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Abstract. Long-period oscillations in the period range 2— or shifts. Some evidence exists that long-term trends may be
30 days, interpreted as planetary wave (PW) signatures, havaresent in PW activity (Lastovicka et al., 1994; Jacobi et al.,
been analysed using daily mesosphere/lower thermospherE998), although a clear direction of these trends is not given,
wind measurements near 90 km over Collm°(B215° E) in and there is an indication that these trends are intermittent.
the time interval 1980-2005. Interannual and interdecadal Until today there are very few measurements of PW avail-
variability of PW are found. Since the 1990s, a tendencyable, which cover a sufficiently long time interval to draw
for larger zonal amplitudes compared to meridional onesconclusions on PW trends in the MLT. In addition, results
has been observed, i.e. some long-term trends are visiblthave indicated that these trends may be intermittent, or
which are positive in the zonal component, but negative inchange direction, which has also been shown for other MLT
the meridional component. There is a tendency of the trencharameters (e.g. Jacobi et al., 1997). Lastovicka and Krisan
to be non-linear for waves with periods lower than 7 days, s0(2006) presented a change of trend in total ozone content
that a climatic transition appears around 1990, with smallefTOC) and ozone laminae, the latter being the signature of
changes before and after that time. A solar cycle effect orozone streamers in the vertical and thus it may be an indi-
PW is weak, but there is a tendency for a positive correlationcation for PW (breaking) activity in the stratosphere. They
between solar flux and wave activity, if a time lag of PW ac- found, that a decrease of TOC and ozone content within
tivity with respect to the solar flux of about 2 years is taken laminae before 1995 was followed by an increase after that
into consideration. time. Assuming that this ozone behaviour is dynamically

Keywords. Meteorology and atmospheric dynamics (Gen- forced, they compared this behaviour with MLT winds pre-
eral circulation: Middle atmosphere dynamics; Waves andgSented by Bremer et al. (1997). More recently, Portnyagin
tides) et al. (2006) have presented mean MLT winds at Northern

Hemisphere midlatitude stations and found that there is in-
deed a trend change in MLT wind parameters (prevailing
winds and semidiurnal tidal amplitudes) around 1990. Con-
sidering the stratosphere, Baumgaertner et al. (2005, their

Wind oscillations at planetary wave (PW) periods (2, 5, 1O’Z:ghig)lsgh;gved PW 1 amplitudes at"& which increased

16 days) in the mesosphere/lower thermosphere (MLT) re- . . . .
ys) P P ( ) To obtain a more comprehensive picture of middle at-

gion, which have been frequently described in IIterature’mosphere trends and their possible changes, further studies

are generally interpreted as the signal of PW. During re- ially of the | i iability of PW ired
cent years, the question of the interannual variability of thes especially ot the fong-term variabiiity 0 are required.
o this end, estimates of PW activity from the mesopause

waves has been discussed, e.g. with respect of a possible in-; :
fluence of the equatorial quasi-biennial oscillation (QBO) on Wind measurements at Collm, Germany (8¢ 15’ E), will
be presented here with a focus on long-term trends. For

MLT PW activity (Espy et al., 1997). In particular itis of in- I . .

terest whether there is a long-term trend in wave parametergqIS [Purpose, the measyred oscnlatlon's'of daily wind data

which may indicate a possible coupling with climatic trends are mterlpr'eted as the §|gnal of PW activity after removal of
the semidiurnal tidal wind. The paper represents, to a cer-

Correspondence taCh. Jacobi tain degree, an update of the results presented by Jacobi et

(jacobi@uni-leipzig.de) al. (1998), but here we include 10 years of additional data.

1 Introduction
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One has to keep in mind that the wave parameters (suckkomponents are not taken into account, because the daily,
as the wavenumber or phase speed, for instance) cannot lmpiasi-regularly distributed data gaps would lead to a large
determined from single point measurements and thereforerror. On the other hand, at midlatitudes the diurnal tide
strictly speaking only the term “oscillations” could be used. is, except for spring, a much less dominant feature than the
However, as has been shown, the accordance of the resulsemidiurnal tide. Additionally, the error resulting from ne-
with PW estimations known from literature generally is good glecting the diurnal oscillation for the most part only leads to
enough to establish a correlation between the measured oscin offset of the prevailing wind components. This offset will
lations and PW activity. Therefore the term ‘waves’ is usedbe filtered out if long-period variations are considered, al-
even if these cannot really be identified from the measurethough a modulation of the diurnal tide at PW periods might
ments used here. produce an observable effect, which we cannot distinguish
from the original PW. The semidiurnal tidal amplitudes and
phases can be taken from the coefficianndb of the re-
gression analyses in Eq. (1), but they are not regarded in this

Daily D1 radio wind measurements in the LF range useinvestigation. . . . .
y ) ) Note that the reflection height is not directly used here.
the ionospherically reflected sky waves of commercial ra-

dio transmitters on three measuring paths (177, 225 ané%mce the total reflection height measurements of sky waves

270kHz). The measurements are carried out according tgrowde wind values only at one height at a time (which is

the closely-spaced receiver technique. An algorithmic and’2y'n9 through the course of one day) a direct estimation of

automated form of the similar-fade method is used to inter-dally wind profiles is not possible in a certain way. However,

pret the sky wave field strength measurements as a conséf-the measured half-hourly wind components of several days

. . . are combined in one analysis, a mean wind profile can be
quence of wind (see e.g. Schminder andr$chner, 1994). .\ -0 sing a modified form of a Eq. (1) with height-
The data are combined to half-hourly zonal)(and merid- . y .

. . dependent coefficients (e.gukschner and Jacobi, 2005, and
ional (v,) mean wind values on each frequency. Includ- .
. B eferences therein).
ing the results of the individual measurements on each o : . .

. ) . - : The virtual reflection height’ ranges roughly between
the three frequencies, combined with a weighting function .

. B : s 5 and 105km on a monthly average. After sunisele-

based on an estimate of the “chaotic velocity” (Sprenger an

Schminder, 1969), mean values are calculated that refer 1§ oases rapidly due to ionisation in the D-region. Since ab-

a reflection point at 52N, 15° E. Since during the day the sorption during dayl.lght hour:'s is large, practically no mea
. . . : . 7. surements are possible then in summer. In the late afternoon
absorption of the sky wave in the ionospheric D-region is~, . O
: . L ) .~ I’ rises slowly to its nighttime values. As a consequence of
too large, the daily measuring period is restricted to night . . . L
= 4 o . these diurnal reflection height variations not all of the half-
and twilight hours in summer, while in the winter the mea-

surements are possible during the whole day. Since late 198Bourly measure_ments can_be u_sed for the regression analysis
. after Eq. (1), since especially in summer large gradients of

the reflection height is measured at 177 kHz u§ing travel .“methe zonal prevailing wind would influence the results of the
differences between the ground wave and the IonOSpherlcall)émalysis due to apparent wind variations while the reflection

reflected sky wave. The differences are obtained using side; . S

: ' height changes. Therefore only nighttime half-hourly mean

band phase comparisons of both wave components in the . ; :

. N wind values are included into the analysis, when the long-
modulation frequency range near 1.8 kHZi(&chner et al., . . :

1987) term mean virtual reflection height has values that are suf-

. . I ficiently close to the mean nighttime value of about 95 km.
Since the measurements are inhomogeneously distribut he data windows for each month of the year differ and are
in time and altitude, a multiple regression analysis is used tq

determine estimates of the daily prevailing wind as well as onger during .wmter than during summer. Further deta}lIs
the tidal wind field components from the half-hourly mean may be found in Jacobi et al. (1998). Note that the real height

. . his lower than the virtual height and the differences amount
valuesv, andv,, of the measured zonal and meridional wind

B P o
components. The spectral selectivity of the separation of preEo about Skm ae=90km (=95 km) so that our daily winds

vailing and tidal wind was improved through fitting the mea- refer to an approximate altitude of 90 km.

X . Owing to increased ionisation during the solar maximum
sured values, andv,, for the horizontal wind components as L ; ; :
. i ; : . .~ compared to solar minimum, there is a negative correlation of
a vector, assuming clockwise circularly polarized tidal wind

components (Kirschner, 1991): the reflection height and the 11-year solar cycle. Moreover,
' ' cooling of the mesosphere during the last decades lead to
v, =u+a-sin(wr) +b-cos(wr) +& a shrinking of the mesospheric layers and a decrease of the
@) reflection height of LF waves, too (e.g. Bremer and Berger,
2002). The question, whether long-term or solar variations
and minimisinge, while u and v are the daily zonal and of h influence the MLT wind system as measured with the
meridional prevailing wind values, anrg=27/12 h is the an-  LF method has been discussed on several occasions (Jacobi,
gular frequency of the semidiurnal tide. The diurnal tidal 1998; Jacobi et al., 2005; Jacobi andr&chner, 2006). In

2 Data base and analysis

Um =V +a-Ccos(wt) — b -sin(wt) + &,
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Fig. 1. Examples of time series of daily zonal (positive eastward) Fig, 2. Time series of filtered zonal winds in 1980 using different
and meridional (positive northward) winds during 1980. period bandga) 2-3 days(b) 3—7 days(c) 7-12 days(d) 12-30
days,(e) 2-30 days.

brief, a shrinking of the mesosphere should generally lead to
a decrease of the height levels of the wind systems also, so Note that the data base consists of daily prevailing wind
that the effect on the measured trends is small. This argumentalues, so that a period band of 2—3 days includes some ad-
of course does not hold for a possible solar cycle effect, butditional spectral energy coming from shorter periods through
Jacobi (1998) has shown that the measured signal of MLTaliasing. Examples of filtered time series of the zonal wind,
mean wind dependence on the solar flux is still retained if theagain for the year 1980, are shown in Fig. 2. There is a
solar cycle reflection height changes are taken into accounttendency that the short-period waves (Fig. 2a) maximise in
An example of daily zonal (positive eastward) and merid- summer at midlatitudes, which is a hint that this is really
ional (positive northward) prevailing winds in the year 1980 a signature of the quasi-2-day wave (QTDW), which near
is given in Fig. 1. The zonal winds show the well-known sea- 90 km is mainly a summer phenomenon (Muller and Nelson,
sonal variations at midlatitudes, with westerly winds in win- 1978; Chshyolkova et al., 2005) and which is the dominat-
ter and summer, and easterlies around the equinoxes. Thag dynamical feature in the summer MLT (e.g. Jacobi et
meridional wind is weaker. The meridional wind jet is di- al., 1998) with amplitudes of up to 50 msin the South-
rected from the summer to the winter pole, leading to south-ern Hemisphere (Craig et al., 1980). However, since the data
ward winds in summer (e.g. Portnyagin, 1986; Middleton etbase consists in daily zonal prevailing winds, the QTDW is
al., 2002). Since the jet decreases in height from the summepartly invisible in these data depending on its phase position
to the winter pole, the winter northward maximum is actu- and in all cases the estimated amplitude is too small. There
ally found below 90 km. At 90 km the winds are only weakly is, however, some indication that the QTDW is, to a certain
positive on a seasonal average. Since there is a decrease @égree, phase locked (Clark et al., 1994; Harris, 1994), so
the strength of the meridional wind jet both in summer andthat the degree of filtering of the QTDW through the use of
(less significant) in winter (e.g. Jacobi andischner, 2006), daily winds is not very variable and the year-to-year variabil-
in some recent years at 90 km the signature of the meridionaity of our resulting variance does reflect the real QTDW vari-
wind jet is not as clearly expressed any more. ability. Nevertheless, the results concerning the QTDW pre-
The daily prevailing winds, which refer to an altitude sented in the following can be considered as qualitative only.
around 90 km show, besides the seasonal variation, signifiAt medium periods (Fig. 2b), potentially including the quasi
cant variability on the day-to-day time scale. This may partly 5-day wave, the seasonal variability appears less strongly
be due to uncertainties in the daily wind analysis, and also teexpressed, which is owing to the high phase speed of the
a possible impact of mean nighttime height changes from dayjuasi 5-day wave which partly allows propagation through
to day. Part of this variability, however, may be due to PW. Tothe summer hemisphere. The long-period variations show
investigate this, we applied a Lanczos filter (Duchon, 1979)the expected tendency towards larger amplitudes in winter
with 100 weights to the time series of daily zonal and merid- (€.9. Luo et al., 2000). This behaviour is typical for PW in
ional prevailing winds, using different period bands of 2-3, the MLT, so that we may conclude that at least a consider-
3-7, 7-12, 12-30, and 2-30 days, to analyse the variability@ble part of the variance in the respective period windows is
of the wind field in these period intervals. The procedure isowing to PW activity.
described in Jacobi et al. (1998), but different period ranges From the filtered time series of the zonal and meridional
are used here. wind monthly and 3-monthly mean values of the standard
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Fig. 4. Time series of zonal (solid symbols) and meridional (open
symbols) wind standard deviation for four seasons (3-monthly
3 Results means centred at the month indicated in the panels) and the annual
mean, for the period bands 2-7 days (left panels) and 7-30 days
3.1 Long-term mean wave activity, and interannual vari- (fight panels). Note the different scaling of the ordinate for July.
ability

Figure 2 only represents an example of the seasonal be- Figyre 4 also shows that, on an average, the zonal wind
haviour of wind variability in the long-period range. The yariability o, is stronger than the meridional componept
26-year means of the monthly total standard deviation, av-This is true for each period window and season considered.
eraged over the years 1980-2005, are shown in Fig. 3. Thehere is also some indication that, more expressed at short
expected variability of the long-period variations in the re- periods than in the long periods, this difference is larger for
spective period windows in well visible. While the signature tne |ater years (since about 1988-1990) than for the early
of the QTDW clearly peaks during summer months, and theyears of the measurements. This is e.g. visible as a dominat-
5-day wave shows a slight tendency to peak during summef,g phenomenon in the annual mean standard deviation in the
also, the long-period waves maximise in late winter, but areo_7 days period range (bottom left-hand panel of Fig. 4). In

nevertheless visible during summer, too. Note that the relathe following section this behaviour will be analysed in more
tive amplitudes of the different waves in Fig. 3 are difficult to getail.

compare, because they depend on the width of the respective
filter windows.

Time series of the zonal and meridional standard devia
tions in two different period intervals are shown in Fig. 4 for
different seasons and for the annual mean. The left and right
hand panels show the data for period windows 2—7 days anéfrom some of the time series in Fig. 4 a maximumoof
7-30 days, respectively. A striking feature is the strong inter-shortly after 1990 is visible, which roughly coincides with
annual variability. Several panels show a quasi decadal varithe maximum of solar cycle 22. To analyse whether this
ation with maximum values shortly after 1990. Some time maximum is owing to a possible influence of solar variability
series, in particular for the long-period waves (10-day wave,similar to the response of the mean circulation on the 11-year
16-day wave) at times show a strong year-to-year variability.solar cycle (Jacobi andikschner, 2006), we analyse the pos-
Comparison with the equatorial QBO, however, did not showsible long-term trends together with the potential solar cycle
an unambiguous correlation. influence, and applied a multiple regression analysis to the

3.2 Long-term trends and solar influence on long-period
oscillations

Ann. Geophys., 26, 1221232 2008 www.ann-geophys.net/26/1221/2008/
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Fig. 5. Trend (left panels) and solar cycle dependence (right panels) coefficieratsd B from Eq. 2) for the standard deviation of the
zonal (upper panels), meridional (middle panels) and total (lower panels) daily mean winds filtered in different period interval, derived from
a multiple regression analysis. Solid symbols denote statistically significant correlation according to a t-test.
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400 the maximum amplitudes are not found during solar maxi-
mum, but few years later, which is especially the case with
the 2—7 days period interval PW. We again show annual mean
o, ando, in Fig. 6, together with the F10.7 solar radio flux
and the same radio flux, which was shifted by 2 years. Visu-
ally, theo,, ando, curves fit better to the shifted flux than to
the original flux. Applying Eqg. (2) to the standard deviation
time series but allowing for a delay with respect to the solar
cycle, we obtain strongest and most significant solar cycle
dependence when a delay between 1 and 3 years is taken into
account. This is shown in Fig. 7. For the period range 2—7
days (left panels) taking into account a one or two year de-
0 lay gives nearly the same response in the zonal component,
while for the meridional component a 3-years delay would
result in an even stronger correlation in summer. In the case

Fig. 6. Time series of annual mean ando, in the period range 2— of the longer-period PW (right panels) the results are less

7 days, together with the annual mean F10.7 solar radio flux (dashe§Onclusive. The zonal component (Fig. 7c), with a delay of
line). The solar flux, which was shifted by 2 years and 100sfu is 3 Years, gives a good correlation in late winter/spring. But a
also added as solid line. delay of 1 or 2 years also give significant correlation in one

month each. In the meridional component no clear effect of
a shift by one year is visible, and the correlation especially in
monthly mean standard deviations winter decreases when a longer delay is considered. We may
o =00+ A-yr+ B-F107, @) conclude that in summer t.here is an indication for_a_delayed
response of the short-period (2—7 days) wave activity to the
with F10.7 as the solar radio flux, amdbeing the monthly  solar cycle. A physical reason for such a delay (if there is
mean standard deviation of the time series filtered in the 2—-3®@ne, and the effect is not only due to the relative shortness of
days period interval. Equation (2) was applied to the zonalthe time series) is unclear. Note, however, that von Zahn and
meridional and total standard deviation. The coefficiehts Berger (2006) indicated a similar delay in noctilucent cloud
and B are shown in Fig. 5 for each month of the year sep-variability in the summer mesopause region.
arately. Note, however, that the respective months denote
the centre of a 3-monthly time interval, so that the results3.3 Long-term trends of the differences of horizontal stan-
for consecutive months are not independent from each other.  dard deviations
Solid symbols denote statistically significant correlation ac-
cording to a t-test.
The left panels of Fig. 5 shows the behaviour expecte
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Figure 4 and the left panel of Fig. 5 indicate that, while the
4ong-term average total variance does not change very much,

from the visual inspection of Fig. 4. While the zonal am- the horizontal components do often show a long-term trend

plitudes increase for nearly each month of the year and eaclf °PPOSite directions, so that the difference between zonal
period interval, the meridional variance decreases in generaPnd meridional variability might provide an even clearer sig-
An exception are the long-period waves in summer, where nd1@! Of potential long-term variations. This is suggested espe-
trend is visible neither im, nor ino,. The different trends ~ Cially by the lowermost left panel in Fig. 4 and from Fig. 5a,
in zonal and meridional amplitudes result in weaker trends inP for the period range 2—7 days. There is a decadal variability
the total standard deviation. An exception is a strong positive®f Pothou andoy, lagging the solar cycle by about 2 years
trend ino, in the 3—7 days period range, and thetrend is with the same sign for thg zonal apd the meridional compo-
also positive then. nent. Therefore, considering the differente =0, —ao, will

The right panels of Fig. 5 show the PW dependence orfit least partly take out the decadal variation, and may more
solar activity. The correlation is, for some winter months, c/€arly show the long-term behaviour. As an example, in
significant for some period intervals. The long-period oscil- F19- 8 we present the seasonal and annual mean differences
lations with periods of more than 7 days show weak coeffi-Of the zonal and meridional standard deviations in the period
cients in summer, which is understandable since the correintervals 2—7 and 7-30 days, calculated from the monthly
sponding PW generally show small amplitudes then. PartlyM€ans. A linear fit
positive correlation is found in yvinter. The zonal componen.t Ao =c+dxyr , )
of the 2-3 and 3-7 days period PW show generally posi-
tive correlation, with large values especially in summer. Butgives an increase of d=0.15£0.02ms'yr-1 and
these summer correlations are, with one month as an excepi=0.08+0.02 mstyr—1 for the annual meano in the pe-
tion, not significant. Visual inspection of Fig. 4 indicates that riod bands 2—7 and 7—30 days, respectively, with correlation
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Fig. 7. Solar cycle dependence (coefficietdrom Eg. 2) for the standard deviations of the zonal (upper panels) and meridional (lower
panels) daily mean wind filtered in the 2—7 (left panels) and 7-30 (right panels) period intervals. The F10.7 time series has been shifted with
respect to the winds by 0-4 years, i.e. a shift of one year means that the 1990 F10.7 value is compared with the winds in 1991 etc. Solid
symbols denote statistically significant correlation according to a t-test.

coefficientsr=0.77 andr=0.63. This increase is, for the nation of starting and end point of a transition. RAMPFIT
2—7 day period window, visible for each seasai*@.10, allows checking the validity of the ramp function fit through
0.13, 0.19, 0.14 mgtyr—! for December—February (DJF), analysis of the weighted residuals, and provides uncertainties
March—-May (MAM), June-August (JJA), September— through bootstrap resampling. The results in Fig. 8a indicate
November (SON), each of these values is significant at thehat there is a transition starting around 1987/1988 in each
95% level according to a t-test). For the longer periods (7—30season. Note, however, that for winter (DJF) the validity of
day, Fig. 8b) there is not such a clear tredd@.11, 0.09, the ramp function is questionable, however, generally in win-
—0.02, 0.11 mstyr—1 for DJF, MAM, JJA, SON) especially ter the amplitudes are smaller than in summer. The duration
in summer, see also Fig. 5a, b, but the DJF and SON trendsf this transition differs. In some cases the fit indicates a
are positive and significant. This again is connected with therelatively quick transition (MAM and annual mean). But in
weak PW activity in summer. summer and autumn the transition is very smooth, and the
Considering especially the seasonal and annual mean vakncertainty of the starting and end point is 4 and 3 years,
ues of the 2—7 period band PW in Fig. 8a, visual inspec-respectively, so that actually no clear conclusion on the real
tion indicates a sort of climatic shift around 1990, and smallform of the change can be drawn. Note also that the quick
trends before and after that time. Figure 8 also shows fitdransition of the annual average is mainly due to the 1991
of a ramp function (RAMPFIT, Mudelsee, 2000) to the an- Ao value, which again is dominated by the large amplitudes
nual and seasonalo time series, which allows the determi- of the QTDW in this year (e.g. Jacobi, 1998). Removing
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overall change, we cannot draw conclusions on nature of a
change. This is also the case with autumn, a fitting proce-
dure suggests a change for the last years of the time series,
but we cannot see the real form of this change. Note that,
on an annual average, there is a positive linear trend for the
7-30 day period range PW also, however, we cannot clearly
identify whether this is a linear trend or whether there is a
time interval when a stronger transition occurs.

PW in the mesosphere are generally assumed to be propa-
gating upwards from the lower atmosphere or are the result of
instability of the mesospheric jets, the latter is especially the
case with the quasi two-day wave. This raises the question
whether some climatic change around between the 1980s and
later years is visible in tropospheric or stratospheric param-
eters, too. Baumgaertner et al. (2005, their Fig. 16) showed
Fig. 9. Annual mean magnitudes of zonal and meridional prevailing PW_]', amp“tUdes_ from NCEP/NCAR data at”& which
winds over Collm. exhibited a clear increase around 1990. Also, the change of

trends in ozone laminae (Lastovicka and Krisan, 2006) indi-
cate that there is a change in stratospheric PW activity that
of this data point would lead to a fit with a much slower May be connected with the MLT wave activity.
transition that lasted until 2000, although the starting point
of the transition (1988) remains the same. Thus, we may3.4 Connection with mean wind trends and potential arte-
only conclude that there is an indication for a change in PW facts
amplitudes, which probably began after the middle 1980s,
but cannot draw final conclusions about the progress of thisarlier analyses of Collm MLT winds have shown a long-
change in the following years. term increase of the zonal prevailing wind more or less

For the longer periods (Fig. 8b) the results differ betweenthroughout the year and a decrease of the magnitude of the
summer and winter, and the changes are generally not smeridional prevailing wind both in summer and winter (Bre-
well expressed. In summer the tendency is even negative ancher at al., 1997; Jacobi andikschner, 2006), which is
the change is not significant. In winter and spring there isin correspondence with results from other midlatitude sta-
an uncertainty of the begin/end of the transition of 3/1 andtions (e.g. Middleton et al., 2002). To demonstrate the
6/4 years, respectively, so that, taking into account the weakrend, in Fig. 9 we present annual mean zonal and meridional

—@— zonal
- O- meridional

- - -
o © o N N
1 1 1 1 1
T

N
1
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Fig. 11. Long term trend coefficientsB(from Eq. 2) for the zonal-

Fig. 10. Time series of 3-monthly mean differences of zonalmerid- eigional standard deviation difference, which was divided by the
ional standard deviations of MLT winds, divided by the magnitudes magnitude of the prevailing wind, for each month of the year, and
of the 3-monthly mean prevailing horizontal winds. for 2 different period intervals.

prevailing wind speeds that are based on the monthly MeaMeasured time differences (0.25s) is assumed constant. On

zonal ;) and mer|d|ona|. {on) prevailing winds, V.Vh'Ch the other hand high values of velocity are mostly connected
have been galculated using Eq. (:.L) on_the b.aS'S of thL?Nith higher fading frequency and therefore more individual
mor]thlél m$d|an r;]alf-hm:]rly mean th)r']dfi',dl.eh usmg a com- measuring points referred to the measuring interval (30 min).
gﬁzlfnniél(:;::r?s 2; (\)/gtb:esr:r;;ﬁ: ?Jcl)atlea(‘j fr:fn Pheer r(n(?l’(l)t?l)l These two effects show a kind of compensation. Thus it ap-

) Y @ears reasonable to assume that the accuracy is, as a first ap-
solute values: proximation, independent on the wind velocity itself, which

_ 1 & _ 1 22 means that independently on the daily mean wind we may
Yoz = 715 Z [voz,il, Tom = 12 Z [vom.i| (4) expect errors in analysing these wind values that are of simi-
i=1 i=1 lar order of magnitude and we do not expect that the detected

with indexi indicating the respective month. In Fig. 9 these PW trends are artefacts. To test this, we scaled the monthly
annual mean magnitudes of the zonal and meridional preAo values with the magnitude of the monthly mean winds
vailing winds are shown as time series. There is a long-term
increase of the zonal componeat=0.22:0.03ms1yr 1,  Aq, = _
r=0.80) and a somewhat weaker decrease of the meridional [ (V6:)? + (Vom)?
wind magnituded=—0.05:0.02ms 1 yr—1, r=0.41). Jacobi
and Kurschner (2006) also showed monthly and seasonalf the trends are preserved o, this is an indication that
trends. The trends shown in Fig. 9 pointin the same directiorthey are not dependent on the mean wind and thus are not
than the standard deviation trends do. This raises the queshe result of artefacts. Examples for seasonaj, (2—30
tion whether the change in absolute values of the prevailingdays period) are shown in Fig. 10. Although the interannual
wind may be responsible for the variance trends, i.e. whethevariability has increased in some cases (which is understand-
the presented results on PW trends may be contaminated tgble, because the prevailing wind is small in some months),
artefacts if the uncertainty of the daily mean winds, which in each season there still remains a positive trend. Note that
contributes to the variance, is dependent on the absolute winthe trends in this overall (over the entire period range 2—-30
value itself. days) standard deviation are dominated by the shorter peri-
We have calculated the variance, as an expression of PVéds in summer and the longer periods in winter, so that the
activity, from the daily mean wind values. Generally, the results for the 7-30 days period PW in summer, which point
error in estimating winds using the similar fade method is,in a different direction, are not visible in Fig. 10. The trend
among others, dependent on the accuracy of determining theoefficients A after Eq. (2) are shown in Fig. 11 for each
time differences between corresponding fading extreme valmonth (again representing 3-monthly means each) for the
ues at the 3 receivers. This accuracy on the one hand dewo period intervals 2—7 and 7-30 days. The results from
creases with increasing wind velocity, because the velocitythe analysis of the unscaled standard deviations in Fig. 8 are
and the time differences are reciprocal and the accuracy opreserved. While the short-period PW show a positie

Oy — Oy

®)
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and Ao, trend in each month, the long-period waves show arecovery of the ozone layer (visible in the total ozone con-
positive trend in winter, and a weak or negative one in sum-tent as well as in upper stratospheric ozone) which possibly
mer. Note that the results for the long-period waves are nobegan around 1996 (Reinsel et al., 2002, 2005; Newchurch,
significant (open symbols). We may conclude that the long-et al., 2003). The total ozone and ozone laminae trend pat-
term trends in monthly mean winds do not seriously affectterns indicate a corresponding change in the sign of trends
the PW analysis results, and we can, at least qualitativelyin the mid-1990s, its origin being probably changes of the
consider the data trends presented in Fig. 8 as realistic anttends in stratospheric dynamics (for example, the midlat-
not as a result of artefacts. itude winter heat flux at 100 hPa increases since the mid-
1990s) and in a decrease of chlorine loading (Dhomse et al.,
2006; Krizan and Lastovicka, 2005). Wild et al. (2005) re-
4 Conclusions ported that global dimming, i.e. the decline in solar radiation
has changed to a solar brightening after 1990, which is con-
Analysing 26 years of long-period wind variations over sistent with changes in cloudiness and atmospheric transmis-
Collm, which may be interpreted as the signal of PW, sion, and may also influence global the circulation. Strato-
we found a signal of long-term trends during the last 2-3spheric planetary wave activity also show a change in the
decades, which is in opposite direction when the two hor-1990s (Baumgaertner et al., 2005) and Randel et al. (2006)
izontal components are considered, namely in general théeported an increased Brewer-Dobson circulation beginning
zonal wind fluctuations increase while the meridional wind in 2001.
fluctuations decrease in amplitude, so that their differences
increase. These trends are accompanied by correspondin
trends of the absolute values of the mean winds. Analysinqﬂgi'I
the PW activity in detail indicates that the trends may be S
non-linear, with a transition to larger amplitude differences
starting in the late 1980s. This is relatively well visible in
the shorter periods (up to 7 days), while the winter PW with
longer periods (7—30 days) do not show such a behaviou

and the summer long-period PW amplitudes are even weakly! . S .
gglstered amplitudes. To get more insight into possible pro-

decreasing. However, the quasi 10-day and 16-day waves a Id ) deli fth iddle at h
not able to propagate directly from the lower atmosphere to-©SSES Woulld require modeting of the middle atmosphere,

the summer MLT, but only through the equatorial Waveguideand g_ssimilatihg the typical tropospheric and stratospheric
or from the winter to the summer MLT, so that their ampli- conditions, which, e.g. expressed through the NAG and AOQ

tudes then are small. Thus on an annual average we have é|ﬁd|ces, also show changes, or changes in trends. There is

increase of PW activity in each period range considered. 2" indipation that the MLT circulation in winter is corre-
. yin P 9 . lated with the NAO (Jacobi and Beckmann, 1999), therefore
Already relatively early it was shown that obviously there

are trends of MLT parameters (Bremer et al., 1997), and alsomodeling of_the ML.T response to tropospheric circulation
. . . changes an interesting task for further research.
changes in long-term trends of mean winds and tides over
Collm have been reported (Jacobi et al., 1997). Recently it To conclude, we have shown that the midlatitude MLT PW
could be shown that these changes are of hemispheric scalactivity as seen from LF D1 wind measurements over Collm
since they are seen in different long-term MLT wind time shows a trend, with an indication for a transition around after
series concomitantly (Portnyagin et al., 2006). Of specificthe late 1980s for waves with periods shorter than 7 days, i.e.
interest has been the long-term decrease of the semidiurnahainly for the quasi 2- and 5-day wave. Long-period waves
tidal amplitudes since the beginning of the MLT wind mea- also show long-term trends, which are weaker, so we could
surements. The more recent data show that this decrease hast draw conclusions whether these trends are linear or not.
levelled off, or even turned to an increase. This is in cor-
respondence with recent literature results from the Southern
Hemisphere (Baumgaertner et al., 2005) and also with mag- )
netometer measurements presented by Jarvis (2005). \WecknowledgementsThis study has been partly supported by DFG
may conclude that there are probably structural changes ofnder grants JA 836/19-1 (CPW-TEC) within the DFG Special Pri-

| t trends i MLT t hich t ority Program 1176 “CAWSES - Climate And Weather of the Sun-
ong-term rends in Ssome parameters, which may 10-g System” and JA 862/22-1. We are grateful to M. Mudelsee,

gether represent a signature of changes in trends of the glob limate Risk Analysis, for providing the RAMPFIT model. F10.7
circulation and which may affect the PW at time scales of thegata have been provided by NOAA/NGDC throubtip://www.
quasi 2- and 5-day wave. ngdc.noaa.gov/stp/SOLAR/ftpsolarradio.html

There are several other atmospheric parameters that also Topical Editor U.-P. Hoppe thanks R. A. Akmaev, Y. Portnya-
display changes in the long-term trend. For example, thera@in and another anonymous referee for their help in evaluating this
is a tendency towards a slowdown of ozone decrease or Baper.

However, at present we may only speculate here about the
ysical reason for the MLT wave behavior and whether this
connected with changes in the lower atmosphere. It may
be possible that there is a meridional shift in the PW waveg-
uide, which may alter the meridional structure of the PW so
that we obtain a change in the ratio of meridional and zonal
Iamplitudes. This may be superposed by long-term changes
in wave forcing and propagation conditions that affect the
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