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Summer Arctic clouds in ECMWF forecast model:  
an evaluation of cloud parameterization  
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Motivation 
 
 
 
	
  
Ø  Arc<c	
  low-­‐level	
  clouds…	
  
	
  	
  
-­‐ 	
  have	
  large	
  impact	
  on	
  the	
  surface	
  
	
  	
  energy	
  budget	
  
	
  
-­‐	
  models	
  exhibit	
  large	
  devia@ons	
  in	
  	
  	
  
Arc@c	
  cloud	
  representa@on	
  

CMIP5	
  GCM	
  spread	
  in	
  Cloud	
  Frac*on	
  	
  	
  	
  	
  
&	
  surface	
  Cloud	
  Radia*ve	
  Effect	
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Motivation 
 
Ø Mixed-­‐phase	
  clouds…	
  	
  

	
  
-­‐ have	
  unusual	
  structure:	
  composed	
  of	
  
both	
  supercooled	
  liquid	
  water	
  and	
  ice	
  

-­‐ persist	
  for	
  a	
  long	
  @me	
  at	
  sub-­‐zero	
  
temperatures	
  
	
  
-­‐ 	
  their	
  resilience	
  depends	
  on	
  several	
  
processes,	
  which	
  are	
  poorly	
  handled	
  
by	
  models	
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Question 

   

	
  
	
  
	
  
	
  

Ø Model	
  evalua*on:	
  
	
  
How	
  well	
  does	
  ECMWF	
  Forecast	
  Model	
  (IFS),	
  	
  
with	
   a	
   rela*vely	
   new	
   cloud	
   scheme,	
   represent	
  
Arc@c	
  low-­‐level	
  clouds?	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Comparison	
   with	
   ASCOS	
   (Arc@c	
   Summer	
   Cloud	
  
Ocean	
  Study,	
  2008)	
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ASCOS  (Arctic Summer Cloud Ocean Study)  
 

●  2	
  Aug	
  –	
  9	
  Sept	
  	
  2008	
  	
  (~40	
  days)	
  	
  

●  North	
  Atlan@c	
  sector	
  of	
  Arc@c	
  Ocean	
  

●  Icecamp	
  established	
  at	
  ~87.5N	
  	
  (~21	
  days)	
  and	
  driYed	
  
with	
  the	
  ice-­‐floe	
  

	
  	
  

	
  

	
  

driY	
  track	
  

Oden	
  track	
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ECMWF Forecast Model (IFS) – cloud parameterizations 
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Previous	
  cloud	
  scheme	
  :	
  
(prior	
  Nov.	
  2010)	
  

• Prognos@c	
   condensate	
   &	
   cloud	
  
frac@on	
  	
  

• Diagnos@c	
   liquid/	
   ice	
   split	
   as	
   a	
  
func@on	
  of	
  temperature	
  

• Diagnos@c	
  precipita@on	
  

New	
  cloud	
  scheme	
  :	
  
(Nov.	
  2010	
  –	
  present)	
  

• Prognos@c	
  liquid	
  &	
  ice	
  	
  &	
  cloud	
  
frac@on	
  

•  	
  Prognos@c	
  snow	
  &	
  rain	
  

• Exis@ng	
  +	
  New	
  sources	
  &	
  sinks	
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How well does IFS represent summer Arctic clouds? 	
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How well does IFS represent summer Arctic clouds? 
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How well does IFS represent summer Arctic clouds?  
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How well does IFS represent summer Arctic clouds? 
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Why sfc radiations do not improve with improved cloud 
water properties? 

long-­‐wave	
  cloud	
  emissivity	
  (ε)	
  at	
  10.5μm	
  

	
  
	
  	
  	
  	
  	
  	
  	
  
	
  
	
  	
  	
  	
  	
  

	
  cloud	
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Processes sustaining mixed-phase clouds: 

	
  
•  large-­‐scale	
  advec@on	
  

•  microphysics	
  

•  surface	
  sources	
  

Morrison	
  et	
  al.	
  2012	
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Processes sustaining mixed-phase clouds: 

•  large-­‐scale	
  advec@on	
  

•  microphysics	
  

•  surface	
  sources	
  

	
  
	
  
how	
  well	
  are	
  cloud-­‐
surface	
  interac<ons	
  
represented	
  in	
  IFS	
  ?	
   Morrison	
  et	
  al.	
  2012	
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Cloud-surface interactions: 
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  stable	
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How well does IFS represent the cloud-surface interactions? 

	
  
	
  
surface turbulence parameterization in IFS:	
   in	
   stratocumulus-­‐topped	
  
boundary	
  layers	
  the	
  mixed	
  layer	
  spans	
  from	
  the	
  1st	
  model	
  level	
  to	
  the	
  PBL	
  top.	
  	
  

	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Decoupled	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Coupled	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Stable	
  
	
  
ASCOS	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  50%	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  20%	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  30%	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
IFS	
  -­‐	
  	
  60	
  levels	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1%	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  66%	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  33%	
  	
  
(new	
  scheme)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
IFS	
  -­‐	
  137	
  levels	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  16%	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  69%	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  15%	
  
(new	
  scheme)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  
	
  
	
  



Bolin Centre for Climate Research 
A collaboration between Stockholm University, KTH and the Swedish Meteorological and Hydrological Institute  

 
 
 
cloud boundaries 

0 0.5 1 1.5 2 2.5 3
0

20

40

60

80
fre
qu
en
cy
%

0 0.5 1 1.5 2 2.5 3
0
20
40
60
80
100

0 0.2 0.4 0.6 0.8
0

20

40

60

80

	
  decoupled	
  	
  
	
  coupled	
  
	
  	
  	
  stable	
  

	
  	
  	
  
	
  	
  ASCOS	
  

	
  
	
  
	
  	
  	
  
	
  
	
  	
  	
  	
  cloud	
  base	
  height	
  (km)	
  

	
  
	
  
	
  

	
  
	
  

	
  
	
  	
  cloud	
  thickness	
  (km)	
  

	
  
	
  	
  
	
  	
  	
  	
  	
  cloud	
  top	
  height	
  (km)	
  

0 0.5 1 1.5 2 2.5 3
0

20

40

60

80

fre
qu
en
cy
%

0 0.5 1 1.5 2 2.5 3
0
20
40
60
80
100

0 0.2 0.4 0.6 0.8 1
0

20

40

60

80

	
  
IFS	
  

	
  model	
  

stable	
  clouds	
  
are	
  thinner	
  &	
  

lower	
  in	
  
reality	
  



Bolin Centre for Climate Research 
A collaboration between Stockholm University, KTH and the Swedish Meteorological and Hydrological Institute  

−25 25 75 125 175

coupled

decoupled

stable

LWP (g m−2)
0 5 10 15 20 25 30

coupled

decoupled

stable

 IWP (g m−2) [incloud]

−25 25 75 125 175

coupled

decoupled

stable

LWP (g m−2)
0 10 20 30 40 50

coupled

decoupled

stable

IWP (g m−2) [incloud+precip]

cloud water properties 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  
	
  
	
  ASCOS	
  

	
  
	
  	
  
IFS	
  	
  

model	
  
	
  

stable	
  clouds	
  
are	
  single-­‐
phase	
  liquid	
  
in	
  reality	
  ≠	
  

mixed-­‐	
  phase	
  
in	
  the	
  model	
  	
  	
  

Stable	
  clouds	
  are	
  
op@cally-­‐thinner	
  



Bolin Centre for Climate Research 
A collaboration between Stockholm University, KTH and the Swedish Meteorological and Hydrological Institute  

CCN concentration 

0 20 40 60 80 100

coupled

decoupled

stable

CCN (cm− 3)

	
  
	
  
	
  
ASCOS	
  

	
  
	
  
	
  
IFS	
  

	
  model	
  
	
  
	
  
	
  

	
  
	
  
two	
  CCN	
  values;	
  one	
  over	
  land	
  and	
  a	
  lower	
  value	
  
for	
  all	
  marine	
  condi@ons	
  	
  

stable	
  clouds	
  
have	
  less	
  CCN	
  



Bolin Centre for Climate Research 
A collaboration between Stockholm University, KTH and the Swedish Meteorological and Hydrological Institute  

	
  
	
  
	
  

Conclusions 

	
  

	
  

	
  	
  	
  

	
  
	
  
	
  
§ 	
   The	
   new	
  prognos@c	
   cloud	
   scheme	
  produces	
   clouds	
  with	
  more	
   liquid	
   and	
  
less	
  ice	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  more	
  realis<c	
  mixed-­‐phase	
  clouds	
  with	
  the	
  new	
  scheme	
  
	
  
	
  
§  	
   Surface	
   radia@ons	
   and	
   hence	
   near-­‐surface	
   variables	
   (T2m	
   ,Q2m)	
   are	
   not	
  
improved	
   in	
   the	
   new	
   scheme	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   issues	
   related	
   to	
   cloud	
   radia<ve	
  	
  	
  	
  	
  
proper<es,	
  surface	
  albedo	
  and	
  surface	
  emissivity.	
  
	
  
	
  
§ 	
   IFS	
   fails	
   to	
   reproduce	
   cloud-­‐free	
   periods,	
   and	
   it	
   also	
   does	
   not	
   reproduce	
  
correctly	
  stable	
  clouds	
  :	
   low-­‐CCN	
  condi*ons	
  are	
  not	
  handled	
  by	
  the	
  model.	
  	
  	
  	
  	
  	
  
a	
  more	
  adap<ve	
  parameteriza<on	
  for	
  cloud/	
  aerosol	
  interac<ons	
  is	
  	
  required	
  	
  	
  
	
  
	
  
§ IFS	
  fails	
  to	
  represent	
  correctly	
  the	
  cloud-­‐surface	
  interac@ons.	
   	
   	
   	
   	
   	
   	
  A	
  turbu-­‐
lence	
  mixing	
  scheme	
  that	
  allows	
  for	
  local	
  turbulence	
  produc<on	
  at	
  cloud-­‐top	
  
is	
  needed	
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