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Why model ice algae? 
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What’s in CICE.v5  
 

•  Bottom layer Biogeochemistry                     
appropriate for Arctic 

•  Bio-grid  

•  Brine height tracer 

Brine Height 
 

Pressure Head 
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What’s Not (yet) in CICE.v5  
 

•  A brine-dynamics  parameterization of  vertical 
tracer transport  

•  Biogeochemistry appropriate for upper and interior 
ice algal communities or Antarctic communities 

•  Aerosol deposition and migration via brine-
dynamics 
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In development with Scott Elliott, Elizabeth Hunke, and Shanlin Wang 



Bottom/Skeletal Layer BGC 

Nutrients: 
•  Nitrate 
•  Ammonium 
•  Silicate 
 
Ratios: 
•  Algal C 
•  Algal Chla 

DMS cycle: 
•  DMSPp 
•  DMSPd 
•  DMS 

(a) 

(b) 
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CICE.v5  (1982-1992) 

•  10 year spin-up,  1992 (Deal et al, JGR 2011) 

•  WOA Nitrate and Silicate climatology – Instant restoring. 

•  Ice Ecosystem: Algal N, Nit, Am and Sil   

**Value**   

•  Estimates of  ice algal chlorophyll and production in the 
Arctic 

•  Sensitivity of  ice bgc to ice physics, ice-ocean fluxes, 
ocean nutrient concentrations      
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1992  (Comparison with Deal et al, JGR 2011)  
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Options/Sensitivities 
Skeletal Ecosystem: 

•  Nitrate/Algal N minimum 

Biochemistry parameters: 

•  Internally defined for Arctic Bottom community 

*Thermodynamics:  BL99, mushy layer (Turner 2013) 

*Ice-Ocean flux parameterization 

•  ‘default’ :  constant piston velocity if  ice growth is positive 

•  ‘Jin2006’ 

*Ocean nutrients:  Demand of  ML nutrients? (still needs coupling 
with ocean  biogeochemistry) 
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Using two 
thermodynamic 
schemes 
 
1)  New—Mushy 

Layer 

2)  CICE.v4-BL99 
Fixed salinity 

Ice volume 

Ice area 

Algal Chla 

Net PP 



Thermodynamic Scheme: 
mushy/BL99 
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Algal chla 
Net PP 

I at ice 
bottom 

Ice growth 
     rate 

•  Spring Peak in 
March/April 

•  Small Oct peak 

•  Reduced 
biomass/PP in 
mushy T.  Why? 

 



‘Jin2006’,  Piston velocity ≈ Vol Flux 
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1992  (Default – ‘Jin2006’)  
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March Chla April Chla May Chla 

Jin2006 

Default-Jin2006 



What is the ice algal demand for M.L. nutrients? 
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% of  M.L. Nitrate/Silicate required by ice algae in April 



Is the ice bgc sensitive to M.L. values? 
Doubling M.L. Nutrients? 
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2XNitrate 2XSilicate 



Doubling M.L. Nutrients? 
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Conclusions 
•  There is bottom layer biogeochemistry in CICE.v5 

•  Algal N, Nitrate, Ammonium, Silicate, DMSPp, DMSPd and 
DMS 

•  Appropriate for estimates of  Arctic algal production 

(currently underestimates chla and  production) 

•  Two ocean-ice nutrient flux options (Jin2006 depends on ice 
growth rate) 

•  Ocean M.L. bgc will impact the ice bgc. 

•  Ice bgc will impact  polar ocean M.L. bgc 

•  Ice-ocean coupling of  bottom ice bgc will directly transfer to 
coupling of  the vertical ice bgc. 
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Simulations of  Ice Algae in the Weddell Sea from 
a simple Nitrate-Algal model in CICE	



(Bulk) Nitrate 

Day

D
e

p
th

 (
c
m

)

 

 

200 220 240 260 280 300 320 340 360

−80

−60

−40

−20

0

20

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Sea Surface

Ice Top

Snow Top

Ice bottom

(mmol/m
3
)

1. (Fig. 1) Algae first accumulate 
in the upper ice depleting the 
snow-brine intrusion of nitrate.  
Bottom accumulation follows with 
increasing irradiance. 
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2. (Fig. 2) Nitrate in young ice mirrors 
salinity until irradiance levels support algal 
growth. 

3. Currently, higher complexity ice algal 
models (DOM, DMS, Silicate, PON…) are 
in the development and testing phase in 
CICE.	



Fig. 1 

Fig. 2 



What is the ice algal demand for M.L. nutrients? 
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