
Causes of	
  Arctic amplification
-­‐ What	
  do	
  we	
  know?

• It’s	
  observable;	
  mostly	
  in	
  SON/DJF;	
  past/future
• Intrinsic	
  property	
  of	
  climate	
  variability	
  and	
  forced	
  (GHG)	
  response
• Multiple	
  processes	
  in	
  models
• Recent	
  trends	
  partly	
  due	
  to	
  internal	
  variability	
  (inc in	
  sea	
  ice	
  trends)	
  
• Sea	
  ice	
  loss	
  played	
  a	
  role	
  (but	
  how	
  much?)

-­‐ What	
  are	
  main	
  open	
  questions?
-­‐ Role	
  of	
  non-­‐GHG	
  external	
  forcings

• Are	
  models	
  and	
  nature	
  in	
  agreement	
  (same	
  processes?)?	
  Right	
  answer	
  for	
  
wrong	
  reasons?

• (Non)-­‐Independence	
  of	
  feedbacks,	
  links	
  to	
  dynamics
• Role	
  of	
  sea	
  ice	
  loss	
  versus	
  polewardheat	
  transport
• Changes	
  in	
  circulation	
  a	
  cause	
  or	
  consequence	
  of	
  AA	
  (or	
  both)



Consequences of	
  Arctic amplification
-­‐ What	
  do	
  we	
  know?
• All	
  components	
  of	
  system	
  potentially	
  important
• Tug	
  of	
  war	
  between	
  high	
  and	
  low	
  lat forcings
• Sea	
  ice	
  loss,	
  surrounding	
  ocean	
  warming	
  
• Potential	
  global	
  impacts
• thermodynamic	
  and	
  dynamic	
  response	
  
• Response	
  sensitive	
  to	
  pattern	
  of	
  forcing
• Model	
  hierarchy	
  useful

-­‐ What	
  are	
  main	
  open	
  questions?
• Response	
  is	
  uncertain
• S/N	
  issue
• No	
  consensus	
  in	
  dynamical	
  processes



Causes of	
  Antarctic amplification
-­‐ What	
  do	
  we	
  know?

• Warming	
  is	
  slowly	
  compared	
  with	
  the	
  Arctic
• Signal	
  is	
  regionally	
  dependent;	
  got	
  by	
  AMIP
• Pattern	
  changes	
  of	
  temperature	
  is	
  robust;	
  sparse	
  observations
• Background	
  upwelling	
  causes	
  slow	
  warming,	
  warming	
  north	
  of	
  ACC,	
  

other	
  contributors	
  
• large	
  internal	
  variability,	
  tropical	
  teleconnection,	
  ozone,	
  sea	
  ice
• Importance	
  of	
  feedback	
  processes	
  different	
  from	
  Arctic

-­‐ What	
  are	
  main	
  open	
  questions?
• Models	
  are	
  not	
  able	
  to	
  catch	
  the	
  increasing	
  trend	
  of	
  sea	
  ice
• Modeled	
  and	
  observed	
  trends	
  of	
  sea	
  ice	
  are	
  inconsistent	
  since	
  1979
• Wind	
  trends	
  and	
  it	
  impacts	
  are	
  uncertain
• Trends	
  of	
  freshwater	
  forcing	
  and	
  its	
  impacts	
  are	
  uncertain;	
  sources
• Lack	
  of	
  sea	
  ice	
  thickness	
  observation



Consequences of	
  Antarctic
amplification

-­‐ What	
  do	
  we	
  know?
• Warming	
  of	
  the	
  Southern	
  Ocean
• Delay	
  positive	
  feedbacks	
  in	
  global	
  warming

-­‐ What	
  are	
  main	
  open	
  questions?
• Tug	
  of	
  war	
  
• Long	
  term	
  changes	
  in	
  sea	
  ice	
  
• Impacts	
  on	
  ocean	
  circulation	
  and	
  sea	
  level



Outputs

-­‐ Nature	
  special	
  collection
• 8	
  papers
• Across	
  Nature,	
  Nature	
  Geoscience,	
  Nature	
  Climate	
  

Change	
  and	
  Nature	
  Communications
• Collating	
  ideas	
  over	
  summer
• ½	
  page	
  summary/abstract	
  of	
  the	
  paper,	
  which	
  should	
  

include	
  tentative	
  title	
  and	
  tentative	
  author	
  list
• Could	
  be	
  new	
  science	
  article	
  (All),	
  Review	
  (NG,	
  NCC),	
  

Perspective	
  (NG,	
  NCC),	
  Commentary	
  (NG,	
  NCC)





Ideas

• Review	
  paper	
  on	
  causes	
  of	
  Polar	
  Amplification	
  
(Bitz	
  lead)

• Perspective	
  piece	
  on	
  consequences	
  of	
  Arctic	
  
amplification	
  (Screen	
  lead)
– Seperability	
  of	
  GHG	
  and	
  sea	
  ice	
  responses
– Tug-­‐of-­‐war;	
  seasonal	
  and	
  multi-­‐decadal	
  aspects	
  of	
  
who	
  “wins”

– Implications	
  of	
  model	
  biases	
  (too	
  much	
  tropical	
  
warming?;	
  too	
  little	
  sea	
  ice	
  loss?)


