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On the intensity and areal coverage of the northeast monsoon
rains in the districts of Madras State

S. GASPAR
Regional Metzorological Cen're, New Delhi
(Recerved 11 February 1969)

ABSTRACT. In this papar an attempt is mado to establish the ralationship betwaen the intensity of rainfall
recorded by the India Meteorological Department Observatories in the Madras State during the northeast monsoon
season and the intensity and areal coverage of rainfall in the districts in which the observatories are situated. The
daily rainfall recorded at the large number of provintial raingauge stations in the State during a period of five
years, has been analysed for this purpose and the analysis shows that associated with the occurrence of different
intensities of rain at the Observatory stations, herein ¢alled the ‘Pilot’ station, the district receives certain well-

defined types of rainfall,

A number of other features of the intensity and areal coverage of thes northeast monsoon rains in Madras State

are also brought out in the paper.

1. Introduclicn

The rains associated with the northeast
monsoon affect only the southern parts of
the Indian Pen'nsula and occur during the
period October to December. Towards the
end of this period, the northeast monsoon
curreat becemes absolutely dry and rains
coase altogether.

Madras State as a whole, receives more
than half its annual rainfall during the
northeast monsoon season. The importance
of thase rains to the agriculturists in this
part of the country cannot, therefore, be
overemphasised. In forecasting rain for
the farmers in Madras State during the
season, the intensity of the rain and its areal
coverage are two important factors to be
reckoned with. Fig. 1 shows the boundaries
of each district of Madras State together with
its area in square miles and the number of
rain-recording stations. Beebe (1952) and
Rai Sircar and Hariharan (1954) have shown
that about 40 well distributed rain reporting
stations are required in a cireular area of 50
miles radius, .e., an area of about 7R00 84
miles, to give a correct indication of pre-
cipitation coverage. It will be seen from Fig. 1

that the number of the rain-recording stations
in the various districts of Madras State
generally conforms to the density of distri-
bution required for a proper appraisal of the
areal coverage of rainfall. In this paper an
attempt has been made to examine the rela-
tionship between the intensity of rainfall re-
corded at an India Meteorological Depart-
ment Observatory in each district treating
it as a ‘Pilot’ station with the intensity and
areal coverage of rainfall in the district as a
whole. In doing so wherever there are two
observatories in a single district, one of them,
depending on its relative importance was
treated as the ‘Pilot’ station and the other was
counted along with the rain-recording stations
maintained by the State Government.

2. Data used and method of analysis

In this analysis, the daily rainfall data of
all the State raingauge stations published
by the Government of Madras in their
Daily Rainfall Reports as well as the data of
all the observatory stations during the 5
years—1945, 1946 and 1952 to 1954—were
used. The years 1947 to 1951 witnessed a
complete failure of the northeast monsoon
rains in Madras State and hence this period
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Fig. 1. Map of Madras State

Map shows the district boundaries, their areas in sq
miles (shown in brackets) and number of rain-recordiny
stationin each district (shown between hyphens)

was omitted from the analysis. A rain re-
cording station was considered to have had
a rainy day if it had, in accordance with the
usual convention, a rainfall of 10 cents or
more. With this criterion. the daily rainfzll
of all the eleven pilot stations during the five
northeast monsoon seasors were tabulated.
A total number of 460 days (92 days for each
year) was considered for this analysis.

The total rainfall of all rain-recording
stations which had 10 cents or more in a
day and the number of such stations in the
district were also tabmlated for eech of the
460 days. This was done for all the eleven
districts of Madras State. From this data the
daily average rainfall and the areal coverage
of rainfall in each district was computed.
Following the convention adopted in the
India Meteorological Department the areal
coverage in the district was des'gnated as
(1) dry, (2) scattered, (3) local, (4) fairly
widespread or (5) widespread when the
nunber of stations which recorded 10 cents
of rain or more was (1) nil, (2) upto 1/3 of
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the total number of stations including the
pilot stations, (3) 1/3 to 2/3 the total number
of stations, (4) 23 and more but less than the
total, and (5) same as the total number res-
pectively. The average rainfall of the district
or the intensity of rainfall in the district as a
whole for each day was classified in accord-
ance with [the India Meteorological Depart-
ment practice as Dry (D) 0-9 cents, Very
Lizht (VL) 10-17 cents, Light (L) 18-37
cents, Moderate (M) 38-125 cents, Rather
Hewy (RH) 126-249 cents, Heavy (H)
230-349 cents, Very Heavy (VH) 350 cents
and above,

The intensity of the rainfall recorded by
tha pilot station was also classified in a simi-
lar manner and a two-way table was prepared
for each district, showing the number of
occasions with different intensities of rain-
fall at the pilot station against the areal cover-
aga and intensity of rainfall in the district
on these oceasions, Table 1 (o to k) shows the
d'stribution of intensity and areal coverage
of rainfall in the various districts of Madras
State corresponding to the different inten-
sities of rainfall at the observatory (pilot)
ssations in the district. Column 1 of this table
shows the number of occasions when rain-
fall of different intensities occurred at the
pilot stations. Columns 2 to 5 show the distri-
bution of intensity and areal coverage of the
rainfall in the district on these occasions.
The total of column 1 is naturally 460, the
total number of days considered. The totals
under the different sub-columns showing
different orders of rainfall intensity under
columns 2 to B, give the number of occasions
of rainfall of different areal coverage and
average intensity in the districts.

3. Discussion of results

A striking feature exhibited by the table
is the fact that the intensity and the areal
coverage of rainfall in districts associated
with the different intensities of rainfall at the
pilot stations are restricted to certain narrow
limits. The number of ‘dry’ days at the pilot
stations is considerably larger than the
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Numb r

Intensity  of

at

el S
oceasions
the Filot in Pilot —

Intensily and areal coverage of rainfall over the district

—

Scattered
S—

Local

Fairly Widespread

Station Station VL L. M RH

— — A — — —
HVHVL L MRH H VAVL L M RHH VAVL L M EH H VO

Widespread

{a) Dist

D
Very Light
VL)

Light (L)

Moderate (M)

Rather Heavy
(RH)

Heavy (H)

Very Heavy
(VH)

Total

rict
342
13

19
44
24

10
8

440 -

: CHINGLEPUT,

13 30 3§ T
2 1 3 —
—= | ]

32

Pilot Station : MENAMEBARKKAM,

(t) District : SOUTH ARCOT,

Dry

Very Light
(VL)

Light (L)

Moderate (M)

Rather Heavy

(RH)
Heavy (H)
Very Heavy

(VH)

Total

(o) District : NOATH ARCOT,

Dry

Very Light
(VL)

Light (L)

Moderate (M)

460

357

19 60 48

1

26

21

35

Rather Heavy 15

(RH)
Heavy(H)
Very Heavy

(VH)

Total

Dry
Very Light
(VL)
Light (L)
Moderate (M)
Rather Havy
(RH)
Heavy (H)
Very Heavy
(VH)

Total

4
2

460

(d)

363
22
21

35
14

3

2

460

13 44 42

District ;

20 35 47

11 42 |

Pilot Station : VELLORE,

1 = T par

2

2

5

—
~1ct

32

44 3

Number of Provincial raingauge stations : 26

3 2
6 —

Number of Provincial raingauge stations : 27

6




186 8. GASPAR

TABLE 1 (contd)

[ntensity Number Intensity and areal coverage of rainfall over the district
“l of ' mie=r=s P A E pobigs i nniiny| oiiiisicns b
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Station in Pilot m—————Am—— — A —— bk i F o Ge ides ]lrlad
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(¢) District : TANJORE, Pilot Station : NAGAPATTINAM, Number of Provincia] raingauge stations : 30

Dry 37 24 48 54 5 1 — — 318 — — — — 2 § — — 2 — — — — — —
v.enhgu 21 2 3 3 — = - e e (el | i S
(VL)
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Very Heavy b - - - - - = = = - il 2 - - - = 1 = 32
(VH) i
Total 460 28 60 6§ 3 1 — — 19 48 — — — — 4 58 12 3 3 — — 3 3 — 3
(/) District: TIROCHIRAPALLI, Filot Station : TIRUCHIRAPALLI, 'Number of Provincinl raningauge stations : 25
Dry 350 27 46 57 8 — 1 — 13 24 2 - - = = ) — = = = = — =
VeLight 22 1 8 8 — — — — 1 6 — — — — — 6 — — — — — — — — —
(VL)
Light (L) 3% — 3 6 e — 118 1 — — = 1l B — — = — — — o
Moderate (M) 27 — 1 2 — — — — — I = =g o= e @ 0 o= s e oma =y oo B
Rather Heavy 11 — — | — — — — — = 2 - - L3 4 e = - - - - .
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Very Heavy 3 — - — = = = = = ] - == === ]l - = — e -
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Total 460 28 33 711 8 — 1 — 15 66 6 — — — 1 26 6 1 1 — — = 1 — —
(g) District : MADUF AL Pilot Staticn : MADU 41, Number of Provincial raingauge staticns : 28
962 29 57 B4 4 — — — B8 36 1 — — — |— 2 — — — — — — —
egymgm 1 e B Mem o Sl $ L § s s B ome e mm e e e s i
(VL)
Light (L) 2 — 1 2 — — — — B s e et e T sl e e o e B e mmw msa
Moderate (M) 87 — — — — — — — ) 8§ — — — — |1 22 3 — — —m — — 1 — —
Rather Heavy 19 — — — — — — — 7 1 — — — — 8 2 — — — —_ 1 =
(RH)
Heavy (H) 1 B iR st ant s — 1 - = = = — = = =
YayHuvy — — —  — == — — — — — — — — —/(— —7 — — &7 — — — e o=
(VH)
Total 460 29 63 90 4 — — — 18 588 3 — — —| 1 4 6 — — — — 1 P
(k) District ; COIMBATORE, Pilot Station : COIMBATORE, Number of Provincial raingauge stations : 33
Dry 256 33 40 67 8 1 — — 8 2 — — — — — 3 — — — — — — — — —
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TABLE 1 (conld) o
Intensity Number Intensity and areal coverage of rainfall over the district
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Station in Pilot —— A migela ” s Sy 2 i _
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number of ‘dry’ days in the district as a
whole, the difference giving the number of
rainy days in the district when the pilot
stations reported dry weather. From the
first row we find that scattered rain is most
frequent, local rain next in the order and
fairly widespread rain least frequent. Even
on occasions of scattered rain, rainfalls of
light or moderate intensity are predominant,
local light or moderate rain appearing next

in order of importance and scattered very
light rain only third in the order. It is also
seen that during the northeast monsoon
season when an observatory reports dry
weather, there are a large number of oc-
casions when the district taken as a whole
receives some rainfall.

It may, however, be mentioned here that
as we go to the higher ranges of rainfall
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intensities at pilot stations the areal coverags
and the average intensity of rainfall in the
districts also show a gradual shift to higher
ranges, indicating tha* the rainfall of the
pilot stations becomes an increasingly re-
presentative index on the rainfall in the dis-
trict,

3-1. Occurrence of rainfall of different inten-
sities at the pilot stations and in the districts

Another striking feature brought out by
Table 1 is that, with the exception of
Tiruchirapalli, the number of occasions when
the pilot stations recorded moderate rain is
of a distinctly higher order than the number
of occasions when they recorded rainfall of
other intensities (vide col. 1). In the case of
Tiruchirapalli light rain is of the most
frequent occurrence. However, considering
the rainfall in the district as a whole regard-
less of the areal coverage moderate rain is
most frequent in all the districts, including
Tiruchirapalli. The occurrence of very light,
light and rather heavy rain at the pilot sta-
tions comes next in importance. But taking
together all types of areal distribution, the
number of occasions of average light rain
in the districts predominates over the
frequency of occurrence of very light or
rather heavy rain. The number of occasions
of heavy or very heavy rain are, as may be
expected, le2st in the order. both in respect
of the pilot stations and the average rainfall
in the districts.

3-2. Comparison of rainfall in coastal with
inlerior districts

An examination of the number of rainy
days and the average rainfall per rainy day
in the coastal districts reveals that the dis-
tricts of Chingleput, South Arcot and Tanjore
which are directly exposed to the northeast
monsoon current have a larger number of
rainy days with more rain per rainy day, the
numbers progressively increasing south-
wards as the coast-line comes more and more
under the influence of the westward moving
Jow latitude disturbances while there is a
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reversal in the number of rainy days in the
rain shadow districts of Ramanathapuram
and Tirunelveli with less rain per rainy day.
The latter, however, shows again an increase
in the number of rainy days southwards
apparently due to the fact that the low
pressure waves which in the later part of the
season move at very low latitudes, after
precipitating rainfall over Cevlon, occasion-
ally revive in the Gulf of Mannar and produce
increasing amount of rain as one proceeds
towards the tip of the Peninsula. This is no
doubt assisted to some extent as in the case
of the Nilgiris district by their nearness of
the Western Ghats which aet as an effective
barrier to the moisture-bearing easterly
winds.

A similar examination of the rainfall of the
interior districts reveals that the rainfall
decreases progressively towards the interior
of the State. The above observations are
also borne onut in a general way by the
average rainfall of the season in each district
and the India Meteorological Department
Ohservatories shown in Fig. 2.

3-3. Classification of the districts into groups
with homologous pattern of rainfall distribu-
tion

Considering each district as a whole, it
is found that the number of dry days in the
northern districts of Chingleput, North
and South Arcot and Salem is definitely
higher than in the remaining districts.
Further, among the days when the weather
is dry according to the reports of the pilot
stations the southern districts have rain on
a larger number of occasions than the nor-
thern districts,

The percentage number of days in the
districts when not even one station recorded
10 cents of rain varies from 43 per cent (South
Arcot) to 49 per cent (North Arcot) of the
total 460 days in the northern districts
comprising Chingleput, North and South
Arcot and Salem and from 31 per cent
(Madurai) to 39 per cent (Nilgiris) in the
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remaining districts of Madras State. It is
also found that the above grouping of the
districts of Madras State is also justified in/a
general way by the percentage frequencies of
the occurrence of the different types of rain-
fall worked out districtwise from Table
l{ato k).

As a result of the differences noticed be-
tween the northern and southern districts
during the analysis it is felt that it would he
appropriate to divide the districts of Madras
State into the following groups from the point
of view of rainfall—

(1) The northern districts comprising
Chingleput, North and South Arcot
and Salem, and

¢« (2) The southern districts comprising
Tanjore, Tiruchirapalli, Coimbatore,
Madurai, Ramanathapuram, Tiru-
nelveli and Nilgiris.

3+4. Relationship between rainfall distribution
in the districts and intensity of rainfall at
the pilot stations

3.4.1. Dry weather at pilot stations—The
percentage frequencies of the predominant
types of intensity-cum-areal coverage of
rainfall in the districts for different intensi-
ties of rainfall at pilot stations, including dry

days were worked out from Table 1(a to k).

From these computations, it is seen that
there are five significant combinations of
intensity-cum-areal coverage of rainfall in
the districts, on occasions of dry weather at
the pilot stations. It is seen that if any rain
occurs in the distriet when the pilot station
in the district reports dvy weather, such rain
will be scattered in areal coverage on three

out of four occasions and on the remaining |

one ocecasion, the greatest chance is that it
will be local. Whether the rainfall be scat-
tered or local, the average intensity is mostly
light to moderate. We may conclude that on
such days the northeast monsoon as a whole
is not dry but is weak over the area,
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Fig. 2. Average rainfall of the northeast monsoon
season in Madras State

3.4.2. Very lLight rain at pilot station—
Frequency distribution of the intensity and
areal coverage of rainfall in the districts
when the pilot stations recorded very light
rain was likewise worked out. On such oc-
casiond the intensity-cum-areal coverages of
rainfall in the district fall into (§) Local—
light to moderate, (ii) Scattered—light to
moderate, (ii7) Fairly widespread—moderate
and (i) Scattered—very light.

Local light to moderate rain is the most
frequent type of rainfall in the northern
districts of Chingleput, North and South
Arcot and Salem whereas in south Madras
State, local light to moderate rain is most
frequent in some districts and scattered light
to moderate rain in others. However, in all
the districts, these two types of rainfall,
together covers about 60 to 90 per cent of the
frequencies of occurrence of rainfall of all
types. Fairly widespread moderate rain
generally comes next in the order of import-
ance with a few exceptions, Occasions of
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Fig. 3. District—Chingleput, Observatory—Madras

scattered very light rain. are generally least
frequent. Ramanathapuram and Chingleput
distriets had this type of rainfall more often
than the other districts and four districts
namely, Salem, Madurai. Tirunelveli and
Nilgiris did not have scattered very light rain
at all when their pilot stations recorded very
light rain.

3-4-3. Light rain at pilot statior—In asso-
ciation with light rain at the pilot stations
only three types of rainfall distribution are
in common occurrence in the districts. These
in the decreasing order of importance, are
generally—(7) Local—light to moderate rain,
(i) Fairly widespread—moderate rain and
(#i7) Scattered—light to moderate rain.

3.4-4, Moderate rain at pilot stations—
A reference to Table 1 (a to k) shows that
rainfall of moderate intensity is most frequent
during the northeast monsoon season in
Madras State both at the individual station
and in the district as a whole. Such rainfall

may be expected in active northeast monsoon
conditions possibly in association with west-
ward-moving low pressure waves, When
the intensity of rain at the pilot station is
moderate, three types of rainfall distribution
are common in the distriet. These are, in
decreasing order of importance—(i) Fairly
widespread to widespread-—moderate to ra-
ther heayy rain, (iz) Local—light to moderate
rain and (i7i) Scattered—light to moderate
rain. The low frequency of scattered —light
to moderate rain, shows that with the increase
of the intensity of rainfall at the pilot stations
the district average rain as well as areal
coverage show an upward tendency.

3-4-5. Rather heavy rain at pilot slations—
Although the number of occasions of rather
heavy rain at the pilot station is small, the
associated prominent types of rainfall in the
distriet are only two, viz., (i) Fairly wide-
spread to widespread —moderate to rather
heavy rain and (ii) Local—moderate rain.
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Fig. 4. District—Tanjore, Observatory— Nagarpattinam

3:4-6 Heavy or very heavy rain at pilot
station—Occasions of heavy or very heavy
rain at the pilot stations in the period under
study are too few to lend themselves to an
analysis of this type. These require a separate
study by themselves extending over a large
number of years*.

4, Areal coverage in relation to average rainfall in the
distriet

Scatter diagrams showing the number of
raingauge stations reporting rain against
average rainfall recorded by them were
prepared for a number of districts (Figs. 3 to
7). It is seen from these diagrams that the
curves take a hyperbolic shape becoming
asymrtotic when the average rainfall in
the district is between 1-50 to 2-00 inches.
The rise of the curve is steep in certain dis-
tricts, e.g., Tanjore, showing that for the

same average rainfall in the district, different
areal coverages are possible and in otliers,
e.g., Tirunelveli, it is more gradual indicating
that the areal coverage increases with the
increase of average rainfall in the districts
in the Jlower ranges of rainfall. In most
districts, the density of the raingauge stations
18 sufficient to show that with an average
rainfall of 2 inches, every station gets rain,
or rainfall is widespread, the exceptions being
Nilgiris and Tirunelveli districts where the
density of rain-recording station is inadequate
for proper appraisal of the areal coverage of
rainfall. The graphs also show that scattered
or local falls of heavy rain also occur in the
districts where the density of rain-recording
station is inadequate for proper appraisal
of the areal coverage of rainfall. The graphs
also show that scattered or local falls of

* Buch a study has been taken up and will be discussed separately
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Fig. 5. Distriet —Salem, Observatory—Salem

heavj' rain also oceur in the districts particu-
larly in the interior distriets although the
number of occasions is comparatively  small,
Generally when average heavy rain occurs in
a district, thewhole district gets rain with
intensity possibly varving by one stage on
either side bf the average rainfall. viz.. rather
heavy in some places and heavy in some
others and very heavy in the remaining
places. However, the number of oecasions of
average hm\v rain in each district during
the permd under consideration were too few
to permit a detailed analysis
5. Percentage Irequencles of are-ﬂ coverage and

average intensity of rainfall in disiricts, considered

independently of each other

Analysis was also made of the percentage
frequencies of different types of areal coverage
of rain- in the districts during the period
under consideration without reference to the

average |intensity of rainfall in the distriets
and rainfall at the pilot stations.
analysis was also made of the frequency
distribution of average rainfall in the districts
without! regard to the areal coverage, durmg
the pv!'i(u]. B

1t is found that in the northern districts of
Chingleput, North and South Arcot and

Salem, 'weather is dry on nearly half the
mlmlu 1, of days in the season. Seattered
rain is the most frequent ty po of areal distri-
hution oeeurring on ahout 22 to 28 per cent
of the days. The frequenc wwﬂ local and fairly
\\ul(mptmd rain are of the same order and

are together (ump.uﬂhlo to the f[‘f‘qllenﬂm '

of scattered rain. Widespread rain is compara-

A similar’

tively rare, In the southern districts, frequen--

cies of days with scattered rain are uencraﬂv

comparable with but slightly, hlghE; than -
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those of dry days with the solitary
exception of Nilgiris, Local rain is more
frequent in the southern districts than in
the northern districts, being 146 to 19-8 per
cent of the total number of days. Frequencies
of fairly widespread rain are comparable
in magnitude to those pertaining to the
northern districts. Frequencies of widespread
rain are, however, distinetly lower than
in the northern districts with the singular
exception of Nilgiris, It is also seen that
generally speaking, the average intensities
of rainfall in the decreasing order are—

(#) Moderate rain, (ii)Light rain., (171) Very

light rain, (iv) Rather heavy rain, (v) Heavy |

rain and (vi) Very heavy rain.

A comparison of the frequencies in relation
to the northern and southern districts of the

state leads to the fol'owing interesting |

inference—

(2) Dry days are most frequent in
northern distriets,

(i) Frequency of dry days and days
in the moderate rain are greater
in the northern districts than in the
southern,

8. Conclusion

In conclusion, the results of the above
mvestigation can be summarised as follows—

(1) The daily rainfall reports of India
Meteorological Department Observatories of
Madras State give a fair indication of the
intensity and areal coverage of the NE
monsoon rainfall in the districts in which the v
are situated.

(2) Occasions when some rainfall has been

- forecast for a district, but none was subse.

quently recorded by the India Met. Dept.
Observatories are not to be treated as a
failure of the forecast. Indeed, on more
than 75 per cent of the occasions when the
observatory had no rain and the district
had some rain, scattered or local light
to moderate rain occurre in the districts
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(3) When very light rain is reported by
the pilot station, the district generally gets
scattered or local light to moderate rain
on 60 to 90 per cent of the occasions.

(4) When light rain is reported by the
India Met. Dep. Observatory, local or fairly
widespread light to moderate rain occurs
in the district on nearly 75 per cent of the
occasions and scattered light to moderate
rain on the remaining occasions,

(5) When moderate rain is reported by the
observatory, the district receives fairly
widespread or widespread moderate to rather
heavy rain on 56 per cent of the occasions
on an average and local or scattered
light to moderate rain generally on the
remaining occasions.

(6) When rather heavy rain is reported
by the observatory, the district as a whole

receives ¥ fairly widespread or widespread
moderate " to rather heavy rain on nearly
70 "percent"of the occasions on”an average
and local moderate rain on above 20 per cent
of the occasions, .

Together, the above results indicate that
the districts generally received higher weigh-
ted average)rain than is indicated by the
intensity of rainfall reportad by the observa-
tory. If the latter can}be anticipated quanti-
tatively, the utility of the above results is
obvious,

The above investigation also shows7Jthat
the districts of Madras State can be classified
into two distinct contiguous groups with
homologous patterns of rainfall, viz., ‘northern
districts’ comprising Chingleput, North and
South Arcot, and Salem and the ‘southern
districts’ comprising the rest.
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