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Anthropogenic	
  increases	
  in	
  greenhouse	
  gases	
  and	
  
stratospheric	
  ozone	
  deple3on	
  are	
  expected	
  to	
  lead	
  to	
  a	
  
la3tudinal	
  intensifica3on	
  and	
  redistribu3on	
  of	
  global	
  
precipita3on.	
  	
  Detec3ng	
  these	
  mechanisms	
  in	
  the	
  
observa3onal	
  record	
  is	
  complicated	
  by	
  strong	
  climate	
  noise	
  
and	
  model	
  errors.	
  	
  	
  

•  Define	
  indicators	
  of	
  thermodynamic	
  T(t)	
  and	
  dynamic	
  D(t)	
  
change	
  at	
  peaks	
  and	
  throughs	
  of	
  zonal	
  average	
  P.	
  

•  Calculate	
  from	
  climate	
  simula3ons	
  the	
  mul3variate	
  
fingerprint	
  FM(D,T)	
  (expected	
  response	
  to	
  human	
  forcings).	
  	
  

•  Projects	
  observed	
  and	
  simulated	
  	
  data	
  onto	
  FM(D,T).	
  
•  Eliminates	
  strong	
  climate	
  noise	
  and	
  model	
  errors.	
  

•  Our	
  approach	
  shows,	
  for	
  the	
  first	
  3me,	
  that:	
  
•  The	
  simultaneous	
  changes	
  global	
  precipita3on	
  predicted	
  
by	
  theory	
  are	
  detectable	
  in	
  observa3on.	
  
•  These	
  observed	
  changes	
  are	
  unlikely	
  to	
  arise	
  purely	
  from	
  
natural	
  climate	
  variability.	
  
•  External	
  influences,	
  probably	
  anthropogenic	
  in	
  origin,	
  are	
  
responsible.	
  

Fig.	
  1:	
  Fingerprint:	
   leading	
  EOF	
  of	
   the	
  cross-­‐variance	
  matrix	
  of	
   the	
  mul3-­‐
model	
  average	
  DH(t)	
  and	
  TH(t)	
  from	
  historical	
  simula3ons	
  forced	
  by	
  human	
  
ac3vi3es.	
  B.	
  Primary	
  noise	
  mode	
   (ENSO).	
  Arrows:	
  distor3on	
  of	
   the	
  curve	
  
that	
  result	
  from	
  the	
  fingerprint	
  and	
  noise	
  func3ons.	
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Fig.	
  2:	
  Signal-­‐to-­‐noise	
  ra3o	
  of	
  forced	
  P	
  change	
  in	
  observa3ons	
  
(red	
  line)	
  and	
  various	
  sets	
  of	
  climate	
  simula3ons.	
  

Sampling	
  distribu3on	
  
of	
  33-­‐year	
  unforced	
  
trend	
  from	
  20ky	
  noise	
  
3me-­‐series.	
  There	
  is	
  
no	
  reason	
  for	
  the	
  
fingerprint	
  to	
  project,	
  
except	
  by	
  chance	
  	
  

33-­‐year	
  observed	
  
trend	
  cannot	
  be	
  
explained	
  by	
  internal	
  
variability,	
  but	
  
matches	
  predic3ons	
  
generated	
  by	
  
simula3ons	
  including	
  
both	
  natural	
  and	
  
human	
  forcings.	
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