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Stratospheric vacillations, QBO, and solar activity
Kanukhina A., Jacobi C., Pogoreltsev A.
Summary

The aim of the study is to compare planetary wadagracteristics derived from
NCEP/NCAR reanalysis data with Collm wind obsemwasi and validate solar activity
influence. Vacillations of the SPW 1 amplitude &dl0-, 16-day atmospheric modes
calculated from NCEP/NCAR reanalysis data and wmadations processed from
Collm LF mesopause wind measurements since thesl&®&0compared. Similarity of
decadal variations of the SPW amplitude vacillatziand meridional wind from Collm
data is visible for the period 1980-1995. Comparigbthe 5-,10-, 16-day atmospheric
modes with 2-7, 7-12, 12-30 day period Collm wiratiation data do not show clear
correspondence for period 1980 - 2005. Correlatlmetsveen vacillation amplitudes
with sunspots numbers and the stratospheric QB@iftédrent phases are presented
also.

Zusammenfassung

Die Charakteristik planetarer Wellen, analysiertf ader Basis von
NCEP/NCAR-Reanalysen, wird mit Windmessungen vanAldienstelle Collm ver-
glichen, und auf den Einfluss solarer Variationew der stratospharischen QBO un-
tersucht. Wir verwenden Schwankungen der stationgianetaren Welle 1, sowie
Analysen der 5-, 10- und 16-Tage Welle. Die Valitdiider stationaren Welle 1 und
diejenige der Windvariationen am Collm stimmt aef dekadischen Zeitskala tber-
ein, jedoch spiegelt sich die Variabilitdt der Natmoden (5-, 10-, 16-Tage-Welle)
nicht in der entsprechenden Variabilitat der Colidlessdaten wider.

Introduction

Many recent studies emphasize the necessity oyanglthe influence of stra-
tospheric dynamics on processes in the tropos@rete possible connection between
solar activity and the atmospheric global wave ggatt (e.g. Baldwin et. al., 20083;
Baldwin and Dunkerton, 2005; Labitzke, 2006). Thatsspheric dynamics is sensi-
tive to changes of external parameters such asdlae flux. This highlights the need
for stratospheric analyses, with respect to itpoase to solar forcing but also to its
internal variations, with the potential influence lower atmospheric circulation.

The atmosphere of the Earth is an oscillating sydtaving its own global os-
cillations (normal atmospheric modes). At the sdaimme, nonlinear interaction of the
stationary planetary wave with the mean zonal femekes quasiperiodic oscillations
of the former and the latter, which are calledtespheric vacillations. This paper is
devoted to the consideration of connections betweeillations of the SPW 1 (Statio-
nary Planetary Wave, m=1) amplitudes and 5-,10-ddy atmospheric modes with
variations of the QBO (quasi-biennial oscillafipmesospheric wind data and solar
activity. The vacillations of the zonal flow aretriaken into consideration here.
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Analyzed data

NCEP/NCAR (National Center for Environmental Prédic - National Center
for Atmospheric Research) data have been useditoags vacillation amplitudes and
5, 10-, 16-day normal atmospheric modes. The ds¢a @or analysis are zonal wind
and geopotential height distributions in the trqguse and stratosphere for Decem-
ber, January and February during the entire NCERMRI@analysis time interval, i.e.,
from 1948 till 2007. During the first decade of tteanalysis some of the basic fea-
tures like the QBO of the zonal mean flow in theaqrial stratosphere are not repro-
duced correctly. This is possibly due to the latlsufficient observed stratospheric
data assimilated into the model. Therefore onlyNRHEP/NCAR data since 1959 have
been used here to investigate the long-term chamM{feEP/NCAR data are available
on a 2,5 * 2,5 degree grid at a temporal resolutib6 hours. All data are taken at 8
isobaric surfaces: 1000, 500, 400, 300, 200, 10Gar& 10 hPa. Calculations include
the decomposition of the longitudinal variationstbé geopotential height for each
time interval and each latitude into a mean zoadle and a superposition of 12 zonal
harmonics. Amplitude and phase (longitude of maximmalues) are calculated for
each harmonic. Then real and imaginary parts ottimeplex amplitude for each zonal
harmonic are calculated at all latitudes and thenthly (January) average values are
obtained.

SPW characteristics were calculated as a mean f@ntr months (from the
middle of December till the middle of February afexcluding 15 days from both
sides) at 62.5 N. This latitude was chosen for iclemation according to Kanukhina et
al. (2007), who analyzed the statistical signifimarof the SPW variability from
NCEP/NCAR data.

Vacillations of SPW arise as a result of nonlingsteraction between the
SPW 1 and the mean zonal flow. The nonlinear icteya becomes apparent as quasi-
periodic oscillations of the SPW amplitude and thean zonal flow (Holton and
Mass, 1976). The vacillation amplitudes are charamtd by periodic expansions and
contractions of the wave patterns with no noticeallange in the phase of the distur-
bances. Amplitudes of the vacillatioAsac were calculated as follows:

If Aw>Ae - Aw=Aw-Ae,

évac = 2*Ae,
Ae =0;

If Aw<Ae - Ae = Ae-Aw,

évac = 2*Aw,
Aw =0,

where Ae, Aw are recalculated eastward and westward PW amp$itdac is the

recalculated vacillation of the SPW 1 amplitudex] Ae, Aw are wavelet spectra of
the eastward and westward PW amplitudes.
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At Collm Observatory, LF (low frequency) D1 wind asirements at 80-100
km altitude have been carried out near 52°N; 155a&inuously for several decades.
Commercial radio transmitters in the LF range (kiAz, 225 kHz and 270 kHz) are
used, and the similar fade analysis is used ferpnéetation of the measurements. The
reference height has not been measured beforerlegtd 982 so that the results from
the earlier measurements have been attributedetonian nighttime height near 90
km. From late 1972 the analysis is performed autmaldy, and since 1979 half-
hourly winds from three measuring paths are contcl

The measurements are usually investigated by ediogl monthly median
winds at each time during a day (with a resolubd80 minutes) of the daily measur-
ing intervals and applying a multiple regressioalgsis to the monthly medians of the
half-hourly mean winds. The method has been desdriy Jacobi and Kirschner
(2006), and references therein. Alternatively, Yailean winds from a regression
analysis can be used to analyze their monthly as@®al mean standard deviation in
different period ranges typical for planetary wayéacobi et al., 2008). These data
will be used here.

Values of the QBO (January) at 30 hPa level arevigea by
NOAA/NCEP/CPC on http://www.cpc.ncep.noaa.gov/dathées/. QBO data are
available during 1979-2007 as reanalysis data thid, are not the Singapore winds
used by Freie Universitat Berlin but the zonallyeged CDAS Reanalysis data
winds at 30 hPa and taken from over the equatoO @BFreie Universitat Berlin are
used at the beginning of studied interval from 1862001. As a proxy for solar ac-
tivity we use monthly International Sunspot Numb&ken from NOAA National
Geophysical Data Center for January.

Results

Variations of the SPW 1 amplitude vacillations @ripds of 10-30 days and
Collm zonal wind data of long-period waves (7-3¢<)ashow a similarity of the de-
cadal variation during 1980-2005 accompanied bypadence of some of the ampli-
tude maxima (Fig. 1). However, the zonal mesospheind variations differ strongly
from NCEP/NCAR vacillations after 1992, especiaNith respect to the long-term
trend and its trend and counter phases of maxirsaally, vacillations of the SPW 1
are in counter phases with zonal wind amplitudeg@feltsev, 2007) but at Fig. 1 this
is observed only during the second part of the idemned period. So, zonal wind de-
cadal variations did not show good compatibilityhwthe vacillation variations.

Meridional wind standard deviations of 7-30 dayipds temporally changes as
the vacillations did from 1980s till the middle TB#9 Opposite phase event of the SPW
vacillations and Collm meridional wind speed vaodas appeared since 1995. After
coincidence of minima at 1997 the Collm wind spe&ttema are shifted by 2 years
later comparing with the SPW vacillations.
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Figure 1. December—February mean amplitudes of SBvilitude vacillations from
NCEP/NCAR data (solid line), and Collm zongj,(dashed line) and meridionatr,
dotted line) standard deviations of daily wind speén the 7-30 day period range
multiplied by 20.

Very similar decadal variations of the Collm meoitial wind speed and the
SPW vacillations are obvious from Fig. 1. We maggast that the meridional wind
speed has noticeable impact on the formation ofSIP®/ vacillations and vice versa.
As discussed at different studies, the mean meradicirculation systems are influ-
enced by the solar cycle (Labitzke, 2006). Alse, fitllowing process is recognized as
an acting mechanism of the energy transfer: vanatif the incoming solar radiation
changes the ozone content and the stratosphereiaiuge field causing thermal gra-
dient disturbances, which affect the wind systeRedistribution of the lower and
middle atmosphere wind pattern affects propagatarditions of the planetary waves
and, finally, the atmospheric global circulatiorneFefore in the following we consider
the vacillation variations in connection with suaspumbers and QBO.

Composition of the SPW vacillation variations anB@winds at 30 hPa (Fig.
2) shows only weak coincidence of maximum and mummphases and tendencies
during 1959-2007. Their decadal changes (if ther@nly) tend to have the same char-
acter. The last two decades are remarkable bygtnd@rannual variability of the vac-
illations. Sharpened and complex decadal variatddritke SPW 1 vacillations after the
1980s could be explained by satellite observatiatuded in the NCEP/NCAR re-
analysis (Kalnay et al., 1996). There is a tendaiay quasi-biennial oscillation in the
SPW vacillations, however, at first glance theraasclear correspondence between
the equatorial QBO and the SPW vacillations.

To analyze a possible external influence on a QBWSonnection, we ex-
amined running correlations between the vacillaioh the SPW 1 amplitudes from
NCEP/NCAR data, QBO wind values and solar acti(ifig. 3). According to litera-
ture, high sunspot numbers (more than 100) andeng<pBO correspond to a strong
polar vortex (Labitzke, 1987; Labitzke et al., 2p@®hd thus to weak SPW vacilla-
tions, so that for high sunspot numbers a negatweelation between the vacillations
and QBO is expected, while positive correlatiorexpected for lower sunspot num-
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bers. In Fig. 3 after 1980 a tendency for a cogptihthe correlation with the solar cy-
cle is visible, which would support this assumptibawever, the large correlation co-
efficients around 1980 and the low values in thiyek960s do not fit into this picture.

Thus, we may only speculate about a solar actiatyation influence on the SPW 1
vacillations through QBO intermediation.

Fig. 4 presents different types of linear correlasi of the vacillations with
QBO, sunspot numbers at west and east phase of QB€ar correlation between the
vacillations and QBO wind speed is positive, altfioweak, R=0.3, as seen from Fig.
4a. That means the direct influence of the QBOhen3PW vacillations at 62 N, with
stronger vacillations of the SPW 1 amplitude duryegrs with western QBO values,
is relatively weak. According to investigationskblton and Tan (1980) the westerly
QBO at 50 hPa is associated with small amplitudete SPW 1 during early winter
(November — December) but during late winter (JanuaMVarch) there was very little
difference for SPW 1. Influence of the QBO phasealenSPW 2 is stronger especially
at late winter when westerly QBO is correlated watrong SPW 2. We consider the
vacillations of the SPW 1 amplitude which presemabined parameter dependant
on nonlinear interaction of both, SPW 1 and zonaldvamplitudes. Such discordance
of the QBO influence on the SPW 1 amplitude anddisillations could be caused by
impact of the counter phase zonal mean wind vanatand nonlinearity of the inter-
action, generating the vacillations.
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Figure 2. December—February mean amplitudes of SBivilitude vacillations from
NCEP/NCAR data (solid line), and 30 hPa QBO windess (January) multiplied by
2 and added 100 m/s.
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Figure 3. Running correlation coefficients for thacillations of the SPW amplitudes
from NCEP/NCAR (December-February mean at 62N) @B®D values (solid line)
and January sunspot numbers divided by 200 anteshify 3 years (dashed line).

The running correlation coefficient between sunspanber shifted by 3 years
and the SPW vacillations is -0.09 (Fig. 4b) andisdiaal insignificant . To consider in
more details we present linear correlation of atagés of the vacillations and sunspot
numbers (January) shifted by 3 years for the peti®d0-2006, during the east and
west phase of the QBO separately (Fig. 4c). Weas@lof the QBO corresponds to
low negative correlation r = -0.12 with the vadilbms amplitude, while the east phase
one has weakly positive correlation r = 0.26. Timeans the westerly QBO is asso-
ciated with small negative correlation between rsolgle and the vacillations. Eas-
terly QBO winds correspond to positive correlatiminthe vacillations and sunspot
numbers.

Vacillations of the SPW 1 amplitudes are respoesibl generation of the low
frequency atmospheric modes in the low and midtieaphere (Pogoreltsev, 2007).
Different numerical experiments showed generatibthe 10- or 16-day atmospheric
modes, or sudden stratospheric warmings aftemarisf strong SPW 1 vacillations.
We checked the possibility to use observationalr@altmospheric modes for vacilla-
tion effect study. Comparisons of the reanalysid(®; 16-day atmospheric modes
with 2-7, 7-12, 12-30 day period Collm wind datgpresented in Fig. 5. Normal at-
mospheric modes and Collm meridional and zonal winniponents have quite differ-
ent decadal variability and the only similar deta@ibuld be seen with 10-day mode and
7-12 day Collm wind during 1987 — 2000 when lineagative trend could be recog-
nized within the amplitudes (Fig. 5b). But it idfaiult to find clear relation between
normal modes from reanalysis data and Collm LF mpa&sse wind measurements.
Different latitudes (vacillations at 62N, Collm wis from 52N) of analyzed data could
produce the discordance.
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Figure 4. SPW 1 vacillations amplitudes (Decembebiiary means at 62N) against
QBO wind speeds (a), running correlation coeffitieetween SPW 1 amplitude va-
cillations and QBO against sunspot numbers shitigd3 years (b), and SPW 1
vacillation amplitudes against sunspot numberstastiiby 3 years, for QBO East and
West phase separately (c).
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Figure 5. Stratospheric normal modes amplitudei@pland Collm zonal (dashed)
and meridional (dotted) standard deviation datahwi&) periods 3-7 days multiplied
by 10; (b) periods 7-12 days multiplied by 5; (€ripds 12—-30 days multiplied by 5.
Collm standard deviation data are taken from Jacetial. (2008).
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Conclusions

Collm meridional wind speed and the SPW vacilladi@mowed very similar
decadal variations during 1980 —2005. Small negativrelation is observed between
solar cycle activity and the vacillations at welst€BO. Easterly QBO winds are as-
sociated with positive correlation of the vacikats and sun spot numbers. Estimating
correlation coefficients we remind that only 5 dafle solar cycles are quite a short
period and our conclusions have preliminary charadilormal atmospheric modes
and Collm meridional and zonal wind components dibshow the expected similarity
and do not allow to study connections between t&/3 vacillations and observa-
tional, not reanalysis, atmospheric modes.
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