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Broad Division of the talk
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• Extremes – types and recent decadal 

conditions
• Changing drivers

• Changing Links
• Some new results – Extreme Chennai event 

Nov.-Dec. 2015
Conclusions



Extremes

• Can be of seasonal scale – or transients.
• Droughts and Floods
• Weakening depressions
• Change in frequency or intensity in tropical 

cyclones during the OND season.



And tropical Oceans..

• The changing ENSO Characteristics.
• canonical ENSO  & ENSO Modoki

• Basin-wide warming manifestations in the tropical Pacific 
during 2009 & 2014 

• Indian Ocean basinwide warming
• Decadal modulation of the Indian Ocean 

Dipole
• Atlantic also receiving lot of attention.



Time series of count 
over CI

Low & Moderate events

Heavy events (>10cm)

V. Heavy events (>15cm)

Goswami et al., 2006



Epochal increment between  1970-1986  and  1987-2003 for highest maximum 
temperature in ˚C,  (TXx, top-left); lowest maximum temperature in ˚C,  
(TXn, top-left); highest minimum temperature in ˚C,  (TNx, bottom-left) and lowest
minimum temperature in ˚C,  (TNn, bottom-left)    

Revadekar et 
al. (2011) 



Guhathakurtha and Rajeevan, 2006:  Trends in 
the rainfall pattern over India (1901-2003)

Significant negative trends: Kerala, Jharkhand, 
Chhattisgarh 

Spatial map of linear trend:  JJAS rainfall

APHRODITE
1951 - 2007 

IMD
1951 - 2007 

Courtesy: 
Krishnan



• Malik et al. (GRL, 2016):
• quantile regression “that avoids making any 

subjective choices on spatial, temporal, or 
intensity pattern of extreme rainfall events”

“…….Our analysis divides the Indian monsoon region 
into climatic compartments that show different and 
partly opposing trends. These include strong trends 
towards intensified droughts in Northwest India, 
parts of Peninsular India, and Myanmar; in contrast, 
parts of Pakistan, Northwest Himalaya, and Central 
India show increased extreme daily rain intensity 
leading to higher flood vulnerability.”



Prajeesh et al., 2013, Scientific 
ReportsMishra 2013, J. Earth Sci. Clim. 

Change



JJAS Partial Corr. of GPCP rainfall  With 
(a) EMI  (b) NINO3 © IODMI

Ashok et al., 2007

AGCM sensitivity experiments confirm
the suggested teleconnections and
mechanism in tropics (Ashok et al., GRL
2001; 2009; J. Clim 2004; )

(c)

(a) 
(b)



Correlation with land rain, temperature

•Floods to the west, droughts 
to the east.

•Floods over the monsoon 
trough

•warmer temperatures and 
droughts over extratropics

From Saji & Yamagata, 
2003



Recent strengthening of the IOD impact on the 
ISMR extremes Krishnaswamy et al., 2014, Clim. Dyn.



Correlation of SST and WWV indices with ISMR during JJAS. For 30
years, the critical value for two-tailed significance is 0.306 and for 51
years is 0.276 at 95% confidence level

Slide Courtesy: Feba Francis, UoH



Regression of winds during JJAS with ISMR 

Slide Courtesy: Feba Francis, UoH



Girishkumar and Ravichandran 2012 JGR



Modoki, Indian Ocean Dipole, and western North Pacific typhoons: Possible implications for extreme 
events

Journal of Geophysical Research: Atmospheres
Volume 116, Issue D18, D18108, 23 SEP 2011 DOI: 10.1029/2011JD015666
http://onlinelibrary.wiley.com/doi/10.1029/2011JD015666/full#jgrd17133-fig-0003

Pradhan et al., 
2011
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Indian Ocean Warming and decreasing Land 
Ocean contrast, and monsoon rainfall..

Roxy et al.
2015



Preliminary results on Chennai events



Prajeesh et al., 2013, Scientific 
Reports

Mishra 2013, J. Earth Sci. Clim. 
Change

Increasing trend in tropical 
cyclones (TC) in BoB (Mishra 
2013), Balaguru et al. (2014), 
though there is a weakening 
frequency in monsoon 
depressions (Prajeesh et al. , 
2013)



The BoB SST warming trend

BoB shows an increasing 
SST trend since the 
beginning of 20 century, 
though we need to be 
careful about the quality of 
the data. Could this be the 
reason for increasing trend 
in the TCs and extreme 
events? In fact, analysing 
datasets since 1980s, 
Balaguru et al. conjecture 
the role of increasing BoB 
temperature in increasing 
the frequency of the TCs.

Slide Courtesy: A. Boyaj

Preliminary results on Chennai events (Courtesy: A. Boyaj)



Correlation with IMD rainfall and 
detrended BoB SST during 
November  month.

.

Correlation of detrended NINO3 index and
GPCC rainfall data during OND months.

The seasonal rainfall for the NE 
monsoon also seems to be 
more related to the BoB SST 
rather than El Nino for the 
period of analysis. 

Slide Courtesy: A. Boyaj



Did the 2015 El Niño or the BOB warming trend play a role in the
extremity of the Chennai event?

To find an answer, we made two experiments, by changing the
domain as follows, with WRF model at 50 km resolution, with GFS
lateral boundary conditions, and observed SST as lower boundary
conditions.

1.Indian Ocean theatre experiment.

2. Indo-Pacific Ocean theatre experiment.



Data and Methodology 
Datasets:

Observation data from TRMM about 27Nov-06Dec,2015 at 50km resolution.

HadISST data for the period 1871-2014.

GPCC rainfall data from 1960-2013.

Gridded Indian rainfall datasets  25km resolution the period of 1901-2014 (Rajeevan 
et al).

GFS data for initial boundary conditions for the WRF simulations.

Methodology:

Run the WRF model for 7 days since 29Nov-06Dec,2015, used GFS data for initial 
boundary conditions.

Plotted time series area average  and compare observation daily rainfall data and 
WRF  simulation rainfall data.  



Observed daily  rainfall  from TRMM  period of 30Nov-02Dec  2015.

Daily rainfall WRF simulated in the Indian theatre experiment  period of 30Nov-02Dec 2015 



Rainfall evolution from (left) TRMM (middle) Indo-pacific theatre experiment (iii) Indian 
theatre experiment, area-averaged over 780 E-820E and 110N-140N.

Results and Discussions:



WRF is able to reproduce broad features of Chennai extreme 
event. The model also simulates the onset and well though it peaks 
and weeks a day later than the observation.

The only Indian Ocean extent simulates an unrealistic 
02-03Dec 2015 peak.

Preliminary Conjuncture:

These results suggest that the increasing SST trend in the BoB 
may have been instrumental in the extremity of the event.

If anything, the signals from the concurrent El Niño have  
tempered the extremity down.

Some other higher  simulations have been carried out 
by Subimal and Anjana, and a few more at Hyderabad



Pottapinjara et al., 
2014

The warm phase of Atlantic Zonal Mode decreases the 
frequency of monsoon depressions

Composite of JJA SST 
anomalies during the 
cold and warm phases 
of AZM (top panel) 
and the corresponding 
monsoon depression 
tracks (bottom panel) 
during the period 
1975-2012.



SOI –Index 

Principal Components of Tropical Pacific  SSTA (1979-2009)

Top: A hitherto unseen anomalous basin-wide warming from May 2009 through April 2010

•Bottom: The SOI is one of the weakest as compared to the
canonicals ENSOs since 1950s.

Similar  SST 
conditions seen in 
June-July 2014

Ashok et al 2012



Rainfall anomalies during JJAS 2009
(a) Observed (b) simulated in an AGCM 
experiment. 

Precipitation patterns 
affected worldwide. 
India faced a severe 
drought(77%) in 2009 
and received deficient 
rainfall(88%) in 2014



Precipitation and 850hPa wind anomalies for JJAS 2009

Precipitation(shaded)                           Winds(vectors)                                                               
winds(streamlines)

H

Jha, A., K. Ashok, T. P. Sabin, M. Roxy, & R. Krishnan, 2016 
-to be submitted to GRL



Tropical teleconnection

Anomalous Walker cell                                                                                                        JJ2014

 Walker cell for June-July 2014

Jha, A. et al. 2016 
-to be submitted to GRL



200hPa Velocity Potential & Divergent wind anomalies

June-July 2014Anomalous Hadley cell                               JJ2014

Hadley cell for June-July 2014

Subsidence over Indian landmass

JJAS 2009

Jha, A., K. Ashok, T. P. Sabin, M. Roxy, & R. Krishnan, 2016 
-to be submitted to GRL



OBS./ REA.
CMIP3
CMIP5

Characteristics of simulated Indo-Australian summer monsoon rainfall

Spread in reanalyses.

Large spread in simulated 
monsoon rainfall 
characteristics.

No significant differences 
between CMIP3 and CMIP5 
multi-model means except for 
the seasonal cycle (slightly 
better in CMIP5)

Mean
DJFM

Interannual
Variability

Seasonal
cycle

Upper 
and lower 

PDF 
quartiles

Jourdain et al., 2013



Fig.A  Lag correlation between Land-Only monsoon rainfall over India (LIND)  averaged in JJAS of year 0 and 
monthly NINO3.4 values (months on the X-axis). Thick lines are the means over the observations/reanalyses 
(black), CMIP3 (red), and CMIP5 (green). Semi-transparent areas show the upper and lower quartiles. The dashed 
blue thick line represents APHRODITE HadISST. The yellow area indicates the reference time (t = 0), and its width 
shows the JJAS months over which each index is averaged. The black dashed lines represent the 90 % significance 
of correlation coefficients for a single time-series of 150 years.

•The multimodel mean JJAS Indian monsoon rainfall is under-estimated by ~15 
% in the CMIP3 and CMIP5 simulations.
•In both CMIP3 and CMIP5 simulations, the relatively good skill of the multi-
model mean hides a wide spread in the mean monsoon rainfall, across 
individual CMIP models: from nearly no rainfall to twice the observed rainfall. 
The spread, as estimated by the standard deviation, is 22 % higher in the 
CMIP5 than the CMIP3
models for LIND

Jourdain et al., 2013



Key points
– Changes in the amplitude of ENSO-driven SST variability in response to 

global warming are uncertain

– However: 
• Global warming interferes with the impact the El Niño sea-surface 

temperatures have on rainfall
• This interference causes robust changes in El Niño’s impact on 

rainfall
• Changes include an intensification of El Niño-driven west Pacific 

drying and El Niño-driven rainfall increases in the central and 
eastern Pacific

– A big surprise!

– Future changes to ENSO clearer than previously thought

Power et al., Nature, 2013



Thank You
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