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[.1 For @ country Like Indie, which s essentlafly agriculturnl. raimfall
I by Cor the wost leportant of the weather slsverts. Even though shundant
raln Falle ever the sfitden Tndlafi cerelvory ds i Whale. the diapasicy IR ite
dlerributlon ovar che dLfferent parcs of the countiy I8 s0 gradt LhAl some
paree suffer froom perenminl dryness, while Ln sowe ochers che rainfall is

so such that enly & srall fractics could b= uiildped. Further, the vear to
year varlations in the totnl secunt mnd the patisrn of distclbeidon over the
di Ffurmng -pa.t'i:. af the sepean it Lacge In modb parts of the countey] awen
L ehe kfede it on Che pwerags Cmlrly good sscunt of rain falls. In Easy
years the reinfall 1s precariously low and larpe portions of this region ate
drought-vidden alfeciing the sconoey very sdvecssly. On the chacecter of 1he
rainfall depends mok emly agriculturs but slsa eeveral water poswer snderba
kinge, braswpoert by jasd, watse aed gle, Industelpl, constrectiongl and g
wiids warlely of othes public urility Iotevesis. Aborre mll, walaee, which

hiss po subsiitute for ooy sustecance has rendered the phesmowspon of radee

fall & matier of uticst iBtsvesl Lo oos and all,

L. Om che differvent aspects of roinfall, meicly from the clizatological
poiet of wiew, Blanford made detalled stwdies and his publiceiion entitled
"Reinfell af Iedig™ (LEBD) s still coonidered a5 n momumental work, con-

sidereble work on the teirdell cliimpiclogy of India has b=en done by many

puthors agbpeguanily ., Ta & [oreiaster. all the olimatological aspecie of
ppinfpll pre nob of praccical lspociance. Bume uf them Gre purely Informa-
lwa and aome fpacructive Ioosd moch as they (an ot &s a guios for prognos
Lz purpose. Glimatolopicdl koowledge fs, bosiver. fundameniol £or provi
ding guldelloes mnd even when we hove altaiped the stage when Famerical
Heather Prediction based on complessly physical and dyvamical corsiderat funa
cruld be made, In wien of the ssveial srrors And spproclestlons iavolesed 10
the chEervalions, Lesdafiledlane stc. bl abiove @il Lhe Soifewalion @Tvore and
approsimat lons of the computarlondl procssssu, the clizatalogical kmowlodge
has mecessarily co be built dne o comteol obe curpurs. Oypamicul and physi-
cal cunplcérpliang dickaled by aynopil shdscvafions do help ue ia soes
chErn Lo sUcvedalully Folodesl. fob siasple Che devel @denl of {babdesclouda.
Seyond this it I now Ippossible to gredicl wheiher thess clouds will plwa
showers and if &o at what tloe, vver what aree snd wilh what intemmliy etc.
A Garrisun Engliswi . ségaped in an lmporbant cemsoisng or canciwbifg opsra-
tdoh oubdoor, By begilies Buwh (AFurssllon ecd Lo Best his needs al [eaud
partially . & forecubisr al presshl hdd o elber alietinlive Bul (o depund
dalmoat entively nn o Judic fous Incerpietarion of Che relevant cllnstological

=L

1.3 In this arcicle an otiespr iy made ro discuss soch of cha ¢linecos
logical aspecis of [ndian rodnfall gs sre considersd uselul For & short
rafigs Weathet forscqeter bo mest Lhe peeds of the malrifavioun incerests,
A bibliography comprielng of wofs of the papers which are cussidersd help-

full to che forecaster in this connection alene Ls glven &b che and.

1.4 Raingauges are wipposad to bave bean used In Indla even [n Ecurth
weitury B.C. Hiwewpr . sysisngtlc obwsrvatims gre avallakls st & sufficd-
ik nuste: OfF statiens only feom Lhe smiddle of the dWth century, the aldeat
records relste to Madras dating back 1o 1794, thawrvarions et sost uf rhe
gtabicne pre taken only once o day In fEe woarnings. Comtinuous records of
ralodal ]l ace available fur & few srovione wuly from lavisr halt of the for-
tlad of thie cantury Conpidarghls walum of the spiefal]l dats have al-
euadi Besn ahalpued pid studied il oue kasdleidge of the splnfall slisata.
Togy 16 seasntiglly based eo guch stssdles, Himeesrsy, thae mvatiloble know
lodge falls wary moch shart of the sevoigl sopblpticated requirusants of ths

moderit sttisitied.  The potentialities of Lhe deta secusulaiwd bhave pat



been fully utilized go far. There is urgent need for adequate processing and

studies to fill these lacunae.

1.5 A brief description of the rainfall distribution during the different
seasons is given in the next section. The different aspects of variation of
rainfall, the average intensity, maximum intensity over periods of a day, an
hour and five minutes and the diurnal variation are discussed in the third
section. The synoptic climatology of the different rain producing systems
like the thunderstorms, tropical disturbances, extra-tropical disturbances as
also the monsoons, is discussed in the fourth section. As the dynamics of
such phenomena are being discussed elsewhere in this manual, these aspects
will not be dealt with. It is presumed also that the reader should have
equipped himself with the necessary knowledge of physicgraphic features of

India, which is necessary for a proper appreciation of the rainfall distribu-

tion.

2. Distribution of Rainfall
2.1 The mean annual rainfall of India is about 105 cm. The distribu-
tion of the total annual rainfall over the country is shown in Fig. 1. The

heavy orographic rainfall on the windward side.of hill ranges of the Western
Ghats, and the rapid decrease of rainfall on the lee-side of the‘hills are
immediately brought out. The striking feature is the very heavy rainfall
over the whole of Assam and the west coast of the Peninsula amounting to
over 200 cm. The southern slopes of the Khasi Hills, the Brahmaputra vallej
and the narrvow slopes of the west coast strip extending from ahout 11°N to
IJON receive more than 400 cm . On the other side of the spectrum, Western
Rajasthan receives less than 40 cm with the extreme west of it receiving less
than 2C cm. East of Western Ghats, there is a big patch extendiug north to
south, which receives less than 60 cn. In general the scuthern slopes of
the Himalayas and the western slopes of the.Western Ghats receive more than
100 cm and 200 cm respectively. Besidee, the coastal strip on the east ex-
tending from the Madras coast to the head of the Bay of Bengal and practically

the whole of Bihar, Orissa and Madhya Pradesh receive more than 100 cm.

2.2 The march of rainfall through the year in the different parts of the

country, besides indicating that the rainfall is not uniform over the year,

brings out* the seasonal character of the rainfall over the country. The

period December to May 1s generally drier, while June to November is largely

wet over the country as a whole, Broadly the year can be divided into four
seasons:
i. January and February : (Winter Season).
ii, March to May ¢ (Hot Weather Season).
1ii. June to September : (Southwest Monsoon Season).
iv. October to December : (Post Monsoon Season).

The mean annual rainfall cver the different subudivisions of the country
together with the seasonal totals expressed as percentage of the annual are
shown in Table 1. Practically over the entire country, excepting Assam,
Jammu and Kashmir and the south Peninsula, more than 75% of the annual rain-
fall is received during the southwest monsoon season. In Madras State about
47% of the annual rainfall is received during the post monsoon season, In
Jammu and Kashmir about 207% of the annual rainfall is received during January-
February and another 25% during the period, March to May. There is a wide
variation in the distribution even of the seasonal rainfall in the different
parts of the country. For example,during the southwest monsocon season, the
west coast of the Peninsula receives more than 250 cm, while West Rajasthan
receives less than a tenth of this quantity. The seasonal rainfall distri-

bution is discussed below.

* Refer to the author's paper "Seasonal Forecasting in India - A Review"
(Meteorological Office, Poona, 1960)
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2.3 VWinter season (January to February)

This is the driest season for the country as a whole. The salient excep-
tions are Northwest India, in particular Jammu and Kashmir and the Punjab hills
and the southeast Peninsula. The distribution of precipitation is shown in
Fig 2. In the Himalayas, at heights above 2 km, precipitation is generally
in the form of snow. The precipitation amounts to over 20 cm in the mourtain
regions of the Western Himala&as and decreases rapidly southwards across the
sub-monthne tyacts and eastwards to Bihar from where it increases over West
Bengal and Assam to about 10 c; in the extreme northeast. The precipitation
of this season occurs in association with the passage of low pressure systems,

called "Western Disturbances" across North India.
2.4 The Hot Weather Season (March to May)

2.,4.1 The pattern of distribution of rainfall during the Hot Weather Season
is shown in Fig 3. Over a wide area, comprising roughly of Maharashtra,

Madhya Pradesh, Uttar Pradesh, Rajasthan and Gujarat, t.ainfall is 5 cm or less.

There is a remarkable increase of rainfall to 30-40 cm towards Kerala in south,
to 60-80 cm over Assam in the east and to 20-40 cm over Jammu and Kashmir and

the adjoining parts of Punjab in the north. Compared to the winter season, the
first two regions show an 1ncf§ase of rainfall, whereas the last region perti-
cularly the Punjab portion shows a decrease. Western parts of Rajasthan and the

adjoining parts of Saurashtra-Kutch remain practically dry with about 0.5 cm.

2.4.2 The rainfall of this season is essentially in the form of thunderstorms.
The ‘thunderstorms ﬁarticularly in Punjab, West Uttar Pradesh and Assam and to some
extent the central parts of Deccan are sometimes accompanied by hail; however as
theyseason advances hailstorms decrease in frequency. The hailstorms of North
India ;re occasionally very destructive; hail stones 5-8 cm in diameter have

been reported. In Mysore Plateau hailstorms occur chiefly in April-May.

2.4.3 An important synoptic system-, which causes rainfall during this season
i1s.the tropical storm, which occasionally éevelops between 10°N and ISON over

the ocean areas. The Bay of Bengal storms move northward and cross Coastal
Andhra Pradesh or Bengal coast and cause considerable damage in those areas.

On rare sccasions storms may cross the Peninsula in lower latitudes and dissi-

f
pate over the Peninsula or develop once again in the Arabian Sea. Storms which

orm in the Arabiar Sea as also those of the Bay of Bengal, which cross the
%ninsula and emerge into the Arabian Sea generally move westwards, Occa-~
idonally a storm may recurve and cross Kathiawar Coast causing extensive

2in and flood in Gujarat and adjacent areas.
2.5 The Southwest monsoon season (June to September)

2501 This is the main rainfall séason, when over 75% of the annual Egin-
‘all is received practically over the entire country, excepting over the South
?Qninsula, Jammu and Kashmir and Assam. In general, Jﬁlyé‘is the rainiest
wnth. The most conspicuous regions of heavy rainfall in this season are
\ssam with 200 to 400 cm, West Coast and the adjoining Ghats with 200 to

}J00 cm, Bihar Plateau with 120 to 140 cm/iﬁi sub-montane regiong of Uttar
°radesh and Punjab with 100 to 120 cm. Elsewhere, the rainfal¥ is of the order
>f 30 to 50 cm, with the exception of Ladakh valley in;the extreme north, wes-
tern parts of Rajasthan and a small area over the southern-most Part of yadras
State where the rainfall is very low, between.5 and 10 cm, The distributipn
>f rainfall during this season is shown in Fig 4. ’
2.5.2 The southwest monsoon and the associated depressiomswhich usually
form near the head of the Bay of Bengal and move westward along the trough
of low pressure towards Northwest India, are the importgnt synoptic features

for the production of rainfall during this season.
2.6 Post monsoon season (October to December)

2.6.1 In this season, not only the amount of rainfall but its distribu-
tion also diffews significantly from those of the monsoon season. The heavy
rainfall belt of more than 20 cm is seen almost as a coptinuous one extending
to Mysore,
from Assam doxMysxxe through the coast: of Andhra Pradegh,/Madras State and
Kerala. Madras State experiences its wettest season now with an average
rainfall of 40 to 80 cm. Western India including Jammu and Kaghmir is the
driest with less than 5 cm of rainfall. Elsewhere,the average rainfall is

of the order of 5 to 10 cm. The seasonal rainfall distribution is shown in

Fig 5.

2.6.,2 The retreating monsoon current, which is directed towards the Penin-
sula from the northeast is sometimes referred to as the 'Northeast Monsoon

current?', The cyclonjc storms which form in the Bay of Bengal and move



towards land and the low pressure waves which move westwards across the
Peninsula are the important rain producing synoptic systems of this season.
In the earlier part of October the storms travel north or northeastwards and
cause widespread and heavy rainfall in Bengal and Assam. Later in the
season, they mostly stflke the Madras and Andhra coasts and produce very

heavy rainfall along their track.
3. Rainfall Variations

3.1 Rainfall, as is well knqwn, is very much variable both in space and
time. When we consider periods less than a season, say, any single day, the
rainfall distribution over the country bears no semblance to the mormal sea-
sonal distribution. Similarly if we consider the day-to-day rainfall amounts
over two locations a few kilometers apart, one may find on certain days that

one station goes dry, while the other experiences a deluge of rainfall.

3.2 The rainfall at any locstion over a specified time interval may vary
from a nil value to a maximum quantity. This maximum quantity depends mainly
upon the amount of moisture available over the station during the period under
consideration and the efficacy of the weather producing mechanisms responsible
for the precipitation. The rain droplets travel towards the ground at speeds
determined by their mass, and during the course of the travel evaporate at
rates determined by their diameter, the time of travel as well as the moisture
condition af their environment. The time of travel of the droplets depends
on the height, as well as the lateral and vertical drifts experienced by

them before they actually reach the raingauge. As such the rainfall yield
depends upon several factors. The precipitating mechanisms as well as the
moisture status of the atmosphere have their own characteristic variations
.asscciated with the planetary features viz. the time of day and the seasons.
Obviously the variations of ra1g“at the station will exhibit in appropriate
measure the component varigtions. The various component features will
interact with the environmental orography (including the existance of water
bodies) and exhibit distinctive features in the different parts of the
country. The variations of the average rainfsll and its seasonal distri-
bution over the different parts of the country have been described in the
previous section, The further types of variation will be discussed here.

In view of the highly variable nature, the mean daily rainfall is of little use

to a forecaster. He is interested in knowing whaé is the order of rainfall
on a rainy day, i1 a particular ceason, over a certain region. This infor-~
mation together with the maximum daily rainfall may give him a fair fdea of
the limits within vhich he may reasonably risk his forecast. 1f we split

up a day into broad periods of hours, then we see that the rainfall amounts in
certain parts of :ie country undergo remarkable diurnal variation in each
season. For per.ods less than an hour, say 5 or 10 minutes, the variations
are extremely large. Considering these aspects, frequencies of rain spells
of different durat.ons and the average and mgximum intensity in such spells
associated with the synoptic systems would be necessary. Analysis on these
lines on the basis of whatever autographic data of rainfall are available are
still to be done. In the following subsections the variations in the rain-

fall in the different scales are discussed:

3.3 Year-to-year variability

3.3.1 No two years have exactly the same amount of rainfall, and this is

still more sc as regards the pattern of distribution of rainfall in the year.
The year-to-year sequence of monthly rainfalls, and even the total annual rain-
fall show considerable fluctuations. This is a characteristic feature of all
time-series; in some, the variation is small and in others quite large. Some
years stand out as phenomenal years when the rainfall was very much in excess
and some others, when the rainfall was much in defect. .&he average annual
rainfall in the plains of India has been estimaged us_abéut 105 cm while in

the worst famine year on record viz. 1899, it was 26% below normal and in 1917,

the year of very heavy rainfall, it was 29% above normal.

3.3.2 Taking the coefficient of variation (CV = Standard deviation x
100/Mean) as a measure of variation. .ne vartabrl.tyv of reinfnll in the diffe-
rent parts of the country is shown im Fig 6. The variabality exceeds 30% over

large areas of the country and is over 40 to 50% in parts of Saurashtra, Kutch
.and Rajasthan. In some of the interior districts* in these areas as also
Deccan Plateau, the variability is as high as 100% or more and these are parti-

cularly liabte to very heavy rainfalls in some of the years and very scanty

rainfall in others. The variability is least over the gartheastern parts of

* These areas are too small to be shown in Fig 6,



India and the southwestern coast of the Peninsula, being of the order of 15 =~

20% indicating very high reliability of rainfall in these areas.

3.3.3 It is also seen, that as a rule, areas which have the lowest rainfalls

are also those in which rainfall is most irregular.

3.3.4 The variability of the monthly rainfalls as also the variability of
rainfall of the monsoon season in the arid and semi-arid sub-divisions, where
the total annual rainfall is small and the year-to-year variability is large,

are given below :

Table 2 : Variability of rainfall (percentage)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jun to Sep

West Rajasthan 223 152 157 170 182 96 59 76‘146 253 333 180 49
East Rajasthan 107 152 162 231 138 62 38 50 78 150 145 171 28
Rayalaseemsa 207 241 221 81 61 41 52 63 45 56 83 172 30
Madhya

Maharashtra 215 175 144 71 76 33 30 37 39 61 101 200 18

The variabilities are high during the non-monsoon months indicating the highly
erratic nature of the rainfall during these months. Even during the monsoon
months, the variabilities are high, the lowest being in the month of July,

when the monsoon is at its height.

3.3.5 As we have seen,the southwest monsoon is the main rainfall season
for most parts of India. Inspite of the systematic nature of the monsoon
rainfall occurring during the season, its behaviour during the different years
shows considerable variation. The important aspects in which they differ are:

i. the timing of the onset or the commencement of the rainy
season in the different parts of the country,

ii. the pattern of distribution of rainfall including the
timing and duration of breaks in the monsoon,

1ii. the timing of withdrawal of the monsoon from the different
parts of the country and

iv. the total amount of rainfall of the season.
Obviously late commencement of the monsoon rains, long breaks in the rains and
early withdrawal are harmful to the crops. Similarly excessive rainfall over
short% periods lead to flooding and waterlogging. For success In crop produc-

tion, both the total rainfall and its distribution are very important,

3.4 The average rainfall on a ‘wet day'

3.4,1 For the purpose of the study here, we consider daily rainfalls less
than 0.25 mm (1 cent) as negligible and a day with more than this amount as a
'wet day'. Figure 7 shows the average rainfall intensity on a wet day during

the different seasons in the different parts of the country.

3.4.2 During the winter season, a wet day normally receives about 1 cm of
rainfall in Punjab, Southeast Madras State and coastal Mysore. As the season
advances, over Assam, Gujarat, Telangana, Rayalaseema and adjoining parts it
is less than 0.5 cm. Over the rest of the country it is between 0.5 and

1.0 cm; the intensity increases to nearly 1 cm over Andhra - Orissa coasts

and the plains of Punjab.

3.4.3 In the hot weather season, the intensity over the country is 0.5 s
to 1 cm except in the southern half of the Peninsula and Bengal-Assam region
where it is over 1 cm. By May this region extends upto West Uttar Pradesh
and Saurashtra including the adjacent Konkan coast, while in the coastal area
south of Konkan and in the coastal belt of Madras State, Andhra Pradesh and

Orissa upto Bengal-Assam region, the intensity increases to over 1.5 cm.

3.4.4 The intensity of rainfall over the co;ntry in general is a maximum
during the southwest monsoon season. In the plains, it is about 1.5 to 2 cm,
To the east of the Western Ghats it is less than 0;5 cm, Maximum intensity
of 2 to 3 cm is over Western Ghats and the adjoining coastal plains during
the months June and July; by the end of August, the intensity decreases to
less than 1.5 cm. It is interesting to note that during this season the

intensity over Assam in general is not more than 2 cm.

3.4.5 In the post-monsoon season, maximum intensity is experiencec in the
east coast with about 1 to 2 cm. Elsevhere, the intensity is less than 1 cm

with a minimum of the order of 0.5 cm or less in West Rajasthan.
3.5 Heaviest rainfall in a day

3.5.1 Large tracts of India are liable to receive excessive rainfall in
heavy downpours caused by cyclonic storms and depressions, Locally heavy

falls caused by depressions vary from 7 to 20 cm extending over several dis-

tricts. Falls to the extent of 25 to 35 cm in a day have been recorded
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ko 24 hour ending 0830 hre 1.8.T7. If we are intarested [n che maximss 3% hour
Talnfalle, th valusd glven have to be mltiplied by & factor of 1.13

rpcalve  Lmoa day upto a meidees of ahout 5 ta 10 cn. The bepuissr falica of
more tham Z0 cm A day are Testricted {n this seasan to Sub-Himalsyan Eeat
Bangal and adjoining pares of Adesm, the coastal strip from Kellere o Ragn-

pattinan and southern hall of tho west cospt.

B ] Far the cownBry §o geoetal , e BoNAcsh eeadan Lé the period of
veEy haavy dmmpours. T coastal balcs-ons adjolping the morchwest Aay
ard the other adicining thi northenst Arebian Sen-hawe experienced vwary
hesvy Enlls of more than 30 cm dn n day:  Between these two reglone, In ths
centrg] parts of Hadhys Tradeah pnd sdjoining areas of Meshavashira also,
Banviant talnlalles of the coedap of 30 A have ccearrad. Tha §ub-Fnacsns
ragians of Weat Frose Pradesh snd West Beogal have recorded ralnfalla wxces
eding 3 em.  Soucheass Medras Fcate remains consplouous in this aessca For
i mwoderate falls of less chan 10 em & day. In general ome eay axpich
haaviest rainfalls of the order of 10 to 20 cw in Borth Assam ae Che Penin

sela, and 20 to 30 cm elsewhere im Che coumtry im this =easan,

31.5.4 With Cha wichdrawal of ths wanaoon, thers 1 & phenomensl decreass
in the hesvissl lRCendicies peaccisally all over tha countty,  Emet comst of
Madraer Stase, hownver, cucmiven fep Bmavisst falls of over 39 cw during thia
wmagon.  In geners]l 4 tareew bele axesnding Prom BE Tndis to Scuth Kerdln
along che oast cosst Ay ho compldersd limble to have the heaviest Enlls of
over 30 oo in a dsy. Wescwards of chis belt, the inceswizy de Found Lo
decrease ta phout 10 cm cowards Hajssthan and to Less tham 5 cmoover Mest

s jnathan,

3.45.7 The probability of rainfall of 25 rm or ower cocourring Im 26 hours
8t & stacion is, howewer, very small ovir sowt pazts of the esuntry. Only
in regiong of pronousced orographic Featuras ar in those subjected tn maxis
mn wffect af cyclomic stacsm llks the South Gularat area and che ssst coRstal
rugloss of the Benlseuld suek calefalla have poecurred on an spprecisbla nurber

afl cocaslong .

3.6 DMurnal variation af raisfall

A1.6il The ahorter the period to which a roinfaill forecast relaces, the
greater ia che ancercainty im the rainfall forecast. This in mainly for want

of macisfaccory ohjsctive methods to estimate the tiee reguiced For the olowd



droplets under different atmospheric conditions to grow sufficiently large to
get discharged as rain. However, the knowledge of the normal climatic fea-
tures of the diurnal variation will be helpful for indicating the rainfall
periods. The diurnal variation of rainfall will have naturally to depend
upon the diurnal variation of cloudiness and the intensity of the precipita-
ting mechanisms during the course of the day. Even though continuous obser-
vations of rainfall are available for over 50 stations for over 15 years, re-
gular studies of the diurnal variation of rainfall are very few.* The cha-
racteristic diurnal and seasonal variation of rainfall at some representative
stations are shown in Fig 9 (i) to (vi). In Fig 10 the six-hourly periods
during which the maximum and minimum rainfall during the day occur in the dif-
ferent parts of the country are shown. Due to the sparse network of stations,
the demarcation should be considerec¢ purely tentative. It may be seen that by
and large there is a seasonal tendency for rainfall to increase and decrease

during certain periods of the day in the different parts of India.

3.6.2 ) During the winter season, South Rajasthan, Gujarat, Konkan, Madhya
Pradesh and the plains of Uttar Pradesh have their most rainy period between

9 to 15 hrs I.S.T. and the lean period between 3 and 9 hrs. For Madras State
and adjoining parts of Mysore and Andhra, the most favourable period for rain-
fall is between 3 and 9 I.S.T. while the rainfall is least between 15 and 21
hours. The rest of the country receives maximum rainfall during the hours

15 to 21 and minimum during 3 to 9 hrs.

3.6.3 During the hot weather season, the coastal belt from Gujarat to
Kerala experiences its maximum rainfall between the hours 9 and 15 and mini-
mum between 3 and 9. In coastal Madras State the maximum is between 9 and
15 1.S.T. and the minimum between 1; and 21 I.S.T. The northern parts of

East Uttar Pradesh, Bihar, Bengal and Assam have their rainiest period from

21 to 3 hrs with low amounts between 9 and 15 hrs. In the rest of the
country the rainiest hours are 15 to 21. But the period of minimum is not
the same everywhere. In Rajasthan and West Madhya Pradesh, it is during 3 to

*  Rao and Raman (1956) partitioned the rainfall between the daylight hours
0830 to 1730 I.S.T. which are the times of the daily routine observations
and during the night time comprising the period 1730 to 0830 I.S.T. of next
morning and described the patterns.

9 and over Jammu-Kashmir, Punjab, Uttar Pradesh (W) and interior Madras State

the minimum occurs between 9 and 15 hrs.

3.6.4 During the monsoon season, mainly Rajasthan has its maximum rain-
fall in the noon hours, 9 to 15. The west coast and practically the entire
North India excluding the Bengal plains receive their maximum between 3 and

9 hrs. The above regions with the exception of Assam and Bihar experience:
their minimum during the period 15 to 21 hrs. Assam, Bihar, Bengal, Orissa
4ndhra Pradesh and Madras State have least rainfall between 9 and 15 hrs.
Madras State receives its intense falls between 21 and 3 hrs while the adjoin
ing regions of Andhra Coast upto Bengal plains experience their maximum durin

15 to 21 hrs.

3.6.5 During the post-monsoon season Northeast India receives its maxi-
mun rainfall between 3 and 9 hrs and minimum between 9 and 15 hrs. Gujarat
coast to Kerala including Mysore Pleateau is another region where maximum
rainfall occurs between 3 and 9 hrs and the minimum between 15 and 21 hrs.
In the rest of the country, excluding Madras State, maximum is between 15
and 21 hrs and minimum between 3 and 9. In Madras State the most rainy

period is the midnight hours (21 to 3) and the lean hours between 15 and

21 hrs.

3.7 Heaviest rainfall in an hour
3.7.1 Very heavy falls over short periods are often called ‘flash rain-
fall' as they are capable of causing ‘flash floods'. The present network

of autographic raingauges is not sufficient to give us finer aspects of
such phenomenal fall. Moreover, the available records of heavy rainfalls
for one hour refer to a clock-hour and not for any sixty minute interval.*
In Fig 11 is shown the general characteristics of the heaviest rainfall
recorded during a clock-hour in each season. This is based on data for

the years 1948 to 1961.

3.7.2 In the winter season, Jammu-Kashmir and the adjoining parts of

Punjab have experienced heaviest rains of the order of 2 cm in an hour.

* The heaviest rainfall over a period of 60 mts, may be obtained by mul-
tiplying the clock hour values by a factor of 1.13.



Similar heavy falls have also occurred over the eastern parts of the Penin-
sula and over West Bengal. The region extending as a tongue from south
Konkan to East Gujarat is conspicuous where even heaviest falls have not exce-

eded 0.5 cm in an hour.

3.7.3 During the hot weather season, the distribution and intensity sub-
stantially differ from the previous season. The intense falls of 6 cm and
more have occurred in the west coast, mainly over Kerala. Over the whole of
Assam and Bengal, coastal Orissa and the Madras coast, the record had been 5 cm
or more. The maximum hourly intensity decreases from these areas towards

north and northwest to values of the order of 1-2 cm.

3.7.4 During the monsoon season, the maximum intensity is highest in all
parts of the country. In the coastal regions of northeast Arabian Sea and
northwest Bay the magimum intensity is more than 8 cm/hr; the general order

of the heaviest falls elsewhere is between 5 and 6 cm.

3.7.5 As the monsoon recedes, the intensity of the falls decreases consi-
derably. In Madres State and the adjoining parts of Kerala, Mysore and
Andhra the maximum intensities are between 5-6 ¢m and decrease northward to

2 cm in the sub Himalayan region.
3.8 Heaviest rainfall in 5 minutes interval

3.8.1 The true nature of tropical rainfall cannot be fully understood
from the distribution of intensities we have so far considered. This is
mainly because the time interval of rainfall considered is more than the
time usually taken for convective cells to discharge their water content.
The average amount of rainfall in a day or in an hour over a certain region
does not indicate whether the rainfall is generally of a showery type las-
ting for a few mirmtes or of continuous type lasting for a few hours.
Showers lastipg for a few minutes seem to contribute to a great extent to
the daily or the hourly rainfall of India almost in all seasons. The maxi-

mum 5 minutes intensities are shown in Fig 12.

3.8.2 In the winter éeason, rainfalls of a little over I cm in 5 minu-
tes have been recorded in the hills of western Himalayas and adjoining
plains, The intensity is less than 0.5 cm over most of the west coast and

Bengal and their neighbouring areas. Over the rest of the country, the

intensity of the falls varies between 0.5 and 1 cm.

3.8.3 In the hot weather season there is a general increase of maximum
intensity from NW India where it is of the order of 0.5 cm to values of just

over 1 cm over the Peninsula and to over 2 cm over South Bengal and Assam.

3.8.4 The short lived nature of these heavy falls can be seen by a com=
pari;on of the figures 11 and 12. eg. if Bengal were to receive during the
hot weather season rainfall for an hour at its maximum rate of 2 ecm/5 mts.,
the total catch in the hour should have been 24 cm while the maximum hourly
intensity had been only of the order of 5 ecm., indicating thereby that very
heavy showers last only for a few minutes. This feature is observed in the

country in all the seasons.

3.8.5 With the arrival of the monsoen, very heavy showers of about 1 to
2 cm in 5 minutes may be expected practically in all parts of the country.

It is interesting to find that Rajasthan which normally receives relatively
poor rainfall has recorded intense rainfall of 2 cm/5 minutes which is more

than that recorded in some parts of the west coast.

3.8.6 After the monsoon recedes, the areas with heaviest falls exceeding
1 c¢m in 5 minutes are confined to the Sputh Peninsula and the coastal regions
adjoining Head Bay. Elsewhere in the ountry the intensity is less than 1 cm

and it is less than 0,5 cm over North-West India.
4. Synoptic Climatology of Rainfall

441 To what extent is the rainfall organized? A knowledge of this will
be helpful to the forecaster to indicate the temporal and spatial variationms
of rainfall in his forecasts. It is known that for the production of rain-
fall, the atmosphere should contain sufficient moisture and should be cooled
below the saturation point to form clouds, and the cloud droplets should grow
to sufficient size and be released in ghe form of rain. This cooling is
achieved by upward motion which is determined by the synoptic features and by
local factors such as coastal or orographic effects. As a consequence , the
configuration of the rain areas in relation to the synoptic systems will exhi-
bit variations to that extent. The rainfall patterns associated with the -

following phenomena are discussed :



i. Thunderstorms,
ii. The tropical storms/depressions and western disturbances,

tif. The monsoon.
4,2 Thunderstorm rains

4.2.1 The intense local rainfall, which was mentioned earlier is invari-

ably associated with thunderstorms. These arise as a result of large scale

convection due to building up of marked latent instability in the atmcsphere

over the locality and release of the same by appropriate triggering mechanisn
They are associated with the formation of towering cumulus or cumulonimbus

clouds and usuaglly accompanied by violent upcurrents, thunder and lightrming,

even though at times thunder may not be heard.

4.2.2 The rainfall pattern follows closely the arrangement of the thunder-
storm cells and reflects to a considerable extent the stages of the develop-

ment of the different cells. The rain from a newly developed cell may fall
over a very small area at first and then spread gradually; the rain area con-
tracts gradually in the dissipating stage. Showers from a single cell usual-
1y cover a small area of about 15 to 20 km. in extent; but many such cells

may occur over a wide area and give widespread showers.

4.2.3 At fixed locations on the ground, the duration of rain depends upcn
such features as the number, size and rate of movement of the cells and also
thé location relative to the individual cell. The average life of thunder-
shower is about 5 to 6 hours but owing to the progressive movement of the

cells, the duration of the shower at any one place is generally less than 2-
hours. The rate of movement depends upon the dynamics and the wind field in
which it is embedded.

per hour, but in mountainous regions, they often remain practically stationary

till they have rained out.

4.2,4 The most intense rain occurs under the core of the cell within 2 or

3 minutes of the first measurable rain from that cell reaching the ground and

the rain usually lasts for about 5 to 15 minutes; the commencement is usually

sharp but the decrease after the peak rainfall rather gradual.

4.2.5 In the winter season, thunderstorm rainfall is the least. It is

restricted mainly over regions with seasonal rainfall 73 5 cm shown in Fig 2.

In level country the rate of movement is about 50-60 km.

10

In the hot weather season thundery ac:ivity increases generally over the whole
country, and except for the heavy raipfalls associated with tropical storms
the rainfall of this season is essentially an index of thunderstorm activity.
During the southwest monsoon season, the thunderstorm activity reaches its
maximum in the country in general. But it is not possitble to say, for want
of observational data, what proportion of thunderstorm rainfall is to non-
thunderstérm rainfall in this season in the different parts of the country.
However, it is generally observed that at and near the monsoon trough the
rainfall is mainly of showery type associated with thunder clouds. As the
monscon trough shifts southwards by October, the thunderstorm activity also
shifts similarly.

In the post-monsoon season, the heavy rainfall region of

> 40 cm (Fig 5) roughly represents the region of thunderstorm rainfall.
4.3 Rainfall of the western disturbances

4.3.1 Western disturbances are cyclonic disturbances of the extratropical

type. They contribute to the rainfall over the country in all the seasons.
In the monsoon season they are normally restricted to Jammu-Kashmir, With
the withdrawal of the monsoon, they start affecting the plains of India. On
the average during each of the months January to April about five such dis-
turbances enter India from the west and move eastwards. The average number
of disturbances in December is four and.in May and November two each. All
these are not equally active. During February and March they are observed
as far south as ZOONs and the precipitation north of this latitude particu-

larly along the northern border is mainly due to western disturbances.

Thereafter they gradually shift to higher latitudes.

4.3.2 Continuous light rain or dizzle falls over an area sometimes ex-

tending to 500 to 800 kms, ahead of these disturbances. In the rear usual-
1y no precipitation occurs but when they occur they are in the form of heavy
showers of short duration sometimes accompanied by thunderstorms. Occasio=-
nally these disturbances give rainfall in the central parts of the country as

well as in the northern fringes of the Peninsula,

4.4 Rainfall of the tropical storms/depressions

4.4.1 The tropical storms and depressions are low pressure systems easily

recognizable on the synoptic charts, When formed they maintain th2ir identity



for a number of days and can be tracked with considerable accuracy. Though
some of the storms have been found to form over land area also, a majority
of them form over the Bay of Bengal or the Arabian Sea generally beyond 5°
of the equator. The frequency of tropical storms and depressions which
affected the Indian mainland and the adjoining seas along with their life

duration is given below :

Table 3 : Statistics of storms/depressions - 1891-1960,

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De:

I. Bay of Bengal

i, Number of storms/deprns. 9 3 5 27 45 67 102 112 107 106 85 42
11. Number which moved over
to land (o] 1 O 9 27 56 88 98 98 65 34 4
111, Average life in days 3.8 4.7 3.4 3.5 3.9 4.2 4.1 4.5 5.3 4,4 4,3 3,2
iv. Average life over land 00,4 00.41.02.3 2.6 2.03.21.51.10,3
II. Arabian Sea
i. Number of storms/deprns. 1 0 0 -7 16 22 5 0 4 22 20 2
ii. Number which moved
inland 0 o0 o 3 2 8 4 o 2 8 6 [0]
iii. Number which formed in
Bay of Bengal and
moved into Arabian
Sea (not included in i) o o0 - o0 3 2 2 1 3 6 13 7
iv. Average life in days
of (1) 1.0 - - 5.6 4.8 3.8 2.4 04.25,25.95.0
v. Average life of (i) over
land in days. o - - 0.6 0.6 0.5 0.9 01.40.20.2 O
4.4.2 These disturbances have a controlling influence on the distribution
of rainfall over the different parts of the country. Some of the heaviest

rains (during 24 hrs) on record have been experienced with slowly moving tro-

pical cyclones. If these systems move fast the duration of the system over

the area is considerably reduced and consequently the total accumulation of

rain is very much less. Their contribution to the seasonal rainfall seems to

be & maximum in the coastal regions, where they strike from the seas. They

cause rainfall along their track over a radius of about 500 km. Within this

distance there are at times dry and wet zones of about 30 to 50 km wide. From

radar observations it is evident that the rain is distributed in bands and bet-

#een the bands the rain is either missing or of light intensity. In mature

storms, the radar pattern shows that the eye of the storm is free from precipi-

tation echoes. As the disturbances move, these zones cause variation in the

intensity of rainfall, However, depending upon the seasons and tracks of
disturbances, rainfall is restricted mainly to certain sectors. The actual
rainfall caught will depend upon the motion of the storm exposing different

parts of the storm field over the recording station.

4,4.3 No systénmtic estimates of rainfall contributions by cyclonic dis-
turbances have been made so far.* However, the distribution of heavy rain-
fall in 24 hours (Fig 8) gives us an idea of the maximum rainfall so far
caused by any phenomenon including cyclonic disturbances. Thus we might
reasonably consider the values given in Fig 8 as the upper limit of rainfall

in association with cyclonic disturbances in the different seasons.

444 It is seen that in the winter season, the rainfall intensities asso-
ciated with these cyclonic disturbances are the lowest for the year as a
whole,being not more than 5-10 cm in a day. The maximum rainfall intensi-
ties associated with these storms have not exceeded 20 cm per day during the
hot weather season and 30 cm per day during the post monsoon season. However,
during the monsoon season the upper limits in the different parts of the coun-

try are higher and in certain areas it is even over 40 cm per day.

4.4.5 Occasiﬁnally two cyclonic disturbances simultaneously occur over the
Indian region. The distribution of rainfall under such circumstances undere
goes radical changes. Usually the disturbances are located along a line main-
ly oriented east-west and the belt between the disturbances situated normal

to the line connecting the centres of the two disturbances remains practically

dry. A typical distribution is shown in Fig 13.
4,5 Monsoon rainfall

4.5.1 The Indian summer monsoon is the most widely known and most specta-
cular of the continental circulations. Late in May or early in June monsoon

sets in over Kerala Coast. By the second week of June the rainfall extends

* The only studies in this connection are the various storm studies for
hydrometeorological purposes where the rainfall intensities over the river
catchment or over the storm have been estimated for several maxi{mum storms,

In another, Jagannathan (1964) computed rainfall contributed by the several
synoptic causes over Rajasthan and Sind. He found that in the heaviest rain-
fall year 1917, the rainfall contributed by 'depressions' waé of the order of
0.73" (A= 1.8 cm) while the monsoon as such (the Bay current and Arabian Sea
current) contributed only about a third of this amount.



into Gujarat and the central parts and the monsoon is more or less established

over the country by the first week of July.

4.5.2 During the mensoon, rainfall is not continucus but occurs in spells
lasting for about 5 to 7 days. These spells of active monsoon cause an in-
crease of rainfall in the plains of India while the rainfall usually decrea-
ses in the southeast Peninsula and the foothills of the ‘Himalayas. During
spells of weak monsoon which sometimes last over a couple of weeks, rainfail
decreases over the plains while it increases over the southeast of the Penin-
sula and in the Sub-Himalayan regions. The distribution of rainfall during
a typical 'weak monsoon' and ‘'strong monsoon' day are shown in Figs 14 and 15

respectively.

4.5.3 The monsoon gradually weakens in September and starts withdrawing
from Northwest India. Unlike the advance of the monsoon which is a rapid
process, the withdrawal is a slow ancd steady process. The monsocn withdraws
from Northwest India by the third week of September and from West Uttar Pra-
desh, Gujarat and West Madhya Pradesh towards the end of the month and by the
middle of October, the monsoon withdraws from most of the country, except over

southeastern Peninsula.
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FIG, ID:PERIOD (HOURS 1.5 T) OF MAXIMUM AND MINIMUM RAINFALL
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