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METEQPOAOI'IA.— Trends and Quasi-Biennial Pulses in the Tempe-
rature Field of the Stratosphere During the Period 1957 -
1972, by Christos S. Zerefos*. *Avexowvdddn vmo tob *Axadnuaizod
%x. "HiMa I". Magiohomovhov.

ABSTRACT

The mean temperature of the 30 - 50 mb isobaric layer was found
to drop to the south of 60°N by about 2°C during the period 1957 - 1972.
Superimposed on this trend are quasi - biennial pulses. The stratospheric
temperature fluctuations 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 - 72. I started
investigating 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, in searching possible solar influences on
that layer. The thickness of that isobaric layer was chosen as an objective
representative of its mean temperature. These thicknesses were compu-
ted from mean monthly heights of the 3omb and 50 mb isobaric surfaces
from data kindly supplied by Barbara Kriester of the Berlin stratospheric
group, as well as from data tabulations published in Meteorologische
Abhandlungen.

The time - latitude distribution of the thickness of the above men-
tioned layer, averaged over the four months June, July, August and
Septemper, 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.
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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 the
stratonull level (see for examble Webb [2]). It looks as if, moving north-
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wards, this oscillation is changed to a quasi 3 - year pulse which is evident
to the north of about 50°N, Angell and Korshover [3] examining 12-month
running means of 50 mb temperatures, at a few number of stations whose
location ranged from 80°N to 80°S, discussed the world wide 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 2°C (Hering et
al. [1]), several speculations can be drawn on possible radiative causes of
the biennial pulses observed. We presently leave this observational evi-

dence as a fascinating problem for feature research.
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With regard to figure 1, we can easily see that a surprisingly high
trend is evident in the latitude zone between 20 and 5o deg. northern
latitude. This trend was tested for its statistical significance by the well
known Mann - Kentall procedure. The Mann - Kentall statistic t is simly
defined as 1 = 4P/N (N —1) — 1, where N is the number of observations
used and P is the sum of the number of latter terms whose values exceed
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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 1 toge-
ther with its .05 and .01 confidence limits. As it appears from that figure,
significant trends occur between 20° to 50° deg. northern latitude. The
statistically significant total cooling observed in the 20- 50 deg. latitude
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zone amounts to about 40 geopotential meters, or about 2°C during the
sixteen year period under study. The small heating trend observed in
the high latitude zone is found to be insignificant even at the .05 confi-
dence level.

The cooling trend in the mid - low - latitudes, of approximately
2°C/16 - years, is in agreement with a cooling trend found in the atmo-
sphere (between 1ooo 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 - 63. However, although this trend con-
tinued to persist in all latitudes between about 20°-70°N, in the very
high latitude zone (80°-90°) it changed sign and a net, statistically insi-
gnificant, 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 sear-
ching 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,
air - ocean interactions, chemical composition changes, probable changes
in solar radiation components e.t.c. The field is widely open to specu-
lations and there is need of great effort to be donne in order to get
further insight to the above mentioned temperature changes, which
undoubtedly take place in the bulk of the atmosphere in our days.
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HEPIAHYIZ=

Ei¢ v noagoboav perérny EEnrdodnoav ai yoovoocepoi t0b mdyovg tol
oroatoopaioukot orodpatog 30 - 50 mb xata v meplodov 1957 - 1972, eig dud-



484 [NPAKTIKA THE AKAAHMIAE AOHNQN

@opu mhdtn tob Pfopelov fuopargiov. KEieédn Gt, voriwg tdv 60 powgdv mhd-
1ovg, 1) péon deguoxgacia 1o cTEdUATOg TOVTOU GroAovdEl orUTLOTINGC OMUAY-
A ~ ) 7 3 ’ N ’ \ ) [ . £
TRy atdowy, avegyouevnyv eig 2 mepinov faduovg Kedolov xara tiyv vmo pedérnmy
neglodov. ‘H edoedeion Yilig tig narwtépag orpatospaipag evpioxetar &v ovp-
@ovig mog Etéoug mewapatirag damotdoelg dvagegoufvag gic 1O xelpevov.
E ] Vs ~ -~ ’ ’ \ ~ < ’ 7 -2 A
Emngoodérwg thg xhpatnils tadmg tdoewg meog Wik, evoédnoav al yvooral
oyedov - dietelc nupdvoeg. Ta eboedévra dnoteréopara dmoxtodv Ert peyadvrégav

\ S ’ ~ < 3 ’ 3 f -~ [ ~ -~
otatotxny GElav Adye tob Su EENydnoav 2E Spoyevolg VAol mEOGEUTIRDC
3 7 [ \ -~ ’ -~ ’ - -~ A E) N 3
gneerpyacuévov vmo ot Ilavemornuiov 1ot Begohivov, dgpogotv 8¢ oyl eig uepo-
vouévovg oraduovs, dAka gig 6AdxAngov 10 Mwopaipov. Al evoedeicar xAparixai
ueraforal dmorelotv mavide whnata poxedv Sraxvudvoewv tig EAeviéoac
arpoogatoag
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