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Earth	  System	  model	  –	  MPI	  –M	  ESM	  
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Land	  vegetaAon	  model	  	  
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Land	  vegetaAon	  model	  -‐	  JSBACH	  

JSBACH	  
	  
•  Land	  surface	  model	  of	  the	  Earth	  System	  Model	  of	  the	  

Max	  Planck	  InsAtute	  for	  Meteorology	  	  

•  Simulates	  fluxes	  of	  energy,	  water,	  momentum,	  and	  CO2	  
between	  land	  and	  atmosphere	  	  

•  	  VegetaAon	  types	  are	  represented	  by	  14	  different	  plant	  
funcAon	  types	  (PFTs)	  

•  Standard	  setup:	  Coupled	  in	  the	  MPI-‐	  ESM	  

•  Offline	  mode:	  Forced	  with	  prescribed	  meteorological	  
forcing	  

•  VegetaAon	  simulated	  dynamically	  or	  prescribed	  

•  Anthropogenic	  Land	  Use	  Change	  	  
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MODEL	  -‐	  JSBACH	  

	  
	  
	  
Soil	  moisture	  	  	  	  	  	  	  	  	  	  	  à	  PrognosAc	  variable	  
	  
	  
	  
	  
Land	  Cover	  	  	  	  	  	  	  	  	  	  	  	  	  	  à	  Boundary	  CondiAon	  
	  
	  
	  
	  
Burned	  Area	  	  	  	  	  	  	  	  	  	  	  	  à	  PrognosAc	  variable	  /	  Boundary	  CondiAon	  	  
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CCI soil moisture v0.1 (ECV_SM)  

•  1978-‐2010	  
•  0.25°	  
•  Daily	  
•  AcAve/passive	  microwave	  data	  

Loew	  et	  al.,	  2013	  
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CCI soil moisture v0.1 (ECV_SM) – Data Coverage  
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CCI soil moisture v0.1 – Data Coverage  

FracAon	  of	  missing	  soil	  moisture	  data	  (1978	  –	  2010)	  

raw	  (0.25	  deg)	  
	  (73%)	  

Loew	  et	  al.,	  2013	  
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CCI soil moisture v0.1 – Data Coverage  

FracAon	  of	  missing	  soil	  moisture	  data	  (1978	  –	  2010)	  

raw	  (0.25	  deg)	  
	  (73%)	  

Interpolated	  to	  T63	  (1.8	  deg)	  	  
(60%)	  

Loew	  et	  al.,	  2013	  

Interpolated	  to	  T63	  (1.8	  deg)	  
and	  5	  day	  running	  mean	  	  

(30%)	  
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CCI - SM – longterm trend 
passive	  /	  ac:ve	  	  
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CCI - SM – comparison with reanalysis and model 

JSBACH	  

ERA-‐interim	  

CCI	  –	  SM	  	  

Loew	  et	  al.,	  2013	  

Mean	  (1979	  –	  2009)	   coefficient	  of	  variance	  	  
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CCI – SM regional application – Sahelian drought  
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CCI – SM regional application – Sahelian drought  
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CCI – SM and Fire (Burned Area) 

Fuel	  moisture	  

Fuel	  availability	  	   IgniAon	  Source	  
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CCI – SM and Fire (Burned Area) 

FuncAonal	  relaAonship	  between	  soil	  
moisture	  and	  burned	  area	  ?	  

GFEDv3	  

burned	  area	  

soil	  moisture	  	  

CCI	  SM	  



CCI – SM and Fire (Burned Area) 
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CCI	  SM	  	  	  
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CCI – SM and Fire (Burned Area) 
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CCI	  SM	  	  	  
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Fuel	  availability	  limited	   Fuel	  moisture	  limited	  



CCI – SM and Fire (Burned Area) 
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CCI – SM and Fire (Burned Area) 
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Fire (burned area) -  Model integration 

Burned area 
[m2/year] Fuel Load 

[gC/m2] 
C - Emissions 
[gC/(m2year)] 

*	  Combus:on	  Completeness	  
 Trace Gas & Aerosol 

Emissions 
[g[species]/(m2year)] 

*	  Emission	  Factors	  
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Fire (burned area) -  Model integration 

Data	   Model	  Grid	  box	  

Tree	  
50%	  

Grass	  C3	  
30	  %	  

Grass	  
C4	  
20	  %	  

Not	  Burned	  
50%	  

Burned	  50	  %	  
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Fire (burned area) -  Model integration 

Burned	  Area	  data	  

Tree	  
50%	  

Grass	  C3	  
30	  %	  

Grass	  
C4	  
20	  %	  

Not	  Burned	  
50%	  

Burned	  50	  %	  

Tree	  
50%	  

Grass	  C3	  
30	  %	  

Grass	  
C4	  
20	  %	  

25	  

15	   10	  

Model	  burned	  area	  
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Fire (burned area) -  Model integration 

Burned	  Area	  data	  

Tree	  
50%	  

Grass	  C3	  
30	  %	  

Grass	  
C4	  
20	  %	  

Not	  Burned	  
50%	  

Burned	  50	  %	  

Tree	  
50%	  

Grass	  C3	  
30	  %	  

Grass	  
C4	  
20	  %	  

25	  

15	   10	  

Tree	  
50%	  

Grass	  C3	  
30	  %	  

Grass	  
C4	  
20	  %	  

Not	  Burned	  
50%	  

Grass	  	  
30%	  

Tree	  50%	  

Grass	  C3	  
30	  %	  

Grass	  
C4	  
20	  %	  

Burned	  Area	  data	  &	  Vegeta:on	  type	  burned	  

Tree	  
20%	  

20	  

18	   12	  

Model	  burned	  area	  
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Fire (burned area) -  Model integration 
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CCI	  Landcover	  -‐	  Data	  

CCI	  LC	  prototype	  data,	  2005	  
New	  CCI	  LC	  product	  (2000,2005,2010)	  in	  progress	  
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CCI	  Landcover	  –	  Data	  Conversion	  

GlobCover Data (geoTIFF) 
21 Types on  300m grid 

Step 1 

Step 3 

Reclassification 
(slightly modified schema by 
Poulter et al., 2011) 
•  reduce to general types (forest, 
herbac, crop) 
•  apply biome mask (Climate 
classification) 
•  scale not used types (e.g. anthrop. 
water on land) 

File conversion and aggregation 
•  Convert from TIFF to netCDF format  
•  Tile by type 
•  Reducing resolution to 0.5x0.5 (in 
order to apply other satellite datasets 
for further conversion, e.g. KG 
Biomes classification) 

Step 2 

Regrid to Model Resolution (T63/T31) 

Adapted	  from	  Poulter	  et	  al,	  2011	  
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CCI	  Landcover	  –	  Model	  ApplicaAon	  

SimulaAon	  setup	  

Forcing	   GlobCover	   CCI_landcover	  

WATCH	  forcing	   X	   X	  

CRU/NCEP	  forcing	   X	   X	  

Coupled	  (Atm.,	  land)	   X	   X	  
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CCI	  Landcover	  –	  Model	  applicaAon	  

•  Analysis	  of	  20	  different	  model	  state	  variables	  
•  Small	  differences	  in	  water,	  energy	  and	  carbon	  cycle	  components	  

RelaAve	  differences	  between	  GlobCover	  and	  CCI	  LC:	  	  𝐶𝐶𝐼−𝐺𝐶𝑉/𝐺𝐶𝑉  	  

Leaf	  area	  index	   EvaporaAon	  
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CCI	  Landcover	  –	  Benchmarking	  assessment	  

CCI	  

Glob	  
Cover	  

Ancillary	  
observa:ons	  

MPI-‐ESM	  

CMIP5	  

Independent	  validaAon	  of	  model	  performance:	  
-‐  Reference	  simulaAons	  
-‐  Ancillary	  observaAons	  (albedo,	  temperature,	  precipitaAon)	  
-‐  QuanAtaAve	  metrices	  (e.g.	  Reichler	  &	  Kim,	  2008)	  
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CCI	  Landcover	  –	  Benchmarking	  assessment	  

CCI	  

GlobCover	  

CCI	  

GlobCover	  

RelaAve	  model	  performance	  

CERES	  

CRU/NCEP	  

WATCH	  forcing	  data	  
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Summary	  /	  Conclusion	  
•  	  soil	  moisture	  
	  

•  CCI	  soil	  moisture	  shows	  reasonable	  agreement	  with	  the	  ERA-‐interim	  and	  JSBACH	  
soil	  moisture	  	  

•  CCI	  soil	  moisture	  shows	  disconAnuiAes	  in	  its	  Ame	  series	  	  
•  Detailed	  assessment	  in	  Loew	  et	  al.,	  Hydrology	  and	  Earth	  System	  Sciences	  

Discussion,	  2013	  
	  

•  soil	  moisture	  &	  fire	  
	  

•  FuncAonal	  relaAonship	  between	  soil	  moisture	  and	  fire	  as	  new	  evaluaAon	  metric	  
	  	  

•  	  	  fire	  

•  The	  conversion	  from	  burned	  area	  to	  fire	  carbon	  emissions	  needs	  the	  informaAon	  
of	  the	  vegetaAon	  type	  burned	  

	  
•  Land	  cover	  

•  CCI	  LC	  and	  GlobCover	  lead	  to	  very	  similar	  results	  in	  JSBACH	  when	  applied	  as	  
boundary	  condiAons	  	  
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Outlook  / phase 2 
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AMSR-‐E	  

ASCAT	  
end	  SMMR	  

CCI - SM – longterm trend 

Loew	  et	  al.,	  2013	  

CCI	  –	  SM	  

ERA	  –	  interim	  	  

JSBACH	  
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Anomalies	  

Loew	  et	  al.,	  2013	  

CCI soil moisture v0.1 (ECV_SM)  



Max-Planck-Institut
 für Meteorologie

Sahelian	  soil	  moisture	  anomalies	  

Loew	  et	  al.,	  2013	  

Soil	  moisture	  rela:onship	  
when	  precipita:on	  forcing	  
removed.	  

CCI soil moisture v0.1 (ECV_SM)  



Max-Planck-Institut
 für Meteorologie

submiAed	  to	  HESS	  (02/2013)	  
Summary	  



Max-Planck-Institut
 für Meteorologie

Fire (burned area) -  Model integration 
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Do	  models	  have	  characterisAc	  soil	  
moisture	  dynamics?	  

PercenAle	  distribuAon	  pamern	  

Loew	  et	  al.,	  2013	  
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CCI – SM regional application – Sahelian drought  
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CCI	  Landcover	  


