CYCLES AND QUAS.I-PERIODICITIES' IN THE GLOBAL DISTRIBUTION
OF SEA-LEVEL PRESSURE

by

L. MAKRA

Ciklusok és kvdziperiodicitdsok a tengerszinti légnyomds f8ldglmbi eloszlasaban. A dolgozat azt -
lemzi, hogy a légnyomiseloszlds meridiondlis fBldgbmbi profiljdt hiny harmonikus Bsszetevd hullde frja le
megbizhatoan, tovibbd, hogy kimutathatdak-e ciklusok, illetve kvaziperiodicitdsok a tengerszinti légnyomas
iddbeli menetében a Fdldin. A redlis periodicitdsokat statisztikai szignifikencia-vizsgdlat sepitségével
hataroztuk meg. Az évi és félévi ciklusokat vektoridlis forodban kbz81tuk.

Megdllapitotiuk, hogy a légnyomdseloszlds ameridiondlis f8ldgbmbi profiljdnak 1. és 2. harmonikusa
jol tlkebzi a tengerszinti légnyomas egyenetlen eloszldsdt a két félteke kdaBtt. A harmadik harmonikus
- nely a globdlis légnyomdsi mezd dllandé vondsait sutatia - kisebb stlyd tényerdl. Az Bsszes tovdbbi harao-
nikus jelentektelen a profil kialakitisdban. A tengerszinti légnyomds évi és félévi ciklusainak vizspdlata
- eltérd adatbAzison - lényegében ugyanazokra a kbvetkeztetésekre vezetett, melyekre HANN és SURING (1939),
illetve HSU és MALLACE (1976) jutottak. R tengerszinti légnyomds idBsorok harmonikus analizisével kapott
periadikus 8sszetevd hulldmok statisztikai szignifikancia-vizsgdlata alapjdn leszdgezhetjlik, hogy a tenger—
szinti légnyosds iddbeli menetében a Fildbn csak kétféle ciklus létezik: a jellegzetes 12 havi 6s a kevés-
bé markdns 6 havi. Szdmos szerzB altal mindezidaig megdllapitott nagy szamd és jgen ki)8nbbz8, statisztika-
ilag szignifikdnsnak tekintett egyeb periddusok adatainkban nem tapasztalhateak. A leggyakrabban kutatott
periodicitdsok - a 11 éves napfoltciklus, a troposzférikus kvazikétéves (leginkdbb 26 hénapos) oszcilldcid,
s a Deli Oszcilldcid - a tengerszinti légnyomds iddbeli menetdben nem tlkrdzddnek. .

The study analyses how many harmonic component waves describe the meridicnal global profile of
sea-level pressure distribution reliably; in addition, it analyses whether cycles or quasi-periodicities
can be ‘found on the Earth, in the temporal course of sea-level pressure. The real periodicities are deter-
ained by a statistical significance test. The yearly and half-yearly cycles are presented in vectorial
form.
' It has been established that the 1** and 2" harmonics of the meridional global profile of air
pressure distribution well reflect the uneven distribution of sea-level pressure betwcen the two hemi-
spheres, The 379 harmonic, shich shows the steady features of global air pressure field, is a factor of
lesser importance. All the further harmonics are unisportant in the formation of this profile. The investi-
gation of the yearly and half-yearly cycles of sea-level pressure has essentially led - on a differcnt data
basis - to the same conclusions to which Hann and Slring (1939), as well as Hsu and Hallace (1976) had
came, On the basis of the statistical significance test of the periodical component waves obtained by a
harponic analysis of the sea-level pressure time series it can be found that on the Earth; in the teoporal
course of sea~level pressure, there exist only two kinds of cyclest the characteristic 12-gonth and the
less sharp é-manth one. Consequently, the great number of, and very different, periodicities pointed cut in
the tesporal course of sea-level pressure and considered to be statistically significant by numcrovs
authors, are probably not real ones. The most frequently investigated periodicities - the tl-year sunspat
cycle, the tropuspheric quasi-biennial (mostly 2b-sonth) oscillation, and the Southern Oscillation - are
not reflected in the temparal course of sea-level pressure.

1. Object

The following questions arise: how many harmonic  component waves do
describe the meridional global profile of sea-level pressure distribution
-reliably, and what are the monthly and yearly courses of thelindwidual
component waves like? The first of the questions can be put with other
words: how great a proportion of the full variance of the zonal monthly and
yearly means of sea—level pressure can be explained by the firgt few har-
monics? 1f this proportion 1s considerable, then producing further
harmonics is unnecessary.



It will be examined, moreover, how the data base reflects the cycles
and quasi-periodicities of sea-level pressure, which - in case of their
reality - are of great importance from the point of view of long-range
forecasts. The real periodicities will be determined by a statistical sig-
nificance test. The yearly and half-yearly cycles will be presented in
vectorial form.

2. Introduction

Besides the evident daily and yearly cycles, in sea-level pressure
time series an astonishingly wide range of other periodicities have also
been established. In the North Atlantic area, in surface and sea-level
pressure time series periods of 2, 3.5-4.0, 5-6 and 11-12 months (ANELUNG,
1962; LANDSBERG et al., 1966; BERKES, 1968; LOGINGY and SHUKHOWOZOVA, 1972), furthermore periods
of 4-5 years (LANDSBERG et al., 1966; SCHONHIESE, 1949, 1971), as well as of 5-§ years
(HAGNER, 1971; MICHELCHER, 1981) and of 21 years (WAGNER, 1971) have been discovered. In
the Southern Hemisphere, in the time series of the air pressure differences
between January and July, cycles of 3, 5, Il and I8-years can be found
(KHAMINOV, 1966). By the harmonic analysis of the Southern Oscillation Index
TRENBERTH (1976) obtained a period of 3-¢ years. The semi-annual mean zonal
index af given temperate-belt latitudes (35-55~), derived from monthly mean
500-hPa charts, shows 5,5- and I10-year periods (WA, 19643). In the intensity
of the meridional circulation over the tropical Facific Ocean FU (1979) found
a fluctuation of 32-48-month periods, PECIELY (1978) determined the same period
in the time series of pressure anomalies over the subtropical zone of the
South Facific, and over the equatorial zone of the Facific Ocean. ANGELL and .
KORSHOVER (1968) suppose that between latitudes 30°N and 305 the periodicities
of the two hemispheres are fundamentally in phase; in addition, they estab-
lish that in winter and spring there is a period of about 16 years at the
300)-hPa geopotential level over the Narthern Hemisphere in the changes of
meridional cutrrent, heat flux, zonal wind and temperature. By the harmonic
analysis of the aridity index series over certain areas of India, BHALME and
JADHAV (1983} discovered statistically significant quasi-periodicities of 1.3-
6.6, 10 and 20 years, Of these periods, the first two are close to the
modal peaks of the Southern Oscillation, suggesting that the oscillation of
the aridity indexes can be brought into connection with the large-scale
changes in dir pressure over the Indo-Pacific. The other two periods (the
10~ and the 20-year ones) are close to the ll-year sunspot cycle and the
22~year double sunspot cycle.

3. Data

The data basis of the study consists of the monthly mean sea-level
pressure values of 247 stations referring to the 30 years between %5/ and
1980 (Fig. 1). : '

From 17 stations - since they have incomplete data - we have uniform—
ly taken into consideration the monthly mean values of the 23 years between
1958 and 1980 into. Among the stations there are weather ships (39., 65.,
66., B5., 91. and 10R.), 'buoys (166. and 184), and there are interpolated
data (84., 150., 198., 203., 208., 215., 236., 237., 245. and 247.) as
well. We have collected the pressure data series on the basis of the data
of the volumes “World Heather Record”, as well as the mean sea-level
pressure charts of monthly publications “Monthly Climatic Data for the
Horld” and “Die Hitterung in Ubersee”.

The global distribution of the stations is relatively equal, but it
is to be mentioned that, e.q., there are no data from China'at all, and the
number of stations is small in Siberia, as well as over the Pacific Ocean,
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furthermore, in the temperate-belt and polar regions of the Southern Hemi-
sphere, too. The zonal distribution of the stations is included in Table 1.

Table 1

Zonal numbers of stations

?0-80= N 2 0-10= § 17
80-70° N 14 10-20° § 13
70-60= N 17 ! 20-30° § i9
&60-50= N 24 30-40° § 14
S0-40°= N 27 40-50° § 7
40-30° N 24 50-60° § 7
30-20° N 18 60~70= § S5
20-10= N 22 )
10- 0° N 17

. Northern Southern

Hemisphere 165 Hemisphere 82

‘Earth 247

The distribution of the stations accofding to height above sea level
. is also determined (Table 2).

Table 2

Percentage of stations found lower
than a given height above sea level (m)

S0 m < 66.40 %
100 < 79.76
200 £ 88.26
300 < 89.88
400 < 93.52
S00 < 96.35

1000 < 99.18
1300 < 100,00

Results

The first five harmonic components of the samples, and their sums,
consisting of the morthly and yearly means of sea-level pressure, by 10°
latitudes have been determined. 0f them, those of the central months of
each season, and those of the year are presented (figs. 2a, b, ¢, d, e).
Investigations with similar purposes have already been performed by KAUFELD
(1972) as well. The monthly mean sea-level pressure values, oy 10" latitudes,
forming the basis of his investigations, had come from the data of the
International Geophysical Year (IGY) - i.e. from the sea-level pressure
values of ‘globally 1,452 grid points measured at 1200 GMT daily between
July 1, 1957 and December 31, 1958. In this way KAUFELD (1972} produces and
analyses the first 4 harmonics af the meridional profile of global sea-
level pressure by 10° latitudes.

According our computations it is sufficient to produce the first five:
harmonics of each sample, (the 5%~ one will not be graphically published
now) for these five components explain 87-90 per cent of the total variance
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Fig. 2a The first four haraonics (1, 2, 3, 4) and thejr sum (1-4) of mean sea-level pressure,
counted froa the averages of mean monthly values at each 10*” degree of latitude, January

of the original samples (Table 3). The statistical significance of the
amplitudes for the harmonics of the individual samples is indicated by the
ratio A/E, where A is the amplitude and E is the mean value of the ampli-
~ tudes. (A,./E measures the statistical reality of the amplitudes of the
firet harmonic components for each I8-element samplej A. /£ shows the stat-
istical reality of the amplitudes of the second harmonic céompaonents for the
same samples mentioned above, etc..) The 4¢*» and S5$*” harmonics, e.g.
contribute to the total variance of the individual samples (Table 3) in
approximately the same and already an extraordinarily slight degree; conse-
quently, "they have little role in the modification af the meridional
profiles of the monthly and yearly global mean sea-level pressure - as it
is reflected by the graphic picture of the 4¢" harmonic as well (Figs. 2a,
b, ¢, d, e). ’ : .

" Table 3

Cumulative variance and statistical significance
of harmonic- components

explained Are/E Ay /E  AJ/E  As/E Ay /E
 ¢var}ance
January 0.904 2.389  1.448  1.533 0.3 0.301
April - 0.878 1.819  2.086 1.477 0,292 0.359
‘July |  5.878 1.880 2.302 1.0S51 0.106 0.330
October 0.874 2,161  1.854  1.308. 0.172 0,410
Year 0.886 ° 2,068 1.971 1.348 _ 0.261  0.31%9 .

/
The italicized values are significant at the 93 per cent level
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'Fig..2b The first four harsonics (1, 2, 3, 4) and their sur (1-4) of Bean sea-level p}essure,

counted from averages of mean monthly values at each 10" degree of latitude, April

The sum - of the first four harmonics clearly shows. the most marked
characteristic of the global distribution of sea~level pressure, i.e. the
extraordinarily powerful decrease of °air pressure in the southern hemi-
spheric westerlies, in the subantarctic pressure trough. The subtropical
high-pressure belt in the Southern Hemisphere is similarly characteristic,
especially in the summer and autumn of the Northern Hemisphere. Its north-
ern hemispheric counterpart is more characteristic only in winter, but in
summer it disappears, and is, also in yearly average, less developed than
the southern hemispheric one. The equatorial depression is the weakest in
the summer of the Northern Hemisphere; in the other seasons of the year, as
well as in the yearly average it definitely deepens. In spring and summar,
in the polar region of the Northern Hemisphere, high pressure is more char-
acteristic than in the subtropical belt. Air pressures are about equivalent
over the two regions even in the yearly average, and the subtropical area

-has a higher pressures only in autumn and winter. In the temperate belt of
the Northern Hemisphere, sea-level pressure huas a local minimum, which
exists during the whole year, but is the most characteristic in spring. The
reason for this is that under the influence of increasing radiation the
contrast of temperature between oceanic and continental surfaces, as well
as between the regions of the lower and the higher latitudes increases
greatly. That increases the pressure-gradient, so the intensity of the
westeriies grows in this areaj which brings about a more powerful decrease
of pressure in the temperate belt.

The first harmonic shows the fact that air pressure is higher in the
Northern Hemisphere than in the Southern Hemisphere. In summer the maximum
is between the latitudes 10“N and 20°N, in the other seasons and in the
yearly average it is between the -latitudes 20“N and-30°N. On the other
hand, according to KAFFELD's calculations (1972) the maximum in the annual mean
can be found near the latitude I[I°N, i.e. in the vicinity of the thermal
equator. In the KAUFELD's study (1972) the first harmonic indicates the fact
that in lower latitudes air pressure is higher than over higher latitudes.

The second harmonic mostly shows the disproportions between the
Northern and the Southern Hemisphere. Its maximums are not symmetrical to
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Fig. 2c The first four harsonics (1, 2, 3, 4} and their sun (1-4) of mean searlevel pressure,
counted from averages of mean wonthly values at each 10*” degree of latitude, July
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Fig, 2d The first four harwonics (1, 2, 3, 4) and their sus (1-4) of mean sea-level pressure,
counted fron averages of sean monthly values at each 10*" degree of latitude, October
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the equater, but seasenally and in the yearly average alike they shify
nerthwards approvimately by 20 degrees., In the ysarly average, KWFELD (1972)
came te the same conelusien. In epring and summer the amplitude of the
secand harmenic is bigger than that ef tha first harmonigy in autumn and
winter iV is emallery and it ie amaller in the yearly average, too, where
KAUFELD (1972) qat.a cantrary result. The amplitude and the phase of the third
harfienie are the meet evable both spasenally and in the yearly avarage, It
is almost eymmetrie te the equater, and shows the parmanent glebal air
pregeure distributions an equaterial low=pressure btreugh, subtrepical high=
pressure zenes in the area of the latitudes J0¢, subpelar lew=prassure
belts in the neighbourheed ot the labtitudes 40°, and pelar high=pressure
areas. A8 regards the yearly avaraga, KAUFELD (1972) came to the same
ganclusion,

The rele af the 4¢” (and of eaeh further) harmenic (and that of the
4th compenent accarding to KAMFELD'e caleulations (I972) as well) in the
ferming of the meridienal profiles ef the monthly and yearly sea=level
pressure {8 =in aceordance with the earlier results = net wsignificant
(Figs, 28, b, ¢, d, a) Table 3),

Bummarizing the facts mentioned abhove, the tirst and escend harmenie
components well reflect the uneven distributien of sea=level pressure be-
tween the two hamispheres. The third harmenic component, which shews the
" parmanany features of glaebal pressure field, is a fagtor carrying lees
waight, .
: Yon HAKN and SURING (1939) summarized the main results of the earlier werks
dealing with the annual ceurse of surface pressure, as follews, Over the
equaterial areas, the annual chenge is very elight. 1n the higher lati-
tuden, the ennual ehanpe can ba put into three main hypaal 1+ eontinental
type, which is eharacterized by a pressure maximum in winter and a pressure
minimum in summari 2. with the veeanic type, the mawimum is in. eummer, the
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Fig, 3a Awplitude and phase of the annual cycle of sea-level pressure, Northern Hemisphere

minimim is late in the autumny 3. and with the arctic and subarctic types,
the maximum occurs in April or May, the minimum in January or February,
with a secondary maximum in November. K The HAWK and SORING's classification
. system, which was mainly based on the data of northern hemispheric sta-
tions, has essentially been verified by the latest descr‘ip?iuns, too, .
Comparing the middle-latitude regions of the oceans, as well as the
polar areas of the Southern Hemisphere with the zone between the latitude
50¢S and the Antarctic coastal district, the semi-annual cycle shows an op-
posite phase in the annual course of air pressure. This phenomenon, which
is well reflected in our data as well (Figs. 2a, b), has already been de-
scribed by several authore (e.qg. VOMINCKEL, 1955a, 1955by SCHHERDTFEGER and PROHASKA,
19563 HSU and WALLACE, 1976). In monthly mean sea level-pressure time series
interpolated to qrid points, HSU and WALLACE (1976) have analysed the glabal
distribution of the annual and semi-annual cycles, and published them in a
vectorial form, :
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Fig. 3b Asplitude and phase of the annual cycle of sea-level pressure, Southern Hemisphere

After removing the linear trends, sea-level pressure time series of
each station have been subjected to a harmonic analysis. The method has
- already been described by a number of authors.Among them HANED et al. (i986) of-
fer a very clear and concise survey of the harmonic apalysis. For deciding
the reality of an amplitude belonging to a definite 'length of perind, the
same authors (HANED et al., 1987) give such limits - by the aid of the Monte
Carlo method - that the probability of amplitudes greater than these limits
is already very. little: 10, 5, or I %Z. In our procedure of decision the
significance of the amplitudes haves been found on the basis of these
limits. :

The amplitudes and phases have been plotted in a vectorial form
(Figs. 3-4), where the length of the arrows indicates the amplitude of the
yearly cycle, and the direction shows the phase. When plotting, the mid-
point of the amplitude length belonging to the given station (or rather to
its pressure time series) gets onto the geaographical coordinates af the
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Fig. 4a Awplitude and phase of the semi-annual cycle of sea-tevel pressure, Hortherd Henisphare
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station., The interpretation of thz phase is as follows. If an arrow points
from the north towards the south, it indicates maximum in the annual cycle
on 1 January; if it points from the east towards the west, it indicates
maximum on 1 April, etc.. Thus the arrows revolve clockwise, about I°
daily. It must be remarked that with this phase interpretation an arrow
which points from the north towards the south indicates in the Northern
Hemisphere a winter maximum, at the same time it shows in the Southern
Hemisphere a summer maximum, etc.. The interpretation of the phase is the
same for the semi-annual cycle, with the limitation that in the extreme
paints of the vectors there are no arrows. If, in this way, a vector shows
in north-south direction, this indicates a semi-annual cycle the maximums
of which are on 1 January and on 1 July; if it shows in east-west direc-

tion, then maximums occur on 1 April and on 1 October, etc.. ThlS interpre- .

“tation has been applied after HSU and WALLACE (1976).

The amplitudes and phases of the annual cycle can be seen in Fig. 3,
while those of the semi-annual cycle are shown in Fig. 4. (Supplements.
Figs. 3a, b: the amplitudes smaller than 0.5 hPa are denoted by empty
circles. fig. 3c: the amplitudes smaller than 0.2 hPa are denoted by empty
circles. Figs. 4a, b, c: the amplitudes smaller than 0.1 hPa are denoted by
empty circles. The stations at which the second harmonic of the annual
cycle is greater than the first harmonic, are shown by thick circles.)

On the basis of these Figs. 3-4.the establishments are as follows:

~ The continental type described by HAN and SHRING (193?) is characteris-—
tic over all the contxnents, in subtropical and temperate latitudes of both
hemispheres, ) o .

- HAWK and SORING's c)lzeanic type can be shown only for the oceans of
subtropical and temperate latitudes of the Northern Hemisphere. A tendency
from the maximum of late autumn to that of the winter can be observed over
the subtropical oceans of the Southern Hemisphere, where the amplitudes of
the annual cycle are considerably smaller than over the neighbouring conti-
nents.

- Over the polar argas of the Northern Hemisphere it is the tendency
of a maximum late in summer that. can be seen in the annual cycle, in con-
tradiction to the HAWM and SURING's conclusion, as well as to the conclusiom of
HSU and WALLACE (1976), who have established here a tendency to a spring maximum.

~ Over the Southern Hemisphere’'s oceans of temperate latitudes as

- well as oaver the -Antarctic coastal region a characteristic semi-annual

oscillation can be observed, Between the latitudes 40 and 50°3, at. the

time of the equinoxes a tendency. referring to a maximum can be found, while
south of the latitude &0°S maximums occur in the periods near the sol-
stices. This semi-annual oscillation of different phases, taking place

between the temperate and higher latitudes of the Southern Hemisphere had.

already been pointed out by a number of researchers previously, as we have
already referred to this in what has gone before. (Although the network of

stations is extraordinarily sparse in this area, .yet it is sufficient for

us to point out this phenomenon over most of the Southern Hemxsphere s area
mentioned above.)}

OQur results - apart from the third establlshment - show good agree-

ment with the HAHN and SURING's results(!ﬂ?h as well as with the HSU and WALLACE's
conclusions (1976).

The statistical significances of bath the annual and the semi-annual
cycles of sea-level pressure, as well as those of all the ather periodic
\component waves have been investigated station by station. The investiga-
tion referred to n/2-1 component waves at each stations -~ from the 2nd to
the (n/2)rd periodic comporient - where n is the number of the ‘elements in
the sample. (The number of the monthly mean sea-level pressure values in
the perxod taken 1nto consideration.) .

s
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Fig. Sa The 12 monthly cycle of.sea-level pressure, by stations;
® = significant, O = pot significant .

Fig. 5b The & monthly cycle of sea-level pressure, by stations;
® = significant, O = not significant
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The annual eyele was nat eharactorintie anly with 13.4 % of the ata-
tiona, The areas of these are in tho nouthern basin ef the Pacifie Ueaan,
in the regiens eof Indonpsia and Gontrol Ameriea, an well as in Western
Burepe and the Daltic eeuntrimes (Fig, Sa). Tha demi-apnual eyele is net to
ho feund in J0.1 % of the statiens. It in neat shewn at all im the whola
basin af the Facifie Osean, iR Eurepn, tho palar rogions et the Northern
Hemisphare, Auatralia, the Indian subeARtiAORE, and in a cansiderabla part
af Bouth Ameriea (Fig., 5b), figniticant poriedicities of 11 and 13 mantho
havo hoon faund in 19,4 % ef all gtationd, Thaoe are parts of the anAual
eyelo, and 2o thay cannet be eencidorod to be complately indopondont.af
that, The ld4-month peried was statistically nignificant 1A 2 cnson, the
4=meAth ene in 6, the 2-month one in 4 canaoy ethear perieds were statistie
cally renl on | eecoeion eaeh, altogothor in 7 cases, that 16 tho porieds
montioned abeve ware only signifiecant altogather in 6,5 %X ef tho ntatipne
eraminod, On the basis af thase reoults it ean generally be ootoblichod
that in the temporal eourne of glebal non~leval prossure thera oxiat only
twe kindn ef eyeless. tho charaetoriatie I2=nonth, and theo leoo marked
é=nonth ene. There is ne othar paeriedicity. Cenpoguontly, tho groat Aumbor
ef, ond rather different, perieds peiatod eut in tho tomperal eoursn of
sea=lavel preasura, and considered te bho atatintienlly oignificant by
Aumereus authera, are prebably net’ roal onan. Tho most fregquontly aonrched
perieds = the Il-year oungpet cyela, tho strepoopherle  quaut-hicanial
{moatly 2é6=menth) esecillatien, and tho fouthern Oneillatien « a0 nog
roflacted in tha tampoarsl coursa ot ann=laval proonura,.
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