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. Rainfall distribution over India during the monsoon months
in the absence of depressions and cyclonic storms
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ABSTRACT. 1t is well known that monsoon depressions and cyclonic storms play an important
role in the distribution of rainfall over India. Naturally, their absence from the Indian area during any
month ol {he monsoon season is considered to be responsible for causing deficient rainfall and conse-
quent drought conditions, It is, therefore, of interest to know as to what extent the absence of these
synoplic systems cause deficient rainfall during the individual monsoon months. This aspect has been
examined by computing the average rainfali of the different meteorological sub-divisions of the Indian
plains rorth of Lat. 15°N for those monsoon months which were free from depressions and cyclonic
storms.

There have been in all 25, 13, 7 and 4 oceasions of June, July, August and Seplember respectively,
when no depressions or cyclonic storms moved through the Indian land area during the period 1891-1980.
‘This study has shown that (i) of the 4 monsoon months, the Septembar month is worst affected by the
absence of these disturbances and (i) in the case of other monsoon months of June, July and August,
rainfall can be abnormally deficient depending upon the presence of any of the following meteorological
situations :

(a) Late arrival and subsequent weak monsoon conditions over the couniry,

y (b) The axis of monsoon trough remains shifted to the north of its normal position, and

{t) Non-occurrence of low pressure areas (or land lows) across the country.

It has been scen that rainfall over the country can be normal or even above normal inspite of the
£ absence of these disturbances if the meteorolegical sifuations like the above are not there.

This -study has, therefore, shown that the absence of monsoon depressions and cyclonic storms are
not the main factors which cause deficient rainfall and consequent drought conditions in this country.

most important synoptic scale disturbances and pléy
a vital role in the space-time distribution of rainfall
Monscon depressions and cyclonic storms are the over India (Sikka 1977). Considering this influence
{309)

1. Introduction
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Fig. 1. Areal distribution of disturbances over India during
moensoon season (1891-1930)

of these disturbances (i.e., depressions and cyclonic
storms) on the rainfall activity of India has been
studied by several workers. Pisharoty and Asnani
(1957) showed that on a particular duy heavy rain-
fall associated with these disturbances extends to about
500 km ahead and 500 km in the rear of their respect-
tive pressure cenfres and this area has a width of
about 400 km lying almost entirely to the souith of
their tracks. Raghavan (1967) computed the average
ramfall for those days in July and August months
~ which were free from these disturbances, He found
that these disturbances were capable of distribuling
rainfall in such a way that in some areas rainfall was
increased by about 10% while other areas were
deprived by the same amount.

The average rainfall potential over the Indian plains
north of Lat. 20 deg. N was estimated by Dhar and
Rakhecha (1976) for those July and Augnst months
which did not at all experience these disturbances.
They found that the average deficit of rainfall over
north India in July and Augnst months was of the
order of 19% and 14% respectively in the absence
of these disturbances. In recent years Dhar ef al. (1978,
1980 and 1981) have found that there was no direct
relationship between the frequency of these distur-
bances and the rainfall of the country when the mon-
soon season (i.e., June to September) as a whole was
considered. On the other hand, it was seen that if each
of the monsoon months were considered separately,
there was a significant relationship between the two.

In !he_ present note an attempt has been made 1o
study rainfall distribution over India during monsoon
months of June to September which did not have any

monscon depression, using the 90-year data from
1891 to 1980,

2. Area of the country considered for analysis

Fig. 1 shows the areal distribution of these distur-
bances over the Indian land area during the monsoon

seasons of the period 1891-1980. It is observed from
this figure that after their formation in the neighbour-
ing seas of the' Bay of Bengal and the Arabian Sea,
most of these disturbances fraverse the Indian land
area north of Lat. 15 deg. N after crossing the east
and the west coasts of the country. Thus, in view of
the fact that these disturbances affect the land area
of the country mostly to the north of Lat. 15 deg. N
during the monsoon geason, the areal distribution of
rainfall over the Indian land area has, therefore, been
considered to the north of this latitude in this study,
In order o eliminate the influence of orography on
rainfall distribution due to mountaineous terrain, the
hilly sub-divisions of the Himalayas as well as north-
east India (ie, Assam and its adjoining sub-divi-
sions} have not been considered while working out
the areal rainfall of the country north of Lat. 15 deg.
N.

3. Data vsed and technigque emploved

From a careful examination of the Storm Track
Atas (India Met. Dep., 1979) and the Daily, Monzthly
and Annual Weather Swnmaries publ'shed by the
India Meteorological Department for the period 1891
to 1980, the individual monsoon months when no de-
pressions and cyclonic storms affected the Indian land

_area, were sorted out. This examination revealed that

during the 90-year period (1891 to 19803 there were
in all 25 June, 13 July, 7 August and 4 September
months when the Indian land area was completely
free from these disturbances, Table 1 shows the
individual monsoon months which were free from these
disturbances during the above period. This table also
shows that in the year 1901 the counfry was free from
these disturbances for the first three consecutive mon-
soon months while in the years 1924, 1931 and 1957
these disturbances did not move through the country
in the first two monsoon months of June and Fuly,

Using the available rainfall data of all the observa-
tory and State raingauge stations, average rainfall for
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. the Indian region, north of Lat. 15 deg. N, excluding
the hilly sub-divisions of the Himalayas and notth-
east India, was compuied for all those monsoon
months which were free from these disturbances as
shown in Table 1. Percentage departures of the rain-
fall from the normal of these months were then
worked out. In this study following two types of rain-
fall normals were used due to non-availability of
State raingauge data for different sub-divisions of the
country during the decade 1971 to 1980 :

(i) Normals based upon monthly rainfall data
of 8C-year period of all the raingauge sta-
tions (i.e, State raingauge as well as ob-
servatory stations) for the period 1891 to
1970, and

(ii) Normals based upon the rainfall data of
observatory stations only for the 10-year
period from 1971 to 1980.

Using the following drought classification based on
rainfall given by Krishna Rao (1953) and recently
used by Dhar and Rakhecha (1976), monthly per-
centage departures of rainfall for the individual mon-
soon months which were free from these disturbances

_ were then worked out !

Drought classification
based on rainfall

(i) Excess rainfall

(i} Normal rainfal

Percentage deparfures
from the normal

4119 or morel,
4109, to—10%,

- (iif) Slight drought

—11% to —25%
~ (iv) Moderate d:'f)ught

S

~26% to —40%, and

sar

—41% and less.

Pt

(v) Severe drought

Table 2 shows the highest and the lowest percentage
departures of rainfall from the normal for the different
sub-divisions as well as the plain areas of the country
north of Lat. 15 deg. N, for each of the monsoon
months which did not experience these disturbances.
Frequency of occurrence of drought conditions and
other details are not included in Table 2.

4, Discussion of resulis

4.1. Month of June

It was observed that during the 90-year period, the
Indian land area was traversed by about 105 distur-
bances in this month, Qut of these, 82 disturbances
entered from the Bay of Bengal, 15 from the Arabian
Sea and the remaining 8 were land depressions, Thus,
it can be said that, on an average, the country was
affected by about 1 disturbance in this month. How-
ever, there have been 7 instances in the past 90 years
when 3 disturbances moved through the country in
this month.

Percentage departures of rainfall from the normals
for the different sub-divisions as well as the plain

TABLE 1

Monsonn months when the Indian land area did not experience
depressions and cyclonie storms during the period
1891 fo 198G

June July August September

11891 1930 1901 - 1901 1913

1899 1931 1967 1505 1929

1901 1938 1908 1930 1952

1509 1942 191 1932 1979

1916 1946 1915 1961

1912 1957 1916 1962

1913 1958 1924 1966

1919 1960 1931

1921 1965 1953

1922 1972 1955

1923 1973 1957

1924 1977 1974

1926 1980

areas of the country north of Lat. 15 deg. N were
worked out for each of the June months shown in
Table 1. It was observed that in June 1926 the country
‘experienced . severe drooght cenditions (—69% )
while in June 1938 there was large excess (+ 77%)
of rainfall over the country. Percentage departures of
rainfall for other June months (vide Table 1) lay bet-
ween these two extreme values, le, + 77% to
—09%.

The southwest monsoon, normally, strikes the
southern tip of the west coast of India in early June,
then advances northwards and gets fully established
over the entire country by about 15 July, It is, how-
ever, seen that the onset of monsoon either gets de-
layed or sets in early by a few days to a couple of
weeks from the normal date of onset, Even though
monsoon may set in by the normal date in a particular
year but the two branches of monsoon (viz., the Bay
of Bengal and the Arabian Sea) may fail to establish
themselves over the different parts with the result that
weak monsoon conditions prevail over the country
in this month.

It has been observed that inspite of the absence of
these disturbances the country experienced normal or
even excess rainfall in the June months of the years
1899, 1909, 1910, 1913, 1919, 1921, 1922, 1930,
1938, 1942, 1946, 1960 and 1977. The meteorotogi-
cal factors responsible for causing normal or excess
rainfall in June months of the above years were
examined and it was found that due to early onset of
monsoon and thereafter active monsoon conditiens
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Highest and lowest percentage departures of rainfall for the different sub-divisions as well as the
different monsoon months which did not experience depressions and cyclonic stor
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TABLE 2

plain areas of the country during the
ms during 1891-1980

Sub-Divisions June July August September
3 N A Ml I K A kN . e Y K A Ty
High- ¥Yr Low- Yr High- ¥r Low Yr High- ¥r Low- Yr |High- Yr Low- ¥r
est est est est est est est est
Gangetic West Berngal 123 1922 —61 1958 23 1974 —50 1916 3 1930 —25 1966 -—15 1913 --37 1979
Orissa 43 1919 ~-65 1891, 30 1980 53 1911 —7 1961 40 1966 11 1932 —37 1913
1926
Bihar plateau 88. 1913 —60 1891 28 1953 —55 1911 9 1901 —15 1962, 7 1952 45 1929,
1966 1979
Bihar plains 145 1909 —73 1926 75 1955 -39 1911 54 1905 —29 1966 18 1513 51 1952
East Uttar Pradesh 152 1938 83 1926, 71 1924, —73 191} 32 1961 —11 1930 —33 1952 —83 1979
: 1965 1955,
1980
West Uttar Pradesh

{plains) 168 1899 —93 (965 46 1953 —75 1911 51 1961 —50 1905 —73 1929 —85 1913
Haryana 170 1909 98 1965 62 1953 82 IS1i 123 1961 79 1905 —&1 1979 —go 1952
Punjab 145 1938 —100 1965 104 1980 —85 1911 27 1961 —70 1905 -—27 1979 —99 1957
West Rajasthan 152 1910 —97 1891 142 1908 -—96 1911 14 1932 --99 1905 24 1913 —97 1952
East Rajasthan 160 1938 91 1965 83 1908 --80 1511 4 1961 83 1905 —71 1913, .95 1952

. 1929
West Madhya Pradesh 155 1938 88 1923 21 1508 —61 1911 43 1901 —58 1932 —46 1929 _.717 1979
East Madhya Pradesh 80 1919 81 1926 23 1980 —47 1911 43 1901 33 1930, 9 1952 —89 1979
1966
Gujarat 221 1913 - 97 1923 47 1908 —81 1911 13 igOI, ~—83 1905 —9 1913 93 1952
) 1961

Saurashira & Kutch 220 1913 —89 1923 32 1980 —91 191 9 1961 82 1966 —12 1913 —89% 1952
Konkan 79 1938 55 1923 60 1931 —350 1911 23 1962 —63 1966 —30 1929 _.91 1979
Madhaya Maharashtra 86 1913 78 1923 15 1931 49 1911 17 1932 —54 1905 7 1929 ~T76 1979
Marathawada 102 1938 86 1923 90 1916 —48 1974 48 1901 —60 1966 59 1979 —48 1913
Vidarbha 113 1938 —86 1923 13 1931 47 191t 44 1901 —34 1932 47 1979 .29 1952
Coastal Andhra -

Pradesh 65 1930 —65 1923 67 1916 —31 1908 20 1905 25 1930 36 1979 .37 1952
Telangana 721938 .72 1923 21 1916 —40 1974 38 1962 —36 1930 87 1979 —47 1913
Interior north

Karnataka 41 1942 59 923 42 1916 —352 1974 64 1932 —56 1930 47 1979 —50 1952
Plain areas of India* 77 1938 —69 1924 14 1908 —56 191t 12 11901, —30 1905 38 1929 —44 1979

961

*North of Lat, 15° N outside]northeast India

prevailing over thie country, there was excess or nor-
mal rainfall over the Indian land area. However, in
some  years, pre-monscon thunderstorm  activities
over the northern and central parts of the counlry,

was zli]lso responsible for causing excess rainfall in this
month,

In the June months of the years 1891, 1901, 1912,
1923, 1924, 1926, 1931 and 1965 the country witnes-
sed severe drought conditions. In 1958 and 1972
.Func_months there were moderate drought conditions
and in 1957 and 1973 slight drought conditions pre-
vailed. On careful examination, the following unfavour-
able meteorological situations were found to be
mainly respongsible for causing slight to severe dronght

conditions over the country during the above years :
(i) Late arrival of monsoon,

(i1} Weak monsoon conditions prevailing over
the country after the onset of monsoon, and

(iii) Absence of pre-monsoon thunderstorm acti-
vity over different parts of the country,

Thus, it can be said that in the June month
drought conditions may prevail over the country in
the absence of these disturbances if the unfavourable
meteorological situations mentioned above also happen
to be there at the same time.
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4.2. Month of July

During the 90-year period there were in all 166
disturbances which affected the Indian land arca
during this month. This showed that on an average,
about 2 disturbances moved thrdugh the country in
this month. It has, however, been observed that there
have been 7 instances in the past when 4. disturbances
moved through the country in this month, Out of 166
disturbances, 133 had their origin in the Bay of
Bengal, 6 in the Arabian Sea and the remaining 27
were land depressions. "

It is well known that rainfail during the July month
depends upon the position and strength of the monscon
trongh as well as strength of the Bay and Arabian
Sea branches of monsoon. It has also been observed
that monsoon activity over the country is quite favour-
able for causing well distributed rainfall over most
parts of the country, inspite of the absence of these
disturbances, if the axis of the monsoon trough
happens to lie in jts normal or in-a more southernly
position (Das 1968 and Koteswaram 1974). Rain-
fall activity can also be increased considerably if a
few low pressure arcas from the head Bay or land
lows move across the country. Rainfall activity over
the country decreases considerably if monsoon cur-
rents are weak and the monsoon trough axis shifts
northwards close to the foot of the Himalayas, there-
by setting in ‘break’ momsoon conditions over the
country,

Percentage departures of rainfall from the normals
for the 13 months of July which were free from these
disturbances (vide Table 1)} were worked out for
all the sub-divsions and the plain areas of the country
north of Lat. 15 deg. N. It is seen from Table 2 that
in July 1908 the country received excess rainfall

{ + 14%) inspite of the absence of these disturban-

ces while the July of 1911 was the worst affected
month when the Indian land area experienced severe
drought conditions (—356%). Moderate drought
conditions prevailed over the country during the July
months of the years 1907 and 1915 while in the July
months of 1901, 1916, 1955 and 1974 slight drought
conditions were experienced. The drought conditions
which prevailed over the country in July months of
the years mentioned above were found to be muainly
due to the setting in of the prolonged ‘break’ monsoon
condijtions and/or due to weak monsoon conditions
prevailing over the country. Excess rainfall over the
country in July 1908 was found to be because of
the passage of low pressure areas from the Bay of
Bengal which gave fairly well distributed rainfall over
the northern and central parts of the country. Tt was
also observed that in July months of the years 1924,
1931, 1953, 1957 and 1980 the Indian land areas
experienced normal rainfall in the absence of these
disturbances.

Tt hag been observed that in the absence of these
disturbances in the month of July, sub-divisions of
the country along the periphery of the Himalayas,
viz., Bihar plains, east and west Uttar Pradesh,
Haryana and Punjab, experienced normal to excess
rainfall caused by the setting in of ‘break’ monsoon
conditions while the remaining sub-divisions of the
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country witnessed slight to severe drought conditions.
The worst-hit sub-divisions of ‘the country due fo
drought, conditions were west and east Rajasthan,
Saurashtra and Kutch, Gujarat, west Madhya Pradesh,
Vidarbha, Madhya Maharashtra, Telangana, coastal
Andhra Pradesh and Orissa,

Thus, in the absence of these disturbances in the
month of July, deficient rainfall causing slight to
scvere drought conditions can occur over most of the
sub-divisions of the country outside the gub-divisions
along the Himalayan periphery, provided: (i) no
low pressure areas traverse the country, (i) mon-
soon currents prevailing over the country are gene-
rally weak, and/or (iii) prolonged ‘break’ monsoon
conditions occur by the shifting northwards of the
monsoon trough axis.

4.3, Month of August

The total number of disturbances that affected the
country during the 90-year period in the August
month was found to be about 182. Majority of these
disturbances (i.e., about 148) entered the country
through the east coast, 2 from the west coast and
the remaining 32 were land depressions. Thus, like
the July month in the August month also, on an
average, the country experienced about 2 dis-
turbances.

There were 7 August months during the 90-year
period .(vide Table 1) when the country did mot
experience these disturbances. Percentage departures
of rainfall from the normals in respect of these 7
cases were worked out for each of the sub-divisions
and the plain areas of the counfry north of Lat. 15
deg. N outside the northeast India. Like July, rainfall
of the August month also depends upon the position
and strength of the monsoon trough over the Indo-
Gangetic plains. Movement of a few low pressure
areas and upper air cyclonic circulations across the
country also causes strengthening of monsoon currents.
On the other hand, deficit rainfall and consequent
drought conditions may be caused if monsoon currents
are weak and ‘break’ monsoon conditions prevail over
the country for long intervals.

The country experienced excess rainfall in August
1901 and 1961 while moderate drought “conditions
prevailed in August months of 1905, 1930 and 1966
and slight drought conditions in 1932 and 1962, Ex-
cess rainfall in August 1901 and 1961 was found to
be caused by the movement of low pressure areas and
upper air cyclonic circulations along the trough axis
which considerably strengthened the monsoon
currents. Drought conditions in the above August
months were found to be due to setting in of ‘break’
monsoon condifions or weak monsoon conditions pre-
vailing over the country. The western and eastern sub-
divisions of Rajasthan, Saurashtra and Kutch, Gujarat,
east and west Madhya Pradesh, Madhya Maharashtra
and Orissa were the worst affected regions which
experienced slight to moderate drought conditions in
the absence of these disturbances. o

4.4, Month of September

In the month of September there were about 176
disturbances which traversed the country during the
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90-year period. Thus, on an average, like the July and
August months, about 2 disturbances mwoved across
the country in this month. The maximum number of
these disturbances that moved through the country
was found to be 5 and this happened in September
1891. Out of 176 disturbances that entered the Indian
land area, 147 had their origin in the Bay, 7 from the
Arabian Sea and 22 were land depressions.

Normally, monsoon withdraws from half of the
northern India by about the end of September, How-
ever, rainfall activity over the arcas from which mon-
soon has already withdrawn can temporarily be re-
vived by the passage of these disturbances over and
near these regions,

It was found that during the 90-year period there
were only 4 September months (vide Table 1) when
the Indian land area did not experience these distur-
bances. Thus, the probability of non-occurrence of
these disturbances is the lowest (i.e., 4%) in this
month compared to other three monsoon months of
June, July and August. Percentage departures of rain-
fall from the normals for these 4 occasions were
worked out. Tt was seen that in September 1929 the
country experienced moderate drought conditions
while in 1913, 1952 and 1979 severe drought condi-
tions prevailed. It was also observed that in the ab-
sence of these disturbances, all the northwestern sub-
divisions of the country from Punjab in the north to
Saurashtra and Kutch in the extreme west experienced
very little rainfall. It can, therefore, be said that rain-
fall activity, especially, over the northwestern parts of
the country to a large extent depends upon the pas-
sage of these disturbances in this month and their
absence causes moderate to severe drought conditions
in these parts.

§. Summary and conclusions

From the foregoing the following broad conclusions
can be drawn ;

() Tt is observed that in the absence of mon-
soon depressions and cyclonic storms in the
individual monsoon months coupled with
either of the following unfavourable meteo-
rological situations, rainfall distribution over
the country can be considerably deficient
and consequently slight to severe drought
conditions can prevail over the country :

{#) June — Delayed onset of monsoon and
weak monsoon conditions prevailing
over the country,

(h) July and August — Setting in of pro-
longed ‘break’ monsoon conditions and
non-occurrence of low pressure areas/
upper air cyclonic circulations across
the country, and

(¢) September — Barly withdrawal of mon-
monsoon and/or weak monsoon condi-
tions prevailing almost throughout this
month, . "

(i) Tt is also observed that of the 4 monsoon
months, the month of September gets worst
affected by the absence of these distur-
bances,

This study has thus shown that the absence of
depressions and cyclonic storms from the Indian land
area 1s not the main cause which can result in deficient
rzinfall and consequent drought conditions over the
country. There have been a number of occasions in
the past when the country received normal te excess
rainfall, inspite of the absence of these disturbances,
due to occurrence of other favourable meteorological
situations. In monsoon months when these distur-
bances as well as the favourable meteorological situa-
tions are both absent, moderate to severe drought
conditions can occur over the country,
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