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How Sensitive is the Earth Climate to a Runaway Carbon Dioxide?

Yong-Sang Choi*

Department of Environmental Science and Engineering, Ewha Womans University,
Seoul 120-750, Korea

Abstract: The United Nations Framework Convention on Climate Change and the corresponding national low-carbon
policy should be grounded on the scientific understanding of climate sensitivity to the increase in CO2 concentration. This
is, however, precluded by the fact that current estimates of the climate sensitivity highly vary. To understand the scientific
background, limitations, and prospects of the climate sensitivity study, this paper reviews, as objectively as possible, the
most recent results on the sensitivity issue. Theoretically, the climate sensitivity hinges on climate feedbacks from various
atmospheric and surface physical processes. Especially cloud and sea-ice processes associated with shortwave radiation are
known to have largest uncertainty, resulting in an inaccurate estimation of climate sensitivity. For this reason, recent
observational studies using satellite data suggest sensitivity lower than or similar to those estimated by climate models (2-
5 K per doubled CO2).
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Fig. 1. Schematic relation between atmospheric CO, con-
centration, absorptivity, surface temperature for zero-feed-
back climate system.
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Fig. 2. Theoretical relation between climate feedback and
equilibrium climate sensitivity. Gray area indicates probabil-
ity distributions of the values suggested by current observa-
tions and climate models (from Roe and Baker 2007).
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Fig. 3. Schematic relation between sea surface temperature
change and outgoing total radiative flux change at the top of
the atmosphere. The slope represents the sign and magni-
tude of total climate feedback. ZFB stands for zero-feed-
back system. Negative slope corresponds to positive climate
feedback of current climate models. The slope over that of
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Table 1. Summary of climate feedback and sensitivity estimates from satellite data. SW, and LW feedbacks indicate feedbacks
associated with shortwave, and longwave radiation, respectively. Net feedback is the sum of SW and LW contributions. For SW,
positive feedback corresponds to the value less 0 Wm™ K'; for LW, positive feedback corresponds to the value less than Planck
response of about 3.3 Wm> K™

References S\\A;/if(g?k L\%’Jieﬁg:&i{bﬁck N%t\]ies(:?ﬁCk Climate sensitivity, K
Forster-Gregory 2006* -1.1 3.7+0.9 2.3+14 1.0 to 4.1 K
Schwartz 2007* - - 33 1.1+0.5 K
Lindzen-Choi 2009* 0.7£1.7 3.840.5 4.6+1.6 06t 12K
Trenberth et al. 2010° -1.120.5 2.740.4 1.6+0.5 1.7t0 33 K
Murphy et al. 2010° - - 2 1.8 K
Chung et al. 2010 - - 0.5t0 2 1.8 t0 69 K
Spencer-Braswell 2010 - - 6.2 0.6 K

0.7 K
Lindzen-Choi 2011 1.9£2.6 5.3+1.3 6.9+1.8 (06-1.0 K, 90%)

(0.5-1.1 K, 95%)
(0.5-13 K, 99%)

*Papers explicitly mentioned climate sensitivity.
CPapers explicitly critical of Lindzen and Choi (2009), and reproduced numbers using the method of Lindzen and Choi (2009).
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Fig. 4. Relation between sea surface temperature change and outgoing radiative flux change. Data are obtained from the Trop-
ics (20°S-20°N) in the 11 atmospheric model simulations (AMIP), and in the ERBE (1985-1999) and CERES (2000-2008) satel-
lite measurements. The 11 TPCC atmospheric models have the negative slopes opposite to what satellite measurements have.
This implies that climate models may overestimate climate feedback or climate sensitivity (Modified from Lindzen and Choi,

2009).
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