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Simulated Arctic sea ice and ocean
changes

Using results from free-running coupled global earth
system models = Forced only by Greenhouse gas emission
scenarios and solar forcing

From CMIP5 (Climate Model Intercomparison Project) and
CESM1.1 (Community Earth System Model) ensembles; also
come figures from other recent large ensembles (CanESM,
MPI)
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Simulated Arctic Sept sea ice extent changes

CESM LE

|
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year
All CMIP5 models and CESM LE simulate a sea ice extent loss in
September, in agreement with observations

September sea ice extent (million km?)

But, there is a large spread between models
And no line matches the observations exactly
Why is that?

Model bias and Internal variability



What is Internal variability?

Climate in each ensemble
Real world climate = one dice member = one dice each

E Real world is just one

possible realization
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Arctic sea ice thickness We don’t know



What is a model bias?

The model does not correctly simulate the feature of interest 2>
suggests something is wrong or missing in the model

Internal variability makes detecting a bias difficult, as we need to
compare with observations to detect a bias. But with ensembles, we can
identify a bias.

Model is biased

compared to
Model is biased observations
compared to
observations
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Model is
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Arctic sea ice thickness



Comparing one realization against many

Jahn et al., 2016, GRL year

Are the observations within the model spread (i.e.,

consistent with observations) or outside the model spread

(model bias)?

C\E CESM LE September sea ice extent
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Comparing one realization against many: CMIP5

CESM LE
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* Observations are consistent with the CMIP5 35yr ensemble sea ice trends and

the CESM LE trends
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Finding signals in the noise

Rosenblum and Eisenman (2017), J. Clim
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Simulated Arctic sea ice trends: Sea ice extent is declining
in all months, but largest decrease in summer and fall

Sea ice extent trends of mcreasmg Iength all from 1979
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Simulated Arctic sea ice change: Sea ice volume is also declining

(K 29

atellite ice volume courtesy of R. Kwok

= Ensemble Members Spring

= Ensemble Members Fall
- Satellite Spring

— Satellite Fall
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Sea ice thickness started to decline
already in 1980s, in agreement

with submarine data

The CESM LE winter/spring sea ice
volume is too large compared to

remote sensing data



What does the future hold for Arctic sea ice?

More ice loss is to be expected, in all months. But how much depends on emission scenario

September ice loss (CMIP5 models) Annual mean cycle (MPI model)
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Month of year

Will we seen an Ice-free Arctic Ocean?

Probabilities of Sept. ice-free conditions

One occurrence

In a glven year
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Density profile over the central Arctic (ocean depth
> 500 m, from CESM LE)
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Arctic Freshwater export (based on CESM LE)
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Final thoughts

The purpose of models is not to fit
the data but to sharpen the
question.

— Samuel Kardin —

AZ QUOTES

 Model simulations help us place observations into a longer term context
 Model biases tells us something about processes and relationships we do
not (yet) understand/know (well enough)
 Model simulations tell us something about the possible future evolution of
climate we can not otherwise predict, due to the nonlinear climate system



