
Modelled sea-ice grows from 70 cm in January to 145 cm in late May before it
starts melting (Fig. 2). Ikaite precipitates in the upper part of sea ice during
winter due to the very low ice temperature. Because of brine contraction and
the high brine salinity pCO2 is very high in sea ice during winter. Hence, CO2
fluxes take place from sea ice brine to the atmosphere (Fig. 3). Sea ice is basic
(pH > 9) during ice growth, due to CO2 fluxes going from sea ice to the
atmosphere.
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Sea ice is very active with respect to the biogeochemical cycle of carbon, potentially playing a role in ocean acidification:

1) When it forms, sea ice releases large quantities of DIC (Dissolved Inorganic Carbon) and TA (Total Alkalinity) that change their seawater concentrations.
2) During ice formation, the pCO2 of sea-ice brines becomes very high due to brine contraction and high brine salinities.
3) Because of the large gradients in pCO2 between sea-ice and the atmosphere, CO2 fluxes take place.
4) Owing to the very low ice temperatures, ikaite (CaCO3) naturally precipitates in sea ice, storing TA in excess compared to DIC.
5) During ice melt, biological production takes place at the bottom of sea ice, lowering sea-ice CO2 and reversing sea-ice-atmosphere CO2 fluxes.
6) Finally, when sea ice melts, ikaite dissolves and releases an excess of alkalinity to surface waters, modifying the surface waters pCO2and pH.

The role of sea ice biogeochemistry in ocean acidification has not been considered in models so far. Here, we study the role of sea ice
biogeochemistry in the ocean acidification of the Arctic using both a one-dimensional halo-thermodynamic sea ice model coupled to
sea-ice biogeochemistry and a global Earth System Model (NEMO-LIM).
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The	model	is	composed	of	:	ice	halo-thermodynamics,	radiative	transfer,	brine	and	
tracer/gas	transport,	microalgal growth,	carbonate	chemistry	and	ikaite	

precipitation/dissolution	(Fig.1).	 It	was	validated	with	observations	from	Barrow,	Alaska	
(Jan-Jun	2009).	For	a	full	description,	see	Moreau	et	al.	2015.

Fig 1.	Schematic representation of	the	LIM1D	model

objectives

- NEMO-LIM-PISCES:	ORCA2	configuration;	31	vertical	layers	
- pre-industrial	configuration	(atmospheric	pCO2 of	280	μatm)
- Spin-up	of	3500	yr as	initial	state

1) PHYS	represents	the	role	of	brine	drainage	(as	for	salt)	on	seawater	DIC	and	TA
2) CARB	represents	the	role	of	sea	ice	biogeochemistry	(i.e.	ikaite	precipitation	mainly)	on	seawater	

DIC,	TA	and,	thus	on pCO2,	ocean-atmosphere	CO2 fluxes	and	pH.

Sensitivity	
experiments

Length	
(years) Description Ocean	DIC Ice	DIC Ocean	TA Ice TA

CTRL 500 control	run 1988.6 1988.6 2310.6 2310.6

PHYS 500 sea	ice	DIC	=	6/34	oceanic	DIC
sea	ice	TA	=	6/34	oceanic	TA 1988.6 343.9 2310.6 399.5

CARB 500 sea	ice	DIC	=	6/34	oceanic	DIC
sea	ice	TA	=	12/34	oceanic	TA 1988.6 343.9 2310.6 799

Table.1.	Modelling experiment characteristics.	(Concentrations	in	mmol m-3).	Moreau	et	al.	submitted

The 3D model + sea ice experiments

Fig 2.	Bulk ikaite	(mmol m-3),	brines pCO2 (μatm),	Chl-a	(μg	l-1)	and	brines pH	at	Barrow,	Alaska
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Fig 3.	Simulated ice-atmosphere CO2
fluxes	at	Barrow,	Alaska

CTRL
eth = 2.5

During ice growth, the release of CO2-rich brines to the underlying water
decreases the sea surface pH (Fig. 4). While, during ice melt, the dilution of
the surface waters by meltwater decreases the pCO2 and increases the pH.
However, because sea ice also releases salts (including Ca2+ and CO3

2-), Ω
aragonite and Ω calcite follow an opposite pattern to pH. This is a strong
uncoupling between pH and Ω.

Primary production (PP) naturally occurs at
the base of sea ice in spring time thanks to
light and nutrients availability (Fig. 2).
During ice melt, brine dilution, CaCO3
dissolution and primary production
decrease pCO2 in sea ice. As a
consequence, CO2 fluxes go from the
atmosphere to sea ice. Because of brine
dilution and atmosphere-ice CO2 fluxes,
melting sea ice is acidic (pH < 6.5) which
can lead to acidic melt ponds (e.g., Bates
et al. 2014).
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Insights from the 1D model

Of all the sea-ice biogeochemical processes, net primary production has the
greatest potential to change the sea surface pH over a seasonal ice
growth/melt cycle (Fig. 4).

Insights from the 3D model

The storing of excess TA in sea ice (i.e., ikaite precipitation) in ice-growth
regions (Siberian Seas and the central Arctic, Fig. 5), followed by its
entrainment outside the Arctic Basin by the transpolar drift decreases
significantly the surface pH in the Arctic Ocean (by -0.02 pH units).

In the North Atlantic, where TA is transported, pH increases slightly but
oceanic circulation mainly dilutes the signal due to sea-ice biogeochemistry.

Fig 4.	Change	in	sea surface	pH,	pCO2 (μatm),	Ω aragonite,	Ω calcite,	and	the	
Revelle and	alkalinity factors

With a max Chl-a of 15 μg l-1, NPP at Barrow was small compared to other sea
ice observations, with Chl-a up to 2000 μg l-1. So far, sea ice NPP is not
considered in global Earth System Models.
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Fig 5.	Sea ice growth,	sea ice melt and	CARB-PHYS	difference in	surface	pH	in	the	Arctic in	NEMO-LIM
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