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Greenhouse	
  gases:	
  
CO2	
  	
  =	
  185	
  ppm	
  
CH4	
  	
  =	
  370	
  ppb	
  
N2O	
  =	
  200	
  ppb	
  

Braconnot	
  et	
  al	
  2012	
  

Ice	
  sheet/sea-­‐level	
  radia>ve	
  forcing	
  

Last	
  Glacial	
  Maximum	
  (LGM):	
  21kyr	
  



HadGEM2-­‐A	
  	
  
Pre-­‐industrial	
  and	
  LGM	
  simula>ons	
  

HopcroZ	
  &	
  Valdes	
  2014	
  



Surface	
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  albedo	
  forcing	
  

Leaf	
  mortality,	
  temperature	
  
dependence:	
  

Snow-­‐covered	
  albedo:	
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LGM	
  pollen	
  reconstruc>on	
  

Data	
  from:	
  Pren>ce	
  et	
  al	
  2000,	
  Bigelow	
  et	
  al	
  2003,	
  Picke`	
  et	
  al	
  2004,	
  
Marchant	
  et	
  al	
  2009.	
  
Available	
  from:	
  	
  h`p://www.bridge.bris.ac.uk/projects/BIOME_6000	
  	
  



LGM	
  JULESv4.1	
  perturbed	
  parameter	
  
ensemble	
  

•  100	
  Pre-­‐industrial	
  +	
  100	
  LGM	
  ensemble	
  members	
  
•  Parameters	
  from	
  la>n	
  hypercube	
  sampling	
  
•  Driven	
  with	
  3hr	
  HadGEM2	
  climate	
  fields	
  (Pre-­‐Ind	
  or	
  LGM)	
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Pre-­‐Industrial	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  LGM	
  

All	
  25	
  best	
  models	
  agree	
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  models	
  agree	
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Preliminary	
  Conclusions	
  

•  Amazon	
  forest	
  area	
  overes>mated	
  in	
  both	
  
>mes?	
  

•  Needle-­‐leaf	
  -­‐	
  broadleaf	
  tree	
  compe>>on	
  
heavily	
  influenced	
  by	
  g_area	
  (disturbance	
  
rate).	
  

•  Atmospheric	
  feedbacks	
  quan>fied	
  in	
  
HadGEM2	
  rule	
  out	
  ice-­‐age	
  models	
  with	
  
dominant	
  bare-­‐soil	
  in	
  Asia:	
  ~6	
  of	
  best	
  25	
  
models.	
  



What	
  did	
  the	
  ice-­‐age	
  simula>ons	
  tell	
  
us?	
  

•  Some	
  models	
  that	
  are	
  deemed	
  func>onal	
  for	
  
the	
  modern	
  (e.g.	
  HadGEM2-­‐ES)	
  are	
  very	
  poor	
  
for	
  the	
  LGM,	
  when	
  snow-­‐albedo	
  feedbacks	
  
are	
  very	
  important.	
  LGM	
  can	
  therefore	
  
improve	
  the	
  model.	
  

•  Sparse	
  coverage	
  of	
  LGM	
  pollen	
  data	
  difficult	
  
to	
  compare	
  with	
  models,	
  but	
  northern	
  Eurasia	
  
a	
  key	
  area	
  of	
  discrepancy	
  or	
  disagreement.	
  



Further	
  work	
  

•  Ensemble	
  itera>ons	
  	
  
–	
  improve	
  on	
  current	
  ensemble	
  by	
  further	
  exploring	
  
parameter	
  space	
  as	
  a	
  func>on	
  of	
  model	
  skill.	
  

•  Use	
  feedbacks	
  in	
  HadGEM2	
  to	
  quan>fy	
  which	
  
JULES	
  ensemble	
  members	
  are	
  reasonable	
  

•  Fire	
  –	
  global	
  charcoal	
  database	
  for	
  the	
  LGM.	
  
Fire	
  could	
  be	
  used	
  to	
  parameterise	
  
disturbance	
  (g_area)	
  to	
  some	
  extent?	
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Pre-­‐industrial/modern	
  simula>on	
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  10	
  best	
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NH	
  extra-­‐tropical	
  Needle-­‐leaf	
  tree	
  coverage	
  versus	
  
parameters	
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  coverage	
  versus	
  parameters	
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