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An attempt has been made to understand the mechan-
ism in occurrence of intense heavy rainfall events over 
North Konkan and adjoining areas using observed,  
satellite and reanalysis datasets. Synoptic conditions 
associated with Dahanu heavy rainfall event, 2016, 
Mumbai floods, 2005 and historical heavy rainfall 
events over North Konkan region are considered in 
the present study. In presence of East–West shear 
zone with upper air cyclonic circulations extending up 
to mid-tropospheric levels located at west central Bay 
of Bengal, west Arabian Sea and anti-cyclonic circula-
tion over east-central Arabian Sea were the major 
synoptic features observed during these events. Re-
sults suggest that the confluence of moisture-laden 
winds from these circulations over North Konkan lead 
to the occurrence of intense heavy rainfall events. 
 
Keywords: Heavy rainfall events, monsoon season, 
shear zone, wind confluence. 
 
MONSOONAL rainfall is not continuous and uniform 
throughout a season, as it comprises active and break 
spells. Most parts of India get substantial amount of rain-
fall with heavy to very heavy rainfall activity at some 
places on several occasions during active phase of the 
monsoon, and weak or no rainfall during break phase of 
the monsoon. These heavy to very heavy rainfall activi-
ties are associated with different mechanisms described 
in various studies1–6. Rakhecha and Pisharoty7 have cited 
the following main causes of heavy rainfall over the In-
dian region: (i) Formation and consequent movement of 
cyclonic disturbances across the country. (ii) Orographic 
lifting of moist air as it rises along the slope of the moun-
tain barrier across the air stream. (iii) Monsoon break pe-
riod when heavy rainfall activities are confined to the 
Himalayan region and areas close to it. They further ex-
plain that when cyclonic systems (mainly depression) 
form over the Bay of Bengal (BoB), often Arabian Sea 

monsoonal flow strengthens and causes orographic lifting 
of the moisture-laden winds. 
 The west coast of India gets heavy rainfall during 
summer monsoon season (JJAS). Occurrence of these 
events is more frequent during the season and causes sub-
stantial damage to lives and property. Major causes cited 
for these events over the region in previous studies  
are: offshore trough and vortices, mid-tropospheric cyc-
lones (MTC), etc.2,8. However, Francis and Gadgil6 using 
satellite-derived outgoing longwave radiation (OLR) data 
demonstrated that most of these events are linked with 
atmospheric conditions over the equatorial Indian Ocean. 
Roca and Ramanathan9 revealed that deep cloud systems 
contribute significantly to total cloudiness off the west 
coast of India. Heavy rainfall over the west coast and the 
Western Ghats is mostly attributed to the ascent of moist 
air from the Arabian Sea due to monsoonal flow over oro-
graphy of the Ghats10,11. Coastal regions have been obser-
ved to record greater amount of rainfall than the Ghats12,13. 
It has been proposed that these heavy rainfall activities 
are linked with offshore trough and vortices1,3,13. Conse-
quent studies by Benson Jr. and Rao14, and Rao and Hor15 
indicated that these vortices are embedded in synoptic-
scale convective systems. Synoptic and large-scale analy-
sis associated with heavy rainfall events by Francis and 
Gadgil6 demonstrated that majority of these events are as-
sociated with tropical convergence zone (TCZ), while 
systems like offshore trough, MTC, etc. account for the 
rest. Here, we have studied two historic, record-breaking 
extreme rainfall events over North Konkan and Mumbai 
regions and synoptic conditions associated with them. 
During the 2016 monsoon season, on 21 September 2016, 
Dahanu station in North Konkan region recorded 528 mm 
of rainfall in 24 h, which was an all-time record for the 
station. We also studied the infamous Mumbai extreme 
rainfall event of the 2005 monsoon season (hereafter 
Mumbai floods), when on 26 and 27 July 2005, Santacruz 
station recorded 944 mm of rainfall16,17. Further, we carried 
out composite analysis for the historical, intense heavy rain-
fall events over Dahanu station and associated atmospheric 
dynamics to understand their mechanism of occurrence. 
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Mumbai floods 

Various aspects of the occurrence of the Mumbai floods 
have been studied; most of them focused on numerical 
simulations18–22. However, synoptic and thermo-dynamical 
aspects associated with the event have also been  
addressed16,17. The Mumbai floods disrupted life in city 
and resulted in a large number of deaths (~400 people) as 
well as property loss of nearly Rs 10,000 crores16. This 
loss of lives and property could have been less if these 
events had been predicted well in advance. A variety of 
modelling studies could not simulate the intensity of the 
Mumbai floods appropriately and cited various reasons for 
this (e.g. sensitivity to boundary conditions, model resolu-
tion, etc.)23–25. Sikka and Rao26 reviewed the modelling stu-
dies on the Mumbai floods and Odisha supercyclone 1999, 
and found considerable variability in predicting such 
events. They further suggested that in order to reduce the 
uncertainty in dynamical prediction, it is necessary that 
the model dynamics, physics, resolution, boundary condi-
tions and availability of data on land–ocean surface 
processes, etc. should be tuned separately to the specific 
event types. The high-resolution (3.6 km) weather research 
and forecasting (WRF) model study by Kumar et al.19 could 
simulate the Mumbai heavy rainfall event reasonably good. 
Despite various modelling and observational studies on 
the Mumbai floods, researchers could not reach a solid 
consensus on the reason behind the occurrence of the 
event. The role of large-scale dynamics on the occurrence 
of such events has not been addressed appropriately in 
previous studies. Therefore, we revisit this case using a 
novel approach. 

Dahanu floods 

Dahanu station of North Konkan (19.98°N, 72.74°E), 
130 km from Mumbai, recorded 528 mm of rainfall in 
24 h on 21 September 2016, and set a new record. Rain-
fall distribution over Dahanu and surrounding areas dem-
onstrated the occurrence of heavy to extremely heavy 
rainfall at most places for the same period. The  
large-scale features of Dahanu floods are compared with 
the Mumbai floods to understand the similarities asso-
ciated with the event. Here, we study the mechanism  
behind these extreme rainfall events over the region using 
various datasets. 

Datasets used 

Diverse datasets, including observed rainfall data for  
Dahanu and surrounding stations, gridded reanalysis da-
tasets, satellite observed rainfall and outgoing longwave 
radiation (OLR) data were used in the present study. To 
study extremely heavy rainfall event over Dahanu station 
and its neighbourhood, we have used daily rainfall data 
for Palghar district, Maharashtra, which comprises 29  

stations. Long-term heavy rainfall records for Dahanu 
station (1951–2016) were obtained from research section 
of Regional Meteorological Centre (RMC), Mumbai and 
National Data Centre, IMD, Pune to understand the large-
scale composite structure of the dynamical features of 
such events. The Goddard Earth Sciences Data and In-
formation Services Centre (GES DISC), in coordination 
with Global Precipitation Measurement (GPM) mission 
and the Precipitation Processing System (PPS), an Inte-
grated Multi-satellitE Retrievals for Global Precipitation 
measurement (IMERG) derived daily gridded data of pre-
cipitation at 0.25° × 0.25° were used to study rainfall  
distribution over land as well as ocean27. The IMERG  
dataset was downloaded from https://pmm.nasa.gov/data-
access/downloads/gpm. High-resolution (0.25° × 0.25°) 
OLR data based on Mahakur et al.28 were used. The au-
thors28 had derived the OLR from Kalpana-1 (formerly 
METSAT-1). Quality-controlled high-resolution OLR at 
the above mentioned resolution over the Indian region 
(40°S–40°N, 25–125°E) from May 2004 to the present is 
available at the Indian Institute of Tropical Meteorology, 
Pune, website (http://www.tropmet.res.K1OLR). The  
atmospheric fields were obtained from National Centre for 
Environmental Prediction/National Centre for Atmospheric 
Research (NCEP/NCAR) reanalysis-1 at 2.5° × 2.5° reso-
lution29. 

Results 

Synoptic conditions associated with Dahanu heavy  
rainfall event 

Dahanu station of North Konkan (19.98°N, 72.74°E) rec-
orded 528 mm of rainfall in 24 h on 21 September 2016. 
The downpour of the Dahanu heavy rainfall event hit 
normal life as roads were flooded, power and phone lines 
had snapped, schools and colleges declared a holiday, 
railway tracks were flooded and services delayed by 2–
3 h. Daily rainfall data from 29 stations of Palghar dis-
trict (Figure 1) recorded heavy to extremely heavy rain-
fall at most places for the same period. The synoptic 
conditions before, during and after this event have been 
studied in order to understand the origin of the event. 
Figure 2 e–h shows the OLR and mean sea level pressure 
(MSLP) evolution for the period 19–22 September 2016. 
It is interesting to note that the existence of northwest–
southeast orientation of the monsoon trough on 19 Sep-
tember 2016. Formation of the low pressure area 
(LOPAR) over west central (BoB) and its northwestward 
movement in subsequent days can also be noted from the 
figure. 
 The LOPAR/depressions during monsoon are synoptic-
scale cyclonic circulations that occur over the northern 
BoB and sometimes over central India during the summer 
monsoon season. They generally give abundant rainfall in 
the southwest sector1. Commonly, a persistent spell of 
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Figure 1. Rainfall (mm day–1) recorded at 29 stations in Palghar district, Maharashtra on 21 September 
2016. 

 
dry weather during the monsoon season is broken by the 
formation of monsoon synoptic-scale systems (LOPAR/ 
depressions). Several studies on the cause of intensifica-
tion of low-pressure systems into depressions have been 
carried out30–32. Some of the cited are as follows: the  
association of the interaction between lower tropospheric 
convergence and upper tropospheric divergence30. These 
features are also linked with upper-level positive vorticity 
and advection which help in the upward motion and lower-
level convergence in the northern BoB. However, Dag-
gupaty and Sikka31 have argued that during several occa-
sions, development of depression takes place without 
adequate changes in the upper tropospheric circulation 
prior to the time of intensification. They further explain 
that the presence of strong monsoon westerlies to the 
south of the genesis area as well as strengthening of the 
lower tropospheric westerlies over peninsular India is one 
of the reasons for LOPAR formation over the region.  
Saha and Chang32 demonstrated that most of the depres-
sions that form at the head BoB are associated with pres-
sure disturbances coming from the east. The vertical wind 
shear and convective instability of second kind (CISK) 
are the reasons cited for LOPAR formation and intensifi-
cation33. 
 We have discussed various mechanisms for the occur-
rence of LOPAR over northern BoB during SW monsoon 
season. The northwestward movement of these distur-
bances leads to widespread rainfall along the path, with 

high rainfall activity over SW sector of it1,31. Deep con-
vective clouds are usually identified by their cold cloud 
tops which emit low values of OLR. A minima in OLR is 
the proxy for deep convective clouds. OLR <240 Wm–2  
is considered as convective clouds. Therefore, negative 
anomalies of the OLR suggest the presence of convec-
tion/cloudiness over the region. Figure 2 a–d shows plot 
of the Kalpana satellite-derived OLR for the period  
19–22 September 2016 (ref. 28). Systematic west-
northwestward movement of the convective cloud bands 
corroborates well with the streamline and vorticity analysis 
(Figure 3). 
 Figure 3 a–d depicts the anomalies in streamline and 
vorticity at 850 hPa level for 19–22 September 2016. 
Northwestward movement of LOPAR from west–central 
BoB and associated upper air cyclonic circulation extend-
ing up to 500 hPa (Figure 4 c) have been observed during 
the period. The remarkable synoptic features before and 
during this event are as follows: (i) Upper air cyclonic  
circulation over southwest Madhya Pradesh, adjoining 
Gujarat and north Maharashtra persisted on 19 September 
2016. (ii) Upper air cyclonic circulation (Figures 3 and 
4 b, c) over west central and northwest BoB and adjoining 
coastal areas of south Odisha and north Andhra Pradesh 
persisted on 20 September 2016. (iii) Anomalous anti-
cyclonic circulation at 850 hPa over east to east–central 
Arabian Sea extending up to 500 hPa (Figure 4 b and c). 
(iv) Presence of anomalous, strong E–W wind shear



 

C

 
 
e
in
ti
fr

S

T
li
re
Ju

CURRENT SCIE

Figu
press

embedded wit
ng from 850 t
ion over west

from 850 to 50

Similarity wi

The Tropical R
ite-observed 
elative vortic
uly 2005, wh

ENCE, VOL. 115

ure 2. Evolutio
sure (hPa) for the

th upper year
to 500 hPa. (v
tern Arabian S
00 hPa. 

ith the Mumb

Rainfall Mea
rainfall, 850

city (shaded) 
hen the heav

5, NO. 6, 25 SEP

n of (a–d) Kalp
e period 19–22 S

r cyclonic cir
v) Anomalous
Sea near Oma

bai floods 

asuring Missio
0 and 500 hP

are plotted i
y rainfall ev

PTEMBER 2018

pana satellite-der
September 2016.

rculations ex
s cyclonic cir
an coast exten

on (TRMM) s
Pa streamline
in Figure 5 fo
ent occurred 

 
rived outgoing lo
. 

xtend-
rcula-
nding 

satel-
e and 
or 26 
over 

Mum
that 
rainf
fall e
E–W
the D
Mum
was 
case
tems
be c

ongwave radiatio

mbai and adj
synoptic fea

fall case stud
event. Howev

W shear zone 
Dahanu even

mbai event wa
located in e

. Therefore, p
s determine th
concluded tha

RE

on (W m–2) and 

oining region
atures present
dy are similar 
ver, position o
is located m

nt. Also, anti-
as found to b
east–central A
position as w
he region of h
at embedded

ESEARCH

(e–h) mean sea

ns. It is wor
t during the 
to the Mumb

of the vortice
more northwar

-cyclonic circ
be near the eq
Arabian Sea 

well as strengt
heavy rainfall.
d vortices in 

 ARTICLE

11

 

a-level 

rth mentionin
Dahanu heav
bai heavy rain
es embedded 
rd compared 
culation in th
quator, while 

in the earli
th of these sy
. Hence, it ma
E–W-oriente

ES 

57

ng 
vy 
n-
in 
to 
he 
it 
er 

ys-
ay 
ed 



R
 

1

w
in
A
im
o
K

H
D

H
m
H
(>
c
 
 

F
an

RESEARCH

158

wind shear in
n the Arabia

Arabian Sea a
mportant role

of heavy to e
Konkan and ad

Historical in
Dahanu and 

Heavy rainfal
mon over the 
However, freq
>115–204.5 m

comparatively

Figure 3. Evolu
nd streamline (v

H ARTICLE

n the lower le
an Sea, cycl
and LOPAR o
e in the transp
extremely hea
djoining regio

tense heavy 
associated s

ll (64.5–114.
west coast of

quency of occ
mm day–1) ev
y less6. There

ution of 850 hP
vectors) for the p

ES 

evels, anti-cy
lonic circulat
over west-cen

port of moistu
avy rainfall e
ons. 

rainfall eve
synoptic con

.5 mm day–1) 
f India during
currence of v
vents and ab
efore, we sel

 
Pa relative vortic
eriod 19–22 Sep

yclonic circul
tion over ea
ntral BoB pla

ure and occurr
events over N

nts over  
nditions 

events are 
g monsoon se
very heavy ra
bove categori
ected only e

city (10–6 S–1, sh
ptember 2016. 

lation 
astern  
ay an 
rence 
North 

com-
ason. 
infall 
ies is  
vents 

 

haded) 

when
equa
rainf
for t
of th
even
fall, 
It is
from
shea
Sea, 
BoB
ing f
the 
Kon
of oc
 Th
inten
Here
prev
day–

orde
for t
categ
casti
the n
 

CURRENT SC

n rainfall ov
al to 150 mm/
fall records a
these events w
hese events w
nt. Figure 6 d

streamline an
interesting t

m Dahanu and
ar, anti-cyclon

cyclonic cir
B are also obs
further confir
occurrence 
kan and adjo
ccurrence fro
he above ana
nse heavy ra
e question ari
vail for no ra
–1) and moder
er to quantify
the above ca
gories mentio
ing circular34.
no rain, light

Table 1. In
 and 

Date (dd/mm
 

16/07/1965
26/07/1965
06/08/1968
23/06/1970
01/06/1971
12/06/1973
04/07/1974
21/06/1978
23/06/1980
24/09/1981
07/08/1983
02/08/1985
15/07/1988
23/06/1992
17/09/1993
18/07/1995
22/07/1996
28/06/1998
07/07/2000
15/06/2001
28/07/2003
03/08/2005
04/08/2007
24/06/2010
12/06/2011
04/09/2012
24/09/2013
05/07/2014
21/09/2016

CIENCE, VOL. 1

ver Dahanu s
/day for our a

and occurrenc
was carried ou
with the Dahan
depicts compo
nd relative vo
to note that t
d Mumbai ca
nic circulation
rculation over
served in com
rms the synop
of intense h

oining regions
m offshore tr
alysis was p

ainfall events
ises whether 
ain (0.0 mm 
rate rainy day
y this, we per
ategories. Th
oned above i
. Figure 7 sho
t rain and mo

ntense heavy rain
the respective d

m/yyyy) Rainfa

115, NO. 6, 25 S

station was g
analysis. Tab
ce date. Comp
ut to find sim
nu extremely
osite anomali
orticity at 850
the main fea
ase studies, i
n over east–c
r western Ar

mposite analy
ptic condition
heavy rainfa
s, apart from

rough, MTC, 
performed con
s (rainfall >1
similar synop
day–1), light 

ys (15.6–64.4
rformed comp
e quantificat
s according t
ows composit
oderate rain c

nfall over Dahan
ate of occurrenc

fall recorded (mm

293.2 
197.2 
191.8 
216.4 
220.8 
185.8 
301.0 
169.0 
195.0 
239.0 
296.7 
193.0 
192.3 
281.2 
154.0 
191.2 
204.6 
199.0 
183.8 
195.4 
219.4 
164.7 
178.3 
236.0 
158.0 
359.6 
267.2 
267.6 
528.6 

EPTEMBER 20

greater than o
ble 1 shows th
posite analys

milarities, if an
y heavy rainfa
ies of the rain
0 and 500 hP
tures observe
i.e. E–W win
central Arabia
rabian Sea an
ysis. This find
ns essential fo
ll over Nor

m its possibili
etc. 
nsidering on
150 mm day–1

ptic condition
(2.5–15.5 m

4 mm day–1). I
posite analys
tion of rainfa
to IMD’s for
te anomalies o
categories. Th

nu station  
e 

m day–1) 

18 

or 
he 
sis 
ny 
all 
n-

Pa. 
ed 
nd 
an 
nd 
d-

for 
rth  
ty 

ly  
1). 
ns 

mm 
In 
sis 
all 
re-
of 
he  



 

C

F
2
an
5
 

F
sh

CURRENT SCIE

Figure 4. a, G
016. b, Anomaly
nd streamline (v
00 hPa. Green co

Figure 5. Same
how the actual re

ENCE, VOL. 115

GPM satellite-de
y maps of 850 h

vectors) for 21 S
ontours show the

e as Figure 4 b
elative vorticity 

5, NO. 6, 25 SEP

 
erived rainfall f
hPa relative vorti
eptember 2016. 
e actual relative 

 

 
but for 26 July 

(10–6 S–1). 

PTEMBER 2018

for the 21 Sept
icity (10–6 S–1, sh
c, same as (b), b
vorticity (10–6 S

2005. Green co

 

tember 
haded) 
but for 

S–1). 

 

ontours 

follo
(1) N
anti-
ing 
men
anom
vorti
E–W
anom
cyclo
tense
magn
as c
rainf
 
 
 

Figur
(>150
Comp
and 
(>150
same 
tive v

owing points 
No rainy days
-cyclonic circ
regions, wea
t of the TC

malies illustr
icity of the o

W wind shear
malies demon
onic vortices 
e heavy rain
nitudes of vo

compared to 
fall events. 

re 6. a, Com
0 mm/day) event
posite anomalies
streamline (vec

0 mm/day) event
as (b), but for 5

vorticity (10–6 S–

RE

can be noted
s composite a
culation over
ak monsoon f
CZ. (2) Ligh
ate weak mo
order of 1–4
r. (3) Modera
nstrate the we

embedded in
nfall compos
rticity, i.e. 4–
composite a

 

mposite anomal
ts for Dahanu sta
s of 850 hPa re
ctors) associate
ts for Dahanu sta
00 hPa level. Gr
1). 

ESEARCH

d from the a
anomalies sho
r north Konka
flow and sou
ht rainfall da
onsoon flow,
4 (10–6 S–1) a
ate rainfall d
eak E–W she
n it (while it 
site anomalie
–6 (10–6 S–1) o
nomalies of 

lies of intense
ation for the per

elative vorticity 
ed with intens
ation for the per
reen contours sho

 ARTICLE

11

above analysi
ows anomalou
an and adjoin
uthward mov
ays composi
, low cyclon
and absence o
days composi
ear, absence o
is strong in in
es) and low
over the regio
intense heav

e heavy rainf
riod 1965–2016. 
(10–6 S–1, shade

se heavy rainf
riod 1965–2016. 
ow the actual rel

ES 

59

is: 
us 
n-
e-
ite 
nic 
of  
ite 
of 
n-
er 
on 
vy 

 
fall 
b, 

ed) 
fall 
c, 

la-



R
 

1

 
it
h
e
in
b

R

It
li
s
o
u
te
m
fa
6
D
te
1
m
a
a
p
fo
 

 
F
v
m

RESEARCH

160

It is clear fr
ty between th

heavy rainfall
erate and belo
ntense heavy 

ble condition f

Role of moist

t is interestin
ine and relati
outh westerli

over the Ara
upper air cycl
erlies/north-e

movement of 
fall over Nort
6). Vorticity 
Dahanu case s
ense heavy ra
6–20 (10–6 S

moisture conv
and streamline
and composit
positive anom
found to be

Figure 7. Comp
orticity (shaded

moderate rain cat

H ARTICLE

rom the analy
he synoptic p
l composite 
ow. Thus the
rainfall comp

for its occurre

ture converg

ng to note from
ive vorticity 
ies associated
abian Sea, w
onic circulati

easterlies asso
LOPAR resu

th Konkan an
anomalies at
study, Mumb
ainfall events
–1). Figure 8 
vergence (VI
e for the Daha
te of intense

malies of VIM
e prominent

posite anomalie
d, 10–6 S–1) for 
tegories. 

ES 

ysis that there
attern observ
and rainfall 
 synoptic pat
posite is foun
ence. 

gence and w

m the anoma
that confluen

d with anti-cy
westerlies ass
ion from Oma
ociated with t
ulted in extre
nd adjoining 
t 850 and 50

bai floods and
s were found 
shows the ve

IMC) (from 
anu case stud

e heavy rain
C (~100 (10–

 during the

 

s of 850 hPa str
(a) no rain, (b

e exists no sim
ved for the in
category of 
ttern observe

nd to be a fav

ind confluen

aly map of str
nce of lower-
yclonic circul
sociated with
an region and
the northwest
emely heavy 
areas (Figure

00 hPa during
d composite o
to be in the r

ertically integ
1000 to 300

dy, Mumbai fl
nfall events.

6 g kg–1 S–1)) 
ese events 

reamlines and re
b) light rain an

milar-
ntense  
mod-

ed for  
oura-

nce 

ream-
-level 
lation 
h the  
d eas-
tward 
rain-

es 4–
g the 
of in-
range 

grated 
 hPa) 

floods 
High  
were 
over 

Nort
tion 
5 a) 
conc
high
orien
of th
of 1
from
rainf

Sum

In th
occu
Kon
son. 
heav
2016
cond
obse
syste
centr
up t
exten

 

elative 
nd (c)  

 

Figur
300 h
2005,
rainfa

CURRENT SC

th Konkan an
Mission (G
and IMD-o

currently show
h moisture co
nted vortices.
he order of 10
6–20 (10–6 S–

m these system
fall occurrenc

mmary and 

he present stu
urrence of in
kan and adjo
At first, we c

vy rainfall ev
6 and record
ditions associ
erved from t
ems existed d
ral BoB and a
to mid-tropo
nding up to 5

re 8. The 850
hPa) moisture co
, (b) 21 Septem
all events mentio

CIENCE, VOL. 1

nd adjoining a
PM) satellite

observed (Fi
w heavy rain
onvergence/co
. This implies
00 (10–6 g kg–

–1) and wind 
ms are favou
ce. 

discussions 

udy, we exam
ntense heavy 
oining regions
considered th
vent which o
ded 528 mm 
ated with this
the analysis 
during the eve
associated cy
spheric level
500 hPa near

 

hPa streamlines
nvergence (shad

mber 2016 and (c
oned in Table 1. 

115, NO. 6, 25 S

areas. The Gl
e-derived (Fi
igure 6 a) ra
nfall values o
onfluence alo
s that moistur
–1 S–1), vortici
confluence o

urable for the

mined the mec
rainfall even

s during SW 
he Dahanu sta
occurred on 
rainfall in 2

s event were 
that four m

ents: (i) LOPA
clonic circula
l. (ii) Cyclon
r Oman coast

s and vertically 
ded, 10–6 g kg–1 S
c) composite of 

EPTEMBER 20

lobal Precipit
igures 4 a an
ainfall datas

over regions o
ong the E–W
re convergenc
ity of the ord
over the regio
 intense heav

chanism on th
nts over nor
monsoon se

ation extreme
21 Septemb

24 h. Synopt
studied. It wa

major synopt
AR over wes
ation extendin
nic circulatio
t and adjoinin

integrated (100
S–1) for (a) 26 Ju
f all intense heav

18 

ta-
nd 
set  
of 

W-
ce 

der 
on 
vy 

he 
rth 
a-
ly 
er 
tic 
as 
tic  
t–
ng 
on  
ng 

 
0–

uly 
vy 



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 115, NO. 6, 25 SEPTEMBER 2018 1161

west Arabian Sea. (iii) Anti-cyclonic circulation over 
east–central Arabian Sea. (iv) A pattern of upper air  
cyclonic vortices embedded in E–W wind shear extend-
ing from 850 to 500 hPa vertically and from Oman coast 
to south China Sea horizontally. 
 It has been observed that confluence of westerlies from 
west Arabian Sea cyclonic circulation, southwesterlies 
from anti-cyclonic circulation of east–central Arabian Sea 
and easterlies to northeasterlies from cyclonic circulation 
of west–central BoB lead to moisture-laden wind conver-
gence/confluence in north Konkan and adjoining regions. 
Similar analysis was performed for Mumbai floods case 
of 2005 for comparison. The TRMM satellite-observed 
rainfall, streamline and relative vorticity analysis for 850 
and 500 hPa revealed that similar synoptic conditions 
were occurred during the Mumbai floods as well. One 
important observation from the present analysis is that 
the E–W orientation of the cyclonic vortices embedded in 
E–W wind shear, and position of the synoptic systems 
mentioned above decides the confluence zone and asso-
ciated heavy rainfall events over the region. 
 After identifying similarities in the above-mentioned 
major extremely heavy rainfall events over the northwest  
coast of India, we now pose a question: Are heavy rain-
fall events over the region associated with similar synop-
tic conditions? In order to comprehend the mechanism of 
such events, we identified the intense heavy rainfall  
records (≥150 mm) over Dahanu station for the period 
1965–2016 and carried out composite analysis for the 
same. It is worth mentioning that the composite anomaly 
inferred from the analysis corroborates well with the  
Dahanu and Mumbai extremely heavy rainfall event syn-
optic conditions. Therefore, it may be concluded that the 
synoptic conditions mentioned above are essential ingre-
dients for the occurrence of heavy rainfall events over 
North Konkan and adjoining regions. However, the role 
of other monsoonal components (e.g. offshore trough, 
MTCs, etc.) in the occurrence of such events cannot be 
overlooked. Composite pattern using rainfall category of 
moderate (15.6–64.4 mm/day) and below (2.5–15.5 mm/ 
day) shows a different picture than what we obtained  
using intense heavy rainfall composite. This strengthens 
the mechanism proposed in this study for the occurrence 
of intense heavy rainfall events over North Konkan and 
adjoining areas.  
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