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Taking into account the fact of global economic integration, this paper improves the RICE model and the MRICES model, and
establishes a new integrated assessment model MRICES-2012, which takes Ramsey utility as the standard of fairness. Based on
the model, schemes which meet the global emission mitigation targets as well as the interests of developing countries are simu-
lated to assess the international fairness of emission reduction. Therefore, a new feasible scheme is proposed, which can not only
reach the Copenhagen Consensus but also ensure interests of every country. Specifically speaking, the US and Japan cut emis-
sions 80% and 70% respectively by 2050 relative to the 1990 level; the EU and other developed countries cut 80% by 2050 rela-
tive to 1990 level; high human development countries cut 50% by 2050 relative to 1990 level; all above-mentioned countries start
emission reduction from 2020 and keep emission on 2050 level by 2100; China begins emission reduction from 2030 and cuts
emission 15% by 2050 and 25% by 2100 relative to 2005 level; medium human development countries keep emission on 2020

level by 2100; low human development countries do not take part in reduction on emission intensity and global emission.
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The climate protection scheme is a key issue for global co-
operation on climate protection. As the first phase of the
commitment of the Kyoto Protocol is about to expire, many
countries and organizations have raised the global emissions
reduction schemes for the follow-up reduction program to
combat global warming. World famous schemes include
Stern scheme [1], Sgrensen scheme [2], the UNDP scheme
[3], and the UNEP scheme (http://www.unep.org/publica-
tions/ebooks/emissionsgapreport/appendices.asp). In China,
there are also many studies about how China and other de-
veloping countries participate in global emission reduction
[4,5], among which the principle of equality on global per
capita emissions or the cumulative carbon emissions are
discussed as well [6,7]. The international situation, however,
has changed a lot. Firstly, the world has experienced the
economic crisis, and developing countries represented by
BRICS bring the recovery of world economy. Suppression
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on BRICS’s economy may lead to a long-term poverty
worldwide, though the BRICS countries also face the re-
sponsibility of reducing emissions. Secondly, the Great
Kanto Earthquake brings the nuclear crisis, which challeng-
es the development of nuclear power. Thirdly, the interna-
tional economic crisis of 2008 also shows that, in the case
of global economic integration, the United States (US) and
China are the locomotive of world economy, excessive in-
hibition on the economy of China and the US may bring
about a worldwide recession. Therefore, a further emission
reduction scheme needs to be studied. Since the RICE (the
Regional Integrated model of the Climate and the Economy,
regional-level climate-economic integrated assessment
model) model [8] does not consider GDP spillovers and
technology spillovers resulting from the global economic
integration and endogenous technological change, the ener-
gy consumption reduction and emission reduction induced
by economic development are neglected. So scheme as-
sessments based on RICE are imperfect, which need to be
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improved.

Generally speaking, it is impossible to completely elimi-
nate the influence from details or dynamic complexity,
modeling can help us better to reduce these effects [9]. Popp
[10] extends RICE, taking endogenous technological
change into account, but the world is considered as a whole,
without regard to international trade, difference of national
economy growth and the rapid change in developing coun-
tries. As a result, the fairness of international emission re-
duction can not be evaluated. Wang et al. [11] developed
the MRICES model with GDP spillovers and learning-by-
doing technological change based on Wang’s work. In this
paper, we are going to improve the model based on MRICES.

A good climate protection scheme should measure the
impact of climate change not only on developed countries
but also on developing countries [12]. An optimized global
emission reduction scheme is studied based on MRICES
[13]. Unfortunately, the model divides the world into six
regions as China, Japan, the US, the European Union (EU),
the former Soviet Union and the rest of the world, in which
developing countries are taken as a whole and technological
system and development needs of developing countries are
not considered. It is deficient. Based on the differences of
national economies, this paper expands MRICES by divid-
ing the world into eight countries and regions, as China, the
US, the EU, Japan, high human development countries
(HHDC), medium human development countries (MHDC),
low human development countries (LHDC) and other de-
veloped countries (ODC), in accordance with the standard
division of the 2010 Human Development Index in United
Nations Human Development Reports (http://en.wikipedia.
org/wiki/Human_Development_Index). The human devel-
opment index is a comprehensive evaluation on life, educa-
tion and income (country classification can be found in Ta-
ble S1).

As we all know, most countries reached the agreement in
Copenhagen Climate Conference in 2009 to hold the in-
crease in global temperature below 2°C. It has been recog-
nized as the basis for international negotiation. On the other
hand, the national commitments in Copenhagen are insuffi-
cient to achieve 2°C target by the end of the century [7].
China and other developing countries must participate in the
global emission reduction. In this case, we need to study a
fair and feasible scheme for global emission reduction.

1 Model and data
1.1 Model improvement

Following the RICE-MRICES architecture, the model is
divided into macro-economic module, climate response
module, human-environment coordination module and multi-
regional GDP spillover module. Compared with previous
MRICES model, the improvements include new regional
segments as eight countries and regions, multi-regional
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GDP spillovers and learning-by-doing technological change,
named MRICES-2012. In MRICES-2012, due to the re-
finement and improvement of regions, some parameters in
MRICES-2012 should be re-estimated.

(i) GDP spillovers. In MRICES-2012, countries are
linked with each other by GDP spillover and carbon emis-
sions, based on each national macro-dynamic economic
model. According to GDP spillovers theory [14,15], GDP
spillovers between two countries (regions) can be described
as

,
InY? —Iny( =>"v"(ny"? —InY )+ g, (1)

J=1

in which the superscript i denotes the spillovers source
country, j represents other countries (regions) except the
source country (region). Y and Y denote national (re-

i

gional) GDP in current and a period before. v;) is the coef-

ficient for spillover between country i and j, g” is the
growth rate of country (region) i.

In MRICES-2012 model, the national (regional) GDP of
1991-2009 in constant 2000 US$ are from the World Data-
bank (www.worldbank.org). The GDP of a country group is
summed from national GDP. The model can be used to an-
alyze the socioeconomic influence of climate policies with
GDP spillovers scenarios.

(ii)) Carbon emissions and temperature. In accordance
with the RICE model, economic activities (measured in total
output) and global warming (measured in surface temperature)
are associated with each other in MRICES-2012. First, we
have to connect emission with total output, so E,.(j) is

E9 =0 (1-u )Y A 2
o =0, (=, )Y, ok @)

in which o;, is the regional energy intensity; 4. is the sum
of emission reduction rate. o;,, different from RICE, is re-
gional specified and endogenous learning-by-doing techno-
logical change is introduced into MRICES [10], which can
reflect regional emission more accurately.

MRICES-2012 gets the total output of various countries
(regions) in the case of global economic cooperation with
GDP spillovers, then figures out emission based on emission
intensity and output. On the other hand, differentiated region-
al technological changes are considered in MRICES. In fact,
there are technological spillovers among countries in eco-
nomic globalization [16]. Due to technological spillovers
working on developing countries, mainly by technological
learning from developed countries, the speed of technological
changes in developing countries is greater than that in devel-
oped countries, which mainly relies on technological innova-
tion. Figure 1 portrays the emission intensity changes in Chi-
na and the US. In theory, regardless of the differences of such
technological changes, the emission in developing countries
will be overestimated. A detailed model on technological
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Figure 1 Emission intensity in China and the US (data source: CDIAC).

change can be found in Wang et al. [7].
Based on the national (regional) emission presented
above, the world carbon emissions can be written as

8
— (c)
E;_Ezaﬁ'
i=1

With the world carbon emissions, atmospheric carbon
dioxide concentration can be figured out, which will in-
crease the radiative forcing and finally lead to temperature
rise, so that the economic activity and the global warming
are linked. The composite details can be seen in Wang et al.
[17].

The Keynes-Ramsey utility function is also adopted in
RICE model with the implication that the utility is a func-
tion of consumption per capita. Because consumers are
short-sighted in consumption, the utility of consumption
changes with time preference p, which is defined as dis-
counted rate. Taking into account the relative risk aversion
7, the utility can be described as

3)

s G I
Uyny =+ p) Iy =
t=1 -

“)

in which C;, is the consumption at time ¢ subjecting to the
resource constraints in production. The two parameters in
eq. (4), p and 7, reflect the structure of the consumer’s so-
cial welfare [18]. In recent years, a heated argument has
appeared between Nordhaus [19] and Stern [20] on the val-
ue of p. We prefer to the opinion of Nordhaus [19], so 0.015
is taken for the value of p. Eq. (4) defines the accumulated
Ramsay. Different from GDP, it not only takes into account

Table 1 Parameter estimation for GDP spillovers
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the total amount of GDP, but also considers the per capita
welfare, which makes it an indication of comprehensive
national power. Only assessing the cost of emission reduc-
tion from GDP loss is unfair.

1.2 Parameter estimation

Based on the national GDP data in 1991-2009 from the
World Databank, parameters in GDP spillovers model are
estimated by regression, as shown in Table 1. The R* of
each regression is above 0.9 except that of China being
about 0.78, which proves the reliability of the estimation.

In Table 1, each number represents the spillover coeffi-
cient from the country (region) in the column to the country
(region) in the row. In addition, it can be found in Table 1,
the US, the EU, HHDC and MHDC promote the GDP
growth in China with positive coefficients, while China also
makes positive influences on the US, the EU, HHDC and
MHDC, in which the promotion on HHDC is the biggest
with MHDC following. It also shows that the US and China
promote most countries’ (regions’) economies, reflecting
the importance of keeping economic growth in China and
the US in world development.

In the climate response module, we make out emission
intensity in each country (region). According to national
greenhouse gas emissions and GDP data, the rate of carbon
emissions to output in base year 2004 is shown in Table 2.

Obviously, the carbon emissions intensity in Japan is the
lowest, only 0.00006893 gC/$. It is due to the advanced
industrial structure in Japan and widely used nuclear energy.
The earthquake in Japan in 2011 challenges the nuclear en-
ergy policy. This was followed by ODC, the EU and the US.
Since China is the largest manufacturing country over the
world, the carbon emissions intensity in China is relatively
high. If carbon leakage is considered, the carbon emissions
intensity in China will be only a little higher than that in
MHDC.

2 Convergence in accumulated carbon
emissions per capita

Many scholars have proposed that the fairness for emission
reduction is to converge the accumulated carbon emissions

China us Japan EU HHDC MHDC LHDC ODC
China 0 0.329 —0.647 0.262 0.553 1.738 -1.03 -0.925
usS 0.115 0 0.135 0.430 0.119 —0.427 —0.139 0.331
Japan —0.116 0.069 0 0.540 0.441 0.861 -0.571 —0.245
EU 0.070 0.326 0.799 0 —0.341 —0.802 0.608 0.443
HHDC 0.266 0.163 1.181 —0.616 0 —1.105 1.1 0.507
MHDC 0.231 —0.162 0.636 —0.400 —0.305 0 0.55 0.517
LHDC —0.289 —0.111 —0.896 0.644 0.644 1.169 0 —0.607
oDC -0.227 0.232 -0.335 0.409 0.259 0.956 -0.53 0
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Table 2 Carbon emissions intensity in each country (region) in 2004

Carbon emissions intensity (gC/$)

China 0.000718581
us 0.000147208
Japan 0.000068930
EU 0.000118826
oDC 0.000118820
HHDC 0.000476110
MHDC 0.000476790
LHDC 0.000190750

per capita. The large number of historical emissions in de-
veloped countries makes them face a large number of emis-
sion reductions in the future. Therefore we propose scheme
0, in which the US, Japan, the EU and ODC cut emissions
80% by 2050 on 1990 level, the HHDC cut 50% by 2050 on
1990 level, all the above remains the total emission of 2050
by the year 2100, while there is no emission reduction in
developing countries. The accumulated carbon emissions
per capita by 2100 in each country (region) are shown in
Figure 2.

It can be found that, if developing countries do not par-
ticipate in emission reduction, the cumulative per capita
carbon emissions of developed countries are still signifi-
cantly higher than those of the developing countries even if
great reduction is taken in developed countries. Because the
amount of historical emissions in the US and ODC is much
larger than that in other countries. The accumulated emis-
sion per capita in the US is 269.25 tC, while that in China is
only 176.1 tC, less than 35% of the US counterpart. Thus,
even if developing countries do not participate in the emis-
sion reduction, the cumulative per capita carbon emissions
in developing countries will also be significantly lower than
those in the ODC.

The main drawback of scheme 0 is that it cannot achieve
the “Copenhagen Consensus”. In accordance with scheme
0, the global atmospheric concentration of carbon dioxide
equivalent is approximately 506 ppm by 2050 and the tem-
perature rise will be 2.35°C by 2100. The accumulated
Ramsay utility per capita is portrayed in Figure 3, which
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Figure 2 Accumulated carbon emissions per capita by 2100 in scheme 0.
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shows developing countries still have economic losses in
scheme 0. Therefore, the world has been unfair, it needs to
examine how to control the exacerbation of the unfairness.

On the other hand, there are technological obstacles to
further increase the emission reduction rates of developed
countries to reduce their accumulated emission. In the world
economic integration, excessive reduction in the US may
also lead to the economic shrinking in China [17]. Thus,
convergence in the cumulative carbon emissions per capita
is unfeasible.

3 Convergence in carbon emissions per capita

Some scholars put forward the principle of equality in car-
bon emissions per capita, in which the carbon emissions per
capita by 2100 in each country are convergent. Based on
MRICES-2012, a number of possible emission reduction
schemes are listed, and are searched one by one to look for
the one meeting the Copenhagen Consensus and the princi-
ple of convergence in carbon emissions per capita. Conse-
quently, we get the qualified scheme, in which all countries
start to cut emissions in 2020, China cut emissions 18% and
15% on 2005 level by 2050 and 2100 respectively, the US,
Japan, the EU and ODC cut emissions 82%, 65%, 67% and
71% on 1990 level by 2050 respectively, HHDC cut emis-
sions 50% on 1990 level by 2050, MHDC keep equivalent
with 2005 level, and low developing countries do not par-
ticipate in emission reduction”. For convenience, the
scheme above is referred to as scheme 1. The carbon emis-
sions per capita by 2050 and 2100 in each country are
shown in Figure 4, in which the emissions per capita in
2100 are higher than those in 2050 for the reason that emis-
sion increases when emission intensity keeps constant and
output increases, leading to the increase of emissions per
capita.

Based on Figure 4, the carbon emissions per capita in
each country are almost equal to 0.78 tC except MHDC and

1600

= 2050
2100

-y sy -
(=] 3 B
o o (=]
o o o

800
600
400

Accumulated Ramsey utility per
capita (Billion $/Million people)

200 1

0
China US Japan EU HHDC MHDC LHDC ODC

Figure 3 Accumulated Ramsey utility per capita in scheme 0.

1) Since the emissions in MHDC and LHDC are very low, and it is unlikely to increase rapidly in short-term, they are not listed in calibration of equality

in carbon emission per capita.
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Figure 4 Carbon emissions per capita in scheme 1.

LDHC. Japan ranks the lowest with 0.78 tC per capita,
while the US is the highest with 0.8 tC. The emissions per
capita of China are 0.79 tC, almost equal to that of the other
six countries. The variance of emissions per capita is
0.000043, showing the convergence in different countries.

The global temperature rise by 2100 is 1.97°C, and the
CO, concentration by 2050 is about 452 ppm, slightly high-
er than 450 ppm. So the convergence of carbon emissions
per capita is basically a feasible solution. It must be pointed
out that in this scenario, China and the developing countries
actually make sacrifices when making the reduction target
to keep emissions by 2050 on the level of 2005, which can
be found from the accumulated emissions per capita in Fig-
ure 5. Additionally, due to the huge historical emissions in
developed countries, the accumulated emission per capita in
developed countries is still higher than that in developing
countries even if they start reducing now. The highest emit-
ter is the US with 268.7 tC, while the lowest is low devel-
oping countries with only 13.8 tC.

To further assess the influence of emission reduction, the
change of accumulated Ramsey utility is evaluated. As
shown in Figure 6, there is a big difference in accumulated
Ramsey utility between countries (regions). Therefore,
convergence in carbon emissions per capita is unfair from
the view of accumulated Ramsey utility.

Of course, it is not appropriate to reach the equality on
accumulated Ramsey utility. The target we want to achieve
is to increase the accumulated Ramsey utility of developing
countries while not to decrease the utility of developed
countries when comparing emission reduction schemes with
BAU, for reaching the balanced development over the
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Figure 5 Accumulated carbon emissions per capita by 2100 in scheme 1.
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Figure 6 Accumulated Ramsey utility per capita in scheme 1.

world. Figure 7 shows the change of accumulated Ramsey
utility in scheme 1 related to BAU, which indicates that the
accumulated utility increases by 2100 though it losses by
2050, except MHDC and LHDC. The change of accumu-
lated utility of the US is minus, implicating that no emission
reduction is beneficial for the US’s development, but the
accumulated Ramsey utility and utility per capita of the US
are still existent in the first place (Figure 6). So emission
control should be carried out in the US for the common in-
terests of the world.

4 The scheme with the global economic growth

The principle of convergence in carbon emissions per capita
has its own rationality, while the global economic growth
should be regarded when taking emission reduction. Taking
into account that the US and China are big manufacturing
countries and the world’s economic leaders, the suppression
of the carbon emissions of China and the US may bring
global economic disaster, and should therefore allow
slightly higher carbon emissions per capita in China and the
US. On the other hand, the earthquake in Japan shows that
large-scale nuclear power is not suitable for Japan consid-
ering Japan’s geographical situation. The reduction strength
should be relaxed in Japan.

Therefore, with several experiments a new scheme is ob-
tained based on MRICES-2012, named scheme 2. Every
country takes two-stage emission reduction in scheme 2.
China starts emission reduction from 2030 and reduces
emissions 15% by 2050 on 2005 level, and reduces 25% by
2100 on 2005 level. All developed countries and HHDC
start emission reduction from 2020. The US reduces 80% by
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Figure 7 The change of accumulated Ramsey utility in scheme 1.
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2050 on 1990 level and keeps the same by 2100. The EU
and ODC reduce 80% by 2050 on 1990 level and keep the
same by 2100. Japan reduces 70% by 2050 on 1990 level
and keeps the same by 2100. MHDC peak 1.387 GtC by
2020 via emission intensity reduction and keep the same by
2100. LHDC do not participate in any reduction. Since the
nuclear power is not suitable for Japan, the emission reduc-
tion of Japan is relatively lower than that of other countries.

In scheme 2, the global carbon dioxide concentration by
2050 is 409.5 ppm, nearly equal to 449 ppm CO, equivalent.
The global temperature rise is 1.95°C by 2100. The carbon
emissions per capita for each country (region) are shown in
Figure 8, in which the emissions per capita of the US and
China are 0.685 tC and 0.696 tC respectively, ensuring the
economic development in the two countries. The emissions
per capita in Japan, the EU, ODC and HHDC are 0.501,
0.359, 0.407 and 0.451 tC, respectively. The advantage of
scheme 1 is preserved, which can lead to a better economic
growth. If China starts emission reduction from 2020 when
keeping emission reduction targets of other countries, the
global temperature rise will be 1.94°C, showing a negligible
influence on global mitigation targets from the reduction
timing of China. If China starts emission reduction from
2030, the 20-year average emission reduction rate is about
1.41%, while the 30-year average emission reduction rate is
0.4% if it starts reduction from 2020, so the later the better
is for economic development.

The Copenhagen Consensus is achieved in scheme 2.
Different from scheme 1, the emissions per capita by 2050
and 2100 vary among countries (regions), in which the lev-
els in the US and China are about 0.7 tC supporting their
development. The emissions of MHDC and LHDC are not
constrained relative to 2005 level, but their levels of emis-
sions per capita are still low. It puts down to the large pop-
ulation base and the underdevelopment. So it is reasonable
not to take part in emission reduction for the two groups.

In addition, the national (regional) accumulated carbon
emissions also change in scheme 2, as shown in Figure 9.

In scheme 2, there are still differences in the accumulated
carbon emissions per capita in developed and developing
countries. Relative to scheme 1, the differences of the ac-
cumulated carbon emissions per capita between China and
Japan, the EU and ODC decrease obviously. In scheme 1,
the differences between China and the three countries

0.9
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Figure 8 Carbon emissions per capita in scheme 2.
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Figure 9 Change of accumulated carbon emissions per capita by 2100 in
scheme 2.

(regions) are 48.23, 32.60 and 64.20 tC respectively, which
fall to 34.80, 8.81 and 43.76 tC respectively. In other words,
scheme 2 alleviates the large gap of accumulated carbon
emissions per capita between China and developed coun-
tries in scheme 1, so it is a compromise between the princi-
ple of convergence in carbon emissions per capita and ac-
cumulated carbon emissions by 2100.

It should be noted that the accumulated Ramsey utility
per capita and the rate of Ramsey utility change in scheme 2
are shown in Figures 10 and 11, respectively. According to
Figure 10, there is no remarkable difference between
scheme 2 and scheme 1. The Ramsey utilities of Japan, the
EU and ODC decrease slightly.

When focusing on the rate of Ramsey change, as shown
in Figure 11, the change rate of the US is negative, but its
carbon emissions per capita and the accumulated carbon
emissions per capita still take the first place over the world
(Figure 9). In scheme 2, the accumulated Ramsey utility of
developing countries increases and that of developed coun-
tries does not decrease, which meets the target of emission
reduction to reach a balanced development over the world.
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Figure 10 The Ramsey utility per capita in scheme 2.
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Figure 11 Rate of change of Ramsey utility in scheme 2.
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Obviously, schemes 1 and 2 are feasible for reduction.
But the carbon emissions per capita and accumulated carbon
emissions per capita are compromised in scheme 2 com-
pared with scheme 1, and scheme 2 meets the target of
emission reduction much better from the perspective of
Ramsey utility and the rate of change of Ramsey utility.

5 Comparison of carbon emissions in different
schemes

There is a difference between schemes 1 and 2 in the global
carbon emissions. As shown in Figure 11, the global carbon
emissions begin to decrease from 2020 due to emission re-
duction actions taken in each country (region). However,
since the diverse timing and strength for emission reduction,
the trend of global carbon emissions growth differs after
2050. If the principle of convergence in carbon emissions
per capita by 2100 is taken, a relatively fast increase is ob-
served in the global carbon emissions growth. By contrast,
if scheme 2 is taken, the global carbon emissions are almost
stable after 2050, in which the slight increase is attributed to
the emission from LHDC when they do not participate in
emission reduction. The global carbon emissions by 2100
are 5.96 and 4.26 GtC in schemes 1 and 2 respectively.

There is a distinct advantage in scheme 2 considering the
global carbon emissions relative to that of scheme 1. The
2011-2100 accumulated carbon emissions drop to 448.8
GtC from 471.1 GtC. Therefore, scheme 2 is much reasona-
ble based on this criterion.

The global GDP is also different in the two schemes.
Compared with the global GDP of 2006, the global GDP by
2100 in scheme 1 increases 11.88 times, 11.885 times in
scheme 2, a little bit higher than that in scheme 1. The an-
nual GDP in the two schemes is shown in Figure 13. It can
be found that GDP in the two schemes is almost overlapped,
meaning the same growth trend of GDP in the future. Simi-
larly, the accumulated GDP and Ramsey utility in scheme 2
are also higher than that in scheme 1. Scheme 2 gets more
emission reduction and less temperature rise, and the eco-
nomic efficiency is better than that of scheme 1. So with
regard to loosening the emission reduction burdens on the

Scheme 1
—— Scheme 2

Global emission (GtC)
O =N WA OGO N D ©

Figure 12 The global carbon emissions in schemes 1 and 2.
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are almost overlapped).

leading countries, scheme 2 is in line with global interests,
in which the economic growth will not be damaged by
temperature rise and no economic risk results from exces-
sive reduction in some countries. It can be referred as the
scheme with efficient economic growth.

In addition, in scheme 1 the carbon emissions of China
are 1.255 GtC by 2050 and 1.301 GtC by 2100, which are
18% and 15% lower than 2005 level respectively. The car-
bon emissions of the US in scheme 1 are 0.235 GtC by 2050
and 0.31 GtC by 2100, which are 82% and 77% lower than
1990 level respectively. In scheme 2, the emissions of China
are 1.3 GtC by 2050, which is 15% lower than 2005 level.
The emissions of the US are 0.262 GtC by 2050, which is
80% lower than that of 1990 level. The emissions of MHDC
countries are 1.387 GtC by 2100, which is 1.58 times that
2005 level. But focusing on accumulated carbon emissions
per capita, it are 101.648 tC in China which are much lower
than 268.5 tC in the US.

Therefore, the Copenhagen Consensus, in which the CO,
concentration by 2050 is below 450 ppm and the tempera-
ture rise by 2100 is below 2°C, can be reached in both
schemes. Scheme 2 can boost the global economic growth
much more effectively. In fact, MRICES-2012 can find
many other schemes, but scheme 2 is one of the appropriate
schemes for global climate protection.

6 Conclusion

This paper establishes an integrated assessment model for
climate change based on RICE model, and introduces the
global GDP spillovers and technological change into the
model.

In the newly-developed MRICES-2012 model, the world
is divided into 8 countries (regions) and is suitable for cli-
mate policy simulation. The typical RICE model does not
take the global economic integration into account, so it
overestimates the carbon emissions of China and MHDC
and underestimates the influences of emission reduction in
China and the US.

Based on MRICES-2012, global emission reduction
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schemes are discussed in accordance with Copenhagen
Consensus, in which the global temperature rise by 2100
should be below 2°C.

With the simulation on convergence in accumulated car-
bon emissions per capita, convergence in carbon emissions
per capita and the scheme with global economic growth are
assessed on MRICES-2012, the results show that it is im-
possible to control temperature rise below 2°C if only de-
veloped countries are engaged in emission reduction. The
scheme of convergence in carbon emissions per capita,
which meets the Copenhagen Consensus, can be retrieved
on MRICES-2012, but the scheme is not fair for developing
countries. Therefore, a new scheme with global economic
growth is presented in this paper, which can not only meet
Copenhagen Consensus but also can reach a better econom-
ic efficiency and fairness for developing countries.

The scheme with global economic growth can be speci-
fied as follows: China starts emission reduction from 2030
and cuts emissions 15% and 25% by 2050 and 2100 respec-
tively on 2005 level; all developed countries and HHDC
start emission reduction from 2020; the US cuts emissions
80% by 2050 on 1990 level and keeps emission on 2050
level by 2100. The EU and ODC cut 80% by 2050 on 1990
level, and keep the same by 2100. Japan cuts emissions 70%
by 2050 on 1990 level, and keeps emission on 2050 level by
2100. HHDC peak in 2020 with 1.387 GtC emissions and
keep on the level by 2100. LHDC do not take part in reduc-
tion on emission intensity and global emission. Under this
scheme, the global CO, concentration by 2050 is 409.516
ppm, equal to 449 ppm equivalent, and the temperature rise
by 2100 is 1.94°C, reaching the 2°C target by 2100.
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