
Climate System II - Exercise #4
(1) Present-day CO2 emissions 
You want to transport all carbon contained in the present-day CO2 emissions 
with a coal train. Let’s assume that 1 railway wagon is approx. 18m long and 
can contain approx. 100 tonnes of coal 

How long would a coal train be if it has to transport the carbon  
stored in 37.5 Gt CO2?

(2) Analogies of past and future climates 
Study the review paper „Past climates inform our future“ by Tierney et al. 
(Science, 2020). Briefly answer the following three questions: 

a) Which past climates had similar atmospheric CO2 concentrations  
as assumed for a future SSP1-2.6 and SSP5-8.5 scenario? 

b) What are the paleoclimate constraints on Earth’s equilibrium climate 
sensitivity (ECS)? What implications might this have for the future? 

c) Which aspect of the article did you find most interesting?  

Paper: Jessica E. Tierney et al, Science, 2020, https://doi.org/10.1126/science.aay3701 

REVIEW SUMMARY
◥

CLIMATE CHANGE

Past climates inform our future
Jessica E. Tierney*, Christopher J. Poulsen, Isabel P. Montañez, Tripti Bhattacharya, Ran Feng,
Heather L. Ford, Bärbel Hönisch, Gordon N. Inglis, Sierra V. Petersen, Navjit Sagoo, Clay R. Tabor,
Kaustubh Thirumalai, Jiang Zhu, Natalie J. Burls, Gavin L. Foster, Yves Goddéris, Brian T. Huber,
Linda C. Ivany, Sandra Kirtland Turner, Daniel J. Lunt, Jennifer C. McElwain, Benjamin J. W. Mills,
Bette L. Otto-Bliesner, Andy Ridgwell, Yi Ge Zhang

BACKGROUND: Anthropogenic emissions are
rapidly altering Earth’s climate, pushing it
toward a warmer state for which there is no
historical precedent. Although no perfect
analog exists for such a disruption, Earth’s
history includes past climate states—“paleo-
climates”—that hold lessons for the future of
our warming world. These periods in Earth’s
past span a tremendous range of tempera-
tures, precipitation patterns, cryospheric ex-
tent, and biospheric adaptations and are
increasingly relevant for improving our un-
derstanding of how key elements of the cli-
mate system are affected by greenhouse gas
levels. The rise of new geochemical and sta-
tistical methods, as well as improvements in
paleoclimatemodeling, allow for formal eval-
uation of climatemodels based on paleoclimate
data. In particular, given that some of the new-
est generation of climate models have a high
sensitivity to a doubling of atmospheric CO2,
there is a renewed role for paleoclimates in
constraining equilibrium climate sensitivity
(ECS) and its dependence on climate back-
ground state.

ADVANCES: In the past decade, an increasing
number of studies have used paleoclimate
temperature and CO2 estimates to infer ECS
in the deep past, in bothwarmand cold climate
states. Recent studies support the paradigm
that ECS is strongly state-dependent, rising
with increased CO2 concentrations. Simula-
tions of past warm climates such as the Eocene
further highlight the role that cloud feed-
backs play in contributing to high ECS under
increased CO2 levels. Paleoclimates have pro-
vided critical constraints on the assessment
of future ice sheet stability and concomitant
sea level rise, including the viability of thresh-
old processes like marine ice cliff instability.
Beyond global-scale changes, analyses of past
changes in the water cycle have advanced our
understanding of dynamical drivers of hydro-
climate, which is highly relevant for regional
climate projections and societal impacts. New
and expanding techniques, such as analyses
of single shells of foraminifera, are yielding
subseasonal climate information that can
be used to study how intra- and interannual
modes of variability are affected by external

climate forcing. Studies of extraordinary, tran-
sient departures in paleoclimate from the back-
ground state such as the Paleocene-Eocene
Thermal Maximum provide critical context
for the current anthropogenic aberration, its
impact on the Earth system, and the time
scale of recovery.
A number of advances have eroded the

“language barrier” between climate model
and proxy data, facilitating more direct use of
paleoclimate information to constrain model
performance. It is increasingly common to in-
corporate geochemical tracers, such as water
isotopes, directly into model simulations, and
this practice has vastly improved model-proxy
comparisons. The development of new statis-
tical approaches rooted in Bayesian inference
has led to a more thorough quantification of
paleoclimate data uncertainties. In addition,
techniques like data assimilation allow for a
formal combination of proxy and model data
into hybrid products. Such syntheses provide a
full-field view of past climates and can put con-
straints on climate variables that we have no
direct proxies for, such as cloud cover or wind
speed.

OUTLOOK: A common concern with using
paleoclimate information as model targets is
that non-CO2 forcings, such as aerosols and
trace greenhouse gases, are not well known,
especially in the distant past. Although evi-
dence thus far suggests that such forcings
are secondary to CO2, future improvements
in both geochemical proxies and modeling
are on track to tackle this issue. New and
rapidly evolving geochemical techniques have
the potential to provide improved constraints
on the terrestrial biosphere, aerosols, and trace
gases; likewise, biogeochemical cycles can now
be incorporated into paleoclimate model sim-
ulations. Beyond constraining forcings, it is
critical that proxy information is transformed
into quantitative estimates that account for
uncertainties in the proxy system. Statistical
tools have already been developed to achieve
this, which should make it easier to create
robust targets for model evaluation. With this
increase in quantification of paleoclimate in-
formation, we suggest that modeling centers
include simulation of past climates in their
evaluation and statement of their model per-
formance. This practice is likely to narrow
uncertainties surrounding climate sensitivity,
ice sheets, and the water cycle and thus im-
prove future climate projections.▪
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Past climates provide context for future climate scenarios. Both past (top) and future (bottom) climates are
colored by their estimated change in global mean annual surface temperature relative to preindustrial conditions,
ranging from blue (colder) to red (warmer). “Sustainability,” “Middle road,” and “High emissions” represent
the estimated global temperature anomalies at year 2300 from the Shared Socioeconomic Pathways (SSPs)
SSP1-2.6, SSP2-4.5, and SSP5-8.5, respectively. In both the past and future cases, warmer climates are associated
with increases in CO2 (indicated by the arrow). Ma, millions of years ago.
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