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Phytoplankton net primary production (NPP) 
supports a diverse and dynamic food web.

Eamer et al. 2013



Arctic fisheries are expected to expand substantially 
on Arctic shelves under future climate change.

NPP (g C m-2 d-1)



Is Arctic NPP predictable?

• How might predictability 
change in the future as sea ice 
is lost?
•What regions are the most 

predictable?
•What physical drivers control 

predictability?
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Perfect Model Sims.

We used the CESM2-LE and two-year perfect model 
forecast simulations initialized every other month in 
2010 and 2030.

(Holland et al., submitted Journal of Climate)



To evaluate the predictability of NPP, we used 
potential prognostic predictability (PPP).
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Pan-Arctic

We analyzed predictability on a pan-Arctic scale



Pan-Arctic

Arctic shelves

We analyzed predictability on a pan-Arctic scale and 
for the Arctic shelves for the 2010s and 2030s.



PP
P

PP
P Prop. of 

max. NPP

Jan 1

Mar 1

May 1

Jul 1

Sep 1

Nov 1

A

B

2010NPP is highly 
seasonal in the 
Arctic.
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NPP is highly 
seasonal in the 
Arctic.
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NPP is 
somewhat 
predictable in 
the summer 
months.

2010



NPP is likely to 
be more 
predictable in 
the 2030s than 
the 2010s.
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2010s: 2.8 predictable months
2030s: 3.7 predictable months

2010
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The Arctic 
shelves remain 
highly 
predictable for 
two years.

2010

2030



Klaus Kemp

Light

Temperature

Nutrients



Re
la

tiv
e 

Lim
ita

tio
n

Month

PP
P

Re
la

tiv
e 

PP
P

Prop. 
of max. 

NPP

A

B

C

Light 
limitation

Temp. 
limitation

N 
limitation

Temperature 
most controls 
phytoplankton 
growth during the 
most productive 
months.
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Temperature 
remains 
predictable over 
these two year
forecasts.
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Summary
• Phytoplankton NPP in the Arctic Ocean is likely predictable for at 

least two years, due largely to high predictability on Arctic shelves.

• Ocean temperatures, the most important limit on phytoplankton 
growth during the productive summer months, drive much of this 
predictability.

• NPP may become more predictable in the future as more sea ice 
is lost.


