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Summary	
  (CLIVAR	
  Exchanges	
  ar7cle)	
  

•  	
  Process-­‐based	
  diagnos/cs	
  (e.g.,	
  moisture	
  stra/fica/on,	
  salinity	
  stra/fica/on)	
  

•  Need	
  for	
  high-­‐quality	
  observa/ons	
  to	
  constrain	
  model	
  physics	
  (large	
  investment)	
  

•  Coordinated	
  experiments	
  (e.g.,	
  moisture	
  stra/fica/on,	
  salinity	
  stra/fica/on)	
  

•  Close-­‐rela7onship	
  among	
  monsoon	
  researchers	
  and	
  model	
  developers	
  



Despite dedicated efforts by the modeling 
community, the progress in monsoon modeling is 
rather slow. This leads us to wonder if there are 
fundamental limits to realistically simulating the 
AAM monsoon, or if a concerted observational and 
modeling effort can enhance the fidelity of models 
in simulating the monsoon. 



1.   Dry	
  bias	
  over	
  con7nental	
  India	
  –	
  not	
  clear	
  
2.   Rainfall	
  errors	
  over	
  Mari7me	
  Con7nent	
  and	
  tropical	
  west	
  Pacific	
  -­‐	
  unclear	
  

Ma	
  et	
  al.	
  2014,	
  JC	
  

“no	
  SST	
  errors”	
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(a) Specific humidity 1000 – 850 hPa      (b) Specific humidity 700 – 400 hPa  

“issues related to entrainment parameterization in models?” 

Similar to double ITCZ problems in the Pacific (Yukari) 

g/kg	
  



Moisture	
  at	
  all	
  levels	
  covaries	
  with	
  rain,	
  
but	
  variability	
  is	
  mostly	
  above	
  always-­‐moist	
  PBL	
  

(PW	
  is	
  area	
  under	
  the	
  curve)	
  

Moisture	
  (water	
  vapor,	
  cloud)	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Moisture-­‐convec/on	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Cloud	
  -­‐	
  radia/on	
  

“Courtesy	
  –	
  Mapes”	
  

Hamada	
  et	
  al.	
  2015	
  
note	
  similar	
  observa/ons	
  



-5 to +5 days (breaks) 

“sensi7vity	
  to	
  free	
  troposphere	
  moisture	
  varia7ons	
  is	
  not	
  noted	
  in	
  CFSR”	
  
Mohan and Annamalai (2016)	
  



	
  
Vaisala-­‐based	
  observa7ons	
  –	
  encouraging	
  but	
  not	
  conclusive	
  
	
  
Annamalai	
  and	
  Mohan	
  (2016)	
  
	
  
	
  

Radiosonde	
  observa7ons	
  along	
  the	
  monsoon	
  trough	
  (India)	
  



!

Ver7cal	
  distribu7on	
  of	
  diaba7c	
  hea7ng	
  (Q)	
  	
  

1.  Ver/cal	
  Cloud	
  distribu/on	
  
2.  Cloud-­‐radia/on	
  interac/on	
  
3.  Too	
  much	
  shallow?	
  
4.  Too	
  liTle	
  stra/form?	
  
	
  
	
  
	
  
	
  

???	
  

(5o-­‐25oN,	
  60o-­‐100oE)	
  	
  

(Cherchi,	
  Annamalai	
  et	
  al.	
  2014)	
  
(K/day)	
  “moisture-­‐convec7on”	
  feedbacks	
  

Entrainment	
  treatment?	
  



Gross	
  moist	
  stability	
  (GMS):	
  posi/ve	
  entropy	
  gradient	
  at	
  low-­‐levels	
  and	
  omega	
  is	
  posi/ve	
  –	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  GMS	
  is	
  posi/ve	
  -­‐	
  exports	
  MSE	
  (DSE)	
  –	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  nega/ve	
  entropy	
  gradient	
  at	
  mid-­‐high	
  levels	
  and	
  omega	
  posi/ve	
  –	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  GMS	
  is	
  nega/ve	
  –	
  imports	
  low	
  MSE	
  –	
  convec/ve	
  inhibi/on	
  	
  
	
  

“anomalous	
  descent”	
  

“no	
  clear	
  varia/ons	
  in	
  
NCEP”	
  



	
  	
  	
  	
  	
  	
  Mul7	
  –	
  Reanalysis	
  –	
  Mean	
  (precipita7on)	
  minus	
  TRMM	
  	
  

Annamalai and Mohan (2016) 

“no	
  errors	
  in	
  SST”	
  



CMIP3	
  MMM	
  –	
  GPCP	
  	
  

CMIP5	
  MMM	
  –	
  GPCP	
  	
  

(Sperber	
  et	
  al.	
  2013)	
  

JJAS	
  -­‐	
  Precipita7on	
  

(mm/day)	
  

Maritime Continent?  
 
Tropical west Pacific? 
 
Baiu – Japan? 
 
Tibet - ?   



CMIP3	
  MMM	
  –	
  GPCP	
  	
  

CMIP5	
  MMM	
  –	
  GPCP	
  	
  

DJF	
  	
  -­‐	
  Rainfall	
  	
  

Maritime Continent?  



•  Many	
  CMIP	
  models	
  exhibit	
  cold	
  SSTs	
  in	
  the	
  
northern	
  Arabian	
  Sea	
  during	
  winter	
  and	
  
spring.	
  	
  Role of surface fluxes (radiation) 

•  These	
  link	
  a	
  series	
  of	
  coupled	
  biases	
  in	
  the	
  
Indian	
  Ocean.	
  

From	
  Marathayil,	
  Turner,	
  Shaffrey	
  &	
  Levine	
  (2013)	
  Environ.	
  Res.	
  Le4s.	
  



CMIP5	
  MMM	
  errors	
  in	
  barrier-­‐layer	
  thickness	
  (DJF)	
  	
  	
  

“SST-­‐>	
  Pr	
  -­‐>	
  SST”	
  
	
  
Salinity	
  stra7fica7on	
  
	
  
Argo	
  floats	
  (resolu/on)	
  

Mixed-­‐layer	
  <	
  10	
  m	
  

Amala --- Talk  
Debasis – Talk 
  



Li,	
  Xie	
  &	
  Du	
  (2015)	
  

𝐃𝟐𝟎: model error : model error 

Averaged over all the CMIP5 
models, annual-mean D20 in 
the 5−10°S ridge is too deep.  



1	
  km	
  versus	
  3	
  km	
  CMIP5	
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 Precipitation and SST	
  

1.  Regional rainfall zones 
2.  Different SST threshold 
      (tropospheric T/CRH) 
 

Convection – dynamics and thermodynamics 
 
Parameterization schemes – regional dependence?  



Bretherton	
  et	
  al.	
  (2004)	
  

Sensi/vity	
  of	
  precip	
  
to	
  PW/CWV	
  
~50-­‐55	
  mm	
  –	
  precip	
  pick	
  up	
  
	
  
“linear	
  rela7on	
  between	
  
CWV	
  and	
  precip	
  intensity”	
  
	
  
Depends	
  on	
  T	
  trop	
  

Number	
  of	
  observa7ons	
  
over	
  Indian	
  Ocean	
  -­‐	
  least	
  



Ver7cal	
  structure	
  of	
  ver7cal	
  velocity	
  

Sensi/vity	
  to	
  convec/ve	
  parameteriza/on	
  employed	
  
	
  
Omega	
  –	
  determines	
  MSE	
  export	
  and	
  convec/ve	
  forcing	
  
	
  
Large	
  uncertain/es	
  among	
  reanalysis	
  –	
  “direct	
  field	
  observa<ons	
  needed”	
  


