IMD Meteorological Monograph:
Northeast Monsoon of South Asia

No: MoOESIMD/Synoptic Met/02(2022)/27

M. Rajeevan, M. Mohapatra, C. K. Unnikrishnan,
B. Geetha, S. Balachandran, O. P. Sreejith,
P. Mukhopadhyay, D. R. Pattanaik, P. Guhathaku
P. Kumar, K. N. Kumar, J. Bhate, P. Rohini,
M. Sharma, R. Ashrit, A. Mitra and Bagar




.
nY i
NE

=

¥

ZI3EY
RN

el

)

ﬂ)l

¥
L
3 \,\:;"'
L4
7 l;p.’

India Meteorological Department
Ministry of Earth Sciences
Government of India

Northeast Monsoonof South Asia

M. Rajeevah M. Mohapatrd, C.K.Unnikrishna#, B. Geethg
S.Balachandraf) O.P.Sregjitt?, P. Mukhopadhya$, D. R.Pattanaik,
Pulak GuhathakurfaPankaj Kumdr, K.Niranjan Kumd Jyoti Bhat&

P. Rohirf, Monica Sharmd RaghuAshrit’, Ashim Mitrd, Karuna Sagdt

Ministry of Earth ScienceBICESS, Thiruvananthapuram

India Meteorological Department, New Delhi

National Centre for Earth ScienSéudies, Trivandrum

India Meteorological Department, Chennai

Indian Institute of Tropical Meteorology, Pune

India Meteorological Department, Pune

National Centre for Medium Range Weather Forecasting, Noida
National Atmospheric Research Laboratory, Tirupati

Indian Institute of Science Education and Research (IISER), Bhopal
10 India Meteorological Department, Amravati

©o N TN E

Rajeevan et al 2022, Northeast Monsoon of South Asia, Meteorological Monograph,
MoE3IMD/SynopticMet/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 omisso The geographicddoundaries
shown in the publication do not neces#g correspond to the politicadboundaries.

Published in India

By

India Meteordogical DepartmentMinistry of Earth Sciences
Lodi Road, New Delhi110003 (ndia)
Phone: 9111-43824298
Email:mausampublication@gmail.com



Executive Summary

1 Document title NortheastMonsoon 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. Geg
S. Balachandran, O. Fsreejith, P. Mukhopadhyay, D. R. Pattan
Pulak Guhathakurta, Pankaj Kumar , K. Niranjan Kumar, Jyoti
P. Rohini, Monica Sharma, Raghu Ashrit, Ashim Mitra and Karuna Sa

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

15 |Reviewing and Approving |Director General of Meteorology, India Meteorological Department

Authority

16 |End users Operational Forecaster, ModeldResearcher, GovernmenAcademicetc.
Understanding on diurnal, intraeasonal, seasonal variability, monsq

17 |Abstract ; . :
onset, synoptic weather systems and capability of making more acq
forecasts using the statef-the-art dynamical models during the N
monsoon season have improved stdgially in recent years. The preseg
monograph has incorporated more recent research results from st
using long term and updated climate data sets which would be very
for forecasters as reference material and also students, young reseal
venturing into NE monsoon research. The details of synoptic sy
affecting south peninsula and Sri Lanka and forecasting aspects of
weather systems are also discussed. A brief summary of the verificat
forecasts of NE monsoon rainfall overdia using two different weathe
prediction systems is included as reference material for forecasters.

18 | Key Words Southwest Monsoon, Indian Ocean Dipole, Mottbdel Ensemble, Forecg

Verification, Heavy rainfall, bhsoon andAgriculture




Contents

Foreword 1
Acknowledgements 2
Acronyms 3-4
Chapterl: Introduction 59
Chapter2: Climatological Features 10-36
Chapter3: Mean Rainfall Distribution 37-51
Chapter4: Synoptic Systems 52-98
Chapter5: Onset and Withdrawal 99-116
Chapter6: NEMonsoon Variability 117154
Chapter7: NE monsoon over Sri Lanka 155173
Chapter8: Numerical Weather Prediction Guidance 174190
References 191-203

Bibliography 204-218



RIGE]

gedl a5 HATeg
gt Hae, drel e, 8 fRei-110003
SECRETARY
v qﬁa—;{:{ GOVERNMENT OF INDIA
St 2. . MINISTRY OF EARTH SCIENCES
Dr. M. Ravichandran PRITHVI BHAWAN, LODHI ROAD, NEW DELHI-110003

Foreword

Northeast Monsoon rainfall over India exhibits variability from diurnal to
synoptic, intra-seasonal and inter-annual time scales and has significant sectoral
implications particularly for agricultural and water resources over south
peninsular India. In the era of changing climate, increase in extreme weather
events like heavy precipitation, strong winds, floods etc has been observed.
Further, our understanding on diurnal, intra-seasonal, seasonal variability,
monsoon onset, synoptic weather systems during the NE monsoon season has
improved substantially in recent decades with the use of observed data and the
state-of-the-art dynamical models. As such, there was an urgent need for
updating of existing knowledge on various facets of NE Monsoon.

The present Met Monograph on NE monsoon contains detailed
information on various meteorological aspects viz. mean temperatures, sea
level pressure, upper air circulation features, monthly and seasonal rainfall,
heavy rainfall, extreme winds, characteristics of monsoon clouds,
thunderstorms and lightning, variability of NE monsoon from diurnal, synoptic,
intra-seasonal and seasonal time scale and synoptic systems affecting south
peninsula and Sri Lanka including the forecasting aspects. | am sure that the
present publication with latest information would be very useful for operational
forecasters, students and young researchers as an excellent reference book. |
also feel that the methodology discussed in the Monograph helpful in
addressing climate change issues with the ultimate aim to achieve sustainability.

| congratulate all the authors for bringing out this useful meteorological
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Chapterl

Introduction

South Asiaxperiences two monsoons, Southwest monsoon or summer monsoon
during June to September and the Northe@sE)Monsoon or winter monsoon during
October to December. While thigoreal summer monsoor{June to Septis responsible
for a major portion of annuatinfall over India, rainfall received during thlEEmonsoon
season(OctDec)is also important, especially fahe south peninsula Sri Lankaand
Maldives. During the southwest monsoon seasaime southeastern parts of India
remain in the rairshadowregionand receivenoderaterains.

NE monsoon is associated with the seasonal reversal of surface and lower
tropospheric winds which starts by OctoberDuring the southwest monsoon season,
surface pressure gradient is directé@m the Indianocean to &nd with southwesterly
monsoonwindsin the lower troposphereDuring the NE monsoon season, the pressure
gradient reverses (from land the Indianocean)resulting innortheasterlytrade winds,
which is the basic state of the systeifhis changen surface pressure gradient and
lower tropospheric windsis associated with the southward movement of the
continental tropical convergence zone (CTCZ) and the subtropical anticyiclahe
upper troposphere Therefore, the NE monsoon &ften described aghe 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 regemd 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 ldevel northeasterly flow over the
Indian subcontinent and southeast Asi@ihere aresimilaities in circulation and rainfall
patterns of southeastern peninsular India and other South / Southeast Asian regions and

also the established roles of Siberian High,-sopical westerly jet stream and the



teleconnecton influences of global parameters such as ENSO onNBEeMonsoon
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 lee October, a month later than over the South China Sea (Sengupta and
Nigam 2019).

NE monsoon igelativelydry, stable and has less vertical extend compareth&o
southwest monsoonThe India Meteorological Department (IMD) refers to the October
to De@mber period as the northeast monsoon, which is a part of the northeast trades
(Dhar et al., 1982Dhar and Rakhecha, 1983)Dhar and Rakhecha (1983) studied
monthly rainfall data for a 1068yr period (18771976) to investigate the association
between thenortheast and southwest monsoons over Tamil Nadu, and concluded that
summer rainfall is negativetorrelatedwith NEM rainfall

NE monsoon rainfall exhibits variability from diurnal to synoptic, isgasonal
and interannual time scalesThe interannual variability of theNE 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 2004) During the years when tlisEmonsoon is
deficient it has been noted that there is a considerable decrease in agricultural
production over the regionTheNE monsoon rainfait highly variable both spatially and
temporally. The coefficient of variatiofinter-annual) of the NEMRaveraged over the
five subdivisiongs 25%, which is more than that of the southwest monsoaimfall
averagedover the country as a whol€0%).South peninsulas well known for large
year to yearvariability. In 2015, the city of Chennai experienced deluge in 2015, which
resulted significant loss of life and propertifour years later, in 2019, Chennai city
experienced severe water shortage and criflsring the NE monsoon season, south

Asia alsoexperiences many extreme weather events like heavy precipitation, strong



winds and floods. Some of these extreme events are associated with the passage of
tropical cyclonegorming over theBay of Bengal.

In the literature, thereis a controversyabout ud Ay 3 GKS (GSN¥Y dab:
monsoon (IMD, 1973). As per the classifications given by the India Meteorological
Department (IMD),the October5 SOSY o6 SNJ LISNA 2 R Omohsodni  dzil S 2
aSlhazyé¢o LG Aa Fftaz2 (1yz2ey Fa aibKS thwSGNBI
monsoon convergence zone shifts to lower latitudes during this season. Mr Blanford,
who was the first Director General tife India Meteorological Department (IMD) in his
aSY2ANR 2y awlAyTFrtf 2F LYRAIFEé NMdndoSR GKS
wl Ay aée o LUMDiscussal this asfpech many occasions and tHMD decided
to retain the term IMD recommendsi K & GG KS GSN)XY Db2NIUKSI &
continue to be used for rainfall season over south peninsula during October to
5S 0S Y &beEamayy4£1976 had examined meridional sdavel pressure profiles
over India, the Atlantic and Pacific and of winter rainfall over India and Sri Lanka and
suggested that that the soalled northeast monsoon over southast India differs little,
either in wind in weather, from the generality of the northehemisphere trade winds.

Compared to the southwest monsoomadequate attention was not given to
address various aspects dfe NE monsoon. There are only a few research papers
addressingNE monson over south Asia. After the classic work byrinivasan and
Ramamurthy (IMD 1973§ 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 alisanexcellent documentation of various aspects of NE Monsoon season over
India. The papers bysreekala et al(2012) and Rajeevan et.4P012) alscare good
reviews on the variability of NE monsoon rainfall and its prediction aspActsidha
(2016) using mdern meteorological data analyzed the characteristics of Indian

Northeast monsoon and cyclonic storms of the North Indian Ocean. The study revealed



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 2012Since then,there is growing research interest on NE
Monsoon with much more papers are getting published the recent years
(Satyanarayana et al.(2020), Raj and Amudha (2022Raj and Geetha (2008),
Balachandran et al., (2006)air 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), Prasea 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., (20P@akash and Gairola (2013), Kiran Kumar
and Singh (2021), Pattanaikchiviohapatra (2017)Parvathi et al. (2017%engupta and
Nigam (2019), Mishra and Bharadwaj (2019)he paleoclimate aspects of NE monsoon
are recently discussed in Achyuthan (2021) and the references therein.

In spite of the growing research interegere is alot of scope for arexhaustive
compilation of research resultsased on recent data products and forecasting tamis
different aspects of NE monsoaover south Asia. During the last one decade, our
understanding on diurnal, intraeasonal, seasonal variability, monsoon onset, synoptic
weather systemgduring the NE monsoon seasdras improved substantially. At the
same time, our capability to make more accurate forésadso has improved by using
the state-of-the-art dynamical modelsr Numerical Weather Prediction MP) models
The presentmonographis designed accordingly to include more recent research results,
which have resulted in better understanding of NE marsand itsvariability in all time
scales andtheir prediction aspects Such a compilation would be very useful for
forecasters as reference material and also studegtsung researchergenturing irto

NE monsoon research.



In thismonograph the climatologcal featuresof NE monsoomre discussed using
long termand updatedclimate data setsDiscussion®n meantemperatures, sea level
pressure, upper air circulation features, monthly and seasonal raitfadlyy rainfall,
extreme winds,characteristicsof monsoon clouds, thunderstorm and lightningare
included The variability of NE monsoon from diurnal, synoptic, isgasonal and
seasonal time scales is also discussed in deithl a few case studiesThe details of
synoptic systemsaffecting south pemsula and Sri Lankduring the season and
forecasting aspects of these weather systeamsalso discussed. A brief summary of the
verification offorecasts ofNE monsoon rainfall over India using two different weather
prediction systems is includesk refeence material for forecastersA separate section
of NE monsoon season over Sri Lanka is also prowdedden the scope ofhis book.

The greyareas where more research is required are identified disgdussed.



Chapter2

Climatological Features

NE monsoon predominantly influences south peninsula, consisting of five
meteorological suldivisions (Coastal Andhra Pradesh, Rayalaseema, Tamil Nadu, South
Interior Karnataka and Kerala) as shown in Eif.In addition, NE mongm contributes
significant amount of rainfall oveother south Asian countriedike Sri Lanka and
Maldives (Fig2.2a).

In Sri Lanka, the southwest monsoon season lasts during May to September. The
period October to November is termed as second intemsoon 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 120nm NE monsoois experiencedluringthe
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 rangéhttp://www.meteo.gov.lk/index.php?option=com_content&
view=article&id=94&Itemid=310&lang=gn

In India, theNE monsoon seasai©ctDec)contributes about 11% of itsnaual
rainfall over the country as a whol&outh peninsula receives much more rainfall
compared to northern parts of the country. Mardistricts overthe south peninsula
receive 3@60% ofthe annual rainfall during this season. This season is also tetheed
retreating monsoon season or the pasitonsoon season in which the zone of maximum
rainfall migrates to southerparts ofindia, Sri Lanka and theeighboringsea.With the
withdrawal of the Southwest monsoon frothe northern parts ofindia the meansea
level pressure and upper tropospheric wind circulation patseaver India change

rapidly from the summer monsoon type to winter type. By October, titeritropical
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Convergence ZoneT(CJ or the monsoon convergence zone which is positioned over

northern parts of India starts shifting southwards.

Fig2.2 b shows the annual cycle of precipitation averaged over the longitudes

70°-85°, calculatedusing GPCP monthly rainfall data during the period 12721. It

clearly shows the northward movement of mawm convergence and rainfall towards

the northern partsstarting from May and the retreat during OctobBecember. NE

monsoon season coincides with this retreating phase of titer ITropical Convergence

Zone (TCZ There are also associated rapid chamge upper air circulation and sea

level pressure patterns. During the OctoH@ecember season, there isckear evidence

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

SH equatorial trough (SHET).
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Fig.2.1. Five Sulaivisions over South Peninsula under the NE monsoon region
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OND GPCP Rainfall Climatology(mm/day)

Fig.2.2a. NE monsoon rainfa{OctDec) in mm/dayver South Asia

3375
10.00
28.75
9.100
23.75 & St
18.75 7.300
© 13.75 6.400
e
= 58 5.500
pr] v
©
«© 4.600
3.75 3.700
125 2.800
. 1.900
1.000
-11.25

0.1000

Month

Fig 2.2 b. Hovmuller Diagram showing annual cycle of precipitatimm/day)over the
Indian region, averaged over the longitudes betweeSE&Z@C°E. This plot is prepared
using GPCP monthly rainfall d4i®732021).
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In the next sections, climatological aspects of sea level pressure and upper air
circulation features are discusg.
2.1 Sea Level Pressure

The mean sea level pressure chart floe month ofJuly is shown in Fig2. The
pattern shows a heat low over the northwestern parts of India and adjoining Pakistan
with a south-north pressure gradient. The pressure gradibetween the equator and
10°N 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 pressuiearts for Oct to Deare given in Fig.2, 25 and
2.6 respectively By October, a low pressure area gets established oveGtnéral and
South Bay of Bengal and adjoining east coast, which shifts to south Bay in November
and further southwards, close tthe equator in DecemberThislow pressure area is
more marked over the southwest BayOctober and Novembein the Arabian Sea, the
low pressure area is not well marked during these months. However, anwesst
oriented trough of low pressure is obsed in nearly the corresponding latitudes as in
the Bay of Bengal, at least in October and November. In Octtieepressure gradient
Is generally weak, which gets strengthened by November. While the low pressure area
gets shiftedsouthwards,the high pessure 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 sttemgthens During
November and December, thisobars 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 (perl®d92021). Source: ERA5
reanalysis
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Fig 2.4. Same as in Fig.2but for October.
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Mean November MSLP (hPa)
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Fig 2.5. Same as Fig 2but for November.

Fig. 26. Same as Fig2but for December.
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