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Motivation 1

Fundamental Climate Change Questions

Is global mean temperature sensitivity to 
greenhouse gas forcing on the low end 
(<2°C) or the high end >4°C)?

How strong is polar amplification of climate 
change?

Is there a thermostat that buffers tropical 
climates from warming?



Summary of new data

Redux 3

New proxy records are hotter
Temperatures in the Eocene were 5-10 °C warmer than we thought 10 
years ago, on land and in the ocean

New proxies, new records, recognition of cold bias of older records 
(Pearson et al., 2001, 2007; Sluijs et al., 2006; Pagani et al., 2006; 
Brinkhuis et al., 2006; Weijers et al., 2007; Hollis et al., 2009; Liu et 
al., 2009; Eldrett et al., 2009; Kowalski and Dilcher, 2003; Fricke and 
Wing, 2004; Head et al., 2009; Jaramillo et al., 2010)

What does this imply for our understanding of climate change?

Eocene tropical temperatures were warmer than 30°C

Eocene high latitude surface temperatures warm or were they hot?
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The world was hotter than we thought
New proxy records, especially from organic geochemical proxies are 

game changers

Covey et al., 1996
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Fig. 2. Globally averaged AT vs. globally averaged AQ observed for several different paleoclimates. 
Shown for comparison is a range of climate sensitivity values obtained by theoretical models, 
equivalent to 2-5 K for CO2 doubling. 

The most robust conclusion from all the paleocalibration results considered 

together is that the paleodata are approximately consistent with the range of climate 

sensitivity predicted by theory. The data points imply that Earth's true climate 

sensitivity lies somewhat in the lower half of the model-predicted range, and they 

allow the possibility that the actual climate sensitivity is slightly less than the 

lowest model-predicted value. However, a radical challenge to the GCM-based 

conventional wisdom, such as a claim that models overestimate AT2• by an 

order of magnitude or more, would need to explain why the paleodata points in 

Figure 2 lie close to the model-predicted range. Correlation of course does not 
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sensitivity predicted by theory. The data points imply that Earth's true climate 

sensitivity lies somewhat in the lower half of the model-predicted range, and they 

allow the possibility that the actual climate sensitivity is slightly less than the 

lowest model-predicted value. However, a radical challenge to the GCM-based 

conventional wisdom, such as a claim that models overestimate AT2• by an 

order of magnitude or more, would need to explain why the paleodata points in 

Figure 2 lie close to the model-predicted range. Correlation of course does not 



Coupled T31 runs at 2240 ppm CO2

Eocene CESM

Thanks to Christine Shields for assistance.
For more Eocene CESM see Aaron Goldner’s talk this afternoon!
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CCSM3/CAM3 results

End of the Eocene Equable 
Climate Problem?



EOCENE Model at 4480 ppm CO2 Compared with modern Model
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A model-data comparison for an multi-model
ensemble of Early Eocene Atmosphere-Ocean

simulations: EoMIP.
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Name Eocene
simulation
reference

model name and
reference

atmosphere
resolution

ocean res-
olution

paleogeography sim.
length
[years]

CO2 lev-
els

vegetation aerosols

HadCM3 Lunt et al.
(2010)

HadCM3L, Cox
et al. (2001)

96×73×19 96×73×20 propriety >3400 ×2,4,6 homogenous
shrubland

as control

ECHAM5 Heinemann
et al.
(2009)

ECHAM5/MPI-
OM, Roeckner
et al. (2003)

96×48×?? ??×??×40 Bice and
Marotzke
(2001)

2500 ×2 homogenous
low albedo

??

CCSM W Winguth
et al.
(2010)

CCSM3, Collins
et al. (2006), Yea-
ger et al. (2006)

96×48×26 100×116×25Sewall et al.
(2000)

1500 ×4,8,16 Shellito
and Sloan
(2006)

??

CCSM W Huber and
Caballero
(2011)

CCSM3, Collins
et al. (2006), Yea-
ger et al. (2006)

96×48×26 100×116× Sewall et al.
(2000)

1500 ×2,4,8,16 Shellito
and Sloan
(2006)

??

GISS Roberts
et al.
(2009)

GISS ModelE-R,
Schmidt et al

72×45×20 72×45×13 Bice and
Marotzke
(2001)

2000 ×2 Sewall
et al.
(2000)

??

Table 1: Summary of model simulations in EoMIP. Some models have irregular grids in the atmosphere and/or ocean, or have spectral
atmospheres. The atmospheric and ocean resolutions are given in number of gridboxes, X×Y×Z where X is the effective number of
gridboxes in the zonal, Y in the meridional, and Z in the vertical. See the original references for more details.
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Figure 1: Global annual mean (a) SST (〈SST 〉) and (b) continental 2m air temperature (〈LAT 〉), as
a function of CO2 for all simulations, and for observational datasets.
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Table 2: SST anomaly in the model simulations (SST m
e − SST m

p ), as a function of model and frac-
tional CO2 increase from pre-industrial.
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Figure 2: Comparison of modelled SST with proxy-derived temperatures. SST vs. latitude.
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Figure 3: Comparison of modelled SAT with proxy-derived temperatures. SAT vs. latitude.
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Figure 2: Comparison of modelled SST with proxy-derived temperatures. SST vs. latitude.
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Figure 3: Comparison of modelled SAT with proxy-derived temperatures. SAT vs. latitude.
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Figure 4: Zonal ensemble mean model, and data, presented as an anomaly relative to present/pre-
industrial. Shaded regions show +- 2 standard deviations in the models. (a) [SSTe − SSTp]. (b)
[LATe −GATp]. The ensmble conssits of the best simulation from each model, as highlighted in bold
in Table 4.
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Figure 5: Ensemble mean modelled Eocene warming, presented as an anomaly relative to present/pre-
industrial. (a) [SSTe −SSTp]. (b) [LATe −GATp]. The ensmble conssits of the best simulation from
each model, as highlighted in bold in Table 4.
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Figure 4: Zonal ensemble mean model, and data, presented as an anomaly relative to present/pre-
industrial. Shaded regions show +- 2 standard deviations in the models. (a) [SSTe − SSTp]. (b)
[LATe −GATp]. The ensmble conssits of the best simulation from each model, as highlighted in bold
in Table 4.
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each model, as highlighted in bold in Table 4.

22

Lunt et al, in prep



High Resolution CAM3

• T170 versus T42 Eocene Fixed SST at 4480 
ppm CO2









putting it all together
Implications for sensitivity

in collaboration with Rodrigo Caballero
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prp feedback analysis

gregory feedback analysis

in collaboration with Rodrigo Caballero
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Conclusions
One can approximately reproduce Eocene climate with 
sufficiently large radiative forcing--apparently in all models

CESM was easy to setup and run for deep paleo on a 
university cluster--thanks to the Software Engineers!

CCSM3 is not importantly different than CESM (CAM4) for the 
Eocene, nor is high resolution an important factor--We’re eager 
to use CAM5 but that’s not currently possible

Climate sensitivity (“fast” or “slow”--we can’t say which) is 
higher than that indicated by CCSM3/CESM (given the overly 
large radiative forcing required)


