%		7.64%		6.39%		5.14%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%		3.88%

		OECD minus USA		21.14%		20.24%		19.34%		18.43%		17.53%		16.63%		15.73%		14.83%		13.92%		13.02%		12.12%		11.22%		10.31%		9.41%		8.51%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%		7.61%

		Annex 1 (non-OECD)		13.90%		13.20%		12.51%		11.81%		11.12%		10.42%		9.72%		9.03%		8.33%		7.63%		6.94%		6.24%		5.55%		4.85%		4.15%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%		3.46%

		CHINA		14.77%		14.99%		15.20%		15.41%		15.62%		15.83%		16.04%		16.25%		16.46%		16.67%		16.88%		17.09%		17.30%		17.51%		17.72%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%		17.93%

		INDIA		4.23%		5.07%		5.91%		6.74%		7.58%		8.42%		9.26%		10.09%		10.93%		11.77%		12.60%		13.44%		14.28%		15.12%		15.95%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%		16.79%

		Rest of World		23.28%		25.09%		26.89%		28.69%		30.50%		32.30%		34.10%		35.90%		37.71%		39.51%		41.31%		43.12%		44.92%		46.72%		48.52%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%		50.33%
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Share of global CO2 allocated to each country under the convergence formula.

Fraction of time elapsed from the start year (2000) to the convergence target year

Time dependent part of convergence formula

=(O47^a_2)*EXP(a*(O47-1))
old formula

Needed to compute shares under linear convergence

first do test for for whether still converging,
then compute according to whether linear or exponential



Concentrations

		2000		2000		2000		2000		2000

		2002		2002		2002		2002		2002

		2004		2004		2004		2004		2004

		2006		2006		2006		2006		2006

		2008		2008		2008		2008		2008

		2010		2010		2010		2010		2010

		2012		2012		2012		2012		2012

		2014		2014		2014		2014		2014

		2016		2016		2016		2016		2016

		2018		2018		2018		2018		2018

		2020		2020		2020		2020		2020

		2022		2022		2022		2022		2022

		2024		2024		2024		2024		2024

		2026		2026		2026		2026		2026

		2028		2028		2028		2028		2028

		2030		2030		2030		2030		2030

		2032		2032		2032		2032		2032

		2034		2034		2034		2034		2034

		2036		2036		2036		2036		2036

		2038		2038		2038		2038		2038

		2040		2040		2040		2040		2040

		2042		2042		2042		2042		2042

		2044		2044		2044		2044		2044

		2046		2046		2046		2046		2046

		2048		2048		2048		2048		2048

		2050		2050		2050		2050		2050

		2052		2052		2052		2052		2052

		2054		2054		2054		2054		2054

		2056		2056		2056		2056		2056

		2058		2058		2058		2058		2058

		2060		2060		2060		2060		2060

		2062		2062		2062		2062		2062

		2064		2064		2064		2064		2064

		2066		2066		2066		2066		2066

		2068		2068		2068		2068		2068

		2070		2070		2070		2070		2070

		2072		2072		2072		2072		2072

		2074		2074		2074		2074		2074

		2076		2076		2076		2076		2076

		2078		2078		2078		2078		2078

		2080		2080		2080		2080		2080

		2082		2082		2082		2082		2082

		2084		2084		2084		2084		2084

		2086		2086		2086		2086		2086

		2088		2088		2088		2088		2088

		2090		2090		2090		2090		2090

		2092		2092		2092		2092		2092

		2094		2094		2094		2094		2094

		2096		2096		2096		2096		2096

		2098		2098		2098		2098		2098

		2100		2100		2100		2100		2100

		2102		2102		2102		2102		2102

		2104		2104		2104		2104		2104

		2106		2106		2106		2106		2106

		2108		2108		2108		2108		2108

		2110		2110		2110		2110		2110

		2112		2112		2112		2112		2112

		2114		2114		2114		2114		2114

		2116		2116		2116		2116		2116

		2118		2118		2118		2118		2118

		2120		2120		2120		2120		2120

		2122		2122		2122		2122		2122

		2124		2124		2124		2124		2124

		2126		2126		2126		2126		2126

		2128		2128		2128		2128		2128

		2130		2130		2130		2130		2130

		2132		2132		2132		2132		2132

		2134		2134		2134		2134		2134

		2136		2136		2136		2136		2136

		2138		2138		2138		2138		2138

		2140		2140		2140		2140		2140

		2142		2142		2142		2142		2142

		2144		2144		2144		2144		2144

		2146		2146		2146		2146		2146

		2148		2148		2148		2148		2148

		2150		2150		2150		2150		2150

		2152		2152		2152		2152		2152

		2154		2154		2154		2154		2154

		2156		2156		2156		2156		2156

		2158		2158		2158		2158		2158

		2160		2160		2160		2160		2160

		2162		2162		2162		2162		2162

		2164		2164		2164		2164		2164

		2166		2166		2166		2166		2166

		2168		2168		2168		2168		2168

		2170		2170		2170		2170		2170

		2172		2172		2172		2172		2172

		2174		2174		2174		2174		2174

		2176		2176		2176		2176		2176

		2178		2178		2178		2178		2178

		2180		2180		2180		2180		2180

		2182		2182		2182		2182		2182

		2184		2184		2184		2184		2184

		2186		2186		2186		2186		2186

		2188		2188		2188		2188		2188

		2190		2190		2190		2190		2190

		2192		2192		2192		2192		2192

		2194		2194		2194		2194		2194

		2196		2196		2196		2196		2196

		2198		2198		2198		2198		2198

		2200		2200		2200		2200		2200
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Temperature rise 
over pre-industrial

CO2 Concentration

Concentration (IPCC models)

Concentration (zero sinks)

Temperature rise(2.5C sensitivity)

Temperature rise(1.5C sensitivity)

Temperature rise(4.5C sensitivity)

Approximate Atmospheric CO2 Concentrations 
and Resulting Temperature Rises

369.5836417053

369.5836417053

0.762968062

0.7377808372

0.8133425116

372.4566488983

376.6100728907

0.7795945763

0.7477567458

0.8432702373

375.3978306313

383.8023934061

0.800266312

0.7601597872

0.8804793617

378.3874677761

391.1209122016

0.8210934295

0.7726560577

0.9179681731

381.4072686969

398.5287679189

0.8420020425

0.7852012255

0.9556036766

384.4403249241

405.9918423672

0.8629228238

0.7977536943

0.9932610828

387.4710668276

413.4786739985

0.8837909382

0.8102745629

1.0308236887

390.4852192901

420.9603713833

0.904545996

0.8227275976

1.0681827929

393.4697573807

428.4105266863

0.9251320174

0.8350792104

1.1052376312

396.4128620283

435.8051291419

0.9454973991

0.8472984394

1.1418953183

399.3038756946

443.12247853

0.965594881

0.8593569286

1.1780707858

402.1332580481

450.3430986512

0.9853815052

0.8712289031

1.2136867093

404.8925416372

457.4496508031

1.0048185661

0.8828911397

1.248673419

407.5761105579

464.4268472552

1.0235320715

0.8941192429

1.2823577287

410.177145584

471.2613647249

1.0422865686

0.9053719412

1.3161158236

412.689852462

477.9417578533

1.0613876137

0.9168325682

1.3504977047

415.1094137372

484.4583726801

1.0800302467

0.928018148

1.3840544441

417.4319406628

490.8032601202

1.0981813148

0.9389087889

1.4167263666

419.6544251433

496.9700894383

1.1158136918

0.9494882151

1.4484646452

421.7746916802

502.9540617254

1.1329059386

0.9597435632

1.4792306896

423.7913492926

508.7518233739

1.1494419583

0.969665175

1.5089955249

425.7037433978

514.3613795532

1.1654106475

0.9792463885

1.5377391655

427.5119076415

519.7820076855

1.1808055475

0.9884833285

1.5654499856

429.2165156765

525.0141709217

1.1956244951

0.9973746971

1.5921240912

430.818832891

530.0594316162

1.2098692758

1.0059215655

1.6177646964

432.3206680953

534.9203648033

1.2234472918

1.0140683751

1.6422051253

433.7243163791

539.6004716725

1.2364966653

1.0218979992

1.6656939976

435.0325211491

544.1040930441

1.2493457946

1.0296074768

1.6888224303

436.2484254047

548.4363228446

1.261879955

1.037127973

1.711383919

437.3755230346

552.6029215831

1.2738936145

1.0443361687

1.7330085061

438.4176101543

556.6102298259

1.2853980367

1.051238822

1.753716466

439.3787365061

560.4650816728

1.2964072375

1.0578443425

1.7735330275

440.263156942

564.1747182324

1.3069375718

1.0641625431

1.7924876293

441.075283014

567.746701098

1.3170073355

1.0702044013

1.810613204

441.8196346898

571.188825823

1.326636385

1.075981831

1.827945493

442.500792218

574.5090353963

1.3358457723

1.0815074634

1.8445223902

443.1233481596

577.7153337185

1.344657397

1.0867944382

1.8603833146

443.6918596063

580.815699077

1.3530654551

1.0918392731

1.8755178192

444.2108006012

583.8179976219

1.3611019454

1.0966611673

1.8899835018

444.6845148236

586.7298968415

1.3689176826

1.1013506096

1.9040518287

445.1171684527

589.5587790377

1.3765884704

1.1059530823

1.9178592468

445.5127032771

592.3116548023

1.3840355634

1.1104213381

1.9312640142

445.8747900604

594.9950764918

1.3912142842

1.1147285705

1.9441857115

446.2067821717

597.6150517035

1.3981400995

1.1188840597

1.9566521791

446.5116694878

600.1769567509

1.4048275842

1.1228965505

1.9686896515

446.7920325722

602.6854501397

1.411290128

1.1267740768

1.9803222304

447.0499971347

605.1443860427

1.4175396567

1.130523794

1.9915713821

447.2871887751

607.5567277761

1.4235863637

1.1341518182

2.0024554547

447.5046880104

609.9244612749

1.4294384524

1.1376630714

2.0129892143

447.7029855868

612.2485085683

1.4350935221

1.1410561133

2.0231683398

447.8819380759

614.5286412556

1.440549524

1.1443297144

2.0329891432

448.0429209916

616.7655384599

1.4458574343

1.1475144606

2.0425433818

448.1872487999

618.9613455208

1.451081218

1.1506487308

2.0519461924

448.3161607949

621.1181169458

1.4562169984

1.153730199

2.0611905971

448.4308248321

623.2378045164

1.4612253841

1.1567352305

2.0702056914

448.5323411966

625.3222624255

1.4660949713

1.1596569828

2.0789709484

448.6217466097

627.3732521561

1.4708321909

1.1624993145

2.0874979436

448.700018377

629.3924471172

1.4754433789

1.1652660273

2.0957980819

448.7680786809

631.3814370472

1.4799347351

1.167960841

2.1038825231

448.8267990191

633.3417321977

1.4843122873

1.1705873724

2.1117621171

448.8770047921

635.2747673077

1.4885818595

1.1731491157

2.1194473471

448.9194800415

637.1819053791

1.492746483

1.1756478898

2.1269436694

448.9549723416

639.0644412639

1.4968072392

1.1780843435

2.1342530306

448.9841978451

640.9236050715

1.5007804678

1.1804682807

2.1414048421

449.0078348294

642.7605654057

1.5047010425

1.1828206255

2.1484618766

449.0265255328

644.5764324401

1.5085871388

1.1851522833

2.1554568499

449.0408779926

646.3722608398

1.5124252782

1.1874551669

2.1623655008

449.0514677932

648.1490525365

1.5161995945

1.1897197567

2.1691592701

449.0588397274

649.9077593654

1.5199082099

1.1919449259

2.1758347778

449.0635093722

651.6492855698

1.5235546847

1.1941328108

2.1823984325

449.0659645827

653.3744901809

1.5271425233

1.196285514

2.1888565419

449.0666669049

655.0841892785

1.5306751482

1.1984050889

2.1952152667

449.0660529102

656.7791581382

1.5341558773

1.2004935264

2.2014805791

449.0645354531

658.4601332718

1.5375870927

1.2025522556

2.2076567669

449.0625048538

660.1278143658

1.5409696827

1.2045818096

2.2137454289

449.0603300071

661.7828661221

1.5443087387

1.2065852432

2.2197557296

449.05835942

663.4259200075

1.5476200662

1.2085720397

2.2257161192

449.0569222395

665.0575759156

1.5509201343

1.2105520806

2.2316562417

449.0563292303

666.6784037453

1.5542101693

1.2125261016

2.2375783047

449.0568737043

668.2889449005

1.5574806024

1.2144883614

2.2434650843

449.0588324024

669.889713715

1.5607254938

1.2164352963

2.2493058889

449.0624663336

671.4811988056

1.5639450431

1.2183670259

2.2551010776

449.0680215713

673.0638643588

1.5671411639

1.2202846984

2.2608540951

449.0757300101

674.6381513512

1.5703157392

1.2221894435

2.2665683306

449.0858100847

676.204478711

1.5734706058

1.2240823635

2.2722470904

449.0984674528

677.7632444198

1.5766072783

1.225964367

2.2778931009

449.1138956442

679.3148265602

1.5797264986

1.2278358992

2.2835076975

449.1322766767

680.8595843105

1.5828298992

1.2296979395

2.2890938185

449.1537816423

682.3978588903

1.585923967

1.2315543802

2.2946631406

449.1785712638

683.929974458

1.5890189171

1.2334113503

2.3002340508

449.2067964234

685.4562389644

1.5921202769

1.2352721662

2.3058164985

449.2385986653

686.9769449624

1.5952251366

1.237135082

2.3114052459

449.2741106724

688.4923703775

1.598328246

1.2389969476

2.3169908428

449.3134567195

690.0027792389

1.6014275166

1.24085651

2.3225695299

449.356753104

691.5084223741

1.6045234141

1.2427140484

2.3281421453

449.4041085545

693.0095380696

1.6076169603

1.2445701762

2.3337105285

449.4556246189

694.5063526972

1.610709162

1.2464254972

2.3392764915

449.5113960329

695.9990813105

1.6138009144

1.2482805486

2.3448416459

449.571511071

697.4879282101

1.6168927615

1.2501356569

2.3504069708

449.6360518779

698.9730874817

1.6199852952

1.2519911771

2.3559735313

449.705094785

700.4547435067

1.6230810123

1.2538486074

2.3615458221



AllocatedCO2

		Global emissions		1860		1862		1864		1866		1868		1870		1872		1874		1876		1878		1880		1882		1884		1886		1888		1890		1892		1894		1896		1898		1900		1902		1904		1906		1908		1910		1912		1914		1916		1918		1920		1922		1924		1926		1928		1930		1932		1934		1936		1938		1940		1942		1944		1946		1948		1950		1952		1954		1956		1958		1960		1962		1964		1966		1968		1970		1972		1974		1976		1978		1980		1982		1984		1986		1988		1990		1992		1994		1996		1998		2000		2002		2004		2006		2008		2010		2012		2014		2016		2018		2020		2022		2024		2026		2028		2030		2032		2034		2036		2038		2040		2042		2044		2046		2048		2050		2052		2054		2056		2058		2060		2062		2064		2066		2068		2070		2072		2074		2076		2078		2080		2082		2084		2086		2088		2090		2092		2094		2096		2098		2100		2102		2104		2106		2108		2110		2112		2114		2116		2118		2120		2122		2124		2126		2128		2130		2132		2134		2136		2138		2140		2142		2144		2146		2148		2150		2152		2154		2156		2158		2160		2162		2164		2166		2168		2170		2172		2174		2176		2178		2180		2182		2184		2186		2188		2190		2192		2194		2196		2198		2200		110-year totals

		t--Phase 1																																																																																																																																														0.000		0.020		0.040		0.060		0.080		0.100		0.120		0.140		0.160		0.180		0.200		0.220		0.240		0.260		0.280		0.300		0.320		0.340		0.360		0.380		0.400		0.420		0.440		0.460		0.480		0.500		0.520		0.540		0.560		0.580		0.600		0.620		0.640		0.660		0.680		0.700		0.720		0.740		0.760		0.780		0.800		0.820		0.840		0.860		0.880		0.900		0.920		0.940		0.960		0.980		1.000																																																																																																						1990-2100

		1-t																																																																																																																																														1.000		0.980		0.960		0.940		0.920		0.900		0.880		0.860		0.840		0.820		0.800		0.780		0.760		0.740		0.720		0.700		0.680		0.660		0.640		0.620		0.600		0.580		0.560		0.540		0.520		0.500		0.480		0.460		0.440		0.420		0.400		0.380		0.360		0.340		0.320		0.300		0.280		0.260		0.240		0.220		0.200		0.180		0.160		0.140		0.120		0.100		0.080		0.060		0.040		0.020		0.000

		Phase 1 as typed in in 'control'																																																																																																																																														7349196917		7546837196		7700882297		7814377550		7890276571		7931441259		7940641799		7920556657		7873772585		7802784620		7709996082		7597718575		7468171987		7323484491		7165692545		6996740888		6818482545		6632678827		6440999327		6245021922		6046232773		5846026327		5645705314		5446480747		5249471925		5055706431		4866120131		4681557176		4502770001		4330419325		4165074150		4007211765		3857217741		3715385934		3581918483		3456925812		3340426631		3232347929		3132524986		3040701360		2956528896		2879567725		2809286257		2745061192		2686177509		2631828475		2581115639		2533048836		2486546182		2440434080		2393447217																																																																																																						5.85084E11

		Phase 1 allowing for possible contrn scenario																																																																																																																																														7349196917		7546837196		7700882297		7814377550		7890276571		7931441259		7940641799		7920556657		7873772585		7802784620		7709996082		7597718575		7468171987		7323484491		7165692545		6996740888		6818482545		6632678827		6440999327		6245021922		6046232773		5846026327		5645705314		5446480747		5249471925		5055706431		4866120131		4681557176		4502770001		4330419325		4165074150		4007211765		3857217741		3715385934		3581918483		3456925812		3340426631		3232347929		3132524986		3040701360		2956528896		2879567725		2809286257		2745061192		2686177509		2631828475		2581115639		2533048836		2486546182		2440434080		2393447217

		Cumulative																																																																																																																																														73149764400		88045798513		1.03294E11		1.18809E11		1.34513E11		1.50335E11		1.66207E11		1.82068E11		1.97863E11		2.13539E11		2.29052E11		2.4436E11		2.59426E11		2.74217E11		2.88707E11		3.02869E11		3.16684E11		3.30135E11		3.43209E11		3.55895E11		3.68186E11		3.80079E11		3.9157E11		4.02662E11		4.13358E11		4.23664E11		4.33585E11		4.43133E11		4.52317E11		4.61151E11		4.69646E11		4.77818E11		4.85683E11		4.93255E11		5.00553E11		5.07592E11		5.14389E11		5.20962E11		5.27327E11		5.335E11		5.39497E11		5.45333E11		5.51022E11		5.56576E11		5.62008E11		5.67326E11		5.72539E11		5.77653E11		5.82672E11		5.87599E11		5.92433E11

		Annual change																																																																																																																																																1.34%		1.02%		0.74%		0.49%		0.26%		0.06%		-0.13%		-0.30%		-0.45%		-0.59%		-0.73%		-0.85%		-0.97%		-1.08%		-1.18%		-1.27%		-1.36%		-1.44%		-1.52%		-1.59%		-1.66%		-1.71%		-1.76%		-1.81%		-1.85%		-1.87%		-1.90%		-1.91%		-1.91%		-1.91%		-1.90%		-1.87%		-1.84%		-1.80%		-1.74%		-1.69%		-1.62%		-1.54%		-1.47%		-1.38%		-1.30%		-1.22%		-1.14%		-1.07%		-1.01%		-0.96%		-0.93%		-0.92%		-0.93%		-0.96%		123

		t--Phase 2																																																																																																																																														0.048		0.047		0.046		0.045		0.044		0.043		0.042		0.041		0.040		0.039		0.038		0.037		0.036		0.035		0.034		0.033		0.032		0.031		0.030		0.030		0.029		0.028		0.027		0.026		0.025		0.024		0.023		0.022		0.021		0.020		0.019		0.018		0.017		0.016		0.015		0.014		0.013		0.012		0.011		0.010		0.010		0.009		0.008		0.007		0.006		0.005		0.004		0.003		0.002		0.001		0.000

		1-t																																																																																																																																																0.953		0.954		0.955		0.956		0.957		0.958		0.959		0.960		0.961		0.962		0.963		0.964		0.965		0.966		0.967		0.968		0.969		0.970		0.970		0.971		0.972		0.973		0.974		0.975		0.976		0.977		0.978		0.979		0.980		0.981		0.982		0.983		0.984		0.985		0.986		0.987		0.988		0.989		0.990		0.990		0.991		0.992		0.993		0.994		0.995		0.996		0.997		0.998		0.999		1.000

		Phase2																																																																																																																																														2393447217		4136729270		4110773376		4084443363		4057737558		4030654281		4003191852		3975348587		3947122799		3918512800		3889516896		3860133392		3830360589		3800196787		3769640281		3738689363		3707342325		3675597452		3643453029		3610907337		3577958654		3544605255		3510845413		3476677397		3442099473		3407109905		3371706954		3335888877		3299653929		3263000362		3225926425		3188430363		3150510420		3112164835		3073391847		3034189688		2994556591		2954490783		2913990491		2873053936		2831679338		2789864914		2747608878		2704909440		2661764808		2618173188		2574132780		2529641784		2484698397		2439300811		2393447217

		Phase1&Phase2																																																																																																																																														7349196917		7546837196		7700882297		7814377550		7890276571		7931441259		7940641799		7920556657		7873772585		7802784620		7709996082		7597718575		7468171987		7323484491		7165692545		6996740888		6818482545		6632678827		6440999327		6245021922		6046232773		5846026327		5645705314		5446480747		5249471925		5055706431		4866120131		4681557176		4502770001		4330419325		4165074150		4007211765		3857217741		3715385934		3581918483		3456925812		3340426631		3232347929		3132524986		3040701360		2956528896		2879567725		2809286257		2745061192		2686177509		2631828475		2581115639		2533048836		2486546182		2440434080		2393447217		2348774856		2306336113		2266019308		2227718342		2191332425		2156765804		2123927514		2092731138		2063094581		2034939852		2008192859		1982783216		1958644056		1935711853		1913926260		1893229947		1873568450		1854890027		1837145526		1820288250		1804273837		1789060145		1774607138		1760876781		1747832942		1735441295		1723669230		1712485769		1701861480		1691768406		1682179986		1673070987		1664417437		1656196565		1648386737		1640967400		1633919030		1627223079		1620861925		1614818829		1609077887		1603623993		1598442793		1593520654		1588844621		1584402390		1580182270		1576173157		1572364499		1568746274		5.85084E11

		Allocated CO2		1860		1862		1864		1866		1868		1870		1872		1874		1876		1878		1880		1882		1884		1886		1888		1890		1892		1894		1896		1898		1900		1902		1904		1906		1908		1910		1912		1914		1916		1918		1920		1922		1924		1926		1928		1930		1932		1934		1936		1938		1940		1942		1944		1946		1948		1950		1952		1954		1956		1958		1960		1962		1964		1966		1968		1970		1972		1974		1976		1978		1980		1982		1984		1986		1988		1990		1992		1994		1996		1998		2000		2002		2004		2006		2008		2010		2012		2014		2016		2018		2020		2022		2024		2026		2028		2030		2032		2034		2036		2038		2040		2042		2044		2046		2048		2050		2052		2054		2056		2058		2060		2062		2064		2066		2068		2070		2072		2074		2076		2078		2080		2082		2084		2086		2088		2090		2092		2094		2096		2098		2100		2102		2104		2106		2108		2110		2112		2114		2116		2118		2120		2122		2124		2126		2128		2130		2132		2134		2136		2138		2140		2142		2144		2146		2148		2150		2152		2154		2156		2158		2160		2162		2164		2166		2168		2170		2172		2174		2176		2178		2180		2182		2184		2186		2188		2190		2192		2194		2196		2198		2200

		UNITED STATES		39922430.88		42180568.67		49110053.34		54815583.45		58295962.45		61919757.25		74634473.62		78150009.73		81654906.78		84028465.03		96746164.49		111427018		119810632.9		119012238.3		136955327.3		148772975.9		157117184.5		161270709.5		175960816.5		194133018.8		223335006		235653735.6		261102132.9		295556264		313190896.3		342055354		368320166.2		358941850.7		383490853.3		400501571.3		413558125.7		388618380.6		434569602.3		440472756.7		477309775.4		475703446.5		397688027.4		450921054.9		515406577.8		526147959.7		587033259.9		606234363.3		619410080.5		593185249.6		699374019.7		696069000		697920000		680491000		781912000		750766000		799544000		831489000		912912000		999673000		1080969000		1155779000		1215253000		1218402000		1248095000		1274009000		1236297000		1139230000		1184227000		1224096000		1340168000		1367124273		1422356093		1479819280		1539603978		1601803979		1665876138		1616177316		1552738776		1477774073		1393328031		1301282493		1203362058		1101139827		996043142.7		889359332.4		782241450.6		675714020.3		570678776.2		467920405.8		368112292.5		271822257.2		264896949.3		257678504.8		250231787.1		242618096.4		234895170		227117181.8		219334742.7		211594900.3		203941139.3		196413381.1		189047983.8		181877742.7		174931889.7		168236093.7		161812460.3		155679532.1		149852288.4		144342145.5		139156956.5		134301011.4		129775036.9		125576196.8		121698091.5		118130758.4		114860671.7		111870742.6		109140318.9		106645185.4		104357563.8		102246112.6		100275927.1		98408539.53		96601918.91		94810471.19		92985039.11		91249525.08		89600786.76		88034485.35		86546499.01		85132911.98		83790004.31		82514242.02		81302267.85		80150892.38		79057085.69		78017969.34		77030808.8		76093006.28		75202093.9		74355727.13		73551678.7		72787832.69		72062178.99		71372807.96		70717905.49		70095748.15		69504698.67		68943201.66		68409779.51		67903028.46		67421614.96		66964272.14		66529796.46		66117044.57		65724930.27		65352421.68		64998538.52		64662349.52		64342969.98		64039559.4		63751319.36		63477491.32		63217354.68		62970224.88		62735451.56		62512416.91		62300533.99		62099245.22		61908020.89		61726357.77		61553777.81		61389826.84		61234073.43		61086107.69		60945540.23

		OECD minus USA		29390033.42		31052425.81		36153763.12		40354051.45		42916231.49		45583991.14		54944291.37		57532353.31		60112583		61859945.44		71222441.77		82030169.76		88202006.48		87614245.52		100823561.1		109523459.3		115666285.9		118724021.5		129538561.8		142916545.5		164414419.3		173483202.6		192217764.4		217582153.4		230564389.7		251813781.5		271149370.3		264245256.6		282317703.3		294840627.4		304452581.4		286092478.5		319920777.8		324266552.9		351385172.3		350202627.6		292769357		331958364.9		379431217.4		387338791.3		432161237.4		446296676		455996355.2		436690199.7		514864084.3		512431000		576030000		610640000		689791000		688015000		747785000		824163000		921150000		972794000		1075142000		1194001000		1269178000		1311428000		1335910000		1359760000		1394803000		1302891000		1304014000		1317976000		1330139000		1477548364		1493866111		1513045859		1528290607		1539600354		1553772102		1527452669		1489136026		1440563817		1383351678		1318993377		1248864950		1174228842		1096238041		1015940223		934281883.2		852112480.1		770188570.4		689177948.5		609663784.8		532148764.1		518591029.5		504459418.7		489880915.5		474975528		459856288.7		444629254.5		429393506.7		414241151		399257317.4		384520160.5		370100859.2		356063616.7		342465660.7		329357243.4		316781641.2		304775155		293367110		282579856.1		272428767.1		262922241.7		254061702.7		245841597.3		238249397.3		231265598.7		224863722.1		219010312.1		213664938.3		208780194.1		204301697.7		200168091.5		196311042.5		192655241.8		189118405.1		185611272.5		182037608.5		178639977.8		175412228.6		172345866.9		169432823.3		166665431.9		164036410		161538839.2		159166147		156912089.4		154770734.6		152736447.6		150803875		148967931		147223784.1		145566844.7		143992752.2		142497364.3		141076745.8		139727158.2		138445050.1		137227047.3		136069944.6		134970697.1		133926412		132934341.1		131991873.8		131096529.9		130245953.1		129437905.2		128670259.6		127940996.4		127248196.3		126590036.2		125964784.1		125370794.6		124806504.6		124270429.1		123761157.4		123277349.3		122817731.5		122381094.7		121966289.7		121572224.9		121197863.4		120842220		120504358.7		120183390.5		119878470.7		119588796.9		119313606.8

		Annex 1 (non-OECD)		12496751.75		13203607.19		15372714.83		17158693.08		18248141.58		19382482.93		23362517.48		24462971.06		25560094.34		26303079.36		30284047.7		34879533.92		37503821.9		37253903.75		42870553.95		46569783.12		49181735.87		50481896.46		55080279.27		60768647.83		69909623.9		73765704.35		81731709.86		92516742.59		98036837.86		107072158.5		115293722.9		112358068		120042539.7		125367333.7		129454372.4		121647588.2		136031507.1		137879346.9		149410284.9		148907462.5		124486621.8		141149934		161335567.9		164697897.8		183756568.9		189767010.1		193891349.8		185682300.5		218922127.6		217887571.1		254749709.7		294579240.4		355137285.8		409842733.4		451254742.4		495114103.5		564484186.3		619100677.3		668685185.3		724195234.2		797898026.6		858622423.4		944100298.2		1012087586		1051133912		1046870205		1073724877		1145285472		1203699704		1138564658		1071614455		978684818.2		955277181.8		1001391545		1021526477		996458245		963185477.9		922978376.6		877012143.8		826370175.7		772047255		714952743.1		655913773		595678441.5		534919002.2		474235057.6		414156751.8		355147963.4		297609497.5		241882278.7		235719761.8		229296395.9		222669900.1		215894822.6		209022541.2		202101262.8		195176023.8		188288689.7		181477955.5		174779345.4		168225212.9		161844741.1		155663942.1		149705657.3		143989557.8		138532143.5		133346744.1		128443518.2		123829454.1		119508369.1		115480910.1		111744553		108293603.2		105119195.6		102209294		99548691.88		97119011.87		94898705.95		92863055.42		90984170.9		89230992.31		87569288.93		85961659.32		84367531.36		82743162.28		81198807.19		79731669.85		78337889.38		77013797.93		75755911.05		74560918.52		73425675.61		72347194.85		71322638.13		70349309.24		69424646.8		68546217.48		67711709.62		66918927.16		66165783.82		65450297.65		64770585.79		64124859.52		63511419.56		62928651.6		62375022.04		61849073.96		61349423.28		60874755.14		60423820.4		59995432.4		59588463.8		59201843.63		58834554.47		58485629.76		58154151.3		57839246.75		57540087.43		57255886.08		56985894.8		56729403.08		56485735.94		56254252.16		56034342.58		55825428.47		55626960.06		55438415.08		55259297.34		55089135.5		54927481.74		54773910.67		54628018.16		54489420.27		54357752.28		54232667.68

		CHINA		1245330.192		1315769.97		1531926.559		1709903.42		1818469.48		1931509.217		2328128.857		2437791.6		2547122.471		2621162.645		3017875.339		3475826.162		3737342.524		3712437.602		4272149.775		4640786.511		4901073.638		5030637.646		5488877.12		6055736.193		6966655.583		7350922.911		8144753.77		9219507.206		9769597.456		10669988.03		11489285.93		11196741.13		11962516.5		12493144.53		12900427.37		12122463.29		13555854.05		13739995.56		14889080.18		14838972.77		12405379.55		14065917.12		16077462.18		16412526.13		18311766.75		18910721.11		19321721.09		18503670.36		21816095.95		21713000		35396000		44508000		59702000		145012000		215295000		121402000		120432000		144066000		129195000		211607000		255513000		270967000		328181000		407398000		406440000		431541000		494786000		564391000		646047000		638355000		728213000		828436000		906865200.1		996344000.1		1085822800		1130919405		1170223874		1203929918		1232242579		1255377270		1273558804		1287020432		1296002874		1300753355		1301524639		1298574060		1292162563		1282553730		1270012820		1254805801		1222836688		1189514375		1155138292		1119991416		1084340278		1048434959		1012509094		976779867.2		941448015.4		906697826.7		872697140.9		839597349.1		807533394.1		776623770.3		746970523.6		718659251.3		691759102.5		666322777.5		642386528.6		619970159.3		599077024.6		579694031.4		561791637.9		545323853.8		530228240.4		516425910.6		503821528.9		492303311.2		481743025		471995989.3		462901074.8		454280703.5		445940849.2		437671037		429244343.9		421232737		413621710.4		406391235.2		399522283.8		392996779.9		386797551.2		380908283.9		375313480		369998416.3		364949105.8		360152260.8		355595258.1		351266105.5		347153410.5		343246350.3		339534643.1		336008521.2		332658705.5		329476380.5		326453171.8		323581123.5		320852677.6		318260654		315798231.6		313458930.3		311236594.1		309125374.7		307119716.3		305214340.8		303404234		301684632.6		300051011.3		298499071		297024727.8		295624101.7		294293506.9		293029441.9		291828580.1		290687761.4		289603983.6		288574394.7		287596285.3		286667081.3		285784337.6		284945731		284149054.7		283392212.3		282673212		281990161.7		281341263.9

		INDIA		1052792.383		1112341.619		1295078.705		1445538.948		1537319.844		1632882.752		1968181.887		2060889.91		2153317.371		2215910.354		2551288.156		2938436.192		3159520.074		3138465.649		3611641.932		3923284.539		4143329.236		4252861.632		4640253.692		5119471.909		5889556.021		6214412.608		6885510.993		7794099.124		8259141.109		9020324.246		9712952.265		9465637.187		10113017.68		10561606.45		10905920.18		10248235.44		11460012.76		11615684.54		12587111.68		12544751.26		10487410.63		11891216.08		13591760.5		13875020.94		15480624.07		15986975.39		16334431.55		15642857.88		18443156.5		18356000		20263000		21703000		24372000		28577000		33193000		39486000		41437000		47224000		51475000		53261000		59396000		63578000		72232000		87046000		95547000		109186000		122502000		144167000		164699000		185795000		209711000		236448000		260162200		285555600		310949000		382504061.1		454794350		526930094.6		598116569.9		667650257.5		734915006.3		799378192.3		860586878.7		918163976.4		971804403.6		1021271246		1066391918		1107054321		1143203005		1174835328		1144903650		1113705014		1081519765		1048612847		1015233804		981616779.9		947980518.7		914528364		881448258.9		848912746.8		817078970.7		786088673.4		756068197.7		727128486.1		699365080.9		672858124.3		647672358.4		623857124.9		601446365.5		580458621.7		560897034.9		542749346		525987896.3		510569626.3		496436076.8		483513388.2		471712300.8		460928154.7		451040889.8		441915045.9		433399762.6		425328779.3		417520435.2		409777669.4		401888020.8		394387004.4		387261038.9		380491371.6		374060187.8		367950563.1		362146419.6		356632483.3		351394243.9		346417916.4		341690405.2		337199269.7		332932690.9		328879441.1		325028853.7		321370795.7		317895640.6		314594243.3		311457915.8		308478404.7		305647869.2		302958860.4		300404302.1		297977471.7		295671982.8		293481768.4		291401064.6		289424396.1		287546561		285762617.7		284067871.5		282457862.6		280928354.2		279475321.2		278094939.8		276783577.5		275537783.3		274354278.9		273229949.6		272161836.8		271147129.7		270183157.9		269267384.7		268397400.2		267570914.9		266785753.8		266039850.8		265331243		264658065.5		264018546.9		263411004.3

		Rest of World		7095148.262		7496472.081		8728003.33		9742009.269		10360553.89		11004586.85		13264288.88		13889081.74		14511983.8		14933820.52		17194052.71		19803183.21		21293147.37		21151253.99		24340159.93		26440432.07		27923392.79		28661571.18		31272346.24		34501970.96		39691846.03		41881171.95		46403946.45		52527250.15		55661336.12		60791224.31		65459094.79		63792349.12		68155280.17		71178482.01		73498936.62		69066561.52		77233166.69		78282295.09		84829093.55		84543611.39		70678449.56		80139201.67		91599785		93508779.4		104329519.1		107742003.5		110083636.2		105422871.3		124295095.6		123707716.4		146069715.5		164860376.1		206683831.2		229258731.3		258152450.6		286501189.9		329906925.4		381077025.5		441984120.6		511378427		581986800.4		662201440.7		734544603.7		807693354.6		871973067.9		895855794.6		941961123.1		1022923528		1115109296		1176230747		1247621000		1352587000		1467325000		1589254000		1711250400		1893325501		2070803792		2242201271		2406225569		2561767687		2707893725		2843836621		2968987876		3082889292		3185224704		3275811710		3354593407		3421630122		3477091144		3521246458		3431534467		3338025119		3241558668		3142929212		3042884692		2942126889		2841311428		2741047775		2641899239		2544382971		2448969964		2356085053		2266106917		2179368074		2096154886		2016707559		1941220138		1869840512		1802670411		1739765409		1681134921		1626742205		1576504360		1530292327		1487930891		1449198679		1413828158		1381505640		1351871277		1324519065		1298996840		1274806283		1251402914		1228196099		1204549042		1182066805		1160708679		1140418459		1121142750		1102830827		1085434500		1068907990		1053207804		1038292628		1024123211		1010662265		997874366.2		985725862.2		974184783.4		963220758.6		952804935		942909902.6		933509621.8		924579355		916095601.6		908036035.8		900379448.3		893105690.3		886195620.1		879631053.4		873394715		867470193.6		861841898.3		856495017.7		851415481.1		846589921.4		842005639.6		837650572		833513257.7		829582809.1		825848883		822301653.2		818931784.9		815730409.9		812689103.8		809799862.9		807055084.1		804447544.2		801970381.3		799617076.6		797381437.1		795257579.5		793239914.9		791323133.5		789502191.1

		World Total (industrial only)		91202486.89		96361185.34		112191539.9		125225779.6		133176678.7		141455210.1		170501882.1		178533097.4		186540007.8		191962383.4		221015870.2		254554167.2		273706471.3		271882544.8		312873393.9		339870721.5		358933001.9		368421697.9		401981134.5		443495391.2		510207106.9		538349150		596485818.4		675196016.5		715482198.6		781422830.5		841424592.4		819999902.7		876081910.7		914942765.5		944770363.6		887795707.5		992770920.7		1006256632		1090410518		1086740872		908515246		1030125689		1177442371		1201980975		1341072976		1384937749		1415037574		1355127149		1597714580		1590164287		1730428425		1816781617		2117598117		2251471465		2505224193		2598155293		2890322112		3163934703		3447450306		3850221661		4179224827		4385198864		4663062902		4947993941		5056193980		4925574000		5121215000		5418839000		5799862000		5983618042		6173381659		6389020957		6657524167		7013949479		7349196917		7546837196		7700882297		7814377550		7890276571		7931441259		7940641799		7920556657		7873772585		7802784620		7709996082		7597718575		7468171987		7323484491		7165692545		6996740888		6818482545		6632678827		6440999327		6245021922		6046232773		5846026327		5645705314		5446480747		5249471925		5055706431		4866120131		4681557176		4502770001		4330419325		4165074150		4007211765		3857217741		3715385934		3581918483		3456925812		3340426631		3232347929		3132524986		3040701360		2956528896		2879567725		2809286257		2745061192		2686177509		2631828475		2581115639		2533048836		2486546182		2440434080		2393447217		2348774856		2306336113		2266019308		2227718342		2191332425		2156765804		2123927514		2092731138		2063094581		2034939852		2008192859		1982783216		1958644056		1935711853		1913926260		1893229947		1873568450		1854890027		1837145526		1820288250		1804273837		1789060145		1774607138		1760876781		1747832942		1735441295		1723669230		1712485769		1701861480		1691768406		1682179986		1673070987		1664417437		1656196565		1648386737		1640967400		1633919030		1627223079		1620861925		1614818829		1609077887		1603623993		1598442793		1593520654		1588844621		1584402390		1580182270		1576173157		1572364499		1568746274		5.85084E11

		Deforestation		5701093.135		6186081.961		6712328.517		7283342.575		7902932.481		8575230.557		9304720.656		10096268.07		10955151.99		11887100.68		12898329.73		13995583.48		15186179.99		16478059.88		17879839.28		19400867.28		21051288.28		22842109.68		24785275.26		26893744.86		29181580.79		31664041.66		34357684.09		37280473.19		40451902.33		43893123.19		47627086.79		51678696.61		56074974.62		60845241.55		66021312.45		71637708.82		77731888.91		84344497.52		91519637.06		99305161.74		107752996.7		116919484.2		126865759.8		137658159.5		149368662.7		162075371.8		175863033.7		190823604.2		207056862.2		224671074.5		243783718		264522263.4		287025025.4		311442084.9		337936290		366684342.5		397877975.8		431725234.1		468451859.9		508302799.4		551543836.2		598463363.9		649374309.8		704616221.5		764557532.1		829598016.6		900171458.9		976748544.8		1059840001		1150000001		1132857144		1115714287		1098571429		1081428572		1064285715		1032582858		1000880001		969177143.3		937474286		905771428.8		874068571.6		842365714.3		810662857.1		778959999.9		747257142.6		715554285.4		683851428.1		654639999.5		627919999.5		601199999.6		574479999.6		547759999.6		521039999.6		494319999.6		467599999.7		440879999.7		414159999.7		387439999.7		360719999.7		333999999.8		307279999.8		280559999.8		253839999.8		227119999.8		200399999.9		173679999.9		146959999.9		120239999.9		93519999.93		66799999.95		40079999.97		13359999.99																																																																																																																																50007925714

		Bunker Fuels

		Total including deforestation and bunker fuels		96903580.03		102547267.3		118903868.4		132509122.2		141079611.2		150030440.7		179806602.7		188629365.4		197495159.8		203849484		233914199.9		268549750.7		288892651.3		288360604.7		330753233.2		359271588.8		379984290.2		391263807.6		426766409.8		470389136		539388687.7		570013191.7		630843502.5		712476489.7		755934100.9		825315953.7		889051679.2		871678599.3		932156885.3		975788007		1010791676		959433416.4		1070502810		1090601129		1181930155		1186046034		1016268243		1147045173		1304308131		1339639135		1490441639		1547013121		1590900608		1545950754		1804771442		1814835362		1974212143		2081303880		2404623142		2562913550		2843160483		2964839636		3288200087		3595659937		3915902166		4358524461		4730768663		4983662228		5312437212		5652610162		5820751512		5755172017		6021386459		6395587545		6859702001		7133618043		7306238803		7504735243		7756095596		8095378051		8413482632		8579420054		8701762297		8783554693		8827750857		8837212688		8814710370		8762922371		8684435443		8581744620		8457253225		8313272860		8152023415		7978124491		7793612544		7597940887		7392962545		7180438827		6962039327		6739341921		6513832773		6286906327		6059865313		5833920747		5610191925		5389706431		5173400131		4962117176		4756610001		4557539324		4365474150		4180891765		4004177741		3835625934		3675438483		3523725812		3380506631		3245707929		3132524986		3040701360		2956528896		2879567725		2809286257		2745061192		2686177509		2631828475		2581115639		2533048836		2486546182		2440434080		2393447217		2348774856		2306336113		2266019308		2227718342		2191332425		2156765804		2123927514		2092731138		2063094581		2034939852		2008192859		1982783216		1958644056		1935711853		1913926260		1893229947		1873568450		1854890027		1837145526		1820288250		1804273837		1789060145		1774607138		1760876781		1747832942		1735441295		1723669230		1712485769		1701861480		1691768406		1682179986		1673070987		1664417437		1656196565		1648386737		1640967400		1633919030		1627223079		1620861925		1614818829		1609077887		1603623993		1598442793		1593520654		1588844621		1584402390		1580182270		1576173157		1572364499		1568746274

		US decline rate																																																																																																																																																1.49%		1.96%		2.41%		2.86%		3.30%		3.76%		4.25%		4.77%		5.36%		6.02%		6.81%		7.77%		9.00%		10.67%		13.08%		1.27%		1.36%		1.44%		1.52%		1.59%		1.66%		1.71%		1.76%		1.81%		1.85%		1.87%		1.90%		1.91%		1.91%		1.91%		1.90%		1.87%		1.84%		1.80%		1.74%		1.69%		1.62%		1.54%		1.47%		1.38%		1.30%		1.22%		1.14%		1.07%		1.01%		0.96%		0.93%		0.92%		0.93%		0.96%		0.93%		0.90%		0.87%		0.85%		0.82%		0.79%		0.76%		0.73%		0.71%		0.68%		0.66%		0.63%		0.61%		0.59%		0.56%		0.54%		0.52%		0.50%		0.48%		0.46%		0.44%		0.42%		0.40%		0.39%		0.37%		0.35%		0.34%		0.32%		0.31%		0.30%		0.28%		0.27%		0.26%		0.25%		0.24%		0.23%		0.21%		0.20%		0.20%		0.19%		0.18%		0.17%		0.16%		0.15%		0.15%		0.14%		0.13%		0.13%		0.12%		0.12%		13.08%

		Cumulative (industrial only)																																																																																																																																														73149764400		88243438792		1.03645E11		1.19274E11		1.35055E11		1.50917E11		1.66799E11		1.8264E11		1.98387E11		2.13993E11		2.29413E11		2.44608E11		2.59545E11		2.74192E11		2.88523E11		3.02517E11		3.16153E11		3.29419E11		3.42301E11		3.54791E11		3.66883E11		3.78575E11		3.89867E11		4.0076E11		4.11259E11		4.2137E11		4.31102E11		4.40465E11		4.49471E11		4.58132E11		4.66462E11		4.74476E11		4.82191E11		4.89622E11		4.96785E11		5.03699E11		5.1038E11		5.16845E11		5.2311E11		5.29191E11		5.35104E11		5.40864E11		5.46482E11		5.51972E11		5.57345E11		5.62608E11		5.6777E11		5.72837E11		5.7781E11		5.82691E11		5.87477E11		5.92175E11		5.96788E11		6.0132E11		6.05775E11		6.10158E11		6.14471E11		6.18719E11		6.22905E11		6.27031E11		6.31101E11		6.35117E11		6.39083E11		6.43E11		6.46871E11		6.50699E11		6.54486E11		6.58233E11		6.61943E11		6.65617E11		6.69257E11		6.72866E11		6.76444E11		6.79993E11		6.83515E11		6.87011E11		6.90482E11		6.93929E11		6.97354E11		7.00758E11		7.04141E11		7.07506E11		7.10852E11		7.14181E11		7.17493E11		7.2079E11		7.24072E11		7.27339E11		7.30594E11		7.33836E11		7.37065E11		7.40283E11		7.43491E11		7.46688E11		7.49875E11		7.53052E11		7.56221E11		7.59381E11		7.62534E11		7.65679E11		7.68816E11		5.87477E11

		Annual change (Industrial only)																																																																																																																																																1.34%		1.02%		0.74%		0.49%		0.26%		0.06%		-0.13%		-0.30%		-0.45%		-0.59%		-0.73%		-0.85%		-0.97%		-1.08%		-1.18%		-1.27%		-1.36%		-1.44%		-1.52%		-1.59%		-1.66%		-1.71%		-1.76%		-1.81%		-1.85%		-1.87%		-1.90%		-1.91%		-1.91%		-1.91%		-1.90%		-1.87%		-1.84%		-1.80%		-1.74%		-1.69%		-1.62%		-1.54%		-1.47%		-1.38%		-1.30%		-1.22%		-1.14%		-1.07%		-1.01%		-0.96%		-0.93%		-0.92%		-0.93%		-0.96%		-0.93%		-0.90%		-0.87%		-0.85%		-0.82%		-0.79%		-0.76%		-0.73%		-0.71%		-0.68%		-0.66%		-0.63%		-0.61%		-0.59%		-0.56%		-0.54%		-0.52%		-0.50%		-0.48%		-0.46%		-0.44%		-0.42%		-0.40%		-0.39%		-0.37%		-0.35%		-0.34%		-0.32%		-0.31%		-0.30%		-0.28%		-0.27%		-0.26%		-0.25%		-0.24%		-0.23%		-0.21%		-0.20%		-0.20%		-0.19%		-0.18%		-0.17%		-0.16%		-0.15%		-0.15%		-0.14%		-0.13%		-0.13%		-0.12%		-0.12%		1.91%

		China decline rate																																																																																																																																																-2.08%		-1.74%		-1.44%		-1.18%		-0.94%		-0.72%		-0.53%		-0.35%		-0.18%		-0.03%		0.11%		0.25%		0.37%		0.49%		0.60%		1.27%		1.36%		1.44%		1.52%		1.59%		1.66%		1.71%		1.76%		1.81%		1.85%		1.87%		1.90%		1.91%		1.91%		1.91%		1.90%		1.87%		1.84%		1.80%		1.74%		1.69%		1.62%		1.54%		1.47%		1.38%		1.30%		1.22%		1.14%		1.07%		1.01%		0.96%		0.93%		0.92%		0.93%		0.96%		0.93%		0.90%		0.87%		0.85%		0.82%		0.79%		0.76%		0.73%		0.71%		0.68%		0.66%		0.63%		0.61%		0.59%		0.56%		0.54%		0.52%		0.50%		0.48%		0.46%		0.44%		0.42%		0.40%		0.39%		0.37%		0.35%		0.34%		0.32%		0.31%		0.30%		0.28%		0.27%		0.26%		0.25%		0.24%		0.23%		0.21%		0.20%		0.20%		0.19%		0.18%		0.17%		0.16%		0.15%		0.15%		0.14%		0.13%		0.13%		0.12%		0.12%		-1.91%

		Non-Annex1 total																																																																																																																																				2000380747		2185545000		2417471000		2634352400		2871153600		3108022200		3406748967		3695822017		3973061284		4236584718		4484795214		4716367535		4930235245		5125577629		5301806624		5458553746		5595657017		5713147889		5811238174		5890306970		5950887588		5799274805		5641244508		5478216724		5311533475		5142458773		4972178628		4801801040		4632356006		4464795513		4299993544		4138746075		3981771076		3829708508		3683120330		3542490491		3408224935		3280651599		3160020414		3046503305		2940194190		2841108981		2749185582		2664283894		2586185807		2514595209		2449137978		2389361988		2334737106		2284655192		2238430100		2195297677		2154415765		2114864199		2075644805		2035681407		1997686546		1961591428		1927301066		1894725222		1863778170		1834378471		1806448757		1779915528		1754708961		1730762722		1708013796		1686402315		1665871409		1646367048		1627837905		1610235219		1593512667		1577626243		1562534140		1548196643		1534576020		1521636428		1509343816		1497665835		1486571752		1476032374		1466019964		1456508176		1447471976		1438887587		1430732417		1422985005		1415624964		1408632925		1401990488		1395680173		1389685374		1383990315		1378580008		1373440217		1368557416		1363918754		1359512026		1355325634		1351348561		1347570343		1343981035		1340571192		1337331842		1334254459

		Annex 1 total		81809216.05		86436601.67		100636531.3		112328328		119460335.5		126886231.3		152941282.5		160145334.1		167327584.1		172191489.8		198252654		228336721.6		245516461.3		243880387.5		280649442.3		304866218.4		321965206.2		330476627.5		360579657.5		397818212.1		457659049.2		482902642.5		535051607.2		605655160.1		641792123.9		700941293.9		754763259.4		735545175.2		785851096.3		820709532.5		847465079.4		796358447.3		890521887.2		902618656.5		978105232.6		974813536.6		814944006.3		924029353.9		1056173363		1078184649		1202951066		1242298049		1269297785		1215557750		1433160232		1426387571		1528699710		1585710240		1826840286		1848623733		1998583742		2150766104		2398546186		2591567677		2824796185		3073975234		3282329027		3388452423		3528105298		3645856586		3682233912		3488991205		3561965877		3687357472		3874006704		3983237295		3987836659		3971549957		4023171767		4142795879		4241174717		4140088229		4005060280		3841316266		3653691853		3446646046		3224274263		2990321412		2748194957		2500977997		2251442336		2002061558		1755024098		1512246318		1275385575		1045853300		1019207741		991434319.4		962782602.6		933488447		903773999.9		873847699.2		843904273.2		814124741		784676412.2		755712886.9		727374055.9		699786100.5		673061492.6		647298994.5		622583659.3		598986830.6		576566142.5		555365519.8		535415177.7		516731622.2		499317649.6		483162347		468241092		454515552.7		441933687.8		430429746.6		419924269		410324085.5		401522317		393398375		385817961.9		378633070.2		371681983.3		364789275.1		357765809.9		351088310.1		344744685.2		338718241.7		332993120.3		327554254.9		322387332.8		317478756.9		312815609.7		308385619.9		304177129.6		300179063.8		296380901.3		292772646.9		289344805.2		286088355.6		282994728.5		280055782.8		277263784.3		274611385.8		272091607.2		269697817.5		267423717.3		265263322.1		263210946.7		261261190		259408921.2		257649265.8		255977593.2		254389504.2		252880819.7		251447569.4		250085981.6		248792473.2		247563640.2		246396248.8		245287227.1		244233656.4		243232764.3		242281916.7		241378611.6		240520471.7		239705238.7		238930767.5		238195019.8		237496059.5		236832047.2		236201235.5		235601964.4		235032656.8		234491814.7

		As % reduction from 1990				Smoothing Constant																																																																																																																																										-6.48%		-3.94%		-0.55%		3.56%		8.27%		13.47%		19.05%		24.93%		31.01%		37.21%		43.48%		49.74%		55.94%		62.03%		67.98%		73.74%		74.41%		75.11%		75.83%		76.56%		77.31%		78.06%		78.81%		79.56%		80.30%		81.03%

		Concentration (IPCC models)				0.3																																																																																																														325.2		328.4		331.6		334.8		338		341.2		344.4		347.6		350.8		354		357.2		360.4		363.6		366.8		369.6		372.5		375.4		378.4		381.4		384.4		387.5		390.5		393.5		396.4		399.3		402.1		404.9		407.6		410.2		412.7		415.1		417.4		419.7		421.8		423.8		425.7		427.5		429.2		430.8		432.3		433.7		435.0		436.2		437.4		438.4		439.4		440.3		441.1		441.8		442.5		443.1		443.7		444.2		444.7		445.1		445.5		445.9		446.2		446.5		446.8		447.0		447.3		447.5		447.7		447.9		448.0		448.2		448.3		448.4		448.5		448.6		448.7		448.8		448.8		448.9		448.9		449.0		449.0		449.0		449.0		449.0		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.2		449.2		449.2		449.2		449.3		449.3		449.4		449.4		449.5		449.5		449.6		449.6		449.7

		Concentration (zero sinks)		Conc		Temp																																																																																																																																										369.6		376.6		383.8		391.1		398.5		406.0		413.5		421.0		428.4		435.8		443.1		450.3		457.4		464.4		471.3		477.9		484.5		490.8		497.0		503.0		508.8		514.4		519.8		525.0		530.1		534.9		539.6		544.1		548.4		552.6		556.6		560.5		564.2		567.7		571.2		574.5		577.7		580.8		583.8		586.7		589.6		592.3		595.0		597.6		600.2		602.7		605.1		607.6		609.9		612.2		614.5		616.8		619.0		621.1		623.2		625.3		627.4		629.4		631.4		633.3		635.3		637.2		639.1		640.9		642.8		644.6		646.4		648.1		649.9		651.6		653.4		655.1		656.8		658.5		660.1		661.8		663.4		665.1		666.7		668.3		669.9		671.5		673.1		674.6		676.2		677.8		679.3		680.9		682.4		683.9		685.5		687.0		688.5		690.0		691.5		693.0		694.5		696.0		697.5		699.0		700.5

		Concentration		reg		reg																																																																																								304		306.0833333333		308.1666666667		310.25		312.3333333333		314.4166666667		316.5		318.5833333333		320.6666666667		322.75		324.8333333333		326.9166666667		329		331		334.25		337.5		340.75		344		347.25		350.5		353.75		357		360.25		363.5		366.75		370		372.5		375.4		378.4		381.4		384.4		387.5		390.5		393.5		396.4		399.3		402.1		404.9		407.6		410.2		412.7		415.1		417.4		419.7		421.8		423.8		425.7		427.5		429.2		430.8		432.3		433.7		435.0		436.2		437.4		438.4		439.4		440.3		441.1		441.8		442.5		443.1		443.7		444.2		444.7		445.1		445.5		445.9		446.2		446.5		446.8		447.0		447.3		447.5		447.7		447.9		448.0		448.2		448.3		448.4		448.5		448.6		448.7		448.8		448.8		448.9		448.9		449.0		449.0		449.0		449.0		449.0		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.1		449.2		449.2		449.2		449.2		449.3		449.3		449.4		449.4		449.5		449.5		449.6		449.6		449.7

		Smoothed Concentration		coeffts		coeffts																																																																																								280		281.225		282.45		283.675		284.9		286.125		287.35		288.575		289.8		291.025		292.25		293.475		294.7		295.3		297.15		299		300.85		302.7		304.55		306.4		308.25		310.1		311.95		313.8		315.65		317.5		319.0944946695		321.2718491894		323.4637403328		325.6646806091		327.8695974772		330.0738200483		332.273065787		334.4634272142		336.6413586085		338.8036627084		340.9474774144		343.0702624912		345.0809063017		347.1813640258		349.4644120714		351.7277714508		353.966579529		356.1765236769		358.3538175464		360.4951773382		362.5977980573		364.6593297534		366.6778537459		368.6518588343		370.5491095061		372.4090895284		374.3357779788		376.2917918542		378.2056797533		380.0753691684		381.89924038		383.6760952922		385.4051262926		387.0858851407		388.7182518902		390.302403851		391.827896801		393.2986098424		394.7660580746		396.2547999773		397.7279260458		399.1608041407		400.5531479934		401.9048683316		403.2160373264		404.4868531421		405.7176045933		406.9086359125		408.0565009042		409.158858748		410.2355100684		411.3134749581		412.3888023465		413.4403030149		414.4595856059		415.4468296967		416.4023224934		417.3264352682		418.2195999131		419.0822856147		419.9136418983		420.7118675807		421.4832884393		422.2444952081		423.0037547165		423.7524502743		424.4804013553		425.1848972741		425.8662560782		426.5248545914		427.161112385		427.7754758078		428.3679352655		428.9376797738		429.4864036092		430.0222321026		430.5539641455		431.0815705159		431.5985601816		432.100504241		432.5866435734		433.0572952057		433.5128074447		433.9535488929		434.3797341115		434.791133957		435.188112187		435.5741569918		435.955240066		436.3344760585		436.7096253437		437.0769057496		437.4345387509		437.7824045039		438.120768494		438.4499121038		438.7700678614		439.0812571453		439.3835517138		439.6783226481

		Temperature rise(2.5C sensitivity)		2040.886851423		-8.1260111764																																																																																																																																										0.76		0.78		0.80		0.82		0.84		0.86		0.88		0.90		0.93		0.95		0.97		0.99		1.00		1.02		1.04		1.06		1.08		1.10		1.12		1.13		1.15		1.17		1.18		1.20		1.21		1.22		1.24		1.25		1.26		1.27		1.29		1.30		1.31		1.32		1.33		1.34		1.34		1.35		1.36		1.37		1.38		1.38		1.39		1.40		1.40		1.41		1.42		1.42		1.43		1.44		1.44		1.45		1.45		1.46		1.46		1.47		1.47		1.48		1.48		1.48		1.49		1.49		1.50		1.50		1.50		1.51		1.51		1.52		1.52		1.52		1.53		1.53		1.53		1.54		1.54		1.54		1.55		1.55		1.55		1.56		1.56		1.56		1.57		1.57		1.57		1.58		1.58		1.58		1.59		1.59		1.59		1.60		1.60		1.60		1.60		1.61		1.61		1.61		1.62		1.62		1.62

		Temperature rise(1.5C sensitivity)		0.0396784154		0.0012034403																																																																																																																																										0.74		0.75		0.76		0.77		0.79		0.80		0.81		0.82		0.84		0.85		0.86		0.87		0.88		0.89		0.91		0.92		0.93		0.94		0.95		0.96		0.97		0.98		0.99		1.00		1.01		1.01		1.02		1.03		1.04		1.04		1.05		1.06		1.06		1.07		1.08		1.08		1.09		1.09		1.10		1.10		1.11		1.11		1.11		1.12		1.12		1.13		1.13		1.13		1.14		1.14		1.14		1.15		1.15		1.15		1.16		1.16		1.16		1.17		1.17		1.17		1.17		1.18		1.18		1.18		1.18		1.19		1.19		1.19		1.19		1.19		1.20		1.20		1.20		1.20		1.20		1.21		1.21		1.21		1.21		1.21		1.22		1.22		1.22		1.22		1.22		1.23		1.23		1.23		1.23		1.23		1.24		1.24		1.24		1.24		1.24		1.24		1.25		1.25		1.25		1.25		1.25

		Temperature rise(4.5C sensitivity)		6.04E-09		-0.0171361305																																																																																																																																										0.81		0.84		0.88		0.92		0.96		0.99		1.03		1.07		1.11		1.14		1.18		1.21		1.25		1.28		1.32		1.35		1.38		1.42		1.45		1.48		1.51		1.54		1.57		1.59		1.62		1.64		1.67		1.69		1.71		1.73		1.75		1.77		1.79		1.81		1.83		1.84		1.86		1.88		1.89		1.90		1.92		1.93		1.94		1.96		1.97		1.98		1.99		2.00		2.01		2.02		2.03		2.04		2.05		2.06		2.07		2.08		2.09		2.10		2.10		2.11		2.12		2.13		2.13		2.14		2.15		2.16		2.16		2.17		2.18		2.18		2.19		2.20		2.20		2.21		2.21		2.22		2.23		2.23		2.24		2.24		2.25		2.26		2.26		2.27		2.27		2.28		2.28		2.29		2.29		2.30		2.31		2.31		2.32		2.32		2.33		2.33		2.34		2.34		2.35		2.36		2.36

				-0.0000740016		0.7810154251																																																																																																																																																																								0.8996931604

						0.0126548944

						-0.3834619297
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Pc. chart

		Per-capita Industrial CO2 Emissions		2000		2002		2004		2006		2008		2010		2012		2014		2016		2018		2020		2022		2024		2026		2028		2030		2032		2034		2036		2038		2040		2042		2044		2046		2048		2050		2052		2054		2056		2058		2060		2062		2064		2066		2068		2070		2072		2074		2076		2078		2080		2082		2084		2086		2088		2090		2092		2094		2096		2098		2100		2102

		UNITED STATES		6.055		5.780		5.467		5.123		4.756		4.374		3.983		3.589		3.198		2.814		2.440		2.078		1.733		1.407		1.099		0.807		0.787		0.765		0.743		0.721		0.698		0.675		0.651		0.629		0.606		0.583		0.562		0.540		0.520		0.500		0.481		0.462		0.445		0.429		0.413		0.399		0.385		0.373		0.361		0.351		0.341		0.332		0.324		0.317		0.310		0.304		0.298		0.292		0.287		0.282		0.276		0.271

		OECD minus USA		2.445		2.387		2.313		2.226		2.129		2.023		1.910		1.792		1.669		1.544		1.418		1.291		1.166		1.043		0.924		0.807		0.787		0.765		0.743		0.721		0.698		0.675		0.651		0.629		0.606		0.583		0.562		0.540		0.520		0.500		0.481		0.462		0.445		0.429		0.413		0.399		0.385		0.373		0.361		0.351		0.341		0.332		0.324		0.317		0.310		0.304		0.298		0.292		0.287		0.282		0.276		0.271

		Annex 1 (non-OECD)		3.296		3.223		3.122		2.997		2.852		2.691		2.517		2.335		2.146		1.955		1.761		1.565		1.370		1.178		0.990		0.807		0.787		0.765		0.743		0.721		0.698		0.675		0.651		0.629		0.606		0.583		0.562		0.540		0.520		0.500		0.481		0.462		0.445		0.429		0.413		0.399		0.385		0.373		0.361		0.351		0.341		0.332		0.324		0.317		0.310		0.304		0.298		0.292		0.287		0.282		0.276		0.271

		CHINA		0.845		0.866		0.882		0.893		0.901		0.904		0.903		0.900		0.893		0.885		0.875		0.863		0.850		0.837		0.823		0.807		0.787		0.765		0.743		0.721		0.698		0.675		0.651		0.629		0.606		0.583		0.562		0.540		0.520		0.500		0.481		0.462		0.445		0.429		0.413		0.399		0.385		0.373		0.361		0.351		0.341		0.332		0.324		0.317		0.310		0.304		0.298		0.292		0.287		0.282		0.276		0.271

		INDIA		0.304		0.362		0.417		0.469		0.517		0.561		0.602		0.640		0.674		0.705		0.732		0.755		0.773		0.788		0.799		0.807		0.787		0.765		0.743		0.721		0.698		0.675		0.651		0.629		0.606		0.583		0.562		0.540		0.520		0.500		0.481		0.462		0.445		0.429		0.413		0.399		0.385		0.373		0.361		0.351		0.341		0.332		0.324		0.317		0.310		0.304		0.298		0.292		0.287		0.282		0.276		0.271

		Rest of World		0.648		0.689		0.724		0.754		0.779		0.800		0.816		0.828		0.835		0.840		0.841		0.839		0.834		0.827		0.818		0.807		0.787		0.765		0.743		0.721		0.698		0.675		0.651		0.629		0.606		0.583		0.562		0.540		0.520		0.500		0.481		0.462		0.445		0.429		0.413		0.399		0.385		0.373		0.361		0.351		0.341		0.332		0.324		0.317		0.310		0.304		0.298		0.292		0.287		0.282		0.276		0.271

		World Total		1.192		1.190		1.182		1.168		1.150		1.127		1.101		1.073		1.042		1.010		0.978		0.944		0.909		0.875		0.841		0.807		0.787		0.765		0.743		0.721		0.698		0.675		0.651		0.629		0.606		0.583		0.562		0.540		0.520		0.500		0.481		0.462		0.445		0.429		0.413		0.399		0.385		0.373		0.361		0.351		0.341		0.332		0.324		0.317		0.310		0.304		0.298		0.292		0.287		0.282		0.276		0.271



t measures the fraction of time elapsed from the phase 1 start year to the contraction target year.

Emissions in ph2 start yr

This table is the outcome of the whole spreadsheet.
It gives the CO2 allocated to each country by year.

A regression designed to mimic the emissions/concentration relationships in the IPCC WG1 1994 report

Concentration if all industrial CO2 emissions were to stay in the atmosphere

In v5.4 there are slightly different assumptions about past concentrations for the purposes of the two regressions

A regression designed to mimic the concentration/ temperature relationships in the IPCC WG1 1995 report. Note it gives the temperature rise due only to CO2 emissions, not that due to all ghgs.
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Module1

		2000		2000		2000		2000		2000		2000		2000

		2002		2002		2002		2002		2002		2002		2002

		2004		2004		2004		2004		2004		2004		2004

		2006		2006		2006		2006		2006		2006		2006

		2008		2008		2008		2008		2008		2008		2008

		2010		2010		2010		2010		2010		2010		2010

		2012		2012		2012		2012		2012		2012		2012

		2014		2014		2014		2014		2014		2014		2014

		2016		2016		2016		2016		2016		2016		2016

		2018		2018		2018		2018		2018		2018		2018

		2020		2020		2020		2020		2020		2020		2020

		2022		2022		2022		2022		2022		2022		2022

		2024		2024		2024		2024		2024		2024		2024

		2026		2026		2026		2026		2026		2026		2026

		2028		2028		2028		2028		2028		2028		2028

		2030		2030		2030		2030		2030		2030		2030

		2032		2032		2032		2032		2032		2032		2032

		2034		2034		2034		2034		2034		2034		2034

		2036		2036		2036		2036		2036		2036		2036

		2038		2038		2038		2038		2038		2038		2038

		2040		2040		2040		2040		2040		2040		2040

		2042		2042		2042		2042		2042		2042		2042

		2044		2044		2044		2044		2044		2044		2044

		2046		2046		2046		2046		2046		2046		2046

		2048		2048		2048		2048		2048		2048		2048

		2050		2050		2050		2050		2050		2050		2050

		2052		2052		2052		2052		2052		2052		2052

		2054		2054		2054		2054		2054		2054		2054

		2056		2056		2056		2056		2056		2056		2056

		2058		2058		2058		2058		2058		2058		2058

		2060		2060		2060		2060		2060		2060		2060

		2062		2062		2062		2062		2062		2062		2062

		2064		2064		2064		2064		2064		2064		2064

		2066		2066		2066		2066		2066		2066		2066

		2068		2068		2068		2068		2068		2068		2068

		2070		2070		2070		2070		2070		2070		2070

		2072		2072		2072		2072		2072		2072		2072

		2074		2074		2074		2074		2074		2074		2074

		2076		2076		2076		2076		2076		2076		2076

		2078		2078		2078		2078		2078		2078		2078

		2080		2080		2080		2080		2080		2080		2080

		2082		2082		2082		2082		2082		2082		2082

		2084		2084		2084		2084		2084		2084		2084

		2086		2086		2086		2086		2086		2086		2086

		2088		2088		2088		2088		2088		2088		2088

		2090		2090		2090		2090		2090		2090		2090

		2092		2092		2092		2092		2092		2092		2092

		2094		2094		2094		2094		2094		2094		2094

		2096		2096		2096		2096		2096		2096		2096

		2098		2098		2098		2098		2098		2098		2098

		2100		2100		2100		2100		2100		2100		2100



&A

Page &P

UNITED STATES

OECD minus USA

Annex 1 (non-OECD)

CHINA

INDIA

Rest of World

World Total

Per-capita allocated emissions, 2000-2100

6.0551112003

2.4452986437

3.2955018346

0.8452633784

0.3042491299

0.6483623166

1.1918000997

5.7800506969

2.3870699915

3.2227189212

0.8655384057

0.3621021402

0.6887190492

1.1902211793

5.4665816196

2.3132461643

3.122096419

0.8817563897

0.4171059112

0.7240056035

1.1822042734

5.1226933019

2.2264526038

2.9971501292

0.8934703978

0.4688127806

0.7542153603

1.1684551516

4.7562785887

2.1290161737

2.8518494289

0.9008839491

0.5169663016

0.7794808872

1.1498545358

4.3742646473

2.0229401292

2.6905763775

0.9041417194

0.5614837812

0.7999733207

1.1271837429

3.983112639

1.9100175123

2.5170255761

0.9034696343

0.6023098643

0.8159162736

1.1011348093

3.5891713589

1.7917118833

2.3345776848

0.8995148373

0.6396386689

0.8276234129

1.0725074513

3.1981863046

1.6693183795

2.1464832741

0.8931298579

0.6739055944

0.8354432708

1.0421114466

2.8144549867

1.5442731195

1.9548386766

0.8847296066

0.7050910898

0.8396930145

1.0104014208

2.4403026369

1.4178321047

1.7605633412

0.8746364523

0.7322711784

0.8406669615

0.9775021397

2.0781736942

1.2911675495

1.5650340657

0.863136987

0.7548784246

0.8386767919

0.9436486179

1.7325584837

1.1657636537

1.3703408733

0.850491909

0.773251501

0.834047375

0.9093370231

1.4067336457

1.0430505945

1.1783745981

0.8369127535

0.787972108

0.8270854

0.8750575422

1.0992955084

0.9235832749

0.9903777275

0.8225311817

0.7992733046

0.818100807

0.8410435391
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0.6977139522
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0.6746108339
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0.6746108339

0.6746108339

0.6746108339

0.651494495

0.651494495
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0.651494495
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0.651494495
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Macro2

Graph_country_list(l)
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