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Figure 1 Industrial CO, emissions. (a) Annual industrial CO, emissions of all countries (ALL-RCP45), only developed countries (AX1-RCP45) and
only developing countries (NX1-RCP45). The data of 1850-2005 is from Andres et al. ™), and that of 2005-2011 is from GCP1.5. The pattern of cu-
mulative carbon emissions from 2006 to 2011 of (b) all countries, (c) only developed countries and (d) only developing countries, unit: kgCO,/(m” s)
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Figure 2 CO, concentration, radiative forcing of CO, and 2-m air
temperature in three scenarios simulated by CESM. The values of
1850-2005 is from Wei et al. "%, and that of 2005~2011 is from this
study. (a) Observed (black, supplied by CMIP5) and modeled time series
of annual CO, concentration from ALL-RCP45 (red, global emissions),
AX1-RCP45 (blue, only developed world emissions), and NX1-RCP45
(green, only developing world emissions) experiment. (b) Annual radia-
tive forcing for the three experiments. (c) Five—year running averaged
global mean air temperature anomaly relative to 1850—-1869. The shad-
ing shows the range of values from 14 esm-historical experiments of

CMIPS. The black line is the observed air temperature from Had-
CRUT3v"™
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Figure 3 The ocean heat content and sea-ice area in three scenarios
simulated by CESM. (a) The upper (0—700 m) ocean heat content (unit:
10* 1), (b) Northern Hemisphere sea-ice area (unit: 10° km?). The values
of 1850~2005 is from Wei et al.'”, and that of 2005~2011 is from this
study. The variables are shown as a global mean anomaly relative to
1850-1869. The solid lines are the five—year running averaged fields.
The dashed lines are the annual mean
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Table 2  Statistical results of experiments

AHS T Tl 2 A 300 78 A

AR U R] )5

Fr A AR KI5 1 K HEK KR B S HE TR
CO,# Z (ppm) 2005 114 77 (63) 44 (37)
2011 125 80 (62) 49 (38)
CO4 15 38 (W/m?) 2005 1.81 1.28 (62) 0.77 (38)
2011 1.94 1.33 (61) 0.84 (39)
L2 mTIR(C) 2005 1.07 0.95 (58) 0.69 (42)
2011 1.26 1.03 (57) 0.77 (43)
0~700 miff 7 A B (107 ) 2005 28.18 23.93 (59) 16.65 (41)
2011 34.11 28.14 (58) 20.45 (42)
Je2 Bk VK TE AL (10° km?) 2005 ~1.41 —1.24 (57) -0.93 (43)
2011 -1.55 ~1.36 (55) -1.09 (45)
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Influence of recent carbon emissions on the attribution of responsibility
for climate change

WEI Ting', DONG WenlJie>”, WU BingYi', YANG ShiLi** & YAN Qing*

! Chinese Academy of Meteorological Sciences, Beijing 100081, China;

2 State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing 100875, China;

3 Future Earth Research Institute, Beijing Normal University, Zhuhai 519087, China;

* Institute of Atmospheric Physics, Chinese Academy of Sciences, Nansen-Zhu International Research Centre, Beijing 100029, China

International negotiations on carbon emission reduction largely depend on the attribution of historical responsibility for climate
change. In recent years, carbon emissions of developing countries have clearly increased because of rapid industrialization and now
exceed those of developed countries. However, recent carbon emissions (2006-2011) have not been considered in previous attribution
studies. In this study, we investigate the influence of recent carbon emissions on historical responsibilities of developed and
developing countries, using a fully coupled global climate—carbon model CESM (Community Earth System Model). The simulations
demonstrate that developed (developing) countries contributed about 55%—62% (38%—45%) to global CO, increase, temperature rise,
upper ocean warming, and sea ice reduction by 2011. Compared with results excluding recent carbon emissions, the responsibility of
developed (developing) countries is reduced (increased) by 1%—2%. These results indicate that carbon emissions in recent years have
little influence on the long-term attribution of historical responsibility. Although recent carbon emissions in developing countries have
grown significantly and now exceed those of developed countries, emissions and corresponding responsibility transferred from the
developed to developing world through international trade have been ignored. This is a topic that requires further study.

recent carbon emissions, climate change, earth system model, historical responsibility
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