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Why	
  Greenland	
  Ice	
  Sheet/Ocean	
  Interac2ons	
  (GrIO)?	
  	
  
Recent,	
  rapid	
  mass	
  loss	
  from	
  both	
  polar	
  ice	
  sheets	
  has	
  been	
  aXributed	
  
to	
  changes	
  at	
  the	
  marine	
  margins	
  of	
  Greenland	
  and	
  West	
  Antarc<ca.	
  
Evidence	
  points	
  at	
  ice	
  sheet/ocean	
  interac<ons	
  as	
  a	
  key	
  player	
  in	
  the	
  
ice	
   sheets’	
  mass	
   balance	
   and	
   likely	
   trigger	
   for	
   the	
   changes.	
   Yet	
   the	
  
relevant	
   ocean	
   and	
   glacier	
   dynamics	
   are	
   poorly	
   understood	
   and	
  
cons<tute	
  a	
  fundamental	
  barrier	
  to	
  the	
  correct	
  representa<on	
  of	
   ice	
  
sheets	
  in	
  climate/earth	
  system	
  models	
  and	
  to	
  our	
  ability	
  to	
  accurately	
  
predict	
   sea	
   level	
   change.	
   This	
   situa<on	
   is	
   exacerbated	
   in	
  Greenland,	
  
where	
   ice/ocean	
   interac<ons	
   have	
   received	
   less	
   aXen<on	
   than	
   in	
  
Antarc<ca	
  and	
  whose	
  characteris<cs	
  require	
  special	
  considera<on.	
  	
  

An	
   intrinsically	
   cross-­‐disciplinary	
  
problem:	
  
Progress	
   on	
   this	
   complex	
   problem	
   is	
  
hindered	
   by	
   the	
   inherent	
   separa<on	
  
of	
   the	
   communi<es	
   involved,	
  
i n c l u d i n g 	
   g l a c i o l o g i s t s ,	
  
oceanographers,	
   sea-­‐ice	
   experts,	
  
atmospheric	
  and	
  climate	
  scien<sts.	
  

Why	
  a	
  U.S.	
  CLIVAR	
  Working	
  Group?	
  
To	
   bring	
   together	
   a	
   diverse	
   group	
   of	
   scien<sts	
   who	
   are	
   addressing	
  
GrIO-­‐related	
  ques<ons	
  from	
  various	
  disciplines.	
  Its	
  goal	
  is	
  to	
  promote	
  
interac<on	
   between	
   the	
   diverse	
   communi<es,	
   oceanographic,	
  
glaciological,	
   atmospheric	
   and	
   climate,	
   including	
  modelers,	
   field	
   and	
  
data	
   scien<sts	
   within	
   each	
   community,	
   interested	
   in	
   glacier/ocean	
  
interac<ons	
  around	
  Greenland,	
   to	
  advance	
  our	
  understanding	
  of	
   the	
  
processes	
  and	
  improve	
  its	
  representa<on	
  in	
  climate	
  models.	
  	
  

1)	
  What	
  is	
  the	
  impact	
  of	
  the	
  ocean	
  on	
  the	
  Greenland	
  Ice	
  Sheet	
  (GrIS)	
  
Direct	
  –	
  at	
  the	
  ice/ocean	
  boundary	
  in	
  Greenland’s	
  glacial	
  7ords	
  
•  Submarine	
  mel<ng	
  at	
  the	
  terminus	
  	
  
•  Mechanical	
  forcing	
  by	
  ice-­‐melange	
  (or	
  sikkusaq),	
  <des	
  and	
  wave	
  
Indirect	
  –	
  regional/large	
  scale	
  ocean	
  (shelf/gyre	
  scale)	
  
•  Shelf	
  proper<es	
  and	
  circula<on	
  influence	
  _ord	
  proper<es	
  
•  Influence	
  of	
  the	
  large-­‐scale	
  ocean	
  on	
  Greenland’s	
  atmosphere	
  

Goals:	
  
•  Summarize	
   the	
  present	
   state	
   of	
   knowledge	
   and	
   iden<fy	
   the	
  big	
   ques<ons	
  

within	
  each	
  community	
  and	
  for	
  the	
  problem	
  as	
  a	
  whole	
  
•  Develop	
   strategies	
   to	
   address	
   the	
   ques<ons/needs	
   (including	
   long-­‐term/

short-­‐term	
  needs	
  of	
  each	
  community)	
  
•  Make	
  recommenda<ons	
  on	
  how	
  to	
  move	
  forward	
  
Here,	
  we	
  present	
  an	
  overview	
  of	
  the	
  problem	
  and	
  the	
  overarching	
  ques2ons.	
  	
  

3)	
  What	
  is	
  the	
  impact	
  of	
  the	
  atmosphere	
  on	
  ice	
  sheet/ocean	
  interac2on?	
  	
  
•  Tip-­‐jets,	
  barrier	
  winds,	
  kataba<c	
  winds	
  which,	
   in	
   turn,	
  have	
  a	
  major	
   impact	
  

on	
  the	
  _ord	
  circula<on	
  –	
  and	
  _ord	
  shelf	
  exchange.	
  	
  
•  Surface	
  mel<ng	
  discharged	
  at	
  the	
  grounding	
  line	
  has	
  a	
  major	
  impact	
  on	
  the	
  

submarine	
  mel<ng	
  process.	
  	
  

2)	
  What	
  is	
  the	
  impact	
  of	
  the	
  Greenland	
  Ice	
  Sheet	
  on	
  the	
  Ocean	
  	
  
Direct:	
  	
  
•  Sea	
  level	
  rise	
  –	
  the	
  GrIS	
  holds	
  7	
  m	
  of	
  sea-­‐level	
  rise	
  and	
  presently	
  accounts	
  for	
  

roughly	
  0.8	
  mm/yr	
  (i.e.	
  ¼	
  global	
  sea-­‐level	
  rise)	
  
•  Freshwater	
  input	
  –	
  ice	
  melt	
  releases	
  freshwater	
  into	
  the	
  sensi<ve	
  convec<ve	
  

regions	
  of	
  the	
  North	
  Atlan<c	
  and	
  Nordic	
  Seas	
  
Indirect:	
  	
  
GrIS	
   influences	
   the	
   regional/large	
   scale	
   atmosphere	
   via	
   heat,	
   water	
   vapour	
  
exchange	
  which,	
  in	
  turn,	
  feedbacks	
  on	
  the	
  ocean.	
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Case	
  Study	
  –	
  Submarine	
  Mel2ng	
  
•  What	
   processes	
   govern	
   the	
   amplitude,	
   spa<al	
   and	
   temporal	
  

variability	
  of	
  mel<ng	
  at	
  a	
  glacier’s	
  terminus?	
  	
  
•  What	
   oceanic	
   scales	
   of	
  mo<on	
   influence	
  mel<ng	
   (and	
   on	
  what	
  

<me	
  scales)?	
  	
  
•  What	
   modeling/field	
   studies	
   are	
   needed	
   to	
   improve	
   our	
  

understaning	
  of	
  mel<ng	
  	
  
•  How	
   appropriate	
   are	
   Antarc<ca’s	
   parameteriza<ons	
   for	
  

Greenland?	
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For	
  more	
  informa<on,	
  please	
  visit:	
  
hXp://www.usclivar.org/icesheet.php	
  
	
  


