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*A report on the international workshop
entitled ‘Onset of Indian Summer Monsoon:
Theory and Prediction’ held at the Divecha
Centre for Climate Change (DCCC), Indian
Institute of Science, Bengaluru, during 25 and
26 July 2019 jointly organized by DCCC and 
Future Earth South Asia programme of the
Ministry of Earth Sciences, Government of
India. 

MEETING REPORT 
 
Indian summer monsoon* 
 
Will the onset of the Indian summer 
monsoon change due to increased con-
centration of anthropogenic aerosols? 
What should be an ideal definition of the 
onset of monsoon? How will the onset of 
the Indian monsoon change in the future? 
These were some of the key questions 
that were discussed in a workshop held 
recently. 
 In the inaugural lecture, P. V. Joseph 
(Cochin University of Science and Tech-
nology) discussed variations in the onset 
of monsoon over Kerala in the atmo-
sphere and oceans. He showed how 
moisture content of the atmosphere has 
to build up to 40 kg/m2 before the onset 
of monsoon. He also showed how the 
date of pre-monsoon rain peak over  
Kerala can be used to forecast the date of 
monsoon onset in that state. He argued 
that the long-term variations of onset 
date over Kerala are associated with the 
north–south gradient of sea surface tem-
perature (SST) in the Pacific and Indian 
Oceans. 
 The significance of thermodynamic 
pre-conditioning of the atmosphere for 
onset of summer monsoon was high-
lighted by Arindam Chakraborty (Indian 
Institute of Science (IISc), Bengaluru). 
He showed through numerical simula-
tions that onset occurs only after moist 
static energy of the lower troposphere 
crosses a certain threshold. Using the 
past seven decades of observations, he 
argued that higher than normal pressure 
over western Asia during April–May de-
lays the onset of monsoon over central 
India. This is because of the decrease in 
low-level winds and moisture transport 
that essentially decreases surface moist 
static energy. Based on this theory, a 
model for real-time prediction of the on-
set of summer monsoon over Kerala was 
constructed that predicted correctly the 

7-day delay in the onset of monsoon in 
2019. 
 V. Krishnamurthy (George Mason 
University, USA) depicted the results 
from coupled model simulations to fore-
cast the onset of Indian summer mon-
soon. He used two models: one with 
54 km and another with 16 km resolution 
for the atmosphere. Although the clima-
tology and annual cycle of rainfall in the 
models were reasonably good, both pre-
dicted earlier than observed onset of 
monsoon over Kerala. SST was found to 
be warmer in the models before the on-
set. The key conclusion made from this 
study was that the higher resolution 
model (16 km) did not show improve-
ment over the lower resolution model 
(54 km). 
 The local onset and demise (with-
drawal) dates of monsoon were presented 
by Vasu Misra (Florida State University, 
USA). He showed that knowledge of 
climatological daily time series of rain-
fall and daily evolution of rainfall for a 
particular year, will help construct the 
onset and demise dates of monsoon  
locally. This method also helps to con-
struct maps of progress of onset isoch-
rones during the early phase of summer 
monsoon. Interannual variations of the 
local onset dates were then explained 
through two known modes of intrasea-
sonal oscillations of monsoon: the low-
frequency and high-frequency intrasea-
sonal oscillations. 
 R. S. Ajayamohan (New York Univer-
sity, Abu Dhabi, UAE) showed that syn-
optic-scale disturbances which are 
generated mostly over the Bay of Bengal 
are changing their seasonal characteris-
tics. He showed that in future climate 
scenario simulated by coupled climate 
models, the onset of monsoon is delayed 
due to weakening of vertical shear of 
zonal wind. 
 At present there are several criteria 
used to define onset of the Indian sum-
mer monsoon. Subimal Ghosh (Indian 
Institute of Technology (IIT)-Bombay, 
Mumbai) showed that many of those cri-
teria are well correlated to each other and 
thus can be used interchangeably. Using 
observations, he showed that during the 
late 1970s, the onset of summer monsoon 

over Kerala went through an abrupt delay 
due to changes in SST of the Pacific 
Ocean. 
 Raghu Murtugudde (University of 
Maryland, USA) illustrated the different 
roles played by the western and eastern 
equatorial Indian Ocean in the onset of 
the summer monsoon over Kerala. He 
showed that air–sea interaction along the 
equator and over the Bay of Bengal plays 
a crucial role during the onset of mon-
soon. He hypothesized that some of the 
interannual variations of onset dates 
could be related to the phase of monsoon 
intraseasonal oscillation. 
 Performance of a dynamical model in 
predicting the onset of monsoon was  
illustrated by A. K. Sahai (Indian Insti-
tute of Tropical Meteorology (IITM), 
Pune). He showed that date of onset de-
fined using dynamic criteria is more or 
less similar in different reanalysis data-
sets. The extended range prediction model 
currently used by the India Meteorologi-
cal Department (IMD) captures the 
changes in onset dates reasonably well. 
 P. Mukhopadhyay (IITM, Pune) de-
scribed the fidelity of the high-resolution 
(12 km) Global Forecast System model 
in predicting the onset of summer mon-
soon. He showed that this model cap-
tured the observed antecedents of onset 
of summer monsoon during 2019, includ-
ing the cyclonic vortex in the Arabian 
Sea during the first week of June. 
 D. S. Pai (IMD, Pune) described in  
detail the methodology used to forecast 
the onset of monsoon over Kerala. He 
showed that the root mean square error 
of this statistical model used for real-
time forecast of onset was about four 
days this is less than the interannual 
standard deviation of onset dates, which 
is about seven days. 
 The second day of the workshop 
started with a presentation by Dilip Gan-
guly (IIT Delhi). He used climate model 
simulations to quantify the role of green-
house gases (GHGs) and aerosols in  
altering the onset of Indian summer 
monsoon. He showed that while GHG 
forcing does not have any significant im-
pact on the onset over central India, anth-
ropogenic aerosols delay the onset by a 
few days. A combination of GHGs and 
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anthropogenic aerosols delays the onset 
further. 
 Pankaj Kumar (Indian Institute of 
Science Education and Research, Bhopal) 
presented his research on understanding 
thermodynamic features of the onset of 
monsoon in a regional coupled model. 
Based on the thermodynamic criteria 
used, the model could capture the obser-
ved earlier onset of monsoon after 2000 
compared to the previous two decades. 
 The observed relationship between 
monsoon rainfall over the equatorial  
Indian Ocean and that over the Indian 
land was illustrated by Sulochana Gadgil 
(IISc). She showed that a combined in-
dex based on convection over the equa-
torial Pacific Ocean and that over the 
equatorial Indian Ocean could explain a 
large amount of interannual variations of 
Indian summer monsoon. She further  
illustrated the link between convection 
over the northwest Pacific Ocean and the 
Indian region in June. 

 P. A. Francis (India National Centre 
for Ocean Information Services, Hydera-
bad) discussed the role of western equa-
torial Indian Ocean during the onset 
phase of monsoon. He showed how  
air–sea coupling can be important in  
determining rainfall and the progress of 
onset. 
 Charu Singh (Indian Institute of Re-
mote Sensing, Dehradun) presented the 
role of remote dust aerosols during early 
phase of Indian summer monsoon. When 
there were no dust aerosols in the numer-
ical simulations, the onset of monsoon 
over central India was delayed. 
 The skill of the coupled model used by 
the National Centre for Medium Range 
Weather Forecasting (NCMRWF) was 
described by D. Rajan (NCMRWF,  
Noida). He showed that this model could 
forecast accurately the climatological 
date of onset of monsoon over the Bay of 
Bengal, Kerala and northwestern parts of 
India. 

 The concluding session debated 
whether the onset of monsoon should  
be defined primarily based on rainfall, or 
should we redefine it considering 
changes in large-scale thermodynamic 
and dynamic parameters. Participants  
also debated on advantages and disad-
vantages of probabilistic definition of 
onset dates. The workshop ended with a 
note that stronger collaboration between 
various academic and research institu-
tions is necessary for advancement of our 
understanding of the onset of Indian 
summer monsoon. 
 
 

Arindam Chakraborty, Centre for At-
mospheric and Oceanic Sciences, and 
Divecha Centre for Climate Change, In-
dian Institute of Science, Bengaluru 
560 012, India; J. Srinivasan, Divecha 
Centre for Climate Change, Indian Insti-
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e-mail: arch@iisc.ac.in 

 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


