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Fig. 2.1. Projected global share of industrialized cowltries' CO2 emissions from fossil fuel burning 
tmder a BAU scenario (%). 

Among these scenarios, AlB represents a mid-range path which can be considered a 
'business as usual' (BAU) scenario for future CO2 emissions.S After combining the EIA's 
reference case projections of fossil fuel-based CO2 emissions for 2006-2030 and the IPCC's 
AlB projections for 2031-2100, BAU projections are made for future world CO2 emissions 
from fossil fuels. These results were then combined with the IPCC's projections for emis­
sions related to land use change for 2006-2100, under the AlB scenario. 

An important aspect of future CO2 emissions involves the location of these emis­
sions. Currently, most fossil fuel-based CO2 emissions originate in industrialized coun­
tries. However, rapid economic development and high population growth are expected 
to significantly increase the share of such emissions attributed to Southern countries. 
Nevertheless, on a per capita basis, emissions from industrialized countries are likely to 
remain higher for some time. Projections by the EIA provide the total fossil fuel-based CO2 

emissions of the industrialized (Annex 1) and industrializing (non-Annex 1) countries for 
2006-2030 (EIA, 2006). A statistical curve fitting of EIA projections for the two groups indi­
cates industrialized countries will account for a slowly declining global share of fossil fuel 
emissions (see Fig. 2.1). For the period 2031-2100, CO2 emissions among industrialized 
and industrializing countries are derived by assuming the same trend for change in the 
national shares of emissions as we found during 2006-2030. This assumption means that 
the projected share of fossil fuel-based CO2 emissions from Annex 1 will decrease from 
51% in 2010 to 17% in 2100. The resulting BAU emission scenario (expressed in total CO2 

emissions and per capita emissions) is presented in Figs. 2.2 and 2.3, respectively. 
Researchers at the Center for Energy and Environmental Policy (CEEP) have investi­

gated scenarios for large CO2 emission reductions since the early 1990s. A 1998 publication 
sought to fix scenario parameters in a manner that would satisfy: (1) a sustainability condition 
based on IPCC assessments of needed global CO2 emission cuts to halt warming risk at 

5 For example, if we average carbon concentration levels and mean temperature increases under the 
scenarios in Table 2.1, the average value will be 710 ppm and the temperature increase will be 3°C, 
which are the concentration level and temperature increase for the AlB scenario. 
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Fig. 2.2. CO2 Emissions from fossil fuel burning under a BAU scenario (in GtC02).
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Fig. 2.3. Per capita CO2 emissions from fossil fuel burning under a BAU scenario (tC02 per capita). 

current levels; and (2) an equity principle in which the biospheric carbon store is equally 
shared (Byrne et al. 1998). The sustainability condition used in the modelling reported here 
is a level of emissions that will not increase carbon concentrations above 450 ppm by 2050.6 

This agrees with the most recent IPCC assessment (2007). To determine this pathway, the 
interrelation of carbon concentration levels and emissions are first established, and then a 
corresponding emissions path is derived. For this purpose, CEEP researchers relied upon 

6The recent report of the UNDP (2007) on human development uses a 450 ppm concentration as well. 
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Fig. 2.4. CO2 emissions from fossil fuel burning in Annex 1 countries under the BAU and CEEP 
scenarios (in GtC02). 

a mixed-layer, pulse response function model (known as the Bern model)? In addition, 
assumptions were made regarding carbon uptake from the land biosphere and GHG emis­
sions due to land use change based on IPCC (2001) and Joos et al. (2001).8 

To satisfy the model's equity principle, a projection of future population growth is 
built on United Nations population projections through 2050 (UN, 2005); afterward, it is 
assumed that human population would stabilize at the 2050 level. Finally, an emissions 
path must stipulate reductions in carbon emissions by industrialized and industrializing 
countries. Starting in 2010, Annex 1 emissions are modelled to decline rapidly in order 
to reach a 2050 rate consistent with the specified sustainability and equity requirements. 
For Southern cOtll1tries, carbon emissions are modelled to increase through 2040 and then 
decline, but at rates which are always slower than those for Annex 1. 

Specifically, for Annex 1 countries, emissions would follow the BAU scenario until 2010 
and subsequently decline to a level of 2 tC02 per person by 2050 (see Fig. 2.4). Total emis­
sions from Annex 1 countries in 2100 would equal 2.6 GtC02. For non-Annex 1 countries, 
emissions would follow the BAU scenario until 2025, after which they grow slower than 
the BAU case. After 2040, non-Annex 1 emissions begin to decline, reaching the level of 2 
tC02 per person in 2060 (see Fig. 2.5)9 This scenario (hereinafter called the CEEP scenario) 

7The model was developed by the Climate and Environmental Physics Institute at the University of 
Bern, Switzerland. Detailed discussion of this model, due to its technical complexity, is beyond the 
scope of this chapter. Readers can consult the IPCe's discussion of the model (1997); see also Joos and 
Bruno (1996) and Joos et al. (1996). 
8Specifically, we used the assumption in the A1 B scenario of emissions from land use change equal to 
0.4 PgC per year, which implies that excess carbon released from the land biosphere is 2.7 PgC (based 
on Joos et al. 2001). . 
9The level of 2 tC02 per person in 2100 is based on the sustainable and equity rate of 3.3 tC02 per 
person at the 1990 world population level developed by Byrne et al. (1998). However, the 1998 Byrne 
et al. paper included all greenhouse gases that are not available for many countries, the analysis 
reported here addresses only CO2• As a result, estimates of atmospheric stability (i.e. 450 ppm of CO2) 

under the different scenarios presented in this chapter may understate the needed level of reductions. 
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Fig. 2.6. CO2 emissions from fossil fuel burning under the CEEP scenario (in GtC02). 

expects Southern nations will take some time to adjust emission trends, while industti'al­
ized nations are subjected to an obligation of rapid emission reductions in order for the 
human community to meet the sustainability target. 

In Figs. 2.6 and 2.7, resulting projections under the CEEP scenario are presented. Figure 2.6 
shows that, for Armex 1 countries, per capita emissions should rapidly decline after 2010 
to 2 tC02 per person in 2050. For the non-Armex 1 countries, per capita emissions can 
grow until 2040, reaching 3.5 tC02 per person and then declining to a global average of 
2 tC02 per person after 2060. Figure 2.7 indicates that, under the CEEP scenario, the achieve­
ment of a sustainable level of carbon concentration (i.e. 450 ppm by 2050) requires emis­
sions to be nearly one third of those forecasted in the BAD scenario. 
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Fig, 2,7, Total CO2 emissions from fossil fuel burning under the CEEP scenario (in GtC02), 

750 

700 

650 

600 

550 

500 

450 

400 

350 

300 

- BAU scenario 

- CEEP scenario 

- Actual data 

250 +---------.-------,-----,-------,---------, 
1850 1900 1950 2000 2050 2100 

Fig, 2.8. Projections of atmospheric carbon concentration under the BAU and CEEP scenarios 
(in ppm). 

For comparison, the carbon concentration paths for the BAU and CEEP scenarios are 
presented in Fig. 2.8. Under the BAU scenario, carbon concentrations will gradually increase 
and reach approximately 520 ppm in 2050 and 700 ppm in 2100. By contrast, under the 
CEEP scenario, concentrations stabilize around 450 ppm by 2050. Obviously, the BAU scen­
ario violates the specified sustainability condition and equity principle. 

2.2 Carbon Emission Allocations Under an Equity Consideration 

Equity has both theoretical and practical groundings in concerns for sustainability. As pre­
viously explored in the literature, equity can be used to consider how different populations, 
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Fig. 2.9. Lorenz curves for global carbon emissions. 

regions, and life forms - now and across generations - will be impacted by various envi­
ronmental harms (Haughton 1999). Applied to the challenge of climate change, equity has 
been defined in terms of per capita GHG emissions that may safely and fairly be released 
by the global human population. To derive this amount, CEEP researchers first looked 
to the GHG emissions levels for 2050 identified in the 1990s by the IPCC as compatible 
with scenarios for a stabilized climate based on global carbon sink capacity (Byrne et al. 
1998, p. 337). Then, this target volume for GHG emissions was divided by global popula­
tion, approximately 5.2 billion people, in 1989. This calculation produced a yearly target of 
some 3.3 tonnes CO2 equivalent released per person (Byrne et aL. 1998, p. 337), apportioned 
equally among the residents of all nations regardless of their economic or political power. 
The per person target upholds a 'democratic principle that no human being is entitled 
to greater access to our atmospheric commons' (Byrne et aL. 2001, p. 451). However, one 
should note here that increases in world population since 1989 have necessitated a further 
reduction in the allowable amount of GHG emissions per person, causing the original tar­
get of 3.3 tonnes CO2 equivalent to fall to 2.0 tonnes by 2050. 

With an equitable and sustainable emission rate in hand, the next challenge is to compare 
national and regional efforts to meet this rate over time. One notable method for measuring 
equity is the Gini coefficient (Stiglitz 1993), which is from Lorenz curves developed more 
than 100 years ago (Lorenz 1905) for the purpose of characterizing the extent of inequality 
in a community's income distribution. While the Gini coefficient has largely been used to 
gauge income inequality, it can be applied to measuring the inequality of carbon emissions 
among different nations or regions. 

To plot a Lorenz curve for carbon emissions, per capita emissions were at first sorted 
from low to high values. Then, the percentage of total cumulative carbon emissions corres­
ponding to the cumulative percentage of population is plotted. The derived Lorenz curves 
for the actual years of 1950 and 2000, as well as projected emissions under the BAU and 
CEEP scenarios for the year 2050, are presented in Fig. 2.9. As can be seen from this analy­
sis, historical inequality decreased from 1950 to 2000, because non-Annex 1 emissions 
increased. If carbon emissions continue under the BAD scenario, inequality will continue 
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Fig. 2.11. CO2 concentrations under different scenarios (ppm). 

The zero emissions case is not only unlikely but will also increase the inequity of carbon 
emissions among nations, as demonstrated in Fig. 2.12. Under Scenario 1, where all Annex 
1 countries follow the CEEP scenario, the Gini coefficient falls to 0.17. For Scenario 2 
in which the US delays action, y almost doubles to 0.33. If the EU and Japan try to com­
pensate for US inaction, y rises to 0.39 because inequality persists between Annex 1 and 
non-Annex 1 countries and inequality within the Annex 1 group is exacerbated by delayed 
US action (see Scenario 3 in Fig. 2.12). 

2.4 American Civil Society in Revolt: Breaking Ranks with the National Government 

As illustrated above, climate sustainability cannot succeed without robust participation by 
the US. Yet, US national policy is built on inaction and delay of the type modelled above. 
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Fig. 2.12. Lorenz curves under different emission scenarios in 2050. 

This raises a fundamental political problem: how shall the world community interact with 
American society to address the need for significant and rapid action. 

Understandably, attention has been focused on US intransigence in UNFCCC treaty 
negotiations. Our argument here should not be construed as, in any sense, a call for dimin­
ished pressure on US national policy and its leadership. As we discuss below, however, 
there is evidence of a sizeable and growing divide between American national policy and 
civil society. This divide offers a second response to the political problem: engagement 
of American communities prepared to participate in the repair of the atmospheric com­
mons. The politics of this strategy are merited not only by the possibility of overcoming 
US national governmental inaction, but it may also more properly locate the ground and 
momentum of the social change needed to halt the warming risk. As evident in the discus­
sion below, major reductions in CO2 emissions require community transformation. 

National and international reduction targets and corresponding commitments of funds to 
support social action are essential components of greenhouse politics, but these agendas can 
neither embody the diversity of strategic actions needed, nor can they stand for community 
will and action - the crucible of transformative change. Indeed, what we describe here as a 
civil revolt against national policy underscores the incompleteness of nationally and inter­
nationally organized politics, even when the challenge is surely global in character. 

An extraordinarily diverse collection of American states and cities are now working to 
fill the void left by the US national government in taking real action to sustain life in the 
greenhouse (Byrne et ai. 2007, 2006a). Through their efforts, a politics of climate protection 
is forming which is intimately linked with goals of greater economic security, better public 
health, and improved quality of life. In this vein, ecological and community political 
agendas are merging while recognizing the differences of locale as a source of political 
innovation in responding to warming risk. 

Municipal governments in the US represent an increasingly influential force for climate 
protection. Despite their increasing location as the headquarters of global economic activity 


































