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Why	
  to	
  evaluate	
  vegeta&on	
  cover	
  and	
  land	
  
surface	
  albedo?	
  

•  Biogeography	
  /	
  offline	
  DGVMs	
  /	
  ESMs	
  simulate	
  vegeta>on	
  
cover	
  -­‐>	
  require	
  datasets	
  and	
  metrics	
  to	
  evaluate	
  their	
  quality	
  	
  

•  History:	
  	
  
–  Metrics	
  -­‐	
  the	
  Kappa	
  sta>s>cs	
  (Monserud	
  and	
  Leemans,	
  EcoMod,	
  1992).	
  

For	
  discrete	
  classes	
  (biomes),	
  complica>ons	
  with	
  spa>al	
  shiYs	
  of	
  
biomes	
  

–  Reference	
  dataset	
  –	
  complica>on	
  with	
  preindustrial	
  veg	
  map	
  
(Ramanku[y	
  and	
  Foley,	
  GBC,	
  1999,	
  in	
  Cramer	
  et	
  al.,	
  GBC,	
  2001,	
  
formulated	
  in	
  discrete	
  classes)	
  

•  Currently:	
  	
  
–  Metrics	
  –	
  PFT-­‐based	
  (con>nuous)	
  	
  
–  Datasets	
  -­‐	
  MODIS	
  VCF,	
  ESA	
  land	
  cover	
  	
  

•  Albedo:	
  affected	
  by	
  vegeta>on	
  cover,	
  eg	
  snow	
  masking	
  effect	
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MPI-­‐ESM	
  in	
  CMIP5/CMIP6	
  

•  State of the art coupled  
Earth System Model 

•  Developed at Max Planck 
Institute for Meteorology 

land surface model JSBACH 
•  dynamic vegetation model, landuse 
•  Improved 5-layer hydrology 
•  soil C model YASSO 
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Offline JSBACH extensions 
-  physical permafrost model (Ekici et al., 

2014) 
-  C in permafrost  
-  wetland scheme  
-  methane transport model (Kaiser et 

al., GMDD, 2016)  
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Evaluation of vegetation cover in MPI-ESM 
Tree	
   Bare	
  Ground	
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Vegetation cover, MPl-ESM – MODIS VCF 

Brovkin et al., JAMES, 2013 

MPI-ESM overestimates  
•  tree cover (esp. in drylands),  
•  bare ground in high latitudes; 

         underestimates  
•  tree cover in Amazon,  
•  bare ground in drylands. 
 



BONA  Boreal North America   NHAF  Northern Hemisphere Africa 

TENA  Temperate North America   SHAF  Southern Hemisphere Africa 

CEAM  Central America    BOAS  Boreal Asia 

NHSA  Northern Hemisphere South America  CEAS  Central Asia 

SHSA  Southern Hemisphere South America  SEAS  Southeast Asia 

EURO  Europe     EQAS  Equatorial Asia 

MIDE  Middle East    AUST  Australia and New Zealand 

Analysis	
  using	
  GFED2	
  regions	
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Regional analysis: 
Spatial correlation versus RMSE  



Evalua&on	
  of	
  vegeta&on	
  on	
  regional	
  scale	
  	
  

The color code: 
•  green – high (r2 ≥ 0.66, rmse ≤ 0.15),  
•  no color – intermediate (0.66 >r2 ≥ 0.33, 

0.15 < rmse ≤ 0.3),  
•  red – low model-data agreement          

(r2 < 0.33, rmse > 0.3) 

Brovkin et al., JAMES, 2013 



Total	
  score	
  on	
  the	
  global	
  scale:	
  compiled	
  but	
  
not	
  used	
  	
  

Brovkin et al., JAMES, 2013 



Poulter et al., GMD, 2015 

broadleaf trees needleleaf trees 

natural grasslands managed grasslands 

300 m, 22 classes -> 0.5° PFT fractions 



Harmoniza&on	
  of	
  vegeta&on	
  cover	
  based	
  on	
  mega-­‐biomes	
  
	
  

Dallmeyer et al., in progress 



MPI-­‐ESM	
  veg	
  cover	
  converted	
  to	
  mega-­‐biomes	
  

Dallmeyer et al., in progress 
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Evaluation of albedo in terms of net surface radiation QSW,	
  	
  
MPI-ESM - MODIS 



Evalua&on	
  of	
  land-­‐surface	
  albedo	
  in	
  terms	
  of	
  r2,	
  
rmse,	
  and	
  rmse/QSW	
  on	
  the	
  regional	
  scale	
  

Brovkin et al., JAMES, 2013 

Strong bias in northern high latitudes 



Brovkin et al., JAMES, 2013 

Albedo	
  evalua&on	
  –	
  normalized	
  error	
  variance,	
  e2	
  



Data	
  available	
  at	
  the	
  ICDC	
  server	
  



Summary	
  

•  Vegeta>on	
  cover	
  evalua>on:	
  r2,	
  rmse	
  metrics.	
  
Tree	
  cover	
  pa[erns	
  are	
  simulated	
  well	
  by	
  MPI-­‐ESM	
  (r2	
  of	
  0.6)	
  
-  Overes>mated	
  tree	
  cover	
  (esp.	
  in	
  drylands),	
  while	
  too	
  few	
  trees	
  in	
  Amazon	
  

(rainfall	
  bias)	
  
-  bare	
  ground	
  is	
  overes>mated	
  in	
  high	
  la>tudes	
  and	
  underes>mated	
  in	
  

drylands	
  
•  Land	
  surface	
  albedo	
  evalua>on	
  n	
  terms	
  of	
  net	
  surface	
  radia>on,	
  

metrics:	
  r2,	
  rmse,	
  e2,	
  Taylor	
  diagram,	
  box-­‐and-­‐wiskes	
  plots.	
  

	
  	
  	
  	
  	
  High	
  correla>on	
  with	
  data	
  (r2	
  of	
  0.9)	
  
-  Main	
  biases	
  are	
  in	
  high	
  la>tudes	
  (North	
  America,	
  Eurasia);	
  partly	
  explained	
  

by	
  biases	
  in	
  tree	
  cover	
  and	
  snow	
  cover	
  
•  Data	
  in	
  resolu>on	
  appropriate	
  for	
  ESMs	
  are	
  available	
  at	
  the	
  

Integrated	
  Climate	
  Data	
  Centre	
  (ICDC)	
  in	
  Hamburg	
  



Brovkin et al., JAMES, 2013 

Albedo	
  evalua&on	
  



Brovkin et al., JAMES, 2013 

Albedo	
  evalua&on	
  



The	
  YASSO	
  soil	
  C	
  model	
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Liski et al., 2005; Goll et al., 2015 

•  Soil C pools and parameters based on 
litter-bag experiments 

•  4 litter pools, replicated for leaf and 
woody litter; above- and belowground 

•  1 Humus pool, replicated for leaf and 
woody litter remains 

•  Belowground C represented as 
homogeneous layer at soil surface, no 
representation of  deep C pools 

Newly introduced 
•  frozen C separate pools in 4 depth 

ranges, prescribed from NCSCDv2 
•  permafrost thaw leads to transfer to  

non-frozen C pools 



The Kappa-statistics 

Monserud and Leemans, EcoMod, 1992 



MPI-­‐ESM	
  historical	
  run	
  (incl.	
  landuse):	
  	
  
used	
  for	
  evalua&on	
  of	
  vegeta&on	
  cover	
  

Giorgetta et al., JAMES, 2013 



Brovkin et al., JAMES, 2013 

Vegetation cover, MPl-ESM – MODIS VCF 
Zonal average 


