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Long-term variations of the mesospheric wind field at mid-latitudes
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Abstract. Continuous MF radar observations at the station1 Introduction
Juliusruh (54.6N; 13.4 E) have been analysed for the time
interval between 1990 and 2005, to obtain information aboutThe first investigations of the influence of the solar activ-
solar activity-induced variations, as well as long-term trendsity on the wind field of the mesosphere and lower thermo-
in the mesospheric wind field. Using monthly median valuessphere (MLT region) were published by Sprenger and Sch-
of the zonal and the meridional prevailing wind components,minder (1969), using LF wind observations at mid-latitudes
as well as of the amplitude of the semidiurnal tide, regres-from 1957 until 1968. They found positive correlations be-
sion ana|yse5 have been carried out with a dependence dgween solar activity and zonal as well as meridional winds
solar activity and time. The solar activity causes a significantduring winter and a negative correlation between the ampli-
amplification of the zonal winds during summer (increasing tude of the semidiurnal tidal component and the solar activ-
easterly winds) and winter (increasing westerly winds). Theity. These results were confirmed by observations at other
meridional wind component is positively correlated with the stations (Dartt et al., 1983). However, Greisiger et al. (1987)
solar activity during summer but during winter the correla- achieved partly different results when they investigated a
tion is very small and non significant. Also, the solar influ- longer time series than that used by Sprenger and Schminder
ence upon the amplitude of the semidiurnal tidal componen{1969), also including additional meteor radar wind obser-
is re|ative|y small (|n dependence on he|ght part|y positiveV&tiOﬂS. Their correlations between the zonal wind and the
and partly negative) and mostly non-significant. solar activity were different depending on the time period
The derived trends in the zonal wind component duringinvestigated. Th_e_correlation betwe_en the se_midiurr_lal tide
summer are below an altitude of about 83 km negative andind the solar activity, however, remains negative. Using ob-
above this height positive. During the winter months the servations at_d|fferent stguons, Bremer et _al. (1997) derived
trends are nearly opposite compared with the trends in sum/€akly negative correlations of the zonal wind, as well as the
mer (transition height near 86 km). The trends in the merid_semldlurnal_ tl_dal amplitude with the solar_ act|V|t)_/, wherea_s
ional wind components are below about 85km positive infOr the meridional component and the diurnal tidal ampli-
summer (significant) and near zero (nonsignificant) in Win_tgde the correlatlons. are nearly zero. Many further |n\(e_st|ga—
ter; above this height during both seasons negative trenddons have been carried out (Fraser, 1990; Namboothiri et al.,
have been detected. The trends in the semidiurnal tidal amt993, 1994; Jacobi et al., 1997; Jacobi, 1998; Middleton et

plitude are at all heights positive, but only partly significant. @l-» 2002; Baumgaertner etal., 2005). The detected solar im-
act on the wind field in the MLT region agrees only partly in

The detected trends and solar cycle dependencies are corﬂ; t onlv the tidal ¢ late at tob .
pared with other experimental results and model calcula- at, only the idal components correlate at most observations

tions. There is no full agreement between the different re_negatively with the solar activity. The observed differences

sults, probably caused by different measuring techniques angre dpfrfobably Caﬁszd by d(;ffirerét.ftfime inLery ar:s invesltiga(tjed,
evaluation methods used. Also, different heights and obser?Y different methods used, by different heights analysed or

vation periods investigated may contribute to the detecteoby different seasons (or months) investigated. In some of the
differences. methods used (old LF wind data and meteor radar observa-

tions without interferometric height estimations) the measur-
Keywords. Meteorology and atmospheric dynamics (Cli- ing height is only roughly estimated. Here it was also as-
matology; Middle atmosphere dynamics) — Radio sciencesumed that this height may be constant, in spite of the fact
(Remote sensing) that due to a greenhouse cooling the middle atmosphere is
shrinking (Bremer and Berger, 2002).
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The above-mentioned measuring problems may also inhalf hourly operation of both radars). As the derived wind
fluence the detected long-term trends in different data sevalues of both observations agree nicely we used the obser-
ries. Analysing different radar measurements, Bremer ewations of both radars for a creation of a common data series
al. (1997) derived negative trends in the zonal mean windfor investigations of long-term changes in the mesospheric
as well as in the diurnal and semidiurnal tidal components.wind field at altitudes between about 68 km and 93 km.

The meridional wind component, however, shows only a For long-term investigations with wind data derived from
small, nonsignificant positive trend. Jacobi et al. (1997) re-radar measurements it is very important to be sure that the
ported about long-term oscillations mainly in the summer height estimates of the radar echoes are not influenced by
zonal winds and in the amplitudes of the semidiurnal tidaltechnical changes within the radar equipment. Whereas the
component. Similar results were derived by D'Yachenko etcontrol of the echo heights derived by a pulse radar is rel-
al. (1986) for the semidiurnal tide. Using LF wind measure- atively simple, it is more difficult to check the heights de-
ments in Central Europe Jacobi andrschner (2006) found rived from a FM-CW radar because they depend not only on
a decrease in the summer meridional wind, a decrease ithe group delay in the equipment but also on changes in the
the semidiurnal tidal amplitude connected with a tidal phasesweep steepness, which were more difficult to control in the
shift, and an increase in the westerly wind in the mesopaus@ast. Therefore, extensive height comparisons have been car-
region. Whereas in most long-term analyses negative trendded out during multiple Es layers observed by the MF-radar
in the amplitudes of the tidal components have been derivedind simultaneously by the collocated ionosonde at Juliusruh.
Baumgaertner et al. (2005) found positive trends in the tidalOn the basis of these observations it was necessary to change
amplitudes at Scott Base (78; 167 E) since 1987. Port- the MF-radar reflection heights slightly for some limited time
nyagin et al. (2006) detected changes in the trends in differintervals.

ent wind components using mesospheric wind observations Due to an increasing background noise level at mid-
between 1964 and 2004 at Obninsk{8§ 37° E) and Collm  |atitudes during night, the effective operation times of the
(52°N; 15°E). MF-radars in Juliusruh are mainly limited to daytime con-

In the present paper long-term variations in the meso-ditions centred at local noon, varying between about 13 h in
spheric wind field will be analysed based on continuous MF-winter and about 16 h in summer. To obtain more reliable
radar observations at Juliusruh (54N 13.4 E). Herewind  results composite days have been constructed from hourly
analyses are made between about 68 km and 93 km fromvind data of three adjacent days, with a special weighting
1990 until 2005. In Sect. 2 the experimental technique, asf the wind values during these days (1-2-1). These com-
well as the analysis method is briefly described. In Sect. 3posite days have been analysed by a special harmonic fitting
the derived experimental results are presented. After a disprocedure for the two horizontal wind components using the
cussion of the results in Sect. 4 the conclusions follow inassumption of a clockwise circularly polarized semidiurnal
Sect. 5. tidal wave. Due to the limited daily measuring time, we re-

signed to also derive the diurnal tidal component. The same
procedure has also been used by Schminder et al. (1997) for
2 Experimental technique, available database, and the derivation of representative height-time cross sections of
analysis method the mean mesospheric wind field over Central Europe. For
the investigations of long-term variations of the mesospheric
The MF-radar observations at Juliusruh have continuouslywind field monthly median values have been calculated from
been carried out at a frequency of 3.18 MHz since 1990 afthe daily values of the prevailing wind components (zonal
ter some preliminary observations in 1989. During the timeand meridional components) and the amplitude of the semid-
period until spring 2003 a MF-radar was running using thejurnal tide.
FM-CW technique (Hoffmann et al., 1990; Singer et al.,
1992) with a sweep steepness of 540 kHz/s, corresponding to
a height resolution of about 2 km. From 2003 untilnow anew3 Experimental results
radar is operating at the same frequency but using the normal
pulse technique. A similar MF-radar is also working in SauraBased on the MF-radar observations between 1990 and 2005
(69.2 N; 16.C E) in Northern Norway (Singer et al., 2003); in Juliusruh the mean seasonal variations of the zonal and
only the antenna system used in Juliusruh is smaller due taneridional prevailing winds, as well as of the amplitude of
the available limited area, and the pulse duration is longetthe semidiurnal tide are presented in Fig. 1. The variation
(27 us instead of 13s). Longer pulses have to be used to of the zonal wind (upper part of Fig. 1) is characterized by
reduce interference from other radio services, resulting in & strong summer easterly wind jet below about 88 km and
mean height resolution of about 4 km. As the technical pa-a wind reversal above this altitude. During winter somewhat
rameters of both radar systems used in Juliusruh are similaweaker westerly winds dominate. The meridional wind (mid-
but notidentical, during 3 months nearly simultaneous obserdle part of Fig. 1) is markedly smaller than the zonal wind
vations with both systems have been carried out (interleavedvith southward directed winds in summer and northward
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Fig. 2. Variation of the solar Lymane radiation (units:
101 ph.cn2s1) between 1990-2005 (Woods, 2006). Black
dots are monthly mean values, the red curve is based on yearly mean
values.
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Fig. 1. Mean height-time cross section of the zonal wind (upper =
part), the meridional wind (middle part) and the amplitude of the &
semidiurnal tidal component (lower part) deduced from MF-radar

measurements at Juliusruh between 1990 and 2005. 70 30

75 ° 20

directed winds during winter and equinoxes. The amplitudes

of the semidiurnal tide have maxima during autumn and win- _
ter (lower part of Fig. 1). The general features agree well %85
with the results presented by Schminder et al. (1997). %so

As seen in Fig. 2 the solar activity changes markedly dur- -
ing the observation period between 1990 and 2005, here
characterized by changes in the solar Lymanadiation
(Woods, 2006), which is the most important solar radiation
for the ionisation of the ionospheric D-region. The black Fig. 3. Mean height-time cross section of the zonal wind for three

dots are monthly mean values, the red step-like curve chargiterent time intervals derived from MF-radar data at Juliusruh.
acterizes the variation of yearly mean values. The years of

maximum solar activity are 1991 and 2002, with the lowest

90

70-

activity observed in 1996. are analysed by the following twofold regression equation
The influence of the solar activity upon the zonal wind
field can be seen in Fig. 3, where during the years of highy = ¢ + b - Lya + ¢ - year Q)

solar activity (years 1990-1992 and 2000-2002) the winds
are markedly stronger than during the period of low solarSuch regression analyses have been carried out separately for
activity (years 1995-1997). The fact that the winds duringthe zonal and meridional prevailing winds, as well as for the
the second solar maximum (2000-2002) are stronger than aimplitude of the semidiurnal tide at heights between about
the first maximum (1990-1992) suggested possible trends. 68 km and 93 km, using monthly median values.

Both phenomena, the influence of the solar activity on the In the next section the solar influence will be investigated
mesospheric wind field, as well as trends in the wind field, followed by the derived trends.
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Fig. 4. Mean height-time cross section of the partial regression co- 65 +——"T——T T+
efficientd (see Eq. 1) between the mesospheric zonal wind at Julius- -8 -6 4 -2 0 2 4 6 8
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Fig. 6. Partial regression coefficieht(see Eq. 1) between the meso-
spheric zonal wind at Juliusruh and the solar activity with a depen-
dence on height for summer (red) and winter (blue). Red and blue
dashed lines are the corresponding medisalues derived from all
data.

jet in summer, as well as the westerly wind in winter is en-
hanced by increasing solar activity. Due to the intensifica-
tion of the summer easterly wind, the region of the easterly
wind jet in summer is also extended toward higher altitudes
as can also be seen by a comparison of the lower part of Fig. 3
(representing high solar activity) with the middle part of this
figure (for low solar activity).

The seasonal variation of the partial regression coefficient
b is shown in Fig. 5 for different altitudes between 70 km and
90 km. Here the significance levejs of the individual re-
L I A gression coefficients are included with-95% (black dots),
x>90% (grey dots), as well as for nonsignificant values with
x<90% (crosses). The significance levels have been esti-
Fig. 5. Seasonal variation of the partial regression coeffidigisee mated _W'th the FISheI”S. F t_efSt (Taubenheim, 1969)' As seen
Eq. 1) between the mesospheric zonal wind at Juliusruh and th&"0m Fig. 5 the most significanti values were derived for
solar activity for different heights (significance levelmarked by ~ the summer months, whereas in winter only some individual
black dots § >95%), grey dots ¥ >90%), and crosseg &« 90%)). regression coefficients are significant.

In Fig. 6 meanb profiles are presented which have been
calculated from the monthly values for the summer and
winter half year (summer: months 4-9, winter: months 10—
3). The dashed vertical lines mark the corresponding me-

The next three subsections deal with the solar influence O.r(]jian values over all heights (summer4.8 m/s/Lyr, winter:

the three investigated wind parameters separa_te_ly,_ using B1 m/s/Lyx). It has to be mentioned here, thiavalues are
Eq. (1) the solar Lymanr values as the solar activity index. shown for each sampling height (each km), in spite of the fact

Due to the strong correlation between the monthly Lyrmaan ; : .
s : that the height resolution of the radar measurements is larger,
values and F10.7 solar activity indices, the regression results

are nearly identical as if the F10.7 values would be used. as reported in Sect_. 2. In other figures we present, therefore,
often only data which are separated by 5km. Nevertheless,

31.1 Zonal wind we found in Fig. 6 at all heights negatibevalues in summer

and positive values in winter.
The influence of the solar activity on the zonal wind is shown  The investigation of the solar influence on the zonal wind
in Fig. 4 by a height-time cross section derived from the has also be done by another method. The data series for each
monthly regression coefficients Whereas during the sum- height and each month have been detrended. Then the result-
mer months negative values dominate, in winter more posiing individual data series have been combined to half yearly
tive values have been derived. Therefore, the easterly windeasonal data series (summer: April until September, winter:

b [mis/Lyo]

3.1 Solar influence upon the mesospheric wind field
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Fig. 7. Dependence of detrended zonal wind values at Juliusruh on

solar activity for summer and winter conditions at different heights. Fig. 8. Seasonal variation of the partial regression coefficient
Positive relations are red, negative relations blue. Significance lev{see Eq. 1) between the mesospheric meridional wind at Juliusruh
els are characterized by full lines and dots-@5%), nonsignificant ~ and the solar activity for different heights. Significance leyeb

levels by dashed lines and crossgs<90%). marked by black dotsy(>95%), grey dots x>90%), and crosses
(x <90%).

October until March) and linear regressions with a depen- summer winter

dence on the Lymaa flux have been estimated. The results 12 ARR AR 12

are presented in Fig. 7 for five different heights. As to be R P S S T e

expected, due to the results presented in Figs. 4-6, all re- 51 90km 90km -5

gressions in summer are negative with a significance level -10 -10

x>95% (full circles and full regression line), whereas in 2_.’__1-_‘:__,_.__+t SRS

winter all regressions are positive. However, in winter some 5% .. ° * “eim L5

of the regressions are nonsignificapt<(90%, crosses with - -10 A0

dashed regression lines). E_ gjw, IS 2 E,_

3.1.2 Meridional wind §12 80km S §
5 * 5

The impact of the solar activity on the meridional wind com- 0 1.._—-"——.4'"““"'— *+*+*t:+ 0

ponent is presented in Fig. 8 by the seasonal variation of 12 75km i 75km 13

the partial regression coefficientfor five heights between 5] ! . Ls

70 km and 90 km. During most months and heightgilel- 0 S B R A L

ues are positive with larger values in summer than in winter. 12 1 70km * rokm 12

Also, the significance level of the regression values is higher 35 40 45 50 55 60 40 45 50 55 60

in summer. Only during summer were significantvalues Lyman o

derived (black dotsy >95%; grey dotsy >90%). The solar

influence in winter is small and nonsignificant. Fig. 9. Dependence of detrended meridional wind values at Julius-

The results presented in Fig. 8 are confirmed by the analfuh on solar activity for summer and winter conditions at different
yses with detrended data series of the meridional winds usheights. Positive relations are red, negative relations blue. Signif-
ing the same method as described above in connection witifance levels are characterized by full lines and dets95%) or
Fig. 7. The regression lines in Fig. 9 are positive for all Qashed lines and dotg £90%), nonsignificant levels by dashed
heights during summer. In four out of five heights the signif- lines and crosses(<90%).
icance of these regressions is significant with95% (dots
with full regression line). During winter the regression lines
are mainly nonsignificant positive or negative; only for the
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height of 90 km is the regression positive with a SIgnIfICanceFig. 11. Dependence of detrended values of the amplitude of the

level x>90%. semidiurnal tide at Juliusruh on solar activity for yearly mean con-
ditions at different heights. Positive relations are red, negative rela-

3.1.3 Amplitude of semidiurnal tide tions blue. Significance levels are characterized by dashed lines and
dots (x>90%), nonsignificant levels by dashed lines and crosses

The influence of solar activity on the amplitude of the (x <90%).

semidiurnal component is very small and in general, non-

significant. This can be seen by the seasonal variation of mislyear
the partial regression coefficient shown in Fig. 10. Here the 9 ' ; o
monthlyb values are positive (70 km and 80 km) or negative ¢ 15
(75km, 85km, 90km), and the corresponding significance £ w o
levels are in general small. Only in four cases were signif- ¢

icant values detected. These results qualitatively agree with 75—
the analyses of the detrended data series as shown in Fig. 11. ,,
As the monthlyb values in Fig. 10 do not show any marked
seasonal variations, in Fig. 11 only yearly mean values have
been used to obtain more significant results. However, only

at 75km a significant negative regression line was derived:'g' 1.2' Mean h_elght-tlm_e cross section of the_ trend m_the meso-
(x >90%). spheric zonal wind at Juliusruh (partial regression coefficiehie

to Eq. 1).

3.2 Trends in the mesospheric wind field

3.2.1 Zonal wind
The next three subsections deal with the analysis of long-
term trends in the mesospheric wind field based on Eq. (1)The trends in the mesospheric zonal wind field are shown
In particular the partial regression coefficienwill be pre- by a height-time cross section in Fig. 12, resulting from
sented with a dependence on height and season for differenalues derived according to Eq. (1) for each month and dif-
characteristic wind parameters. ferent heights. The trends in summer are negative below
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3.2.2 Meridional wind
month

Fig. 13. Seasonal variation of the trend in the mesospheric zonalT N€ trends in the meridional component of the mesospheric

wind at Juliusruh (partial regression coefficiendue to Eq. 1) for ~ Wind field can be found in Fig. 16 with a dependence on

different heights. The significance levetsare marked by black Season and height. During summer positive trends have

dots (x>95%), grey dots X >90%), and crosseg «90%). been detected at heights below a transition height near
84 km (detected from trend analyses at every km, not shown
here), most of the detected trends are significant (black dots:

about 83km and positive above this height. During winter y >9504). At heights above 84 km the trends become neg-

the trends are not so clear, with positive parts dominating aktive, and they are mostly nonsignificant. During winter

lower heights and negative parts at higher regions. Duringhe monthly trends are positive or negative, but only some

spring a negative region also reaches up to above 90 km. Thgf them are significant (black dotsy>95%, grey dots:

same features can also be seen in Fig. 13, where the seasonal-90%). The mean seasonal trends derived after elimina-

variation of the trend parameteris presented for different  tion of the solar influence are shown in Fig. 17. The derived

heights. Most of the summer months have significant trendgrends agree in general with the results of Fig. 16. Significant

(black dots: x>95%, gray dots:x>90%) with a different  trends were only found in summer at heights below 84 km

sign above and below about 83 km. During winter only a few and during winter only at 90 km.

months have significant trends.

The different behaviour of the trends in summer and win-3.2.3  Amplitude of semidiurnal tide

ter with a dependence on height can very clearly be seen in

Fig. 14, where mean profiles are presented calculated fronThe seasonal variation of the trends of the semidiurnal tidal

the monthlyc values (summer: from months 4-9, winter: amplitude in the mesospheric wind field is presented for dif-

from months 10-3). Here the change in the sign of the trenderent heights in Fig. 18. These trends are nearly all positive,

is near 83 km during summer and near 86 km during winter. their values increase with height, but only some of them are

Using zonal wind values after elimination of the solar ac- significant. As nearly all trends are positive without marked

tivity influence by a similar method, as explained for Fig. 7 seasonal variations, only mean yearly trends have been de-

in Sect. 3.1.1, linear mean trends for summer and winter haveived, combining all 12 months after elimination of the solar

been estimated. The results are presented in Fig. 15 for difactivity influence. In Fig. 19 these yearly trends are presented

ferent heights. Whereas during summer all trends shown aréor different heights. All trends are positive and most of them

significant with x >95%, during winter only the trends in are significant £ >95%: 70 km and 80 kmy >90%: 85 km

two heights are significanty&95% in 70km and 80km), and 90 km).

whereas the other trends are nonsignificant 90%). The

changing sign of the trend with a dependence on height fully

agrees with the results presented in Fig. 14. 4 Summary and discussion

The wind data used in this paper have been derived from
MF-radar observations in Juliusruh between 1990 and 2005.

www.ann-geophys.net/25/1779/2007/ Ann. Geophys., 25, 1I77@13-2007
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Fig. 15. Trend of the mesospheric zonal wind at Juliusruh after Fig. 17. Trend of the mesospheric meridional wind at Juliusruh after
elimination of the solar activity induced parts for summer and win- elimination of the solar activity induced parts for summer and win-
ter conditions at different heights. Positive trends are red, negativaer conditions at different heights. Positive trends are red, negative
trends blue. Significance levels are characterized by full lines andrends blue. Significance levels are characterized by full lines and
dots (x >95%), nonsignificant levels by dashed lines and crossesdots (x>95%), nonsignificant levels by dashed lines and crosses
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1.0
05 ments can only successfully be used during 13-16 h around
00 72 local noon for the derivation of the mesospheric wind field.
:?-g ] Therefore, only the semidiurnal tidal component as well as
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the prevailing zonal and meridional components of the wind
field have been derived and used for the investigation of their
long-term variations. Due to the limited diurnal measuring

time it is impossible to derive the diurnal tidal component

with sufficient accuracy.

The available time interval of 16 years with continuous
wind observations is not very long for long-term investiga-
tions, however, with a duration of about 1.5 solar cycles it
seems to be possible to obtain some indications of the so-
lar influence and of possible trends. By extension of these
observations in the future the accuracy of the derived results
may become still more representative. In the presented paper
we tried to estimate the significance of the derived results by
some statistical tests.

One essential problem in long-term observations is the sta-
bility of the measuring series, in our case, mainly the cor-

Fig. 16. Seasonal variation of the trend in the mesospheric merid-rect height of the observed wind field. Especially in connec-

ional wind at Juliusruh (partial regression coefficiewiue to Eq. 1)
for different heights. The significance levelsare marked by black

dots (x >95%), grey dotsx>90%), and crosse$ «90%).

tion with technical changes in the MF-radar a lot of mea-
surements and comparison with the collocated ionosonde
observations have been made to be sure that the observed
heights are correctly estimated (more details can be found in
Sect. 2). One essential conclusion is that technical changes

Due to increasing external noise level (mainly foreign radio in the radar equipment should be made only if they are abso-
transmitters) during night-time conditions the radar measurelutely necessary.
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Fig. 18. Seasonal variation of the trend of the semidiurnal tidal
amplitude at Juliusruh (partial regression coefficiedtie to Eq. 1)
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4.1 Influence of the 11-year solar cycle

Fig. 19. Trend of the yearly averaged semidiurnal tidal amplitudes
Due to the results presented in Figs. 4-7 the zonal wind is inat Juliusruh after elimination of the solar activity induced parts
tensified by increasing solar activity, i.e. increasing easterlyfor different heights. Significance levels are characterized by full
winds in summer and westerly winds in winter during the lines and dots >95%) or dashed lines and dotgX90%), non-
whole height range investigated between about 68 km untiFignificant levels by dashed lines and crosses$0%).
93 km. The negative correlation between the summer zonal
wind and the solar activity is confirmed by the majority of
investigations with other data series (Greisiger et al., 1987; As the meridional wind component is essentially smaller
Namboothiri et al., 1993, 1994; Bremer et al., 1997; Jacobithan the zonal component, the derived correlations with solar
1998; Jacobi and #rschner, 2006). Only Dartt et al. (1983) activity become more uncertain. Due to the results in Figs. 8
and Middleton et al. (2002) reported about a positive correla-and 9 the correlation between the meridional wind and the
tion between summer zonal winds and solar activity. A sim-solar activity is during the summer months mainly positive
ilar picture can be found for investigations during the winter with a sufficient significance level. During winter the cor-
season. Here a positive correlation was detected as seen ielation becomes smaller and is in general positive, but dur-
Figs. 4-7. However the significance level of these correla-ing some individual months at different altitudes the correla-
tions is slightly smaller than in summer (see Figs. 5 and 7).tion can be even negative. Therefore, the significance level
This positive correlation is confirmed by a lot of other inves- during winter is mostly below 90%. Other authors found
tigations (Sprenger and Schminder, 1969; Dartt et al., 1983similar results for summer (Dartt et al., 1983; Jacobi, 1998;
Namboothiri et al., 1993, 1994; Bremer et al., 1997; JacobiMerzlyakov and Portnyagin, 1999) and winter (Sprenger and
and Kirschner, 2006). A negative correlation was only de- Schminder, 1969; Bremer et al., 1997; Jacobi, 1998; Jacobi
rived by Greisiger et al. (1987), Merzlyakov and Portnyagin and Kirschner, 2006). But there are also some authors who
(1999), and Middleton et al. (2002). In conclusion, it can found opposite results or no correlations.
be stated that the solar activity markedly influences the zonal The solar activity influence on the amplitude of the semid-
mesospheric wind field. However, the significance level ofj,rna) tidal wind component is not very pronounced (see
some investigations (mainly during winter, probably causedrigs 10 and 11). At different heights the correlations are
by the strong atmospheric variability during this season) iSgiferent, and nearly all are nonsignificant. Above 80 km the
not high enough to obtain final results in each case. derived correlations are negative and in general agreement

with most reported values for these heights by other authors

www.ann-geophys.net/25/1779/2007/ Ann. Geophys., 25, 1I77@13-2007
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(Sprenger and Schminder, 1969; Greisiger et al., 1987; Namitatively the same behaviour for summer and winter condi-
boothiri et al., 1993, 1994; Bremer et al., 1997; Baumgaert-tions, as derived in Fig. 14. Only the transition height, where
ner et al., 2005; Portnyagin et al., 2006). Only Fraser (1990the summer and winter trend profiles change their sign, is
and Jacobi and #rschner (2006) derived positive correla- with about 100 km markedly higher than at the experimental

tions. results with about 85 km.
The summer trends in the meridional wind field (see
4.2 Trends Figs. 16 and 17) are significantly positive below about 84 km

but nonsignificantly negative above this height. Other trend

The derivation of trends requires long-time homogenousresults are mostly positive during summer (Merzlyakov and
wind observations which are only seldom available. SuchPortnygin, 1999; Jacobi et al.,, 2003, 2005; Jacobi and
long data series are necessary to separate the solar activitiiirschner, 2006; Portnygin et al., 2006), however, for
induced part from the trend, which is normally assumed to beheights between about 90-95 km. During winter the trends
linear. But also other trend types can be used (e.g. paraboliare only near 70 km positive and at higher altitudes negative
trends, as derived by Portnyagin et al., 2006). Long-term(see Fig. 17). The only significant trend has been derived at
trends have been derived mostly from data series at altitudes0 km in qualitative agreement with other results (Jacobi and
between 90-95km, often from radar meteor observationKirschner, 2006; Portnyagin et al., 2006).
without interferometric height estimations. Also, some old Most of the published results concerning the amplitudes
LF wind measurements have been made without exact heighdf the semidiurnal and diurnal tides reported about nega-
estimations (Sprenger and Schminder, 1969). Therefore, théve trends (Fraser et al., 1995; Bremer et al., 1997; Mer-
comparison of the trend results presented in Sect. 3.2 witlzlyakov and Portnyagin, 1999; Jacobi et al., 2005; Jacobi and
other results can only be made for heights near 90 km. Kirschner, 2006). Decreasing ozone values have been as-

Due to the results shown in Figs. 12-15, the trends in thesumed as explanation of these negative trends. Due to model
zonal wind field are different with a dependence on heightcalculations by Ross and Walterscheid (1991) the ozone de-
and season. During summer the trends are negative belowrease should cause a reduced thermal forcing and therefore
about 83 km and positive above this altitude, in both casesalso a reduction in the tidal amplitudes. Given that since
with significance levels between 90-95%. During winter about 1995 the ozone content above Central Europe is again
the behaviour of the trends is nearly opposite, with positiveincreasing (Krzyscin et al., 2005), the positive trends of the
trends below about the 86 km height and negative above thisemidiurnal amplitude presented in Figs. 18 and 19 may be
altitude. The significance levels are smaller than in summercaused by this ozone increase. In Fig. 21 the mean varia-
however, for some selected heights and months, up to 95%ion of the semidiurnal tidal amplitude is shown based on
Some publications qualitatively confirm our results for the observations in Juliusruh. These values have been derived
summer months (Jacobi, 1998; Jacobi aridd€hner, 2006; for the height range between 70-80 km after elimination of
Portnyagin et al., 2006) and the winter months (Portnyagin ethe solar induced parts. The blue line is the derived mean
al., 1993; Bremer et al., 1997; Merzlyakov and Portnyagin,linear trend for the whole period (positive, in agreement with
1999). However, in some other papers trends with differentFig. 19), whereas the red lines are the estimated trends for
signs are reported, for example, for summer (Portnyagin ethe subintervals before and after 1995. Here it can be seen
al., 1993; Bremer et al., 1997; Merzlyakov and Portnyagin,that the trends in both subintervals are different, negative be-
1999) and for winter (Jacobi andikschner, 2006). In some fore and positive after 1995. Such positive trends after about
papers results of different stations are presented with partly1 995 have also been detected by Baumgaertner et al. (2005)
different signs (Jacobi et al., 2005). In the paper by Port-in observations at Scott Base, as well as by Portnyagin et
nyagin et al. (2006) different trends have been derived foral. (2006) for data measured in Obninsk (annual mean of
two subintervals divided by a break point. For comparisonsemidiurnal tides). If we look more carefully at the varia-
with our trends only the trends of the last interval are usedtion of the semidiurnal tidal amplitude in Fig. 21 during the
as this time interval agrees better with the interval investi-second subinterval, then the most dominant increase started
gated in this paper. Also in these publications (Jacobi et al.jn the year 2001. This increase could be connected with the
2005; Portnyagin et al., 2006), the signs of the trends of dif-sudden drop in the tropical stratospheric water vapour, the
ferent measurements are partly different. A qualitative agreetropopause temperature, as well as the ozone content starting
ment of the zonal wind trend profiles in Fig. 14 can be found at the same year. Randel et al. (2006) explain this behaviour
by a comparison with model results derived by Schmidt etby an increasing Brewer-Dobson circulation which could en-
al. (2006), using the Hamburg Model of the Neutral and lon- hance stratospheric ozone in mid-latitudes and may therefore
ized Atmosphere (HAMMONIA). From the global results be important for the increasing amplitudes of the semidiurnal
presented in their Fig. 11 the difference of the zonal windtidal component.
field for doubled CQ conditions and normal COcontent
Avzor=vz0n(2C0) —v20n(CO2) has been extracted for a lati-
tude of 55 N. These results presented in Fig. 20 show qual-
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Fig. 21. Trends of the yearly averaged semidiurnal tidal amplitudes
at Juliusruh for the height interval 70—80 km after elimination of
the solar induced parts derived for the full observation period from

1990 until 2005 (blue line) and for the two subintervals before and

Fig. 20. Changes in the zonal wind at 58 due to doubling of the
atmospheric C@ content with a dependence on height estimated
from model results with HAMMONIA (Schmidt et al., 2006) for
summer (red) and winter conditions (blue).

4.3 General remarks

Mesospheric long-term wind observations have been carried
out until now only at a few stations worldwide. There-
fore, the number of available data series is relatively small.
Furthermore, different measuring techniques and evaluation
methods have been used. Also, the analysed heights and the
observation periods are often different. Therefore, many of
the detected differences of the solar activity-induced varia-
tions and of the derived trends may be caused by such tech-
nical details. To a certain extent the available time interval is
also insufficient to separate the solar influence and a possi-
ble long-term trend. Therefore, in the two subsections above
only the sign of the different solar forced regression coeffi-
cients, as well as trend values have been compared and not
their absolute values.

5 Conclusions

Based on MF-radar observations at Juliusruh between 1990
and 2005 the solar-induced influences on the mesospheric
wind field, as well as linear long-term trends of different
wind parameters have been derived by a twofold regression
analysis. The main results can be summarized as follows:

— Increasing solar activity amplifies the mesospheric wind
field by an enhancement of the easterly winds in sum-

after 1995 (red lines).

— The meridional wind is positively connected with the

solar activity with higher significance levels during
summer months than in winter.

The influence of the solar activity on the semidiurnal
tidal amplitude is small and nonsignificant.

The trends in the zonal wind component are different in

dependence on height, negative below 83 km in summer
and positive above this height. During winter an oppo-

site behaviour occurs with positive trends above 86 km

and negative values below this height. The significance
levels of the trends in summer are better than in win-

ter. The trends qualitatively agree with model results

(Schmidt et al., 2006).

— The significance values of the trends in the meridional

wind are smaller than in the zonal wind. Significant
trends have been detected in summer only below 85 km
and in winter only at 90 km.

The trends in the amplitude of the semidiurnal tidal
component are positive, at most heights even signifi-
cant, if yearly mean values have been used. The pos-
itive trend may be caused by an increasing ozone trend
since about 1995 above Central Europe (Krzyscin et al.,
2005).

— To enhance the significance level of the derived long-

term variations (solar influence, as well as trends) it is
necessary to extent the data series of mesospheric wind
components by further observations in the future with-
out essential changes in the technigue and the evaluation
method.
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