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Ocean and sea ice model

« NEMO 3.4 + LIM2
. Historical (1979-2015)
« Atmosphere: DFS
. Lateral boundaries: ORAS4
. RCP8.5(2016-2085)
« Atmosphere: CanRCM4
. Lateral boundaries: CanESM2

American - 13.0
closed ) L
boundary 3 12.5

Horizontal resolution (km)

CSIB (Canadian Sea Ice
Biogeochemistry model)
Skeletal layer

. lce algae

NO, DMSPd

oA > .
NH, DMS

Sea ice

Pelagic

CanOE (Canadian Ocean
Ecosystem Model)

« 2 phytoplankton

« 2 zooplankton

o 2 detritus

« C, N biogeochemistry

DIC

. +Scycle
« - Fe limitation

Hayashida et al. 2019. CSIB v1 (Canadian Sea-ice Biogeochemistry): A Sea-Ice
Biogeochemical Model for the NEMO Community Ocean Modelling Framework.

Christian et al. 2022. Ocean Biogeochemistry in the Canadian Earth System
Model Version 5.0.3: CanESM5 and CanESM5-CanOE.



20-year means
Plotted over ice extent: area with sea ice concentration > 15%







Daily sea ice algae
15 May

1981-2000 2023-2042

2066-2085
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20-year means
Plotted over ice extent: area with sea ice concentration > 15%



Key dates

Bottom ice PAR Sea ice concentration
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day of year day of year
PAR —— Sea ice concentration
Day of phototrophy onset ---- Day of sea ice break up
> PAR =0.36 pmol photons m=2 s’
> Lowest reported ice algal light compensation intensity
> Start of net growth from photosynthesis L Phototrophic period
> >
Day of sea ice break up
> First day sea ice concentration < 50%
> End of bloom

>

Number of days from phototrophy
onset to Sl break up



Ice Algae Growth rate

pra = pmaxf(7) min (L.-'\"-. L!’Ah’)

Growth limitations :
° photosynthetically active
radiation (PAR)
e | nitrogen (NO; + NH,)

> Start of high light

Day of nutrient half limitation
> Lastday whenLn>0.5
> End of high growth
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—— PAR limitation —— N limitation —— Sea ice concentration

—-— Day of phototrophy onset ---Day of half N limitation --- Day of sea ice break up

--- Day of half PAR limitation

High growth days
- — > Number of Fla?/s l.)etween PAR half limitation
and N half limitation
> Negative if N limitation before PAR limitation
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2023-2042

Key dates of ice algae blooms

Phototrophy Onset
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1981-2000

2023-2042

2066-2085

Phototrophic Period High Growth Days Spring Peak Ice Algae

Growth periods

o

Phototrophic period: Number of days from
phototrophy onset to Sl break up

High growth days: Number of days between PAR
half limitation and N half limitation
. Negative if N limitation before PAR limitation

=> Timing of environmental conditions controls growth
. Need enough time with sufficient light
« Synchrony of light and nutrient availability

= Limitation functions are saturating functions
. Beyond certain values, growth rate not higher
« More nutrients: longer period of high growth

Phototrophic Period High Growth Days

-

0 60 120 180 -60 -30 O 30 60
days days

Spring Peak Ice Algae
0 100 200 300 9
mg C m~2



Ice algae bloom timing

Canadian Arctic Archipelago Beaufort Sea E. Siberia Sea Laptev Sea
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Day of Ice Algae Peak
2023-2042

1981-2000

2066-2085
= T

Day of Ice Algae Bloom Onset

1981-2000 2023-2042 2066-2085

Diagnostic definition
30 60 90 120 150 180 210 R e e

day of year

Day of maximum ice algae

Maximum just before the biomass begins to
decrease
> Indicative of bloom termination timing

Bloom termination due to flushing of ice algae
> Indicative of changes in onset of ice melt

Day of ice algae bloom onset

Earlier onset of phototrophy:
> Earlier growth

Model : exponential growth

> Low PAR: doubling time 35 days

> Low biomass : Delay in development of
bloom
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Sep-Dec Peak Ice Algae
1981-2000 2023-2042 2066-2085

o Later freeze-up in future
> Ice formation from seawater with less
phytoplankton
Lower accumulation of ice algae
during ice growth
> Lower initial ice algae at the beginning
of spring

Ice algae on day of phototrophy onset
1981-2000 2023-2042 2066-2085 2
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Sea ice — climate interactions: DMS

DMS [umol S m~2]

Bottom Ice DMS and Ice Algae

Ice Algae [mmol C m~2]

02500 8 h
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Arctic Basin
Greenland Shelf

N. Beaufort Sea

S. Chuckchi Sea

N. Chuckchi Sea
Can. Arctic Archipelago
S. Beaufort Sea

S. East Siberian Sea
N. East Siberian Sea
Kara Sea

Baffin Bay

Bering Sea

Barents Sea

Nordic Sea

Regional spring means (March, April, May and June)
each point represent a year.

Mean number of days DMS emissions > 2.5 pmol m™2 d™"

May
2066-2085

2016-2035

>

August
2066-2085

0 10 20 30 -10 o
days days

Aerosol nucleation threshold for remote regions:

For DMS fluxes > 2.5 pymolm=2d™" linear
relationship between CCN number concentration
and the DMS flux (Pandis 1994)

Change [2066-2085] - [2016-2035]
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Key points

Key dates diagnostics
> Timing of environmental conditions controls ice algae growth

Future of ice algae blooms
> Loss of ice thickness, limited changes in sea ice break-up timing
> Longer growth periods, emergence of new productive regions
> Impact of ice extent loss limited to lower latitudes before 2085
> Limited change to timing of ice algae peak

Timing of bloom onset
> Earlier light compensated by lower initial biomass
> Impact of later freeze-up on following bloom

Future DMS
> Increased DMS production and emissions
> Earlier emissions from earlier sea ice brake-up
> Emissions burst controlled by wind

Extension to ocean?
Different growth parametrizations?

Acceleration after 20857
Ice Algae Model Intercomparison
IAMIPZ2 : Yuanxin Zhang poster

Model validity for bloom initial phase?

Representations of leads: emissions
during ice brake-up
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via project CRiceS (Climate Relevant interactions and feedbacks: the key role of sea ice and
Snow in the polar and global climate system)
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What controls the onset of phototrophy?

Ice thickness on day of phototrophy onset
2023-2042

1981-2000

2066-2085

Snow thickness on day of phototrophy onset
2023-2042 2066-2085

1981-2000
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Model evaluation: timing

Mean day of sea ice break-up (2003-2015)

Difference

Satellite Model - Satellite

M A M | ] A S -90-60-30 0 30 60 90

W Sea ice break-up definition daive
satisfied for fewer than 6 years y

Satellite daily sea ice concentration datasets :
AMSR-E ASI (version 5.4, June 2002 to September 2011, Melsheimer and Spreen (2020))
AMSR2 ASI (version 5.4, July 2012 to December 2019 Melsheimer and Spreen (2019))
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Ice algae dynamics
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Growth Mortality

0.0

« Minimum: need synchrony of light and N

. Limitation functions are saturating functions ™
- Beyond certain values, growth rate not higher

. Temperature constant in skeletal layer ,

7/

with pindependent of PAR and N,

Lrar

Ly
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Bottom Ice PAR
[Wm2]
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0.0

02 04 06

Bottom Ice NO; + NH;"

[mmol N m—2]

During high growth days, neglecting quadratic mortality
- More nutrients: longer period of high growth e and transport;

but period of integration over growth period

= TA(t) = T A(to) exp (p (length of high growth period))
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