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Abstract. On the basis of 0zonesonde records up to 1998 thesondes, errors of measurements, etc. Also, the differences
responses on the equatorial quasi-biennial oscillation (QBO)can be associated with an inconstancy of characteristics of
manifesting in ozone, temperature, and wind (QBO effects)the equatorial QBO itself, as well as with an interdependency
were isolated in the region from the ground to altitudes asof the QBO and the annual cycle. Finally, the differences can
high as 35km at 22 stations located in Europe (7), Northreflect real regional characteristics of the QBO effects asso-
America (7), Japan (4), Hawaii (1), Australia (2), and Antarc- ciated with local peculiarities of the large-scale circulation.
tic (1).
The vertical structures of the QBO effects of ozone are rep- . . .
. Key words. Meteorology and atmospheric dynamics (cli-
resented as an alternation of layers of well-developed quasi- ) . ST
SR . . matology; general circulation; middle atmosphere dynam-
biennial signals, whose phases gradually change with height
. g . . cs)
and thin transitional layers of ill-developed signals, whose
phases change abruptly with height. The amplitudes of the
effects depend on height and reach the maxima of 3—6 nbar
in the lower stratosphere. At the majority of sites the ef-

fects are found to be approximately in phase between 20 an

23 km. . . .
Discovery of alternating regimes of westerly and easterly

Two types of the vertical structures of the temperature ~, : L . ;
QBO effects are found. At most of the sites located equa-W'ndS’ descending with time in the equatorial stratosphere

torward of about 50 the stratospheric temperature anoma- (Reed et al'? 196_1; Ebdon and YaryaTd'. 196.1)’ na_me_d b”e-
lies are characterized by downward propagation, whereas ause of their period by the term quaS|-b|enn_|aI oscillation
sites situated poleward of about°sthey look as column- QBO) (Anggll and Korshover, 1964) gave rise to numer-

like structures. Near the tropopause the effects frequentl;p

: . . Hasebe, 1984, 1994; Dunkerton and Delisi, 1985; Bowman
reveal dipole-like structure, when the stratospheric and tro- e ’ ’ ! ’ ’
P b 989; Lait et al., 1989; Hollandsworth et al., 1995; Ran-

heri li f ite signs. Th li
pospheric anomalies are of opposite signs e amplitude el and Wu, 1996; Randel et al. 1999; Dunkerton, 2001),

of the effects are in the range of 0.52Q. . . . )

The vertical structures of the QBO effects of horizontal T_he(cj)retlcallgs;;dles é“”dgelf.‘ an? I(-j|p|ton, 19§|8’ ':)Oltog gnﬁ
wind components reveal a diversity of patterns. The ampli-lg]szz_e[]i’ng an<):i’ Sgndr;]r? fgerIg'SGuraljsaﬁ%gﬁyleunl]QSaQrT Tuﬁg’
tudes of the QBO effects of the meridional and zonal Wmdsand Yang, 1994: Hess and O'Sullivan, 1995 Hamilton.

are comparable and lie in the range of 0.5-8m _As a 1998), investigating this phenomenon in dynamical param
rule, the maxima of the effects are noticed slightly below the ), gating phenc ay ap
eters and tracers, as well as its effects in low, middle, and

trolaogs:esrea,l aas gzltli;iscg: :]SZLTSSJE iﬁ?ﬁg?&:ﬁé d QBO efhigh latitudes. Versatile and most complete up-to-date infor-
fects is rather poor. However, a considerable part of them:gsitéwoib;;gwii 8[21? (Z%%f)e found in the comprehensive
reveal similarity, which can be hardly explained by chance. B ) )

Furthermore, the results agree with possible physical mecha- Although the equatorial QBO has been studied rather ex-
nisms of off-equatorial influence of the QBO, as well as with tensively, our knowledge about its global effects is still rather

results of other observational studies. fragmentary. In particular, we kpow little apout the height
Differences between the QBO effects obtained at diﬁer_dhgpendznci of the Eﬁe?tz n r(rjnddlef and high Izntudes. In
ent sites can be induced by peculiarities of corresponding} Is study, irom several decades of ozonesonde measure-

ozonesonde records, differing by periods, gaps, number ofnents we attempt to isolate, describe, and systematize the
vertical structures of the QBO effects, manifesting in ozone,

Correspondence tdS. A. Sitnov temperature, and wind, as well as to explain some of their
(sithov@ifaran.ru) peculiarities by physical reasons.

gj Introduction




1496 S. A. Sitnov: QBO effects manifesting in ozone, temperature, and wind profiles

180 W oW 0 0E 180E

. ﬂ%/ /:‘;“:;:;:;zze"E 'ggvo
g7 TN ] ﬁW
T e | RO [ X
LD |
R YA /
A
'R
NG

S [

BOW 0W S0E 180E

N

/

° Q%

: -
/A—/)
/_//

|
% I

\
\
\
><

I A

ED

Fig. 1. Geographic location of the ozonesonde stations used in this work.

Table 1. Indicators of monthly means of ozone, temperature and wind profiles utilized.

Year

Station Latitude | Longitude | Number | 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 85 67 88 89 9 91 92 93 94 95 96 97 98

Alert 82°N 62°W 602 Tmo"‘";r"g"":" A :
‘Wind Data ! ! ! ! ! ! ! ! ! ! ! !

Aspendale & Laverton | 38°S 145°E 1176 ? I
Berlin 53°N 13°E 357 e
Biscarrosse 44°N w 361
Boulder 40°N 105°W grp
Cagliari / Elmas 39°N 9°E 319 o
Churchill 59°N 9’ w 1052 o
Edmonton 53°N 114°W 1154 H
Goose 53N 60°W 1357
Hilo 20°N 155°W 50 e Lo
Hohenpeissenberg 48°N 1°E 3110 =======================
Kagoshima 32°N 131°E 554 — —— 1
Legionovo 53°N 2°E 812 Lo
Lindenberg 52N 15°E 1621
Naha 26°N 128°E 309 I | . ‘ . ' ’ ‘
Payerne 47°N 7°E 3635 ‘
Resolute 75N 95°W 1364
Sapporo 43N 141°E 601
Syowa 69°N 39°E 750
Tateno 36°N 140°E 802
Wallops Island 38°N 76°W 913

For each of the stations, from top to bottom, the indicators of available monthly means of ozone, temperature and wind are shown. Symbol
denotes that at least one profile of this parameter for a corresponding month exists.
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2 Data 3 Method

All available ozonesonde readings, with the use of measured

Ozonesonde data was obtained from the World Ozondif available) or model (Barnet and Corney, 1985) tempera-
and Ultraviolet Radiation Data Center (WOUDC) archive, tures, were converted from P to Z system. With the help of
which is a part of the Global Atmosphere Watch pro- linear interpolation the profiles were transferred onto a grid
gramme of the World Meteorological Organization. The with heights equidistant in the range of 1-35 km, with a step
WOUDC archive is operated by the Meteorological Service©f 1km, and supplemented by ground readings. At each of
of Canada and located in Toronto. The data are accessiblée heights monthly mean values were calculated. The ob-

through WOUDC FTP site ftp://woudc:woud@ftp.tor.ec.  tained time series were deseasoned by subtracting the long-
gc.ca/Archive-NewFormat/ozonesontlé®_1/. term monthly means and then detrended. To reduce high-

frequency variability and noise, as well as to suppress the

Two basic types of electrochemical ozonesondes wergemnants of the annual course the residuals were low-pass
used in balloon sounding — Brewer-Mast (BM) sondesfiltered by the 13-month running mean operator, to obtain in-
(Brewer and Milford, 1960) and electrochemical concentra-terannual anomalies. Then, using the superimposed epoch
tion cell (ECC) sondes (Komhyr, 1969). Accuracy and pre-method (Panofsky and Brier, 1958), the anomalies, having
cision of BM and ECC sondes are different. In general, ECCthe same lags relatively the months of the E-W phase re-
sondes give more self-consistent results than BM sondes (Loverses of the 50-hPa equatorial zonal wind (key-0 data) were
gan, 1994). Barnes etal. (1985) reported that precision (staraveraged. Statistical reliability of the average anomalies was
dard deviation) of ECC sondes was found to be 6-10% fromestimated by using Student’s t-statistics. The signals were
800 to 200 hPa, 5-6% from 200 to 10hPa, and thereaftetreated as significant at the 95% (90%) confidence levels, if
increased to 16% at 6 hPa, whereas accuracy was found e 95% (90%) confidence limits of their maxima and min-
be +(8-14)% from 800 to 300 hPa, +(3-5)% from 300 to ima were not intersected. Finally, with the help of isolines
50hPa, and about +10% from 50 to 15hPa. Still abovethe obtained individual height anomalies were combined to
the accuracy changed its sign and reachdd% at 6hPa.  represent a time-height structure of the QBO effects.
There were several BM-ECC sondes intercomparison cam-
paigns with rather different and even opposite results. De
Backer et al. (1998) reported that when using the standard Results
correction procedure there were significant negative (posi-_. , , )
tive) differences between BM and ECC profiles above 40F|gur_e 2 represents the obta_lned average anomalies at differ-
(below 100) hPa, respectively. Compared to the ECC sonde€Nnt s_|tes, smoothed for clarity additionally by_ the 7-month
the BM gave 10—-15% higher values in the troposphere, ap_runnlng _mean_oper_ator (that reduces the ar_nplltude of the 28-
proximately the same results near the 0zone maximum, an onth sinusoidal signal by about 10%). It is seen that most

about 5% lower values at 10 hPa. However, it was also founoOf :he afmom?lfs rgveall a quasr@e_nn;;al p.erlt')f@cny, however,
that with the use of a temperature- and pressure-dependeff'lY @ few of the signals are statistically significant. Because

correction procedure the differences between BM and ECCf)f this_, when de_sc_ribi_ng the results, particular attentiqn will
profiles become smaller than 3%, i.e. insignificant. This in-°€ Paid to the similarity of the QBO responses, even if they

dicated imperfection of the standard correction procedure.are statistical insignificant, assuming that an accidental dis-

Taking into account this fact and to increase the number oflay of such similarity is unlikely. On the other hand, dif-
ozonesonde data, in this paper no sonde selection based 5ﬁrences between the QBO effects must be treated carefully.

the correction factor value was done. They need further comprehensive analysis.

The QBO attributed signals were successfully isolated at*.1 Europe
22 ozonesonde stations, whose locations are displayed in

Fig. 1. Table 1 displays indicators of utilized monthly mean N SPite of the lack of a unified QBO response of ozone
profiles of ozone, temperature and wind. It is seen thatthere is a noticeable likeness between amplitudes and phases

ozonesonde records differ by periods of measurements, nun®f the QBO responses manifesting in stratospheric ozone

bers of sondes, presence or absence of temperature and wifidj the stations characterized by long records: Hohenpeis-
profiles, accompanying the ozone profiles, etc. Some of th&€NPerg, Payern, and Lindenberg, as well as (to a lesser
records have large gaps. As a rule, observations of the sanfi€9re€) at Cagliari/Elmas (Fig. 2). The vertical structures
parameters obtained at different stations span different peri®f 0Z20ne anomalies reveal two regions of well-developed

ods. On the other hand, it is seen that even at the same stati(Sjljr""‘Si'bienmaI signals — one in the lower stratosphere and an-

ozone, temperature, and wind measurements can span diffepther in the middle stratosphere, with amplitudes of about 5

ent periods, too. When comparing the results, it is necessargnd 3nbar, respectively, and phases gradually changing with
to take into account this data inhomogeneity eight. These regions are separated by a transitional layer
in which quasi-biennial signals are small but their phases

Monthly mean equatorial zonal wind data was taken fromchange abruptly with height. It is seen that anomalies mani-
Naujokat (1986, with updates). fested immediately over the transition lag those manifested
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Contour interval in ozone is 1 nbar Contour interval in ozone is 0.5 nbar Contour interval in ozone is 0.5 nbar
(below 7 km - 0.25 nbar); (below 9 km - 0.25 nbar); (below 9 km - 0.25 nbar);
in temperature - 0.2 degrees; in temperature - 0.1 degrees; in temperature - 0.05 degrees;
in meridional and zonal winds - 0.2 m/s. in meridional and zonal winds - 0.2 m/s. in meridional and zonal winds - 0.1 m/s.

Fig. 2. Time-height sections of the QBO effects. Rows from top to bottom: ozone (nbar), tempef&@ureeéridional wind (vs—1), and

zonal wind (ms~1). Zero isolines are omitted. Positive deviations in ozone and temperature, as well as northward and eastward winds are
shaded. Lag is time in months relative to a month of the E-W phase reversal of the 50-hPa equatorial zonal wind. Black (grey) squares on
the right sides mark the heights where 95% (90%) confidence levels of positive and negative anomalies, forming quasi-biennial signal are
not intersected.
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Fig. 2. Continued.
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Fig. 2. Continued.
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immediately beneath it. There are some evidences of théropics (Fig. 1). For all appearances, a geographic diver-
existence of other transitional layers. Thus, at Lindenbergsity of sites increases the differences between the QBO ef-
Hohenpeissenberg, and Payern they can be traced at abolgicts manifesting on them (Fig. 2). Nevertheless, the QBO
8km and 16 km, whereas between 10 and 15 km weak locatesponses obtained at the North American stations reveal a
maxima are displayed. In the lower stratosphere there is mumber of similar features.
hint of the downward propagation of the signals. Since at At the majority of the stations there is a region, of several
most of the European stations whose data were considered#tjlometers thick, centered at about 20 km, where the most
the yearly mean tropopause is positioned at about 12 km, thdeveloped quasi-biennial signals of ozone exist, reaching the
statistically significant quasi-biennial anomalies manifestingamplitudes of 6 nbar (at Boulder). These signals differ in
at heights 9—10km at Legionovo and Payern give evidencghases at most by 3 months and have minima timed to about
for QBO responses, occurring in the tropospheric ozone. the 50-hPa E-W equatorial QBO reverses. Over this region
Two different types of the QBO responses of tempera-the signals reveal transitional layers. Above the transitions
ture are found: at Hohenpeissenberg, Payern, and Biscathe well-developed quasi-biennial signals, characterizing by
rosse the responses are characterized by downward propagde time lag relatively signals revealing at 20 km, manifest
tion of anomalies with the rate of the phase descent of abouthemselves again. At the mid-latitudinal stations the transi-
1 km- month1, while at the rest of the stations stratospheric tional layers can be also traced at heights 15-17 km. Below
temperature anomalies reveal column-like structures. Atl5km there is a variety of quasi-biennial anomalies patterns.
all the European stations the phase differences between thdowever, at Resolute and Goose a noticeable likeness be-
anomalies, occurring between 20 and 30km, do not exceetiveen the QBO effects is clearly seen from the ground up
3 months. For both types of responses a monotonous heightntil the middle stratosphere (it is noteworthy that at these
dependence is disturbed near the tropopause, and anomaligées most of the stratospheric signals are statistically signif-
reveal a tendency to be in opposite phases in the lower stratgeant). In particular, at both of the sites the anomalies re-
sphere and in the troposphere. Some similarity of the tropoveal downward propagation below 22 km. There is a hint on
spheric QBO responses can be found at Berlin, Legionovothe downward propagation of the lower stratospheric ozone
Lindenberg, and Hohenpeissenberg. Amplitudes of the QBCanomalies at Edmonton and Wallops Island. With the ex-
effects of temperature are in the range of 031 ception of Churchill and Edmonton, well-developed quasi-
The quasi-biennial signals of the meridional wind obtainedbiennial ozone anomalies can be seen in the troposphere, es-
at Legionovo, Lindenberg, Hohenpeissenberg and Biscarpecially in its lower part, where they are approximately in
rosse have approximately the same phases between 25 apfiase (it is seen that at Boulder and Wallops Island the lower
30 km. Also, there is a similarity between zonal wind anoma-tropospheric signals reach the amplitudes more than 1 nbar,
lies at Lindenberg, Hohenpeissenberg and Biscarrosse, d%ing, however, insignificant).
well as at Payern (only below 17 km). It is seen that the The quasi-biennial anomalies of temperature reveal nearly
quasi-biennial signals of the meridional wind obtained atthe opposite phase relation between the lower stratospheric
Lindenberg are significant from 7km up to 30km, while and tropospheric anomalies. This peculiarity is most clearly
those obtained at Legionovo (located at about 500 km disseen at Goose, where the anomalies are statistically signif-
tance east from Lindenberg) are significant from 4 km upicant. At most of the stations the amplitudes of the QBO
to 15km. The anomalies at Legionovo and Lindenberg areeffects are in the range of 0.3-9@& while in the middle
approximately in phase, revealing the maxima at 10km,stratosphere at Resolute they excee@,lbeing statistically
where the amplitudes of the signals reach the values of abougignificant. At Wallops Island the stratospheric anomalies re-
2.5ms tand 1 ms1, respectively. veal downward propagation with the rate of the phase descent
It is difficult to elicit a single phase relationship between of about 1 kmmonttrL. At the Arctic stations the local sur-
quasi-biennial anomalies of different parameters indentionface maxima of the quasi-biennial anomalies of temperature
As arule, in the stratosphere temperature leads ozone by 3aré observed.
6 months, with a tendency to increase the difference with At all the stations, above 20 km, the phase differences be-
height. Nearly the opposite phase relationships between thiveen the quasi-biennial anomalies of the meridional wind
QBO responses of ozone and temperature are manifeste@P not exceed 6 months. At the mid-latitudinal Canadian
above 30km at Payern, as well as between 3 and 7 km agtations stratospheric quasi-biennial anomalies of the zonal
Legionovo and Lindenberg. Most of the positive (negative) wind are in phase. In the same way the matters stand with
anomalies of temperature, manifesting above 20 km at Lethose isolated at the Arctic stations. Amplitudes of the statis-
gionovo, Lindenberg, Hohenpeissenberg, and Biscarrossdically significant signals of the horizontal wind components

are associated with south (north) wind, respectively (Fig. 2).are in the range of 0.5-1.87™.
Phase interrelations between QBO responses of different

4.2 North America parameters vary between stations. Thus, at Alert the QBO
responses of ozone and temperature are in phase above 5km.
The North American stations are more widely spaced thanAt the rest of the sites (with the exception of Boulder), in
the European ones, representing the Arctic, middle latitudesthe regions where both the ozone and temperature QBO re-
and a transitional zone between middle latitudes and the subsponses are well-pronounced, the phase differences between
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them do not exceed 3 months, but in contrary to the Europeaiproximately in antiphase in the regions from the ground to
stations the stratospheric effects of ozone often lead those ialtitude of 15 km at Sapporo and Naha, as well as above 26,
temperature. At Boulder above 25km ozone leads tempera27 and 30 km at Tateno, Kagoshima, and Naha, respectively.
ture by about 8 months.

43 Japan 4.4 Hawaii

The quasi-biennial anomalies of ozone are well-developed ifThe vertical structure of the ozone anomalies at Hilo reveal
the regions 17-26 km at Sapporo, 19—26 km at Tateno, 19five regions of well-developed quasi-biennial signals, cen-
27 km at Kagoshima, and 20—28 km at Naha. In the regiontered at the surface, as well as at the heights of 7, 15, 23,
20-25km the phase differences between anomalies, manand 30 km, with the amplitudes of 2, 1, 1, 5, and 3 nbar, re-
festing at the same height at these stations, do not exceespectively. These regions are separated by transitional layers
3 months. The anomalies reach the amplitudes up to 5nbagcentered at the heights of 5, 11, 17, and 27 km. Between
(at Kagoshima) and reveal a hint of the downward propaga-18 and 26 km the ozone anomalies reveal downward prop-
tion. Between 26 and 30 km the transitional layers of theagation. The anomalies manifesting immediately above the
signals become apparent. Above the transitions noticeablé7- and 27-km transitions lag those manifesting immediately
guasi-biennial ozone anomalies, characterizing by the timébelow. Nevertheless, on the whole, the QBO responses mani-
lag relatively those displaying in the region 20—25 km, mani- festing above and below 11 km are approximately in opposite
fest themselves again. Itis seen that the stratospheric anomghases.

lies are shifted, as a whole, to higher altitudes with the de- 11,4 quasi-biennial signals of temperature clearly reveal

crease of latitude. The transitional _Ia_lyers also e>_<ist in thethemselves in the range of heights from the ground up to
region 15-20 km. Below thgse transmons the.vertlcal struc-gg km, manifesting downward propagation with the rate of
tures_of the ozone anomalies substantla_llly differ, _neverthe~[he phase descent of about 0.7-kmnth! in the strato-
Iess,_ itis seen, that the lower tropospheric anomalies are @Rsphere and approximately twice as much in the troposphere.
proximately in phase. The signals reveal the local maxima at the heights of 11, 22,

The vertical structures of temperature responses reveajnq 33km, where the amplitudes of the signals are about 0.5,
the downward propagation of the stratospheric anomaliesole' and 2C, respectively.

as well as a hint of the upward propagation of the tropo- S :
spheric anomalies. The rate of the phase descent of about The qua5|—p|enn|al a_nomahes of ozone_and tem-perature
1.5kmmonth ! is noticed at Sapporo and twice as little are in phase in the regions 18-26km and in opposite phase
as the others. The lower boundary of the region of theabove 27 km.

downward propagation of the anomalies reveals a tendency

to be shifted to higher altitudes with the decrease in lati-4.5 Australia

tude that coincides with a tendency of the tropopause to be

higher and. colder with the decrgase in Iatlt_ude. The maxi-, QBO effect of ozone is manifested above 8km. The
mum amplitudes of the anomalies, exceedii@, lare no-

ticed in the middle stratosphere above Kagoshima, Where&gnals are statistically significant in the region 18-23 km,

S o o eaching the maximum of 4 nbar at the height of 20 km. The
the quasi-biennial signals are statistically significant, and o o . X
. transitional layer is noticed at 16 km. It separates tropo-
about 0.8C at the rest of the stations.

Statistical . £ th i_biennial i fspheric and lower stratospheric effects. Another one, situated
_otatstical provision of the quasi-biennial anomales of o4 5g km, separates lower stratospheric and middle strato-
wind is rather poor. Nevertheless, the anomalies of the zon

. i . ..Spheric effects. When crossing the transitions, the quasi-
wind show some resemblance: there is aImos.t an OppOSItBiennial anomalies reverse their phase. Between the transi-
phase_ relation .between the lower stratospheric .and OP%ons the ozone anomalies reveal downward propagation with
sphenc anomalies. In the troposphere the zonal wind anomag o yascent rate of about 0.6 kimonths L.
lies reveal a tendency to be lagged and strengthened with the S . )
increase in latitude. The amplitudes of the anomalies reach The quasi-biennial anomalies of temperature are not dis-
the values of 0.8rs~! at Naha, 1.6ns ! at Kagoshima, played so_cle_grly as Fhose of ozone, however_, they reveal sta-
2.2ms™! at Tateno, and 3rs~! at Sapporo. Despite that tistically significant signals at a number of heights Ioc_:ated in
the QBO responses of the meridional wind differ betweenthe lower s.tratosph.ere and troposphere. The amplitudes of
stations, the quasi-biennial anomalies manifesting betweef€ anomalies vary in the range of 0.4€l
20 and 25 km are in phase. The quasi-biennial signals of horizontal wind components

Due to downward propagation of the temperature anomamonotonically change their phases with height. The merid-
lies the phase relations between them and the ozone anomanal wind anomalies are maximum in the region 4—18 km
lies, vary with height. However, it is seen that the ozone andand reveal the upward phase propagation, whereas the zonal
temperature anomalies are approximately in phase in the rewind anomalies reveal a hint on the downward phase prop-
gions 15-26 km at Sapporo, 19—-26 km at Tateno, 19-27 knagation. Amplitudes of the signals are in the range of 1-
at Kagoshima, and 20-30 km at Naha, whereas they are a2ms 1.
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4.6 Antarctic Thirdly, a positive correlation between the ozone and tem-
perature anomalies observed at most of sites between 20 and
The anomalies of ozone, temperature, and wind isolated a25km agrees with theoretical concepts of physical mecha-
Syowa clearly display a quasi-biennial periodicity in the tro- nisms, which may be responsible for evolution of these pa-
posphere and stratosphere. The peaks of the ozone anomeameters in the low stratosphere. Despite that the last two
lies of about 4 nbar are noticed in the region 15-20 km. Thereasons are only indirect proofs of the reality of the anoma-
temperature anomalies reach the maxima@ &t heights lies, they can be hardly explained by chance.
19-22 km. The anomalies of ozone and temperature are ap- Two aspects of the question of whether the obtained quasi-
proximately in phase and reveal a hint of the downward prop-biennial signals could result from the method applied were
agation in the lower stratosphere. The anomalies display noeonsidered. Firstly, since averaging in the method is realized
ticeable asymmetry, namely negative anomalies last a longefior the lags£24 months relative to key-0 data, whereas the
time than positive ones. period of the key-0 data is on average of about 28 months,
The phase relation between the horizontal wind compo-a strong separate anomaly characterized by lags more than
nents is such that wind oscillations have predominantly a+14 or less than-14 could be repeated twice in an average
NE-SW direction. Below 25 km the amplitudes of the wind signal (before and after key-0 datum), producing, thereby, a
anomalies are of about 1-871, but there is a hint that they false periodicity. It is clear that the risk of obtaining such
are on the increase above this height. false signals is higher at the stations with a short period of
It is seen that the phases of the quasi-biennial anomaliesbservations. In the study this problem was solved by testing
of all the parameters are synchronously changed with heighof time series and removing the residuals whose amplitudes
which assumes a strong correlation between ozone, tempeexceed three standard deviations. Secondly, a quasi-biennial
ature and wind components. periodicity could result from a quasi-regularity of sampling.
To clear this point the following test was carried out. At each
height residuals were replaced by random signals, having the
5 Discussion same period, gaps, and standard deviation as corresponding
residuals. The sets of random profiles, constructed on the ba-
There are three main arguments evidencing in favor of asis of such random signals, were underwent the same proce-
conclusion that the obtained anomalies are the responseture as the real profiles and the results were compared. The
on the QBO: the anomalies were obtained with the help ofnumerous comparisons (at each site for each parameter) re-
the superimposed epoch method, in which certain phases ofealed essential differences between the amplitudes, periods,
the equatorial wind QBO were used as the key-0 data; thesertical structures and coherence of signals obtained from
obtained results agree with theoretical and model conceptseal and random time series. A nearness between the ampli-
about physical mechanisms of off-equatorial effects of thetudes of real and imitative “average anomalies” was noticed
QBO in ozone and temperature; the obtained results agrei less than 1% of the cases. At that, the largest differences
with results of other observational studies concerning off-between them were noticed in the vicinity of the local height
equatorial effects of the QBO. However, it is necessary tomaxima of the QBO responses. Thus, most of the obtained
clear the role of other sources in making the quasi-biennialanomalies are not the result of the method applied.
signals’ appearance. Generally speaking, some of these sig- To clear up the question of whether among the obtained
nals could be obtained accidentally, some of them could bejuasi-biennial signals there are those whose origin is unre-
the effects of the method applied, and finally, some of the sig{ated to the equatorial QBO, the residuals were averaged rel-
nals could be generated by physical mechanisms unrelated tatively the E-W reverses of the equatorial zonal wind, oc-
the equatorial QBO. curring at different levels. If at some fixed height an aver-
It follows from Table 1 that even at the stations with long age anomaly, obtained by averaging the residuals relatively
periods of observations (Resolute, Hohenpeissenberg, Pay0-hPa key-0 data relates to the equatorial QBO, then those
ern (ozone only), and Goose Bay) a number of QBO cyclesobtained relatively 10, 20, 30, and 70 hPa key-0 data have
synchronized with observations and, therefore, a number ofo reveal the same shifts as corresponding key-0 data do.
possible QBO responses available for averaging does not eX/hen comparing the anomalies averaged relatively key-0
ceed 14. Thus, a statistical provision of the averages is rathedata taken at different levels, it was found that this was the
poor and the presented work is a descriptive phenomenologease. At that, not only major peculiarities of the verical struc-
ical study rather than a statistical study. However, it is alsotures of the anomalies but frequently their fine details were
clear that some of the obtained anomalies are not accidentalbtained to be very similar but shifted, as a whole, by lags
formations. In particular, in the low stratosphere the majorclose to those between the corresponding key-0 data. Thus,
part of the anomalies of ozone and temperature are, for alit is very likely that most parts of the obtained anomalies are
appearance, real. Firstly, a part of them are statistically sigof the same genesis and represent the responses on the equa-
nificant. Secondly, at the majority of sites the ozone anomatorial QBO.
lies are found to be approximately in phase in the region of Differences between the QBO responses obtained at dif-
heights 20-23 km, while a part of the stratospheric temperferent sites can be attributed to a number of reasons. Firstly,
ature anomalies displays a similar downward propagationthey can be explained by the fact that ozonesonde records
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at different sites differ by errors of measurements, periodsthe relative contribution of individual anomalies with an av-
gaps, number of sondes, etc. Secondly, the differences cagrage signal increases with height. It is clear that the more
reflect an inconstancy of characteristics of the equatoriakesponses are averaged, the lesser the role of the variations in
QBO itself, whose period and amplitude change with time.the QBO period and specific phase combinations between the
Thus, from 1965 until 1998 the period varied from 23 to 34 QBO and the annual cycle plays. Itis seen from Fig. 2 that at
months. Therefore, in the observations embracing differenteast in ozone and temperature there is a tendency: the longer
time intervals different responses can be expected. In thishe time series, the clearer the anomalies. It is rather compli-
connection it is interesting to compare the QBO effects iso-cated to infer from the results the possible geophysical causes
lated at Berlin and Biscarrosse, whose records are approxief the differences. However, regional differences of the QBO
mately of the same duration (Table 1). The observations ateffects in total ozone were repeatedly mentioned in literature
Berlin (1966—-1972) were synchronized with two complete (e.g. Wilcox et al., 1977). Among possible causes of them are
cycles of the QBO. The period of the first cycle was 33— local peculiarities of the large-scale circulation influenced by
34 months, while the period of the second one was 23-24rographic condition, stationary planetary waves, changes in
months. Thus, the QBO effects at Berlin could be a com-the jet streams positions, etc. It is worth noticing that under
bination of the responses on the QBO of two substantiallysuch abundance of possible reasons for the differences, the
different periods. It is reasonable to suppose that the timamost surprising is the fact that the QBO effects, nevertheless,
scales of the responses could also be different and the aweveal common features.

erage response appears to be blurred. On the contrary, the When discussing a degree of belief of the results it is nec-
observations at Biscarrosse (1976—1982) were synchronizeessary to take into account not only the statistical significance
with two cycles of the QBO, approximately for the same pe- of the results but also some physical considerations. The
riod (~29 months), and it is very likely that the time scales obtained results agree with the theoretical concepts about
of the responses were similar. Indeed, it is seen (Fig. 2) thapossible mechanisms of influence of the equatorial QBO. In
the QBO effects are displayed at Biscarrosse more clearlyarticular, the quasi-biennial signals of temperature obtained
than at Berlin. Thirdly, an interplay between the QBO and in the tropics and subtropics agree with a theory of low-
the annual cycle can also lead to differences. The effectdatitude QBO and its models. It is generally accepted that the
of such an interplay must vary with space and time, due towesterly (easterly) shear of the equatorial stratospheric zonal
varying phase interrelations between these phenomena. It iwind, through the thermal wind balance, is accompanied by
clear that due to the relative shortness of ozonesonde recordgswarming (cooling) of the equatorial stratosphere. To main-
and gaps occurring in them, the obtained QBO effects reflectain the temperature disturbances in the presence of radia-
specific phase interrelations between the QBO and the antive damping, the meridional circulation arises with down-
nual cycle, occurring during records, and are, therefore, tovard (upward) motion on the equator and upward (down-
a certain extent unique. Another reason for the differencesvard) motion in the subtropics (Reed, 1964; Plumb and Bell,
is associated with a seasonal dependence of the QBO effect®982). The equatorial and subtropical branches of the QBO-
(at least in ozone). The question is that at different stationsnduced circulation are separated by nodal lines situated ap-
the frequency of the ozonesonde launches was different iproximately at 10N and 10 S. Because the low-latitude
different seasons. Moreover, at several sites in individualozonesonde stations used in this work are located poleward
seasons there were not launches at all. This means that the the nodal lines (Fig. 1), the negative quasi-biennial anoma-
QBO effects at such stations are characteristic only for sepalies of temperature, manifesting in the stratosphere at these
rate periods of the year and can differ from those obtained astations, should coincide with the westerly shear of the equa-
the stations with regular sounding, conducting all year roundtorial stratospheric zonal wind. Taking into account that
In particular, at Sapporo, Tateno and Kagoshima, there werever the equator the 50-hPa pressure level is at a height of
not summer measurements in the period between 1978-1988bhout 20.5 km, as well as that in the layer 70-10 hPh3-
(Table 1). Therefore, the QBO effects at these sites reflecB2 km) maximum westerly shears correspond approximately
the anomalies manifesting mainly in the period from autumnto the E-W phase reverses, and, therefore, descend with the
to spring. Another situation was at high-latitude stations.rate of about 1 knmonth! (e.g. Huesmann and Hitchman,
Thus, at Resolute the number of sondes reaching the heigl001). One can deduce that the maximum negative tem-
of 25km in summer was 30% more than that in winter andperature anomalies found between 20 and 30km at Naha,
the difference increased with height. This means that theKagoshima, Tateno, and Wallops Island coincide with the
yearly mean QBO effect becomes more and more characeorresponding westerly shear maxima of the equatorial wind.
teristic for the summer condition with height. The aforesaid On the other hand, such a coincidence can also be traced
causes most noticeably must reveal themselves between tta several mid-latitudinal stations, where the temperature
stations with short time series of observations spanning dif-anomalies reveal downward propagation, namely at Hohen-
ferent periods. At such stations the average responses apeissenberg, Payern, Lindenberg, Biscarrosse, and Sapporo.
dominated by anomalies occurring in separate periods, andlhis fact evidences that the direct QBO circulation influ-
therefore, may not be quasi-biennial at all. It is also nec-ences stratospheric temperature over Europe, Japan, and the
essary to notice that at every station, because a number dJSA. This inference is in tune with the results of the UKMO
sondes reaching a certain height is diminished with heightanalysis done by Randel et al. (1999), who demonstrated,
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in particular, that in 1993-1994 the return branch of themaxima at the heights of 22 and 32 km. It can be seen from
QBO-induced circulation extended up to°30-S (see their  Fig. 2 that at Hilo the anomalies of ozone and temperature
Fig. 18). At several stations without downward propaga-are indeed in phase in the region 18—-26 km and in opposite
tion of the temperature anomalies, the above-mentioned rephase above 27 km, as well as that at the heights of 23 and
lationship between equatorial wind shear and local strato-30km where the local maxima of the ozone anomalies are
spheric temperature can be seen in the lower stratosphere asduated. However, it is necessary to note that the rate of
only over Canada it is not evident. It is worth noticing that descent of the temperature anomalies is less than that at the
Canadian stations used in this work are situated polewarequator, used in the model, that may be because Hilo is lo-
of 50° N, and the discrepancy may reflect different physi- cated not far from the nodal line and, therefore, the direct
cal mechanisms responsible for the low-latitude and high-QBO circulation here is characterized by smaller vertical ve-
latitude QBO effects. Kinnersley and Tung (1999) tested sevdocities in the stratosphere, as compared with those at cites
eral possible mechanisms of the inducing of a stratospherisituated near the equator or far poleward. The amplitudes of
extratropical circulation anomaly by the equatorial QBO andthe stratospheric 0zone anomalies at Hilo may be compared
concluded that in low and middle latitudes the main cause ofwith the results of Chipperfield et al. (1994), who isolated
the anomaly is the direct QBO circulation, while at high lati- the ozone QBO using SAGE Il data. In that paper the per-
tudes itis formed due to the modulation of the planetary wavecentage ozone QBO effect obtained at the height of 24.5 km
potential vorticity flux by the QBO. The structures of the at latitude 20N is about 3%. At the same height at Hilo
QBO effects in temperature found in the NCEP reanalysis bythe percentage ozone anomaly amounts to 2.3% (the yearly
Huesmann and Hitchman (2001) are in tune with this infer-mean ozone partial pressure at this height is about 130 nbar).
ence. It can be deduced from their Fig. 12, that equatorward An existence of the transitional layer, separating the lower-
of 50°, the stratospheric quasi-biennial temperature anomaand middle-stratospheric signals, leads to a so called “two-
lies gradually progress downward in time, whereas polewarctell” structure of the stratospheric QBO effects of ozone ob-
of 60° observed at different heights anomalies change intained by Zawodny and MacCormick (1991) at the equa-
time synchronously, revealing column-like structures. Thetor and by Randel and Wu (1996) in the mid-latitudes. The
column-like structure of the QBO effect in temperature wasabove two studies used satellite data of the SAGE Il instru-
also simulated in the model study of Tung and Yang (1994)ment and, therefore, were limited by heights~t0—45 km.
(their Fig. 2), who explained this structure by the fact that This study deals with the range of heights from the ground
the temperature anomalies are associated with a circulationp to 30-35 km, and it can be seen (Fig. 2) that at most of the
anomaly, induced by planetary wave breaking affecting thestations there is also a rather well-defined transitional layer
broad stratospheric layer. The vertical structures of the temiocated between 15 and 20km and a hint of the existence
perature anomalies obtained in this work agree with theof another one located in the troposphere (e.g. at Resolute,
above results. From Fig. 2 it is seen that at most of the staGoose, Hilo, etc.). Between the transitions the local max-
tions located equatorward of 38 the temperature anoma- ima of the ozone quasi-biennial signals are situated. Thus, it
lies are characterized by the downward propagation, whereaseems that the layered structure is a peculiarity of the vertical
at most of the sites situated poleward of BOthe tempera-  structure of the QBO effects of ozone.
ture anomalies are characterized by a column-like structure. In the lower stratosphere the region of well-developed
Huesmann and Hitchman (2001) also noted a tendency foguasi-biennial ozone anomalies collocates with the region of
strong quasi-biennial temperature perturbations just abovéhe large vertical gradients of ozone. Taking into account that
the equator tropopause to be accompanied by weaker, oghe photochemical relaxation times of ozone in this region is
posite perturbations just below it. Similar tendencies of therelatively long, the QBO effects of ozone in the lower strato-
QBO effects of temperature can be observed at a number adphere may be explained by quasi-biennial modulation of the
off-equatorial stations (Fig. 2). This feature is most clearly vertical ozone advection (see also Bowman, 1989; Randel
seen at Goose, where the effects in lower stratosphere arahd Wu, 1996). In low latitudes such a modulation may be
troposphere are in opposite phases. the result of a direct influence of the return branch of the
The vertical structures of the QBO effects of ozone andQBO-induced circulation, while in high latitudes it may be
temperature obtained at Hilo agree with the model results othe result of the anomalous quasi-biennial circulation, in-
Ling and London (1986), who showed that in the tropics theduced by planetary wave breaking, driven by the equatorial
QBO signals in ozone and temperature must be out of phas®BO. Whichever of the above mechanisms forces the ver-
between 30 and 35km, but in phase below 28 km. The dif-tical advection of ozone, the result seems to be similar and
ferent correlation between the ozone and temperature signalsis very likely that in middle latitudes both the mechanisms
in the low and middle stratosphere the authors explained byperate at the same time. In the middle stratosphere the phys-
switching from the photochemical control of the ozone bud-ical mechanism of the quasi-biennial periodicity of ozone is
get to a regime dominated by transport processes. They adifferent. Zawodny and McCormick (1991) found the quasi-
gued that the ozone signal in the photochemically controlledbiennial signals of N@between 25 and 40 km, and Chipper-
region was due to the effect of the temperature signal on thdield et al. (1994) inferred that namely these signals are the
rates of the reactions controlling the ozone destruction. Alsomain cause of the quasi-biennial signals of ozone in the mid-
the authors found that the ozone QBO must have the locatlle stratosphere. Randel and Wu (1996) found in this region
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strong negative ozone-Norrelation with an abrupt lower needs further study. Taking into account this fact and also
boundary sloped to the pole (their Fig. 18) and deduced thathat some authors showed that the tropospheric variability
in turn the quasi-biennial signals of N@ the middle strato-  on the time scales from 2 to 3 years may be the result of
sphere may be due to transport variations. The results prea tropical atmosphere ocean interaction (e.g. Meehl, 1993)
sented in this paper are in tune with these findings. It can ber multiscale interactions (e.g. Goswami, 1995), the ques-
seen from Fig. 2 that at several stations there is a hint of theion arises as to whether the obtained tropospheric signals
downward propagation of the ozone, anomalies above 30 knare the effect of the equatorial QBO or they are produced
that may be associated with the W@ansport. Also, the by another mechanisms. To answer this question it is neces-
regions of the lower stratospheric and middle stratosphericsary to take into consideration the fact that the phase differ-
guasi-biennial anomalies of ozone as well as the transitiorences between stratospheric and tropospheric quasi-biennial
between them, indeed reveal a tendency to be lowered witlanomalies obtained by averaging of the residuals in their
latitude. Such a tendency can also be seen in the latituderelation to key-0 data taken at different levels are approx-
height structure of the ozone anomalies caused by the QBOmately the same. This fact evidences in favor of correla-
derived from SAGE Il data by Kinnersley and Tung (1999) tion of the stratospheric and tropospheric anomalies. There-
(their Fig. 5b). Worthy of note is the fact that integrated over fore, it may be supposed that the mechanisms of genera-
all heights the anomalies of the ozone partial pressure agregon of the quasi-biennial oscillations in the troposphere and
well with the QBO effects documented in total ozone contentstratosphere are synchronized, and it is very likely that both
(e.g. Bowman, 1989). mechanisms have the same fundamental cause — equatorial
An important point of the obtained results is the ex- QBO. Near the tropopause a local minimum of the quasi-
istence of the tropospheric quasi-biennial signals, as welbiennial signals occurs frequently. The minimum is often
as their relation to corresponding stratospheric phenomaccompanied by the phase shift of the signals. This pecu-
ena. Obtained with the help of ozonesonde data the yearljiarity is more noticeable in temperature, but at several sites
mean tropopause positions are9km at Alert, Resolute, it may also be found in ozone and wind. It is seen (Fig. 2)
and Syowa (the polar tropopause),l2 km at Berlin, Le- that at high-latitudinal stations and at several mid-latitudinal
gionovo, Lindenberg, Hohenpeissenberg, Payern, Biscarstations the quasi-biennial anomalies of ozone can penetrate
rosse, Churchill, Goose, and Edmonton (the mid-latitudinalthrough the tropopause from the low stratosphere to the tro-
tropopause)~17-18 km at Tateno, Kagoshima, Naha, and posphere (e.g. at Resolute, Goose). This fact evidences that
Hilo (the tropical tropopause). At Cagliari/Elmas, Boul- the quasi-biennial variability of ozone is a component of the
der, Wallops Island, Sapporo, and Laverton both the mid-stratospheric-tropospheric exchange of ozone. Also, it can
latitudinal and tropical tropopauses are manifested in thebe seen that the lower stratospheric transitions noticed in the
yearly mean temperature profiles. Thus, it is seen that thevertical structures of the quasi-biennial signals of ozone at
quasi-biennial signals also appear in the troposphere (Fig. 2a number of mid-latitudinal stations, for example, at Ho-
being, for the most part, insignificant (only the anomalies of henpeissenberg and Payern collocate at the position of the
ozone at Hilo, of temperature at Goose, of meridional wind attropical tropopause. It is interesting to trace the changes in
Legionovo and Lindenberg, and of the zonal and meridionalthe vertical structures of the ozone and temperature anoma-
winds at the Payern are significant at a number of adjacenlies, observed at the Japanese stations. While the height of
heights). In general, the tropospheric quasi-biennial signalghe tropical tropopause obtained at these stations is approxi-
reveal more differences as compared with lower stratospherienately the same~17-18 km), the tropopause temperatures
signals. are different, being equal te 56°C at Sapporo—64°C at
There are several repeating types of mutual dispositionTateno,—69°C at Kagoshima, and-75°C at Naha. When
of the tropospheric and stratospheric quasi-biennial anomaeomparing the vertical structures of the anomalies one can
lies. At a number of sites the tropospheric anomalies looksee that a boundary, separating the stratospheric and tropo-
like prolongation of the lower-stratospheric anomalies orspheric signals, becomes more noticeable with the decrease
vice versa (e.g. ozone at Resolute or temperature at Payn the tropopause temperature. It is necessary to notice that
ern). Most of the tropospheric temperature anomalies aret some stations, at which observations are rather long and
nearly in opposite phase with the lower-stratospheric anomaeontain few gaps, the vertical structures of the anomalies ob-
lies (the most striking example is the temperature QBO attained by the superimposed epoch method agree with vertical
Goose). Also, it is seen that, if the wind reveals the max-structures of the quasi-biennial signals obtained with the help
imum near the tropopause, its upper-tropospheric anomaef spectral analysis. An accordance of the results of two inde-
lies are nearly in phase with lower-stratospheric anomalieppendent methods (Sitnov and Bezverkhny, 2000) evidences
(e.g. the meridional wind QBO at Lindenberg). Unfortu- for the reality of the results of both studies.
nately, only the stratospheric and tropospheric anomalies of
temperature at Goose and those of meridional wind at Le-
gionovo and Lindenberg coexist to be statistically significant.
Thus, on the basis of the obtained results it is hardly possi-
ble to infer a certain relationship between the tropospheric
and stratospheric quasi-biennial anomalies, and this question
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6 Conclusion cycle occurring during records, and, therefore, are to a cer-
tain extent, unique. Another reason for the differences is as-
The QBO effects, manifesting in ozone, temperature and horsociated with a seasonal dependence of the QBO effects. The
izontal wind components as variability of these parametersyoint is that at different stations the frequency of ozonesonde
on the equatorial QBO period (24-32 months) are distinctlylaunches was different in different seasons. Moreover, at sev-
seen both in the stratosphere and in the troposphere, in lovgral sites in individual seasons there were not launches alt all
middle and high latitudes of the Northern Hemisphere, as(Table 1). This means that the QBO effects at such stations
well as in Australia and Antarctic. are characteristic only for separate periods of the year and
The vertical structures of the QBO effects of ozone arecan differ from those obtained at the stations with regular
represented as an alternation of layers of well-developedounding, conducting all year round. Finally, the differences
quasi-biennial signals, whose phases gradually change witban reflect real regional characteristics of the QBO effects as-
height, and layers of ill-developed signals, whose phases ofsociated with local peculiarities of the large-scale circulation
ten change abruptly with height. At the majority of sites the influenced by local orographic conditions, stationary plane-
quasi-biennial signals (or, in other words, the quasi-bienniakary waves, changes in the jet streams positions, etc.
anomalies) are found to be approximately in phase between Thys, the QBO responses obtained in this work reflect both
20 and 23km. The amplitudes of the anomalies depend oyeneral characteristics of the QBO effects and their peculiar-
he|ght and reaCh the maxima Of 3-6 nbar in the |0Wer Strato-ities' manifesting in a Separate region’ W|th|n a Separate pe_

sphere. Inasmuch as isolated QBO effects are yearly meangod, conditioned in addition by peculiarities of individual
(the anomalies were averaged without regard to a seasonyzonesonde records.

whereas it is known that the QBO effects in columnar ozone
are seasonally dependent to be the strongest in a cold perio

the anomalies falling on a cold period, to all appearances, cag‘CknOvv"adgememsupd"’Ited QBO winds were kindly supplied by

E)r. Barbara Naujokat. This work was supported by RFBR grant
be greater. _ 01-05-64546, and partially, by RFBR grant 02-05-64167.

Two types of the vertical structures of the temperature  rqpjcal Editor O. Boucher thanks J. Hampson and another ref-
QBO effects are found. At most of sites located equatorwardsree for their help in evaluating this paper.

of about 50 the stratospheric temperature anomalies are
characterized by downward propagation, whereas at sites sit-
uated poleward of about 3@he anomalies are characterized

by column-like structures (the exceptions — Cagliari/Elmas

ilgirﬁl;ztrt?ggocpznugg t%irtg:flg;g Xfﬁ Ieac;zzi tg/yrgsézlsgigg?e%ﬁiéngelI, J. K. and Korshover, J.: Quasi-bien_nial variations in t_em-
. . perature, total ozone and tropopause height, J. Atmos. Sci., 21,

structures, when the stratospheric and tropospheric anoma- 479-492, 1964.

lies are of opposite signs. The amplitudes of the effects are\ngell, J. K. and Korshover, J.: Biennial variation in spring-

in the range 0.5-°C. time temperature and total ozone in extratropical latitudes, Mon.
The vertical structures of the QBO effects of the horizontal \Weather Rev., 95, 757-762, 1967.

wind components reveal a diversity of patterns. The ampli-Baldwin, M. P., Gray, L. J., Dunkerton, T. J., Hamilton, K., Haynes,

tudes of the QBO effects of the meridional and zonal winds P. H., Randel, W. J., Holton, J. R., Alexander, M. J., Hirota, I.,

are Comparable and ||e |n the range Of Os_g‘rh AS a HOrinOUChi, T, JOneS, D. B, Kinnersley, J. S, Mal’quardt, C,

rule, the maxima of the effects are noticed slightly below the zzfé@'sans‘yi‘;ghgzgi’ gAd(:)Ihe quasi-biennial oscillation, Rev.

tropopause, as well as in the middle stratosphere. nOT S I ETESEh ‘ _ .
Along with similarity obtained QBO effects reveal notice- Barnes, R. A, Bandy, A. R,, and Torres, A. L. Electrochemical

ble diff d th . b hei i concentration cell ozonesonde accuracy and precision, J. Geo-
able differences and the question about their nature still re- phys. Res., 90, 7881-7887, 1989.

mains open. The differences can be attributed to @ numbeganett, 3. 3. and Corney, M.: Middle atmosphere reference model
of reasons. Firstly, they can be explained by the fact that derived from satellite data, in Handbook for MAP, vol. 16, pp.
ozonesonde records at different sites differ by periods, gaps, 47-85, SCOSTEP Secr., Univ. of Ill., Urbana, 1985.
number of sondes, errors of measurements, etc. SecondIlgowman, K. P.: Global pattern of the quasi-biennial oscillation in
the differences can be associated with an inconstancy of char- total ozone, J. Atmos. Sci., 46, 3328-3343, 1989.
acteristics of the equatorial QBO itself, both with the ampli- Brewer, A. W. and Milford, J. R.: The Oxford-Kew ozone sound,
tude and period. This fact can be an important reason for the Proc. R.. Soc. London A, 256, 470-495, 1960.
differences between the stations, with short records coveringhipperfield, M. P., Kinnersley, J. S., and Zawodny, J.: A two-
different periods. Thirdly, an interplay between the QBO and  dimensional model study of the QBO signal in SAGE 1l NO

. and G, Geophys. Res. Lett., 21, 589-592, 1994.
the annual cycle can also lead to differences. The effects OB

. . ) e Backer, H., De Muer, D., and De Sadelaer, G.: Comparison
such an interplay must vary with space and time, due to vary- of ozone profiles obtained with Brewer-Mast and Z-ECC sen-

ing phase interrelations between these phenomena. Itis clear ¢, during simultaneous ascents, J. Geophys. Res., 103, 19 641~
that due to the relative shortness of ozonesonde records and 19 648, 1998.

the gaps occurring in them, the obtained QBO effects reflecbunkerton, T. J. and Delisi, D. P.: Climatology of the equatorial
specific phase interrelations between the QBO and the annual lower stratosphere, J. Atmos. Sci., 42, 376-396, 1985.
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