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Seasonal mean JJAS 
precipitation  

Annual cycle of 
Precipitation  over 
central India 

Daily 
Precipitation 
over India for 
two years 



Daily rainfall (mm/day) 
over central India for 
three years, 1972, 1986 
and 1988 

The smooth curve shows 
long term mean. 

Red shows above normal 
or wet spells while blue 
shows below normal or 
dry spells 

Active-break spells (cycles) 

Indian Meteorologists were 
aware of sub-seasonal 
fluctuations  in the form of 

For a long time. e.g. 
Ramamurthy, 1962, 1969 



MISO is not confined only within India 
and has a large scale spatial structure 



    (GPCP JJAS) 

MISO evolution  
one half cycle 

Courtesy : 
Suhas E 

Ø Large east-west 
scale 
Ø Meridional dipole 
Over Indian region 
Ø NW-SE tilt of the 
rainband  
 





Regressed OLR 
(shaded) and 850 
hPa relative 
vorticity (contour) 
w.r.t a reference 
time series of 10-90 
day filtered OLR 
over CI 

Large scale structure: 
relationship 
between OLR and 
850 hPa vorticity 

Goswami, 2005: ISV 
book 



Ø MJO : First EEOF mode (pc1 and pc2) from time 
filtered (25-90 days) OLR during DJF 

Ø BISO : First EEOF mode (pc1 and pc2) from time 
filtered (25-90 days) OLR from JJA 



MJO captures the eastward propagating mode and BISO 
is a northward propagating mode  (Kikuchi et al. 2012) 







A New MISO Index and Real time 
Monitoring of MISO in precipitation 

Ø Even June-Lee et al. index, in addition to require 2 

modes for representation of MISO, does not adequately 

represent the Indian summer MISO, misses 30-60 day 

variance. 

Ø All efforts so far do not use precipitation directly. To 

represent the active/break spells, an MISO index in 

precipitation will be more useful. 

Ø All existing indices used so far are inadequate in 

capturing the variance of the northward propagating 

MISO  



An Indian monsoon intraseasonal 
oscillations (MISO) index for real time 
monitoring and forecast verification 
 
E. Suhas • J. M. Neena • B. N. Goswami 
Clim Dyn 
DOI 10.1007/s00382-012-1462-5 



Lag composite of 
MISO of 25-90 day    
(GPCP JJAS) 
precipitation w.r.t. 
a reference time 
series of 25-90 
day filtered precip 
averaged over 
(10.5N–25.5N, 
70.5E–85.5E) 

MISO evolution  
one half cycle 



Methodology	  
§ 	  Remove	  climatological	  mean	  and	  annual	  cycle.	  	  

§ Average	  rain	  anomalies	  between	  60E-‐	  100E.	  

§ 	  Augment	  the	  original	  anomaly	  data	  with	  different	  ?me	  lags	  

§ 	  Compute	  the	  EOFs	  (eigen	  values)	  of	  the	  augmented	  matrix.	  

§ 	  Projec?on	  of	  1st	  two	  EEOFs	  on	  to	  the	  data	  gives	  corresponding	  PCs.	  	  

Conceptual framework behind developing this Index 

Ø Choose GPCP daily precipitation analysis to apply directly to 
rainfall 
Ø Employ EEOF technique to capture the northward propagation 
Ø Average between 60.5 and 95.5 E as interested in capturing 
the northward propagation  











Phase composite of  
precipitation 
anomaly 



During Boreal winter, the ISV 
does not project on the MISO. 



  
Improvement of forecast skill of active-break spells 

of Asian summer monsoon in a coupled ocean-
atmosphere model 
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Forecast skill of CFS  



EEOF1 of GPCP, 
CFSv1 and CFSv2 





Northward 
propagating 
space-time spectra 
of precipitation in 
a) GPCP 
b) CFSv.1 
c) CFSv.2 



IITM MISO Forecast System and  R & 
D to improve the skill of MISO 
forecasts  



Model Resolution Forecast Lead Hindcast period 

CFSv2 T126~100km 45 days 
-11-Member 
ensemble 

2001-2012  
(28 Start dates in one year 
during monsoon season) 

CFSv2 T382~38km 45 days 
-11 member 
ensemble 

2001-2012  
(28 Start dates in one year 
during monsoon season) 

GFS -do- 45 days -do- 
GFSbc (Forced by Bias 
corrected CFSv2 SST) 

-do- 45 days -do- 

Atmospheric and 
oceanic initial 
conditions 

obtained from National Climate Data Centres (NCDC) 
NOAA Operational Model Archive and Distribution System 
(NOMADS) online model data server.  
 

Variable Dataset Reference 

Precipitation 
IMD Rajeevan et al. 2006 

TRMM-merged Mitra et al., 2003 
Reanalysis Data NCEP Reanalysis data Kalney et. al 1996 

SST OISST http://www.ncdc.noaa.gov/sst/ 



  
 

CFSv2 T126/T382  
vs 

 GFSbc 

Hindcast Statistics 



T382	  Seasonal	  
Climatology	  	  
Has	  improved	  



CC & RMSE For 
T126, T382 & 

GFSbc Over MZI 

ROC	  Area	  Under	  Curve	  
for	  Forecasted	  

categories	  For	  MZI	  



MISO 



Monitoring	  for	  2007	  and	  2009	  



Skill in predicting MISO Indices  
(CC between predicted and observed MISO indices) 

All IC 

Active IC 

Break IC 



Predicted and observed rainfall anomalies and probabilities 
for three categories over monsoon zone During 2011 



Bias Correction as well as High Resolution  
 
q  The dry bias over the Indian land region slightly  reduced in all lead 

pentads in the bias corrected GFSv2 compared to CFSv2T126. While 
T382 run exhibit large reduction in climatological biases … But no 
significant operational usefulness of CFST382 forecast over T126 
forecast of MISO. 

q  The pentad lead prediction skill of ensemble mean deterministic and 
probabilistic forecasts from GFSv2bc is significantly higher than 
CFSv2, both T126 and T382, for all lead pentads.  

q  GFSv2bc is superior to CFSv2 in predicting large-scale low-frequency 
components of MISO and is clearly an artifact of correcting the SST 
bias. Biases are similar in T126 and T382 resolutions. 

 

q  The real-time dissemination of extended range (~3 weeks) forecast in 
the high resolution NCEP CFSv2 framework could be a challenging 
task for the operational forecasters, owing to time constraints and 
computational management. 

… contd	  

Outcome of the experiments 



GFSbc 

CFS 

As far as Users concerned, Forecast consensus is very much Important 



CGEPS 

Obtain OCEAN/ATMOS 
IC’s from  

NCEP/NCMRWF/ 
INCOIS 

Generate  
Ensembles  

of IC’s 

CFSv2 T126 
11 member  

FCST 

Correct SST 
Bias 

GFSv2bc T126 
21 member  

FCST 

CFSv2 T382 
11 member 

FCST 

Correct SST 
Bias 

GFSv2bc T382 
21 member 

FCST 

 Generation of Multi-model Ensemble (MME) Forecasts Using 
CFST126, CFST382 and GFSbc 

CFS	  Grand	  Ensemble	  Predic?on	  System	  (CGEPS)	  



Preliminary	  results	  from	  MME:	  



Real time prediction strategy 
&  

Skill of real time predictions 



q Ocean and Atmospheric Initial conditions (IC) are obtained from 
NCEP. 

q Technique was developed to perturb ICs to generate 11 members. 
(Abhilash et al., 2013) 

q Model has been integrated at low resolution (T126, ~100km, termed 
as CFS126 hereafter; Abhilash et al. 2014) and high resolution (T382, 
~38km, termed as CFS382 hereafter; Sahai et al. 2014) for 45 days 
for each 11 ICs at five day intervals starting from 16th May (Eg: 16 
May, 21 May, 26 May, 31 May, 05 Jun........etc). Climatology has been 
calculated from 10-year hindcast. 

q Bias correction in daily forecasted SST from CFS126 for each lead 
time has been done by removing the daily mean bias for 
corresponding lead time (model climatology-observed climatology) 
from forecasted daily SST (Sahai et al., 2013; Abhilash et al., 2013). 
This model is hereafter termed as GFSbc. 

Strategy: Ensemble Prediction using CFSv2 



Generation of CGEPS 

§  In the formulation of MME from CGEPS, 21 
ensembles of GFSbc, 11 ensembles of CFS126 and 
11 ensembles of CFS382 have been used (Abhilash 
et al. 2014, submitted).  

§  Hence, total 43 ensemble members were produced 
independently from 3 variants of CFS model to 
generate the CGEPS and forecast consensus is done 
by making simple average among the members. 



Daily	  evolu?on	  of	  rainfall	  and	  wind	  at	  850hPa	  



Forecast Verification 
2013 

 
Chief features: 
 
1.  Monsoon Onset 
2.  Rapid advancement 
3.  Extreme events 
4.Delayed withdrawal  

 



Rapid	  advancement	  of	  
monsoon	  was	  well-‐

predicted	  from	  5	  Jun	  IC	  

Wind	  
(850hPa)	  

and	  Rainfall	  

NCEP/TRMM	  
Analysis	  

CFSv2	  	   GFSbc	  



Uttarakhand Heavy Rainfall event is captured 10-12 days in 
advance from 05 June Initial Condition 



Revival	  of	  monsoon	  was	  well	  predicted	  from	  08	  September	  IC,	  which	  helped	  	  
IMD	  in	  declaring	  the	  withdrawal	  of	  monsoon	  

CFST382	  	  

CFST126	  	  

GFSbc	  	  



CFS, CEI 



GFSbc, CEI 



CFS GFS 



Monitoring of MISO and verification 



Pentad correlation skills, RMSE 
and RMSE skills over 5 
homogeneous regions 



Summary 

Ø  ESSO-‐IITM	   has	   developed	   indigenous	   Ensemble	   Predic?on	   System	   (EPS)	  
based	  on	  CFSv2.	  Hindcast	  skill	   for	  2001-‐2010	  and	  forecast	  for	  2011-‐2012	  
has	  shown	  poten?al	  for	  ERF	  upto	  20	  days.	  	  	  

Ø  Role	  of	  Bias	  correc?on	  in	  forecasted	  SST	  from	  CGCM	  shows	  improved	  skill	  
in	  the	  extended	  range	  predic?on.	  	  

Ø  Increasing	   model	   resolu?on	   alone	   will	   not	   improve	   the	   predic?on	   of	  
MISO	  

Ø  Monitoring	   of	   large-‐scale	   monsoon	   intraseasonal	   oscilla?ons	   is	   being	  
done	  using	  newly	  developed	  MISO	  index.	  

Ø  The	  ERP	  skill	  from	  MME	  using	  CGEPS	  further	  improved	  and	  encouraging.	  	  

Ø  Real-‐Time	  Dynamical	  Extended	  Range	  Forecast	  using	  Ensemble	  predic?on	  
System	   developed	   in	   NCEP	   CFSv2	   and	   which	   is	   being	   updated	   every	   5	  
days	  and	  displayed	  in	  IITM	  website:	  h`p://www.tropmet.res.in/erpas/	  



Conclusion 
 
 
Ø MJO indices are inadequate to represent MISO 

Ø A new and effective MISO index has been proposed by 
Suhas et al. (2012) that is very useful in real time 
monitoring as well as forecast verification of MISO 

Ø The coupled models have become good to give useful 
MISO forecast about 20 days in advance! 



Thank You 



Real Time Monitoring of Monsoon Intraseasonal 
Oscillation during 2012 using a high Resolution merged 
rainfall data  
 
Rajib Chattopadhyay, A. K. Mitra, A. K. Srivastava, A. K. Sahai1 
and B. N. Goswami1 
Indian Institute of Tropical Meteorology, Pune, India 
NCMRWF,NOIDA, New Delhi, India 
India Meteorologial Department, Pune, India 
 
Ø GPCP is not available on real time. Hence, a merged precip data 
set has been prepared with TRMM and IMD gridded product 
Ø With historical data over the TRMM period, this data is available 
on real time  throughout the year 
Ø MISOs during 2012 were monitored in real time with our Index  











Pentad	  wise	  rainfall	  predicted	  by	  MME	  



Area	  averaged	  rainfall	  over	  homogeneous	  regions	  predicted	  by	  MME	  



Verifica?on	  of	  area	  averaged	  rainfall	  over	  homogeneous	  regions	  predicted	  by	  MME	  

CEI 



Verifica?on	  of	  area	  averaged	  rainfall	  over	  homogeneous	  regions	  predicted	  by	  MME	  

MZI 



Verifica?on	  of	  area	  averaged	  rainfall	  over	  homogeneous	  regions	  predicted	  by	  MME	  

NEI 



Verifica?on	  of	  area	  averaged	  rainfall	  over	  homogeneous	  regions	  predicted	  by	  MME	  

NWI 



Verifica?on	  of	  area	  averaged	  rainfall	  over	  homogeneous	  regions	  predicted	  by	  MME	  

SPI 



Northward 
propagation 
and Eastward 
propagation 

Kikuchi and 
Wang, 2012 



•  While Kikuchi et al. 2012 demonstrate that 
MJO and BISO are distinct, their method of 
separation is not useful for Real Time 
monitoring and forecast verification as they use 
time filtering.  



Their Method 

•  MV-EOF analysis of daily mean OLR and 
850 hPa zonal winds (U850) 

•  1st May to 31st October, over the ASM 
region (10S-40N,40-160E) 

•  Anomalies obtained by removing the 
slow annual cycle (mean and first three 
harmonics) as well as effect of 
interannual variability by subtracting the 
mean of last 120 days. 







The problem! 
PC3 and PC4 captures little of 30-60 day variance, an important 
component of MISO!! 









Madden-Julian Oscillation  
(a.k.a. Intraseasonal, 40-50, 30-60 Day Oscillation) 

Madden & Julian, 1972	


1987/88	


•  Intraseasonal Time Scale: ~40-60 days 
•  Planetary-Scale: Zonal Wavenumbers 1-3 
•  Baroclinic Wind Structure 
•  Eastward Propagation  

ü E. Hem: ~5 m/s, Surf.+Conv.+Circ. Interactions 
ü W. Hem: ~ > 10 m/s, ~Free Tropospheric Wave 

•  Tendency to be Equatorially Trapped 
•  Strong Seasonal Dependence:                 

ü  NH Winter: Eastward Propagation  
ü  NH Summer: ~Northeast Propagation 

•  Significant Interannual Variability 
•  Potential Role of Ocean/SST Feedback 
•  Convection Has Multi-Scale Structure 
•  Significant Remote and Extra-Tropical Impacts 

U200	


U850	


Cloudy	

Low  OLR	


Clear	

High  OLR	


Rainfall	


Typical Variables Used for MJO Analysis	




The 1st and 2nd 
Combined EOF’s Capture the 

Equatorial Convective and 
Baroclinic Structure of the MJO  

Basic 
Dynamical 
Structure 



PC’s of 1st and 2nd Combined 
EOF’s 

Significant Power at 50 days  
90-deg out of phase and Coherent (0.77) 



PC’s of 1st and 2nd Combined 
EOF’s 

Significant Power at 50 days  
90-deg out of phase and Coherent (0.77) 



Rainfall (x,y) 
MJO Life-Cycle 

Composites 
Zonal Wind (x,p) 



The RMM1 and RMM2 indices Do Not capture any 
variance over the Indian continent! 



Ongoing and Future works: 

Preliminary results: 
ROC 
& 

AUC 



Standard Forecast Verification: Bivariate correlation and RMSE 
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Summary & Conclusion 
•  The	   improvement	   in	  northward	  propagation	   in	  CFSv2	   is	  not	  only	  
due	   to	   improvement	   in	   physics	   in	   the	   atmospheric	   component.	  	  
Air-‐sea	   interaction	   contributes	   signi>icantly	   to	   northward	  
propagation.	  

•  Even	   with	   the	   presence	   of	   conducive	   vertical	   wind	   shear,	   the	  
absence	   of	   humidity	   gradient	   and	  moistening	   of	   the	   atmosphere	  
column	   north	   of	   convection	   hinders	   northward	   movement	   of	  
convection	  in	  GFS.	  	  

•  This	   moistening	   mechanism	   works	   only	   in	   the	   presence	   of	   an	  
active	  ocean.	  	  	  

•  In	   CFSv2,	   the	   lead-‐lag	   relationship	   between	   the	   atmospheric	  
>luxes,	   SST	  and	  convection	  are	  maintained,	  while	   such	   lead-‐lag	   is	  
unrealistic	  in	  the	  uncoupled	  simulations.	  	  	  

•  This	   leads	   to	   the	   conclusion	   that	   high	   frequent	   and	   interactive	  
ocean-‐atmosphere	   coupling	   is	   a	   necessary	   and	   crucial	   condition	  
for	   the	   reproducing	   realistic	   northward	   propagation	   of	   MISO	   in	  
this	  particular	  model.	  


