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  Slow	
  and	
  Fast	
  Annual	
  Cycles	
  of	
  the	
  Asian	
  Summer	
  
Monsoon	
  in	
  the	
  NCEP	
  CFSv2	
  



Two	
  key	
  characterisCcs	
  of	
  the	
  Asian	
  monsoon	
  system	
  
1)  A	
  strong	
  annual	
  cycle	
  with	
  a	
  rainy	
  (dry)	
  season	
  in	
  boreal	
  summer	
  (winter)	
  &	
  two	
  transiCons	
  
2)  Abrupt	
  changes	
  on	
  an	
  intraseasonal	
  Bmescale	
  during	
  the	
  rainy	
  season	
  (i.e.,	
  onset	
  of	
  local	
  

rainy	
  season,	
  alternaCve	
  acCve-­‐break	
  cycles	
  of	
  local	
  rainy	
  season)	
  



•  Slow	
  Annual	
  Cycle	
  (SAC)	
  :	
  	
  
a	
  slowly	
  evolving	
  seasonal	
  transi7on	
  
	
  
•  Fast	
  Annual	
  Cycle	
  (FAC)	
  :	
  
a	
  subseasonal	
  component	
  superposed	
  on	
  
the	
  slow	
  annual	
  cycle,	
  which	
  tends	
  to	
  be	
  
phased	
  locked	
  in	
  7me	
  and	
  space	
  

Two	
  key	
  characterisCcs	
  of	
  the	
  Asian	
  monsoon	
  system	
  
1)  A	
  strong	
  annual	
  cycle	
  with	
  a	
  rainy	
  (dry)	
  season	
  in	
  boreal	
  summer	
  (winter)	
  &	
  two	
  transiCons	
  
2)  Abrupt	
  changes	
  on	
  an	
  intraseasonal	
  Bmescale	
  during	
  the	
  rainy	
  season	
  (i.e.,	
  onset	
  of	
  local	
  

rainy	
  season,	
  alternaCve	
  acCve-­‐break	
  cycles	
  of	
  local	
  rainy	
  season)	
  

How	
  well	
  are	
  the	
  SAC	
  and	
  FAC	
  of	
  the	
  Asian	
  monsoon	
  
simulated	
  in	
  the	
  CFSv2?	
  	
  

Linho	
  and	
  Wang	
  (2002,	
  JC)	
  

7me	
  

la7tude	
  



The	
  observaBonal	
  Climatology	
  :	
  	
  
daily	
  NOAA	
  OLR,	
  pentad	
  CMAP	
  precipita'on,	
  daily	
  OISSTv2,	
  daily	
  heat	
  
fluxes	
  from	
  the	
  OAFlux,	
  and	
  the	
  NCEP-­‐DOE	
  reanalysis	
  II.	
  
	
  
The	
  CFSv2	
  climatology	
  :	
  	
  
derived	
  from	
  the	
  last	
  25	
  years	
  of	
  a	
  30-­‐year	
  simula'on	
  star'ng	
  from	
  the	
  
ocean-­‐atmosphere	
  CFSR	
  state	
  on	
  November	
  2,	
  1980	
  	
  

Data	
  

Non-­‐overlapping	
  5-­‐day	
  average	
  to	
  make	
  the	
  pentad	
  data	
  sets;	
  
Cme	
  average	
  for	
  each	
  calendar	
  pentad	
  &	
  remove	
  weather	
  noise	
  (~7.5	
  days)	
  
⇒ the	
  climatological	
  annual	
  cycle	
  (73-­‐pentad	
  dataset)	
  	
  

⇒ the	
  slow	
  annual	
  cycle	
  (SAC)	
  :	
  the	
  first	
  four	
  harmonics	
  	
  
⇒ the	
  fast	
  annual	
  cycle	
  (FAC)	
  :	
  the	
  resul'ng	
  'me	
  series	
  aOer	
  subtrac7ng	
  the	
  SAC	
  

Procedure	
  



PrecipitaCon	
  [mm/day]	
  &	
  wind	
  at	
  850mb	
  

Boreal	
  Summer	
  (MJJAS)	
  Mean	
  States	
  

SST	
  [C]	
  

OBS	
   CFSv2	
  

CFSv2-­‐OBS	
  
CFSv2-­‐OBS	
  



OLR	
  (shading,	
  W/m^2)	
  &	
  Theta_e	
  at	
  850mb	
  (contour,	
  K)	
  

OBS	
  

CFSv2	
  

about	
  17	
  W/m^2	
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Indian	
  Monsoon	
  Region	
  (80°E-­‐100°E)	
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  Annual	
  Cycle	
  

OBS	
   CFSv2	
  

Total	
  Annual	
  Cycle	
  
OLR	
  (W/m^2)	
  

la7tude	
  

7me	
  



Indian	
  Monsoon	
  Region	
  (80°E-­‐100°E)	
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  Cycle	
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  model	
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Indian	
  Monsoon	
  Region	
  (80°E-­‐100°E)	
  

Slow	
  Annual	
  Cycle	
  

*Removed	
  the	
  model	
  bias	
  

Slow	
  Annual	
  Cycle	
  

CFSv2	
  OBS	
  

Target	
  period	
  &	
  area	
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  the	
  FAC	
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Total	
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Indian	
  Monsoon	
  Region	
  (80°E-­‐100°E)	
  
Fast	
  Annual	
  Cycle	
  

OLR	
  (W/m^2)	
  

Northward	
  propaga'ng	
  signal	
  of	
  
both	
  dry	
  and	
  wet	
  phases	
  are	
  well	
  
reproduced	
  by	
  the	
  CSFv2.	
  
	
  
Earlier	
  start	
  of	
  monsoon	
  season	
  &	
  
Long	
  las'ng	
  stronger	
  wet	
  and	
  dry	
  
phases	
  in	
  the	
  CFSv2	
  than	
  the	
  
observa'on	
  

OBS	
  

CFSv2	
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Air-Sea Interaction in the FAC (OBS, 80°E-100°E) 
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Air-Sea Interaction in the FAC (OBS, 80°E-100°E) 
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Air-Sea Interaction in the FAC (OBS, 80°E-100°E) 
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Air-Sea Interaction in the FAC (OBS, 80°E-100°E) 
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Air-Sea Interaction in the FAC (OBS, 80°E-100°E) 
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Over	
  the	
  Indian	
  Monsoon	
  region,	
  the	
  CFSv2	
  tends	
  to	
  
show	
  stronger	
  coupling	
  among	
  ocean	
  surface	
  heat	
  

fluxes,	
  SST,	
  and	
  convec'ons	
  in	
  the	
  FAC.	
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East	
  Asian	
  Monsoon	
  Region	
  (120°E-­‐140°E)	
  

Slow	
  Annual	
  Cycle	
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   CFSv2	
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East	
  Asian	
  Monsoon	
  Region	
  (120°E-­‐140°E)	
  

Slow	
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East	
  Asian	
  Monsoon	
  Region	
  (120°E-­‐140°E)	
  

Slow	
  Annual	
  Cycle	
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East	
  Asian	
  Monsoon	
  Region	
  (120°E-­‐140°E)	
  
Fast	
  Annual	
  Cycle	
  

OBS	
  

CFSv2	
  

OLR	
  (W/m^2)	
  

Northward	
  propaga'ng	
  signal	
  of	
  
both	
  dry	
  and	
  wet	
  phases	
  are	
  also	
  
well	
  simulated	
  by	
  the	
  CSFv2.	
  
	
  
Delayed	
  1st	
  and	
  2nd	
  wet	
  phases	
  &	
  
disorganized	
  wet	
  and	
  dry	
  phases	
  
with	
  weaker	
  intensity	
  in	
  the	
  CFSv2	
  
than	
  observa'on.	
  

la7tude	
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Air-Sea Interaction in the FAC (OBS, 120°E-140°E) 
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Air-Sea Interaction in the FAC (OBS, 120°E-140°E) 
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Air-Sea Interaction in the FAC (OBS, 120°E-140°E) 
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Air-Sea Interaction in the FAC (OBS, 120°E-140°E) 
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Air-Sea Interaction in the FAC (OBS, 120°E-140°E) 
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Over	
  the	
  East	
  Asian	
  Monsoon	
  region,	
  	
  

Weaker	
  coupling	
  among	
  ocean	
  surface	
  heat	
  fluxes,	
  
SST,	
  and	
  convec'ons	
  in	
  the	
  CFSv2	
  !	
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Indian	
  Monsoon	
  Region	
   East	
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  Monsoon	
  Region	
  

SST	
  Bias	
  (CFSv2	
  –	
  OBS)	
  

A	
  Reversed	
  Behavior	
  of	
  Air-­‐Sea	
  Interac'on	
  in	
  the	
  CFSv2,	
  Why?	
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Indian	
  Monsoon	
  Region	
   East	
  Asian	
  Monsoon	
  Region	
  

SST	
  Bias	
  (CFSv2	
  –	
  OBS)	
  

A	
  Reversed	
  Behavior	
  of	
  Air-­‐Sea	
  Interac'on	
  in	
  the	
  CFSv2,	
  Why?	
  	
  

Warm	
  SST	
  bias	
  in	
  spring	
  	
  
⇒ Earlier	
  monsoon	
  onset	
  
⇒ more	
  enhanced	
  1st	
  wet	
  and	
  2nd	
  dry	
  

phases	
  by	
  stronger	
  air-­‐sea	
  coupling	
  
⇒ in	
  turn,	
  reducing	
  warm	
  SST	
  bias	
  
⇒ cold	
  SST	
  bias	
  a`er	
  summer	
  monsoon	
  

Cold	
  SST	
  bias	
  in	
  spring/early	
  summer	
  	
  
⇒ Delayed	
  monsoon	
  onset	
  
⇒ less	
  enhanced	
  and	
  disorganized	
  	
  1st	
  

wet	
  and	
  2nd	
  dry	
  phases	
  by	
  weaker	
  
air-­‐sea	
  coupling	
  

⇒ warm	
  SST	
  bias	
  in	
  fall	
  



v  The	
  CFSv2	
  is	
  capable	
  of	
  reproducing	
  the	
  climatological	
  Slow	
  Annual	
  Cycle	
  (or	
  
slow	
  seasonal	
  transi'on)	
  of	
  the	
  ASM.	
  

v  The	
  northward	
  propaga'on	
  of	
  both	
  wet	
  and	
  dry	
  phases	
  in	
  the	
  Fast	
  Annual	
  
Cycle	
  of	
  the	
  ASM	
  is	
  also	
  well	
  simulated	
  by	
  the	
  CFSv2.	
  

EvaluaCon	
  of	
  the	
  simulated	
  SAC	
  and	
  FAC	
  of	
  the	
  Asian	
  Summer	
  
Monsoon	
  (ASM)	
  by	
  the	
  CFSv2	
  	
  

Indian	
  Monsoon	
  Region	
   East	
  Asian	
  Monsoon	
  Region	
  

Compared	
  to	
  the	
  observa'on,	
  
ü  Warm	
  SST	
  bias	
  prior	
  to	
  the	
  ASM	
  
ü  Earlier	
  onset	
  of	
  the	
  ASM	
  
ü  Stronger	
  Air-­‐Sea	
  coupling	
  
ü  Cold	
  SST	
  bias	
  a`er	
  the	
  ASM	
  

Compared	
  to	
  the	
  observa'on,	
  
ü  Cold	
  SST	
  bias	
  prior	
  to	
  the	
  ASM	
  
ü  Delayed	
  onset	
  of	
  the	
  ASM	
  
ü  Weaker	
  Air-­‐Sea	
  coupling	
  
ü  Warm	
  SST	
  bias	
  a`er	
  the	
  ASM	
  

Our	
  results	
  suggest	
  that	
  reducing	
  climatological	
  SST	
  bias	
  in	
  the	
  model	
  
may	
  be	
  a	
  primary	
  factor	
  for	
  beber	
  predic'on	
  of	
  the	
  Asian	
  summer	
  
monsoon.	
  	
  


