MAUSAM, 50, 3 (July 1999), 243-250

551.557.3 : 551.553.21 : 551.577 (203.31.5)

Zonal wind variations in the stratosphere and mesosphere over the equatorial
region of Asia and possible association with Indian summer monsoon rainfall

U.S. DE, K. RATNAM and R.K. MUKHOPADHYAY

Meteorological Office, Pune-411005, India
(Received 16 October ]998)

®R— 1970 & 1993 7% @I Ay ¥ gy (Wna) § 921 wigel A g Tu bz 9a7 SAiwsi
ai'rr1970%1%7mﬁm%W(Mﬁm)%mmﬁfmwm
g HiHE B YA B EC O & ypreaidia & § sRarisdE o ey sidfas
qal % aeT B FeEa b T ¥ | g Araferd g9l & Miee il & AgEa fagere fhan
v & | @8 S e T & 6 22 & 30 wER &t v fEanfes smgf aren g ()
3 11 & 12 w89 @ gl awn aiffe o gan & o srareise § gaw & & afs Sed
AR AT TeEhEE § FEaesd 9% drel el § | e & e aaeise § 22 @ 28
TEH 1 Fmafy amr @ Rarits e seayel g T & afE afte 9% & & qew @
3

g1 § sat) & wE & qdadt wér § e feanfie dem & qetafseht an of sew g
g3 § Teadl ASTHEE AFgA & A0 B arel &9 gui Od O sanslt sigar gwhl gat
garai & W AW A @ aren Wit 9wt & g qatgEE dad suhifa ) mﬁn\mﬁa&faﬁ
offer g & wét & dro 10 Raemarew (30 fAL) nfa @ el gasl @ AT g e
& 41 30 dRIAEE (24 f.41.) @1 safee adl & 49 HEEEY S HifedH W9 8§ aeage
¥ | auify af o 55 % < 10 Reemare nfd @ siafs 9@l S T 9 B 30 FHRUTES
T Gl % HgE GREE B A @ dl geaay § of gy & & | Ry ¥ aem e &
& 50 FerRTaTEd (20 f.41.) 3 30 RaRmTEa (24 [.441.) nfy @ siafere 99 & TR wE
#! qEEqUl A AEEEY A A q ul § SRS A9 & a1 aw Ged e
%1 9a1 geal & g i g § 3 A Fd A 98| 9@ Jiel 9SH1 & 919 NI A &
TEAYUl HEHEAH H AT TE gea €| d: 3AH1 A afEi-ofswd aeeT awl # gy &
T & fog S o a@ar & g qatpm & foo )

g & §. U4, T, 31 (ENSO) 3R fufia €. oA h. 3. (Anti-ENSO) 6T & S 30 § 31
#emrEd i & 9 a SiEa Sials 994 3 ais qEv 3 IeEag &9 8 R ol
gl

ABSTRACT, Behaviour of stratospheric and mesospheric zonal winds in the equatorial region of Asia has been studied
using rocket wind data from 921 flights for the period from 1970 to 1993 over Thumba (India) and upper wind data in the
lower stratosphere over Singapore (S E. Asia) from 1970 to0 1997 Monthly means of these zonal winds are subjected to spectrum
analysis. It is inferred that the quasi-bicnnial oscillation (QBO) with penodicity of 22 to 30 months and annual cycle with
periodicity of 11 to 12 months dominate in the lower stratosphere over Thumba, while the semi-annual cycle is predominent
in the upper stratosphere and mesosphere. QBO in the lower stratosphere over Singapore has been observed to be significant
with periodicity of 22 to 28 months, whereas the annual cycle has no significance.

There exists a prognostic value between easterly /westerly phases of QBO over Thumba during the antecedent months
of January to May and the performance of succeeding summer monsoon rainfall over India with strong ecasterlies favouring
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decreased rainfall and westerlies or light easterlies favouring increased rainfall over the country as a whole. Correlation
coefficients are statistically significant between the seasonal rainfall over India and zonal winds at 10 hPa (30 km) during
winter months and also zonal winds at 30 hPa (24 km) during premonsoon months. However, there is an improvement in
correlation if combined circulation of zonal winds at 10 hPa during winter and at 30 hPa during premonsoon is considered.
Zonal winds at 50 hPa (20 km) and 30 hPa (24 km) over Singapore during monsoon months show diagnostic value with seasonal
rainfall over India having significant concurrent correlation coefficients, however winds during winter and premonsoon do not
show significant correlation with Indian monsoon. Thus, this could be used to monitor the progress of south-west monsoon

performance but not in predicting it

Over Thumba. the mean zonal winds at 30 hPa during ENSO and anu- ENSO years differ significantly in the annual

feature.
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1. Introduction

Knowledge of stratospheric and mesospheric circula-
tion features is useful in seasonal forecasting because macro
processes in the atmosphere are better expressed in the
stratosphere and mesosphere than in the troposphere. Also,
a number of small perturbations disappear with increase in
height and the seasonal nature of the stratospheric and
mesospheric processes is well defined. A large number of
studies have shown that the Quasi- Biennial Oscillations
(QBO) play an important role in linking the different layers
of the atmosphere. The QBO slowly descends from the
middle stratospheric levels and after a few months it affects
several tropospheric and surface phenomena. Labitze
(1962) has shown a connection between the equatorial
quasi-biennial cycle of the stratospheric circulation and the
summer characteristics in Europe, suggesting the westerly
flow of the cycle corresponds to a warm summer and the
easterly flow to a cold wet summer. Raja Rao (1977) and
Raja Rao and Lakhole (1978) have come up with a relation
between QBO and southwest monsoon where as Thapliyal
(1984) has tried to predict Indian droughts with stratospheric
winds at 50 hPa. Mukhopadhyay and Sarkar (1990) have
come up with a tentative conclusion of the descent of lower
mesospheric westerlies over Balasore in March to have
some association with the subsequent good monsoon over
India,

Earlier studies on the circulation pattern in the equato-
rial stratosphere and lower mesosphere are based only on a
limited data of few years or some individual years. But in
the present study an attempt has been made using data of
fairly long period to relate the variations of zonal wind in
the equatorial region of Asia during antecedent months with
the behaviour of rainfall of the subsequent Indian summer
monsoon. Singapore (lat. 1° 17N, long. 103° 51’E) is
choosen to represent equatorial south east Asia and Thumba
(lat, 82 32’N, long. 76° 52E) in India is choosen to represent
equatorial south Asia.

2. Data and analysis

From weekly launchings of rocket sonde, data of zonal
wind over Thumba (using M- 100 rocket) for the period from
December 1970 to September 1993 with total number of

flights of 921 have been utilised to calculate, for each year,
the monthly mean of zonal wind from the level 16 km to 80
km at an interval of 2 km. The monthly means in turn have
been averaged for the entire period to get mean monthly
zonal wind for each of the level. In general, the rocket flights
reached upto the height of 66 km and data beyond this level
are based on a few rocket flights only. Monthly mean values
of zonal winds over Singapore for the levels 50 hPa (20 km)
and 30 hPa (24 km) for the period from 1970 to 1997 are
also considered for the study. These monthly means of zonal
winds of both Thumba and Singapore in the lower strato-
sphere are also subjected to spectrum analysis. Westerly and
casterly zonal wind speeds are represented by positive and
negative values respectively. The performance of the mon-
soon of individual years have been categorised using the
area weighted June to September rainfall of the country and
obtained from the India Meteorological Department, Pune.

3. General characteristic features of wind circulation
in the stratosphere and mesosphere over Thumba

From the pattern of mean zonal winds in the strato-
sphere and mesosphere over Thumba, the existence of pro-
nounced seasonal and non-seasonal variations in the speed
is observed. The region of well defined quasi-bicnnial oscil-
lations in the lower stratosphere is flanked by semi-annual
cyclic oscillations above, in the upper stratospherc and
mesosphere and annual cycle below, in the troposphere.

Figs.|(a & b) depict the annual course of mean monthly
zonal winds based on data of 23 years and monthly mean
zonal winds for the individual consecutive years of contrast-
ing monsoons of 1987 and 1988. The most striking [eature
of the equatorial Indian region (Thumba) is that the winds
are invariably easterlies throughout the stratosphere and
mesosphere during the monsoon months of June, July and
August. Strong westerlies at the time around equinoxes are
maintained in major part of the mesosphere, weaken in
strength with decrease in height and become easterlies at 32
km in the stratosphere. As a result, winds are easterlies
throughout the year at 32 km and below. Thus, in the mean
picture between 64 km to 40 km it may be seen that the winds
are westerlies at the time around equinoxes and easterlies or
nearly easterlies around the time of solstices, displaying
semi-annual cyclic oscillations in the zonal winds. Similar
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Fig.1 (a). Variation of zonal wind in the vertical with time (—— M ean, - - - - 1987,—.— 1988) Thumba

semi-annual cyclic oscillations are also seen during the
individual years of which monthly means of zonal winds of
severe drought years 1987 and good monsoon year 1988 are
plotted in Figs. 1(a & b). Such semi-annual oscillations of
the zonal winds in equatorial stratosphere and mesosphere
have been discovered by Reed (1966). George and Naray-
anan (1975) have also desciibed such semi-annual cyclic
oscillations over equatorial stratosphere. The change over
from westerlies to easterlies from higher to lower levels is
rapid at the time of Vernal equinox and is slow at the time
of Autumnal equinox. Above the level of 60 km the easter-
lies during monsoon season become weak and from 74 km
to 80 km westerlies around equinoxes change over to east-
erlies.

4. Quasi-biennial oscillations

It will also be seen that in the lower stratosphere,
westerlies and easterlies change bi-annually. While the east-
erly-westerly oscillations in this region have a bi-annual
period, at no level over Thumba, the westerly regime is
pronounced when compared to the easterly regime. Also, the
predominantly easterly regime has very long duration hav-
ing bi-annual characteristics. This can be seen in Figs. 2 (a
& b) where 11 - month running means of zonal wind speed
over Thumba and Singapore are depicted. Over Singapore
also easterly regime is strong when compared to westerly
regime of QBO. While easterly zonal wind speeds over
Singapore are comparable with that over Thumba, westerly
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Fig.1(b). Vanation of zonal wind in the vertical with time (—— Mean, - - - - 1987, —.—1988) Thumba

zonal winds are stronger than those over Thumba indicating
larger amplitudes in QBO.

From the spectrum analysis of monthly mean zonal
winds, it can be seen that at 25 km over Thumba, both QBO

and annual cycle are found to be significant at 95% level of

confidence. From Figs. 3 (a&b) it can be observed that QBO
has periodicity of 22 to 30 months while the annual cycle
has a periodicity of 11 to 12 months. At 30 km also the same
periodicity holds good. Over Singapore, at 30 hPa, QBO
with periodicity of 22 to 28 months is observed to be
significant whereas the annual cycle is not found to be
significant at 95% confidence limit. At 50 hPa also the same
picture is observed.

5. Monsoon performance in relation to stratospheric
and mesospheric winds

Thapliyal (1979) has shown that the mean January
circulation features at 50 hPa level are able to indicate the
difficient monsoon rainfall in westerly QBO years.
Pisharoty (1981) has suggested that the monsoon is a de-
layed response to the inadequacy of the poleward transporl
of heat during the preceding winter. Patwardhan, et al.
(1994) have arrived at a conclusion of highest statistically
significant correlation between Indian summer monsoon
rainfall and zonal wind anomalies at 10 hPa of Ascension
for the month of January. In this paper it is attempted to
relate the combined circulation features during the antece-
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Fig.2(a). 11

dent months of January to May and the performance of

summer monsoon rainfall. From the year-to-year variation
of monsoon rainfall from 1971 to 1993, it is seen that the
inter-annual variation in seasonal rainfall is well marked in
the four pairs of years 1972, 1973; 1979, 1980; 1982, 1983,
and 1987, 1988. These years are also happened to be simul-
taneously bad and good monsoon years. Bad monsoon year
1s categorised where the seasonal rainfall deficiency is 15%
of the normal or more and also where more than 70% of the
arcal extent of the country has been affected by deficient
rainfall. A detailed study of the monthly mean middle at-
mospheric circulation pattern during these four pairs of
consecutive years of bad and good monsoon may therefore
provide some useful reasoning of such monsoon perform-
ance.

For examining the relationship between the mean
monthly wind circulation patterns in the stratosphere and
mesosphere during winter months and the performance of
subsequent monsoon, seasonal mean winds have been
worked out at the interval of 2 km and the variation of winds
in the stratosphere and mesosphere over Thumba in the
vertical during winter season has been depicted in Fig.4, for
the above said four pairs of years, From the figure it may be
seen that the bad monsoon years of 1972, 1979, 1982 and
1987 are characterised by invariably strong easterly zonal
winds in the lower stratosphere (24 km to 30 km) while the
good monsoon years of 1973, 1980, 1983 and 1988 are
characterised by westerly zonal winds in this height region.
A similar circulation feature is observed (Fig. not shown) in
premonsoon seasonal pattern during bad and good monsoon
years. A change over takes plays from winter and premon-
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Fig.2(b). 11 - month running means of zonal wind Singapore

soon circulation to monsoon seasonal circulation where the
winds are easterly throughout the stratosphere and meso-
sphere. During the monsoon season also easterlies are
stronger in bad monsoon years in the lower stratospheric
region between 24 km to 30 km. Above this height range no
consistent difference is noticed in the circulation features of
bad and good monsoon years either in winter, premonsoon
Or MONSO0N SEasons,

Thus in the height range of 24 km to 30 km in the lower
stratosphere, the seasonal circulation features during winter
premonsoon and monsoon are very much differentiated
from bad monsoon years to good monsoon years.

6. Indian summer monsoon rainfall in westerly and
easterly phases of QBO

As seen from section 4, QBOs are well established 1n
the equatorial region of Asia with easterly phases dominat-
ing over westerly phases. Mukherjee (1990) has worked out
phase relationship between mean zonal wind (June-August)
at 30 hPa for Balboa and percentage departure of rainfall
during 1951-1982. To examine similar such relationship
between zonal winds over Thumba and Singapore (equato-
rial Asia) Correlation coefficients (CCs) at specific levels in
lower stratosphere between monthly mean zonal winds,
over Thumba and Singapore and seasonal rainfall over India
have been calculated and tabulated in Table I(a). In respect
of zonal winds over Thumba, CCs are positive and signifi-
cant at 1% level at 30 km in winter months of January and
February and at 24 km in premonsoon months of March,
April and May showing prognostic value. But, in respect of
zonal winds over Singapore at 50 hPa the CCs are positive
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TABLE 1 (a)
Correlation coefficient values between monthly mean zonal winds and southwest monsoon rainfall over India
Feb Mar Apr May Jun Jul Aug Sep
Thumba 24 km 0.38 0.39 0.44 0.47 0.60 047 0.42 029 0.24
30km 0.55 0.58 0.46 0.0 0.25 0.25 0.10 -0.06 -0.32
Singapore 50 hPa -0.27 -0.28 -0.18 0.11 0.21 0.36 0.52 0.54 0.34
30 hPa -0.01 0.02 0.02 0.03 0.04 0.05 0.04 0.03 0.03
TABLE 1(b)
iad (@ " Correlation coefficients between seasonally averaged
hod zonal winds and southwest monsoon rainfall over India
Station Level Winter Pre-monsoon  Monsoon
Thumba 24 km 0.29 0.52 0.51
0201 30 km 0.52 0.39 0.15
Singapore 50 hPa -0.24 0.05 0.59
g 30 hPa 0.09 0.34 0.46
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and significant at 1% level during monsoon months of June
to September indicating diagnostic value. Negative CCs are
obtained during winter months. At 30 hPa CCs are not
significant.

CCs between seasonally averaged zonal winds and
monsoon seasonal rainfall over India have also been worked
out and tabulated in Table 1 (b).

As can be seen from Table 1(b), positive and significant
CCs are obtained over Thumba at 24 km during premonsoon
and at 30 km during winter season indicating prognostic
value. But positive and significant CCs are observed at 50
hPa and 30 hPa over Singapore during monsoon season
indicating diagnostic value. Over Thumba highest value of
CC(0.63) is obtained when the mean of seasonally averaged
zonal winds at 30 km during winter and at 24 km during
premonsoon season is considered. As also can be seen from
Fig.5 that there is one-to-one correspondence between in-
crease or decrease of rainfall over India and increase in
westerly or easterly phases of QBO. Thus, from the mean of
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seasonally averaged zonal winds at 30 km in winter and at

24 km in premonsoon season, westerly or light easterly

phases of QBO favour increased rainfall activity over the

country leading to good monsoon and strong easterly phases
of QBO in zonal winds favour decrease in rainfall activity.

A measure of discrepancey existing between observed
and expected frequencies of these two events, viz., mean of
seasonally averaged zonal winds at 30 km in winter and at

24 km in premonsoon over Thumba and area weighted

rainfall over the country is worked out by the statistic

chi-square (xz) given by

2
2 =; (0i — e)”
i=1 €

where, Oi is observed frequency and e; is expected or
the oretical frequency and m is the number of categories.

There spective frequencies are tabulated in Tables 2 (a & b).

By definition, "normal monsoon" indicates seasonal
rainfall within £10% of the Long Period Average (LPA)
rainfall which is 881 mm based on (1901 - 1970 rainfall data)
for India as a whole. The excess and deficient monsoon
indicate rainfall >110% and < 90% of the LPA rainfall
respectively. For two category classification, normal mon-
soon and the excess monsoon are included in good monsoon
over the country.

The value of x2 thus obtained is 6.75 which is greater
than the theoretical value or critical value of 3.84 at 5%
probability level and for degree of freedom 1. Thus xg 15
significant.

TABLE 2 (a)
(Observed frequencies)
Rainfall i Total
>-60 <-60
E/N 10 6 16
D 0 6 6
Total 10 12 22
E-excess, N-normal ‘D-deficient
TABLE 2 (b)
(Expected frequencies)
Rainfall Zonal wind(mps) Total
>-60 <-60
E/N 13 8.7 16
D 2.7 33 6
Total 10 12 22

E- excess, N-normal, D-deficient
7. ENSO and stratospheric circulation

Studies have shown that certain phenomena occuring
over places for away from India such as El Nino, observed
to occur over the equatorial east Pacific ocean influence the
overall performance of Indian summer monsoon. The con-
ditions typical of El Nino, such as local warming in the
eastern Pacific, a shifting of precipitation from the western
to the eastern Pacific, weakening of the trade winds and sea
level changes are still with us for the area of study. A
relationship between the El Nino events over the eastern
equatorial Pacific ocean and monsoon failure over India has
been suggested by Sikka (1980). From a detailed examina-
tion of data from 1971 to 1978, Mooley and Parthasarathy,
(1983) have indicated that the Indian rainfall was generally
below normal over the most parts of the country for each El
Nino year. From the circulation pattern of equatorial Asia,
it can be mentioned that there is considerable evidence of a
teleconnection between stratospheric circulation over equa-
torial Asia and the warm and cold events of El Nino South-
ern Oscillation (ENSO). During the period of availability of
rocket wind data over Thumba, the years 1972, 1976, 1977,
1982 and 1987 have been categorised as ENSO years and
the years 1973, 1975, 1983 and 1988 have been categorised
as anti-ENSO years. This categorisation is based on the
criteria used by De and Mukhopadhyay (1998). The criteria
has been fixed on the basis of Southern Oscillation Index
(SOI). When SOI progressively falls (rises) for at least three
consecutive seasons and the total fall (rise) should be less
than (greater than) one standard deviation which is 1.5 hPa.
On the basis of this criteria, ENSO and anti - ENSO years
have been identified.

Zonal winds during ENSO and anti-ENSO years have
been analysed in the lower stratospheric levels at 24 km and
30 km over Thumba. The difference in the zonal winds
between the events of ENSO and anti-ENSQO years has been
obtained using the statistic "Students” t - distribution given
by

_ X=X [mm
S np+n
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where, x1, is the mean of zonal wind speed at a particular
level during ENSO years with ] denoting number of years
and x; is the mean of zonal wind speed at the same level
during anti-ENSO years with n2 denoting such number of
years. The combined standard deviation S, given by

A2 -x) +E(x-x)°
o= \/ ny+ny=2

At 24 km the mean zonal wind over Thumba during
ENSO and anti- ENSO years differs significantly in the
annual feature. The "t" value on the annual is 7.234 while
the table value is 2.080 at 0.05 probability and with degree
of freedom, 21. If the combination of zonal wind at 30 km
in winter and at 24 km in premonsoon season is considered
during ENSO and anti- ENSO years, the "t" value works out
to be also significant with 6.30. Over Singapore also, the
mean zonal wind at 30 hPa during ENSO and anti-ENSO
years differ significantly, the "t" value being 5.25.

8. Summary and concluding remarks

(1) At24 km and 30 km, over Thumba the QBO and
annual cycle are significant with periodicity of 22
to 30 months and 11 to 12 months respectively at
95% confidence limit (C.L). Over Singapore, at
50 hPa and 30 hPa QBO is significant with peri-
odicity of 22 to 28 months at 95% C.L. But the
annual cycle is not significant at 95% C.L.

(1f) Over Thumba, the mean of seasonally averaged
zonal winds in westerly phases of QBO at 20 km
in winter and of 24 km in premonsoon favour
increased seasonal rainfall activity with increas-
ing speed leading to good monsoon performance
over India and increasc in speed in easterly phasc
of QBO ravour decrease in rainfall activity over
the country with correlation coefficient of 0.63
which has a prognostic value. Even seasonally
averaged zonal winds over Thumba at 24 km in
premonsoop or 30 km in winter give the same
picture with correlation coefficient of 0.52.

(iit) Zonal winds over Singapore at 50 hPa during
monsoon season and mean of seasonally aver-
aged zonal winds at 50 hPa and 30 hPa during
monsoon season have diagnostic value to Indian
rainfall during monsoon season with significant
correlation coefficient of 0.59.

(iv) Over Thumba, the mean zonal winds at 24 km
during ENSO and anti-ENSO years differ signifi-
cantly in the annual feature. The "t" value on
annual feature is 7.234. The mean of zonal winds
at 30 km in winter and of 24 km in premonsoon
also differ significantly during ENSO and anti-

ENSO years with equally significant "t" value of

6.30. Over Singapore also, the mean zonal winds

at 30 hPa during ENSO and anti-ENSO years
differ significantly in the annual feature with "t"
value of 5.25.
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