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ABSTRACT. The movement of cold fronts with associated westerly waves in the lower troposphere across
southern Africa and adjoining southwest Indian Ocean during the months of May to August for the years 1977 to
1981, has been examined in relation to the chief features of southwest monsoon. The deep frontal systems which
penetrate north of latitude 25 S cause considerable fluctuations in the intensity of south to north pressure ridge
along the east coast of southern Africa and Mascarene high.

During the period of movement deep frontal systems from the west coast of South Africa to the Mozambigue
channel, the pressure index falls leading to decrease in cross equatorial flow. With further eastward movemert
of the system across Mozambique channel the pressure index rises and causes increase in cross equatorial flow in
Arabian Sca , strengthening equatorial westerlies and increase in horizontal shear. The study has revealed a definite
association between variation of pressure index with onset and various phases of the monsoon circulation. This
association could be of help in understanding and forecasting of these monsoon features.

Key words — Atlantic ozean anticyclone (AOA), Frontal system ,Mascarene high, Pressure index, Cyclonic storm,
Indian ocean anticyclone (I10A), Cross equatorial flow.

I. Introduction of MONEX-79, Kumar ¢/ al. (1983) have found that
the passage of mederaie/deep frontal sysicms across
southern Africa followed by intense Atlantic Ocean

During the southern hemisphere winter season, the  gpticyclone and period of sustained sirong pressure ridgs
deep frontal systems move dcross souihc‘rn Africa and over southeast Africa deiermine the sirength of crose
3“514-051""1? WOCARN, BICOS PORSICUEiE ,“‘{“'1 of latitude cquatorial flow into south Arabian Sea and south Bay of
25" S, cause considerable vaiiations in the intensity of Bengal leading to organisation of ITCZ and onset of
pressure patierns and pulsations in the speed and monsoon over west coast of India.
direction of the southeast irades in the region. Rama- )
swamy and Pareck (1978) showed that theie are tele- In the present study, the influence of frontal systems
connections between the activity cf the southwest moving across southerr Africa and adjoining southwest
monsoon over India and the middle and upper tropos- Indian Ocean on the monsoon for five scasons have

pherie flow patterns in the southern hemisphere between
S0°E and 160°E. Malurkar (1958) conceived that
shallow wesiwards moving low pressure areas south of
equator were responsible for the air stream to cross the
equator frcm scuth to north in “pulses”™ which accor-
ding to him, strengthens the monsoon over various parts
of Indian region. The possible relationship between the
surges in the southeast trades of the south Indian Ocean
and the strengthening of the southwest monsoon was
suggested by Desai (1966). During the onset phase

been examined to establish cross hemispheric linkages.
2. Pressure index

During the southwest monsoon scason there exists a
trough-ridge sysiem over Africa south of equator, with a
trough running norih-south over central parts and a
north-south orienied ridge along the east coast. Through
the basic flow is easterly. this tiough-ridge system which
generally exiends upto equator, introduces a meri-
dional component in the basic flow.

(37)
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Fig. 1. The position of the cold front and centre ol the anticyclones with central pressure from 8 to 17 June 1979

Johnson and Morth (1960) have shown that the
pressure distribution with low pressure area to the north
of equateor and high pressure area to the souih is favour-
able far causing cross equatorial flow and termed this
as “Equatorial drift”, On occasions when the pressure
gradient becomes large. it leads o the cross isobaric
explosive drift (jei) of air from south to north across the
equator.

The mosi notewerihy surface synoptic feature ol the
region under siudy is the rvthmic casiward movement of
troughs and ridges across the south and easi coasts of
Africa. The associaied pressure changes lead to wea-
kening/intensification of the pressure ridge over south-
cast Africa and consequent decrease/increase in the cross
equatorial flow from the southern hemisphere. The
normal variation cf pressure at 25°S along the southeast
coast of Africa over perieds cf 4 to 7 days is from 1010
to 1025 hPa. but exireme variation from about 1003
to 1035 hPa occur once in a month or two Taljaard
(1972). Generally the sequence of changes in the pres-
sure paitern in asscciation with the eastward movement
of frontal sysiem across southern Africa lasts for about
one week.

During the southwest morscon season the Mascarene
high has geneially a ridge exiending into southeast coast
of southern Africa between latitudes 25 S and 30 S.
The intensity of pressure ridge along east coast of sou-
thern Africa undergoes significant variations between
25°S and 30° S in association with the passage of deep
frontal system across the region between 10° E and 557 E.
These consideration alongwith the fact that surface
data is reliable in this arca led us to define, “the highest
pressure value at 1200 GMT beiween 25 S and 30 S
along the souihcast coast of southern Africa™ as an
index to measure the intensity of south to north pres-
sure ridge along the east coust of southern Africa,

1. Sequence of chapges in the pressure pattern in  association with
the movement of frontal system

As the frontal system moves from west coast of
scuthern Africa to Mozambique channel, it causcs the
weakening of the pressure ridge over scutheast Africa.
Generally the celd front is found extending northward
when it is at Natal coast and is oriented northwest-
southeast. The mountain ranges of South Africa cons-
trains the movements of these systems and the gap
along the Natal and scuth Mczambique coasts  beiween
the mountain ranges and Indian Ocean anticyclonce
offers a favourable routes for northward penctration
(Torrance 1972).

In the rear of the celd front the Atlantic Occan
anticyclone ridges eastward over and ofl' the southern
and southeastern coast of South Africa, resulting in the
strer gthening of pressure ridge over scutheast Africa.

Feeble/moderate cold fronts (with intensity of rear
high - 1024/1030 hPa) generally do not penctratc north of
25 S and are seen slipping southeastward between longs.
35°E and 45°E. In the rear an elongated ridge from,
Atlantic Ocean anticyclone extends up to south Mozam-
bique channel and invariably forms a pew anticyclonic
cell. Tie parent cell tends to retract westwards and
northward to the area of quasi-permancnt pesition of.
Atlantic Ocean anticyclone. The new anticyclone cell.
then merges with the Mascarene high resulting in increase
in its intensity.

Thus, the feeble/moderate cold fronts while moving
southeastward cause only insignificant/slight variation
in intensity ¢f Mascarene high and its movement cast or
northeastward by few degrecs

The deep/very decp cold fronts (with intensity of rear
high upto 1035 hPa/more than 1035 hPa) penerally




INTERACTION OF MID-LATITUDE SYSTEMS IN S.H. 39

move further eastward across Mozambique channel.
Along with it, the Mascarene high also moves eastward
from its normal position long. 557-60° E. As the
frontal system further moves eastwards beyond 45°-
50°E. the Atlantic Ocean anticyclone crosses into
southwest Indian Occan and stagnates over oceanic
area south cf Malagasy establishing the pressure ridge
again. A typical case c¢f movement of a deep cold
front is shown in Fig. .

4. Data and analysis

Study is based on the 1200 GMT surface and upper
air charts of Mectcorological Officc, Bombay Airport
and surface charts of southern hemisphere published in
Daily Weather Bulletin of Republic of South Africa
for the period May to August from 1977 to 1981. This
also includes the extensive data of Monex-79.

The Monthly mean pressure irdex was also worked
out from the normal sea level charts of southern hemis-
phere and is given as mean pressure index (hPa) May-
1017, June- 1021, July-1022, August-1019.

5. Discussion

Surface and upper air charts alongwith other avail-
able data were examined in details to determine the
influence of frontal system moving across southern
Africa and adjoining southeast Indian Ocean on the
various features of southwest monsoon.

5.1. Chief features of the region in May and June

5.1.1 May 1979 — Six cold fronts during May
moved across the region.  Their details are given
belcw :

Period of Northern Intensity — Intensity
passage most lati- of rear

tude of anticvelone

penetration (hPa)

(-S)
1-3 May 24 No rear  Feeble
high

3-8 May 19 1034 Decp
11-13 May 22 1027 Mcaodcrate
17-20 May 24 1026 Do.
21-27 May 22 1028 Do.
28 May to
I June 20 1025 Do.

It is found that in the month of May, there was
considerable variation in the pressure index in first
fortnight and insignificant in the second foitnight
(Fig. 2).

During the passage of a deep cold front, a low pres-
sure area in southeast Bay of Bengal was noticed on 3
May which rapidly concentrated into a depression
(7°N, 20° E) on 5 May, a deep depression on 6 May
and a cyclonic storm (7° N, 88°E) on 7/8 May and
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Fig. 2. Index for the intensity of pressure ridge for
May 1979

into a severe cyclonic storm (7 N/85S“E) on 9 Muy,
The equatorial 1TCZ remained weak during the resi
of the period

5.1.2. June 1979 — During this month five cold
fronts were noticed over southern Africa and souih
Indian Ocean as detailed below :

Period of Northern Intensity of  Intensity
passage most latitude rear anti-

of penetra-  cyclone (hPa)

tion ("'S)
4-7 June 26 1024 Fe:ble
8-17 June 20 1040 Very deep
18-22 June 22 1030 Maoderate
21-23 June 23 1030 Do.
23-29 June 20 1030 Do.

Pressure Index fell rapidly from the normal valuz on
7 June to 1005 hPa by 10 June. Thereafter, it rapidly
increased to 1036 hPa by 13 June and continued to be
above normal up to 24 June.

The following significant features noticed during
this period :

(i) Abrupt organisation of 1TCZ and onset of monsoon
over Kerala on 12 June

The ITCZ intensified abruptly and advanced north-
wards ushering in the onset of monsoon along the wast
coast of India. The influcnce of frontal systzm on
organisation of ITCZand onsct of monsoon have bean
studied in details by Kumar et al. (1983).

(ii)  Strengthening of Somali jet and rainfall over west
coast of India

On 12 June, the jet with speed more thar 30 kt at
850 hPa was observed for the first time. With increase
in pressure index, the jet hasstrengthened and moved
gradually northward from the latitude 7°Nto 19N by
30 June. It is seen that the fluctuationsin the strength
of Somali jet are asscciated with variation in the pressure
index with the lag of 1-3 days (Fig. 3).

Jet core at 850 hPa and associated maximum rainfall
of the day over the west coast of India is shown in the
Fig. 4. Findlator (1974) has shown that in the case of
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Fig. 3. Index for the intensity of pressure ridge

advance of ITCZ and position of Somali
jet during June 1979

low level jet excessive rainfall cccurred ovar cast ‘coast
of Africa ncar Mumbasa close to thz position where
the axis of maximum flow approached the coast. In
this study it is found that during the p: riod of strong

winds excessive rainfall occurrad over wast coast of

India closz to the position where the jet axis approachad
the coast. The maximum rainfall occurred within 3-4
degrees of latitude on either side of the jet core,

(iii) Formation of vortex over southeast
Sea and northward movement of 1TCZ

Arabiun

On 12 June an increasz incross equatorial flow was
noticad. A
Lakshadwezp and adjoining southzast Arabian Sza
on 13 Jurz. The ITCZ has further organised and lay
between 9°N and 10 N.

By 14 June the trough of low had concentrated
into low pressure area off the Kerala-Karanataka
coast. The ITCZ appeared to have further intensified
and moved to |17 N. The low przssurz becamz well
marked by 15th and concentrated further into deprassion
on I16th and into deep depression by 17 June. The deep
depression bzcame a cyclonic storm by I8 June and
moved westnorthwards.

trough of low was sezn forming over
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Fig. 4. The speed of Somalijet at 850 hpa
I T and daily maximum rainfall  over
west coast of India during June 1979

(iv) Formation of depressions in Bav of *Bengal! (23«
26 June and 28-30 June)

First deprassion formed over northwest Bay on 23
June and second ovzrnorih Bay on 28 June in associa-
tion with thz passagz of frontal systems across Mozam-
bique channzl on 20 June and 25 Junz respactivaly,

5.1.3. May and June 1977. 1978, 1930 and 1981

Six to szven frontal systzams movad across the scuthern
Africa during May and four tos'x in Junz, Thesz causead
rise in pressurz indzx by 3 hPa to 16 hPa over a period
3 to 8 days with an average period of 4.8 days in - May,
and by 4 hPa to 19 hPa ovar a pzriod of 4 to 9 days with
an average period of 6.1 days in Junz. Th: monsoon
arrived over Kerala two days in advanc: in association
with deep to very dezp cold fronts in later hall of May
in 1977 and 1981. The monsoon advanced carly over
entire west coast in 1978 and 1980.

5.2. Chief features during July ard August

5.2.1. July 1979 — The pressurz ind2x, horizontal
shear b'lw: n Lat. 10N and 20°N along Long. 90E
and chizf fzatures of monsoon arz shown in Fig. 5,
During the month of July, seven cold fronts moved
across the region.
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Fig. 5. Index for the intensity of presure ridge,
Horizontal shear over Bay of Bengal and
chielf monsoon features durinz July 1972

The chief features of southwest monsoon weire

(i) Monsoon depression (4-10 July)

Two very deep frontal systems passed between 30
June and 8 July, causing large variation in the pressure
index. The horizontal shzar over Bay of Bengal also
increased between | and 3 July, thus, providing favourable
conditions for formation of depression.

(ii) Break monsoon period (14-25 July)

During thic pariod three cold fronts of feeble to
moderate intensity moved across the region in quick
succession resulting in insignificant variation in pressure
index which rzmain bzlow normal. The horizontal
shear over Bay of Bengal was generally negative.

(iii) Revival of monsoon (26-30 July)

During this period two deep fronts moved across the
region, causing significant variation in prassure index.
The horizontal shear over Bay of Bengal also increased
between 26 and 27 July and a low formed on 28 July
which concentrated into a depression by 31 July. The
strength of westerlies over Arabian Sea and Peninsula
increascd resulting in the revival of monsoon.

5.2.2. August 1979

The pressure index, horizontal shezar between Lat.
10°N and 20°N along Long. 90°E and chizf features
of the monsoon are shown in Fig. 6. During the month
of August, nine cold fronts moved across southwest
Indian Ocean in quick succession and were of [eeble
to moderate intensity except for two deep fronts which
also did not penetrate north of Lat. 27°S.
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Fig. 6. Index for the intensity of pressure ridgs, Horizoatal shear

over Bay of Benga! and chiel monsoon fealurss during
August 1979

The following fzatures of monsoon were noticed :

(1) Monsoon

depressions ( 6-9 August and 12-15
August)

First depression formzd at 21°N, 89°E when the
pressure index was falling. However, the horizontal
shear was positive (10-15  kis). As this depression has
formed near Head Bay, it appears to have not been
influenced by the frontal system. Again the pressure
index rose above normal from 9 August and shear
was also  positive (15-20 kt}, when the depression
formed on 12 August with centre at 17.5"N, 93°E.

(it) Break Monsoon (16th August onward and intense
break from 22nd August)

Pressure index was neasly normal to above normal
between 16 and 19 August and was very much below
normal from 20 to 31 August. The shear was also
insignificant during thz wholz period.

5.2.3. July and August 1977, 1978, 1980 and 1981

Six frontal system moved across the regior (10°E-
55°E) during July and 6 to 8 in Augusi. These caused
risc in pressure index by 4 hPa to 13 hPa over a period
of 3 to 11 days with an average period of 5.1 days in
July and 3 hPa to 17 hPa over a period of two to eight
days with an averag: period of 4.5 days in August.
Three depressions formed during Avgust and wegak
monsoon conditions prevailed over thz country from
15 to 18 Augusi when pressure index fell to 1016 hPa.

In association with high pressure indzx one depression
each formed in July 1977, 1978, & 1980 and three
depressions in August 1977, two in 1978 and onc in
1980 and three in 1981. During the periods when pressure
index was below normal the weak monsoon/break
monsoon conditions occurred for 5 days in July 1978,
2 days in July 1980, 4 days in July 1981, 3 days in August
1977 and 7 days in August [981.




6. Conclusions

The passage of deep cold fronts across southern
Africa and adjoining oceanic areas exercise marked
influence on the strength of cross equatorial flow into
Arabian Sea and Bay of Bengal. The following salient
features emerge from the study :

(i) During the period of movement of the deep
frontal system from the west coast of South Africa
to the Mozambique channel. the pressure ridge over
southeast Africa remains weak or disappears for 2-3
days and the pressure index falls rapidly leading to
decrease in cross equatorial flow. Along with the frontal
system, the Indian Ocean anticyclone also moves
custwards from its normal position 55 E-60"E).
The velocity maximum in southeast Trades over south
Indian Ocean is generally seen moving eastwards in
sympathy with Indian Ocean anticyclone. Itis likely that
the trajectory of the cross cquatorial flow from the
periphery of this anticyclone may also shift castwards
causing increase in cross equatorial flow into north
Indian Ocean east of Long. 60°E. With further eastward
movement of frontal system across Mozambique
channel, the Atlantic Ocean anticyclone ridges into south
Africa, establishing the pressure ridge over southeast
Africa which causes rise in pressure index and southerly
surge of cold air through the channel and increase in
cross equatorial flow in Arabian Sea. This in turn leads
to strengthening of equatorial westerlics and increase
in horizontal shear.

(ii) The sequence of changes in the intensity of
pressure ridge over southeast Africa in association with
passage of deep frontal systems can be monitored by
variations in pressure index .This lasts for about seven
days and is generally broken with the arrival of
another frontal system from the west.

(in) During pre-onset phase the passage of euch
deep frontal system causes surge of relatively cold air
leading to intznsification of equatorial ITCZ and con-
ditions become favourable for advance of monsoon.
If the intensity of pressure ridge is sustained for five
to seven days. invariably a low pressure area forms in
the zone of ITCZ and concentrates into a depression
due to increase in horizontal shear. As this system
moves northwards the onset ol monsoon occurs over
the west coast of India. However, if the pressure ridge
weakens the cross equatorial surge disappears and
advance of monsoon halts temporatily. With the arrival
of another strong surge the monsoon starts progressing
again.

(iv) The absence of moderate/deep frontal systems
in the second fortnight of May. cen lead to a delay in
the onsct of monsoon.

(v) The formation of tropical depression may  be
attributed to increase in the horizontal shear in the
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lower level westerlies over north Indian Ocean which
fluctuates with variation in pressure index.

(vi) If the cold fronts across southeast Africa move
in quick succession with overlapping period of one
or two days the pressure ridge is not maintained and
the cross equatorial flow becomes insignificant. As a
result the strength of monsoon westerlies decreases and
horizontal shear over Indian scas becomes insignificant
or negative leading to break-monsoon conditions.

(vii) The revival of monscon generally occurs with
the movement of deep frontal system during the period
of sustained strong pressure ridge over the southeast

Africa.

(viii) The period of variation of pressute index in
association with the passage of frontal systems across
the region 10° E to 55 E has range of 3 to 7days on
an average.

Thus. the intensity of frontal system and frequency
of their passage across southern Africa and adjoining
southwest Indian Ocean have cross hemispheric linkages
with various features of southwest monsoon. This
fact can be used for prediction of monsoon.
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