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Withdrawal of the Indian summer monsoon and its
relation to the seasonal transition from summer

to autumn over east Asia

JUN MATSUMOTO

Depr. of Geogr., Univ. of Tokyo, 7-3-1 Hongo Bunkyo-ku, Tokye 113, Japan
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ABSTRACT. The time evolution of the large-scale circulation over south Asia during the withdrawal phase
of the Indian summer monsoon from August to November is examined for the years from 1979 to 1984 using
FGGE Level 111-band ECMWF operational analysis data, During the withdrawal of the Indian summer monsoon,
three distinct stages of abrupt transitions are recognized. The southward shift of 200 mb subtropical jet stream
round the Tibetan plateau, weakening of 850 mb westerlies around the Indian subcontinent, decrease of rainfall
along the west coast of India, and,or sharp drop of 300 mb zonal mean temperature over the Eurasian continent

occur almost simultancously associated with these transitions.

1. Introduction

The onset of the Indian summer monsoon 15 ac-
companied by distinct changes in the large-scale atmos-
pheric circulation. It occurs almost simultancous with
the beginning of ihe early summer rainy season over
east Asia, called *Mei-yi® in central China and “Bai-i’
in Japan.

Little atiention has been paid to the changes asso-
ciated with the withdrawal of the Indian summer mon-
soon, although there is another ruill) season in Japan,
called ‘Akisamc’ or “Shurin’ (autumn rain) in avtumn.
Chinese metcorologisis noticed the relationship between
the retreat of the Indian summer monsoon and the
weather in China {Staff Members Academia Sinica, 1958)
Reiter and Heuberger (1960) analyzed the synopiic
situations of the 1954 monsoon retreat.  Several studies
suggested ihat the end of the summer monsoon is abrupt
in the Himalayan regions. Ding ¢ a/. (1983) investi-
gated the temperature changes over the Eurasian conti-
nent during the late summer of 1979 associated widh the
retreat of the Indian summer monsoon. Matsumoio
(1988) revealed that the seasonal trapsition from late
summer to autumn in Japan experienced four distinet
stages like early summer situations presented by Yoshino
(1965), and inferred that these stage iransitions are clo-
sely related to the retreat of the Indian summer monsoon.

However, total descriptions of the withdrawal of the
Indian or the Asian summer monsoon are still lacking,
In order to realize the mechanism of the summer mon-
soon, it is also necessary to understand the physical
processes associated with the reireat of monsoon, as
well as the onset and/or the intraseasonal oscillation.
In the present study, the author analyzed the large-
scale circulation over the Eurasian continent from late
summer to late autumn to describe the overall features
of the monsoon withdrawal over south Asia and to
relate them to the seasonal changes over east Asia.

2. Data and analysis procedure

The data used in this study are the FGGE Level 111-b
data set produced at the European Center for Medium
Range Weather Forecasts (ECMWF) ard the 1980 to
1984 ECMWF operational analysis ficlds. The details
about this data set are described by Bengtsson er al.
(1982). The wind fields are obtained by using observa-
tions from saiellites, aircrafts, drifting balloons, as well
as conventional synoptic observations. The 12 GMT
temperature at 300 mb, the zonal wind at 200 mb and
850 mb and the meridional wind at 850 mb for the
months from August io November are utilized.

The daily and 5-day precipitation amounis for the
months from August to October are also uiilized. Rain
fall data are based on the FGGE Level Il-¢c data sets
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Fig. 1. Time-longitude sections of daily 850 mb zonal (a) and meridional wind (b) at 15’ N, 200 mb zonal wind at 15'N
(c), and a time-latitude section of 200 mb zonal wind at 82.5°E, averaged between 78.75°E and 86.25°E  (d) in 1979.
Contour intervals are 5 m/s for 850 'mb and 10 m/sec for 200 mb. Regions of the easterlies (a, ¢, d) and northerlies
(b) are light shaded. Heavy shadings denote the regions of westerlies greater than 10 m's (a) and 20 m/s (¢, d).
Arrows in the right column indicate the date of marked changes.
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Fig. 2. A location map of stations ta)and a time-latitude section ol S-day total precipitation (mm) along the west coast
of Indiain 1979 (b). Regions less than | mm are shaded and those more than 50 mm are hatched. Arrows are the

same as Fig. 1.

compiled at the National Climatic Data Center, U.S.A
fer 1979 and the fndian Daily Weather Reports pub-
lished by the India Meteorological Depariment (IMD)
for 1980 to 1984. Since the rainfall amounis in Novem-
ber are generally very small in the ceniral part of India
the rainfall data in November are omiiicd.

First, the FGGE year situaiions are analyzed ior he
region from 0°N to 75"N, 0 E 1o I50 E Time-lati-
tude or time-longitude seciions based on daily daw are
constructed. as well as distribution maps ol 10-day
mean wind fields and 10-day toial precipitacion.  Then
the situations in the vears from 1980 to 1984 are ana-
lyzed to obtain the common features and inicrannual
variations of the summer monsoon withdrawal — Lasiy
relationship beiween the withdrawal of the Indian sum-
mer monsoon and seasonal transition (from summes o
autumn over east Asia are analyzed.

3. The situations during the withdrawal of the Indian summer mon-
soon in the FGGE year

Time-longitude seciions of daily 850 mb zonal and
meridional winds and daily 200 mb zonal wind ai 15 N.
and a time-latituge seciion of 200 mb zorat wind alony
the longitudinal sirip of 7.5 width cenured an 82,5 F
are shown in Fig. | in order i3 present the ime evo-
Jution of wind sysiems in baith upper and lower crop
sphere.

Fig. | shows that several distinci changes in the wind
systems occur during the investigated period which are
shown by arrows on ihe right column of cach fizure
At 15° N the 850 mb westerlies weaken around 20 Augus
over the Arabian Sea, the Indian subcondnen.. and
the Bay of Bengal (Fig. 1a) Al ihe same (ime. he

southerlies over the Arabian Sea reircal wesiward o
60°E (Fig. 1 b). The 200 mb winds. however. show (ooe
changes during this period (Figs. | ¢ & d)

[he soudherlies around 50" E, which correspond to
the wind sysiems related to the Somali jet. decay around
20 Sepiember. At the same time. the northerlies begin
o prevail over the South China Sea (Fig. ib). The
axit or the 200 mb subtropical jet stream at 82,5°E
which flows norih of 40° N before 20 September, sud-
denly shifis southward to ~35" N (Fig. 1 d). This
means (hat the subtropical jet strcam flows over the
Tihetan plaizaun after this date.

The most remarkable changes occur around 10 Octo-
ber. The 850 mb westerlics over the wide regions from
60 F 10 100 Euat 15N are abrupily replaced by the
casieriies. The prevailing wind over the Arabian Sea is the
seutheas.eriies for the first ten days after this change.
Aller 20 Ociober, Jhey are replaced by the northeasterlies
which means the hcgil‘lllillg ol the northeast monsoon
scason. The changes of 200 mb wind sysiems also take
place around 10 Ociober.  Easterlies are  replaced by
wesiciiies over Jhe wide areas from 30° E to 90° E (Fig.
). accompanied by a sudden southward shift of the
sub ropica, jet siream from 35 N to 28°N at 82.5°F
(Fig, 1d), Afier this transition the subircpical jei
siream fows around the southern periphery of the
Tib .an piiieau

The 5-day tcial rainfall amounts along the west coast
of Indin also expericnced abrupt decreases in mid-
Avcus. and lawe Sepiember (Fig. 2b). The latter
period scems o correspond o the end of the summer
monsoon scason from the central part of the west coast
of India.  Murakami ¢r «l. (1986) noied that the with-
drawal o <he Indian summer monsoon in 1979 iakes
27 Scpiember based on ihe harmonic
anawsis of the scasonal eveles 1o the oulgoing longwave
radigdon (OLR) data.
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Fig. 3. Time-series of 300 mb zonal mean temperature averaged between 0°E and 150°E and at several sslected latitudes.

Arrows arethe same as Fig. 1.

The time-series of zonal mean 300 mb temperature
averaged between 30°E and 150" E at several latitudes
over the Eurasian coniinent shows that several sharp
drops occur simulianeously in the wide latitudinal beit
(Fig. 3). The zonal mean temperature drops around
18 August ai 45°N,52.5°N and 60°N, and around
23 August at 22.5°N, 30" N and 37.5"N, as is shown
by Ding et al. (1983). Other sudden drops take place
around 22 September between 45°N and 75" N, and
around 2 October between |5°N and 37.5" N.  Further
distinct drops occur around 16 October at 15 N and
22.5” N, and around 20 Octcber between 30° N and 60°N.
The dates of these sudden drops are in accordance
with the changes of wind fields and rainfall amounts,
although more minute investigations on the physical
processes are necessary.

In summary, three distinct transitions in wind, thermal
and rainfall fields occur during the withdrawal period

of 1979 Indian summer monsoon. These changes,
which are observed in the timesections, are also recog-
nized in the distribution maps of 10 day mean wind fields
and 10-day total precipitation (not shown). Based on
inspections of boih time-series seciions and distribution
maps, schematic illusirations of the upper and lower
tropospheric circulations are presenied for each siuge
divided by the three distinc: transitions (Fig. 4). The
change pointed ou: by Ding er al, ((1983) just correspond
to the beginning «.f the monsoon withdrawal. The total
withdrawal process continues for approximately iwo
months after this first change.

4. The wind, temperafure and rainfall for the vears from 1980 to
1984

In order o sce the common features and the year to
year variations of the Indian summer monsoon wiih-
drawal the following timz-sections are construcied for
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Fig. 4. Schematic illustrations of the large-scale circulation over south and east Asia from late August to November

1979.

Thick arrows indicate axes of the jet stream at 200 mb. Thin dashed lines and dotted lines indicate

locations of the ITCZ and the frontal zones at 850 mb respzctively. The wave lines are the ridge lines of the
subtropical anticyclone in the western Pacific. The shaded areas denote the heavy rain area exceeding 500 mm/day.
Topographic contours are 1,000 m and 3000 m and the regions higher than 3,000 m are hatched.

the years from 1980 to 1984 as in case in 1979; time-
Jongitude sections of daily 850 mb zonal and meridional
wind, those of 200 mb zonal wind at 15° N, time-latitude
sections of 200 mb zonal wind at 80” E, averaged between
75°E and 85° E. those of 5-day total precipitation along
the west coast of India and time-series of zonal mean
300 mb temperature averaged between 0° E and 150" E.

Although figures are not shown here, abrupt changes
are clearly recognized twice or three times during the
investigated period in every year. Approximate dates
of the distinct changes in several meteorological elements
for the period from 1979 to 1984 were found.
The simultaneities of the changes in each meteorological
elements are variable from year Lo year, however,
several common features are recognized as follows :

(1) The rainfall amounts along the west coast of India
suddenly decrease in late Augusi. The 300 mb zonal
mean temperature in mid and high latitudes sharply
drops around this period (hereafier denoted by a first
transition).

(2) The subtropical jet siream at 200 mb around 80" E
suddenly migrates southward from 40" N to 35N In
late September. The 300 mb zonal mean temperature

also drops around this period, although the latitudinal
zones of distinct changes are variable from year to
year. The precipitation along the west coast of India,
which increases again in mid-September, suddenly
decreases around this period. The 850 mb westerlies
at 15° N around the Indian subcontinent weaken and
are replaced by the easterlies except in 1983 (hereafter
denoted by a second transition).

(3) The rainfall amounts along the west coast of India
increase again in mid-October in some years (1980,
1983 and 1984) and after few days they decrease drasti-
cally. 5-10 days after this decrease in the above years,
or approximately 20 days after the second transition in
other years, the subtropical jet stream at 200 mb dis-
places further southward to the south of 30° N, that is
to the southern periphery of the Tibetan plateau in mid
or late October. At the same time, 850 mb westerlies
are completely replaced by easterlics around India at
15 N, and the zonal mean 300 mb temperature sharply
drops (hereafter denoted by a third transition).

These results are consistent with those in 1979 des-
cribed in the previcus section, and also with those of
Reiter and Heuberger (1960).
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5. Rellationship between the three distinet transitions and the
oscillation of the monsoon activity

The activity of the Indian summer monsoon fluciuates
with a periodicity of 30 tc 50 days, associated with re-
current norihward advancing clouds or rain bands from
around ithe equator to ~30° N (Yasunari 1979. Sikka
and Gadgil 1980). Assuming the periods of heavy
rainfalls along the west ceoast of India correspond tc
the aciive monsoon phases. the relationships beiween
the monsoon activity and the transitional siages pointed
out in the previous seciions are as follows :

(1) The first and second (ransiiions correspond
roughly io the end of active monsoon phases.

(2) The third iransiiion takes place in the weak
monsoon phases.

In gereral, the Indian summer monsoon begins lo
withdraw trom the ncrihern limit in the beginning of
September. Sikka and Gadgil (1980) stated that the maxi-
mum latitude in each northward moving cloud band de-
creases progressively afier the beginning of September.
The normal beginning datec of the withdrawal from
northwesi India seems to be 5~20 days laier than ihe
first change in this study. This fact is inierpreied as
follows. After ihe end of the active monsoon phase in
late August, the rain areas progress furiher northward
to around the northern limut ot the summer monsoon
regions correspending to the weak monsoon phase.
Several days later, the weak monsoon phase ends and
another heavy rain areas begin to move norithward
from the southern part of India, which corresponds to
the beginning of the summer mensoon withdrawal from
northwest India. Ananthakrishnan (1977) poinied out
that the relative rainfall minimum in pentad rainfall is
found around mid-Augus: in several stations over north
and central India. This rainfall minimum is possibly
related to this first transition.

Little attention has been paid to the second transiticn
in the process of monsoon withdrawal. In some years,
however, both monsoon rains along the west coast of
India and the monsoon westerlies around India retreat
from wide regions at this transiiion. Therefore, the
second transition should be more noted as one of the
important processes of the withdrawal of the Indian
summer Mmonsoon.

The third transition coincides wiih the beginning of
the northeast monsoon season and io be an imporiant
turning point of the seasons in south Asia, and seems to
be a comparable change to the burst of monsoon during
the onset phase. In general, the monsoon westerlies
and rains weaken 10~20 days prior to this change.

As described above, distinct stepwise iransitions are
recognised during the withdrawal of the Indian summer
monsoon. Three sieps are superposed o the iniraseasonal
variations of monsoon activity. Subbaramayya et al.
(1984) have shown that the advance of the Indian summer
monsoon takes place primarily in three phases. There-
fore, it is inferred that these three steps are common fea-
tures in both the advance and the reireal of the monsoon.

Lastly, brief commenis are added as to the synopiic
aspects related to these changes. From inspections of
daily 500 mb weather charts analysed by the Japan
Meteorological Agency, these three transitions are

generally accompanied by the invasion of deep eastward
moving troughs in mid-latitude westerlies into the
Tibei-Himalavan region. Therefore, some interactions
between mid-latitude westerlies and the monsoon with-
drawal are inferred. Further siudy is needed, however,
on this point,

6. Relationship between the withdrawal of the Indian summer
monscon and the seasonal transition oyer east Asia

Matsumoto (1988) divided four stages in the seasonal
transition from late summer to autumn over east Asia.
The best agreeement is seen between the third transition
in this study and the beginning of stage 4 by Matsumoto
(1988). The second transition roughly coincides with
the beginning of siage 3. The summer monsoon circula-
tion in China ends at this period and the autumn rainy
season in Japan called “Akisame’ or “Shurin® also
terminates. The first transition seems io precede several
days prior to the beginning of siage 2, This time lag
is well interpreted by the discussions in section 5. The
beginning of stage 2, which falls on the autumn rainy
season in Japan, is approximately coincided with the
beginnning of the monsocn retreat from northwest
India, as stated by Matsumoto (1988).

Accordingly, the siepwise transitions in the withdrawal
phase of the Indian summer monsoon are closely related
Lo the seasonal transition from summer to autumn over
cast Asia,

7. Conclusions

The results obtained in this study are summarized as
follows :

(1) During the withdrawal phase of the Indian
summer monsoon, three remarkable stages of abrupt
transitions are recognized in the large-scale circulation
over south Asia.

(2) The first transiiion iakes place in late August,
accompanied by a sudden decrease in precipiiation along
the west coast of India and decrease in the 300 mb zonal
mean temperature averaged beiween 0°E and 150° E.
Approximately ten days after this transition, the retreat
of the summer monsoon from northwest India begins.

(3) The second transition occurs in late September. The
rainfall along the west coast of India, which increases
again in mid-September, decreases drastically. This
transition is corresponding to the end of summer
monsoon rain along the central part of the west coast of
India in some years. A weakening of monsoon westerlies
around India, a southward shift of the 200 mb subtropi-
cal jet stream from 40° N to 35" N, and a shasp drop
in 300 mb zonal mean temperature also occur at
this transition.

(4) The third transition is most obvious and correspon=
ding to the beginning of northeast monsoon circulation.
This transition takes place in mid or lute October and
is an important turning point of the season in south
Asia, comparable with the burst of monsoon. The
200 mb subtropical jet stream begins to fluw around
the southern periphery of the Tibetan plateau after this
transition,
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(5) These three transitions are in accordance with the
seasonal transitions from summer to autumn over east
Asia. Moreover, they are closely related to the inirasea-
sonal low frequency oscillation of the Indian summer
monsoon and passages of troughs in mid-latitude wester-
lies over the Tibet-Himalayan region.
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