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Summary

Spectral examination is done of thQ_variatiQp;
of the 24 hour_surfgce;prggsgre tenqegcymosgillaﬁions in
the'extra,fropica;ula?iﬁgﬁgsg A spectral pgakiat»S’days
period is available aﬁ mo$t.of¥th¢ sﬁgt;gng%n A.Wave,__
number one retrogression can be ﬁraced in the'gubtrppiqgl
1atitudesi but it is difficult to trace it in the higher
latitudes, The characteristics of the pressure ﬁquency
wes%ward_propagaﬁipn‘;QQQﬁéf;gg it as the principal free

mode of the earth}s atmosphere.

1. Introduction

Ih a.previousirepqrt'in this series (M;gra,l973 a)
we haveranalyged the surfage‘pressure4d@ta fo;:t@e”iéi £ ..

period for the stations around the globe and have seen that
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the 4:5 deg fluctuations in the atmospheric pressure is
not confined to the tropice alone, but are available at
the high latitu@a stations also, By applying & cross
spectral tecpniqua to the station date in the tropics
(Misra 1§73“b), we found that the oscillations result
due to é weatward propageting pressure wave of the same
period and zonel wavelength equal to the full zonal
circle. ZPresently, we will extend the scope of the
spectral investigation to the high latitude etations in
either hemisphere. From the amplitude distribution of
spectral power, we will see that the characteristics of
these oscilletione match with the free oscillation mode
discussed by Matsuno (1966) and Longuet-Higgins (1968)
for an equivalent depth consistent with the earthls

atmosphere,

2, Spectral Results for the high latitude

The part II of this report covered the data
of stations in the tropics EOQN;20°§ from a gloval date
asgembly. The autp:spectpgifpr_thg presgure tendency
series of the IGY period for the high latitude stations
in the north end the south hemispheres ere given in
flge. 1 and 2, The stations have been esrrenged as per
thelr increesing latitude and the station 1dentitiaa;

tions are given in separate pages, The computations
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have be@n dm e on the ssne she Si*&ibn datsa

in the tropicse (par%:II),. in estimating
the covariance matrix with the total number of data
points as the divisor and subsegquently plotting the

cosine transforms of the covariances in a logarithmic

9

gcalie., The dva ange of “he/logar1 hmic scale is v at

t allows = eonstdui oonfldrnfm interval forr the whole

i
domain 8 per the shi-gusrse Luu*mbvtlon Ior Thne
appropriate numher of degross of freedom, We usé a

Tukey window with a lag of 20, giving 73 degrees of

freedom,

Before wo discuss the power spectral digﬁri%‘
bution, we give in fig;B,.tgg_colleetiv@ reprosensation
of the station locations where = maximum in_th@ hisﬁpgr@m
ana;ysis took place (ﬁlgage refer tg the higtogﬁams in
fige.2 of the part I of this xeport); The figure shows
%ome\mérked zones for ﬁhe occurrence of maxima, in
A4fforent poriod venges. 2 Gays maximum 1o movo doninmnt
in tho southorn hemisphors then tho northorn, Tn.fho
gouth hemisphere, ﬁhgy»cggur systematically on the wesd
coast of south American za;nd hat of A:Crloan contln\ﬁ: :
alsc in ?h@m?@1%¢95"4¢?“ 60 S whers many ooeani0vaﬁaﬁiong

are affected., Sations in the Tnaonusl@n belds and a few
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Pacific ocean stations in the southern hemisphere show
maximunm frequency of oscillations to occur at 2 days
period. Most of these stations are situated either on
or against an elevated topography. Four stations in
the northern hemisphere which show & maximum frequency
to ocecur gﬁ 2 days periodicity also fall to the same
criterion, Ih the southern hemisphere, they occur at
the west coast of United States and a few stations in

the western Europe.

In contrast to the shortest peribd, the
maximum at 3 to 4 days are more a characteristic of
the tropical belt and the high latitudg stations
where the station altitude is‘ﬁot high, It is again
interesting to see that the 3 day maxima occur mostly
around ﬁhese gtations which had given a 2 day maximum
earlier, In the tropical belt, it is again mostly
found in the West African coagst and the west coast of
south_@me?icaﬁ. Most of the stations in the 40°%- 70°
latitude in the north hemiSphere give a maximum
frequency at 3 day period,_expept for a small zone
between 9boEito 15bOE; which is ﬁhe areg of maximum
pressure on the north hemisphere, The period that is

favoured here for the maximum frequency is that of
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4 days., Beslde this zone, the 4 days period is a
characteristic feature of the tropical oceanic areas
extending to sub:fropiqs in some regions, It is
interesting to mee that north Africa has a favoured
period of 4 days for the oscillations to occur even
though the general elevation is of the same order as
for the west Africa and wegt South America, where

2 days period is preferred,

Among the stations that prefer a 5 day
meximm ere those in the west cosst of Mustralis. I
is interesting to note thet sll other ustralisn
stations give a meximum frequency at 3 days period, No
d;sttﬁguisbing characteristic can be noticed f&r'this
difference, ther stations that give a maximum_aﬂmﬁv@gys
period are embedded in a zone where the maximum frequency

mostly occurs at 4 days period;

The distribution of spectral power in fig, 1 and

2, divides the stations into three broad categories

1) the stations that have s speétral power
maximum at about 5 days period '

2)  the stations that have & relative minimum
at 5 days. period

3) the stations that give a uniform power
distribution between 8 days to 2 days,
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In fig. 4, we glve the geographical distribution of these
three categoriea of variation of spectral power, In this
figure a v , & O and a x have been utilised te
indicate the three categories respectively, It ie eagily
understood that the nature of the spectral power distri-
bution diagram is somewhat different from the Trequency
meximum diagram, T+ is natural that the spectrel power
distribution is more stable and does summarise the total
probabilistic inﬁormation in some sense, What clearly
enmerges from fig, 4, is that the stations which do not
show a maximum in the period range of 4:5 days, have a
system of organisation in them, The most preferred zones
for them ere in the 40°- 60°latitude belt in the south
hemisphere‘gga around the 7OPW"1ongitude where the north
hemispheric stati ons also fail to show the 4:5 day
megximum., The zone in which a broad band occurs, lies on
the west coast of Africa and the west coast of south
America, whereas a minimum occurs in the 4OO: 60°8 and
0% belt,

In fig, 5! we give the distribution of ;anpi:
“hmic spectral amplitude in the 4:5 day spectral band.

Ttz spectral amplitude is minimum at the equator and goes

e ¢ "[
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on increasing with increasing }g¢ipu@e't1;§¥apgut“§0?“
in either hemisphere, affer which the amplitude falls,
The plot follows the same trend as given in fig. 3 of
the part I of this report:

3, Phase and coherence in zonal belte
Fig, & to fig. 10 glves the plots of phase

difference egainet longitude difference for. a 4.4 day
period (the seme period that wes used for the tropical
aree in the part ii.Of this report) on the subtropical
and polar latitude belts in the two hemispheres. The _
zonel belts are 20°- 25°N, 25%- 35° N, 35°~ 45°N (fig.é),
45°- 55°N, 55°- 65°N, 65°= 75 N (ﬁg. 'm 75° a5°n
(fig, 8)g 20°- 25°a, 250,. 35 8, 35°~ —5°s.‘(fi,g“_,_ .9_);;;;_;@:;&‘_
45°%- 5508 55°~ 65°S 65 75?5 gﬁigf_;ﬁ); The‘stationa
in these latitude belts as used in figs, 1 and 2 have
been used in drawing the phase lines, Four‘stationa heve
been chosen es references in each zonal belt more or less
wnifornly dietributed in longltude, & station eround 10°E,
100°8, 170°C and 80°W have been used as vefevences,
wherever P°55'ib}°?’.'. Th?.,?‘_'ef??????.BYaﬁiPFEJ,_1??"."@_..,"’?99.‘_”"“&'
below esoh figure, While plotting the phsses, & dark

cirole indicetes a station where & significant coherence

.. e 8
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( 95 percent ) obtaimin the analysis. Te mtabions
not showing a 95 percent gignificant eohérence With.the

reference stations have a phaﬂe marked with a ®

In the north hemisyhere, fhe phase propagation
is systematically westward upto sbout 35°T, completing e
wavenuuber one progression; Between 35°- 55°N, ihe phase
propagation is more disordeyly end hence po.gmqgth'p@ttern“
cen be fitted to the 454 dqyp‘pep;pq;‘ EByond_?E?N) towards
the polar latitudes, it appears that the phmse p?opagaﬁiqn
ig more orileaafgaatward covering e wevenumber 2 ‘in the
south hg@igphqrg,mthg westward propagation with wevemumber
one‘ia seen onl& in the 260: 250 belt;l As ha@penn;infﬁhc
north.hemisphere,'the phese proPagation ig more disorderly
between 25°- 55 S - In some cases 1ln thome latitudes an
eggtward propagation of phase ims aleo seen; Epwevep_tht
polar latitudes in the south hemisphere de again show a
wegtward propagation fbrffhe,4;4 deye period;

& comparison of figs, 6=10 with figs. 5 end 4
of the part II of this report brings home the great
difference between the phese propagetion im the tropicel
and the middle latitudes, It is only neturel, since we
inow thet the middle letitude pressuve systomes have &
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aifferent dynemics then the tropics, However, it is
relevant here to reproduce & disgrem:from Madden end
Julien (1972), Who heve plotted the wave number one

one anomaly only on & globel map_fpp}ﬁhg_g?;dwgp;nt
dete during the IGY period, Tis is dome in fig, 11,
4 westward prqpaggﬁion"asgogiated with wavenumber one
is evident from this figure. The more interesting
gptnt_is the positioning of the maximum anomely in the
niddle latitudes in two hemispheres, An elegant picture
of this chargctérigﬁic emerges from the day 2 of the
\propagation diegram, We further see in this dimgram
that the inorease in amplitude from the eguator to the
middle letitudes is sbout twice, while the fig, 5,
plotting the logarithmic epectral power, gave one order
of megnitude higher for the middle latitude amplitude
meaximun, Tt only means that our analysis ﬁqkes_g}l"ﬁye
conpributions to a 5 dey period into account while the
fig., 11 gives the contribution from the wavenumber one

enly,

In & tebles 1, 2, 3 and 4, ve give the
coherences and pheses of a 4;47dayaquriod weve between
the trop&oal and extra;typpicgl_latitg@evaﬁaﬁ;qgg for the
longitudes 16°E, 16603; 176“&, 80% for the north and
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south hemigpheres rospectively. 4 reference station ie
chosen in the 25° 35° belt in all the occasions, It is
seen that’at 10°E ﬁhe ﬁroyical Stations are coherent
W1fh the Subtroplcal ones, but are inchoherent with the
55,— 65 Jatltude be]t Coherence 1ncrea&es again at g
hlgh.latltuq§§._ Thns 1s true for both the hemiSpheveu.
Eor"lbooE the tropical andasubtrOpioal statlons are
cohezent 1n the north hemisphere, but are 1acoherent ln
the.aouﬁh hemlsphere. The belt 55 - 65 is 1nchherent
w1th the t?oploF in the nozth. Wh1]e it is coherent 1n
the south. Incoherence between tx@plca1 and Bubﬁroplcal
stations also occurs for 17Q?ﬂ;mwh}}e'th¢ midlatitude '
stations are coherent with the tropical omes, 4% 80°W,
the tropical end subtropleal stations mre coherent, but
ave incoherent with the stations in the middle and high
latitudes, For all the stations, which show & large
coherence with the reference gtation, the phase @iﬁfez
vonce obtalned s of the same sign and order as the
longitude difference, However in view of ihe resulsEL
thaﬁ_ﬁyg'miQ&l§“1a¢itq@es are affected by quf,?hﬁ??j
cteyistigﬂvgf q;fﬁarent_Sche scales, thg phases beﬁ;
ween stations in the”ﬁropics’and extratropiecs may not

carry much inferencse,

eee L1
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4, Schematic model of the propagating pressure wave

Fig, 12 Zives a schematic picturé of the e
01rculat10ns asgociated with the proPagatlng presgure
wave, It is 1nterest1ng to note that the circulati ons
deplcted matches with one of the equatorlal modes
(n l) dlscussed by Matsuno (1966) _Thalgyygg%gtégn
for =m =1, equatorisl mode for half & wavelength is
reproduced from Matsung?s pg@@;rin figf 15 Matsunq;s
solution is on an equatorialv?eﬁa,plane and hence will
not be valid on a sphere. ﬁqt iﬁnismintereating to
find that the Rossby speed for the n = 1 mode given
by

_B '
e of
ha““g-*(2n+') where P=-

s k the

wavenumber and cg the Speed of pure gravity wave, gives

g retrogression of 90 longitude per day for a wavenumber

one progression,

Lastly in fig, 14, we give the»prggggrs and
wind characteristics for a westward propagating wave-

number one solutlon from the elgensolutlons over a sphere

deduced by Longuet—ngglns (1968) » The figure corres-

ponds to an equivalent depth of 8.8 km in a barotropic

99 12
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fluid. As Madden and Julian (1972)”héveua%rﬁady.nﬁﬁe@:
there is a striking resemblance between the pressure
varigtion observed inmﬁhe Lpngggﬁ%Higginngkpaper-and the
wavenumber Qng_angma}y;h éhe winds deduced by ﬁonguet:
Higging is only qualitative and no examingtionfhas yet
been dcne on hOW'the bressure wave showsg itself in the

wind field,

5. Discussion

The study divided into three parts has brought
out that the shgrﬁnperiqd‘ﬁresgure fluztuations, discusged
by Eliot (1695), ave global in character, Moy have e
mean period rang;pg peﬁye&a 4;5 dgygﬁ The»pressure fluc;
tuations in the tropical areas has an amplitude of’ about
1 mb, while that in the middle lstitudes can be about
@;1@ m@fﬁnmpgyj flggtygtions_in the ﬁrgpi@s can be ascribgﬂ
to a westward progmessing pressure wave of‘wavenumbgr one,
To trace the wave from th? total pressure field in the
extratropics is difficult, buﬁvth?_wgvenumber one anomaly
shows a westward propagation in abouﬁrS'days} ﬁime;

The characteristics of' this wave matcheS‘wi%h ?he
properties of‘wayeﬁumber one free mode in = non:divergenﬁ

barotropic flukd, It is possible that the pressure wave

voe 13
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discussed in this report could be the fundamental

free oscillation for the earth's,atmoaphere:
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Station Tdentification for Fig,2 (Southern Hemisphere)

Station Name Latitude Longitude

il Ono~i-lau 28° 40! 178° 43'Ww

50! 15
545. 4% 16¥W
o7t 134° 581W
23} 150°

2, South African Stn, 22°

o]

00'R
& Riqfﬁnganeiro 22

4, Rikitea 230
De Rockhampton 230 29?3

6, Antofagasta 2750

281 70
551 113

021 26°

26'W

T. Carnarvon 24°
8, Fort Bauphin 259
9, Isla de Pascua 27°

19'E
5718
09t 109° 27w
15t 177° 52
11, Durban 29° 581 50° 5T'E

10.  Raoml Ts, 29° 55 '

12, Coff's HEarbour 50° 18! 153° Q8'E

13, Rio Grande 52° 021 52° 06
}%Q iglg de Fernandez 33 37! 78 5érw
15, Cook Is. 55° 571 130° 24'E
16, Cape Town 326 Ben 18~ F6'E.
17. Tristan de Kunhe 57° 03! lé. lé}Wf
' ‘ 34'E
5500
20, Gough Is. £0° 19+ 9° 541y

18, NOQVille Amsterdam B SQT it
19, Mar de¥ Plata 37° 561 5T

21, Cape Bruni 43° 300 147° 09'E

i)

Q92
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24,
2
27.
28.
29.
50.
g
52.
33,
34.
35.
56,
2
38.
59,
0.
£ -
42,
45.
)
45,

SR
Stephenville
Vancouver
Valentia Obsy.
Nforgl_{y‘-_-sklad
Hemburg

Abakan
P‘etr'OPaveJ_gvesk
imvette Is,
éreeat Whale River
Echa

Moscow

ind ian House Lake
Cape St. Elias
Fort Smith
Narssarssuaq
Baikit

Nayalhan

figst ey

Keflavik

Coral ﬁarbrour
Bulhta Providenia
Arkhangelsk

48!
521
11t
561
21t
381!
451
501
17!
451
141
48!

13t
40"
551
051
591
12*
261
351

69°
58"
12%-
10°
129¢
10
91"
69
151
R
155
37
64
=
111

@

o7’
330
101
15 1
551E
O0'RE
‘214"!'3
09'E
540
460
381R
S41E
44"
36
581
251y
221%
591E
45'E
581
2ony
141
5Q1E



46,
7.
48,
49.
50_'
51 .
52,
53,
e
ey
A
57,
58,
59.
e
61?.
62,

63 . |

64,
65.
k
67.

Fordoyen
@arko:sale
Cembridge Bay
Bartgr is.
Vardo

Ostrov Chetyre
Umanak

6strov Wrangel
Jen Meyen
BukhtalTiksi
Khatenga
adoadh
Ostrov ?bly
Bjornoye
Ostrov Kotelny
Mys Chelyuskin
Isfjord Redio
Tsachsen
Ostrov Vize
Bukhte Tikheya
Nord

Alerﬁ

481
551
3
074
22}
381
411
581

, '(')3173'

2
599
001
201

00!
431
04t
478
A
191
i
=

3318
49'E
0L'W
400
061E
241E
i
5210
28
5518
2818
184
201E
OLIE
ZE
18E
381K
320
59'R
48'E

° gonr

201



LEGENDS TO FIGURES

Plot of logarithm of spectral estimates

ee

Fig. 1.
against period of 24 hour surface-pressure
tendency field for extra-tropical staticns
in the north hemisphere, Sﬁaﬁionvideniifi=M“
cations as per serial number (increasing with
north latitude) in the figure is given in the
attached page, Kindly refer to part II of..
this report and Fig, 1 iterein for the confi-
dence interval and band-width of spectral
egtimates,

Same as Fig. 1 except for extra-tropical
stations in the south hemisphere, Station.
identifications (ﬁmcreasimg with south lati-.
tude) are givep.in the attached paga;_ Kindly
refer to part II of this repcrt and Fig, 2 .
therein for the confidence interval and band-

Ble, 2,

width of spectral estimates,

Fig, 3.

Pregents a summary of information derived From
frequency analysis, described in pam%:i of .

this report,. The figure depicts .the maximum.
Tfrequency ocecurrence for different periodicities,

Fig, 4. Presents a summary of information derived from

speotral‘analysiS'fbr #ll the station~data, as
given in Fig, 1 and Fig, 2 of part IT of this
report and Fig, 1 and Fig. 2 of the present
article, '

N
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Fig. 5. ¢ Gives the logarithm spectral amplitude

distribution for a period of 4,4 days. over
the whole earth as obtained from spectral
enalysis, earlier referred to. A spectral
amplitude maximum around 60° latitude is
noticed, The distribution compares. with
Fig. 3 of the part I of this report.,

Fig, 6. to ¢ Plot of longitude difference against phase
Fig. 10. difference for 4:4 days per;od.ﬁas.used in.
Fig. 3 and Fig. 4 of part II of this report)
for the stations in warious zonal belts in .
Kindly refer to Table II of part I for the.
station identifications in the zonal belts,
(a), (b), (c) and (d) stand for differende
stations, whose identifications have. been
given at the bottom of each plot, Phases
for the st£¢ions showing significant cohe-
rence with the reference stationjhave been
indicated as black circles, Phases for.
stations which do not have a gignificant . ..
coherence gre marked by a crogs, Phase-line
is constructed among the stations which show
significant coherence, The phase line is ...
merked dashed, when it deépicts a wavenumber
two progression or an eastward propagation;

Fig, 11, : Repro@uced from a paper by R.A. Madden and ..
D.R. Julian (1973) as given in the reference,
This depiects the propagation of waverumder one
anomgly a& derived from the grid-peint values
of surface pressure for the ié% period;

e e 3
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A schematic model of the propagation of

(X3

Fig, 12, :
pressure wave. discussed in this report,.. The
meridional alignment of high pressure dells
should be noted,

Reproduced from the paper by T, Matsuno (1.966)

(13

Fig, 13, :
on the equatorial wave dismurgances._.Mhe i
figure which eorresponds to 7 = 1 modé. (. n,
a degree of Hermite polynomizl) in the equa~
torial latitudes, has a greal similarity to
the pressure wave discussed in this report;

e, 14, A figure deduced from the pages by M.8, = .

Longuetmﬂigging (1968) on the eigen-solutions

¢

of the Laplace's tidal eeuztions over a. sphere,
The figure gives the geopotential, #zonal and
meridional wind speed distribution for a . ..
westward propagating mode with wavemumber one
againgt latitude for an equivalent depth of .-
about 8.8 km for earth's atmosphere, Such a..
mode has.also. a characteristic period of’.aboui
4.8 days, The geopotential field characterig-
tice matches with the amplitude of the surface
pressure wave observed,
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Fig-3. Summary of information from frequency analysis. Fig-r4  Summary of information from specirai analysis.
L - Stations have a peak at S5-days period.
0 stofions hava moximum frequency for an oscillation
of pericd 2 days. X Stations have a relative minimum ot 5-days period.
v Stations have maximum frequency for an osciliotion O Stations hove uniform distribution of power in the
of period 3 days high frequency.
X Stations have maximum frequency for an oscillation
of period 4 days.
O Stations have maximum frequency for an oscillation

of period 5 days
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{a) Asswan 23°58'N 32°47'E
(b) Taipsi 25°02'N 12°31'E
{c) Lihue 21°58'N 159°21'W

(d)Bahamas 21° 30'N 71° 0O'W

{a)Misurata 32°35'N I5°06'E
(b) Chejudo 33°3I'N i26°32'€
(¢) Midway 26°13 N 177° 22w
(d)Meridian 32°20'N 88°45' W

(a) Ajaccio 41°55'N 8°48'E
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{d) Washington 38°51' N 77°02'W
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(a) Homburg 53°38'N 10°00'E
(b} Abakan 33° 45'N 9I°24'E
(c)Annette 55° 02'N I131°34'W
(d)Whale River 55°17'N 77°46'W
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{a) Bjornaya74°31' N I19° QI'E
(b) Khatanga 71°59' N 102°26'E
{c) O.Wrangel 70°58'N i78°32' W
{d) Arctic Bay 73°00N85°18'W
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{d) Alert 82°30'N 62°20'W
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{:a) Nordoyan 64°48 NI0°33'E

(b} Baikit 61°40'N 96°22'E

(c) B.Providenia 64°26'N I73°14' W
(d)Coral Harbour 64°12'N 83°22'W
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(b)l.Evangelistos 5223's 75° 0 7'W
(c)Stantey 51°42's 57° 52'w
(d)Grytviken 54°16's 3¢° 30' w

(b)D.ds. Uriville 66°40'3140°01('E
(c)Horse Shos 67°48's67° 19'w
(d)signey 60°43's 45°36'w
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( b)Little America 78°14'S 161°558 W
(¢ )Ellsworth 77°%3's 41° 07'W
{d)Malley Bay 75°31's 26°37w



