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ABSTRACT ¢

: rfimt-hly' méan values at a‘qout 256 ghatichs in the northemn
hemisphere weTe analysed for the study of semi~annual pressure oscillé~
tion at ssielovall ol 5t 850, 700, 500, 300, 200 and 100 mb levels, It
is found that at gll levels and at all lgngitudes; the amplitudes are
-smallest in the equatorial latitudes and largest in sub~tropical o:;:‘ higher
latitudes, In the vertical, the amplitudes generally increase '
vpwards upto about 200 mb level, There is & surface of phase reversal or
sharp phase ghift which sldxpgs equé.torwazds with increase of heigh‘t.;
Below. this surface, the meximum occurs towards the end of April and October,
Above this suPface, the meximum occurs towerds the end of January and July,

‘The gscillation is studied in scme detail for the Indian régicm;

. =
1. INTRODUCTION

Tha= present paper is purely an observational study of geopotentialse
of constent pressure surface in the northem Hemisphers, Ven Loon and Jenne
(1969) have done study of semi-amusl oscillation in the Southern Hemisphere
in respect of zonal wind and tempersture and also of -geOptS'bentialS of 200 mb

level for southern hemisphers, They also exbended (Van Loon and Jenne, 1970)
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their study of zonal wind and temperature to the Northem Hemisphere
between longitudes 60 and 1200 E. Our study differs from theirs in
80 far as it relates to the whole Northem Hemisphere and is in respect
of geo-potentials of &all standard constant pressure surfaces,

The study of semi-amnual oscillation has gained importance
during recent years. Significant semi~-annual wave in the temperature
of the tropical stratosphere was discovered by Reed (1962, 1964), He
showed thet the amplitudes increased upward, Presence of a sani—annual
oscillation in zonal wind of the tropical stmfosphem and lower mesos—
phere was also reported by Reed (1965, 1966). Wallace (1966) also showed
semi~-annuel oscillation in mean gzonal wind .f‘rom 20 N a.nd 20 f:‘: between 50
and 10 mb levels, indicating smaller magnitudes over equa.tom:.al region,
Rocket wind analysis by Quiroz and Miller (1967) and Angell and Korshover
(1970) have further confirmed the semi-annusl wave in both temperature
and wind, Ven Loon, Lebitszke and Jemne (1972) studied the half yearly
wave in stratospheric temperature above the 5(:) mb level,

Chiusano (1970) developed a tentative theory for semi-~annual
zonal wind and tempersture oseillations in the tropics, Dickenson (1971)
has attempted an analytical model for zomel winds in the tropics, '

Searching through published material, we found that a detailed
analysis of northern hemispheric tropospheric observations in I'espez:t
of semi-annuel oscillation of constant pressure geopotentials wéas not
available in literature, Hence, we decided to underteke and present
the analysis of observations so that we know better the observed features
which are to be explained by any theory.
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2, DATA AND ANATYSIS

About 250 stations between equator sad 80 N were selected,

Mean sea level pressure and the geo-potentisl heights of 850, 700,

500, 300, 200 and 100 mb pressure levels at these stations were obtained

from the following data sources -

(1)

(ii) ]

Climstological Nomals (CLINO) for climet and climat
ship stations for the period 1931-1960 ', WMO/OMM-No,117.

TP,52, 1971 - for m.s.l, pressure,

Short period averages for 1951~1960 and provisional average

values for climat temp and climat temp ship stations ",
WMO/OMM No.170-TP.32, 1965 — for geo-potential heights of
standard constant pressure levels,

Five-year (1967-71) averages were prepared in Theoretical
Studies Division of the Institute for 18 additional near
équatoriaﬁ stations from'the monthly velues given in
"Monthly climatic Data for the world!, Vols, 20-24,
;.)ublished by WMO :'in cooperation withlU,S. Weather Bureau,
The upper air data used for this analysis are for _relatia-

vely short periods. However, the authors believe that

the broad conclusions drawn from this analysis would not be

substantially altersd even when the mean upper air data
based on longer periods like 30 years become available

for study.
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The mean monthly data were subjected to hamonic anelysis to
get annual meen as also the amplitudes and phases of 12-monthly, 6-monthly
and 4-monthly oscillations at individual stations. The analysis of annual
mean and 12-monthly oscillation in geo-potential heights is being presented
elsewhere (Asnani and Mishra, NWP symposium, Delhi, 25th-27th July 1973 ),
Here, we shall present the analysis of S—mon't.ﬂly oscillation, Since tht:e
data consist of nomeals commencing from January end ending in Décamber,

the zero of the phase angle was counted from mid January.

3. FESUITS AND DISCUSSION :

3.1) TFig, 1 shows the amplitude of six-monthly oscillation in pressure
at m,s,1, Figs, 2 to 7 correspond to 850, 700, 500, 300, 200 and 100 mb
levels reSpéctively, giving amplitudes in gpm. The following points are

noteworthy @

Figse 1 to 7

() At all levels under consideration, amplitudes are smallest in the
equatorial latitudes and largest in sub-tropical or higher latitudes. This
is somewhat different from the features of southern-hemisphere at 200 mb
level, as reported by Loon and Jenne (1969), These authors analpsed the
amplitudes of é-monthly oscillation over Sc.:*uthem»-hemiSphere at 200 mb
level and found that the emplitude minimum was situated over the equator
in most of Pgecific ocean but lay close to 15 S in the eastem half of the
hemisphere. Over this eastem half, they found a meximum at the equator

and also in middle or higher latitudes.



(di) If north of equatorial latitudes, we draw one line joining
highs and another line joining lows, it is seen that there is something
like & sub-tropical ridge-line running nearly along 30 N and a trough
line running roughly along 50 N. Of course, there are local northyaxrd
and southward shifts. Relationship between these lines and the sub-
tropicel ridge of high pressure and middle latitude trough of low
pressure is being studied separately.

(ddi) When we lock into the highest values of the amplitude of
succéssive levels, it is found that these are of the drder of 20 g.p.m,
at 850 mb level and below but increase to about 100 g.p.m, &t 200 mb
and 100 mb levels., Thus, the amplitudes increase as we go from lower
troposphere to upper‘ troposphere, This general hemispheric picture is,
however, not true in respect of snaller regions or individual stations,
the latter showing their peculiar local features in respect of vertical
variation of the amplitude., For example, over central Indien region,
the amplitudes become largest-in the middle troposphere rather than in
the upper troposphere,

(iv) A relatively high amplitude zone exists over northem Pacific

in the neighbourhood of Ale wtian Islands,

3.2) From the analysed chart of each lewvel, values of magnitude
and phase were obtained at grid points at the intervals of 20° longitude
and .‘LOCI latitude, Zonal mean vector was calculated for each latitude,

Fig, 8 shows the gmplitude-phase variations with height and latitude,
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The presentation is in the fomm of vectors, the msgnitude of which
represents the amplitude of the semi-annual oscillation, the scele

is shown in the diagram.

Fig, 8

The direction of the vector indicates the time of occurrence
of maxima of oscillation, The time diagram is shown &s an inset in
the ssme figure. Direction of 30° indicates and of Jeanuary or July.
Direction of 90° indicates and of February or August and so on,

The following points are noteworthy,

(a) There is a surface of phasereversal or sharp phase shift which
slopes equatorwards with increase of height (indicated by the thick
line AB), The slope is rather steep from 15° N to 35° N end guite
gredual therefram,

Above this surface of phase si:ift, the maxima occur towards the
end of January and July (let us cell this region I ). Below this surface,
the mexima occur towards the end of April and Octobér (I‘eg:l.on II), There
seems to be enother small region I[I, below line CD which shows January
end July mexime. This is near the equatorial region between surface and
850 mb level.

(b) The magnitudes are comparatively large in the region I.
(3.3) The semi-annuel csecillation over the Indian region was analysed
in some detail, As stated in 3 (iii) above, the Indian region showed

some peculiar features,

qon 1



(i) Fig, 9 shows the standard pressure levsl at which the ampli-
tuﬁe of the semi-annueal oscillation was largest along the vertical over
India and neighbourhood, In the s8me diagrem, the actual mntﬁe and
phase at that level are alsa plotted, It will be seen that in the
shaded region, the maximum amplitude oc:-;urs in the middls troposphere
(700 or 500 mb); outside this region, either the largest amplitude
cccurs at 200 mb or the amplitude goes on increasing upwards upto the
last level of our analysis (100 mb),

(ii) Further, it was considered to be of some interest to know
whe’é.her, during mid-monscon periocd, the north-south gradient of semi~
annual geo-potential perturbation was re-~inforcing or conteracting the
prevailing zonal westerlies and easterlies over the Indian region, From
the hamonic analysis already maede, the values of semi—annual geopoté_n-
tial perturbation of 15th July were calculated for Delhi, Nagpur, Bimbay,
Madras, Bangalore, Trivandrum and Colombo, A anooth curve was then drawn
for each level to represent perturbation geoj:oten‘tial roughly along
longitude 77 1/20 E over the Indian region, These curves are shown in

Fig, 10 for four levels, It will be seen that at 1000 mb level, the

perturbation value increases slightly from 7° N to about 11° N and

decreases northwdrdz, In other words, the semi~annual oscillation
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contributes eas‘berly. component and thus slightly counteracts the
sea-level westerlies south of 11° N and contributes a westerly
component of wind at that level between 11° N and 28° N, At

700 mb, at all latitudes, this oscillation contributes a westerly
component. At 300 mb, it contributes westerly component south of
15° N end easterly component northwards., At 100 mb, it contributes
westerly component south of 11 N and easterly component northwards,
At 100 mb level, this ;Jsci]_'l_é.‘bion contributes a geopotentigl diffe-
rence of gbout 25 g.p.m. between latitudes 15° N end 25° N, At &
mesn latitude of 20° N, this will cause a geostrophic easterly wind

1

of ghbout 4,5 metres, sec s
4, CONCLUSIONS

(3) Analysis of semi-annual oscillation in constent pressure geo-
potentials over the northem hemisphere is presented for the first
time. This observational study would form a base for .. future theo-
retical studies.

(ii) A surface of phase reversal sloping equatorwyards with increase
of height is clearly brought out by this snalysis.

(iii) The oscillation is studied in some detail for the Indian area
which show some regional characteristics different from the hemispheric

features.
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TEGEND OF DTIAGRAMS
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Fig, Implitude (mb) of gix-month 690'1.1;atj.m at mean sea level,
Fig, 2 : Amplitude (gpm) of six-month oscillation at 850 mh,
Tige 3 : hmplitude (gpm) of six-month oscillation at 700 mb.,

Tige 4 : Amplitude (gpm) of six-month oscillation at 500 mh,
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Amplitude (gpm) of six-month oscillation at 300 mb,

Fige 6 : Amplitude (gpm) of six-month oscillation at 200 mb,

e

Fige 7 tmplitude (gpm) of six-month oscillation at 100 mb.

Fige 8 : Amplitude-phase vector for semi~eannual oscillation.
~ (zonal mean; Seale 3 ——represents 10 gpm.)
Inset diagram gives correspondence between dirsction
of vector and time of oecurrence of mexima,

Fig, 9 : Tlevel, magnitude and phase of maximum amplitude.
) . S °
Fig, 10 : Nomal contéur helight perturbation (ggm) slong 775 T
due to demi~annual oscillation at 1000, 700, 300 and
100 mb levels, in mid-July.
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FIG.9. LEVEL, MAGNITUDE AND PHASE OF MAXIMUM
AMPLITUDE OF SEMI—ANNUAL OSCILLATION.
LEVEL (mb)
PHASE (deg) @ MAGNITUDE(gpm)
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——= PERTURBATION (gpm)
]
FIG.10. NORMAL CONTOUR HEIGHT PERTURBATION (gpm) ALONG 77-13_-; E

DUE TO SEMI- ANNUAL OSCILLATION AT 1000, 700, 300,&I00mb
LEVELS, IN MID-JULY.




