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Recent	
  developments	
  to	
  be<er	
  
represent	
  high	
  laKtudes	
  in	
  

ORCHIDEE	
  MICT	
  

•  New snow model (Wang et al., 2013) 

•  New soil freezing/thawing model (Gouttevin et al., 
2012) 

•  Soil carbon processes added (Koven et al., 2012, 
2013) 

•  Wetlands and thermokarsts added (Ringeval et al., 
2011)  

•  Water isotopes added (2 layer hydrology, Guglielmo, 
et al., )   

•  New vegetation maps developed (Ottlé et al., 2013, 
ESA-CCI team, Mc Bean et al., ) 
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Evolution of high-latitude ORCHIDEE version 



Soil	
  freezing/thawing	
  

Gou<evin	
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  (2012)	
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New	
  Feature	
  (32-­‐layers)	
  

Koven	
  et	
  al.	
  (2011)	
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ORCHIDEE	
  Snow	
  developments	
  (Wang	
  et	
  al.,	
  2013)	
  
ISBA-­‐ES	
  (Boone	
  et	
  al.,	
  )	
  ü  Single	
  layer	
  vs.	
  	
  Three	
  layers	
  	
  

ü  Composite	
  vs.	
  Separate	
  snow	
  structure	
  	
  
ü  Snow	
  density(ρ)	
  and	
  snow	
  thermal	
  conducKvity	
  (k)	
  (constant	
  vs.	
  variable)	
  
ü  Thawing	
  and	
  refreezing	
  processes	
  (no	
  vs.	
  yes)	
  
ü  Water	
  flow	
  between	
  layers	
  (no	
  vs.	
  yes)	
  
ü  New	
  snow	
  albedo	
  parametrizaKon	
  
ü  Snow	
  impacts	
  on	
  roughness	
  length	
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l     multiple-layer snow 

Waliser et al. (2011)  
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l     freezing-thaw process  and snow compaction 
(leading to spatio-temporal variation in snow 
density ) 
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l     snow thermal conductivity as a function of snow 
density and snow temperature 

Snow	
  thermal	
  capacity	
  

Snow	
  thermal	
  conducKvity	
  

Determine soil temperature 
and snow metamorphism�

Conductivity vs snow density�

Main	
  features	
  of	
  new	
  snow	
  module	
  



SensiKvity	
  tests	
  (Morris	
  method)	
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EvaluaKon	
  results	
  (CDP-­‐snow	
  depth)	
  

Wang et al., JGR, 2013 



EvaluaKon	
  results	
  (Albedo	
  and	
  soil	
  temperature),	
  	
  Col	
  de	
  Porte,	
  	
  
mean	
  seasonal	
  cycle	
  (1993-­‐2011)	
  



Wang et al., JGR, 2013 

EvaluaKon	
  results	
  (Daily	
  snow	
  depth,	
  density,	
  SWE),	
  	
  Northern	
  Eurasia,	
  	
  
165	
  staKons	
  HSDSD	
  (1979-­‐1992)	
  

Corr:	
  0.78	
  à	
  0.83	
  
RMSE:	
  0.12	
  à	
  0.10m	
  
MBE:	
  -­‐0.05	
  à	
  0	
  



ValidaKon	
  over	
  Siberia	
  (Dantec-­‐Nédélec	
  et	
  al.,	
  )	
  
•  Orchidee	
  versions	
  comparison	
  :	
  	
  

– Standard	
  Orchidee	
  configuraKon	
  	
  
– MICT-­‐V3	
   version	
   (with	
   the	
   soil	
   freezing	
   and	
   be<er	
  
discreKzaKon	
  of	
  snow	
  processes)	
  

Ø 	
  Two	
  vegetaKon	
  maps	
  :	
  Olson	
  et	
  al	
  (1983),	
  O<lé	
  et	
  
al.	
  (2013)	
  

Ø Forcing	
  data	
  :	
  WFDEI	
  (1979-­‐2009)	
  :	
  “WATCH	
  Forcing	
  
Data	
  methodology	
  applied	
  to	
  ERA-­‐Interim	
  data”	
  

Ø SPINUP	
  :	
  200	
  years	
  	
  
Ø 3	
  watersheds	
   with	
   different	
   snow	
   and	
   permafrost	
  
condiKons	
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Yenesei	
  (1979-­‐1994)	
  

Ø  Different initialization of soil humidity   
Ø  Slight Impact of vegetation map  
Ø  Strong impact of permafrost modeling on deep drainage and runoff, consequently on stream 

flows  
Ø  Significant impact of snow processes on the timing of drainage and runoff, better agreement 

with observations 
 



18	
  

Yenesei	
  

Ø  MICT_ES version : Strong impact of snow parameterization on snow pack evolution 

Ø  Insulating properties of snow à Higher soil temperature à Larger infiltration of snow melt in 
soil moisture and deep drainage à Larger transpiration in summer 



LMDZ coupled simulations (Wang et al., 2015 
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Changes	
  in	
  snow	
  mass	
  from	
  LMDz-­‐ORCHIDEE	
  	
  	
  



Changes	
  in	
  air	
  temperature	
  at	
  2	
  meters	
  from	
  LMDz-­‐ORCHIDEE	
  	
  	
  	
  



Changes	
  in	
  soil	
  temperature	
  at	
  10	
  cm	
  from	
  LMDz-­‐ORCHIDEE	
  	
  	
  



Changes	
  in	
  soil	
  temperature	
  at	
  10	
  cm	
  from	
  LMDz-­‐ORCHIDEE	
  	
  	
  



Soil Carbon change in the 21st century under RCP8.5�

Permafrost 
carbon�

No 
permafrost 

Carbon�

2006-2015� 2086-2095� Change�

Changes	
  in	
  soil	
  carbon	
  from	
  LMDz-­‐ORCHIDEE	
  	
  	
  



Snow	
  model	
  implementaKon	
  

•  Organized	
  in	
  a	
  separate	
  block	
  of	
  modules	
  (in	
  

MICT	
  branch)	
  

•  Same	
  philosophy	
  as	
  ORCHIDEE-­‐old	
  

•  Snow	
  fracKon	
  used	
  only	
  for	
  surface	
  albedo,	
  

snow	
  cover	
  the	
  enKre	
  grid	
  

•  Implicit	
  resoluKon	
  but	
  explicit	
  representaKon	
  

of	
  the	
  energy	
  budget	
  at	
  the	
  snow-­‐soil	
  interface	
  

(soil-­‐snow	
  heat	
  flux	
  calculated	
  using	
  the	
  soil	
  

temperature	
  at	
  previous	
  Kme	
  step)	
  

•  Snow	
  temperature	
  profile	
  is	
  calculated	
  first	
  

neglecKng	
  phase	
  changes	
  and	
  updated	
  	
  

•  Water	
  conservaKve,	
  	
  	
  	
  Energy	
  ??	
  	
  



Procedure	
  

•  Snowfall	
  mass	
  and	
  heat	
  content	
  are	
  added	
  to	
  the	
  uppermost	
  snow	
  layer.	
  Snow	
  density,	
  
depth,	
  temperature	
  and	
  liquid	
  water	
  content	
  are	
  updated	
  in	
  the	
  surface	
  layer.	
  Snowfall	
  is	
  
assumed	
  to	
  have	
  the	
  same	
  temperature	
  as	
  the	
  uppermost	
  snow	
  layer	
  upon	
  reaching	
  the	
  
surface,	
  therefore	
  the	
  advecKve	
  heat	
  flux	
  from	
  snowfall	
  can	
  be	
  neglected	
  (in	
  the	
  surface	
  
energy	
  budget).	
  

•  The	
  snow	
  thicknesses	
  are	
  reset	
  and	
  the	
  verKcal	
  profiles	
  of	
  mass	
  and	
  heat	
  are	
  redistributed	
  
while	
  conserving	
  the	
  total	
  snow	
  pack	
  mass	
  and	
  heat	
  	
  

•  Snow	
  layer	
  heat	
  content,	
  density	
  and	
  depth	
  are	
  used	
  to	
  diagnose	
  Ts	
  i	
  and	
  Wl	
  i	
  
•  CompacKon	
  is	
  calculated	
  and	
  ρi	
  and	
  Dsi	
  are	
  updated.	
  Snow	
  mass	
  and	
  heat	
  content	
  are	
  

unaltered.	
  Surface	
  snow	
  albedo	
  and	
  snow	
  thermal	
  conducKvity	
  are	
  calculated	
  
•  The	
  linearized	
  system	
  of	
  equaKons	
  is	
  solved	
  simultaneously	
  	
  with	
  the	
  soil	
  temperature	
  

profile	
  to	
  esKmate	
  the	
  preliminary	
  profile	
  of	
  Ts	
  i	
  and	
  the	
  surface	
  flux	
  at	
  the	
  soil	
  interface	
  
(Gs0)	
  	
  

•  Phase	
  changes,	
  water	
  flows	
  and	
  changes	
  in	
  liquid	
  water	
  storage	
  are	
  evaluated.	
  Profiles	
  of	
  Tsi,	
  
Wl	
  i,	
  ρi	
  and	
  Dsi	
  are	
  updated.	
  

•  The	
  heat	
  content	
  Hsi	
  is	
  updated	
  from	
  the	
  profiles	
  of	
  Tsi,	
  Wl	
  i,	
  ρi	
  and	
  Dsi	
  ,	
  and	
  saved	
  for	
  the	
  
next	
  Kme	
  step	
  along	
  with	
  the	
  updated	
  profiles	
  of	
  ρi	
  and	
  Dsi	
  .	
  Snow	
  surface	
  fluxes,	
  runoff	
  and	
  
the	
  heat	
  flux	
  at	
  the	
  snow/soil/vegetaKon	
  interface	
  are	
  output.	
  



VerKcal	
  discreKzaKon	
  

•  3	
  snow	
  layers	
  

•  32	
  soil	
  layers,	
  
up	
  to	
  45m	
  	
  


