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Mo@va@on	
  
	
  

•  Improved	
   projec@ons	
   of	
   climate	
   change	
   and	
   impacts	
   requires	
  
understanding	
   the	
   link	
   between	
   climate	
   PDFs	
   and	
   physical	
  
processes,	
   as	
   well	
   as	
   the	
   coupling	
   between	
   different	
   climate	
  
variables.	
  	
  

•  Prior	
   studies	
   have	
   shown	
   soil	
   moisture	
   (SM)-­‐atmosphere	
  
interac@ons	
  	
  impact	
  surface	
  mean	
  climate	
  and	
  variability.	
  

•  Here,	
  we	
   further	
   evaluate	
   the	
   role	
   of	
   SM-­‐atmosphere	
   interac@ons	
  
on	
   the	
   PDF	
   of	
   surface	
   temperatures,	
   as	
   well	
   as	
   on	
   the	
   physical	
  
coupling	
  between	
  temperature	
  and	
  precipita@on.	
  	
  	
  	
  	
  

Methods	
  
	
  

We	
  compare	
  simula@ons	
  from	
  GFDL’s	
  ESM2M	
  model	
  with	
  interac@ve	
  and	
  prescribed	
  	
  
soil	
  moisture,	
  performed	
  for	
  the	
  mul@-­‐model	
  experiment	
  GLACE-­‐CMIP5	
  (Seneviratne	
  et	
  al.	
  2013).	
  
	
  

Impact	
  of	
  soil	
  moisture-­‐atmosphere	
  interac@ons	
  on	
  surface	
  temperature	
  distribu@on	
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•  Beyond	
   mean	
   and	
   variance,	
   PDF	
   shape	
   is	
   also	
   impacted	
   by	
   SM-­‐
atmosphere	
  interac@ons	
  (Fig.1).	
  

•  Moments	
  are	
  differently	
  affected	
  over	
  different	
  regions	
  (Fig.1).	
  
•  High-­‐side	
  of	
  the	
  temperature	
  PDF	
  is	
  mostly	
  affected	
  (Fig.2).	
  
•  Regional	
   differences	
   are	
   explained	
   by	
   differences	
   in	
   local	
  

hydroclimate,	
   thus	
   differences	
   between	
   climatological	
   and	
  
interac@ve	
  SM,	
  and	
  subsequent	
  impacts	
  on	
  surface	
  fluxes	
  (Fig.2).	
  

Fig.2:	
  DistribuEon	
  of	
  daily	
  2-­‐m	
  temperature,	
  EF	
  and	
  soil	
  moisture,	
  latent	
  	
  and	
  sensible	
  flux,	
  and	
  incoming	
  shortwave	
  
radiaEon,	
  in	
  JJA	
  over	
  1971-­‐2000	
  in	
  DYN	
  and	
  CLIM,	
  over	
  five	
  representaEve	
  points.	
  	
  
	
  

•  Nega@ve	
  interannual	
  	
  
correla@ons	
  between	
  
summer@me	
  T	
  and	
  P	
  over	
  land	
  
arise	
  largely	
  as	
  a	
  result	
  of	
  soil	
  
moisture	
  -­‐atmosphere	
  
interac@ons	
  (Fig.3).	
  

•  Yet	
  in	
  	
  some	
  models,	
  
atmospheric	
  processes	
  
contribute	
  as	
  well	
  (Fig.3	
  and	
  4).	
  	
  

•  Through	
  soil	
  moisture	
  –
atmosphere	
  interac@ons,	
  
projected	
  precipita@on	
  changes	
  
modulate	
  regional	
  warming	
  
(Fig.5).	
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CLIM	
  

1950	
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  (over	
  one	
  pixel)	
  

1950	
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Soil	
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Surface	
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Clouds/Radia@on	
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Fig.6:%(a)%Correla6on%
between%
summer6meEmean%
temperature%and%
precipita6on,%in%
simula6on%REF,%
binned%as%a%func6on%
of%correla6ons%
between%soil%
moisture%and%
evapotranspira6on%
(cor(SM,E),%xEaxis)%
and%between%
evapotranspira6on%
and%temperature%
(cor(E,T),%yEaxis),%for%
the%different%models,%
over%1971E2000%over%
land.%Blue%and%red%
contours%indicate,%
respec6vely,%
nega6ve%and%posi6ve%
temperatureE
precipita6on%
correla6ons%
significant%at%the%5%%
level;%(b)%percentage%
of%total%number%of%
land%pixels%in%each%
model%that%fall%in%
each%cor(SM,E)E
(corE,T)%bin.%%

b,a, b,a,

Fig.10:%(a)%Mean%summer%T%change%between%1971E2000%and%2071E2100,%in%K,%in%simula6on%REF;%(b)%mean%summer%T%change%
between%1971E2000%and%2071E2100%(color%key%in%K)%binned%along%correla6ons%between%presentE6me%(1971E2000)%summer6meE
mean%T%and%P%(cor(T,P),%xEaxis)%and%mean%summer6me%P%change%between%1971E2000%and%2071E2100%(yEaxis),%over%land%pixels%only.%

Fig.3:	
   Interannual	
   correlaEon	
   between	
   summerEme-­‐mean	
   T	
   and	
   P	
   over	
  
1971-­‐2000	
   over	
   land,	
   in	
   DYN	
   (a)	
   and	
   CLIM	
   (b),	
   for	
   the	
   different	
   GLACE-­‐
CMIP5	
  models	
  (Berg	
  et	
  al.,	
  subm.).	
  

Fig.4:	
  T-­‐P	
  correlaEon	
  in	
  DYN,	
  
binned	
  as	
  a	
  funcEon	
  of	
  SM-­‐E	
  
and	
  E-­‐T	
  correlaEons	
  

Fig.5:(a)	
  Mean	
   summer	
  T	
   change	
  between	
  1971-­‐2000	
  and	
  
2071-­‐2100,	
  in	
  DYN;	
  (b)	
  (a)	
  as	
  a	
  funcEon	
  of	
  present-­‐Eme	
  T-­‐P	
  
correlaEons	
  and	
  mean	
  summerEme	
  P	
  change,	
  over	
  land.	
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Impact	
  of	
  soil	
  moisture-­‐atmosphere	
  interac@ons	
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  coupling	
  

	
  	
  Take	
  home:	
  Soil	
  moisture-­‐atmosphere	
  interac@ons	
  strongly	
  impact	
  the	
  shape	
  of	
  the	
  temperature	
  PDF	
  over	
  land	
  in	
  summer,	
  and	
  induce	
  a	
  coupling	
  
	
   	
  	
  	
  	
  	
  	
  	
  between	
  temperature	
  and	
  precipita@on	
  from	
  interannual	
  to	
  mul@-­‐decadal	
  @mescales.	
  	
  

Fig.1:	
  Difference	
  of	
  the	
  four	
  first	
  moments	
  of	
  the	
  distribuEon	
  of	
  daily	
  JJA	
  2-­‐m	
  temperature	
  
between	
  simulaEons	
  DYN	
  and	
  CLIM	
  (DYN	
  minus	
  CLIM)	
  over	
  1971-­‐2000	
  (Berg	
  et	
  al.,	
  in	
  rev.).	
  


