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“Arctic sea ice decline did it” 

“The cat did it.” 

“Weather	  Runs	  Hot	  and	  Cold,	  So	  Scien*sts	  
Look	  to	  the	  Ice”	  NY	  Times	  regarding	  to	  
March	  2012	  warm	  spell	  over	  US	  
	  
“Winter	  2013-‐2014:	  Sea	  Ice	  Loss	  Locks	  Jet	  
Stream	  into	  Severe	  Winter	  Storm	  PaUern	  
For	  Most	  of	  US”	  
robertscribbler.wordpress.com	  
	  
“Loss	  of	  Arc*c	  ice	  leads	  to	  drought	  in	  
California”	  The	  Tribune,	  January	  2014	  
	  

Mo*va*on:	  Research	  is	  mo1vated	  by	  the	  claim	  that	  Arc1c	  sea	  ice	  loss	  and	  related	  
Arc1c	  Amplifica1on	  is	  an	  important	  driver	  for	  occurrence	  of	  more	  persistent	  
weather	  	  pa;erns	  in	  lower	  la1tudes	  which	  lead	  to	  weather	  and	  climate	  related	  
extremes.	  	  
	  



Chain of Events Linking Arctic Amplification (AA) with 
Increased Extreme Weather in Mid-Latitudes   

AA:#Arctic#warming#
2.3#times#faster#than#

N.#hemisphere# Poleward#
temperature#

gradient#weakening#

Upper.level#flow#
becoming#more#
meridional#

500#mb#zonal#winds#
decreasing#where#
gradient#weakens#

Amplitude#of#Rossby#
waves#increasing,#
blocking#more#likely#

Large.scale#waves#
progress#more#
slowly#eastward#More#persistent#

weather#patterns,#
extremes#more#likely#

J.	  Francis	  (NAS	  Workshop)	  



Experiments	  (1979-‐2012)	  
using	  CAM4	  and	  ECHAM5	  model	  

•  PresentCTL	  (300yrs)	  1981-‐2010	  climatology	  +	  
RF	  

•  PastCTL	  (300yrs)	  1881-‐1910	  climatology+RF	  
•  AMIP:	  	  RF	  and	  observed	  SST	  and	  SIC	  	  
•  AMIP-‐noSIC:	  1979-‐2012	  RF,	  1979-‐1989	  SIC	  
climatology	  and	  1979-‐1989	  SSTs	  climatology	  
where	  SIC	  has	  changed	  	  

(10	  to	  20	  member	  ensembles)	  



OND	  SST	  Change	  
2003-‐2012	  minus	  1979-‐1988	  



Es*mate	  of	  long-‐term	  climate	  change	  
contribu*on	  

SPM

Summary for Policymakers

6

Figure SPM.1 |  (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel: 
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean 
of 1961−1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression 
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with 
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes 
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary 
Supplementary Material. {Figures 2.19–2.21; Figure TS.2}
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•  Approach	  takes	  into	  account	  
that	  RF	  and	  global	  mean	  SST	  
did	  not	  increase	  linearly	  over	  
the	  last	  century.	  

•  Determined	  recent	  decadal	  
(2003-‐2012	  minus	  
1979-‐1988)/long-‐term	  
(1981-‐2010	  minus	  1881-‐1910)	  
global	  SST	  outside	  Arc1c	  
(scaling	  Factor	  0.52)	  	  	  

•  U1lize	  difference	  between	  	  
PresentControl	  and	  
PastControl	  runs	  and	  scale	  
response	  	  



OND	  SST	  change	  
	  2003-‐2012	  minus	  1979-‐1988	  



Observed	  and	  
simulated	  OND	  
zonal	  mean	  
temperature	  difference	  
2003-‐2012	  minus	  
1979-‐1988	  



Polar	  Cap	  (60-‐90N)	  1000-‐500hPa	  
Thickness	  Difference	  during	  OND	  

2003-‐2012	  minus	  1979-‐1988	  
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Polar	  Cap	  (60-‐90N)	  	  1000-‐500hPa	  
Thickness	  Change	  during	  OND	  
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Contribu*ons	  to	  Observed	  Arc*c	  
Tropospheric	  Warming	  

•  Sea	  ice	  decline:	  about	  20%	  	  	  
•  Long-‐term	  warming	  contribu*on	  from	  SST	  
outside	  the	  Arc*c:	  about	  34%	  

•  Decadal	  Ocean	  Variability:	  about	  	  25%	  
•  Internal	  atmospheric	  variability:	  	  up	  to	  25%	  



Regional	  Perspec*ve	  

•  Impact	  of	  sea	  ice	  loss	  on	  Arc1c	  tropospheric	  
temperature	  is	  only	  20%.	  	  

•  What	  about	  remote	  effects	  on	  lower	  la1tude	  
weather	  and	  climate?	  	  



1000-‐500hPa	  Thickness	  Change	  during	  OND	  
2003-‐2012	  minus	  1979-‐1988	  

DOV	  



	  500hPa	  Zonal	  Wind	  Change	  during	  OND	  
2003-‐2012	  minus	  1979-‐1988	  

DOV	  



Summary	  
•  Sea	  ice	  decline	  is	  responsible	  for	  most	  of	  the	  near-‐
surface	  Arc1c	  warming,	  but	  contributed	  only	  about	  
20%	  to	  deep	  tropospheric	  warming.	  

•  The	  Arc1c	  troposphere	  warmed	  primarily	  due	  to	  
remote,	  rather	  than	  in	  situ,	  forcings	  since	  1979.	  	  

•  The	  pronounced	  tropospheric	  thickness	  increases	  over	  
the	  far	  North	  Atlan1c	  region	  including	  a	  reduc1on	  in	  
westerly	  flow	  over	  the	  mid-‐la1tudes	  were	  mainly	  a	  
large	  amplitude	  expression	  of	  internal	  atmosphere	  
variability	  and	  decadal	  ocean	  variability	  and	  	  thus	  
mostly	  unrelated	  to	  effects	  of	  sea	  ice	  loss.	  	  	  

•  In	  consequence:	  the	  Arc*c	  troposphere	  has	  been	  
mainly	  responding	  to	  rather	  than	  forcing	  mid-‐la*tude	  
weather	  and	  climate.	  



“Arctic sea ice decline did it” 

“The cat did it.” 


