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Contraction and convergence by 2050 

Under Contraction and convergence (C&C) (GCI 2005; Meyer 2000), all countries 

participate in the regime with quantified emission targets. As a first step, all countries 

agree on a path of future global emissions that leads to an agreed long-term stabilisation 

level for greenhouse gas concentrations (‘contraction’). As a second step, the targets for 

individual countries are set in such a way that per capita emission allowances converge 

from the countries’ current levels to a level equal for all countries within a given period 

(‘convergence’). The convergence level is calculated at a level that resulting global 

emissions follow the agreed global emission path. It might be more difficult for some 

countries to reduce emissions compared to others, e.g. due to climatic conditions or 

resource availability. Therefore, emission trading could be allowed to level off differences 

between allowances and actual emissions. However, C&C does not explicitly provide for 

emission trading. 

 

As current per-capita emissions differ greatly between countries some developing countries 

with very low per capita emissions, (e.g. India, Indonesia or the Philippines) could be 

allocated more emission allowances than necessary to cover their emissions (‘hot air’). This 

would generate a flow of resources from developed to developing countries if these 

emission allowances are traded.  

 

Common but differentiated convergence 

Common but differentiated convergence (CDC) is an approach presented by Höhne et al. 

(Höhne et al. 2006). Annex I countries’ per capita emission allowances converge within, 
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e.g., 40 years (2010 to 2050) to an equal level for all countries. Individual non-Annex I 

countries’ per capita emissions also converge within the same period to the same level but 

convergence starts from the date, when their per capita emissions reach a certain 

percentage threshold of the (gradually declining) global average. Non-Annex I countries 

that do not pass this percentage threshold do not have binding emission reduction 

requirements. Either they take part in the CDM or they voluntarily take on positively 

binding emission reduction targets. Under the latter, emission allowances may be sold if 

the target is overachieved, but no emission allowances have to be bought if the target is 

not reached. 

The CDC approach, similarly to C&C, aims at equal per capita allowances in the long run 

(see Figure 1). In contrast to C&C it considers more the historical responsibility of countries. 

Annex I countries would have to reduce emissions similarly to C&C, but many non-Annex I 

countries are likely to have more time to develop until they need to reduce emissions. Non-

Annex I country participation is conditional to Annex I action through the gradually 

declining world average threshold. No excess emission allowances (“hot air”) would be 

granted to least developed countries. 
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Figure 1: Schematic representation of GHG emissions per capita for three types of countries (an industrialized 

country (IC), an advanced developing country (ADC) and a least developed country (LDC)) under Contraction & 

Convergence (left) and under Common but Differentiated Convergence (right) 

 

Greenhouse Development Rights approach 

The Greenhouse Development Rights (GDRs) approach to share the effort of global 

greenhouse gas emissions reduction was developed by Baer et al. (Baer et al. 2007,  2008; 

cp. also Niklas Höhne and Sara Moltmann 2008). It is based on three main pillars:  

The right to develop: Baer et al. assume the right to develop as the essential part for any 

future global climate regime in order to be successful. Therefore a development threshold 

is defined. Below this level individuals must be allowed to make development their first 

priority and do not need to contribute to the global effort of emission reduction or 

adaptation to climate change impacts. Those above this threshold will have to contribute 
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regardless their nationality. This means that individuals above this threshold will have to 

contribute even if they live in a country that has an average per capita income below this 

level. The level for this development threshold would have to be matter of international 

debate. However Baer et al. 2008 suggest an income-level of $7,500 per capita and year. 

Based on this, the effort sharing of the GDRs is based on the capacity and the responsibility 

of each country. 

Capacity: The capacity (C) of a county is reflected by its income. The income distribution 

among individuals is taken into account by the gini coefficient of a country. A gini 

coefficient close to 1 indicates low equality while a value close to 0 indicates a high equality 

in income distribution. As the countries capacity is needed to define per-country emission 

allowances the sum of income of those individuals per country above the development 

threshold is summed and considered to calculate each countries capacity. 

Responsibility: The responsibility (R) is based on the ‘polluter pays’ principle. For the 

GDRs according to Baer et al. it is measured as cumulative per capita CO2 emissions from 

fossil fuel consumption since 1990. However, it should be distinguished between survival 

emissions and luxury emissions. Baer et al. assume that emissions are proportional to 

consumption, which again is linked to income. Emissions related to that share of income 

below the development threshold are equivalent to the part of national income that is not 

considered in calculating a country’s capacity. Therefore, they shall be considered as 

survival emissions. Those emissions linked to income above the development threshold are 

luxury emissions and shall account for a country’s responsibility. 

Allocation of emission rights: The allocation of emission reduction obligations and 

resulting emission rights is based on each country’s responsibility and capacity, combined 

in the Responsibility Capacity Index (RCI). This is defined as
ba CRRCI ⋅= , where a and b 

are weighting factors. Baer et al. assume and equal weighting of 0.5 for a and 0.5 for b, 

which gives capacity and responsibility an equal weight.  

Two global emissions development paths are considered. First, the business-as-usual (BAU) 

case and second the reduction path necessary to reach the emission level in order to 

stabilise global emissions (see Figure below). The difference of these two is the amount of 

emissions that need to be reduced globally. Each country’s annual share of this reduction is 

determined by the relative share of its RCI compared to the sum of RCIs of all other 

countries.  
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Figure 2: Effort sharing under the Greenhouse Development Rights (GDRs) approach according to the Responsibility 

Capacity Index (RCI)  

 

Multistage 

As the name suggests in a Multistage approach countries participate in several stages, with 

differentiated types and levels of commitments. Each stage has stage-specific 

commitments with countries graduating to higher stages when they exceed certain 

thresholds (e.g. emissions per capita or GDP per capita). All countries agree to have 

commitments at a later point in time. For this analysis thresholds based on per capita 

emissions with four stages were applied as follows (e.g. Höhne et al. 2005): 

 

• Stage 1 – No commitments: Countries with a low level of development do not 

have climate commitments. As a minimum all least developed countries (LDCs) 

would be in this stage. In the model countries in this stage follow their reference 

scenario as no emission reductions are required.  

• Stage 2 – Enhanced sustainable development: At the next stage, countries 

commit in a clear way to sustainable development: The environmental objectives 

have to be built into the development policies. Such a first ‘soft’ stage would make it 

easier for new countries to join the regime. Requirements for such a sustainable 

pathway could be defined, e.g. inefficient equipment is phased out and 

requirements and certain standards are met for any new equipment, or there is a 

clear deviation from the current policies depending on the countries. This stage is 

implemented in the model by assuming countries reduce emissions by a percentage 

below their reference scenario within 10 years and then follow the reduced 

reference scenario. 

• Stage 3 – Moderate absolute target: In this stage, countries commit to a 

moderate target on absolute emissions. The emission level may be higher than the 

starting year, but it should be below a reference scenario. The target could be 
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positively binding, meaning that allowances can be sold if the target is exceeded but 

no allowances have to be bought if the target is not achieved. An incentive to accept 

such a target would be the possibility to participate in emissions trading. To model 

the group of countries in this stage, a percentage reduction below their reference 

scenario more stringent than in stage 2 is assumed. 

• Stage 4 – Absolute reduction target: Countries in stage 4 receive absolute 

emission reduction targets and have to reduce their absolute emissions substantially 

until they reach a low per capita level (essentially a fifth stage). The whole group of 

countries reduces its emissions as a certain percentage compared to 1990. The 

actual contribution of each country depends on its per capita emissions. Countries 

with high emissions per capita have to reduce more than countries with low 

emissions per capita. As time progresses, more and more countries enter stage 4. 

 

Global Triptych 

This approach was originally developed at the University of Utrecht (Blok et al. 1997) to 

share the emission allowances of the first commitment period within the European Union. It 

has been updated and revised subsequently (Phylipsen et al. 1998, Groenenberg 2002, den 

Elzen and Lucas 2003, Höhne et al. 2003, Phylipsen et al. 2004, Höhne et al. 2005, Höhne 

2006). 

Analogue to the first Triptych approach, the global Triptych approach is a method to 

allocate emission allowances among a group of countries based on several national 

indicators.1 It takes into account main differences in national circumstances between 

countries that are relevant to emissions and emission reduction potentials. The Triptych 

approach as such does not define which countries should participate, but we have applied it 

here to all countries equally.  

If the approach is applied globally, substantial reductions for the industrialised countries, 

especially those with carbon intensive industries (i.e. Eastern Europe and Russian 

Federation), are required. Substantial emission increases are allowed for most developing 

countries. But for lower concentration targets (e.g. 450 ppmv CO2) these are rarely above 

BAU-emissions. 

The Triptych methodology calculates emission allowances for the various sectors which are 

added to obtain a national target. Not individual sector targets but only the national targets 

are binding. This provides countries the flexibility to pursue any cost-effective emission 

reduction strategy. 

The emissions of the sectors are treated differently: For ‘electricity production’ and 

‘industrial production’, a growth in the physical production is assumed together with an 

improvement in production efficiency. This takes into account the need for economic 

development but constant improvement of efficiency. For the ‘domestic’ sectors, 

convergence of per capita emissions is assumed. This takes into account the converging 

living standard of the countries. For the remaining sectors, ‘fossil fuel production’, 

‘agriculture’ and ‘waste’, similar reduction and convergence rules are applied. 

                                                
1  Unlike e.g. the Multistage approach which is more a framework of stages that can be filled with different allocation methods for the 

several stages or C&C which is based only on per capita emissions. 
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