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ABSTRACT

Hourly surface pressure data (annual and monthly) over a network of Indian stations
have been harmonically analysed. The spatial and temporal variation of the amplitude,

phase and percentage contribution towards variance of the time series in respect of the
first four harmonics of the barometric oscillation are discussed.

INTRODUCTION

THE discovery of atmospheric tidal oscillations
In the seventeenth century and the historical
developments leading to the present thermo-tidal
theory of these oscillations were dealt within
Part 1 of this paper. Here we propose to give an
account of the salient observational features of
the barometric oscillation over India. The diurnal
variation of many meteorological elements in-
cluding pressure at Indian stations have been
discussed in a series of publications towards the
end of the last century by Blanford! and Eliot?. A
global study of the semi-diurnal pressure oscil-
lation utilising the data of over 200 stations was
made by Simpson® while working in the India
Meteorological Department at Simla. Alvi and
Jagannathan® studied the barometric oscillation
at 38 Indian stations. We have recently examined
the diurnal variation of pressure at 62 Indian
stations using the hourly pressure data for
periods ranging from 5 to 12 years at individual

stations. Figure 1 gives the location of the
stations.

HARMONIC ANALYSIS OF HOURLY
PRESSURE

The annual and monthly mean values of the
hourly pressure data at the stations were sub.
jected to harmonic analysis to determine the
amplitude, phase and the percentage contri-

ra—

* Part 1 of this article was appeared in September 20, 1984
1ssue of Curr. Sci.

bution to the variance of the time series in respect
of the first four harmonics denoted (following the
usual convention) by S,{p), S,(p), Sz(p)and S (p).
As example, the results of the analysis for six
selected stations—Trivandrum, Kodaikanal,
Madras, Bombay, Nagpur and Jodhpur—are
shown in figures 2(a), (b), (¢). In general §,(p)and
S,{p), whose amplitudes are comparable, account
for most of the variance of the pressure time
series. The residual variance 1s practically fully
accounted for by S;(p) and S,4(p) whose ampli-
tudes are an order of magnitude less than those of
the first two harmonics. For each station, the
figure gives the monthly variation of the ampli-
tude, variance and phase. The term phase 1s here
used to denote the time at which the first
maximum of the oscillation occurs, expressed in
local mean solar time (LMT) reckoned from zero
at local midnight. The annual values of the
parameters are indicated by thick dots for S;{p)
and S,(p) and by open circles for S,(p) and S, (p).

ANNUAL VARIATIONS OF THE HARMONIC
COMPONENTS

24-hourly oscillation, S{(p); The amplitude
and phase of S, (p) show large spatial variations.
The amplitudes range from 0.5 to 1.0mb at
coastal stations and from 1.0 to 1.5 mb atinland
stations. Large amplitudes are found over north
and central India. A diagram showing isopleths
of amplitude over the globe for annual §(p) by
Haurwitz and Cowley® indicatgs the maximum
amplitude over India as 1.04 mb which s an
underestimate. The present study reveals that the
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Figure 1. Station Locations

highest global amplitude slightly exceeding
1.5 mb occurs over the interior of India. This is
presumably associated with the large land-sea
thermal contrasts over this part of the globe
which generates the monsoon circulations. The
phase of §,(p) varies from 05 to 09 hr LMT, the
later values occurring at the north Indian
stations. The contribution of S,(p) towards vari-
ance ranges from 30 to 60 9/ at different stations.

12-hourly oscillation, S,(p). The behaviour of
S,(p) 18 more regular and organised than that of
the diurnal component. The amplitude of this
oscillation ranges generally from 1.0 to 1.5 mb
and its phase from 0950 to 1050 hr Lwmr.
Comparison with the global isopleths of ampli-
tude given by Haurwitz and Cowley?® shows that
the highest amplitudes of this oscillation occur

over south India. The amplitudes decrease with
latitude (@) generally following cos® ¢. The vari-
ance contributed by the semi-diurnal oscillation
ranges from 40 to 809, at individual stations. The
ratio of the amplitudes of S,(p)and S,{p) shows
scatter from 0.5 to 1.3 at individual stations with
a mean value of about 0.8.

The 8-hourly oscillation, S,(p); The amplitude
of the third harmonic varies between 0.04 and
0.14 mb, following approximately cos® ¢ sin ¢
variation, with largest amplitudes at the north
Indian stations. The phase of the oscillation lies
between 0150 and 0300 hr. Its contribution to
variance 1s mostly less than 0.5 9/,

The 6-hourly oscillation, S,(p). The amplitude
of S,;(p) is generally about half that of S;(p). Its
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Figure 2(a). Monthly progression of the amplitudes, phases and variance contribution of the harmonic
components: Trivandrum and Kodaikanal.



1010 Current Science, October 5, 1984, Vol. 53, No. 19

™

N T 0O N 4 F M A MW J g & 3 0O N
ifEJ‘iE?M J,?#riie':'r‘_l’ Y T T'l'_l'r‘."""_'s
)

»)
ANPLITUDE (mb) - ': VARIANCE { - Ty LMT HRST .
gl ¥ N ] ' 2
-y gy W sz L o M A B H A s -

*»

. 10 4
(1'DG N, #0 R E t8m)

[~ ", -']'01

)
)
]
'

V.

-
n

»
i

o’
“"'ll-.,-p; = 'ﬂb-ﬁh‘ ‘I"! = 1o 0
F o ~ , \"‘-\.—. - o "rf 4
GO T e ~ % 8
4
2 6

E.‘-""r

—— ... ™ T T ™ ¥ - r - f Ll 1 1 ¥ 1 LI T L 1
AMPLITUDE Iimb)] - VARIANCE {9} ] . Ty lLMT HRS) .
2 it —— S! = 5 - = -
i -t - Sy 1 - -+ L -
c 25 4+ sk . " -
e, L - — -
o Z0 | .
2 . A v

J F M A MM J 1 a3 O N_D F M A M J 2 A % 0O MW 4 F M a M} J a5 O N 111
T T T 7 T W " T ¥ Y T T T 1 T X 1§ T 1 ) T L] r T 1 L) L] 1 1
I 5[ AMPLITUDE (mb} - . VARIANCE {"%)} — L. Ty [LMT HRS}
3) N ) a 32
M e U P T BOMBAY 1 L Ji02

(I SO N, T2082E ilm} - . -
o0

Ay

O i 4
Jd F M A W 4 A 3 O W

Ll i .t 1 £ 1L J L_1
F 8 4 M 1 1 4 % G w §

Figure 2(b). Monthly progression of the amplitudes, phases and variance contribution of the harmonic
components: Madras and Bombay.
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Figure 2(c). Monthly progression of the amplitudes, phases and variance contribution of the harmonic
components: Nagpur and Jodhpur,
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phase is found to be between 0250 and 0450 hr at
individual stations. Its contribution to variance is
of the order of 0.257 or less.

Figures 3 and 4 give a pictorial representation
of S,(p)'S,(p) and S;(p)/Si(p) at selected
stations. The harmonic components are depicted
as vectors originating from the stations, the
length of the vector being proportional to the
amplitude. The direction of the vector gives the
phase of the oscillation as per the harmonic dials
shown on the diagrams.

SEASONAL VARIATIONS OF THE HARMONIC
COMPONENTS

The 24-hourly oscillation, S,(p). The diurnal
oscillation attains maximum amplitudes in the
hot weather months March to May, the ampli-
tudes ranging from 1.0 to 2.0 mb, with high

65" TO" 75° 8 Q"
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values at the north and central Indian stations.
The minimum amplitudes from 0.2 to 1.0 mb
occur mostly in the southwest monsoon months
of July-—August. Very low amplitudes are no-
ticed at the west coast stations in July. The ratio
of the minimum to the maximum amplitude of
S, (p) at individual stations varies from 0.2 to 0.7
with a mean value of about 0.45. The phase of the
oscillation is earliest in the monsoon months
(mean value for July 6.84 hr LMT1) and latest in
the winter months (mean value for February
7.89 hr tMmT1). The variance accounted for by
S.(p) ranges from a maximum of 409, to 709 in
the hot weather months and a minimum of 59 to
309, in the monsoon/winter months.

The 12-hourly oscillation, S,(p). The semi-
diurnal oscillation shows maximum amplitude of
1.0to 1.7 mbin February—March and minimum

Bs’ 90" 98" 1Q0"*

T T [ ]
ANNUAL AMPLITUDE OF S,(p) 8 Si{p)

9n" & PHASE 90"

as° 90" 95 QO

Figure 3. Vectorial representation of §,(p) and §,(p) at selected stations.
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Figure 4. Vectorial representation of S,(p) and S,(p) at selected stations.

amplitude of 0.6 to 1.2 mb in June—July. The
amphitudes decrease with increasing latitude gen-
erally following cos? ¢. The ratio of the minimum
{0 the maximum ampiitude at individual stations
varies from 0.6 to 0.9 with a mean value of about
0.73. Thus the seasonal variation of the ampli-
tude of S,{p) is less than that of S, (p). The phase
of S,(p) is earliest in November {mean value for
all stations 9.78 hr LMT) and latest in July (mean
value 10.43 hr LMT). It may be noted that the
seasonal vanations of the phases of S,{p) and
31(p) show roughly opposite behaviour. The
percentage variance accounted for by S,(p) has a
seasonal variation opposite to that of S,{p); the
minimum values are found in the months April—
May-—June and the maximum values generally in
July-—August. It may be noted that since S,(p)
and §,{p) together make up practically the entire
variance of the time series, the variance curves

corresponding to these oscillations in figure 2
appear nearly as mirror images of each other
about the horizontal line corresponding to 50 %,
variance.

The monthly progression of the ratio of the
amplitudes S, (p)/S,(p) for 16 stations is shown in
figure 5. The low values of the ratio at stations
along the west coast during the southwest mon-
soon months may be noted. At most of the
interior stations the ratio exceeds unity in the hot
weather months. The thick dots in this diagram
indicate the value of the ratio in respect of the
annual data.

The 8-hourly oscillation, S4(p). The third har-
monic shows interesting seasonal variations in
amplitude and phase. The amplitude -has two
maxima, a primary maximum 1n December—
January and a secondary maximum in June—
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Figure 5. Monthly variation of the ratio of the amplitudes of the diurnal and semi-diurnal components of the
barometric oscillation at selected coastal and interior stations.

July. Pronounced minima are found in April—
May and in August—September. There is a
reversal of phase of the oscillation from about
0205 hr during the epoch of the primary maxi-
mum in winter to 0605 hr during the secondary
maximum in summer. During the winter months
S3(p) accounts for about 0.5 to 1.5% of the
variance at the southern stations and 2 to 6 % of
the variance at the north Indian stations.

The 6-hourly oscillation, S,4(p): The amplitude
of this oscillation is about half that of S.(p).

Similar to the third harmonic, the fourth har-
monic 15 also most pronounced in the winter
months with amplitudes increasing from south to
north. However, it does not show a secondary
maximum nor does it show a reversal of phase
from winter to summer, These features can be
appreciated from figure 2. The phase of the
oscillation varies between 2.7 hr and 3.7 hr Lmr.
It accounts for about 0.2% of the vanance at
the southern stations and 0.5 to 1 Y of the vari-

ance at the northern stations during the winter
months.
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Figure 6. Monthly variation of the amplitudes and Figure 7. Monthly variation of the amplitudes and
phases of §,(p) and S,(p) in five-degree zonal belts. phases of §,(p) and S (p) in five-degree zonal belts.
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ZONALLY AVERAGED PRESENTATION OF
THE HARMONIC COMPONENTS

A graphical presentation of the monthly
progression of the amplitudes and phases of the
four harmonic components of the atmospheric
tidal pressure oscillation over India averaged
for stations in five degree zonal belts
(05°-10°), . .. (30°-35°) Nis given in figures 6(a),
(b) and 7(a), (b). The curves A, B, ... F in these
diagrams refer 10 the six zonal belts. The broken
curve G represents the average for all the 62
stations. The maximum/minimum values of the
amplitudes and phases are indicated on the
respective curves which summarise the major
features discussed in the preceding sections.
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NEWS

YEB Carl Zeiss JENA

CURRENT SCIENCE wishes to greet JENA®r
GLAS during its centenary year 1984.

Leipzig, the famous metropolis of international
trade, once again demonstrated the world’s progress in
science and technology and thus indicates possibilities
for dynamic economic growth. The display of pro-
ducts of YEB Carl Zeiss JENA in Leipzig is an
example of continuous advancement even under the
untoward conditions of the world’s econcmic situ-
ation. More than 759 of the products range has been
replaced by new products in the last five years, which is
in keeping with the present pace of world-wide
innovation. The 1984 exhibits include more than 30
new or improved items. Highly efficient microelec-
tronic systems have further increased the speed of
instrument processes and added to new optical and
mechanical solutions, upgraded the quality, precision
and performance capabilities of the products on
display.

Following are some of the products of Kombinant
VEB Carl Zeiss JENA at Spring 1984 Leipzig Fair:

(I) DZT 90x120 RGS Computer-Assisted
Stereoplotting System, (2) ABBE 01-200 C Vertical
Metroscope, (3) AE-80 Digital Meter Unit, (4) 1KF-

100 Incremental Displacement Pickup, (5) IDL-01
Length Measuring System with AE-100 Meter Unit,
(6) IGR-M2 Incremental Rotary Pulse Transmitter
with analogue output, (7) Computer Input Adapter
for Incremental Displacement Pickups, (8) 3D
Telemetric Probe, (9) MS-4 Size Control Device /SG-
112 Controller, (10) Laser Coagulator, (11) OAP-310/
M Eye Examination Setup, (12) SPECORD-M380 and
SPECORD-MR835, (13) SPEKOL-11 Spectrophoto-
meter, (14) Mercury Hydride Generation System for
the AAS-3 Atomic Absorption Spectrophotometer,
(15) TZ-6 Texture Attachment to the HZG-4
Universal X-ray Diffractometer, (16) JENAVERT
Incident Light Microscopes, (17) GSM
Stereomicroscope (18) 1m Reflector Telescope,
(19) COSMORAMA  Large-Size  Planetarium
(20) Improved 50 mm f/1.4 PRAKTICAR-MC Lens
(21) SF-11/1535 Optical Glass, (22) Component
blanks for multifocal  ophthaimic  lenses
(23) Distilling Plant for Corrosive Substances.
Further details may be had from: Dr. H. C.
Wolfgang Biermann, Director General, Kombinat

VEB Carl Zeiss JENA-DDR, DDR -6900 Jena, Carl-
Zeiss-Strasse 1.



