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Arctic sea ice in 
decline, winter growth 
in ascendance?

Ice production appears to have been 
increasing 
Ø Why?
Ø For how long can we expect this to 

continue?

Why do we care?
Ø Important for replenishment of sea ice
Ø Important for halocline stability

See also:
Stroeve et al. Warm winter, thin ice? (2018)
Petty et al. Warm winter, increased sea ice 
growth? (2018)

Kwok (2018) Env. Res. Letters



We focus on the `ice 
factories’ of the Arctic

The Kara and Laptev seas

A region of sea ice divergence

These shelf seas make an outsized 
contribution to Arctic sea ice 
production

CESM-LE



Shrinking growth 
season, rising 
growth rate
• Ice production (only the 
freezing part of thermodynamic 
ice-ocean freshwater 
exchanges)

• Winter freezing season gets 
shorter, but more intense

• We can understand this by 
separating ice production into 
two parts (next slide)



Decomposing ice 
production into ‘usage’ 
and ‘efficiency’

𝐼𝑐𝑒 𝑝𝑟𝑜𝑑.=
𝑚𝑒𝑎𝑛 𝑔𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒
× 𝑓𝑟𝑒𝑒𝑧𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 𝑑𝑎𝑦𝑠

To extend the ‘ice factories’ metaphor, 
we can consider ice production as 
resulting from usage of the factory 
(where and when it is freezing) and 
efficiency (how quickly ice is being made 
at those points in time and space)



We can construct skillful linear 
models for usage and efficiency
Growth rate/efficiency

Governed by heat flux balance

If Fw is small, Fc determines growth rate

Usage

Reflects time taken for upper ocean to cool 
to freezing (-1.8 oC)
Principally determined by September SSTs

ice snow

Generally small!



Explanatory 
variables?



A linear model for ice production

Trained on 35 members of the CESM Large Ensemble 

We train the regression on internal variability only 
(remove ensemble mean)

The resulting regression coefficients are fairly consistent
between the 20C and RCP8.5 runs

Suggests that the relationships are robust

(Standardised coefficients)



What does the underlying 
data look like?
Comparing CESM-LE output to observation-based products 
here

These are the climate variables used in the regression

(gives us ∆𝑇)



What does 
the 

underlying 
data look 

like?



Reconstructing 
ice production

Linear model trained on internal 
variability successfully captures forced 
rise and fall

September Sea ice area changes 
decisive in timing of peak production

Can we apply this to observation-based 
products?



Reconstructing 
historical 
changes

Utilising the linear model with observation-
based estimates
Many similarities with CESM-LE
Appears we are passing peak ice production



Shifting patterns 
of ice production

While the ice factories decline, 
the interior basins become 
more productive
Implications for stability of the 
halocline

Thanks for listening/looking!
Any comments/questions/feedback?
Get in touch!
sam.cornish@earth.ox.ac.uk
@sbcornish
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