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METEQPOAOTIA.— Trends and Quasi-Biennial Pulses in the Tempe-
rature Field of the Stratosphere, by Christos S. Zerefos*. *Ave-

xowvaddn Vo tob *Axadnuaizod x. *HAla Magroromodhov.

ABSTRACT

The mean temperature of the 30- 50 mb isobaric layer was found
to drop by about 2°C during the period 1957 - 1972. Superimposed on this
trend are quasi-biennial pulses. The stratospheric temperature fluctua-
tions are examined for northern latitude circles, ranged from 20°N to
the pole and were restricted to the warmer months of the year because
during these months, radiative equilibrium is known to exist in that layer.

The present work is concerned with a surprisingly high trend and
obvious quasi-biennial pulses found in the mean temperature of the lower
stratosphere during the sixteen-year period 1957 -1972. I started investi-
gating the time-latitude distribution of the 30-50 mb thickness during
the warmer months of the year, when the stratosphere is known to be in
radiative equilibrium (Hering et al. 1), in searching possible solar influ-
ences on that layer. The thickness of that isobaric layer was chosen as
an objective representative of its mean temperature. These thicknesses
were computed from mean monthly heights of the 30 mb and 50 mb iso-
baric surfaces from data kindly supplied by Barbara Kriester, of the
Berlin Stratospheric Group, as well as from data tabulations published in
Meteorologisch Abhandlungen.

The time-latitude distribution of the thickness of the above
mentioned layer, averaged over the four months June, July, August and
September, is shown in figure 1. Numbers to the right correspond to the
latitude circles under study and dashed lines are least square trend lines
to be discussed in the following text.

From figure 1 we can easily see that quasi-biennial oscillations
are evident in the mid-low-latitude lower stratosphere, similar to the
well known curius cycle observed in the equatorial circulation system at

* XPHETOY =. ZEPE®OY, KAwpatinal petaBoral elg 10 medlov Oeppoxpaciidv
tij¢ otpatocepaipag. National Center for Atmospheric Research, Boulder, Colo-
rado 80303.
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the stratonull level (see for example Webb 2). It looks as if, moving
Northwards, this oscillation is changed to a quasi 3-year pulse which is
evident to the North of about 50°N. The whole pattern indicates that
possibly at the 50° N latitude zone, a filter is operating in the meridional
direction, if we wand to link the mid-low-latitude quasi-biennial to the
high latitude quasi- 3-year oscillations. Angell and Korshover (3) exa-
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Fig. 1. Time-latitude distribution of 30- 50 mbs thicknesses averaged over
the months June, July, August and September, during the period 1957 - 1972.
Dashed lines are trend least square lines.

mining 12-month running means of 50 mb temperatures, at a few number
of stations, whose location ranged from 80°N to 80°S, were the first
to discuss the worldwide appearance of that spectacular atmospheric
oscillation.

Returning to figure 1 we can say that, since total solar heating rate
alone can explain the mean monthly stratospheric temperatures during
the warmer half year with a standard error of less than 20°C, (Hering
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et al. 1), several speculations can be drawn on possible radiative causes
of the biennial pulses observed. We presently leave this observational
evidence as a fascinating problem for feature research.

With regard to figure 1, we can easily see that a surprisingly high
trend is evident in the latitude zone between 20 and 50 deg. latitude.
This trend was tested for its statistical significance by the well known
Mann-Kendall procedure. The Mann-Kendall statistic v is simply defined
as 1T = 4P/N(N—1) —1, where N is the number of observation used
and P is the sum of the number of latter terms, whose values exceed the
consecutive variables under study. Inasmuch as t is very nearly Gaussian,
with zero expectation value and variance equal to (4N + 10)/gN(N — 1),
it can be easily tested for its statistical significance.

Figure 2 shows the latitude distribution of Mann - Kendall’s «t»
together with its .05 and .or confidence limits. As it appears from that
figure, significant trends occur between 20° to 50° deg. northern lati-
tude. The statistically significant total cooling observed in the 20 - 50 deg.
latitude zone amounts to about 40 geopotential meters, or about 2°C
during the sixteen year period under study. The small compensatory
heating trend observed in the high latitude zone is found to be insigni-
ficant even at the .05 confidence level.

The cooling trend found in mid-low-latitudes, of approximately
2°C/16-years, is found to be in agreement with a cooling trend found in
the atmosphere (between rooo and 75 mbs) during the period 1958 -63
by Starr and Oort (4) of about 0.6°C per five years. According to these
authors that strong cooling was observed both in the subtropics and at
very high latitudes, and it must be pointed out that our data (fig. 1)
show the same tendency during the period 1958 - 1963. However, although
this trend continued to persist in all latitudes between about 20°- 70° N,
in the very high latitude zone (80°-9go°) it changed sign and a net, sta-
tistically insignificant, trend is found to occur after 1963. It looks as if
these trends are parts of longer-term fluctuations in the free atmosphere.

A great variety of reasonable speculations can be proposed in
searching an answer to the climatic trends and fluctuations discussed
above. Among the factors affecting the atmospheric heat balance there
are many kinds of changes in the atmosphere, which could be responsible
for that and air-ocean interactions, chemical composition changes, pro-
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bable changes in solar radiation componets e.t.c. The field is widely
open to arguments and there is need of great effort to be donne in
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Fig. 2. A Test of statistical significance of trends observed in figure 1
(see text).

order to get further insight to the above mentioned temperature chan-
ges, which undoubtedly take place in the bulk of the atmosphere in
our days.



ZYNEAPIA THZE 23 MA'T'OY 1974 353
NEPIAHVYIZ

Eic tyv nagoloav perétnv &Entdodnoov ai petraforai tol mdyovg tov
orompatog dxelvov Tiig oroatocqaigag, Tol mepihapfavouévov petay tdv icofa-
oux®v dmpavet®v 30 mb xai 50 mb, elg 6AéxAngov 10 Pdeeov fuiogpaioiov xal
8N xatd tyv meptodov 1957 -1972. ‘H dvdAvoig tdv dnd Erovg &ilg Erog puetafordv
10U mdyxovg ol oTewpatog Tovtou meQLwEiodm gig tovg Seguovg wijvag *lovviov,
S /’ R \ /’ < c 2. 13 ’ < ’
Tovhiov, Avyovotov xai emtéufioiov, Ote, g YvWOTOV, T 6TQATOOQULQX EVQL-
oxetan eig loopoomiav dxtivoBoriac (Hering x. d.,1967). To mdyos 1ol otom-
parog 30 - 50 mb déov Snwg Yewendf dg dvrimpocwmevtixov tiig uéong Feguo-
xoaotag 1ol orowuatog toutov. Eveédn 8t elg 1o vourdrega tdv HO°N mAdry,
-3 7 A ’ ~ & \ ’ S ~ ’ 3 ’ \
1 uéon Pepuorgacta tod OmoO perétny ioofagixol otowuatog Emidewxviel oyedov
dieteic nupdvoetg, Gvakdyovg medg tag dietelg xvudvoelg 100 Covinol avépov eig
v Te0mXNV otoatdoaioay, aitiveg 0&v Exovoiv eloétt Eoumvevdi) Mg mEog TNV

\ 2 ~ 3 P e ’ \ ~ ~ 3 ’ -~
uotkv avt®dv aittav. ‘Qoavtwg, S tod otatiouxod EAéyyxov tdv Mann -
Kendall, eboédn oraunotixds onuovuxy xhwpotxn tdowg (Trend) elg v
uéonv Yeouoxgaciav 1ol dvotépw ioofaguxod croduatog, £’ fg Emumgootidetan
N avotéow avogegdeioa dietng xUpavorg. Eig ta mhdrn, e meguhapfavipeva
uetaly t@v mogaAdilwv H0° xai 20° fogeiov mAdrovg, 1| dvwtépw xAiuatin tdolg
ovviotatar eig YUEwv toU vmo perétmy iloofagurxol orgwpatog xatra 2 Poaduovg
Kelolov &vtog tiig Umd perétmy mepuédov.

Ta gborjuata tiig magovong uerérng dmpPefarolv mooyevéstega towatta did
v Teombopatay, eig T0 xelpevov 8¢ dvapégovrar Sudpogol puotkal aitiot, aiTiveg
T c e ’ \ \ ’ \ e ’ )
elval ixaval 0mmg mpoxadogicwoly tag xAwmwatirag netafolrds, tag 6molag Vplotatal

<

1 oToatdoquia ®xotd TO TEAEVTAia ETm.

REFERENCES

1. W.S. Hering, C. N. Tuart and T. R. Borden, J. Atmos.
Sci., 24 (1967), 402.

2. W. L. Webb, International Geophys. Series, Vol. g (Chapt. 3), Academic
Press, N. Y. and London, (1966).

3. J. K. Angell and J. Korshover, J. Atmos. Sci., 21 (1964), 479"

4. V. P. Starr and A. H. Oort, Nature, 242 (1973), 310.



