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Mo7va7on	
  and	
  goals	
  

Problem:	
  	
  GCMs	
  and	
  RCMs	
  –	
  large	
  bias	
  with	
  observa7ons	
  in	
  the	
  
Arc7c,	
  especially	
  with	
  regards	
  to	
  surface	
  turbulent	
  fluxes	
  (Chapman	
  
and	
  Walsh	
  2007;	
  Tjernström	
  et	
  al	
  2005)	
  

Possible	
  reason:	
  	
  	
  	
  	
  coarse	
  spa7al	
  resolu7on	
  

1.	
  Does	
  horizontal	
  resolu7on,	
  used	
  in	
  GCMs	
  and	
  RCMs,	
  
affect	
  surface	
  fluxes	
  during	
  off-­‐ice	
  flows?	
  
2.	
  If	
  YES,	
  then	
  HOW	
  MUCH?	
  

Ques7ons	
  addressed	
  in	
  the	
  research:	
  

•  Large	
  horizontal	
  gradients	
  in	
  the	
  Arc7c	
  -­‐	
  MIZ	
  

•  Off-­‐ice	
  flow	
  -­‐	
  	
  typical	
  meteorological	
  regime	
  for	
  MIZ	
  

Method:	
  mesoscale	
  modelling	
  with	
  different	
  spa7al	
  resolu7on	
  



Model	
  	
  NH3D	
  	
  valida7on	
  	
  against	
  	
  observa7ons	
  

Distance	
  from	
  the	
  ice	
  edge	
  
at	
  dropsonde	
  posi7ons:	
  

observations
model run without clouds

4th	
  of	
  March	
  1993,	
  REFLEX	
  II	
  campaign	
  

Tice=-­‐30oC	
  

Twater=-­‐1.8..+3oC	
  

Svalbard	
  



Mesoscale	
  circula7on	
  

max	
   >8.5	
  m/s	
  

53%	
  supergeostrophic	
  

25%	
  underes7ma7on	
  of	
  
momentum	
  flux	
  

13%	
  underes7ma7on	
  of	
  
heat	
  flux	
  

Geostrophic	
  wind	
  speed	
  :	
  	
  Ugeos	
  =	
  -­‐	
  3.1;	
  	
  	
  Vgeos	
  =	
  -­‐	
  4.7	
  



Horizontal wind speed (m/s) at 10m

distance from ice edge, km
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(H5km-H60km)/H5km*100%

geostrophic wind speed, m/s
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Different	
  geostrophic	
  wind	
  speed	
  

Surface	
  fluxes	
  are	
  averaged	
  for	
  the	
  
areas	
  of	
  open	
  water	
  of	
  120	
  and	
  240	
  
km	
  long	
  

The	
  difference	
  of	
  results	
  60km	
  resolu7on	
  run	
  and	
  5km	
  resolu7on	
  run	
  for	
  
heat	
  flux	
  and	
  momentum	
  flux	
  	
  in	
  %	
  from	
  5km	
  run:	
  
	
  



Effect	
  of	
  horizontal	
  numerical	
  smoothing	
  

Forth	
  order	
  horizontal	
  diffusion	
  is	
  typically	
  used	
  in	
  regional	
  models	
  as	
  a	
  
numerical	
  filter	
  in	
  order	
  to	
  suppress	
  numerical	
  noise:	
  

ψκ
ψ 2∇=
∂

∂

t
where	
  κ is	
  diffusion	
  coefficient	
  



Results	
  

	
  	
  Reasons	
  for	
  flux	
  underes7ma7on	
  at	
  coarse	
  resolu7on:	
  
	
  

1.  Mesoscale	
  circula7on	
  is	
  not	
  well	
  resolved	
  

2.  BL	
  modifica7on	
  close	
  to	
  the	
  ice	
  edge	
  is	
  not	
  resolved	
  

Heat	
  flux	
  is	
  5-­‐15%	
  underes7mated	
  at	
  coarse	
  resolu7on	
  

Momentum	
  flux	
  is	
  5-­‐20%	
  underes7mated	
  at	
  coarse	
  resolu7on	
  

The	
  effect	
  of	
  coarse	
  resolu7on	
  on	
  fluxes	
  is	
  largest:	
  
	
  

•  at	
  moderate	
  geostrophic	
  wind	
  speed:	
  <10	
  m/s	
  
•  when	
  surface	
  temperature	
  difference	
  Twater-­‐Tice	
  is	
  large	
  
•  When	
  the	
  ice	
  edge	
  is	
  sharp	
  

1	
  

2	
  

3	
  

4	
   	
  	
  Horizontal	
  numerical	
  filtering	
  has	
  an	
  effect	
  on	
  surface	
  fluxes	
  at	
  coarse	
  
resolu7on.	
  The	
  use	
  of	
  a	
  typical	
  for	
  regional	
  climate	
  models	
  coefficient	
  of	
  
diffusion	
  leads	
  up	
  to	
  5%	
  underes7ma7on	
  of	
  surface	
  fluxes	
  



Thank	
  you!	
  


