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Arctic sea ice algae modeling
~ collaborating work with sediment trap observation ~

IABETARTILS—ET) T
~ETAANSYTERAEDR S IFIE ~

Ze B
I FTEUAN BRI R
HRBERAREREE 4 — BRI - REHES L —T



Introduction

Sediment Trap in Chukchi Borderland
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Introduction

Unique Seasonality of Biogenic Flux
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Onodera et al. [2015]
Early-winter peaks of particle flux with fresh organic materials
— Eddy-induced shelf-water transport [Watanabe et al., 2014]
Summer particle flux had remarkable interannual variability
— Oligotrophic basin-water transport [Onodera et al., 2015]
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Previous Ice Algae Observation

Reference Region
Cota et al. [1991]
Michel et al. [1993] Hudson Bay
Michel et al. [1996] Resolute
Michel et al. [2006] CAA
Gosselin et al. [1997] Trans-Arctic
Mundy et al. [2007]
Mundy et al. [2011]
Lee et al. [2008]
Gradinger et al.[1999]
Gradinger et al. [2009]

Boetius et al. [2013]

Resolute
Darnley Bay
Point Barrow

Greenland Sea
Chukchi shelf
Eurasian Basin

Hudson Bay etc.

Period
1985 etc.
1986
1992
historical
1994
2003
2011
2003
1991, 1994
2002
2012

Keyword
Review paper
Sinking rate
Carbon budget
Algal sedimentation
Meridional change
Light property
High-light acclimation
Landfast ice
Vertical structure
SBI project
Massive deposition



Introduction

Previous Ice Algae Modeling

Reference Region Period Keyword
Arrigo et al. [1993] Antarctic (1D) 1989 etc. Landfast ice
Nishi & Tabeta [2005] Lake Saroma (1D) 1992 Food source
Lavoie et al. [2005] Resolute (1D) 2002 Landfast ice
Lavoie et al. [2009] Mackenzie shelf (1D) 1987 Export flux
Lavoie et al. [2010] Mackenzie shelf (1D) 1975 ~ 2100 Future projection
Pogson et al. [2011] Resolute (1D) 2002 Multi-ice layers
Tedesco et al. [2012] Greenland (1D) 2006 Biological active layer
Jin et al. [2006] Point Barrow (1D) 2002 Landfast ice
Deal et al. [2011] Global (3D) 1992 Slab ocean
Jin et al. [2012] Global (3D) 1992 ~ 2007 |lce-ocean model

Dupont [2012] Pan-Arctic (3D) 1950 ~ 2006  Decadal variability
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Pan-Arctic lce-Ocean Model COCO

=,

ARl [Center for Climate System Research Ocean Component Model version 4.9] @

Model bathymetry

Sea Ice Part

- 1 layer thermodynamics [Lipscomb et al., 2001]
- EVP rheology [Hunke and Duckwicz, 1997]

- 7 thickness category [Bitz et al., 2001]

Ocean Part

- free surface general circulation model

- UTOPIA/QUICKEST advection scheme

- turbulence closure scheme [Noh and Kim, 1999]

(for eddy-resolving configuration) Bering
- Smagorinsky harmonic viscosity [Griffies, 2000] Strait
- Enstrophy preserving scheme [Ishizaki and Motoi, 2001]

Experimental Design .
- NCEP/CFSR atmospheric daily forcing SPpin up exp. Decadal exp.

_ ) 1979 forcing 1979-2013 pr——
- AOMIP river water discharge . * * 125km
- Pacific water inflow at Bering Strait [2011 case] 2010 Oct - 2011 Se

- Sponge layer in Atlantic side 2 N) — 5km

- Shelf-break water tracer [2012 case] 2011 Oct-2012Sep —



Method
Sea lce-Ocean Ecosystem Model
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Result

Light Availability
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Method
Sea lce-Ocean Nutrient Exchange
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Result

Hybrid-type Nutrient Uptake
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Boetius et al. [2013] Ice algal biomass [mmol-N/m?] Month



Result

lce Algal Productivity

Ice algal biomass [mmol-N/m?| Annual primary production

NAP | S . of ice algae [mmol-N/m?]
i ~1.3mg m?2
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cf. ice algal biomass in arctic coastal waters
10 ~ 300 mgChl/m? [Cota et al., 1991]

Primary production rate [umol-N/m2/day]
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cf. ice algal productivity across trans-Arctic section v/ EHEH FE(ILZEKTEL, HF 5 EEZTEL
0.5 ~ 310 mgC/m?/day [Gosselin et al., 1997]




Result

lce Algal Productivity

|A ratio to annual primary production

Column biomass
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Depth [m]

Result

Particle Sinking Process

A YRR F DL FFIXPON Flux TEE{i

- £FJLTCIE PON [uM] x SinkVP [m/day] ELTEH&

- PONZ8KHE%E(PON. ) &@FHE(PON,,,) [T %8

- BIKHEXEPON,  [FLFATDAEXZEEL, ROLESHED

Sinking speed [m/day]

0 0 100 200 PON flux [umol-N/m2/day]
K & PONee - o0 180 ' Surface =Y Ty A
£ Po;:j ™ 40 |-[180m] o iy HEEBKRGL
°% 30 B I:)ONice 7] Bﬁ*ﬂﬁ7kﬁﬁj%®'§5‘°
1000} 20 - PON,.. -
= it
1500} 10 2RI
0 o i EKREEEX ?
2000 5 6 7 8 9




