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ABSTRACT

Several data sources have been utilised 1o study the climatology of the South Indian
Ocean tropical storms based on 110 years data for 1855-1964. Seasonal and geographicat
distribution, origins of the initially observed disturbances, frequencies of storms in differens
longitudinal beits, probabilities of occurrence of storms and their movements and life
duration are discussed in detail.

HisTORICAL SURVEY

THE South INDIAN OCEAN is one of the well known breeding areas for the tropical
storms. Nineteenth century sailors traversing the famous trade route round the
Cape of Good Hope to India and the Indonesian Archipetago had on many occasions
observed and carefully recorded almost continuous succession of storms following
one another with different degrees of violence. Systematic scientific studies of the
tropical storms formation in this arca may be said to have commenced towards the
beginning of nineteenth century and brief accounts of some storms were given as early
as 1804 by Capper. The location of Mauritius, Rodrigues and Re-Union Islands
along the paths of the cyclones in greater part of the storm season not only
served as places of enviable reputation to the disabled ships for getting the much
needed help, but also created a great interest among the Europeans for careful study
of this destructive phenomenon in order to give necessary protection to shipping on
this vital trade route. Although sailing ships in those days could not radio their
reports, they kept detailed and accurate logs which were carefully collected at
Mauritius, Struck by the great destruction caused to the shipping by the Rodrigues
storm of 1843, Thom (1845) was led to publish his pioneering work on the “Enquiry
into the nature and course of storms in the Indian Ocean south of the Equator™,
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which contained not only a scholarly discussion of the then available knowledge on
the subject but also included tracks of 32 storms.  Reid (1848) who had been studying
the tropical cylones in all oceans in gemeral and in the Atlantic in particular
had included a chapter on the South Indian Ocean tropical storms in his famous
book. Piddington (i864) also independently conducted researches on the tropical
storms - particularly in the North Indian Ocean and discussed the storms inthe South
Indian Ocean too in his work “The Sailor’s Horn Book.” As is well known, to
Piddington we owe the name “Cyclone' to describe the destructive system of revolv-
ing winds.

Mauritius Meteorological Society, one of the oldest in the world, was estabiished
in 1851 and all efforts were made by it undey the able guidance of Dr. Meldrum,
its first secietary, to systematically collect meteorclogical data for understanding
and describing the meteorology of the Indian Ocean. Soon a mass of data had
accumulated and storm tracks were drawn and a series of excellent papers were dis-
cussed at the various meetings of the society describing distribution of surface
phenomenon around the tropical storms of this region, with such an accuracy and
wealth of detail which has seldom been surpassed since. Meldrum’s reserches
resulted in an important contribution to the subject as he showed after a detailed
study of the Mauritius cyclone of January 1860 that the winds do not describe a
more or less perfect circle as suggested by Radfield but they move spirally inward.
Meldrum also collected the tracks of the storms for the period 1848-1885 (excluding
1549, 1850 and 1852) the years for which data could not be gathered) which were
later published by Scott (1891) with the incluison of the tracks for the year 1886.
Mauritins Metecrological Society also published the details about these storms
in the “Blue Book.” The Society, however, ceased to function in about 1900,
The Royal Alfred Observatory, Mauritius, took up the good meteorclogical work
which is now being continued by the Mauritius Meteorological Department. The
nineteenth century researches on the tropical storms of thisarea can be said to have
revealed some fundamental observational facts on the places of formation, structure
of the surface circulation such as existence of ‘eye’ in the intense cyclones and the
distribution of weather around the storms.

In the early part of the present century statistical data about th¢
occurrence of storms in this area were published by Suck (1906), Newnham (1922)
and Visher (1922). Later, the publication of the Meteorological Office, London (1943),
“Weather over the Indian Ocean™ also contained climatological information on the
tropical storms of this area.

Detailed studies of the individual storm seasons have been published in the
“Miscellaneous Reports of the Royal Alfred Observatory” and Davy (1959, 1960);
Prudhomme and Veltat (1954) and Prudhomme (1955} studied the storms of the
seasons 1952-53 and 1953-54 and emphasised upon the role of upper tropospheric
sub-tropical anticyclone and the wesierly jet stream in the intensification process.
The frequencies of the storms in all the studies have been, however, based on the
available data but over a vast data sparse region such as the Indian Ocean, it is
quite probable that gquite a few storms might not have found their places in the
records compiled. The aircraft meteorological reconnaissance which is so common
over the North Altantic and North Pacific regions is not available in the Indian Ocean.
However, reconnaissance over the Seuth Indian Ocean storms have been done twice-
the first time by the British Roval Airforce on the CoCos Keeling-Mauritius route
on lst March 1950 and the second time by the aircraft of the U.S. Weather Bureau
Research Flight Facility over Gan Island Mauritius sector on 2nd February 1964
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as part of the International Indian Ocean Expedition (IIOE) Meteorology Programme
when the tropical disturbance “Eilleen’ was in its formative phase. Meteorological
sateflites have now added a new dimension to cyclone surveillance, particularly over
data sparse regions and we hope that no storm will now go undetected in future. As
already pointed out by Sadier (1965) the expected improvements resulting from the
sateliite iracking of tropical cyclones and determmation of their intensity would
afford us an opportunity to check the conventional climatology.

Scope OF THE PRESENT STUDY

The scope of the present study is to consolidate up to date records from different
sources on the occutrence of the tropical storms for theSouth Indian Ocean between
40°E-110°E and to provide information on the places of origin, seasonal distribution,
year to year variations movement and position of recurvature etc. and to link them
up with the general circulation of the atmosphere over this region. Although it is
customary to classify tropical storms climatology into different intensity stages on
the basis of the maximum wind in the storm circulation, but it would be difficult to
adopt that practice for this area since the majority of the storms have either followed
courses far away from the land areas or for which the maximum wind near the storm
circulation have always remained undetermined due to paucity of data. This
study is, therefore, presented without making any distinction and thus includes
storms of all intensities from depression stage to that of a severe cyclone. The
word ‘storm’ in the paper, is therefore, used without making any distinction with
regard to maximum sustained wind. The India Meteorological Department (1964)
brought out an excellent publication giving climatological information on the cyclones
of the Bay of Bengal and the Arabian sea. The present study is a preliminary
attempt to compliment that work in order to get a complete picture of the tropical
cyclone climatology in the entire Indian Ocean. As the equatorial Indian Ocean is
characterised by dual trough system in which intense tropical vortices may co-exist,
information on the combined climatology may lead to a hetter understanding of the
inter hemispheric feed back mechanisms in this area.

DaTta SOURCES

Uninterrupted and reliable records on the occurrence of tropical storms in the
South Indian Ocean are available since 1855. In order to arrive at an estimate of
the total frequency of the storms which have been recorded in the period 1855-1964
(110 years) have been studied. The following primary sources of information have
been used for obtaining the frequencies and tracks of the storms.

Period References
1855-1919 Visher (1922)
1886-1917 Newnham (1922)
1855-1935 Great Britain Met, Office (1943)
1927-1937 Mauritius Royal Alfred Observatory Misc.

Publs. and British East Africa Met. Service,
Nairobi cyclone tracks in  the South Indian

Ocean.

1935-1951 Trendel, Raymond and Veltat, Bernard (1951).
1855-1948 Royal Netherland Meteorological Institute
(1252},

19491951 Annual re)ports of the Royal Alfred Observatory
(9521964 Annual reports of the Mauritius Met. Depart-
ment.
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Intercomparison of data between different sources was adopted to maintain a
check on the records. It was found that due to lack of reliable data there are many
cyclones which have been recorded and included in the total frequencies but for
which tracks are not available. From the avaitable tracks the daily positions of
each storms during its life history was picked up correct to 0.5° of latitude/longitude
for working out different statistics presented in this paper.

TABLE 1. Average location of the origin of tropical disturbances in the Indian Ocean and the average
Iatitudinal position of the surface SHET and 200 mb ridge line in different months
over different longitudinal beirs

Av. location  Av. latitudi- Av. latity-

No. of dis- of origin of nal position  dinal position
Month Region turbances tropicat of surface of 200 mb
storms Lat. SHET ridge Lat.”8
S Long.°E Lat.°S
Jan. West 50°E 20 18.0 432 I6 15
Jan. 50-80°E 123 142 62.8 11 13
Jan. 80-110°E 22 id6 2917 19 12
Jan. West of 1 I0°E 17 145 632 12 14
Feb. West 50°E n 16.5 43,7 17 16
Feb. 50-80°E 152 16.2 624 13 14
Feb. 80-110°E 24 134 933 10 14
Feb. West of 110°E 198 158 6i.1 13 15
Mar, West S0°E i1 16.0 443 I 13
Mar. 30-80°E 97 145 628 10 13
Mar. 80-110°E 26 10.5 9.5 10 14
Mar. West of 110°E 133 i38 66.7 10 13
Apr. West 50°E 4 13.9 437 3 if
Apr. 50-30°E 42 t3.4 632 5 13
Apr, 80-110°E 62 12.2 900 5 12
Apr. West of 110°E 62 12.2 637 5 12
May West 50°FE Nil —_ _— 2 7
May 50-80°F 17 10.1 66.4 4 9
May 30-110°E 6 10.7 91.3 4 10
May West 110°E 23 10.2 72.6 3 9
Nov. West $0°E t 205 480 9 —
Nov. 50-80°E 24 12.2 615 5 10
Nov. 80-110°E 15 9.3 935 5 9
Nov. West 110°E 40 11.3 729 6 9
Dec. West 50°E 9 i18.3 434 14 13
Dex. 50-80°E 58 13.2 63.3 g 12
Dec. 80-1160°E 78 9.3 89.0 8 12
Dec. West 110°E 73 13.2 646 10 12

SEASONAL AND GEOGRAPHICAL DNSTRIBUTION

The tropical storm season in the South Indian Ocean effectively commences in
November and lasts till the middle of May. There are a few cases of generation of
weak disturbances in October also. The months June-September, when the south
east trades practically extend up to theEquator are almost from tropical disturbances,
During the perfod under study {1855-1964) only six cases of disturbances occurring
during June-September have been recorded.
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Although the disturbances form over the entire beli, there appears to the some
preferential regions. For this reason the entire belt may be divided into three
regions (i) west of 80°E (ii) between 80-110°E and (jii) between 110-125°E. In the
present study the region west of 110°E has been considered, The region west of
80°E may be further subdivided into two regions viz. between 50~80°E and between
African Coast and 50°E. The Mozambique Channel area forms the greater part of
the latter subdiviston and closer examination of the records since 1955 show that the
centraj part of the channel is an active cyclogenetic area but in the absence of reliable
longer period data separate frequencies for this subdivision have not been worked
out. Table 1, thus shows the frequency distribution in different months for the
regions (i) and (ii). [t is seen that for the area (i) the frequency of occurrence of
tropical storms is very high during January to March but the peak occurs during
January and February whereas for the area (ii) the peak occurs in March and the
frequenceies for January, February and April are nearly equal. The total contri-
bution of the season November to May to the annual frequency is 90%; for the area
(i) and 947/ for area (ii).

As far as the intensity is concerned, it may be mentioned that the cyclones of
December to March are more intense and may reach hurricane stage whereas those
of November, April and May are generally depressions.

ORrRIGIN OF THE INITIALLY OBSERVED DISTURBANCES

Due to the presence of very few islands in this vast oceanic region, the conven-
tional network of observatories, is rather poor. Besides since the shipping traffic was
also light except over certain tracks of the ocean, consequently the probability of
exactly identifying the place of origin ol the initial disturbance is not very high.
The analysts working on the synoptic charts of the Indian Ocean are well familiac
with the existence of fecble vortices in the Southern Hemisphere near Equatorial
Trough (SHET]) in the lower troposphere. Il can be said with a good degree of con-
fidence that many of the vortices which later develop into tropical disturbances
would be traced as weak cyclonic circulations in the SHET These feeble vortices
may remain stationary for several days over certain locations or may have irregular
movement before they intensify sufficiently to be conclusively identified and
tracked. Thus there is some uncertainity as to exactly identifying the place
of origin of the disturbances and this handicap may be serious during earlier part
of the records when the synoptic charts were not available and therefore the tracks
were constructed on study of the ship’s logs. Therefore, to achieve uniformity in the
treatment of data we have followed Colon’s (1953) procedure for depicting the
place of origin of the storm as the position at which the track begins though as
stated above this may not be the actual position of formation of the initial vortex.

Fig. 1 a-g shows the positions of cyclone origin or first detection for these
storms for which the tracks were available. The mean position of the 850 mb
trough and the 200 mb ridge as obtained from the charts by Raman and Dixit (1965)
have also been shown in the figures in order to examine the origin with reference to
the mean lower and upper tropospheric circulation regimes.

Table 1 shows the average location of the origin for different areas under
consideration and the average latitudinal position of the SHET at the surface level
and the ridge at the 200 mb level. 1t is seen that there is a seasonal change in the
average position of the origin of the cyclones; those of early season(October-Novem-
ber) as well as late season (April-May) generally forming nearer the Equator and
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those of the peak season {December-March) farther south from the Equator. This
is in general agreement with the seasonal oscillation of the SHET and the upper
tropospheric ridge. Whereas the maximum average latitudinal shift of the SHET
for the entire belt is about 10 degrees, the 200 mb ridge shifts by about 5 degrees on
the average from winter to summer. The slope of the SHET with height is such
that it is 2-3 degrees equatorward at 850 mb in comparison to surface position in the
peak summer season and poleward in autumin and spring season. The slope is very
much marked between African Coast and 50°E as this area is subject to pronounced
monsoonal influence of the African continent. The initial detections of the dis-
turbances from which tropical storms later develop occur on the average about 3
degrees poleward of the surface position of the SHET. There is also an castward
shift in the region of formation of the storms in the belt 530-80°E in the early and
late season in comparison to the peak season.
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Fig. 1 a. Position of origin of tropical storms in the South Indian Ocean (1885-1964), (Position
of mean monthly 850 mb trough and 200 mb ridge axes have also been shown).

Poleward origin of the cyclones with reference to the position of the SHET in
several months does not suggest that the cyclones originate in the perturbations
within the SE trades since the synoplic charts show that on occasions of the cyclo-
genesis the SHET migrates considerably southward (5-7 degrees) of the mean posi-
tion over the cyclogenetic area. The upper tropospheric ridge is also found to move
southward during such occasions. Keeping this migration in view we may safely
say that the initial vortex forms within the equatorial trough. The trough is then
seen to move with the vortex southward and as the vortex intensifies, it breaks off.
from the trough and the trough is then seen to reform along ils seasonal position.
This is supported by the examination of satellite photographs taken during the for-
mation and intensification of a number of cyclones, The equatorial trough is the
region of large scale surface cyclonic wind shear ie large scale cyclonic relative
vorticity. These horizontal shear regions are hypothesised by Grey (1967) to be
necessary in establishing frictionally forced convergence resulting in upward vertical
motion at the top of the sub-cloud layer. Large scale frictionally induced conver-
gence according to Grey is enough to develop significant cumulus clouds which in
turn cause slow tropospheric warming through their up and down currents.
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TABLE 2. Number of tropical storms recorded in South Indian Ocean duving 1855-1964 and their averages and perceniage
Jrequencies in different months

Longitudinal belt Type of Jan, Feb. Mar., April May June July Aug. Sept. Oct.  Nov. Dec. Total

considered Statistics

West of 80°E No. of storsms 195 203 139 78 26 1 0 0 2 I} 32 92 779
recorded during
the period
Average per year 1.8 1.8 1.3 0.7 0.2 0 0 0 0 0l 03 08 70
Percentage 25 26 18 10 3 4] o 0 0.5 a.5 4 12 100
frequency

80-110°E No. of storm 29 28 40 30 9 3 3 1 ] 4 21 16 184
recorded during
the period
Average per year 63 03 04 03 01 I 0 0 0 0 02 o1 1.7
Perceniage 16 15 22 16 b 2 I 1 0 2 11 9 104
frequency
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On the average cyclones form very near the position of the 200 mb ridge in the
peak season but further poleward from the ridge in the early and the late season.
However, they originate quite south of the200 b ridge position in the Mozambique
Channel which would suggest that the cyciones of this area form in the generai
westerly belt. Thisis also supported by the tracks since the majority of them
follow general easterly course right from the beginning stage. The origin of the
peak season (December—March) disturbances near the position of the equatorial
trough and upper tropospheric ridge suggests that the initial vortex formation takes
place in the zone of minimum vertica] wind shear zone. The mechanism for the
formation of early and late season cyclones in some cases may lie in different environ-
mentai conditions like the perturbations within the SE trades and their interactions
with the troughs in the upper tropospheric westetlies or easterlies. However, such
cases may not be considered as typical.

We also notice that during the peak months the area bounded by 50-70°E and
10-20°S is most susceptible to cyclogensis. The mean circulation charts shows that
this zone is favourably located with reference to the 200 mb subtropical anticy-
clonic cell. Besides the sea surface temperatures in the zone are also warmer as
compared to the environmental regions. Van Dijk (1956) have examined the dis-
tribution of sea surface temperatures for January in great detail and has shown that
there is a zone of 28-30°C sea temperatures to the east of Madagascar. He has also
shown that there is a significant correlation between the differential heating of the
sea surface and the copvergence in the air stream particularly in the equatorial
latitudes. There may be other factors also due to which the zone between Mada-
gascar and 70°E becomes very active cyclogenetic area during January to March
such that sometimes 3-5 systems develop in rapid succession during these months.

%

Fig. 1 b. (For explanation see Fig. §a).
FREQUENCY OF CYCLONES BETWEEN AFRICAN COAST AND 80°E

The frequency distribution of the storms for the two areas ie. (i) west
of 80°E and (ii) between 80-110°E have been shown in Table 2 andFig. 2 a, b
depicts the same in a graphic form. Table 3 summarises the frequency distribution
in different 5 degrees latitude/longitude blocks. An examination of the yearly
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frequencies for the area 30-110°E reveals that the occurrence of the tropical storms
have decreased since 1886. This has also been mentioned in the publication bv the
Royal Netherland Met. Institute (1952). They have thought that this appareut
decrease may be due to the paucity of data over this region since the end of the era
of sailing ships. Due to the uncertainity in the data coverage for this region, a
detailed study of the climatology is restricted to the area west of 80E° for which
move complete records are available,

TasLE 3. Freguency disiribution of the formation of tropical cyclones in different 5° blocks of the
Sourh Indian Ocean

January Longitude °E
40 45 50 35 o0 65 70 75 80 85 90 95 100 105 110 Total

5 1 3 4 2 3 6 4 2 3 2 2 32

10 3} 2 7151716 6 5 2 2 3 3 ! 1 83

Lat. 8 15 4 6 2 7 9 10 3 1 2 44

2 2 3 3 2 1 1 12

25 f 1

30 1 I 2

Totat 6 3§14 8§ 19 30 30 22 13 11 4 5 5 3 3 ] 174
February

10 i 31 1 31 i 1 3 15

15 i 4 5 25 17 12 t1 8 2 3 3 ! 2 ! 95

20 7003 13 1t 12 12 5 3 2 1 2 71

Lat.*S 25 3 1 1 2 I i 1 19

30 1 t

35 1 1

Total 3 9 8 21 41 30 26 20 i2 4 5 5 4 2 3 193

March 5
10 3 4 2 5 2 3 19
Lat. °§ (5 3 2 51516 1l S5 3 4 3 2 2 7
1 2 1 5 6 9 9 1t 11 38
25 ] 1 2 1 5
" Total 2 5 4 12 25 2% 20 5 5 6 9 4 6 1 1
April
10 2 1 1 4 3 2 3 1 17
15 1 5 3 9 6 4 4 1 2 35
Lat.°S 20 4 2 1 1 8
25 1 1 2
T T Total 3 1 it 5 10 7 5 4 85 5 2 3 0 1 62
May
1 1
Lat.°5 10 1 3 4 31 12
15 1 1 1 1 4
20 3 | 4
Total 1 2 7.5 1 1 3 1 21
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TasLe 3 Comd.

November Longitude °E
40 45 50 55 60 63 0 75 80 85 90 95 100 105 1W°E Total

10 i 2 3 3 r 2 2 4 1 19
15 1 6 1 [ 3 1 i i4
Lat."§ 20 I 1 3 5
25 1 1
30 1 B . 1
Total 12 3 9 7 4 4 2 2 5 2 40
December § 2 4 4 3 1 2 4 1 2 23
15 4 1 4 7 6 4 3 i 3t
20 P70y 4 2 2 19
Lat.°§ 25 i 1 | 3
2 2

Total T 211 13 14 16 38 1 3 4 3 2 78

The total number of storms occurring in a year in the South Indian Ocean between
the African Coast and 80°E also varies over a large range, the lowest figure is one
and highest is 15. Table 4 shows the frequency distribution of number of storms
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Fig. Ic. {(For explanation see Fig. } a)

recorded per year. The frequency distribution has a rather broad plateau with about
71 per cent of the years recording 5 to 10 siorms,

TaeLE 4. Frequency distribution of nuntber of storms recorded per year west of 80°E (period 1855-1964)

umber of storms recorded per vear

Number of 1 2 3 4 5 6 7 8 9 to 1t 12 13 14 15
Years 2 4 6 815 35 12 12 11 43 5 3 3 0 1

The average number of storms per year works out to be 7 and the standard
deviation 2.6 which is quite high. There hdve been 50 years with less than normal
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activity, 48 years with greater than normal activity and 12 years with normal activity.
Fig. 2 ¢ shows the cumulative percentage frequency of tropical storms
against cumulative percentage of the period of record. The curve is rather
smooth and almost 50 per cent of the storms have occurred in about 50 percent of
the perfod of records,
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Fig. | d. {(For explanation see Fig. 1 a)
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Although interannual variability of the cyclonic activity is very great, there have
been cases when the activity tended to be somewhat below or above the average overa
spell of years. In order to bring out any longer period variation 5 years cumulative
averages as shown in Fig. 2 d were prepared. The smooth curve shows some sort
of periodicity in the cyclonic activity. There have been spells of lower activity
followed by those of higher activity throughout the period of records. The decadal
averages shown in Table 5 indicate that the period 1875-1904 has been one of lower
activity and the period 1945-1964 is thai of higher activity.
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TaBLE 5.  Decadal averages of tropical cyciunes in the South fndian Ocean west of 80°FE
Decade No. of cyciones Decade No. of cyclones
1855-64 82 190514 78
1865-74 23 1915-24 59
1875-84 58 1925 34 69
1885-94 46 §935-44 7l
1895-1904 46 194554 98
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Fig. 1g. (For explanation see Fig. | a.)
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The increase noticed since 1945 may be partly due to better synoptic coverage:
Meldrum had suggested a co-relation of the. tropical cyclone activity with the solar
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activity. Visher's (1922) analysis however, did not support this and the data for the
recent years also do not indicate any obvious correlation.
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Fig. 2 a. Monthiy frequency distribution of tropical storms in South Indian Ocean belt west of 80°E.

Table 6 shows the frequency distribution of the occurrence of different number
of storms in individual months of the season.

TABLE 6. No. of years recording different numbers of tropical siorms in the Sowth Indian Ocean west of
80°E in individual months of the season (period 18535-1964} .

Month Number of years recording different number of storms
Nostorm 1 storm 2 storms 3 storms 4 storms 35 storms 6 storms

January 12 35 25 21 7 0 0
February 3 36 3z 22 8 1 o
March 25 46 26 12 1] 1 [1]
April 57 33 18 1 0 0 1
May 87 20 3 0 0 0 0
November 83 2 5 0 0 Q 0
Deceimber 43 35 26 0 1 0 0

PROBARILITIES OF TROPICAL STORM GCCURRENCES

The probability of storm occurrence ina given month is given by the ratio of the
number of months with storms to the total number of months on the record. A
fairly reliable record of 110 years in the case of storms in the South Indian Ocean to
the west of 80°E is perhaps adequate to work out the probabilities. Table 7 is,
therefore, presented to give the probabilities of different number of storms occurring

[13]
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in each month of the season within the area.

D R. SIKKA

The probability of occurrence of at

least one storm is very high during January and February and fairly high during

-
o

MUMBER OF TROPICAL
CYCLONE

80~ 1008

WOMTHA

Fig. 2b. Monthly frequency distribution of tropical storms in South Indian Ocean between
80-E and 100 E,

TasLe 7. Probabilities of tropical storm occurrence peryear in the South Indian Ocean west of 80°E

Month Prababhility of | Probabitity of Probability of 3
Or more Storms 2 or more storms O MOIe Storms
January 0.89 (.57 .25
February 1.950 .57 0.28
March 0.77 045 042
April (.48 0.i8 0.02
May 0.2 0.G3 .00
November 0.25 0.05 .00
Decembar 0.56 0.25 001
wo
.0
0
“0
20
0 i b L ' ' J
© 20 40 0 8o 100

Fig. 2 ¢. Cumulative percentage frequency of tropical storms against cumulative percentage

of

period of records.,

March. The probability of occurrence of two storins is also high in January, February
and March but low in the other months.
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The number of occasions when a tropical storm crossed each 5° lat.flong.
square of the South Indian Ocean have been shown in the charts prepared by the
Royal Netherland Met. Institute (1952). We have worked oui the statistics upto
1964 for four 5° squares. The squares in our case have been so c¢hosen 1o include
the islands over Southwest Indian Ocean as well as greater part of Madagascar region,
This has beendone inorderto study the probabilities of these areas being endangered
by the storms. These probabilities are presented in Tabie 8,
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Fig. 2 d. Progression of 5 vears cumulative averages of cyclonic disturbances.

TaeLe 8. Probabilities of trapical cyclones endangering different 5 degrees blocks in the
Southwest Indian Ocean

Island areas over the

Month Southwest Indian Ocean Madagascar region
17.5-22.5°8 17.5-22.5°S 15-20°8 20-25°8
55-60°E 60-65°E 45-50°E 45-50°E
Januoary 0.27 0.24 0.09 0,12
February 0.28 0.25 0.14 Q.45
March 0.22 0.17 0.11 0.09
April 0.07 0.1 0.05 0.04
May 0.00 0.03 0.01 .01
November 0.04 0.08 0.03 0.0]
December 0.15 0.12 0.07 0.07

The probability of the islands in the South West Indian Ocean being endangered
by a storm in January, February and March is fairly high but comparatively low for
the Madagascr region. Thus, it is very likely that a January or February storm is
observed every vear in the long term mean and further one of every such four storms
may affect the islands in the South West Indian Ocean. However, these are only
mean probabilities and there may be years when a particular area may be endangered
by more than one storm in the same month depending upon the individueal tracks.
It is also noticed that on many occasions a particular storm which has endangered
one particular block of the Islands or Madagascar region, would endanger the other
block of the same ragion. '

[15]
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Fig. 3. Positions of recurvature of tropical storms in the South Indian Ocean.

[16]
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Movement of storms: It may be said that the storms in the South Indian Ocean
east of 50°E generally follow WSW path in their initial phase, turning to SW and §
as they intensify and then recurve to SE. As is well known the storm is being
affected on its path by the dynamical and physical processes occurring in the entire
troposphere in the environmental circulation extending horizontally to several
hundred miles, Thus the westerly movement in its initial phase is controlled by the
tropical casterly flow and the easterly movement after recurvature by the prevailing
westerlies as the storm crosses the sub-tropical ridge position in the middie and
upper troposphere. On a few occasions the storms have been observed to have
double recurvature {.e. initial movement towards east, changing to west and again
changing 1o east. There have been also a few cases of loops. However, such erratic
tracks have been recorded more since [945as in the earlier years the tendency would
have been to smooth out the track due to paucity of data. Although no two storm
tracks would follow exactly the same path there may be cases of similar tracks. For
example in a report on cyclone ‘Denise’ by the service Meteoroiogique Dela
Reunion, & analoguous paths to *Denise’ have been shown in the records since 1848,

The recurvature in the life history of a cvclone is an important event. Fig. 3
shows the scatter of the recurvature point for different months, The average loca-
tion of the recurvature for different longitudinal belts is shown in ‘Table 9. A
seasonal shift in the position of recurvature is indicated. The recurvature occurs
in a more southward and westward positionin the peak season than in the early and
late season.

TaBLE 9. Average position of recurvature of the wropical storms in the South Indian Ocean

West of 50°E SO0-T0°E TO-110°E Average for the
_ whole belt west of
Month Lat{°5) Long (°E) ‘Lat(°S)Long{("E) Lat (°S)Long("E) 110°E
Lat Long
°5) (°E}
January 20.7 43.2 19.0 59.1 6.8 78.4 19.1 57.6
(18) 1N (9} (78}
Febroary  20.0 44.8 189 6.4 i4.3 83.8 19.1 518
28) {60) (8) (96)
March 18.7 45.5 17.2 57.4 12.7 852 16.9 58.9
(2} (49) 9} (7n
April 14.0 45.0 17.5 55.5 131 835 16.0 62.6
(3) @ $10 (35 .
May 20.0 40.0 15.3 654 10,0 90.3 14.4 65.4
) ® (N an
November 18.1 421 18.0 6O.R 14.0 8§56 16.2 70.8
4y 3 (N (16)
December 18,1 42.1 18.1 58.4 13.2 820 17.3 587
8) (22) 6) (36)

The speeds of the individual storms in different parts of their tracks as well as
between one storm to the other show large variations. Generally the speed in the
initial phase is slow, after intensification it increases but slows downnear recurvature
and shoots up after recurvature. On individual cases the speed in the initial stage

(7]
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as well as during recurvature may be as low as 40-50 miles per day and as high as
400-500 miles per day after the recurvature, The average speed is, however, about
160 miles per day,

Taeie 10.  Average and the maximn observed life durarion (days) of the tropical stormys originating
in different longitudinal belts of the South indian Ocean

Average life duration (maximum life duration)

Longitudinal

belt of origin Jan. Feb. Mar. Apr. May MNov. Dec.
West of S0°E 4.4(12) 6.0 (14) 51 B 50 (B — 40(4) 44 (9
50-80°E 6.0(18) 59 (14 6.0 (17 50 (9 59 (200 45(8) 57(19

80-110°E 47 (7 4902 38 ™ o621y 53 (8) 43(7 44 (6

Averagewest 56(18) S8 (14) 554N S5.0{11)  SB{(20 44(8) 53019
of 110°E

TanLe 11.  Freguency distribution of the number of ropical cyclones with different life durations
{(days) in the South Indian Ocean

Frequency distribution of life duration (days}

More  Total
Month 2 4 56 7B 9-10 J6-12  13-14  15-16 than 16 number

days of storms

considered

Jan. 16 54 57 26 10 4 5 1 1 174
Feb., 17 435 68 37 17 10 4 1] a 198
Mar. I3 46 34 24 9 4 2 [t] 1 133
Apr. 4 25 15 15 2 1 0 0 0 62
May 2 8 6 5 1 0 0 0 1 13
Nov. 5 18 12 5 L] 0 Q 0 0 40
Pec. 8 7 23 10 7 1 i 4] 1 ¥t

Life duration of the storms: The Life span of the storm is variable. Table 10
shows the average and the maximum observed life duration of the storms originating
in different longitudinal belts for the different months of the season. The average
life duration for the storms originating between 50-80°F is generally higher than in
any other belt. There is no regular seasonal variation in the average as well as in
the maximum life duration of the storms in different months, The majority of the
storms live upto 6 days and those existing for more than 10 days are very few,
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