
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

GOVERNMENT OF INDIA 
MINISTRY OF EARTH SCIENCES 

INDIA METEOROLOGICAL DEPARTMENT 

IMD Meteorological Monograph:  
Northeast Monsoon of South Asia 

 
No: MoES/IMD/Synoptic Met/ 02(2022)/27 

 

 

 

 

2022 
 

 

Northeast Monsoon of South Asia 
 

M. Rajeevan, M. Mohapatra, C. K. Unnikrishnan,                
B. Geetha, S. Balachandran, O. P. Sreejith,                  

P. Mukhopadhyay, D. R. Pattanaik,  P. Guhathakurta, 
P. Kumar, K. N. Kumar, J. Bhate, P. Rohini,                        

M. Sharma, R. Ashrit,  A. Mitra and K. Sagar 
 



 
 

 

 
India Meteorological Department 

Ministry of Earth Sciences 
Government of India 

 

 

Northeast Monsoon of South Asia 

 

M. Rajeevan1, M. Mohapatra2, C. K. Unnikrishnan3, B. Geetha4,                                

S. Balachandran4, O. P. Sreejith5, P. Mukhopadhyay6, D. R. Pattanaik2,                

Pulak Guhathakurta5, Pankaj Kumar9 , K. Niranjan Kumar7, Jyoti Bhate8,                

P. Rohini5, Monica Sharma2, Raghu Ashrit7, Ashim Mitra2,  Karuna Sagar10 

 

1. Ministry of Earth Sciences, NCESS, Thiruvananthapuram 

2. India Meteorological Department, New Delhi 

3. National Centre for Earth Science Studies, Trivandrum 

4. India Meteorological Department, Chennai 

5. Indian Institute of Tropical Meteorology, Pune 

6. India Meteorological Department, Pune 

7. National Centre for Medium Range Weather Forecasting, Noida 

8. National Atmospheric Research Laboratory, Tirupati 

9. Indian Institute of Science Education and Research (IISER), Bhopal 

10. India Meteorological Department, Amravati  

 

Rajeevan et al., 2022, Northeast Monsoon of South Asia, Meteorological Monograph, 
MoES/IMD/Synoptic Met/02(2022)/27, 1-216 



 
 

 

 

 

 
 

 
 

 
 

Copyright 
© 2022 by India Meteorological Department 

All Rights Reserved 
 

 
 
 
 

Disclaimer and Limitations 
 
IMD is not responsible for any errors and omissions. The geographical boundaries 
shown in the publication do not necessarily correspond to the political boundaries. 

 
 
 
 
 
 
 
 

Published in India 
 

By 
 

India Meteorological Department, Ministry of Earth Sciences, 
 Lodi Road, New Delhi ς 110 003 (India) 

Phone: 91-11-43824298 
Email: mausampublication@gmail.com 

 

 



 
 

 

Executive Summary  

1  Document title  Northeast Monsoon of South Asia 

2  Document type  Meteorological Monograph  

3  Issue No.  MoES/IMD/Synoptic Met/02(2022)/27 

4 Issue date  09.12.2022 

5  Security Classification  Unclassified  

6  Control Status  Unclassified  

7  No. of Pages  224  

8  No. of  Figures  140  

9  No. of reference  135  

10 Annexure  Nil  

11  Distribution  Unrestricted  

12 Language  English  

13  Editors /Authors M Rajeevan, M. Mohapatra, C. K. Unnikrishnan, B. Geetha,                                
S. Balachandran, O. P. Sreejith, P. Mukhopadhyay, D. R. Pattanaik,                
Pulak Guhathakurta, Pankaj Kumar , K. Niranjan Kumar, Jyoti Bhate,                
P. Rohini, Monica Sharma, Raghu Ashrit, Ashim Mitra and  Karuna Sagar 

14  Originating Division/Group  Dr. M. Rajeevan, Distinguished Scientist,  Ministry of Earth Sciences 

15  Reviewing and Approving 
Authority   

Director General of Meteorology, India Meteorological Department  

16 End users  Operational Forecaster, Modeler, Researcher, Government, Academics etc. 

17 Abstract  
Understanding on diurnal, intra-seasonal, seasonal variability, monsoon 
onset, synoptic weather systems  and capability of making more accurate 
forecasts using the state-of-the-art dynamical models during the NE 
monsoon season have improved substantially in recent years. The present 
monograph has incorporated more recent research results  from studies 
using long term and updated climate data sets which would be very useful 
for forecasters as reference material and also students, young researchers 
venturing into NE monsoon research. The details of synoptic systems 
affecting south peninsula and Sri Lanka and forecasting aspects of these 
weather systems are also discussed. A brief summary of the verification of 
forecasts of NE monsoon rainfall over India using two different weather 
prediction systems is included as reference material for forecasters.   

18  Key Words  Southwest Monsoon, Indian Ocean Dipole, Multi-model Ensemble, Forecast 
Verification, Heavy rainfall, Monsoon and Agriculture  



 
 

 

Contents 

Foreword 1 

Acknowledgements 2 

Acronyms 3-4 

Chapter-1: Introduction 5-9 

Chapter-2: Climatological Features 10-36 

Chapter-3: Mean Rainfall Distribution 37-51 

Chapter-4: Synoptic Systems 52-98 

Chapter-5: Onset and Withdrawal 99-116 

Chapter-6: NE Monsoon Variability 117-154 

Chapter-7: NE monsoon over Sri Lanka 155-173 

Chapter-8: Numerical Weather Prediction Guidance 174-190 

References 191-203 

Bibliography 204-218 

 
 
 



 
 

1 

 

 



 
 

2 

Acknowledgements 

 

The Meteorological Monograph on NE Monsoon of South Asia was 

prepared with the kind support of the Ministry of Earth Sciences (MoES) and India 

Meteorological Department (IMD). We thank Dr. M. Ravichandran, Secretary, 

MoES and Dr. Gopal Iyengar, Advisor for their kind support and encouragement to 

complete this monograph. We also would like to thank the Director, NCESS and 

Administration of NCESS for providing all the required facilities for completing this 

work.   

We are also thankful to Dr. R. R. Kelkar, Dr. N. Jayanthi, Dr. Y. E. A. Raj,              

Dr. G. Srinivasan, Dr. E. N. Rajagopal, Dr. Arindam Chakraborty and Dr. Venkat 

Ratnam for their critical and elaborate comments on the earlier versions of the 

draft, which helped us to improve the quality of this Meteorological Monograph.   

 

 

 

 

 

 

 

 

 

 

 

 



 
 

3 

Acronym 

 

AMO: Atlantic Multi-decadal Oscillation 

AO: Arctic Oscillation  

APCC: Asia-Pacific Economic Cooperation (APEC) Climate Center  

CAP: Coastal Andhra Pradesh  

CFS: Coupled Forecasting System 

CS: Cyclonic Storms  

CSI: Critical Success Index  

CTCZ: Continental tropical convergence zone  

CV: Coefficient of Variation  

DCC: Deep convective clouds  

FAR: False Alarm Rate  

FIM: First Inter-Monsoon  

GEFS: Global Ensemble Forecasting System  

GFS: Global Forecasting System 

IMD: India Meteorological Department 

IOD: Indian Ocean Dipole  

IPCC: Intergovernmental Panel on Climate Change- 

ITCZ: Inter Tropical Convergence Zone  

LOPAR: Low Pressure Area NAO: North Atlantic Oscillation 

MJO: Madden Julian Oscillation  

MME: Multi-Model Ensemble  

MoES: Ministry of Earth Sciences  

MSLP: Mean Sea Level Pressure (MSLP) 

NCEP/NCAR: National Centres for Environmental Prediction/National Centre for 

Atmospheric Research 



 
 

4 

NCMRWF: National Centre for Medium Range Weather Forecasting 

NCUM: NCMRWF Unified Model  

NEM: North East Monsoon  

NEMR: NE monsoon rainfall   

NOAA: National Oceanographic and Atmospheric Administration  

NWP: Numerical Weather Prediction  

OLR: Outgoing Long Wave Radiation  

PDO: Pacific Decadal Oscillation 

POD: Probability of Detection    

PSS: tƛŜǊŎŜΩǎ {ƪƛƭƭ {ŎƻǊŜ 

PWC: Precipitable Water Content  

SCS: Severe cyclonic storms  

SEDI:  Symmetric Extreme Dependency Index  

SHET: Southern Hemispheric Equatorial Trough  

SIM: Second Inter-Monsoon  

SOI: Southern Oscillation Index 

SPI: Southern Peninsular India  

SST: Sea Surface Temperature  

SWM: South West Monsoon  

TEJ: Tropical Easterly Jet  

UTC: Universal Coordinated Time  

 

 

 

 

 

 



 
 

5 

Chapter-1  

Introduction 

South Asia experiences two monsoons, Southwest monsoon or summer monsoon 

during June to September and the Northeast (NE) Monsoon or winter monsoon during 

October to December. While the boreal summer monsoon (June to Sept) is responsible 

for a major portion of annual rainfall over India, rainfall received during the NE monsoon 

season (Oct-Dec) is also important, especially for the south peninsula, Sri Lanka and 

Maldives.  During the southwest monsoon season, the southeastern parts of India 

remain in the rain-shadow region and receive moderate rains.   

NE monsoon is associated with the seasonal reversal of surface and lower 

tropospheric winds, which starts by October. During the southwest monsoon season, 

surface pressure gradient is directed from the Indian ocean to land with southwesterly 

monsoon winds in the lower troposphere. During the NE monsoon season, the pressure 

gradient reverses (from land to the Indian ocean) resulting in northeasterly trade winds, 

which is the basic state of the system. This change in surface pressure gradient and 

lower tropospheric winds is associated with the southward movement of the 

continental tropical convergence zone (CTCZ) and the subtropical anticyclone in the 

upper troposphere. Therefore, the NE monsoon is often described as the retreating 

phase of the southwest monsoon.  

In a broader perspective, it is also associated with the northern hemispheric 

winter circulation dominated by a strong surface high pressure region over Siberia, a 

primary low over eastern equatorial Pacific region and secondary shallow lows over the 

north Indian ocean (Geetha, 2011, Raj 2012). A salient feature of the seasonal 

circulation during the winter monsoon is the low-level northeasterly flow over the 

Indian subcontinent and southeast Asia.  There are similarities in circulation and rainfall 

patterns of southeastern peninsular India and other South / Southeast Asian regions and 

also the established roles of Siberian High, sub-tropical westerly jet stream and the 
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teleconnection influences of global parameters such as ENSO on the NE Monsoon 

rainfall (Geetha 2011). There is an asynhronicity in the establishment of northeasterlies 

over the Bay of Bengal and the South China Sea; the northeasterlies appear over the Bay 

of Bengal in late October, a month later than over the South China Sea (Sengupta and 

Nigam, 2019).  

NE monsoon is relatively dry, stable and has less vertical extend compared to the 

southwest monsoon. The India Meteorological Department (IMD) refers to the October 

to December period as the northeast monsoon, which is a part of the northeast trades 

(Dhar et al., 1982, Dhar and Rakhecha, 1983).  Dhar and Rakhecha (1983) studied 

monthly rainfall data for a 100-yr period (1877-1976) to investigate the association 

between the northeast and southwest monsoons over Tamil Nadu, and concluded that 

summer rainfall is negatively correlated with NEM rainfall.  

NE monsoon rainfall exhibits variability from diurnal to synoptic, intra-seasonal 

and inter-annual time scales. The inter-annual variability of the NE monsoon rainfall 

influences agricultural production and water resources over south peninsular India. The 

NEMR affects the productivity of rice and maize in the provinces of Tamil Nadu and 

Andhra Pradesh (Krishna Kumar et al., 2004). During the years when the NE monsoon is 

deficient it has been noted that there is a considerable decrease in agricultural 

production over the region. The NE monsoon rainfall is highly variable both spatially and 

temporally. The coefficient of variation (inter-annual) of the NEMR averaged over the 

five subdivisions is 25%, which is more than that of the southwest monsoon rainfall 

averaged over the country as a whole (10%). South peninsula is well known for large 

year to year variability. In 2015, the city of Chennai experienced deluge in 2015, which 

resulted significant loss of life and property. Four years later, in 2019, Chennai city 

experienced severe water shortage and crisis. During the NE monsoon season, south 

Asia also experiences many extreme weather events like heavy precipitation, strong 
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winds and floods. Some of these extreme events are associated with the passage of 

tropical cyclones forming over the Bay of Bengal.  

In the literature, there is a controversy about uǎƛƴƎ ǘƘŜ ǘŜǊƳ άbƻǊǘƘŜŀǎǘέ  

monsoon (IMD, 1973). As per the classifications given by the India Meteorological 

Department (IMD), the October-5ŜŎŜƳōŜǊ ǇŜǊƛƻŘ ŎƻƴǎǘƛǘǳǘŜǎ ǘƘŜ άtƻǎǘ-monsoon 

ǎŜŀǎƻƴέΦ Lǘ ƛǎ ŀƭǎƻ ƪƴƻǿƴ ŀǎ άǘƘŜ wŜǘǊŜŀǘƛƴƎ {ƻǳǘƘǿŜǎǘ aƻƴǎƻƻƴ {Ŝŀǎƻƴέ, as the 

monsoon convergence zone shifts to lower latitudes during this season. Mr Blanford, 

who was the first Director General of the India Meteorological Department (IMD) in his 

aŜƳƻƛǊǎ ƻƴ άwŀƛƴŦŀƭƭ ƻŦ LƴŘƛŀέ ǊŀƛǎŜŘ ǘƘŜ ǉǳŜǎǘƛƻƴ ŀōƻǳǘ ǘƘŜ ǘŜǊƳ άbƻǊǘƘŜŀǎǘ Monsoon 

wŀƛƴǎέ όLa5Σ мфтоύΦ IMD discussed this aspect on many occasions and the IMD decided 

to retain the term. IMD recommends ǘƘŀǘ άǘƘŜ ǘŜǊƳ bƻǊǘƘŜŀǎǘ aƻƴǎƻƻƴ ǎƘƻǳƭŘ 

continue to be used for rainfall season over south peninsula during October to 

5ŜŎŜƳōŜǊέΦ Subbaramayya (1976) had examined meridional sea-level pressure profiles 

over India, the Atlantic and Pacific and of winter rainfall over India and Sri Lanka and 

suggested that that the so-called north-east monsoon over south-east India differs little, 

either in wind in weather, from the generality of the northern-hemisphere trade winds.  

Compared to the southwest monsoon, adequate attention was not given to 

address various aspects of the NE monsoon. There are only a few research papers 

addressing NE monsoon over south Asia.  After the classic work by Srinivasan and 

Ramamurthy (IMD 1973), a few papers have been published on different aspects of NE 

Monsoon. The review article by Raj (2012) in the Monsoon Monograph edited by Ajit 

Tyagi et al. is an excellent documentation of various aspects of NE Monsoon season over 

India.  The papers by Sreekala et al. (2012) and Rajeevan et al. (2012) also are good 

reviews on the variability of NE monsoon rainfall and its prediction aspects. Amudha 

(2016) using modern meteorological data analyzed the characteristics of Indian 

Northeast monsoon and cyclonic storms of the North Indian Ocean. The study revealed 
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many interesting aspects of the movement of clouds and other rainfall regimes 

associated with the NE monsoon.  

These publications contain all relevant references of research papers on NE 

monsoon published till 2012. Since then, there is growing research interest on NE 

Monsoon with much more papers are getting published in the recent years 

(Satyanarayana et al., (2020), Raj and Amudha (2022), Raj and Geetha (2008), 

Balachandran et al., (2006), Nair et al., (2013), Dash et al., (2019), Naidu et al., (2012), 

Maharana et al., (2022), Prasanna et al., (2019), Mondal and Choudhari (2022), 

Suneetha et al., (2018), Prasanna et al., (2021), Geetha and Balachandran (2021), 

Saikranthi and Chiranjeevi (2022), Mishra and Nagaraju (2021), Geetha and Raj (2014), 

Amudha et al., (2016), Prasanna et al., (2020), Prakash and Gairola (2013), Kiran Kumar 

and Singh (2021), Pattanaik and Mohapatra (2017), Parvathi et al. (2017), Sengupta and 

Nigam (2019), Mishra and Bharadwaj (2019)).  The paleoclimate aspects of NE monsoon 

are recently discussed in Achyuthan (2021) and the references therein.  

In spite of the growing research interest, there is a lot of scope for an exhaustive 

compilation of research results based on recent data products and forecasting tools on 

different aspects of NE monsoon over south Asia. During the last one decade, our 

understanding on diurnal, intra-seasonal, seasonal variability, monsoon onset, synoptic 

weather systems during the NE monsoon season has improved substantially. At the 

same time, our capability to make more accurate forecasts also has improved by using 

the state-of-the-art dynamical models or Numerical Weather Prediction (NWP) models. 

The present monograph is designed accordingly to include more recent research results, 

which have resulted in better understanding of NE monsoon and its variability in all time 

scales and their prediction aspects. Such a compilation would be very useful for 

forecasters as reference material and also students, young researchers venturing into 

NE monsoon research. 
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In this monograph, the climatological features of NE monsoon are discussed using 

long term and updated climate data sets. Discussions on mean temperatures, sea level 

pressure, upper air circulation features, monthly and seasonal rainfall, heavy rainfall, 

extreme winds, characteristics of monsoon clouds, thunderstorm and lightning are 

included. The variability of NE monsoon from diurnal, synoptic, intra-seasonal and 

seasonal time scales is also discussed in detail with a few case studies. The details of 

synoptic systems affecting south peninsula and Sri Lanka during the season and 

forecasting aspects of these weather systems are also discussed. A brief summary of the 

verification of forecasts of NE monsoon rainfall over India using two different weather 

prediction systems is included as reference material for forecasters.  A separate section 

of NE monsoon season over Sri Lanka is also provided to widen the scope of this book. 

The grey areas where more research is required are identified and discussed.  
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Chapter-2  

Climatological Features  

NE monsoon predominantly influences south peninsula, consisting of five 

meteorological sub-divisions (Coastal Andhra Pradesh, Rayalaseema, Tamil Nadu, South 

Interior Karnataka and Kerala) as shown in Fig. 2.1. In addition, NE monsoon contributes 

significant amount of rainfall over other south Asian countries like Sri Lanka and 

Maldives (Fig  2.2 a).  

In Sri Lanka, the southwest monsoon season lasts during May to September. The 

period October to November is termed as second inter-monsoon season. The second 

Inter-monsoon period of October - November is the period with the most evenly 

balanced distribution of rainfall over Sri Lanka. Almost the entire island receives in 

excess of 400 mm of rain during this season, with the Southwestern slops receiving 

higher rainfall in the range 750mm to 1200 mm. NE monsoon is experienced during the 

period, December to February. During this period, the highest rainfall figures are 

recorded in the north, eastern slopes of the hill country and the eastern slopes of the 

Knuckles/Rangala range (http://www.meteo.gov.lk/index.php?option=com_content& 

view=article&id=94&Itemid=310&lang=en).  

In India, the NE monsoon season (Oct-Dec) contributes about 11% of its annual 

rainfall over the country as a whole. South peninsula receives much more rainfall 

compared to northern parts of the country. Many districts over the south peninsula 

receive 30ς60% of the annual rainfall during this season. This season is also termed the 

retreating monsoon season or the post-monsoon season in which the zone of maximum 

rainfall migrates to southern parts of India, Sri Lanka and the neighboring sea. With the 

withdrawal of the Southwest monsoon from the northern parts of India, the mean sea 

level pressure and upper tropospheric wind circulation patterns over India change 

rapidly from the summer monsoon type to winter type. By October, the Inter-tropical 

http://www.meteo.gov.lk/index.php?option=com_content&view=article&id=94&Itemid=310&lang=en
http://www.meteo.gov.lk/index.php?option=com_content&view=article&id=94&Itemid=310&lang=en
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Convergence Zone (ITCZ) or the monsoon convergence zone which is positioned over 

northern parts of India starts shifting southwards. 

 Fig.2.2 b shows the annual cycle of precipitation averaged over the longitudes 

700-850, calculated using GPCP monthly rainfall data during the period 1979-2021. It 

clearly shows the northward movement of monsoon convergence and rainfall towards 

the northern parts starting from May and the retreat during October-December. NE 

monsoon season coincides with this retreating phase of the Inter Tropical Convergence 

Zone (ITCZ).  There are also associated rapid changes in upper air circulation and sea 

level pressure patterns. During the October-December season, there is a clear evidence 

of rainfall maximum in the Southern Hemisphere (SH), coinciding with the presence of 

SH equatorial trough (SHET).  

 

 

 

Fig. 2.1.  Five Sub-divisions over South Peninsula under the NE monsoon region 
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Fig. 2.2 a.  NE monsoon rainfall (Oct-Dec) in mm/day over South Asia 

 

 

Fig. 2.2 b. Hovmuller Diagram showing annual cycle of precipitation (mm/day) over the 

Indian region, averaged over the longitudes between 700E- 900E. This plot is prepared 

using GPCP monthly rainfall data (1979-2021).  
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In the next sections, climatological aspects of sea level pressure and upper air 

circulation features are discussed.  

2.1. Sea Level Pressure  

The mean sea level pressure chart for the month of July is shown in Fig 2.3.  The 

pattern shows a heat low over the northwestern parts of India and adjoining Pakistan 

with a south-north pressure gradient. The pressure gradient between the equator and 

100N is about 12 hPa. However, by September, the pressure gradient generally weakens 

and by October the pressure gradient completely reverses with higher pressure over the 

northern parts of India.    

The surface sea level pressure charts for Oct to Dec are given in Fig.2.4, 2.5 and 

2.6 respectively. By October, a low pressure area gets established over the Central and 

South Bay of Bengal and adjoining east coast, which shifts to south Bay in November 

and further southwards, close to the equator in December. This low pressure area is 

more marked over the southwest Bay in October and November. In the Arabian Sea, the 

low pressure area is not well marked during these months. However, an east-west 

oriented trough of low pressure is observed in nearly the corresponding latitudes as in 

the Bay of Bengal, at least in October and November.  In October, the pressure gradient 

is generally weak, which gets strengthened by November. While the low pressure area 

gets shifted southwards, the high pressure area associated with the Siberian High also 

gets strengthened over the northern parts of the country. The surface pressure gradient 

(high in the north and low in the south) over the Bay of Bengal also strengthens. During 

November and December, the isobars are nearly parallel to the equator, suggesting 

stronger surface easterlies/northeasterlies over the Bay of Bengal.  
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Fig. 2.3. Mean Sea Level Pattern (hPa) during July (period: 1979-2021). Source: ERA5 

reanalysis. 

 

Fig. 2.4. Same as in Fig. 2.3 but for October. 
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Fig. 2.5. Same as Fig 2.3 but for November. 

 

Fig. 2.6. Same as Fig 2.3 but for December. 
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2.2. Upper Air Circulation Features  

The upper air circulation features from Oct to Dec are shown in Fig.2.7, 2.8 and 

2,9 respectively. These maps show the mean wind pattern at 850, 700, 500 and 200 hPa 

levels.  During October, an east-west trough is seen extending from the lower levels to 

700 hPa from South Bay to the South Arabian Sea. This east-west trough is seen shifting 

southwards from October to December, consistent with the equatorward shifting of the 

ITCZ. By December, the east-west trough is seen close to 50 N. This east-west trough is 

the region with positive vorticity and convergence, thus causing abundant rainfall over 

this region. This shear zone in the lower troposphere contributes to the genesis of low- 

pressure systems over the Bay of Bengal and the Arabian Sea.   

 

 

Fig. 2.7.  Mean wind flow pattern during October at a) 850 hPa b) 700 hPa c) 500 hPa 

and d) 200 hPa levels. Source: ERA5 reanalysis.  The colour shading represents wind 

speed in m/s. The data period: 1979-2021. 
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Fig. 2.8. Same as Fig 2.7 but for November. 

 

Fig. 2.9.  Same as Fig 2.7, but for December. 
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In the middle and upper troposphere (500 hPa and 200 hPa), easterlies prevail 

over the south Peninsula and adjoining seas.  The sub-tropical ridge at these levels also 

shifts southwards from October to December. The sub-tropical ridge in the upper levels 

is an area of divergence and contributes to the intensification of low pressure systems 

over the region. The Tropical Easterly Jet (TEJ), which is one of the semi-permanent 

systems during the southwest monsoon totally disintegrates once the southwest 

monsoon is withdrawn from the country.  From October to December, the sub-tropical 

westerlies over the northern parts of the country also get strengthened and start 

moving to lower latitudes. An upper tropospheric ridge gets established over the 

southern parts of India by October and November at the 200 hPa level.  

2.3. Mean Precipitable Water Content (PWC) 

Spatial distribution of mean precipitable water content provides useful 

information on moisture sources and sinks over the region during the NE monsoon 

season. Mean precipitable water content is calculated as the weighted average of 

moisture from surface to upper troposphere (normally up to 300 hPa). It provides 

information of moisture content in the whole atmospheric layer. Higher values suggest 

moisture sources.  

The PWC is a measure of available moisture for precipitation in the atmosphere. 

It measures the maximum possible precipitation of water, which may precipitate out 

from a given atmospheric column, if nothing else (e.g., surface evaporation, moisture 

advection) happens over a given time span. Of course, this is rather an oversimplified 

picture, because it is hard to imagine that all PWC would condensate within a given 

column under any conceivable process. Nevertheless, it would be good enough to 

interpret PWC as an upper bound for a possible precipitation at a given moment with a 

given atmospheric column. 

Fig. 2.10 a, b and c show the spatial distribution of precipitable water content 

during October, November and December respectively. During October, the maximum 
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PWC is observed over the Southeast Bay of Bengal (east of Andamans) with values of 50 

kg/m2. The PWC reduces sharply westwards. Over the Bay of Bengal, PWAT values are 

more than 45 kg/m2. Over south Peninsula, PWC varies between 40 to 45 kg/m2. During 

November, the maximum zone of PWC slightly shifts southwards towards the equator. 

Over the south Peninsula, however, the PWC values are between 40 to 45 kg/m2. During 

December, PWC maximum again shifts southwards and lies close to the equator. Over 

the south Peninsula, PWC values sharply reduce, ranging from 34 to 40 kg/m2. During 

November and December, PWC decreases from south to north and isolines are almost 

parallel to the equator. Over the south Peninsula, PWC values are higher over the east 

coast as it reduces sharply towards interior parts.  

 

 

Fig. 2.10 a. Mean precipitable water content (mm) during October (1979-2021). Data 

source: NCEP/NCAR reanalysis. 
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Fig. 2.10 b.  Same as Fig 2.10 a but for November. 

 

 

Fig. 2.10 c.  Same as Fig 2.10 a but for December. 
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These are monthly mean patterns, calculated using long term climatological data. 

However, on a typical day, PWC values can either increase or decrease, depending upon 

the prevailing synoptic conditions. For example, low pressure weather systems 

transport more moisture and PWC values can increase sharply in a day or two. To see 

the variation of moisture content in the atmospheric column, it is better to monitor the 

PWC changes in addition to low-level humidity. PWC can be easily calculated using 

radiosonde profiles of moisture.  

2.4. Mean Air Temperatures  

Seasonal (October-December) mean minimum, maximum and mean 

temperatures over South Peninsula are shown in Fig. 2.11 a, b and c respectively. This 

analysis was made using the La5Ωǎ 1 × 1 degree gridded daily temperature data 

(Srivastava et al., 2009). Seasonal mean minimum temperatures are the highest along 

the coasts and they decrease towards the interior parts. Over the east coast, seasonal 

mean minimum temperatures are of the order of 22-230C. Over the eastern parts of the 

south peninsula, the isotherms run parallel to the coast. Over the interior parts, 

minimum temperatures are below 200C.  Seasonal maximum temperature over the 

south peninsula varies between 280 ς 310C, except over the interior parts of Karnataka 

where maximum temperatures are below 28oC. Mean temperatures (Fig. 2.11 c) over 

the coastal Andhra Pradesh are more than 26oC, while over the extreme south peninsula 

(Tamil Nadu and Kerala), the mean temperatures exceed 270C.  

2.5. Sea Surface Temperatures (SST) 

During the NE monsoon season, synoptic systems like tropical cyclones, lows and 

depressions and easterly waves, the presence of east-west trough contribute to rainfall 

over the South Peninsula. As these weather systems form over the Bay of Bengal and 

the Arabian Sea, oceanic conditions like Sea Surface Temperature (SST) play an 

important role. However, higher SSTs lead to more convection only if atmospheric 
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conditions also are favourable. Therefore, it is important to monitor closely the oceanic 

conditions like SST and Ocean heat content regularly during the NE monsoon season.   

         

Fig. 2.11 a. Mean Minimum Temperatures (0C) (b) Mean Maximum Temperatures during 

October to December (1972-2021) Source: IMD gridded temperature data.  

 

 

 

Fig. 2.11 c.  Mean Temperatures during October to December (1972-2021) Source: IMD 

gridded data 
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Fig. 2.12 a, b and c show the spatial distribution of SSTs during October, 

November and December respectively. During October, SSTs are of the order of 28.50C 

over the central Bay of Bengal. Over the eastern parts of the Arabian Sea, SSTs are of the 

order of 28.50C. But it sharply reduces westwards and over the western Arabian Sea, 

SSTs are below 27.50C. During November, the SST maximum slightly shifts southwards 

and is located near the east central Bay of Bengal with values exceeding 28.50C. Another 

SST maximum is observed over the east central Arabian sea off the Kerala and Karnataka 

coasts. By December, both the Bay of Bengal and the Arabian Sea cools off quickly. The 

28.50C isotherm is now seen near the equator.  SSTs over the west central Bay of Bengal 

are below 28.00C and sharply decreases towards the north Bay of Bengal.  

The next section discusses the relationship between SST and convection during 

the NE monsoon season.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.12 a. Mean Sea Surface Temperature (SST) (degree C) during October, Period: 

1972-2021. Source : HadISST, Met Office Hadley Centre.  
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Fig. 2.12 b. Same as Fig 2.12 a but for November. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.12 c. Same as Fig 2.12 a, but for December. 
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2.6. Relationship between SST and Convection during the NE monsoon 

There is a strong relationship between SST and atmospheric convection over the 

tropical ocean basins. Previous studies (Gadgil et al., 1984, Sabin et al., 2012) have 

shown that during the southwest monsoon season, convection over the Bay of Bengal is 

initiated when SSTs are between 270-280C. A similar analysis was made for the NE 

monsoon season (Oct-Dec) using long term data of SST and Outgoing Long Wave 

Radiation (OLR) data over the Indian Ocean. OLR is a proxy for atmospheric convection.  

Fig. 2.12 d shows the scatter plot between SST and OLR over the a) the Arabian 

Sea (0-200 N, 60-750 E) and b) the Bay of Bengal (0-200 N, 80-1000 E). The data during 

1982-2021 have been used for these plots. Over the Bay of Bengal, convection starts 

abruptly and increases sharply once the SST threshold crosses 28.00 C. At 28.50C, the 

OLR in the Bay of Bengal is 20 Wm-2 lower than in the Arabian Sea due to much deeper 

clouds over the Bay of Bengal.  The mode with the highest probability for SST above the 

threshold of 280C over the Bay of Bengal has low OLR (about 210 Wm-2) corresponding 

to deep convection whereas that for the Arabian sea it is around 250 Wm-2.  

It is interesting to note that even above the SST threshold of 280C, there are 

points with OLR values more than 240 Wm-2 suggesting severe convection is not present 

at these locations. It may be worthwhile to note that only SST threshold will not decide 

whether convection will occur or not. Initiation of convection also depends on 

atmospheric circulation, which should be conducive for low level convergence and 

ascending motion (Lau et al., 1997). This aspect is not further examined here and should 

be taken up as a separate study.  

2.7. Spatial distribution of cloud properties 

A further analysis was made on the spatial structure of some vital cloud 

properties during November over the region using the International Satellite Cloud 

Climatology Product (ISCCP) data (Rossow et al., 1991) for the period 1998-2019.          

Fig. 2.13 a, b and c show the spatial pattern of Deep convective clouds (DCC) (%), Cloud 
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Optical Thickness and Cloud Water Path (cm) respectively.  Cloud optical thickness is the 

vertical optical thickness between the top and bottom of a cloud. The optical thickness 

of a cloud is the degree to which the cloud prevents light from passing through it.  It 

depends directly on the cloud thickness, the liquid or ice water content and the size 

distribution of the water droplets or ice crystals.  

 

 

Fig. 2.12 d.  The scatter plot between SST and OLR over a) Arabian Sea (0-200 N, 60-750 

E) and b) Bay of Bengal (0-200 N, 80-1000 E). The data during 1982-2021 have been used 

for these plots.  

 

 

Deep convective clouds are clouds with cloud top crossing above 400 hPa. The 

spatial distribution of DCC suggests maximum percent DCC over the east equatorial 

Indian Ocean (12-14%) coinciding with warmer SSTs (Figs 2.13 a, b and c). Over the 

southwest Bay of Bengal and off the Tamil Nadu coast, DCC is around 8%. 

Comparatively, DCC distribution over the Arabian sea is much smaller, suggesting the 

Bay of Bengal has much deeper convective clouds.  
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Fig. 2.13 a. Spatial distribution of Deep Convective Clouds during the NE monsoon 

season (October- December) based on the ISCCP data. Period: 1998-2019.  

 

 

 

Fig. 2.13 b. Spatial distribution of Cloud Optical thickness during the NE monsoon season 

(October- December) based on the ISCCP data. Period: 1998-2019.  
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Fig. 2.13 c. Spatial distribution of Cloud water path (cm)  during the NE monsoon season 

(October- December) based on the ISCCP data. Period: 1998-2019.  

 

The spatial distribution of cloud optical thickness suggests maximum distribution 

over the east equatorial Indian Ocean coinciding with warmer SSTs and a large amount 

of deep convective clouds. Another maximum of cloud optical thickness is observed 

over the southeast Peninsula and adjoining Bay of Bengal.  The spatial distribution of 

cloud liquid path (cm) shows that maximum is observed over the east equatorial Indian 

Ocean. Another maximum of cloud liquid path with values more than 120 cm is 

observed over the southwest Bay of Bengal off Tamil Nadu Coast. Therefore, the eastern 

parts of south peninsula and adjoining Bay of Bengal have deeper convective clouds 

with larger optical depth and cloud liquid water path.  The spatial distribution shown 

here is based on long term climatology. On a day-to day basis, there could be significant 

variations in the distributions of cloud properties and they should be monitored using 

INSAT and similar satellite data products.  
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Characteristics of raindrop size distribution (DSD) are studied by Rao et al. (2009) 

during the southwest (SW) and northeast (NE) monsoon seasons using 4 1/2 years of 

Droplet Size Distribution (DSD) measurements made at Gadanki (13.5°N, 79.2°E) by an 

impact-type disdrometer. The observed DSD is found to be distinctly different in the NE 

monsoon from that of the SW monsoon. The stratified DSD (based on rain rate) shows 

more small drops and fewer bigger drops in the NE monsoon compared to the SW 

monsoon, particularly in the low rain rate regimes. 

2.8. Thunderstorms/ Lightning  

During the NE monsoon season, the south Peninsula experiences large scale 

thunderstorm activity. A good review of thunderstorm activity over India using station 

data is given in a recent paper by Omvir Singh and Bharadwaj (2017). A detailed study 

on lightning activity over the Indian region was published by Ranalkar and Chaudhari 

(2009) using the TRMM Lightning flash data.  The average number of thunderstorm days 

during October, November and December are given in Fig. 2.14 a, b and c respectively. 

These plots are taken from the IMD Climate Hazards and Vulnerability Atlas of India 

(2022) (https://imdpune.gov.in/hazardatlas/index.html). The data from 1981-2010 have 

been used to prepare these spatial maps.  

During October, some districts in coastal Andhra Pradesh, Tamil Nadu and Kerala 

experience more than 4 thunderstorm days. Over south interior Karnataka and 

Rayalaseema, average number of thunderstorm days is between 2 and 3. During 

November, thunderstorm activity is reduced in Coastal Andhra Pradesh.  However, Tamil 

Nadu and Kerala still experience thunderstorms with average number varying between 

3 and 7 days. Over the coastal Andhra Pradesh, south interior Karnataka and 

Rayalaseema, thunderstorm activity is slightly reduced. By December, thunderstorm 

activity is further reduced. During December, maximum thunderstorm days are 

observed over Kerala and southern parts of Tamil Nadu.  
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Fig. 2.14 a. Average number of Thunderstorm Days during October, 1981-2010. (Source: 

IMD Climate Hazards and Vulnerability Atlas of India, 2022). 

 

Fig. 2.14 b. Same as Fig 2.14 a, but for November. 
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Fig. 2.14 c. Same as Fig 2.14 a, but for December. 

 

 

Fig. 2.15 a, b and c show the spatial pattern of the average number of lightning 

flashes per sq km per day during October, November and December respectively. These 

plots are also taken from the IMD Climate Hazards and Vulnerability Atlas of India 

(2022). During October, maximum lightning activity is observed over the interior parts of 

Tamil Nadu and the northern parts of Kerala. During November, lightning flash activity is 

mostly confined to Kerala and adjoining south Tamil Nadu. During December, the 

lightning activity is mostly confined to Kerala. Thus, during the NE monsoon season, the 

state of Kerala witnesses maximum lightning activity. This could be related to proximity 

to the Arabian Sea, thus abundant moisture transport and orography along the west 

coast supporting deeper convective activity.  
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Fig. 2.15 a.  Average number of Lightning flashes per sq km per day during October. 

(Source: IMD Climate Hazards and Vulnerability Atlas of India, 2022). 

 

 

Fig. 2.15 b. Same as Fig. 2.15 a, but for November. 
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Fig. 2.15 c.  Same as Fig 2.15 a, but for December. 

 

2.9. Extreme Wind Speed 

For providing wind speed forecasts for specific purposes to users, it is important 

to know the climatology of extreme wind speed during the NE Monsoon season.          

Fig. 2.16 a, b and c shows the spatial distribution of Extreme surface wind speed (in 

m/sec) in October, November and December respectively. The surface wind speed is 

normally measured at a height of 10.0 m.  These maps are also derived from the IMD 

Climate Hazards and Vulnerability Atlas of India, 2022.  

During October, extreme surface wind speeds exceeding 18 m/sec are observed 

over the north coastal Andhra Pradesh and interior parts of Tamil Nadu. Over other 

parts of the south Peninsula, extreme surface wind speed varies between 12 and          

18 m/sec. During November, east coast of Tamil Nadu and coastal Andhra Pradesh has 

maximum risks due to extreme surface wind speeds. This region experiences tropical 

weather systems like depressions and cyclonic storms every year. Over this region, 
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extreme surface wind speed varies between 22 and 57 m/sec.  Thus, this region is very 

prone to extreme surface wind speed. 

 

Fig. 2.16 a.  Extreme Wind Speed (m/sec) during October (Source: IMD Climate Hazards 

and Vulnerability Atlas of India, 2022). 

 

 

Extreme surface wind speed decreases sharply towards interior parts of south 

Peninsula. By December, northern parts of Tamil Nadu and adjoining parts of 

Rayalaseema experience the highest extreme wind speed. Over this region extreme 

surface wind speed varies between 41 and 59 m/sec. Over the southeast parts of Tamil 

Nadu, extreme surface wind speed varies between 31.0 and 41.0 m/sec. Over other 

parts of south Peninsula, extreme surface wind speed varies between 12.6 and                  

31.5 m/sec.  
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Fig. 2.16 b.  Same as Fig 2.16 a, but for November. 

 

Fig. 2.16 c.  Same as Fig 2.16 a, but for December. 
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Extreme surface wind speed observed over the eastern parts of south peninsula 

could be attributed to tropical cyclones making landfall over this region during the 

season. A detailed description of tropical cyclones including their tracks during the NE 

monsoon season is included in Chapter-4.  
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Chapter-3 

Mean Rainfall Distribution 

In this chapter, various features of mean rainfall during the NE monsoon are 

discussed.  

3.1. Mean Rainfall over Met Sub-divisions 

The mean monthly rainfall in the various meteorological sub-divisions in the 

south peninsula during the period October to December is given in Table 3.1. These 

mean values are calculated using the rainfall data of 1971-2020.  

 

 

TABLE 3.1 

Mean monthly, seasonal and annual rainfall (cm) 

Based on the IMD sub-divisional data for the period 1971-2020 

Subdivision name OCT NOV DEC 
Season's 

total 
ANNUAL 

COASTAL ANDHRA PRADESH & YANAM           

Rainfall(cm) 18 11 3 32 104 

Rainfall as % of seasonal total 56 34 9     

Season's total as % of annual total       31   

RAYALSEEMA           

Rainfall(cm) 13 8 3 24 73 

Rainfall as % of seasonal total 54 33 13     

Season's total as % of annual total       33   

TAMIL NADU, PUDUCHERRY  & KARIAKAL           

Rainfall(cm) 17 18 9 44 92 

Rainfall as % of seasonal total 39 41 20     

Season's total as % of annual total       48   
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SOUTH INTERIOR KARNATAKA           

Rainfall(cm) 14 5 1 20 103 

Rainfall as % of seasonal total 70 25 5     

Season's total as % of annual total       19   

KERALA & MAHE           

Rainfall(cm) 31 15 3 49 289 

Rainfall as % of seasonal total 63 31 6     

Season's total as % of annual total       17   

 

Table 3.1 shows that for the South Peninsula as a whole, October is the rainiest 

month. However, in Tamil Nadu, November gets as much as rains in October. By 

December, the rainy season is practically confined over extreme south Peninsula 

including Tamil Nadu. The south peninsula receives rainfall, when the seasonal east-

west convergence zone (ITCZ) and associated weather systems are present over the 

region. During December when the ITCZ moves further south, rainfall over the south 

peninsula sharply reduces. When the east-west trough is present, synoptic systems like 

lows and depressions form over this trough zone and move towards the south peninsula 

contributing to widespread rainfall activity.  

Coastal Andhra Pradesh (CAP) gets rainfall during both the southwest and 

northeast monsoon seasons. During the NE Monsoon season, CAP receives about 32 cm 

of seasonal rainfall, with October contributing 56% of seasonal rainfall. About 34% of 

seasonal rainfall occurs during November. The NE monsoon season contributes about 

31% of annual rainfall.  Over Rayalaseema, the NE monsoon season contributes about 

24 cm, which is 33% of the annual total. October is the rainiest month during the season 

and rainfall activity sharply reduces in November and December.  

Tamil Nadu receives more rainfall during the NE monsoon season (October-

December) compared to that during the Southwest monsoon season. There is a 
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considerable increase in rainfall activity from September to October and November. In 

December, rainfall activity is confined only to the coastal districts. The seasonal rainfall 

during the NE monsoon season is around 44 cm contributing to 48% of its annual 

rainfall. Over South-interior Karnataka (SIK) seasonal rainfall is around 20 cm, which is 

about 19% of the annual total. Over SIK, October contributes maximum rainfall during 

the season, while December hardly contributes to the seasonal total.   

Over Kerala, the NE monsoon season contributes about 49 cm, which is about 

17% of the annual total. During the NE monsoon season, Kerala receives maximum 

rainfall, even slightly more than Tamil Nadu. October contributes maximum rainfall over 

Kerala, which reduces in November and December.  

3.2. Mean Spatial Distribution of Rainfall 

Fig. 3.1 a, b and c show the monthly rainfall climatology during the months of 

October, November and December. The mean values are calculated using the IMD 

gridded data (0.25 X 0.25 degree) from 1972-2021. During October, maximum rainfall 

exceeding 200 mm is observed over the coastal Andhra Pradesh, coastal Tamil Nadu and 

Kerala. Over central parts of Kerala, monthly rainfall exceeds 300 mm. However, rainfall 

reduces sharply towards the interior parts of south peninsula, where monthly rainfall is 

less than 150 mm. During November, monthly rainfall sharply increases over the 

northern parts of coastal Tamil Nadu and southern parts of coastal Andhra Pradesh, 

where monthly rainfall is more than 300 mm. Over Tamil Nadu, monthly rainfall sharply 

reduces towards the interior parts. Southern parts of Kerala experiences monthly 

rainfall exceeding 200 mm. Over the rest of Tamil Nadu and Kerala, rainfall is between 

100 and 150 mm. Over the South interior Karnataka and Rayalaseema, monthly rainfall 

is less than 100 mm. During December, rainfall sharply reduces everywhere in the south 

peninsula. Maximum rainfall exceeding 200 mm is observed over coastal Tamil Nadu 

and reduces sharply towards interior parts. Over the rest of the south peninsula, 

monthly rainfall is less than 75 mm.  
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The spatial distribution of mean seasonal rainfall (October to December) is shown 

in Fig. 3.1 d. The spatial distribution suggests a rainfall maximum along the east coast of 

north Tamil Nadu and south coastal Andhra Pradesh with seasonal average exceeding 

800 mm. Seasonal rainfall reduces sharply towards interior parts of South Peninsula. 

Another rainfall maximum is observed over Kerala. Over south peninsula, isohyets (lines 

of equal rainfall) run parallel to the east coast with maximum over the east coast and 

reducing towards the interior parts. During the NE monsoon season, the Kariakal-

Vedarnyam belt receives the highest rainfall in the range 900-1000 mm with Vedarnyam 

receiving 103 cm. The decrease of rainfall south of Vedarnyam is probably due to 

sheltered nature of the coast (due to Sri Lanka land mass on the east). Tuticorin 

registers only 40-45 cm of normal rainfall.  

 

 

Fig. 3.1 a. IMD Observed Rainfall Climatology in mm during October (1972-2021). 

Source: IMD gridded  data. 
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Fig. 3.1 b. Same as 3.1 a, but for November. 

 

 

Fig. 3.1 c. Same as Fig 3.1 a, but for December. 
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Fig. 3.1 d.  Seasonal Rainfall Climatology (in mm) during the northeast monsoon season 

(October- December), 1972-2021.  Source: IMD gridded rainfall data. 

 

 

Fig. 3.2 shows the time variation of mean rainfall averaged over the south 

peninsula from 01 Sept to 31 Dec. The mean rainfall is calculated using the data of 1979-

2021. The plot shows that October and December months contribute maximum rainfall 

over the region. From the first week of December, rainfall activity over the region is 

sharply reduced. This is due to the fact that by first week of December, the ITCZ shifts 

towards much south and rainfall activity is mostly confined south of 100N.  

The Coefficient of Variation (CV) of seasonal (October to December) monsoon 

rainfall over the southern peninsula is given in Fig. 3.3. The CV of NE monsoon seasonal 

rainfall is generally higher compared to southwest monsoon season. CV varies from 30 

to 50% over the south peninsula with the east coast experiencing smaller CVs compared 

to interior. 
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Fig. 3.2. Daily climatological rainfall (in mm/day) over NE India from 1 Sep to 31 Dec 
averaged over the period 1979-2021. The averaging was done over the area 70-850 E,             
8-160 N.  

 

 

Fig. 3.3. Coefficient of variation of seasonal Rainfall (in %) during the northeast monsoon 

season (October- December), 1972-2021. Source: IMD gridded rainfall data. 
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During the NE monsoon season, a rainy day is assumed to be a day with rainfall of 

2.5 mm or more. Fig. 3.4 shows the spatial distribution of the mean number of rainy 

days during the NE monsoon season. Over the north Tamil Nadu coast and parts of 

Kerala and south Karnataka, mean rainy days are more than 30 during the season. Over 

the remaining parts of Tamil Nadu, coastal Andhra Pradesh and remaining parts of 

Kerala, number of rainy days varies between 20 and 30 days. Statistical trend analysis 

suggests (Fig. 3.5), the mean number of rainy days over the interior parts of south 

Peninsula is increasing. It is important to note that this pertains to long term 

climatology. In a particular year, there could be an increase or decrease in the number 

of rainy days over a particular station. 

 

 

Fig. 3.4. Number of rainy days (> 2.5mm) during October to December (1972-2021). 

Source: IMD gridded Data 
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Fig. 3.5. Trend in rainfall days during October to December (1972-2021). 

 

3.3. Heavy Rainfall events during the NE monsoon season  

It is important to know the spatial pattern of climatology of heavy rainfall over 

the region. This will provide information on the climatological probability of heavy 

rainfall occurrence over the region during the season.   The spatial pattern of heavy 

rainfall events was prepared using the IMD 0.25 × 0.25 degree daily rainfall data (Pai             

et al. (1972-2020). It may be noted that the La5Ωǎ definition of heavy, very heavy and 

extreme heavy rainfall is based on rainfall station data. Since the analysis given below is 

based on ǘƘŜ La5Ωǎ  gridded data ŀƴŘ ǎƻƳŜǿƘŀǘ ǎƳƻƻǘƘŜŘ ŘŀǘŀΣ La5Ωǎ ŘŜŦƛƴƛǘƛƻƴ 

cannot be strictly used for defining heavy, very heavy and extreme rainfall. However, 

even with the gridded data, we could get a reliable understanding of the spatial 

distribution of such heavy rainfall events.  
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Fig. 3.6 shows the spatial pattern of the number of days with heavy rainfall 

between 65 mm-124 mm. It suggests the maximum number of days with heavy rainfall 

is confined to the east coast of Tamil Nadu and the south coastal Andhra Pradesh, 

where on average we can expect more than 2 days of heavy rainfall. Another area of 

maximum heavy rainfall days is observed over south Kerala. Number of days with heavy 

rainfall sharply reduces towards the interior parts of the south Peninsula.  

Fig. 3.7 shows the spatial distribution of frequency (number of days) of rainfall 

with 125 mm or more during the NE monsoon season. It suggests maximum frequency is 

found over the coastal parts of north Tamil Nadu and Andhra Pradesh. It suggests that 

these very heavy rainfall spells are associated with the landfall of tropical 

cyclones/depressions and lows along the east coast. On an average, we can expect 

about one day of such an event over this region during the NE monsoon season.  

 

 

Fig. 3.6. Mean number of days during October-December with 65 mm-124mm.   Period 

of the data 1972-2021. 
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Fig. 3.7. Mean in rainfall days with more than 125 mm/day  (Period: 1972-2021). 

 

3.5. Maximum Probable frequency of heavy rainfall 

Fig. 3.8 shows the maximum probable frequency of heavy rainfall (between 65 

and 124 mm) during October to December calculated using data from 1951-2019. This 

map was taken from the IMD Climate Hazards and Vulnerability Atlas of India, 2022.  A 

maximum probability of more than 7 days can be expected over the east-coast of Tamil 

Nadu and Southern parts of Kerala and Tamil Nadu. Over the interior parts of the south 

Peninsula, the maximum probability lies between 3-4 days.  

Fig. 3.9 shows the maximum probable frequency of heavy, very heavy and 

extreme heavy rainfall (number of days) during the NE monsoon season (Oct-Dec). Over 

the east coast of north Tamil Nadu, South Coastal Andhra Pradesh and southern most 

districts of Tamil Nadu and Kerala, the maximum probable frequency is more than 15 

days. Over other parts of coastal Pradesh, Tamil Nadu and south Kerala, the maximum 

probable frequency is between 10-14. Over interior parts of the south Peninsula, this 

number varies between 5-10 days.  


