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It is now widely accepted that carbon emission from human activities is an important driving force in global warming, and global
change has a deep impact on sustainable development of human society. To meet the challenges of global change, the international
community has reached a consensus that developed countries take strict actions in emission reduction, whereas developing coun-
tries take spontaneous efforts in reducing emissions under the guiding principle of common but differentiated responsibilities,
with an agreed goal to restrict global surface temperature increase due to human activities to within 2°C of pre-industrial levels.
However, there is no clear pathway to reach this goal. A number of related questions must be addressed on principles to be fol-
lowed, research emphasis and policy measures. Here we argue that response policies to address global change issues must be
based on balanced development at regional and international levels, and on advancements in science and technology. This requires
consideration of harmony not only between humans and nature but also within human societies, to properly deal with the rela-
tionship between global change and sustainable development. We must make equal efforts toward carbon emission reduction and
carbon sequestration, and toward mitigation and adaptation. There should be more research support to reduce uncertainties in our
understanding of global change. Addressing the challenges of global change creates great opportunities for the development of
human society. This will facilitate transformation of energy use structure, improve and restore ecological functioning of the earth
environment, transform production modes and ways of living in human society, and promote harmonic and balanced development
at regional and international levels.
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1 Societal response to challenges of global

change: Progress and issues urbanization, economic development, and others.

biogeochemical cycles, and changes in resources, land use,

Global change refers to changes in earth system functions at
a global scale, caused by natural and human factors. It
includes atmospheric and ocean circulation, hydrologic and
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Global warming is a prominent signal of global change.
The IPCC (Intergovernmental Panel on Climate Change)
Fourth Assessment Report pointed out that the earth’s sur-
face temperature has increased 0.74°C between 1906-2005,
and there is a 90% likelihood that warming over the second
half of the 20th century was attributable to an increase in
CO, emitted by anthropogenic activities [1]. The warming
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trend in China is consistent with that of the rest of the world;
China’s land surface temperature increased 1.38°C from
1951 to 1999 [2].

Global change has not only caused changes to the natural
environment, but also had a deep impact on socioeconomic
development. How to respond to global change and to realize
sustainable development are major challenges to the devel-
opment of human society.

Based on scientific understanding and political consensus
about the potential impact of human-caused global warming
and future climate change, significant political, economic
and technological efforts have been made by the interna-
tional community during the past 30 years to further under-
stand the mechanisms of global change, mitigate and adapt
to climate change, and reduce its negative impact as exem-
plified by the UNFCCC (United Nation Framework Con-
vention on Climate Change; United Nations, 1992) [3] and
Kyoto Protocol [4]. Much progress has been made, which
can be summarized by three aspects.

1.1 Improved understanding on the impact of global
change on sustainable development of human society

Global change has tremendous impact on the natural eco-
system as well as human society. If response is insufficient,
sustainable development will be placed at great risk. If we
are unable to effectively control the concentration of green-
house gases in the atmosphere, global temperature may in-
crease between 1.1-6.4°C. If global temperature were to
increase by 1.5-2.5°C, 20%-30% of worldwide species
would be in danger of extinction. If global temperature were
to increase by 2-3°C, ice cover in Greenland would be sig-
nificantly reduced, causing 30% of global coastal areas to
be submerged by oceans. Noticeable changes would also be
observed for other land processes. The occurrence frequency
and intensity of extreme weather events such as heat waves,
drought, and strong precipitation would increase. These
would result in environmental risks, water shortages, grain
yield reduction, disease outbreaks and health risks to human
society [1].

1.2 Recognition of human activities as key driving
forces in global change

Human activities are the primary reason for global warming
over the second half of the last century [1]. This is the con-
sensus of a majority of scientists that has been formed over
the past several decades. Why are human activities the key
driver of global warming? To answer this question, the role
of greenhouse gases and their effects must be addressed.
The naturally and human caused water vapor (H,O), carbon
dioxide (CQO,), nitrous oxide (N,O), methane (CH,;) and
ozone (O;) in the atmosphere can absorb and emit radiation
emitted from the earth surface, atmosphere and cloud in
certain wavelengths of the thermal spectrum. The heat is
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captured in the earth surface and troposphere causing tem-
perature increase on earth surface and in the lower layer of
the troposphere. This is known as the “greenhouse gas ef-
fect”. These atmospheric components are called ‘“green-
house gas”. The global warming since the second half of the
20th century is mainly caused by the increase in atmospher-
ic concentration of CO, and other greenhouse gases. These
gases are mainly produced from fossil fuel combustion, land
use change and forest damage; all byproducts of human
social and economic development.

Ice core data from Antarctica indicate that from 1000
through 1800 A.D., atmospheric CO, concentration fluctu-
ated around 280 ppm [1]. However, there has been a steep
rise since the Industrial Revolution, and atmospheric CO,
concentration reached 380 ppm by the end of the last century.

Changes of many key earth system parameters have been
influenced either directly by human activities or indirectly
by global warming. Research has been carried out to study
the basic mechanisms of how human activities influence
global change and the socioeconomic factors of that change,
and to determine potential thresholds.

1.3 Preliminary consensus of the international
community on addressing global change issues

Governments of many countries are very concerned with
global change. In 1992, the UNFCCC was proposed at the
world environmental summit [3]. An important principle is
“common but differentiated responsibilities”. Common re-
sponsibility stipulates that every nation should make efforts
to protect the global environment; differentiated responsi-
bility stipulates that different nations may contribute to en-
vironmental protection based on their own capacities. De-
veloped countries were to undertake a leading role in reduc-
tion of greenhouse gas emissions, and provide technologies
and financial support to developing countries in their efforts
to reduce emissions.

In 1997, the Kyoto Protocol was signed. It specified that
from 2008 to 2012, major developed countries were to be
the first to reduce CO, emissions and other greenhouse gases.

In 2009, the Conference of the Parties (COP) to the
UNFCCC passed the Copenhagen Protocol [5]. This sus-
tained the principle of the “common but differentiated re-
sponsibilities”, and re-emphasized the forceful reduction of
carbon emissions by developed countries and spontaneous
mitigation action by developing countries. Further, a general
consensus was reached on key issues such as global long-
term goals, investment and technological support, and trans-
parency.

In the 2010 Cancun Agreement, international society de-
veloped a strategy based primarily on reduction of green-
house gas emissions. The goal for the end of the 21st cen-
tury became to control temperature rise to within 2°C of pre-
industrial levels. This is the well-known 2°C threshold cri-
terion [6,7].
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China has paid much attention to global change issues.
The National Strategy in Response to Climate Change was
announced and begun to implement in 2007 [8]. The Chi-
nese government decided to transform its economic struc-
ture with the aims of saving energy, improving energy use
efficiency, developing renewable energy, optimizing energy
structure, and greening the country. All these actions have
generated substantial successes.

Although efforts have been made by all nations, the gap
between climate change agreements and the actual situation
remains large. The actions stipulated in these agreements
have been hampered by political and diplomatic gaming,
economic and technological costs, plus energy and resource
allocation issues [9,10]. 2012, the final year of the first
commitment period under the Kyoto Protocol, has passed
away but we obviously did not meet the pre-set emission
reduction targets. Only a few developed countries took solid
steps toward reducing emissions. We still face tremendous
challenges in responding to global change issues.

2 Temporal background of human response to
global change and criteria for addressing global
change issues

Over the past century, tremendous changes that were greater
than any during the previous thousands of years, took place.
Why did human activity in recent centuries cause global
warming? We must investigate the socioeconomic back-
ground of the present era, and then develop a set of criteria
to be applied in our response to global change. The current
background includes the following.

2.1 Advancements in science and technology

The history of human evolution is a process of human har-
nessing of technology in modification of nature. This can be
dated to the period in which humans learned to make simple
tools. Since then, humans have made continuous efforts to
apply their wisdom to create a world more suitable for living.
At the beginning of the 20th century, thanks to relativity
theory, quantum mechanics and other breakthroughs in sci-
entific theories, science and technology have rapidly devel-
oped. Over the past several decades, there has been a mod-
ern technological revolution centered around information
technology. This marks a great stride in development from
an industry-based economy to a knowledge-based one, or
from an industrial society to an information society. Pro-
duction methods, human lifestyle and the earth environment
have been dramatically altered owning to global industrial-
ization and informatization, excessive energy use, acceler-
ated population growth, and rapid expansion of cities. It can
be anticipated that future development of human society,
including meeting the challenges of global change, will rely
heavily on further advances in science and technology, and
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on creatively combining the natural and social sciences
[11,12].

2.2 The globalization process

Driven by increased productivity and the advancement of
science and technology, particularly technological advance-
ment in the information, communication and transportation
sectors, information and material exchanges have been
dramatically intensified, leading to well-connected interna-
tional networks of economies, science, technology and cul-
ture. Production and scientific research can be easily orga-
nized across national and regional boundaries, allowing
more optimized integration of various production elements
and scientific activities at global scale. The interests of var-
ious nations are intermixed, interconnected, inter-supportive
and inter-constrained. The world is becoming an earth vil-
lage. We must take a global perspective in addressing global
change issues.

2.3 The idea of sustainability and its implementation

Science and technology can be considered a double-edged
sword. On the one hand, development of science and tech-
nology brings significant benefits to human society by im-
proving living conditions, lengthening lifespan, and gener-
ally creating a better lifestyle for people. On the other hand,
during the process that scientific and technological results
are applied, they have also caused a series of problems re-
lated to ethics, the environment, global climate change and
disasters. These are of great concern to society. The earth is
a non-linear system. Small changes in some of its compo-
nents can cause vast, irreversible changes at the entire sys-
tem scale [13,14]. Therefore, the interests and fate of human
beings are closely linked with the environment. The fact has
made people question how human society should develop in
harmony with global change, so as to achieve sustainability
[15].

In summary, global change originated from the advance-
ment of science, technology and economic development.
Therefore, the solution to global change issues must be
based on development, and the key is further advancement
of science and technology. In the meantime, any solution
for global change issues should be based on full considera-
tion of the globalized international environment and the idea
of sustainability. These are the criteria that must be fol-
lowed to develop any practical solutions to global change
problems.

3 Meeting the global change challenges and
sustainable development

Over the past 30 years, through the joint efforts of scientists
and decision makers worldwide, the science of global
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change has made great strides, and actions have been widely
undertaken in response to global change [16]. Despite of
this, our capability and progress in addressing global change
issues is still limited. The major reason is that our scientific
understanding of global change is inadequate to fully sup-
port human management of the earth system. Therefore, we
should follow the laws of the earth system itself, and take
into account the relationship between the earth system and
human activities. We should enhance international coordi-
nation to mold a consensus as soon as possible on innova-
tive management of the earth system, based on the premise
of rapid progress in science and technology, rapid globali-
zation, and the idea of global sustainability.

3.1 Properly dealing with the relationship between
meeting the challenges of global change and sustainable
development

Sustainable development and addressing challenges of global
change are dependent on each other, and both aspects are
indispensable. They should therefore be considered jointly.
The conception of sustainable development is an important
conclusion drawn from human history of successful prac-
tices and lessons of failure by humans. Sustainable devel-
opment not only requires harmony between humans and
nature, but also among human societies themselves. Histor-
ical experience indicates that the root cause for social dis-
cord is developmental imbalance. Imbalance of regional
development within a nation may cause civil strife there.
Stereotyping or enlarging developmental imbalance among
different nations makes it difficult to achieve long-term
peace and stability. It would therefore be impossible to
achieve the goal of sustainable development.

At present, global change is a challenge to all mankind.
The purpose of addressing global warming issues by the
international community is to resolve the discord between
humans and nature resulting from human activity. However,
this cannot be realized by sacrificing the development of
human society, particularly if this has a cost of creating a
developmental imbalance within the international commu-
nity. If this were the case, the discord between humans and
nature could never be solved. This in turn could destroy the
harmony between different nations.

The current problem is that we lack a relatively fair emis-
sion reduction scheme, one that takes the historical responsi-
bilities of different nations and their future development into
consideration. Additionally, international carbon transfer
has not been considered in the assessment of greenhouse gas
emissions among various nations. The development rights of
developing countries have been largely ignored.

Current global warming is mainly caused by human-
emitted greenhouse gases, therefore reducing carbon emis-
sions has become a basic strategy for society to prevent the
continuation of global warming. How best to allocate emis-
sion quotas among various countries to ensure fair devel-
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opment in both developed and developing countries remains
the most challenging question [17,18].

First, the means for realizing development in both de-
veloped and developing countries under a fair framework
must be investigated. Adhering to the goal of keeping global
temperature increase under 2°C, if the atmospheric concen-
tration of CO, is kept at the 450 ppm level, based on the
world’s 2005 population, annual per capita carbon emis-
sions should be maintained at under 0.82 tons, equivalent to
2.99 tons of CO, between now and 2050 [19]. However, the
problem lies in that how to ensure development in develop-
ing countries during the execution of the above emission
goal. According to a human development index (HDI) es-
tablished by the United Nations, an average of 0.82 tons
carbon emission per year (tC/year) per capita corresponds to
the poverty level [20]. This implies that if the goal of carbon
emission were set at 0.82 tC/year per capita before clean
energy can almost completely replace fossil fuels, undevel-
oped nations would remain near the poverty line. This is
clearly unfair and cannot support a harmonious world, nor
can the goal of sustainable development be realized.

The second question is how to balance the historical re-
sponsibilities and future contributions of carbon emissions.
A recent assessment has been made of the historical respon-
sibilities and agreed emission reductions between developed
and developing countries, using two earth system models.
One was developed in China and the other in the United
States [21]. The assessment results are very similar. The
conclusion is that developed countries have two-thirds of
the historical responsibility for causing global warming, but
their agreed future carbon emissions can only slow future
global warming by one third. In contrast, while developing
countries have had only one third of the historical responsi-
bility for warming, they have agreed to take up to two-thirds
of future carbon reductions. This is clearly unfair.

The third question is how to make reasonable emission
estimates for each country. Carbon emissions produced by
developed countries stabilized between 1990 and 2008, but
the trend for developing nations has been increasing. How-
ever, the transfer of carbon emissions through international
trade has been ignored in their calculation for a specific
country [9]. The stabilization of carbon emissions in devel-
oped countries is partially attributable to their increased
import of high energy consumption merchandise, such as
steel and solar panels, from developing countries. Therefore,
their own emissions have been reduced. To develop fair
international emission reduction goals, we must clearly di-
vide responsibilities based on carbon consumption instead
of carbon production [9].

To realize sustainable development, we must ensure bal-
anced development among various regions and countries. In
our efforts to meet the challenge of global change, the in-
ternational community must obey the principle of common
but differentiated responsibilities. We must give overall
consideration to harmony between humans and nature and
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among human societies themselves, so as to reach a scien-
tifically sound and practical (particularly for developing
countries) scheme for carbon emission reduction and cli-
mate change adaption.

3.2 Taking action toward increasing carbon sequestra-
tion as equally important as reducing carbon emissions,
and adaptation to global warming as equally important

as mitigation

Although the international community must concentrate on
and take action toward reducing carbon emissions, it is
equally important to consider carbon sequestration by land
and oceans. More attention should be paid to this process. It
is important to increase carbon sequestration in land and
oceans to slow global warming. The carbon sequestered by
global forests between 1990-2007 was 2.4+0.4 Pg C per
year [22], accounting for one quarter of total carbon seques-
tration by the terrestrial ecosystem. This can offset 33% of
total industrial carbon emissions [23]. Annual change of
plant productivity directly controls annual change of at-
mospheric CO, concentration. Therefore, afforestation, ef-
fectively protecting the forest ecosystem, and exploring the
carbon sequestration capacity of the earth system itself can
play indispensible roles in slowing the global warming pro-
cess [24]. This is particularly important to developing coun-
tries. In recent years, China has implemented afforestation
engineering and forest protection measures capable of se-
questering over 3 million tons of carbon annually [22].
Moreover, afforestation provides other benefits to the eco-
system, such as improving the environment, purifying the
air, adjusting the climate, preventing wind damage, and
sand fixation.

Geoengineering as an effective measure to retard global
warming has been widely noted in the worldwide scientific
community [25]. In short, geoengineering is an artificial
large-scale approach to slow or offset the warming effect
via altering the energy balance of earth surface radiation or
reducing the concentration of atmospheric greenhouse gases.

A recent study based on a model simulation indicates that
under various scenarios of greenhouse gas emissions, ge-
oengineering approaches including SO, aerosol injection to
the stratosphere and space mirror installation may effectively
stop the trend of rising sea levels caused by global warming,
and could help restore sea levels to previous levels [26]. At
present, an integrated assessment on the effects of geoengi-
neering is urgently needed to formulate practical schemes
for addressing global change issues.

Equally important as mitigation, adaptation is an im-
portant component in response to climate change. Adapta-
tion activities, with the goal of increasing defense and re-
covery capacity, can effectively minimize climate change
effects, thereby reducing the pressure for emission reduc-
tions and eventually buying the time required for transfor-
mation to low-energy modes of production. If global change
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impacts become increasingly prominent while mitigation
cannot be quickly achieved, taking proper adaptation meas-
ures is an urgent and important choice, particularly for de-
veloping countries.

At present, two kinds of research questions need to be
addressed in making adaptation plans. The first is how to
meet the human demand for food, energy, water and other
ecosystem service functions. The second is how to change
our lifestyle to find new development routes under global
change.

3.3 Strengthening scientific research to reduce
uncertainty in our understanding of global change

It is widely recognized that there exists large uncertainty in
our scientific understanding of global change [27]. It is
normal to have such uncertainty from a scientific perspec-
tive. However, as the starting point for climate policy-
making and handling climate change-related international
affairs, the potential risks to the human society and the
economy caused by uncertainties in our scientific under-
standing of global change cannot be neglected. Uncertain-
ties in our understanding of global change need to be con-
sidered as follows.

First, the evidence of climate change over the past 2000
years. It has affected our judgment about the contributions
of natural and anthropogenic forces to global warming in
the 20th century and the future trend of climate change. For
example, one question about which significant consensus
has not been reached in historical climatology is whether
there was a Middle Age warming period or other warming
periods that were warmer than the 20th century [28].

Second, the sensitivity of climate system to CO, concen-
tration. It is the theoretical basis for attribution of human
activities to global warming. Based on analysis of observa-
tional data, there is no complete consistency between the
trend of atmospheric greenhouse gas concentration and that
of temperature change. For example, emission of global
greenhouse gases increased twofold between the 1940s and
1975, but the average global temperature dropped by 0.1°C
over the same period [1]. Because the climate system is a
nonlinear system, the concentration change of greenhouse
gases affects the earth surface temperature in multiple ways
in addition to greenhouse effect. The response of earth sur-
face temperature to the concentration of greenhouse gases in
the atmosphere is dependent of the integrative effect of the-
se multiple processes.

Third, the simulation capability of climate models. As a
primary tool in climate change research, these models have
direct impact on the reliability of future projections. Al-
though the differences between model simulation results
and those from observation have been substantially reduced
owning to constant model improvement, some discrepancies
remain unacceptably large. Using simulation of air temper-
ature as a function of elevation as an example, researchers
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compared model results with actual observation data. The
results indicate that the greatest temperature rise is at 10 km
above ground, twice as large as that at ground level. The
observed data indicate that the greatest temperature rise is at
ground level, and that the temperature increase through the
entire troposphere is less than that at ground level. These
results clearly contradict each other [29].

Fourth, scientific interpretation of the extent of impact of
the 2°C threshold on nature and humans. The 2°C threshold
refers to the agreement reached in Cancun [6,7]. Its goal is
to control temperature increase to within 2°C of pre-indus-
trial levels by the end of the 21st century. This is the basis
used by every country in developing plans to reduce green-
house gas emissions. Its importance is that it determines the
upper limit for greenhouse gas concentration in the atmos-
phere and the upper limit for anthropogenic carbon emis-
sions. An increase or decrease of this threshold, even by
0.1°C, would greatly impact the response strategy of global
society, influencing economic growth, productivity and
lifestyle in every country. However, different climate mod-
els have produced a large range (2.0-4.5°C) of temperature
change [30]. The uncertainty of these findings remains
large.

Fifth, the decadal variability of the climate system. The
decrease of global surface temperature during 1940s—1975s
and the slowing down of the global warming trend during
the past 10 years may all be due to the natural variability of
the climate system at the decadal scale. Therefore, it is im-
portant to enhance research on the decadal variability of the
climate system and its causes so as to improve our under-
standing of global warming, particularly to accurate predict
climate change in the future decades.

Sixth, synthetic observation and data integration. Long
time series, high quality observational data and their assim-
ilation with earth system models can help reduce the uncer-
tainty in our understanding of global change. Therefore, it is
necessary to develop a data sharing mechanism that can
facilitate data fusion and assimilation such that high quality,
continuous, uniform, and integrated earth observation sys-
tems can be made possible for joint observation and moni-
toring of parameters and processes of global change.

In the future, the international community should carry
out more multi-factorial, multidisciplinary, and internation-
ally collaborative research, to minimize the uncertainty in
scientific understanding of global change. In the meantime,
there should be more effort toward making sustainability-
oriented global change studies, to strengthen research on
global change issues in the social development, and to use
the results to support sustainable development.

4 New opportunities brought about by
addressing global change issues

Addressing global change is not simply a challenge; it also
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creates great opportunities. Various response strategies
based on criteria mentioned above, are actually creating
innovations in earth system management. These will have
historical and incalculable impacts on production modes,
lifestyle and international relations. It is anticipated that by
constantly seeking better solutions to global change prob-
lems, new models of living and development throughout
society will gradually come into being.

4.1 Facilitating strategic transformation of human
energy consumption

Humans can harness nature because they have the capability
to think and create. Humans use the energy available in na-
ture to enhance their own power. This has increased the
capability and extent of humam activity. As the economy,
science and technology advance further, the energy structure
is undergoing a change. This change is a de-carbonization
process.

In early times, humans obtained energy in the form of
fuel from grass and wood. Then, coal, oil and gas in solid,
liquid and gaseous state were discovered, which all belong
to the class of hydrocarbon fuels. The historically continu-
ous process of exploration to find new forms and uses of
new hydrocarbon-based energy is actually a de-carboniza-
tion process [31]. Every energy revolution reduces the car-
bon in fuel and increases hydrogen. The ratio between the
number of carbon and hydrogen atoms in woody fuels is

10:1. It is 2:1 in coal, 1:2 in oil and 1:4 in natural gas
[32,33]. Every such de-carbonization process advances hu-
man society and civilization. The natural adjustment process
of human energy structure throughout history and the pre-
sent conscious reduction of carbon emissions in response to
global change strongly coincide. Therefore, current carbon
emission reduction measures will speed the energy structure
change and have important historic significance for human
survival and social development.

4.2 Facilitating historic transformation of the earth
environment

At present, developed countries have green mountains and
clear water, but many developing countries lack vegetation
cover and have a poor ecological environment because of
war and poverty. Reducing CO, concentration in the at-
mosphere can be achieved through emission reduction. It
can also be achieved through recovering vegetation cover so
that more carbon can be absorbed by this vegetation. Plant-
ing trees and grass can contribute to halting global warming,
while helping reduce deterioration of the environment in
developing countries. Forest coverage in China has in-
creased from 8.6% in the late 1940s [34] to 20% at present
[35]. In some relatively undeveloped regions of the country,
the increased forest cover has substantially improved the
local environment. The new function of afforestation to
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counteract global warming will give a new impetus to re-
forestation movements in developing countries. We believe
that these countries can increase forest cover via their own
efforts and international aid. By doing so, they can contrib-
ute to mitigating global change. Through constant afforesta-
tion efforts and grass planting, the global environment will
certainly be considerably improved.

4.3 Promoting fundamental transformation of
production modes and human lifestyles

For a long period, humans have been accustomed to taking
resources from nature, but generally lack the concept and
capability of protecting it. Over consumption of energy and
other natural resources has caused enormous natural disas-
ters that have placed human life and property at risks. Re-
sponse to global change requires fundamental changes in
methods of production, lifestyles and tremendous efforts in
reducing consumption of resources and waste of energy.
Many countries have called for such changes. China has
proposed development of a resource-saving and environ-
ment-friendly society, which has been adopted as state poli-
cies. We believe that these measures will facilitate rudimen-
tary transformation of current modes of production and life-
style in current society.

4.4 Promoting transformation of human society
toward a more harmonious world

From a historical perspective, human society has passed
slave and feudal societies that compete for land, to the pre-
sent capitalist society that competes for market share and
capital. Ours is a competition-based history on various scales,
ranging from individual and regional to national levels.
When a nation is faced with danger from foreign invaders,
this can result in the formation of united forces. Under
pressure from global environmental change, for the first
time in its entire history, human society is faced with a
common threat. If dealt with improperly, we run the con-
siderable risk of tremendous setbacks. The threat becomes
shapeless charisma, one that forces all of humankind to join
hands and set aside disagreements and conflicts to address
the common challenge.

In summary, we are optimistic about the future of human
kind. During their historical migration, humans experienced
various types of climate change, disease outbreaks, and
countless disasters. Human kind has not only survived but
also has mastered sophisticated science and technology, and
built a strong economic base for society. A solid network of
collaboration has been established, and we are confident
that through joint efforts, we can build a beautiful future for
human society.

This work was supported by the National Key Basic Research Program of
China (2010CB530300), the National High-Tech R&D Program of China

September (2013) Vol.58 No.25

3167

(2012AA12A407 and 2013AA122003) and the National Natural Science
Foundation of China (41271099).

1 IPCC. Climate Change 2007: The Physical Science Basis. Contribu-
tion of Workgroup I to the Fourth Assessment Report of the Inter-
governmental Panel on Climate Change. Cambridge: Cambridge
University Press, 2007

2 The Editing Committee on the Second National Assessment Report
on Climate Change. The Second National Assessment Report on
Climate Change (in Chinese). Beijing: Science Press, 2011

3 United Nations. United Nations Framework Convention on Climate
Change, 1992

4 United Nations. United Nations Framework Convention on Climate
Change Kyoto Protocol, 1997

5  United Nations Framework Convention on Climate Change. Copen-
hagen Accord, Decision 2/CP.15. Copenhagen, 2009

6  United Nations Framework Convention on Climate Change. Outcome
of the work of the Ad Hoc Working Group on long-term cooperative
action under the convention, Draft decision -/CP.16. The United
Nations Climate Change Conference in Cancun, 2010

7  United Nations Framework Convention on Climate Change. Outcome
of the work of the Ad Hoc Working Group on Further Commitments
for Annex I Parties under the Kyoto Protocol at its fifteenth session,
Draft decision -/CP.16. The United Nations Climate Change Confer-
ence in Cancun, 2010

8 National Development and Reform Commission. The National Strat-
egy in Response to Climate Change (in Chinese). 2007

9 Helm D. Climate policy: The Kyoto approach has failed. Nature,
2012, 491: 663-665

10  WMO. WMO Greenhouse Gas Bulletin No. 8. 2012

11  Xu G H, Gong P, Shao L Q, et al. Important global change issues ur-
gently needing intensive studies in China. In: Gong P, ed. Review of
Global Change Researchm (in Chinese). Beijing: Higher Education
Press, 2010

12 Xu G H, Ju H B, He B, et al. A perspective on the development of
China’s earth sciences in the 21st century (in Chinese). Daily of Sci-
ence and Technology, August 1, 2010

13 Lenton T M, Held H, Kriegler E, et al. Tipping elements in the Earth§
climate system. Proc Natl Acad Sci USA, 2008, 105: 1786-1793

14 Lenton T M. Early warning of climate tipping points. Nat Clim
Change, 2011, 1: 201-209

15 World Commission on Environment and Development. Our Common
Future, Report of the World Commission on Environment and De-
velopment, Published as Annex to General Assembly document A/42/
427. Development and International Co-operation: Environment, 1987

16  Schreurs M A. Rio+20: Assessing progress to date and future chal-
lenges. J Environ Dev, 2012, 21: 19-23

17  Schiermeier Q. Hot air. Nature, 2012, 491: 656-658

18  Grubb M. Emissions trading: Cap and trade finds new energy. Nature,
2012, 491: 666-667

19 Ge Q S, Fang X Q. The History and Current Situation of China’s
Carbon Emission (in Chinese). Beijing: Press of Meteorology, 2011

20  United Nations Development Programme. Human Development Re-
port 1990. New York and Oxford: Oxford University Press, 1990

21  Wei T, Yang S L, Moore J C, et al. Developed and developing world
responsibilities for historical climate change and CO, mitigation.
Proc Natl Acad Sci USA, 2012, 109: 12911-12915

22 Pan Y D, Birdsey R A, Fang J Y, et al. A large and persistent carbon
sink in the world’s forests. Science, 2011, 333: 988-993

23 Bonan G B. Forests and climate change: forcings, feedbacks, and the
climate benefits of forests. Science, 2008, 320: 1444-1449

24 Canadell J G, Raupach M R. Managing forests for climate change
mitigation. Science, 2008, 320: 1456-1457

25 Keith D W. Geoengineering the Climate: History and Prospect. Annu
Rev Energ Env, 2000, 25: 245-284

26  Moore J C, Jevrejeva S, Grinsted A. Efficacy of geoengineering to
limit 21st century sea-level rise. Proc Natl Acad Sci USA, 2010, 107:
15699-15703



3168

27

28

29

30

Open Access

XuGH,etal. Chin Sci Bull

Solomon S, Qin D, Manning M, et al. Technical Summary. In: Solo-
mon S, Qin D, Manning M, et al., eds. Climate Change 2007: The
Physical Science Basis. Contribution of Working Group I to the
Fourth Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge: Cambridge University Press, 2007

Ge Q S, Zheng J Y, Man Z M, et al. Issues in China’s temperature
studies over the past 2000 years (in Chinese). Prog Nat Sci, 2004, 14:
449-455

Douglass D H, Christy J R, Pearson B D, et al. A comparison of
tropical temperature trends with model predictions. Int J Climatol,
2008, 28: 1693-1701

Pachauri R K. Climate change 2007. Synthesis report. Contribution of

September (2013) Vol.58 No.25

31

32

33

34

35

Working Groups I, II and III to the Fourth Assessment Report, 2008
Grubler A, Nakicenovic N, Victor D G. Dynamics of energy tech-
nologies and global change. Energ Policy, 1999, 27: 247-280
Nakicenovic N. Freeing energy from carbon. Daedalus, 1996, 125:
95-112

Ulanovskii M L. Relation between coal properties and the change in
hydrogen content on coalification. Coke Chem, 2011, 54: 33-39
Ministry of Environment. The Fourth National Report on China’s
Implementation of the Convention of Biological Diversity (in Chi-
nese). Beijing: Environmental Science Press of China, 2009

Jia Z B. Seventh Inventory of Forest Resources of China (2004-2008)
(in Chinese). Beijing: Forestry Press of China, 2009

This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction
in any medium, provided the original author(s) and source are credited.



