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~ ABSTRACT. The daily three hourly rainfall for 17 self recording stations during summer monsoon for the
period 1979 to 1983 has bzen studied to bring out its diurnal variation in central India. An attempt is also made to

explainthese variations,

1. Introduction

It is believed that rainfall occurs in the tropical region
during some preferred hours of the day. This is attribu-
ted to the well known phenomenon of diurnal cycle of
convection. However, there is an enough evidence to
show that in tropics maximum rainfall incidence can
occur at any time of the day, and that timing can vary
considerably over short distances. The knowledge of
diurnal variation of rainfall can be useful for outdoor
functions and road communication when the roads are
unpaved. It also influences the efficiency of rains for
agricultural purposes, because rainfall during hot hours
of the day are subjected to heavy losses by evaporation.

The diurnal variation of rainfall for individual sta-
tions have been done by various authors in the past.
Recent studies are at Nagpur by Mulky (1958) and
Hyderabad by Rao (1960). A few studies, on collective
stations, of diurnal variation of rainfall have also been
done. Rao and Raman (1958) and Prasad (1970)
studied the diurnal variation of rainfall over India for
selected stations. Jagannathan (1968) studied the clima-
tological aspects of Indian rainfall as the same were
considered useful for a short range weather forecasting
to meet the need of multifarious interest. In his dis-
cussion of diurnal pattern during monsoon season he
observed that Rajasthan had its maximum rainfall in
noon hours, 09 to 15 IST. The west coast and practi-
cally the entire north India excluding the Bengal plains
received their maximum between 3 and 9 IST. Madras
state received its intense falls between 21 and 03 IST.
while the adjoining region of Andhra coast up to Bengal
plains experienced their maximum during 15 to 21 IST.
He did not comment the diurnal pattern over central
India. Prasad (1974) in his study of Brahmaputra

*Present affiliation : Central ground water board, Nagpur.

valley found, marked maximum in rainfall from mid-
night to morning 6 hours. Bhattacharjee and Bhatta-
charjee (1980) in their study of upper catchment of
north Bengal rivers found that there was marked ten-
dency of occurrence of heaviest fall during night/early
morning hours from June to September.

The diurnal variations of rainfall during monsoon
season in central India is considered in the present study,
as 80 tc 90 per cent of rainfall in central India occurs in
monsoon season alone.

2. Data

The hourly values of rainfall during each hour of the
day from June to September have been collected from
self recording tabulation sheet for following 17 stations
from 1979 to 1983 : (1) Nagpur (21° 06" N, 79° 03’ E,
310 m), (2) Akola (20° 42" N, 77° 04' E, 309 m), (3)
Brahmapuri (22° 36’ N, 79° 51" E, 227 m), (4) Chandra-
pur (197 58" N, 79° 18" E, 191 m), (5) Satna(24° 14’ N,
80° 50" E, 315 m), (6) Pendra (22° 46' N, 81° 54’ E,
624 m), (7) Raipur (21° 14" N, 81° 39" E, 296 m), (8)
Jagdalpur (19° 05" N, 82° 02 E, 553 m), (9) Jabalpur
(23° 12" N, 79° 57° E, 397 m), (10) Gwalior (26° 14’ N,
78° 15" E, 205 m), (11) Guna (24°39° N, 77° 19" E,
477 m), (12) Bhopal (Bairagarh) (23° 17" N, 77° 21’ E,
523 m), (13) Indore (22° 43" N, 75° 48' E, 561 m), (14)
Pachmarhi (22° 28" N, 78° 26" E, 1068 m), (15) Bagra-
tawa (22°38° N, 77° 59" E, 331 m), (16) Khandwa
(21° 50" N, 76" 22" E, 317m), (17) Gondia (21° 28’ N,
80° 12’ E, 311 m).

For Pendra only, available data for four years have
been utilised.
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Figs. 1(z-d). Diurnal pattern of rainfall over cintral India during June-September
3. Physical features (03-06 IST). Morning (06-09 1ST), Late morning

The central India consists of Madhya Pradesh and
Vidarbha portion of Maharashtra State. 1t is generally
a plain area with elevations near about 300 m a.s.l. The
Vindhya and Satpura mountain ranges run zast to west
across the region and in the hilly tracks the individual
peaks are between 1000 and 1500 m a.s.l. In this region,
there are two rivers Narmada and Tupti and both are
flowing east to west into Arabian Sea while river Maha-
nadi is running west to east and flowing into Bay of
Bengal.

4. Method of analysis

To reduce irregularities in the diurnal pattern, the
three hourly mean daily rainfall of each of the monsoon
month, i.e., June to September have been calculated and
are shown in the Table [.

In order to study the diurnal variation, a day has been
divided into 8 periods of 3 hours duration as detailed
night

below: Late (00-03 IST), Early morning

(09-12 IST). Early alternoon (12-15 IST), Late after-
noon (I15-18 I1ST), Evening (I18-21 IST) and Night
(21-24 IST).

5. Classification of rainfall arcas

The diurnal pattern varied with the location. The
arca may be grouped under five types with following
charucteristics :

A —Rainfall maximum in the afternoon/evening,

B -— Well defined maximum in the afternoon/even-
ing with feeble maximum in the late night/early
morning,

C — Well definad rainfall maximum between evening
to late night.

D — Well distributed rainfall throughout the day and

E-— No well marked maximum.
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TABLE 1
Mean 3 hourly daily rainfall (mm)

Hours (IST) Hours (IST)
= - - e A =
03 36 69 9-12 12-15 15-18 18-21 21-24 03 36 69 9-12 12-15 1518 1821 21-24
Nagpur Raipur
Jun 09 04 03 01 06 1.2 1.2 1.3 Jun 0.8 04 04 01 03 08 12 1.0
Jul 1.2 09 06 0.3 1.7 6 24 1.4 Jul 03 02 06 10 19 13 15 L2
Aug 0.7 13 1.6 07 1.6 1.4 12 1.3 Aug 1.6 1.7 06 09 09 15 22 1.0
Sep 0.5 04 0.7 06 1.8 22 12 06 Sep 06 05 07 04 1.0 L7 19 L7
Akola Jabalpur
= 0.9 03 03 00 02 05 09 1.3 Jun 0.1 05 0.6 04 1.1 1.4 04 04
Jul 0.3 03 04 03 08 20 1.5 1.0 Jul 0.5 07 05 07 08 1.9 17 09
Aug 1.5 0.5 07 1.0 09 1.4 07 1.0 Aug 12 1.8 1.4 21 1.3 1.8 13 1.6
M - 03 43 02 Bq 8D RS &2 & sp 0.8 1.0 1.0 04 14 15 08 0.3
Bramhapuri Pachmarhl
Jun {0 1.1 0.7 0.6 0.5 08 1.0 1.0
5 03 05 1.0 08 0.8 0.7 0.4
Jul 18 1.5 08 08 1.0 1.7 1.8 1.5 s 0.3
Aug 0.9 1.5 1.5 1.2 1.6 2.1 1.6 1.0 Jul 1.s 2.0 1.2 1.2 1.1 1.3 1.4 1.0
Sep 1.7 1.0 0.6 1.0 07 1.0 1.5 0.6 Aug 24 23 20 1.9 1.4 24 22 L7
Chandrapur Sep 0.6 05 0.7 03 1.5 1.4 08 04
Jun 10 06 08 03 02 1.0 1.1 1.1 Satna
Jul 20 1.3 0.7 06 06 1.9 1.8 1.3
Aug 16 1.7 09 1.5 26 1.8 1.0 1.5 Jun 02 63 03 02 1.1 08 06 0.5
Sep 0.6 0.4 04 04 1.0 2.4 1.2 0.4 Jul 07 19 0.8 1.6 1.9 1.9 1.2 0.7
Guna Aug 11 09 1.4 1.0 1.5 1.5 21 09
Jun 0.3 0.3 0.5 0.4 05 04 0.0 0.1 Sep 0.4 01 03 07 08 08 05 02
Jul 06 1.2 1.3 1.0 1.4 08 0.5 0.1 .
Aug 1.0 1.0 21 1.4 26 1.8 0.7 0.6 Cpetios
Sep 05 04 06 0.2 05 06 06 0.7 Jun 02 0.2 03 05 02 01 02 0.3
. 0 1.8 0.5 0.5
T Jul 09 03 0.1 1.3 20 1 L0,
1.3 09 1.1 1.0 1.7 1.4 0. :
Jun 04 01 00 04 1.4 1.2 1.3 03 i wa ek BB
Jul 0.7 0.7 05 08 1.2 1.8 1.4 09 Sep 0.4 05 01 04 03 0 : 0
Aug 1.2 04 1.5 04 1.7 3.7 21 1.8 Khandwa
s 0.8 0.6 0.2 0.2 0, . . .
" A e e Al Jun 0.5 0.5 05 04 04 06 1.5 07
Bairagarh Jul 04 1.4 06 03 07 1.4 1.5 1.3
Jun 0.2 03 0.3 02 1.1 1.5 1.3 0.6 Aug {1 09 0.5 05 12 21 13 1.2
Jul 09 0.5 04 05 06 22 1.3 0.7
3 02 01 03 01 L1 L1 03
Aug 11 1.5 1.1 1.0 1.4 1.5 1.2 1.7 Sep g
Sep 02 00 00 00 04 04 0.1 0.3 Bagratawa
Jagdalpur Jun 02 0.1 02 01 09 09 06 0.4
Jun 1.5 09 0.7 03 07 2.2 1.3 1.5 Jul 06 04 05 05 €6 21 1.6 19
Jul 0.5 0.7 1.0 1.5 2.1 2.8 06 0.8 At {1 1.2 1.8 1.1 1.5 08 1.8 0.7
Aug 1.4 1.1 08 08 1.3 25 1.1 0.9
0.6 09 09 07 0.3
Sep 03 02 01 04 1.3 20 1.7 0.9 Sep 0.5 03 03 0.6
Gondia
Indore
Siih L0 65 02 06 07 1.0 09 0.8
Jun 0.6 0.7 0.2 0.2 04 1.0 1.2 0.8 1l Lo 09 06 08 L1 L7 L7 1.3
Jul 1.1 0.8 06 0.5 09 1.5 1.5 0.9
9 1.5 1.8 1.3 1.1
Aug 1.5 1.4 1.3 08 08 1.9 1.1 0.9 Aug 14 14 12 0
Sep 0.1 02 00 00 04 1.7 0.5 0.4 Sep 06 07 08 01 1.3 1.8 08 07
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The diurnal variation of rainfall from June to Sep-
tember is given in the Figs. 1 (a-d) July is the rainiest
month followed by August,

6. Synoptic disturbances

The mechanism leading to mass convergence in
central India depends upon the travelling synoptic dis-
turbances. During monsoon season central India
receives rainfall mainly due to (1) Semi-permanent
trough in the lower troposphere over Gangetic plain and
(2) Low pressure systems, i.e., cyclonic storm or depres-
sion or low pressure area or cyclonic circulation or E-W
shear zone. The low pressure system may form over
Bay of Bengal or over land and moves westnorthwest-
wards/northwestwards.  According 1o Mooley and
Shukla (1987). the frequency distribution of the number
of low pressure syst-ms is about 13.  About 63 por cent
of the low pressurc systems form in the longitudinal
sector 85° to 90° E and 88 per cent form east of 80 E,
Percentages of the systems which form over Bay and
over the land area are 64 and 30 respectively,

7. Discussion

Attempt has been made to explain the cause of diurnal
variation as far as possible. The diurnal pattzrn of
rainfall in the month of Juneis shown in the Fig. 1 (a). In
the month of June, rainfall maximum is szen in the
afternoon/evening over north Madhyva Pradesh. The
area is nearly coinciding with the highest normal maxi-
mum temperature zone, i.¢., ground heating is playing
major role for afternoon/evening shower. The “ast
Madhya Pradesh is also getting maximum peak in (he
afternoon/evening with feeble maximum in ih: late
night/early morning. The maximum peak in th: cast
Madhya Pradesh in afternoon/evening is duz o oro-
graphy and day’s maximum temperature.  Cloud top
cools due to radiation causing inter instubility in (h2
night giving maximum peak in the late night. Banzrjzz
(1961) suggested drifting of thunderstorm cell towards
northwest/southeast in his pre-monsoon study from
hills.  Mulky (1958) in his study of diurnal variation
of rainfall in Nagpur also suggested carly morning pzak
due to slow drifting of thunderstorm. Vidarbha and
adjoining Madhya Pradesh is getting maximum p.ak
between evening and late night. In this month depros-
sion or low pressure system generally moves in 4 north-
westerly direction and mostly becomes less marked afier
reaching east Madhya Pradesh. Souihwestcrn seclor
ahead of depression is generally coinciding with Vidarbha
and adjoining Madhya Pradesh arca. Extrem: north-
west Madhya Pradesh does not show any marked diurnal
pattern as monsoon reached there at the end ol June,
Around central point, near Pachmarhi, the highest
elevation in central India, a well distributed rainfall s
observed throughout the day.

The diurnal pattern in the month of J uly which is ihe
rainiest month in the monsoon szason is given in the
Fig. 1(b). The east Madhya Pradesh is characteris=d by
maximum peak in the afternoon/evening.  The contral
portion of Madhya Pradesh is having well distribu.od
rainfall throughout the day while th: rzmaining por-
tions have maximum peak in the allernoon evening
with feeble maximum in the fate night early motning,

The diurnal pattern in the month of Auvgust is given
in the Fig. I (¢). We have seen that in the month of July

a porlion of ceatral region is having well distributed
rainfall throughout day, But in this month, there is a
large extension of the area covering central parts of
Madhya Pradesh and east Vidarbha having well distri-
buted rainfall throughout the day. This is probably
due to the fact that in the month of August, most of the
depressions or the low pressure systems pass through
north Madhya Pradesh, ie., northwest of the area
forming convergent zone and. hence. is getting well
distributed rainfall throughout the day. The move-
m:n{ls ]of these systems are rather slow over Madhya
Pradesh.

While in the month of September, the cloud amounts
d:creas: and ground heating plays a major role for
afternoon/evening maximam peak in the entire area
which is shown in Fig. I(d). But it is seen that north-
west Madhya Pradash, Vidarbha and adjoining northeast
Madhya Pradesh is getting fezble maximum peak in the
late night ‘carly morning,

5. Summary

From this study, the following results could be
obtained :

(/) North Madhya Pradesh is getting maximum peak
in thz afternoon/evening in the month of June whils in
July it is zast Madhya Pradesh. In August it is northeast
Madhya Pradesh and west Vidarbha and in September
it is southzast and central Madhya Pradesh.

(i) Maximum pzak in aftzrnoon/evening with feeble
maximum in latz night/zarly morning is observed in
cast Madhya Pradzsh and westzrn parts of wast Madhya
Pradzsh during Junz while in July it is north Madhya
Pradzsh - and  cast Vidarbha and adjoining central
Madhya Pradesh. It is southeasi and extremz north-
west Madhya Pradesh and western paris of west Madhya
Pradesh in Augusi and in Szptember it is northwest
Madhya Pradzsh and Vidarbha and adjoining northeast
Madhya Pradzsh.

(ify The well defin:d  rainfall maximum biwcen
svening 1o carly morning is observed in Vidarbha and
adjoining Madhya Pradzsh in th: month of June whilz
in July it is confinzd to small pock:t around Bagratawa,

() Well disiribut:d rainfall throughout th: day is
obszrved around Pachmarhi in Junz and in July it is
central parts of Madhya Pradesh. In August the arza
is further :xiended and it covers cantral parts of Madhya
Pradzsh and cast Vidarbha.,
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