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Previous	
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  prescribe...	
  
THE	
  LOCATION	
  OF	
  
COMMUNITIES	
  

Skeletal	
  layer	
  
Lavoie	
  et	
  al.,	
  2005	
  
Jin	
  et	
  al.,	
  2006	
  

Biologically-­‐ac@ve	
  layer	
  
Tedesco	
  et	
  al.,	
  2010	
  

Mul@-­‐layer	
  
Arrigo	
  et	
  al.,	
  1993	
  

THE	
  NUTRIENT	
  FLUXES	
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hskel	
  

e	
  =	
  5%	
  

Δh	
  

However	
  

 	
  communi@es	
  emerge	
  at	
  any	
  
depth	
  

 	
  nutrient	
  dynamics	
  are	
  more	
  than	
  
molecular	
  diffusion:	
  they	
  depend	
  
on	
  brine	
  dynamics	
  
(Vancoppenolle	
  et	
  al.,	
  2010)	
  

 	
  nutrient	
  uptake	
  due	
  to	
  snow	
  ice	
  
and	
  basal	
  ice	
  forma@on	
  is	
  ignored	
  

intro	
  on	
  l-­‐s	
  models	
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  dynamics	
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  Biogeochemical	
  dynamics	
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  transport	
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  dynamics	
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Antarc@c	
  pack	
  ice	
  setup	
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  Loca@on	
  of	
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  Polarstern	
  

 	
  Data	
  cover	
  one	
  month	
  (28/11/04-­‐2/01/05)	
  

 	
  Runs	
  cover	
  one	
  year	
  (15/02/04-­‐	
  14/02/05)	
  

 	
  Forcing	
  
atmospheric	
  heat	
  fluxes	
  from	
  NCEP	
  

ocean	
  	
  heat	
  flux	
  =	
  12	
  W/m2	
  

snowfall	
  rate	
  =	
  1	
  mm/day	
  

 	
  Ice	
  physics	
  ini@aliza@on	
  (15/02/04)	
  
thin	
  ice	
  characteris@cs	
  	
  
hi=10	
  cm	
   S=13psu	
  

 	
  Ini@al	
  and	
  boundary	
  condi@ons	
  for	
  
biogeochemistry	
  from	
  best	
  available	
  
observa@ons	
  

 	
  Time	
  step	
  =	
  1h	
  

 	
  Parameters	
  are	
  calibrated	
  by	
  tuning	
  obs	
  chl	
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  lines	
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  calibra@on	
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  µm,	
  λ,	
  Ek,	
  rcN	
  

	
   Main	
  physiological	
  params:	
  
|Sp|>	
  1	
  

  Intermediate	
  params:	
  
0.1<|Sp|<1	
  

  Bio-­‐op@cal	
  params:	
  	
  
|Sp|<	
  0.01	
  

Maximum	
  growth	
  rate	
  (s-­‐1)	
  

Decay	
  rate	
  (s-­‐1)	
  

Light	
  satura@on	
  (µE/m2/s)	
  

N-­‐C	
  ra@o	
  in	
  diatoms	
  (mol/mol)	
  

Temperature	
  response	
  param	
  (°C).	
  

Salinity	
  response	
  param	
  (‰).	
  

Remineraliza@on	
  param.	
  

Half-­‐satura@on	
  for	
  N	
  uptake	
  (mmol)	
  

Chl-­‐a	
  –	
  C	
  ra@o	
  (g/mol)	
  

Specific	
  aXenua@on	
  coeff	
  (µE/m2/s/mg)	
  

Frac@on	
  of	
  detrital	
  organic	
  maXer	
  

Sp	
  =	
  Standardized	
  response	
  of	
  summer	
  maximum	
  biomass	
  

10	
  %	
  perturba@ons	
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Brine	
  stability	
  rules	
  nutrient	
  supply	
  

•  Ra	
  is	
  a	
  func@on	
  of	
  
porosity	
  and	
  stability	
  	
  
(Notz	
  and	
  Worster,	
  2008)	
  	
  

•  Describes	
  intensity	
  of	
  
ver@cal	
  mixing	
  in	
  the	
  
model	
  

•  3	
  periods	
  
1.  Winter:	
  convec@on	
  near	
  

the	
  base	
  
2.  Spring:	
  convec@on	
  

everywhere	
  
3.  Summer,	
  stable	
  network	
  

1	
  

2	
  
3	
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DARK	
  
SEASON	
  

CONVECTIVE	
  	
  
GROWTH	
  SEASON	
  

Nutrient	
  supply	
  governs	
  algal	
  growth	
  
chl-­‐a	
  (0.001	
  –	
  10	
  mg	
  /	
  m2)	
   Nitrogen	
  (0.01	
  –	
  10	
  mmol	
  /	
  m2)	
  

net	
  nitrogen	
  flux	
  -­‐>	
  

STABLE	
  
SEASON	
  

CONVECTIVE	
  	
  
GROWTH	
  SEASON	
  

STABLE	
  
SEASON	
  

0	
  

months	
  (1-­‐14)	
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Summary	
  and	
  conclusions	
  

  Model	
  spontaneously	
  generates	
  communi@es	
  at	
  the	
  ice	
  base	
  or	
  near	
  the	
  
surface	
  

  Aver	
  calibra@on,	
  chl-­‐a	
  is	
  well	
  simulated	
  

  Brine	
  stability	
  rules	
  nutrient	
  supply	
  
  Nutrient	
  supply	
  rules	
  rules	
  nutrient	
  stocks	
  and	
  algal	
  growth	
  rates	
  
  There	
  is	
  a	
  winter	
  control	
  of	
  nutrient	
  stock	
  on	
  summer	
  biomass	
  due	
  to	
  the	
  

seasonality	
  of	
  brine	
  dynamics	
  
  This	
  mechanism	
  partly	
  explains	
  why	
  there	
  is	
  more	
  biomass	
  under	
  thin	
  

snow	
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