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Abstract: 
A worldwide consensus on reducing greenhouse gas emissions has been reached at the technical and political level. However, as the issue involves economic costs and developmental interests, the international institutional framework for addressing global greenhouse gas emissions has consistently failed to balance the demands of impartiality and sustainability. But a sustainable carbon budget proposal is undoubtedly achievable if the total global carbon budget (the total amount of carbon permitted by climate security) is made an absolute constraint. If an initial allocation is made among all members of the global village on a per capita basis, a limited total budget could not only meet basic needs but also ensure equity. Taking into account historical emission levels and future needs, we should implement carbon budget transfer payments and devise a corresponding financial mechanism to ensure efficient allocation. In addition, with the elements of emission cap & trade system, measurable, reportable, and verifiable mechanisms（MRV）, and compliance mechanism, the carbon budget proposal presented here is a comprehensive and holistic package. 
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I. Introduction
Climate change is a heatedly discussed issue on a global scale currently; international mechanisms and actions in response to climate change are bound to produce long-term and profound impacts on world economy and international politics in the future. After 2012, international climate system has five core elements, i.e., shared vision for long-term global cooperative actions, mitigation, adaptation, technology, and fund. The core issue is how to conduct sharing of obligations for greenhouse gas emission reduction or allocation of emission rights in a fair manner, reflecting specific situations of all countries, while ensuring their implementation through corresponding international mechanisms.

“Carbon Budget Proposal” (Chen Y and Pan J-H，2004；Pan J-H, 2008; Chen Y, 2009) put forward by Pan Jiahua and Chen Ying from Chinese Academy of Social Sciences, as an integrated proposal for international climate system, places emphasis on giving priority to ensuring people’s basic needs, promoting low-carbon development, containing luxury needs, while achieving the dual goals of equitably sharing emission reduction obligations and protecting global climate. According to the preliminary analysis results of the proposal, in order to meet the target of a 50% reduction in global greenhouse gas emissions in 2050 compared to that in 2005, global emissions must peak around 2020 before rapid declines (as shown in Figure 1). The global carbon budget for 1900-2050, namely the cumulative global carbon emissions are about 2271.5 GtCO2; the average carbon budget standard determined according to the world’s population in 2005 is around 2.33 tons of CO2 per person per year. Under the constraints set by global carbon budget, whether in terms of equity in ethical sense or of welfare improvement in economic sense, the limited global carbon budget should be fairly shared by all the global villagers based on per capita principles.
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Figure-1 Global Long-Term Emission Scenario
In recent years, the carbon budget concept based on cumulative per capita emissions not only received a worldwide consensus among Chinese scholars, but also grows widely recognized in the international community. For example in 2008, Nature magazine published analysis results by German scientists on estimations for a total global emission space of 10 trillion tons of CO2 (Allen M J, 2009), and pointed out that in controlling global greenhouse gas emissions, targets based on cumulative carbon emissions are better compared to emission reduction targets based on single points in time. In 2009, the German Advisory Council on Global Change (WBGU) proposed German Carbon Budget Proposal (WBGU, 2009), and calculated the global carbon budget for 1990-2050. In 2008, Britain adopted Climate Change Act and became the world’s first country to integrate the national long-term emission reduction target of 80% in 2050 into the law system. In order to achieve this goal, Britain will present an implementation measure for the control of carbon budget by every five years (UK，2008; Chen Y，2009). In the second Bonn negotiation meeting held in June 2009, an information briefing session on historical responsibilities was organized by some international NGOs. The session stressed that from the point of view of cumulative emissions, there are serious imbalances in the historical responsibilities among Annex I and Non-Annex I countries (Khor M, 2009; Teng F, 2009). In December 2008, Professor He Jiankun from Tsinghua University presented the concept of per capita cumulative emissions on the seminar regarding common vision on behalf of Chinese delegation, on the 14th Conference of the Parties（COP14） to the United Nations Framework Convention on Climate Change (UNFCCC).

Ding Z-L from Chinese Academy of Sciences proposes that “per capita cumulative emissions targets” can best embody the principle of “common but differentiated responsibilities” and the guideline of equity and justice; by comparing four indicators of countries, namely the quota from 1900 to 2005, actual emissions from 1900 to 2005, emissions levels in 2005, and average growth rate of emissions from 1996 to 2005, he analyzed national emission characteristics (Ding Z-L, 2009). However, the existing research work mainly focus on ethical interpretation of equity principle and correlative analysis of emission data, but implementation is still relatively weak on how to protect international climate system via a series of international mechanisms such as fair distribution of emission rights, funds, as well as markets. Therefore, on the basis of preliminary work, this thesis further improved the methodology, mainly studied relevant international mechanisms, aimed at putting forward specific workable proposals for equity idea of carbon budget implementation. The report is divided into five parts; the second part after introduction reveals allocation of global carbon budget and imbalance in its use; a large number of emissions of greenhouse gases over carbon budget from most developed countries in the history resulted in overdraft, while there is a surplus for most developing countries; the third part explores how to ensure carbon budget balance through domestic and international transfer payment mechanisms on the condition of global carbon budget constraints; the fourth part discusses the mechanism on how to raise public funds in response to climate change via international transfer payment mechanisms; the fifth part discusses establishment of a market mechanism compatible with the existing international carbon market to reduce the global emission reduction cost, with the carbon budget as emission cap; the sixth part discusses the MRV and compliance mechanisms closely related to above-mentioned international mechanisms, including progressive carbon tax collected from non-compliance nations and added to global public funds. The last part is conclusion and discussion, which sums up characteristics of carbon budget as well as its prospects of application in international climate negotiations.
II. Imbalance in Distribution and Usage of Global Carbon Budget 
The first step in a carbon budget proposal is to conduct initial allocation of carbon budget to countries
 based on the standard of 2.33 tons of CO2 per capita per year. The initial carbon budget acquired by an individual country depends mainly on the proportion of its population to the world’s total in the base year. China, India and other populous countries acquired the most of the carbon budget, and countries with relatively small populations acquired relatively small amount of carbon budget, as shown in Figure-2.

In addition to demographic factors in carbon budget allocation, experts and scholars have different views as to whether consideration should be given to the impacts by different climate, natural geography, resource endowment and other natural factors on carbon emissions for meeting basic needs. Opinions in support of it hold that the above impacts exist. For example, comfort of living environment is a basic human need, but people living in especially cold or hot areas must consume more energy and emit more greenhouse gases than people living in temperate areas to meet the same basic needs; the energy demand in transportation sector in sparsely populated countries are usually larger than densely populated countries; subject to restrictions of resource endowment, countries which use coal as the main energy source contribute higher emissions in consuming equal amount of energy. However, some scholars raised objections. First, humans can adapt to natural conditions after some time, and can live without increasing additional emissions or only increase comparatively small amount of emissions (for example, due to adaptation to climate factors, people living in the tropics are comparatively more heat-resistant). Second, specific conditions in individual countries vary widely; technical complexity will be increased in considering these differences, and severe controversies will arise as to the basis and extent of adjustment and other issues, making it difficult to reach a consensus. Third, the adjustment according to energy resource endowment will give more carbon budget to countries using coal as the main source of energy, and this goes against the trend of encouraging improvements in energy structure, and promoting development of new energy and renewable energy. Fourth, considering the results of calculations, although differences of natural conditions exist among countries, but the adjustment is still secondary compared to the huge gap in per capita emissions in reality, and has little effect on the conclusions of the analysis. Therefore, in order to avoid controversies, this thesis does not consider the adjustment to natural factors.
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Figure-2  Initial allocation of carbon budget 
Compared to the initial allocation of carbon budget, how are the historical emissions of individual countries (from 1900 to 2004)? For some countries, the actual historical emissions have exceeded their historical rights of carbon budget, and thus had historical overdraft of carbon budget; on the other hand, some countries still have historical surplus of carbon budget. Accordingly, all countries can be divided into four categories:
· AD (Annex-Deficit) refers to Annex I countries in historical overdraft; 
· NAD (Non-Annex Deficit) refers to Non-Annex I countries in historical overdraft; 
· AS (Annex-Surplus) refers to Annex I countries in historical surplus; and 

· NAS (Non-Annex-Surplus) refers to Non-Annex I countries in historical surplus.
From an overall perspective, as of 2004, AD and NAD countries had a total overdraft of 509.82 GtCO2, of which AD had 492.49 GtCO2, and NAD had 17.33; AS and NAS countries had a total surplus of 986.95 GtCO2, of which AS had a surplus of 15.2 GtCO2, and NAS had 971.75. In other words, most developing countries will pay for the historical overdraft by developed countries, as shown in Table-1.
Table-1 Historical carbon budget balance
	Historical carbon budget balance 

	　
	　
	Carbon budget
	Historical budget 
	Historical actual emissions 
	Historical balance 

	Deficit
	AD
	387.48 
	269.44 
	761.93 
	(492.49)

	
	NAD
	41.70 
	29.00 
	46.33 
	(17.33)

	
	Total
	429.18 
	298.43 
	808.26 
	(509.82)

	Surplus
	AS
	49.79 
	34.62 
	19.43 
	15.20 

	
	NAS
	1792.51 
	1246.45 
	274.69 
	971.75 

	
	Total
	1842.30 
	1281.07 
	294.12 
	986.95 


Source: authors’ calculation.

The emergence of historical overdraft among AD and NAD can be attributed to different reasons. AD mainly refers to Australia, Austria, Belarus, Belgium, Canada, Czech Republic, Denmark, Estonia, France, Germany, Hungary, Ireland, Luxembourg, the Netherlands, Norway, Poland, Russia, Sweden, Ukraine, United Kingdom, the United States, Iceland, Ireland, Italy, Japan, Latvia, Lithuania, New Zealand, Romania, and Switzerland. Most of these countries are early industrialized countries with adequate carbon stock of infrastructure due to the completion of industrialization, attaining a mature stage in human capital accumulation. Therefore, they had a great deal of historical CO2 emissions, and still maintain a high level of emissions in order to meet the demand for luxury needs. For example, the actual historical emissions in the U.S. was 4.27 times of its historical rights of carbon budget, and the cumulative emissions from 1990 to 2004 were equal to its historical rights of carbon budget, while still keeping its annual per capita emissions at 21 tons. Even in energy-efficient Japan, the per capita emissions of CO2 in 1971 reached 7.26 tons, which was twice the per capita budget, and in 2005 the figure increased to 9.64 tons. Luxembourg, as an EU member, had annual per capita CO2 emissions as high as 45.1 tons in 1971; although it decreased by nearly a half in 2006, it still reached 23.64 tons. That is to say, current annual emissions in Luxembourg cover its carbon budgets of 10 year, as shown in Figure-3.
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Figure-3 Historical overdraft of selected countries 

NAD countries mainly refer to Brunei, Bulgaria, Kazakhstan, Kuwait, Qatar, Slovakia, Trinidad and Tobago, United Arab Emirates, Saudi Arabia, Macedonia, Singapore, South Africa, Turkmenistan and other developing countries. OPEC countries are oil producing countries and exporting countries, which have a large amount of carbon emissions in oil extraction, refining, processing and transportation. Since their oil products are mainly exported to other countries, their part of the carbon emissions should be distributed all over the world; but it should be noted that in these countries, extravagance and waste have given rise to over-consumption of oil, resulting in high levels of carbon emissions. In addition, Brunei’s per capita emissions have exceeded its carbon budget for a long time; in the 1970s in particular, its per capita emissions shifted between as high as 63.11 and 35.53 tons. Although it witnessed a marked decline thereafter, it was still 15.91 tons in 2005. In Trinidad and Tobago, the annual per capita emissions started to exceed rights of carbon budget from the second half of the 20th century, and witnessed rapid growth in the 1970s, reaching 25.05 tons in 2005. Kazakhstan also has serious overdraft because of high per capita emissions, and its actual historical emissions are about three times its historical rights. Singapore experienced rapid economic development from the 1970’s, and had per capita CO2 emissions of 3.54 tons in 2005. Bulgaria, Slovakia, Macedonia, South Africa and Turkmenistan also had overdraft because they started industrialization comparatively early.

AS countries mainly refer to Croatia, Greece, Portugal, Spain and Turkey. These countries started industrialization comparatively late, largely in the late 20th century. Although currently their per capita emissions exceed the budget rights, yet their historical carbon budget surplus are sufficient to cover, and therefore, they did not exhibit historical overdraft in 2004.

NAS countries refer to all other Non-Annex I countries except those in the NAD category. These countries are still at a low stage of development, or started the industrialization process comparatively late, so they did not have an overdraft of historical rights of carbon budget; China, India, Brazil and Bangladesh all fall in such a category.
AD and NAD countries had a total CO2 historical overdraft of 509.82 billion tons, which is already a fait accompli. Some serious overdraft countries not only used up their historical rights of carbon budget, but also over drafted their total rights of carbon budget; but these countries still have survival needs in future. To protect the global climate, and stabilize greenhouse gases concentration in the atmosphere, global greenhouse gas emissions must be controlled within the global carbon budget. Therefore, their budget deficits must be covered by transfers from the national budget surplus of AS and NAS countries; through the maintenance of a balanced carbon budget at the national level, a global balance of carbon budget is achieved, and the sustainability of global climate will be ensured. This means that carbon budget transfer payment should be conducted among countries, while AS and NAS countries have historical surplus of 986.95 billion tons; therefore, carbon budget transfer payment is both necessary and feasible.

III. Balancing Mechanism for Carbon Budget
Balancing mechanism for carbon budget can be divided into three steps: self inter-period transfer, historical overdraft transfer payment, and transfer payment for basic needs of the future. Prior to carbon budget transfer, AD is divided into AD1, whose self inter-period transfer is not sufficient to cover historical overdraft, and AD2, whose inter-period transfer is sufficient to cover historical overdraft; similarly, NAD is divided into NDA1 and NAD2, as shown in Table-2.
Table-2 Classification of countries by the standard of whether 

self inter-period transfer can make up for historical overdraft
	AD
	Yes—AD1
	Australia, Austria, Belarus, Belgium, Canada, Czech Republic, Denmark, Estonia, Finland, France, Germany, Hungary, Ireland, Luxembourg, the Netherlands, Poland, Russia, Sweden, Ukraine, United Kingdom, and United States.

	
	No—AD2
	Iceland, Italy, Japan, Macedonia, Latvia, Lithuania, New Zealand, Romania, and Switzerland.

	NAD
	No—NAD1
	Brunei Darussalam, Bulgaria, Kazakhstan, Kuwait, Qatar, Slovakia, Trinidad and Tobago, and United Arab Emirates.

	
	Yes—NAD2
	Saudi Arabia, Singapore, South Africa, and Turkmenistan.


The first step is self inter-period transfer. AD and NAD countries have already seen historical overdraft in emissions, and can transfer future rights of carbon budget to make up for historical overdraft. The overdraft situation of AD1 and NAD1 countries is very serious; even if all of their individual carbon budget rights are fully transferred, they are still inadequate to cover their historical overdraft. AD1 had historical overdraft of 473.99 GtCO2; even if the future carbon budget rights of 93.87 GtCO2 are totally transferred, there still remains 380.13 GtCO2 which cannot be covered. NAD1 had historical overdraft of 12.95 GtCO2; even if the future carbon budget rights of 4.01 GtCO2 are totally transferred, there still remains 8.94 GtCO2 which cannot be covered. On the contrary, although AD2 and NAD2 had historical overdraft, their self inter-period transfers are sufficient to cover it. AD2 had historical overdraft of 18.51 GtCO2; with their future rights at 24.39 GtCO2, they still have 5.88 billion tons available after self inter-period transfers. NAD2 had historical overdraft of 4.37 GtCO2; with their future rights at 8.48 GtCO2, they still have 4.11 billion tons available after self inter-period transfers.
In this way, the total historical overdraft on the global scale is 509.83 GtCO2; self inter-period transfer payments can help to make up a total of 130.74 GtCO2, still leaving an overdraft of 38.907 GtCO2 in future. This would require the international community to provide transfer payments, i.e., developing countries will pay for the historical overdraft of developed countries.
Table-3 Self inter-period transfer of carbon budget (Unit: GtCO2)
	　
　
	Historical actual emissions
	Historical budget
	Future budget
	Historical budget – historical actual emissions
	Amount of self inter-period transfer
	Surplus after self inter-period transfer 

	Countries whose self inter-period transfer cannot make up for historical overdraft
	AD1
	688.25 
	214.26 
	93.87 
	(473.99)
	93.87 
	(380.13)

	
	NAD1
	22.10 
	9.15 
	4.01 
	(12.95)
	4.01 
	(8.94)

	
	Total
	710.35 
	223.41 
	97.87 
	(486.95)
	97.87 
	(389.07)

	Countries whose self inter-period transfer can fully make up for historical overdraft
	AD2
	74.19 
	55.68 
	24.39 
	(18.51)
	24.39 
	5.88 

	
	NAD2
	23.72 
	19.35 
	8.48 
	(4.37)
	8.48 
	4.11 

	
	Total
	97.90 
	75.03 
	32.87 
	(22.88)
	32.87 
	9.99 

	Countries which do need inter-period transfer 
	AS
	19.43 
	34.62 
	15.17 
	15.20 
	-
	30.36 

	
	NAS
	274.69 
	1246.45 
	546.06 
	971.75 
	-
	1517.82 

	
	Total
	294.12 
	1281.07 
	561.23 
	986.95 
	-
	1548.18 


The second step is historical overdraft transfer payment. After self inter-period transfer, AD1 countries still have 380.13 GtCO2 for historical overdraft transfer payments from the international community, after which AD1 carbon budget will increase to 688.25 GtCO2. NAD1 countries have 89.4 GtCO2 which need international transfer payments, after which their budget will increase to 22.1 GtCO2. AD2 and NAD2 countries neither need nor provide international transfer payments, while AS and NAS countries as a whole will provide this part of the transfer amount, which is a total of 389.07 GtCO2; after the transfer, their carbon budget will fall to 1.45323 trillion tons of carbon budgets, the only way this can the AD1 and NAD1 history of the country to pay off debts, at the national level to achieve a balance, as shown in Table-4.
Table-4 Transfer payment of historical overdraft(Unit: GtCO2)
	
	Carbon budget allocated according to population
	Surplus or deficit after self inter-period transfer
	International transfer payments of historical overdraft 
	Carbon budget after historical overdraft transfer 

	AD1
	308.13 
	(380.13)
	（380.13） 
	688.25 

	NAD1
	13.16 
	(8.94)
	（8.94） 
	22.10 

	AD2
	80.07 
	5.88 
	-
	80.07 

	NAD2
	27.83 
	4.11 
	-
	27.83 

	AS
	49.79 
	30.36 
	389.07
	1453.23 

	NAS
	1792.51 
	1517.82 
	
	


The third step is transfer payment for future basic needs. After self inter-period transfer and transfer payment for historical overdrafts, AD1 and NAD1 can resolve their historical arrear problems, but are still faced with the issue of international transfer payments in the future. This is because historical overdrafts of AD1 and NAD1 yet need to be transferred by the international community, so there is no space for future emissions of carbon budget; but it still need to be transferred from the AS and NAS countries to ensure the future basic needs of these countries, and transfer amounts are respectively 93.87 billion tons of CO2 and 4.01 billion tons. Although AD2 and NAD2 have slight savings after they make up historical overdrafts, but fail to meet their basic needs; the international community still need to provide transfer payments to meet some of them, and transfer amounts are respectively 18.51 billion tons and 4.37 billion tons. The total amount of transfer to meet the future basic needs this time is 120.75 GtCO2, while the available carbon budget of AS and NAS is 1038.36 GtCO2 after they provide transfer payments for future basic needs, as shown in Table-5.
Table-5 Transfer Payments for Future Basic Needs(Unit: GtCO2)
	
	  future available carbon budget After historical overdrafts  transfer
	future basic needs
	future available carbon budget

	
	
	Amount of basic needs
	International
transfer
	

	The nations without  future basic needs
	AD1
	0.00 
	93.87 
	(93.87)
	(120.75)
	93.87 

	
	NAD1
	0.00 
	4.01 
	(4.01)
	
	4.01 

	The nations short of future basic needs
	AD2
	5.68 
	24.39 
	(18.51)
	
	24.39 

	
	NAD2
	4.11 
	8.48 
	(4.37)
	
	8.48 

	The nations that can meet future basic needs
	AS
	1159.11
	14.69 
	-
	　
	1038.36 

	
	NAS
	
	546.06
	-
	　
	


To sum up, it does not affect relative proportion of carbon budget allocation among countries as to whether self inter-phase transfer is achieved or not within individual countries, but the historical overdraft transfer payment amount of 381.98 billion tons, and the future basic needs transfer payments amount of 119.1 billion tons, will significantly change the distribution among countries, in particular, among Annex I and Non-Annex I. countries. For the two groups of Annex I and Non-Annex I countries, which are respectively made up of 39
 developed or transition economies, of other developing countries, the relative ratio of carbon budget after initial distribution is 19.5:80.5; after self inter-period transfer, the proportion remains the same; after developing countries pay for the historical debts of to developed countries, the ratio becomes 35.9:64.1; after developing countries provide transfer payments for the future basic needs of developed countries, the ratio changes to 40.9:59.1, as shown in Figure-4.
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Figure-4 Relative shares of Annex I and Non-Annex I
As to individual countries, as shown in Figure-5, after transfer payments for historical overdraft and future basic needs, the annual per capita emissions has reached 8.95 tons of CO2 in Luxembourg, 7.63 tons in the United States, 6.74 tons in the United Kingdom, 6.59 tons in Germany, 5.43 tons in Canada, 4.84 tons in Russia, 4.63 tons in Australia, and 3.77 tons in France, while the majority of developing countries is only 1.61 tons, less than basic needs of 2.33 tons. It should be noted that the actual emissions in developed countries may well be higher than the above figures, because their emissions are much higher than the level of their basic needs, and in order to ensure its current level of development unaffected, developed countries may also buy ore budget from the on the international market.
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Figure-5 Per capita carbon budget after transfer payments (ton per capita per year）

Then, who should provide the carbon budget for transfer payments? After analyzing actual emissions, emission phases and the comparison between actual emissions and available carbon budget in future of AS and NAS countries, as shown in Figure-6, it can be concluded that the carbon budget will be provided by some developing countries that hold a large number of surplus in future on a voluntary basis. Per capita annual emissions of CO2 of Bangladesh could reach 7.57 tons in the future, while its actual per capita annual emissions in 2005 was merely 0.08 tons; India’s has emission rights of 7.11 tons in future, but its actual emissions in 2005 was only 0.35 tons; Brazil’s has emissions rights of up to 6.66 tons in future, but its actual emissions in 2005 was 0.48 tons. While some developing countries such as China, Mexico and South Korea have no carbon budget suplus to provide transfer payments according to their current development trends, but have potential to save a certain carbon budget via actions of emission reduction. 
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Figure-6 Comparison of future carbon budget and actual emission levels 
The distribution and balance in the use of global carbon budget are the preconditions to ensure the goals of both equity and sustainability. At the same time, international climate institutions also establish emission cap & trade system, MRV mechanisms, and compliance mechanism to protect the implementation.
IV. Financial Mechanism of Carbon Budget
Since the limited global carbon budget becomes a scarce resource, transfer of carbon budget cannot possibly be free of charge. When developed countries obtain additional carbon budget, they should pay some expenses in return. The balancing mechanism of carbon budget also can be used as an important channel for raising public funds, as well as balances global carbon budget.
 (I) Size and raising of funds

Pricing carbon budget transfer can be divided into three historical stages.

Transfer payments for historical overdraft during 1900 ~ 1989; at this stage, the nature of the transfer was low-cost and voluntary. Relying on the concept that developed countries who did not know the crime shall not be held accountable, and on the principle of “let bygones be bygones”, overdraft countries should provide appropriate capital and technology as compensation to developing countries on a voluntary basis, since they did actually benefit. The overdraft amount of this part was 314.42 GtCO2, and if it is priced at $5/t CO2, 1.572104 trillion U.S. dollars can be raised.

During 1990 ~ 2004, the nature of transfer payments for historical overdrafts was high and mandatory. Emissions at this stage were implemented when greenhouse gas emissions were identified as harm in law, so carbon quota prices should be higher of the transfer payments for historical budget deficit of this time. Carbon budget of transfer payment for this part is about 197.05 GtCO2, and if average price of current CER is $ 10 / t CO2, about 1970.5 billion U.S. dollars should be raised.

During 2005~2050, the nature of transfer payments of future basic needs is low-cost and mandatory. As AD1 and NASDD1 had overdrawn their total carbon budget, AD2 and NASDD2 have savings but can not meet basic needs, and still have to develop in future; in line with the spirit of humanistic care and for the protection of their development needs, the basic needs part should be given paid subsidies. As the transfer amount of this part is used for basic needs, of course, its price is inappropriate to that of extravagant and waste emissions to demand monetary return. Transfer amount of this part is 121.4 GtCO2, and if it is priced at $5/t CO2, 607.16 billion U.S. dollars should be raised.
	Table-6 Transfer payment and its financial mechanism at every stage
　
	Nature
	Basis
	Transfer amount GtCO2
	Price ($/t)
	Expected funds raised (10 billion U.S. dollars)

	1900~1989 historical overdraft
	Low-price and voluntary
	No post-mortem 
	314.42 
	5.00 
	1572.1. 
	41497.7 

	1900~2004 historical overdraft
	High-price and mandatory　
	Legal basis
	197.05 
	10.00 
	1970.5 
	

	2005~2050 basic needs
	Low-price and mandatory　
	Basic needs
	121.43 
	5.00 
	607.2 
	


Through pricing of the transfer amount in three historical stages, a total of 41498 brillion U.S. dollars can be raised in anticipation, i.e. about90.2billion per year averaged into the 46 years in future is, far higher than the current amount developed countries contribute to developing countries to fulfill the obligation of financial assistances. The annual climate funds by 2020 needed by developing countries will be at least 100 billion U.S. dollars, which is roughly the same as that estimated by EU here. It is a good way to raise public funds that developed countries provide transfer payments to developing countries as monetary compensation for carbon budget.

(II) Management and distribution of funds
Three decades of public funds raised will be used to help developing countries cope with climate change, including mitigation and adaptation activities, low-carbon technology R & D, technology transfer and capacity-building. However, a lot of issues all awaits detailed arrangements after international political negotiations, such as: how to allocate the funds among different areas above, how to show preference to small island states that have the least effects on climate change and the least developed countries, and how to more effectively manage the funds, whether it is necessary to establish new agencies, or to be incorporated into the operation of existing Global Environment Facility (GEF). 
V. Cap-and-Trade System

Fundamentally speaking, carbon budget is a “Cap and Trade” program
, and its caps are exhibited on three levels. The first is, on global level, the total amount of greenhouse gas emissions demonstrated by scientific proof and recognized by political agreed in order to protect global climate. The second is, on the national level, a country’s total carbon budget allocated to it based on the proportion of its population as compared to the global population. The third is, on the individual level, since carbon budget is for everyone to ensure the basic needs of each person, it is entirely possible to put the budget to every, and once the budget is approved, in principle, international and interpersonal trade can be carried out. After transfer payments for carbon budget, more reasonable “caps” of carbon emissions are developed for countries in the future, and the excess part should be traded for more quota through market transactions.

As current per capita emissions in developed countries remain high, transfer payments of mere 2.33 tons CO2 per capita per year can only guarantee basic needs, so they must purchase more to satisfy their emission needs, while developing countries can save part of the carbon budget via actions of emission reduction and sell to the carbon market. The effective operation of international carbon market is conducive to reducing global cost of emission reduction. 
In terms of practical implementation, current carbon budget is the total amount of that for the next 46 years, which needs to be implemented in phases. Assuming that every ten years is a commitment period, countries should shape National Allocation Plans (NAP) first, according to the carbon budget. For buying countries, NAP should include long-term goals, ten-year period goals, volume for basic needs, relative proportion of domestic and overseas emission reductions; in accordance with its commitment goals during current period and anticipation for future price of carbon budget, the buying country determines volumes of purchase, of use for current period, of storage, and of future use or future sale. For selling countries, NAP should include the volumes of expected use, storage and sale of carbon budget. The purpose is to prevent the risk of carbon budget over-selling to avoid the case that long-term needs in future can not be met. In addition, the funds from selling carbon budget should be managed by domestic specialized agencies, can only be used for projects such as adaptation, mitigation, technological progress, and capacity building in response to climate change, and cannot be utilized for other purposes. Effects of funds use should be internationally supervised, and the fruits of emission reduction by these funds should be assessed by international agencies. NAP of all countries is approval only after being deemed feasible through international recognition.
The size of future international carbon market depends on the carbon budget allocation and reduction efforts of both sides of supply and demand. To do initial estimation for the demand of this part, in 2005, the population of AD1 nations amounted to 876 million, per capita emissions reached 12.90 tons of CO2; after deducting 2.33 tons for basic needs, there are still 10.57 tons for demand, and if overseas reduction is 5 tons, that is, there are 4.38 GtCO2 for budget trading, and if it is priced at $10/t CO2, 43.8 billion U.S. dollars of funds will be raised; the population of NAD1 countries amounted to 37 million, per capita emissions attained 14.96 tons of CO2, and after deducting 2.33 tons, there are still 12.63 tons for demand; if overseas reduction is 7 tons, 2.6 billion U.S. dollars of funds will be received. Thus, the overall size of international carbon market nearly will amount to nearly 50 billion dollars.
VI. MRV and Compliance Mechanism

Implementation of any of these mechanisms above is inseparable from a measurable, reportable, and verifiable mechanism, which should include: the main body of assessment, that is, by buying countries or via unified assessment by international agencies; object of assessment, that is, adaptation, mitigation, technological progress, and capacity-building etc. associated with climate change; assessment criteria; assessment periods, with five years as one period; submitting assessment reports; stipulations for emission reductions of next evaluation period should be made according to whether task during current period is finished; if current efforts are not enough, it should be compensated in the next period.

MRV mechanism should play the role of monitoring and management over the carbon budget trading among countries. Under the mechanism, national carbon budget accounts should be established; reports on transfers or sales among countries should be submitted to institutions registered under the MRV mechanism, and accept auditing and monitoring. In this way, the registration system under MRV can exhibit a country’s carbon budget rights, volume in use, volume bought, sold and in stock, so that national carbon budget accounts remain clear and transparent.
The basic function of MRV mechanism is to monitor the performance of countries with regard to the agreement, and international technical and financial flows, while the compliance mechanism urges countries to fulfill their legal obligations under international agreements through incentives and punishment. At the same time, punishment mechanisms should be imposed upon non-compliant countries. Punishment mechanisms are divided into warning and fining, and a progressive carbon tax regime can be adopted for the fining. The basis for the progressive carbon tax would be conditional on the degree of excessive emissions over the carbon budget, and the rate of the tax is capped by the price of renewable energy. Because if the rate is equal to the price of renewable energy, the buyer of carbon credits would go for renewable energy for substitution of traditional fossil fuel energy instead of paying for the penalty tax. For instance, carbon budget for the U.S. is at 31.8GtCO2 from now until 2050. Assuming that the US will meet emission reduction targets of 40%, 60%, and 85% in 2020, 2030, and 2050 respectively over its 2005 emission level, the US would have to purchase an amount of 101.6 GtCO2 from the international carbon market. If the global carbon market is able to supply only half of its demand, the accumulative emissions in the U.S. would be 82.6 GtCO2, 2.6 times higher than its carbon budget. The data in Table 10 illustrates that the total amount of progressive carbon tax from 2005 to 2050 would be 200 to 400 billion dollars, at 4.3 to 8.7 billion dollars per year if CO2 is priced at $5-$10 per ton CO2. The fines can be included as public funds for management and utilization.
	Table 7  Progressive Carbon Tax 

μ=E/CB
	
	Tax rate (the price of renewable energy=λ)
	taxable revenue, taking the U.S. as an example ($ billion)

	
	
	
	λ=5
	λ=10

	0<μ≤1.0
	basic need satisfaction
	0
	0
	0

	1.0<μ≤1.5
	limited excessive emissions
	0.5λ
	39.75
	79.5

	1.5<μ≤2.0
	moderate excessive emissions 
	0.8λ
	63.6
	127.2

	μ≥2.0
	severe excessive emissions
	λ
	95
	190

	Total
	
	
	198.35
	396.7


Certain authoritative international agency, while auditing and assessing a country’s carbon budget accounts, and punishing in monetary terms, should also adjust the emission reductions in next evaluation period, by deducting current excess emissions from carbon budgets in the next evaluation period.

In order to better implement the progressive carbon tax system, the following issues should be addressed. First, the progressive tax rate is capped at the price of renewable energy, but how to determine the specific rate? Second, who shall charge this tax, whether it be an international institution or individual country? Third, should the tax income be utilized in an internationally unified manner, or should the countries themselves utilize it? Shall it be used for emission reduction actions, or for adaptation? Shall it be used for developed or developing countries? These issues all require international negotiations to resolve. The existing compliance mechanism is weak; the implementation of carbon budget proposals requires introduction of a financial mechanism for mandatory fining, so as to strengthen the compliance mechanism.

VII. Conclusions and Discussion

The carbon budget proposal put forward in this thesis adheres to the humane development concept, and is a workable package of schemes that take into account equity, protection of the global climate, the allocation of emission rights which can be quantified, and associated international mechanisms. The proposal reveals the fact, with detailed data, that developed countries have a serious overdraft and still have a great demand in future on the one hand, and provides transfer payment for historical overdraft, and assigns to them future basic needs on the other hand. The proposal covers the whole process of development, and is different from the type of proposals such as “Kyoto Protocol”, which only considers one time period, and lack an overall objective.

Carbon budget has established a per capita cumulative emissions standard that meets long-term global goals and fairly reflects national differences. Everyone should strive to control personal “carbon footprint” within this reasonable scope, and countries need to have appropriate policies and measures to protect their basic needs, to curb extravagance and waste, and to encourage consumption fashions of sustainable development. Both developed and developing countries have this responsibility. Only when every person establishes sustainable consumption pattern, people can make more efficient use of limited resources and create a better life for all mankind.

Of course, certain issues related to the concept and ideas of carbon budget proposal still need to be addressed. For example, is the emission volume of 2.33 tons of CO2 emissions per capita a reasonable standard to satisfy basic needs? In fact, 2.33 tons was a number obtained top-down, starting from the general target of global emissions reduction. Accurately speaking, it should be the upper limit of basic needs, and developed countries in future are completely likely to reduce per capita emissions to below 2.33 tons through technological improvements. So, when developing countries make transfer payments to developed countries for basic needs, can it be lower than the amount of 2.33 tons? Can it be allowed that Bangladesh and other countries sell the emission space within 2.33 tons? In addition, regarding transfer payment of carbon budget, the party of demand is certain, while the party of supply is relatively obscure. How to make clear the providers of this part of carbon budget, in order to ensure implementation of transfer payments? These issues all need to be deeply discussed.
Some parameters in the methodology of carbon budget proposal could be controversial. For example, should long-term global goal be to halve greenhouse gas emissions by 2050 or to control global warming within 2℃? The choice of the initial year, the pricings for transfer payments, determining of cumulative tax rate, all need further discussions. Some disputes can be resolved through negotiations, and some sensitivity analysis can be carried out to study the effects of parameters on the calculated results.

In any case, carbon budget proposal is a scientifically based and complete program aimed at building a post-2012 international climate regime which combines the principle of giving priority to meeting basic needs and global sustainability goals together. Through quantitative analysis of the carbon budget proposal in this thesis, it is conducive to building a global consensus on the following important fact, i.e., it is a very tough challenge that global carbon emissions should meet reduction target of 50% in 2050, mainly because developed countries, historically, presently and in the future, inevitably exceeded and will exceed the carbon budget, and seriously encroach emission space as the world’s public resources. Developing countries, although consume generally lower than the carbon budget and development and emission rights, also must contribute to the mitigation of climate change by pursuing low-carbon development with the, in order to protect the common interests of global climate security. The construction of 2012 international climate regime should be based on these facts to make reasonable institutional arrangements, and achieve global long-term goals in response to climate change through international cooperation under the condition of fairness and protecting global climate. These implications provide some new ideas with reference value to break the current deadlock in international climate negotiations.
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� Data on national population is obtained from the World Bank statistics, emissions data from the database of U.S. Oak Ridge National Laboratory on CO2 emissions from fossil fuel combustions. In the calculation, consideration was given to 126 countries and regions included in IEA statistics. A few countries with incomplete data or not included as countries or regions are listed under “other countries”; in 2005 the population of these countries accounted for about 5% of the global population.


� In this thesis, a total of 37 countries is considered in addition to Slovenia and Liechtenstein with incomplete data.


� Presently, the emissions trade proposals of the EU and US both place restrictions on total amount, and allow trading of quotas among users. 
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