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Summary: Mesosphere/lower thermosphere (MLT) zonal winds measured by a VHF 
meteor radar at Collm, Germany (51.3°N, 13.0°E) during late winter 2015/2016 show 
very strong westerly winds above about 90 km, but not below that height. This anoma-
ly appears during a very strong El Niño event. The comparison of Niño3 equatorial sea 
surface temperature index and the Collm MLT wind time series starting in 2004 shows 
that in January and especially in February zonal winds are positively correlated with 
the Niño3 index. The signal is strong for the upper altitudes (above 90 km) accessible 
to the radar observations, but weakens with decreasing height. This reflects the fact 
that during El Niño years the westerly winter middle atmosphere wind jet is weaker on 
an average, and this is also the case with the easterly lower thermospheric jet. The El 
Niño effect on the meridional wind is weak. The experimental results can be qualita-
tively reproduced by numerical experiments using the MUAM mechanistic global cir-
culation model with prescribed tropospheric temperatures and latent heat release for El 
Niño and La Niña conditions. 
 
Zusammenfassung: Der Zonalwind in der oberen Mesosphäre/unteren Thermosphäre 
über Collm (51.3°N, 13.0°E) in der zweiten Hälfte des Winter 2015/2016 weist eine 
besonders starke westliche Komponente oberhalb von etwa 90 km auf. Diese Anoma-
lie erfolgte während eines sehr starken El Niño-Ereignisses. Der Vergleich von Coll-
mer Zonalwinden seit 2004 und dem Niño3-index zeigt im Januar und besonders Feb-
ruar eine positive Korrelation. Diese ist stark oberhalb von 90 km, nimmt aber nach 
unten hin ab. Dies spiegelt die Tatsache wider, dass während El Niño-Jahren im Mittel 
der stratosphärische/mesosphärische Westwindjet schwächer ist. Dieses Signal kehrt 
aber in der oberen Mesosphäre um, so dass der thermosphärische Ostwindjet ebenfalls 
schwächer ist. Der Effekt auf den meridionalen Wind ist schwächer. Die 
Beobachtungen können mit Modellexperimenten qualitativ reproduziert werden. 
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1. Introduction 
Mesosphere/lower thermosphere (MLT) winds and temperatures show considerable 
variability at time scales of several years, which is at least partly owing to the influ-
ence of atmospheric variability below. One of the primary circulation patterns at equa-
torial latitudes, which also affects climate worldwide is El Niño and its counterpart La 
Niña. El Niño events are characterised by high central Pacific sea surface temperature 
(SST), more clouds over the Pacific, and an anomaly of the Walker circulation. They 
are also connected with a cooling of the equatorial stratosphere and therefore a re-
duced temperature gradient between lower latitudes and the polar vortex and weaken-
ing of the latter. For El Niño years, there is also enhanced probability of sudden 
stratospheric warmings, which have effect on the North Atlantic and Eurasian 
troposphere (Camp and Tung, 2007; Polvani et al., 2017). On an average the polar 
stratospheric vortex is weaker during El Niño years than it is during La Niña years. 
This means that the high-latitude stratosphere is warmer during El Niño years, 
however, the mesosphere is colder then, which has been also observed by satellites and 
could also successfully been modelled (Garcia-Herrera et al., 2006; Fischer et al., 
2008; Lu et al., 2011; Li et al., 2013).  
There has been considerable interest in a possible coupling of El Niño also with the 
MLT region. Jacobi and Kürschner (2002) found that the correlation between El Niño 
and zonal wind at 90 km altitude over Collm, Germany (51.3°N, 13°E), is mainly neg-
ative in winter, but weakly positive in summer. They used data from 1979 – 1999. 
However, Jacobi (2009), using the same dataset extended until 2008 showed that after 
the 1990s these correlations decrease and even tend to reverse.  
Modelling of El Niño influence on the middle atmosphere has mainly been done with 
focus on the temperature response and wave forcing. From WACCM model runs Li et 
al. (2013) obtained negative (westward) wave drag in the stratosphere during El Niño, 
but positive drag in the mesosphere. Consequently this is connected with easterly wind 
anomalies in the stratosphere, as reported by Taguchi and Hartmann (2006), Fischer et 
al. (2008) and Lu et al. (2011). The positive wave drag anomaly in the mesosphere 
reduces this negative wind anomaly. Most models, however, are confined to the strato-
sphere and mesosphere, or the analyses for the MLT did not focus on the wind. 
Here we use observations at Collm made with a VHF meteor radar since 2004, which, 
in contrast to the earlier analyses by Jacobi and Kürschner (2002) and Jacobi (2009) 
cover the entire height region between about 80 and 100 km. We also apply the Middle 
and Upper Atmosphere Model (MUAM), which is a mechanistic circulation model 
from the ground to the thermosphere to interpret the observations. 
 

2. Collm MLT wind measurements 
At Collm Observatory (51.3°N, 13°E), a SKiYMET meteor radar is operated on 36.2 
MHz since summer 2004 (Jacobi, 2012). The wind measurement principle is the detec-
tion of the Doppler shift of the reflected VHF radio waves from ionised meteor trails, 
which delivers radial wind velocities at the position of the meteor. An interferometer, 
consisting of five 2-element Yagi antennas arranged as an asymmetric cross was used 
to detect azimuth and elevation angle from phase comparisons of individual receiver 
antenna pairs. Together with range measurements the meteor trail position can be de-
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tected. The raw data collected consist of azimuth and elevation angle, wind velocity 
along the line of sight from the receiving antenna to the meteor, meteor height, and 
additionally the decay time for each single meteor trail. The data collection procedure 
is also described in detail by Hocking et al. (2001). Recently, the Collm radar system 
has been upgraded, and the main modifications are higher power and the use of a 4 
element transmitting antenna. This effectively increases the number of observed mete-
ors and consequently the height range of wind measurements. The wind analyses, 
however, are not affected because they rely only on the Doppler shift of the reflected 
radio waves, and not on meteor parameters. 
The individual meteor trail reflection heights roughly vary between 75 and 110 km, 
with a maximum around 90 km (e.g. Stober et al., 2008). In the standard configuration 
used here, the data are binned in 6 different not overlapping height gates centred at 82, 
85, 88, 91, 94, and 98 km. Individual winds calculated from the meteors are collected 
to form half-hourly mean values using a least squares fit of the horizontal wind com-
ponents to the raw data under the assumption that vertical winds are small (Hocking et 
al., 2001). An outlier rejection is added. Note that the nominal heights not necessarily 
correspond to the mean heights within the gates, because the meteors show a vertical 
distribution with increasing/decreasing count rates with height below/above about 90 
km (Stober et al., 2008; Jacobi, 2012). Therefore, below/above 90 km mean heights 
tend to be higher/lower than nominal heights, and due to the small number of meteors 
at high altitudes, a substantial difference is visible for 98 km nominal altitude, so that 
the real mean height is closer to 97 km than 98 km (Jacobi, 2012). For the other height 
gates, the difference between real and nominal height may be neglected. 
Time series of monthly mean wind parameters have been calculated applying a least-
squares regression analysis of either zonal or meridional half-hourly horizontal winds 
collected during one month each on a model wind field including mean wind, diurnal, 
semidiurnal and terdiurnal oscillation. The results have been attributed to the centre of 
the respective time interval, and the analysis was repeated for each month. The 2005 – 
2015 mean seasonal cycles of the zonal and meridional mean wind at 94 km and 85 
km are shown in Fig. 1. The standard deviations of the monthly means are added as 
error bars, while the single monthly means are shown as small asterisks. The seasonal 
cycles are similar to those reported earlier e.g. by Jacobi (2012). The zonal winds 
show the uppermost part of the westerly wind jet in winter. In spring/summer the up-
per part of the easterly mesospheric wind jet is visible, while at 94 km the lower ther-
mospheric westerly jet can be seen. The wind reversal is connected with the meridio-
nal southward jet.  
In Fig. 1, the monthly mean winds for December 2015, January 2016 and February 
2016 are highlighted. The January and February 2016 zonal winds at 94 km are the 
strongest that has been observed so far. However, this is not the case at 85 km. The 
meridional winds do not show a specific behaviour during this winter. The 2015/2016 
winter was characterised by a strong El Niño event (Kennedy et al., 2016) which, 
among others, contributed to the extremely high Arctic temperatures this winter 
(Cullather et al., 2016). Therefore we assume that the strong MLT winds are connected 
with El Niño, and analyse this based on the Collm radar observations and numerical 
modelling in the following. 
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Fig. 1: 08/2004 – 04/2016 mean monthly mean zonal (black) and meridional (red) 
mean winds over Collm at 94 km (upper panel) and 85 km (lower panel). Error bars 
show the standard deviation of the monthly means, single months are added as small 
asterisks. Winter 2015/16 values are highlighted as big circles. 
 
3. Correlation of Collm zonal winds and El Niño 
To compare the variability of MLT zonal winds with El Niño, we use the Niño3 index, 
which represents the normalized area averaged SST in the region from 5°S-5°N and 
150°W-90°W. We use SST from NOAA Extended Reconstructed Sea Surface Tem-
perature (ERSSTA, Huang et al., 2015), Version 4, normalized to 1981-2010 (KNMI, 
2016). There are several indices available that can be used for definition of El Niño 
(e.g. Trenberth, 1997). The Niño3 index represents the sea surface temperature in the 
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eastern part of the Pacific. The different indices are strongly correlated and the results 
should not differ qualitatively if another index would be used. 
Correlation coefficients of monthly mean Niño3 index and MLT wind at different alti-
tudes were calculated for each month and each radar altitude gate, and the results are 
shown in Fig. 2. The strongest El Niño response is seen for the zonal wind in February 
for the upper height gates. The effect decreases with decreasing altitude and even re-
verses for the lowest height gates. During the other months of the year the correlation 
is weaker. The results for winter are in correspondence with literature results. The 
middle atmosphere zonal winds during El Niño are weakened, but the positive wave 
drag in the mesosphere reduces this effect with increasing altitude, and eventually will 
lead to the reversal that can be observed in the Collm measurements. For the meridio-
nal wind component (lower panel of Fig. 2) the correlation is weaker and not signifi-
cant. 

 

 
Fig. 2: Correlation coefficients of monthly mean zonal (upper panel) and meridional 
(lower panel) winds at different heights and Niño3 indices. Data from 08/2004 – 
07/2016 have been used. Significant values at the 5% level according to a t-test are 
hatched. 
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4. Numerical model results 
In order to substantiate the observed correlation of zonal winds with El Niño, we use 
MUAM model to simulate the MLT response to El Niño. MUAM is a nonlinear primi-
tive equation 3D grid point mechanistic model with a resolution of 5°x5.625° in the 
horizontal and 56 vertical layers expressed in log-pressure height z = -H⋅ln(p/p0) with a 
constant scale height H = 7 km and p0 = 1000 hPa. The vertical layers are spaced even-
ly with a step size ∆z = 0.4⋅H. Further details can be obtained from Pogoreltsev et al. 
(2007). 
Heating of the atmosphere due to absorption of solar radiation by water vapor, CO2, 
ozone, oxygen and nitrogen is introduced in the model (Fröhlich et al., 2003). Infrared 
cooling of CO2 is parameterized after Fomichev et al. (1998), while ozone infrared 
cooling in the 9.6 μm band is calculated after Fomichev and Shved (1985). Gravity 
waves in the middle atmosphere are parameterized based on an updated linear scheme 
(Fröhlich et al., 2003).  
To consider the El Niño influence on the dynamical processes in the extra-tropical 
middle atmosphere, a semi-empirical parameterization of the latent heat release has 
been included that takes into account diurnal and longitudinal variations. Latent heat-
ing composites for Northern Hemisphere January under El Niño and La Niña condi-
tions have been calculated using MERRA (Rienecker et al., 2011) reanalysis precipita-
tion data. The corresponding composites of geopotential height and temperature at the 
lower boundary have been constructed from JRA-55 (Kobayashi et al., 2015) reanal-
yses. The El Niño and La Niña composites have been constructed from 9 strong or 
moderate events each. The January 2010 fields thus were included in the El Niño 
composite, but not January 2007. The recent 2015/16 El Niño also has not been in-
cluded so that only one El Niño event was both included in the composite and covered 
by the observations. Regarding La Niña, January 2008 and January 2011 fields have 
been included in the composite, and 7 more cases that for earlier years when radar ob-
servations were not available. We therefore expect that, while the overall behaviour of 
zonal winds in our observations might be reproduced by the model, there will be dif-
ferences in detail. Ensemble runs consisting of 10 members for El-Niño and La-Niña 
conditions, respectively, have been performed and ensemble means and their standard 
deviations have been calculated. The following results have been also presented in Ja-
cobi et al. (2017).  
We performed model runs for January conditions. Niño3 sea surface temperatures dur-
ing the El Niño events peaked near the end of the years 2006, 2008, and 2015, while 
the zonal wind maximises in January or February of the following year, so that there is 
a delay in MLT response to El Niño. However, with MUAM we are modelling quasi-
stationary cases, so that using January conditions represents a compromise between the 
delayed response and the stationary modelling approach. 
January mean zonal mean latitude-log-pressure height cross-sections of temperature 
and zonal wind as simulated with MUAM for El Niño conditions are shown in Fig. 3. 
The latitude-height structure reproduces observed features known e.g. from empirical 
climatologies like URAP (Swinbank and Ortland, 2003,) or the radar based GEWM 
(Portnyagin et al., 2004). At 50-55°N there is a wind reversal from the mesospheric 
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westerly jet to the lower thermosphere easterly jet at about 90 km, which is a little bit 
lower than observed.  
The mean differences between El Niño and La Niña years are shown in Fig. 4. The 
temperatures on the left panel show the stratospheric warming and mesospheric cool-
ing during El Niño years known from global observations and other models (Garcia-
Herrera et al., 2006; Li et al., 2013). The reduced stratospheric wind jet reported in the 
literature (Taguchi and Hartmann, 2006; Fischer et al., 2008; Lu et al., 2011) is shown 
in the right panel of Fig. 4, and above that in the MLT an increase of the zonal wind is 
visible. This qualitatively reproduces the Collm observations. 
 

 
Fig. 3: January mean temperatures (left) and zonal winds (right) as simulated with 
MUAM for El Niño conditions. Colour coding shows mean values over 10 ensemble 
runs. Standard deviations of the ensemble members are added as black contour lines. 

 

Fig. 4: El Niño – La Niña differences of January mean temperature (left) and zonal 
wind (right) as simulated with MUAM (contour lines). The colour coding shows the 
significance of the differences according to a t-test. 
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5. Conclusions  
Radar observations of winds over Collm have shown that the zonal wind in the MLT 
region in February is correlated with the Eastern Pacific SST. In the upper meso-
sphere, the effect reduces and there is a tendency that it even reverses, although the 
effect is not significant at 82 km. Earlier reports on El Niño effects on the MLT often 
has used observations at about 90 km (e.g. Jacobi, 2009). At this altitude, however, the 
response of the zonal wind to El Niño is weak (correlation coefficient of about 0.5 in 
February, see Fig. 2).  
The decrease of the correlation in the upper mesosphere is in correspondence with 
MUAM model analyses that show that the negative zonal wind response in the strato-
sphere and mesosphere is reversed in the MLT. 
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