
ANALY$S OF SEVERE RAINSTORM OF 23.26 JULY T989
OVER NORTHERN HALF OF THE INDIAN PENINSUI.A"

A. K. KULKARNI, B. N. MANDAL and R. B. SANGAM, pune.

ABSTRACT: f'he rainstorm of 23-25 July, l9B9 over the northern peninsular states of
Maharashtra, Andhra Pradesh and adjoining rcgions has teen analysccl by the Depth-Ara:-
Duration (DAD) technique. This rainstornr war associated with the mo\:ement of a cyclonrc
disturbalco from the Bav. Unlike July cyclonic disturbances, this disturbance originated in
a more southerly latitude and crossed the northern half of the Indian peninsula from south,
east to northwesl during 23 to 26 July. This rainstorrn was an unique one as it gave two
separate distinct rainstorm cells with centr* at Bhir (Lat. 19000, Lorrg. 75046r) and Bhira
(Lat. 18o27r Long. 7uo24'). comparircn of DAD statistics oI this rainstor.m with
similar data of past severe rainstorms of the rcgion has shown that this rain-ctonn can bc
considered to be one of the major severe rairutorms of this region.

Itroductin :
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I;ncidgnce of intense rainfall normally
oc/curs over some part or other of the
country dur'ng the southwest monsoon
months of June to September in associa-
tion with meteorological situations like
passage of depresslons,/cyclon:c storms.
In tlre last v,€ek of July, 1989, northorzr
porrinsular states of Maharashtra and
Andhra Pradesh experienced one of the
worst cyclonic storms/dep,ressions from
the Bay in recent y€rs, due to which tor-
rqlt:al rains lashed many parts of these
two stateE. H*l.y to very heavy ra:nfall
wele report"d by many stat:ons and in-
terestingly a good number among them
were from the low rainfall regions of
Marathwada, Madhya Maharashrra,
Raya.laseema and Telangana. Rainfall
waa exceptionally heavy during 23-25
July which caused terrible human hard-

rhips and resulted in heavy losc of life
and property by inundafng low lyrng
areas, disrupting rail and road conrmunica-
tions, breach ng of many irr:gatlon tankr
and causing floods in different rivers of
the two states. This cyclon:c disturbance
claimed more than 140 lives in Andhra
Prad,esh wh:le hlgh wtnds accompanied
wi:-h heavy rain and flash floods took a
toll of about 91 6 lives in Maharashtra
state. Damage to roads, buildings and
pcwer stations in nual areas of Maha-
rashtra alone was esdmated to cost over
Rs" 9l crores (Gupta et al, 1990).

Cona:Cering the abovg an attempt har
been made in th:s study to analyse he.W
rainspell of 23-25 July, | 989 in order to
lcnow whether it was an unprecedented
ra:nspell over l*re northern peninsular
states of Maharashtra and Andhra
Pradesh or not? This inform.ati,on may
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also be helpful to various agencies deal-

ing with planning and design of water

resources projects of that regton.

2" Attendant meteorological situationc

which caused heavY rainfall duing
23-25 JuIY, 1989 :

A deep depression was formed over

the west central and adjoining northwest

Bay and was centled near Lat. l SoN and

Long. 86oE at 0830 hrs IST of 22 Julv'
It intensified into a cyclonic storm by th"
evening and lay centred at 1730 hrs IST

rrear [-at. lSoN and Long. 84.5"E'
Moving westwatrds it crossed north
Andhra Pradesh coast near Visakha-
patnam in the early morning of 2? lvlv
end weakened into a deep depression in
the same cvening clote to Pusad. It
wcakened further into a well marked low
pressure area o'ver southern parts of
Rajasthan and adjoining Kutch and south

B g50E
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STORM / DEPRESSION
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Pakistan on 26 July and became unim-
portant on 27 July. Figure I shows the
track of the above Bay cyclonic stormf
depression durtng its travel across the

country. Heavy rainfall over the northern
peninsular Indian region in association

with the passage of the above cyclon;c
system 'r,t'as found. to be due to the fol-
Iowing reasons:-

,i) Track of the depression was acro$r

these regions,

ii) There was strong low level wind
shear.

iii) Long travel of the intense systeo
. over the land areas and

iv) This system had a eoutherly tilt with
height cauaing c:rtsnsion of ra:nhll
belt upto a more aoutherly latitudc
than urual.
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Figure 2 shows the satellite cloud pat- on both sidee (Bay of Bengal to the ea*
terns a*sociated w:th the passage of the and Arab:an sea to the west) the J.rtv,above cydonic eystern durlng its lifc l9B9 depression found itsclf in an GD-
rpao of 2l-25 July, 1989. vironment of dee| moist monaoon air

Ho,.v rainra, wag ario rcported by :*:*:I#,fX i,::il,:,J"'L$: H
many atatione from the. ooastal belt of ing the pa$age of the depression showed
Maharashtra and adjoining reg:ons. Rea- that the deptession had a southward tilt
sons for thir heavy rainfall have been with height by about 30 latitude from
Iooked into. PauI et al, (1990) wh'le surface to 500 mbs level which was per_
analysing the flux of moisture into the haps resp.onsible for caus:ng southward
July, t989 depression field have stated shift of ihe rainbett. Rao eial, (1990)
that because of more soutfiward location while analysing the Lower Krishna Floodtof the track during its westward travel of July,. lggs lraa also stated that when
and nearnesr to the gources of moisture the abolr depression crossed Long. TgoE
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an 23 Jrrly around 1200 lu's IST' cur'
rents from the Arabian Sea also started

feeding rns:sgurs into the system and

moishrre depth during this cyclonic sys-

tem was upio a height of about 6 kmn A
trough of low on sea level chart off *le
west coast was also observed dwing thic

period.

3. Rainfatt data used and methodology
adopted for analYsie:

Daily rainfall data of state raingauge

stations numbering about 260 in Maha'

rashtra for the period 23'25 J:ulv, 1989

were qolleted from the Aericulture De-

partrnent, Pune, whlle rainfall data o'f ob-

rervatory stations were obtained hom
the Weat}er Central, IMD, Pune. Dailv
rainfall data for the same period for
rornc stations in Andhra Pradeeh

Karnataka, Madhya Pradesh and Gujarat
*cre also collected from varioue Weathet

Bulletins of IMD.

Heav:, .ra nspell of 23-25 !dY, 1989

has been analyeed by Depth-Are-a-Dura-
tion (DAD) technique following tlrc pro-

cedures as laid down in I(/MO ( 1969)

and IMD (1972\ manuals on hYdro-

meteorological analys:s of rainstorms' By

arralysis a rainstorin using dhe DAD tech-

nique, a throe dimensional reladonship i*

ohtained between maximum average rain-

d.pth (D), over difierent areas (A)
whlch came tnde. the influence of thc

rinstomr, during difierent durations (D)
of thc rainstorm.

4. Maximum orredaY rainfall :

While scrutinizing the daily rainfall clata

of 23-25 lulv, l9B9 ra:nstorm :t was

found that many stations received heawv

to very heavy rainfall. Stations which re-

TRANSACfiONS OF TIIE INSTITUTE OF INDIAN CEOGRAPIIERS

corded 30 cm or more of rainfall in a
3-day period have been extracted and

are give-n in Table l. This table also

shows highest ever recorded I -day rain-

fall, 100-rr one-day rainfall (Dhar et al'

198?.. Rakhec-ha et al, 1990) ' and

one-day probable maximum precipita-

t:on (PMP) (llTM' l9B9) valuec

for these stations. From a Perusal
of Table I it is e€€n that there were 2l
stations wh:ch have recorded 30 em or

mcrre of rainfall during the 3-day period"

It is seen from tfiis table that Bhira, a

ctaton in Raigarh district of Maharash'
tra recorded 71.3 crn of rainfall on 24

Julv. This amount was found to be the

highest I -day ra:n amount recotrded by

any statio,n ia India during 1989 mon-
SGOn SeBSOIL

Comparson of heawy ra'nfall for sta-

tions of July, 1989 rainstorm with thoae

of highest evet recorded one-day rain

urrounts for the latne. atationc (eee

Table I ), shows that there were 6 sta-

dons in the preaent rainstorm which had

nrrpassed their previous highest one-day
rainrall. It is also seerr ftrom Table I that
the,re were 7 stations which had exceeded

their respect've esdmates of 100-year

one-day rainfall. kobable maximum pre-

cipitatior. (PMP) :s derined as the upper

l:rntlt of rainfall for a givetr station or an

area fot a given duration. It is seerr frorn

Table I that rainfall of 34.6 cm on 24

-luly recorded at Bhir station was almost

.qorl to its onc-day PMP. On the day of
Iandfall of the depression a 23 Jt'ly
some stat:ons along the east coast also'

reported very hearry ra:nfall which ar€

not given i,n Table l. Those are Aatreya-
puram (L Godavari) 63 crn, Koderu
(W. Godavari) 42 cm, Nidadevolu (W'
Godavari) 39 crn, Chintalapudi (W'
Godavari) 37 cm and Kahinada (L
Godavari) 30 cm.
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5. Depth-Area-Dtna6on (DAD) analysic
of .Iuly, 1989 rainstorm :

In order to know the areal extent a,nd

ra:ndepths over different areas and dura-
dons o[ the Jrrly, l9B9 rainstorm,
heaviest l, 2 and 3-day rainfall of all
available stations in and around the affec-
ted regions of Maharashtra and Andhn
Pradesh were plotted on large scale base

maps for detailed analys's. Sorutiny of
rainfall da,ta showed that there were two
.re.parate distinct rainstorm cells during

ta ,l

the same period of 23-25 July, one over
the plain area regions of Maharashtra
and Andhra Pradesh and another along
the coastal belts of Maharashtra and
Karnataka. Occutrrence of two distinct
ra'nstorm cells simultaneously during thir
rainspell is the most interesting feature
of this ra:nstorm. Isohyetal maps of I to
3 days for each of these two rainstorm
cells were drawn for DAD analysis. The
isohyetai patterns of the ra:nstorm over
the coastal region have been drawn keep-
ing in view the orography of the regioa-

!3

iattaul

:r9

!t

20) 20-
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l'"to
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l5&P!trhg Or TilihtAlL
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t6
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DAD statistics of the first cell of the

tainstorm over the plains of northern
peninsula ale given in Table 2 upto an

area of 50,000 sq. kms and for l, 2 and

3-day durations. Centre of this cell wag

at Bhir in the Bhir distt'ct of Maha'
rashtra which recoded 34.6 crr., 37.4 cm

and 39.2 cna of ra:nfall dunng l, 2 and

3-day durations respectively wh'le over

50,000 sq. km area it vielded raindepths
of the order of 15.3 cm, 27.3 crn and

28.3 cm respectively during t to 3-day
durat:ons. DAD analysts of thts rainstorm
cell has, however, shown that it has con-

tributed raindepths upto an area 1,50'000
eq. tr<m but areal raindepths upto 50,000
sq. km area are only given in this study.

Fjgures 3 to 5 show the isohyetal pattern!
of l, 2 and 3-day duratlons of the above
rainstorm cell over the northern p€n-

insular states of Maharashtra and Andhm
Pradesh.

Areal raindepths obtained from the
DAD analysis of the second cell of the

rainstorm over the coastal regions of
Maharashtra and Karnataka are shown in
Table 3 for l, 2 and 3-day durat'ons up-
to 50,000 sq. km area. The centre of th:s
coastal rainstorm was at a station called
Bhira in the Raighar district of l\{aha-
rashtra v;h:ch recorded 71.3 crn, 73.5 cm
and 95.7 cm of ra'nfall during l, 2 and
3-day durations respectively. This rain-
storm has yielded raindepths of 25.0 crn,
41.7 crn and 51.0 cm for l, 2 and 3-day
durations respect:vely over 30,000 sq.

km area. Isohyetal map of 3-day of this
ralnstorm is shown in Figure 3.

G. C.omparison of July, 1989 raimtofln
with the past rcvcre rainstonns of 6c
rcgion :

DAD values of the July, 1989 rain-
ltorm cetls ovcr plains of Maharachtra
rnd Arrdhra Pradesh have been com-

.mANSA('rlON8 OF TIIE INSTITUTE OT INDIAN OEOIGRAPIIERS

pared with dmilar DAD data of Past
levene rainctorms which occurred in and
around the northern peninsular region.
Dhar et al ( 1990) wh'le analysing severe

ra:nstorms over the peninsular states of
Maharaslrtra, Andhra Pradesh and

Karnataka had idendfied 9 severe rain-
etorms from each of these states. From
an examination of these ra:nstorms, it
was found that in and around the reg'ion

of occurrence of the July, 1989 rain-
stonn, B severe rainstorms in the past

have occurred, based on the analysls of
rainfall data of l89l to 1986. Rain-
depths of these 8 severe rainstorms for I

to 3-da:r durations and upto an area of
50,000 sq. lim are given in Table 2 along
with DAD values of the July, l9B9 ra;n-
stotrm. From the comparison of DAD
values of July, 1989 rainstorm w'th those
of past severe rainstorms it is seen that
the ra:nstorm oI 12-14 August, 1986
with centre at Rajura in Chanda district
and 26-27 June, l9l4 w'th cen,tre at
Parabhani in the Parabhani distr:ct of
Maharashtra were more severe than the

July, l9B9 rainstorm. The DAD values
of July, I9B9 rainstorrn were, however,
found to exceed or equal to ra;ndepths of
other past severe rainstorms gtven in
Table 2 over certain size of areas for
durations of I to 3-day. Thus the DAD
of July, 1989 rainstorm though not un-
precedented, it can beconsidered as

one of the severe rainstorms of northern
pen:nsuiar reg:on.

The second cell of the lainstorm oc-

curred along the Maharashtra-Karnataka
coast and its pattern was exactly like the

storm pattern of the l-3 July, l94l rain-

storm. The July, l94l rainstorm is the

most severe rainstorm over the Indtan

reg'on (Dhar et al, 1984) whose rain-

depths have not bccrr aurpass"d by any

other severe rainstorm uptill now. DAD
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values of July, l9B9 coastal rainstorm

cell has been compared with tho'se of

July, l94l rainstorm (seeTable 3)' This

ao-p.rtrorr, howet'er, confirms t*rat the

July, l94l rainstorrn waE far more severe

in comparison than the July, l9B9 rain-

rtorm. The isohyetal patterns of such

coastal rainstorms may not be used for
transposition in the inter;or of the region

as the coastal rainstorms cannot be

ransposed far into the interior because

*rey lose most of their ra:n g:wing char-

acteristics. It is, howel'er. suggested that

the isohyetal patterns of July. l9B9

coastal rainstorm rnay be used for $ans-

poc'tion purpose along and up and down

the Maharashtra-Karnataka coasl

40

7. SunrnarY and concluridu :

From the forego;ng the following con-

clurions have emerged from this atudy:--

i) The Bay cyclonic syetom responsible

for July, 1989 rainstorm wh:ch had

had a eout'herlY tilt with hgight
..use extcnsion of rainfall belt up'
to a more couttrerlY latitude than

ustial.

ii) During July, 1989 rainstorrn' some

of thc ctafronc located in the

drought prone areag of northern
peninrula lihe Marathwada, Telan'

8f,na, dtc. rereived h.a't y rainfall'

iii) D"ti"s a 3-daY Period of 21*25

July, 2l rtations received 30 cm or
more rainfall. Bhir, centre of the

rainstorm cell over the central plains

rccorded 34.6 cm of rainfall on 24

Jrrly, l9B9 wh:ch is found to be

almost equal to its PMP magnitudc.
Bhrra, centre of the rainstorm cell
over coastal region of Maharashtra

' record ed 7l .3 cm of rainfall on 24

' Joly which is the hishest one-dav

TRANSACTIONS OT TIIE INSTTTUTE OF INDIAN GEOGRAPHERS

ra:nfall recorded by .t y s'ration in

India during l9B9 monsoon season'

ir) Comparison of DAD values of JulY,

l9B9 rainstorm cell over the plainr
of northern peninsula with sim:lar
data of Past severe rainstorms of
this region has shown that rain-

depths of JulY, 1989 ra nstorm were

not unPrecendented. Howevet,
averaqe ratndepths of thts ra:nstorrn
were fiound to exceed or equal to
raindepths of some of the Past
severe rainstorms which occurred in
and around the region- Consider-

ing th's fact the JulY, l9B9 ra'n*

storm cell over the pla ns of nortlr^

ern perrinsula may be consi'dered a*

one of thc severe rainstorms in the

region.

v) The rainapell oi 23'25 lulv, 1989

has been found to be an unique cro
as it has given two aeparate cellr of
ra:nstorm patterns during tlle same

period- Occurrence of such irri-
derrce perhapc fu the first inctance i-a

tlre analydc of rainrtorma.

It may, howerter, be mendoned th$
thorrgh the heavy rainfall a$ociated
with thlr rainstorm causcd devarta-
S,on and damage to croPs and

also local flooding, on examina*

t'on of flood levels of major riverr
of the region, it is seen that no
where any majog floods occurrred.
This ind:cates that these rivers have
greater channel caPacit:es to sustain

such heavy spells of rain.
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