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Atmosphere is divided into two different layers with respect to electrical charge of 

its particles; Troposphere from above the Earth surface up to approximately 60 km 

altitude and Ionosphere from 60 to 1000 km and higher altitudes. These two layers 

can interact with each other. This interaction is referred to as 

Troposphere/Ionosphere coupling. One of these interactions can be cause by 

lightning occurrence: an electrical discharge that occurs within Troposphere which 

is accompanied by the sudden release and upward propagation of electrical energy 

and electric field into lower Ionosphere. This phenomenon can make some variations 

in electron density, Total Electron Content (TEC) and conductivity within the 

Ionosphere. These variations in the Ionosphere parameters, affect propagating of 

radio signals travelling through this medium. Thus, it is important to investigate the 

influence of lightning on the Ionosphere parameters. In this study, we have 

investigated electron density variations in the Ionosphere above large thunderstorms 

during geomagnetic quiet days (with geomagnetic activity index of day Kp<5). To 

realize this purpose, we used North American data from the Worldwide Lightning 

Location Network (WWLLN) for detecting the area and time of thunderstorm 

activities. We used the Global Navigation Satellite Systems (GNSS) data for electron 

density calculations (in available stations with in WLLNN network). The results 

confirmed that the electron density irregularities are proportional to the size of 

thunderstorm area; increase of thunderstorm area makes more irregularities in the 

Ionosphere. 
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On the influence of the solar cycle on global sporadic E parameters 
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GPS radio occultation measurements are used to observe the occurrence and the 
intensity of sporadic E layers on a global scale. We analysed data acquired by 
CHAMP, GRACE and FORMOSAT-3/COSMIC satellites. Since the launch of CHAMP 
in July 2000, the three satellite missions we use here collected more the 7 millions 
of radio occultation profiles that are distributed over the whole globe. The DPS-4 
ionosondes (Digisondes) are widely used advanced tool for precise ionospheric 
ground measurement. Additionally, we have collected sporadic E parameters based 
on regular 15 min sampling of ionograms, and several summer campaigns with 
high time resolution up to 5 min, covering almost the complete solar cycle 23 and 
24.  

For our study, we use ionosonde data at midlatitude and low latitude stations as 
well as Signal-to-Noise Ratio (SNR) GPS L1 radio occultation profiles. The SNR is 
sensitive to vertical changes in the electron density which is reflected in large 
fluctuations in the according altitude range of the profile. Therefore, vertically thin 
ionospheric phenomena like sporadic E layers can easily be identified using 
numerical filtering techniques. 

Currently, the radio occultation time series comprises 17 years covering almost 
one and a half solar cycles. In this study, we will focus on variations in sporadic E 
occurrence and intensity in line with the solar cycle. We will show global results 
demonstrating there are large differences between the different latitudes. 
Generally, we observe an indirect correlation between sporadic E and the f10.7 
parameter, which is most clearly visible in the equatorial region. 
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Investigation of Ionospheric Absorption Changes Caused by Solar Flares and Solar 
Proton Events in December, 2006 using Ionosonde and DEMETER VLF Observations 
 
The sudden increase of X-radiation and EUV emission following solar flares causes additional 
ionization and increased absorption of electromagnetic waves in the sunlit hemisphere in the 
D- and E-regions of the Earth’s ionosphere. In addition, solar flares are also accompanied by 
energetic particles (protons and electrons) with energies from tens of keV to hundreds of MeV 
and attendant ionization.  
The variation of two ionospheric parameters, namely the minimum frequency of echoes (fmin) 
and the critical frequency of the E-layer (foE) were studied to disclose the effect of the solar 
flares on the lower ionosphere. The lowest recorded ionosonde frequency, fmin, is a qualitative 
proxy for the absorption occurring in the D-layer, while the foE parameter is related to the 
maximum electron density of the E-layer. Furthermore, we analysed VLF measurements from 
the DEMETER spacecraft to observe the attenuation of terrestrial VLF signals above/near 
transmitters in Europe at times of strong solar flares. 
Extreme increases of the fmin values (2-5 MHz) were observed at almost every station during 
the intense solar flares. This response increases with decreasing solar zenith angle. During the 
time of the increased values of the fmin parameters the concurrent absence of the foE parameter 
was detected. Furthermore, total radio fade-out was observed for hours to days at the high 
latitude station, Tromso (69.41°N, 18.9°E) due to the Polar Cap Absorption (PCA) caused by 
the precipitation of high-energy protons. 
We have also observed a quantifyable change in transionospheric VLF absorption associated 
with the flare events on 5th and 6th of December. However, the effect of the proton events can 
not be detected in the DEMETER data. 
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Abstract: 
The daylight capable Rayleigh-Mie-Raman (RMR) lidar at the mid-latitude station in 
Kühlungsborn (54° N, 12° E) is in operation since 2010. The RMR lidar system is 
used to investigate different fractions of atmospheric waves, like gravity waves 
(GW) and thermal tides (with diurnal, semidiurnal and terdiurnal components) at 
day and night. About 6150 h of data have been acquired until 2015. The general 
challenge for GW observations is the separation of different wave contributions 
from the observed superposition of GW, tides, or even longer periodic waves. 
Unfiltered lidar data always include such a superposition. We applied a Butterworth 
filter to separate GW and tides by vertical wavelength with a cutoff wavelength of 
15 km and by observed periods with a cutoff period of 8 h. GW activity and 
characteristics are derived in an altitude range between ~30 and ~70 km. The 
retrieved vertically filtered temperature deviations contain GW with small vertical 
wavelengths over a broad range of periods, while only a small range of periods is 
included in the temporally filtered temperature deviations. We observe an annual 
variation of the wave activity for unfiltered and vertically filtered data, which is 
caused from tides and inertia gravity waves. In contrast to that, filtering in time 
leads to a weak semi-annual variation for gravity waves with periods of 4-8 h, 
especially in higher altitudes. During summer, these waves have the half of the total 
amount of the potential energy budget compared to the unfiltered data. This shows 
the importance of waves with periods smaller than 8 h.   



Tidal analysis of the thermospheric parameters in January 2009 derived from the Entire 
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In this study we present a tidal analysis of the thermospheric and ionospheric parameters for 
January 2009 conditions obtained using the first version of the Entire Atmosphere Global Model 
(EAGLE). The model of the whole atmosphere EAGLE combines Chemistry-Climate model 
(CCM) HAMMONIA and Global Self-consistent Model of the Thermosphere, Ionosphere and 
Protonosphere (GSM TIP).Coupling between two parts is organized thorough the overlap region 
~80-200 km of the models’ vertical domains. In the configuration presented here, HAMMONIA 
transfers temperature and horizontal winds to GSMTIP in the region 80-120 km and gets back 
winds and temperature tendencies due to ion drag.  

We show that EAGLE successfully reproduces stratospheric warming and associated 
mesospheric cooling in the northern hemisphere. Tidal analysis of the obtained model results 
revealed that significant contribution to the structure of tidal variations in the lower thermospheric 
middle and low latitudes of both hemispheres is made by mesospheric non-migrating diurnal and 
semi-diurnal tidal waves, while migrating tides predominate in the upper thermosphere. During 
SSW event, the diurnal migrating tide is weakened at an altitude of 80 km and the semi-diurnal 
migrating tide increases. 

Overall, the model results show a good agreement with the satellite observations of the 
thermospheric and ionospheric parameters. 

This investigation was performed with the financial support of the Russian Science 
Foundation grant No17-17-01060.  
 



The ARISE (Atmospheric dynamics Research InfraStructure in Europe) project 
 
Elisabeth Blanc and the ARISE team 
 
The objective of the ARISE project is to integrate complementary stations and networks to provide a 
new image of the middle atmospheric dynamics in broad time and space scales.  As high resolution 
operational measurements are missing, the lack of knowledge of disturbances leads to uncertainties 
in the Numerical Weather Prediction models such as ECMWF (European Centre of Medium range 
Weather Forecasting) analyses and in the description of the coupling between the troposphere, the 
middle atmosphere and the ionosphere. ARISE observations showed that uncertainties increase 
when the altitude increases up to the mesosphere and lower thermosphere especially in winter 
under the activity of planetary waves.  Waves from atmospheric sources such as tropical convection, 
wind over mountains, stratospheric warming events affect the upper atmosphere and ionosphere 
and can be sources of uncertainties in ionospheric models. Disturbances from near Earth space such 
as magnetic storms and proton events affect the middle atmosphere and could impact infrasound 
propagation. This presentation presents the ARISE project and focuses on the coupling processes as 
investigated in the framework of the ARISE project. 
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The results of investigations atmosphere and ionosphere variations with 
acoustic gravity waves (AGWs) and gravity waves (GWs) periods at the midlatitude 
station in Kaliningrad (54 N, 20 E) are presented. A lidar system is used to 
investigate different fractions of atmospheric waves, like acoustic gravity (AGWs) 
and gravity waves (GWs) at day time. Total Electron Content (TEC) data from 
networks of GPS receivers in Kaliningrad are analyzed to investigate AGWs and 
GWs in the ionosphere. The sources of AGWs and GWs like solar terminator (ST), 
meteorological disturbances and solar eclipse on March 20, 2015 were considered. 
The method of data analysis which obtained from TEC data in the ionosphere and 
scattered lidar signal data in the troposphere allowed allocating contributions AGWs 
and GWs variations in the observed parameters. In the spectrum of the atmosphere 
and the ionosphere parameters variations had shown the increasing of the amplitudes 
in the harmonics with periods of AGWs and GWs at the time of ST passage and 
meteorological disturbances. 

GWs propagate from the lower atmosphere and dissipate in the altitude region 
of 160-200 km. In the global model of the thermosphere-ionosphere-protonosphere 
system (GSM TIP) a numerical experiment was carried out, in which a heat source 
was set at this altitude. It corresponded to the heating of the thermosphere due to the 
dissipation of gravity waves. The horizontal point source was determined in the 
middle latitudes and had a vertical profile in the form of a gaussian with a maximum 
at an altitude of 180 km. 

Several daily experiments were carried out in the daytime and at night in the 
winter. As a result, the appearance of a negative addition to foF2 in the source region 
was found in comparison with the quiet state. At equatorial latitudes, an extended 
region of a positive addition to foF2 is observed. The amplitude of effects at night is 
much less than in the daytime. At the same time, a source operating at midnight is 
generating similar daytime effects, as well as a source operating from 10 a.m. 

Acknowledgments: The reported study was funded by RFBR according to the 
research project  18-05-00184. 
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Global Navigation Satellite System (GNSS) radio occultation signals often show extremely 

strong levels of scintillation when passing through the ionospheric E region. This is related to 
Sporadic E (Es) - dense layers of metallic ions that can form in the E region, influencing terrestrial 
and satellite radio propagation. In our report on the 2007-2014 variation of E region S4 amplitude 
fluctuation indices measured by the FORMOSAT-3/COSMIC satellite constellation, we find that 
the spatial and temporal variation of the maximum S4 index in the E region is proportionate to the 
occurrence rate of extreme scintillation and by extension, sporadic E. We also find that the monthly 
median extreme S4 amplitude fluctuation index in the E region midlatitudes shows a dependence 
on variation of the El Niño-Southern Oscillation (ENSO) in the troposphere that has not been 
previously reported. The ENSO related variation of the E region median extreme S4 indices varies 
closely with the tropopause height, with both parameters lagging the Oceanic Niño Index (ONI) 
by roughly one to two months, while also displaying a similar spectrum of periodicities. This 
similarity is especially strong in the southern midlatitudes. These results indicate that ENSO 
signatures can be transmitted to Es formation mechanisms, potentially through modulation of 
vertically propagating atmospheric tides that alter lower thermospheric wind shears. The end result 
is the modulation of the inter-annual variation of extreme Es values by ENSO. 
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Gravity wave (GW) activity is analyzed using temperature (T) data retrieved from a Rayleigh lidar at Río 
Gallegos, Argentina (51.6º S, 69.3º W). GW characteristics are derived from 302 profiles providing more 
than 1018 h of high-resolution lidar data between 20 km and 56 km height from August 2005 to 
December 2015. T measurements are carried out by off-wavelength at 355 nm of a Differential 
Absorption Lidar (DIAL) instrument. This lidar was the southernmost outside Antarctica until the end of 
2017. Río Gallegos is an exceptional place to observe large amplitude GW. Every lidar measurement is 
classified according to its relative position to the polar vortex. In general the median of the mass specific 
GW potential energy (PE) is larger during winter and spring than during summer and autumn. The largest 
median of PE is found inside the vortex and decreases at its edge, inside it and when there is no vortex. 
Outside the vortex, the lowest PE is found during summer and the largest during autumn. The lidar 
measurements are compared with collocated SABER (Sounding of the Atmosphere using Broadband 
Emission Radiometry) and GPS-RO (Global Positioning System-Radio Occultation) data. The different 
instruments show different spectral windows of the GW spectrum, providing complementary 
observations. On average, it can be seen that lidar observations provide larger PE values than limb 
sounding measurements. From a Morlet continuous wavelet transform analysis, 3 distinct time modes are 
captured from SABER and GPS RO data at the upper and lower stratosphere, respectively. In particular, a 
systematic 3.5-4 years oscillation with minimum / maximum wave activity amplitude in September from 
GPS RO / SABER data are observed.  

Starting in the southern winter of 2018, T measurements of GW parameters during intense observational 
periods in the polar vortex evolution, simultaneously observed at Rio Gallegos and Río Grande, 
Argentina (53.7°S, 67.7°W) will be available. The instruments at disposal deployed at Río Gallegos 
include an airglow imager. At Rio Grande, a second Rayleigh lidar, a second airglow imager, an 
advanced mapper for T measurements (AMTM) and a meteor radar (SAAMER) are also available. A 
major objective at this hotspot region is a better understanding of GW sources, vertical and horizontal 
refraction, mean flow interaction and energy and momentum transport from the lower to the upper 
atmosphere. This preliminary experiment will constitute a test exercise to gain experience in preparation 
for a more complete field program, to be held during the southern spring of 2019 (SouthTRAC 
Experiment). Following previous results, we will show that the combination of simultaneous 
measurements at constant pressure levels provided by 2 lidars and two independent profiles (e.g. a 
radiosounding, a radio occultation event, etc) constitutes a possible method to derive non stationary and 
stationary GW parameters. In the distinction between stationary and non stationary GW structures, 
airglow images and an analysis of the possible imbalance of the flow will be considered as well.    
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Gravity waves (GW) are an essential feature in the transport of energy and momentum 
flux (MF) from the low to the upper atmosphere. The significant distortions introduced in the measured 
atmospheric gravity wavelengths by soundings other than in vertical and horizontal directions, are 
discussed as a function of elevation angle of the sounding path and the GW aspect ratio. Under- or 
overestimation of real vertical and horizontal wavelengths during the measurement process depends 
basically on the value of these two parameters. The consequences of these distortions on the calculation 
of the energy and MF are analyzed and discussed in the context of two experimental limb satellite setups: 
GPS-LEO radio occultations (RO) and TIMED/SABER measurements. Possible discrepancies previously 
found between the MF calculated from satellite temperature profiles, on site and from model simulations, 
may, to a certain degree, be attributed to these distortions. A recalculation of previous MF climatologies 
based on these considerations seems to be a difficult goal. Present procedures often provide GW absolute 
MF, ambiguous 3D propagation direction and apparent vertical wavelengths. We introduce a method with 
close GPS RO quartets which allows the calculation for GW of the net MF, the definite propagation 
direction and "real" wavelengths. Our procedure is illustrated by an example under requirements that tend 
to ensure that the 4 GPS RO soundings are observing the same GW. The future increase of satellite 
measuring devices due to new missions (including GPS RO) will lead to a higher spatial and temporal 
density of profiles. This may eventually allow the attainment of GW climatologies of net MF, propagation 
direction and "real" vertical wavelengths. At present, a practical application of the method is proposed to 
be applied at the southern tip of the Andes mountains. Making use of the simultaneous vertical T profiles 
retrieved by two operational Rayleigh lidars at this region, two from the four required profiles involved in 
each sounding quartet may be guaranteed. This should allow the measurement of GW parameters for 
different aspect ratio regimes. 
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In this presentation we analyse the coupled thermosphere-ionosphere processes by using empirical and 
physical thermosphere models. We start with expressing the thermospheric neutral density of a physics-
based model as a function of the thermospheric density predicted from an empirical climatology model 
(based on a consistent set of initial conditions). This allows the direct calculation of a bias (in particular 
scale and offset) between the two models. The investigated problem may be extended to a vertical 
neutral-to-neutral coupling study between a fixed number of altitudes from adjacent layers of the 
thermosphere. This allows an extended analysis of the above mentioned bias parameters and their 
dependency on the coupling from above or below. 
 
Furthermore, the effect of the electron and the ion density in determining the magnitude of the neutral 
density is investigated. Therefore, a linear model is set up to express the thermospheric neutral density as 
a function of two sets of  ionosphere parameters, namely the electron density and the ion  density. From 
these investigations  specific insights are expected on the interactions between charged and neutral 
particles. It is assumed that the relationship between the thermospheric neutral density and the 
ionospheric electron density is latitude-dependent. Several dynamical and physical phenomena such as 
the auroral precipitation, and the equatorial electro-jet are embedded in this relationship.  
 
The altitude range used in our analysis lies between 100 and 500 km above the Earth’s surface. Two 
thermosphere models are used, namely the empirical NRLMSISE2000 model and the physics-based one 
TIE-GCM. Both are complementing each other very well in terms of complexity, spatiotemporal 
resolution, the general circulation and the long term climatology. The physical significance of monitoring 
the thermosphere-ionosphere coupling is transformed to the problem of modeling the state of the 
thermosphere at a given time by using ionosphere parameters such as the electron and the ion density at 
the same time. Subsequently, we show that the modeling problem can be posed as a parameter estimation 
problem. Additional model investigations, e.g., on measurement noise and non-linearities are discussed in 
our presentation  
 
 
 



 

Is there a conclusive evidence on 
lightning-related effects on Sporadic E layers? 

 
 

Christos Haldoupis 
Department of Physics, University of Crete, Heraklion, Greece 

 
 
Abstract. In recent years, there have been a few studies claiming that thunderstorm 
cloud-to-ground lightning discharges affect sporadic E layers existing over the storm. 
In this brief paper, we consider and critically evaluate the results of these studies in 
the context of our present knowledge on sporadic E layers and the coupling processes 
of thunderstorm and lightning wave energy into the upper atmosphere and lower 
ionosphere. It is shown that the reported findings and their implications raise 
questions and cast doubts, therefore the conclusions of the existing studies are not 
substantiated and thus need to be treated with caution. We reason that, the anticipated 
occurrence of lighting-related effects on midlatitude sporadic E lacks at present firm 
verification.    
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Abstract.  Sporadic E and its abbreviation Es refer to rather thin layers of metallic ions which 

occur in the dynamo region of the Earth’s ionosphere. Es layers are situated mostly between 100 

and 130 km, where ion motion is controlled by collisions with the neutrals, making ions move 

with the neutral winds, whereas electrons are strongly magnetized. The physics of sporadic E 

relies on the nearly 60 years old Windshear theory, where vertical shears in the horizontal wind 

can form layers of long-lived metallic ions through the combined action of ion geomagnetic 

forcing and ion-neutral collisional coupling. The layers form easier at higher than at lower 

heights; once formed, the layers tend to gradually descend with time downwards below 100 km 

where they eventually get depleted because of a 3-body recombination process that becomes 

increasingly effective at lower heights. This is a comprehensive presentation on sporadic E, a 

phenomenon which, although it has been researched extensively over many decades, still poses 

unresolved questions that need to be investigated.  

Here we first review the basics of windshear theory and its plasma convergence 

mechanisms and then focus on physical understanding by considering and interpreting some key 

observational characteristics. The emphasis is placed on the wind shear control of the diurnal and 

sub-diurnal variability and altitude descent of sporadic E layers and the role of atmospheric tides, 

which also drive the formation of upper E region intermediate descending layers (IDL) that 

constitute part of a broader plasma layer system in the entire E region The presentation touches 

briefly on observations supporting a role also for the planetary waves which, through the 

modulation of tides at lower altitudes, affect sporadic E occurrence and long-term variability. As 

for the atmospheric gravity waves, although these are likely to play a role in short-term Es 

variability, it is clear now that they are much less important in Es formation than it was thought 

in earlier years. In addition, findings are discussed which provide a better physical insight for the 

seasonal dependence and the global occurrence of sporadic E layers, and the role played by metal 

ion abundances and the horizontal component of the Earth’s magnetic field, respectively.  

Based on this presentation, we conclude that:  



1) Sporadic E is controlled macroscopically by: (a) tidal wind atmospheric dynamics, (b) 

the horizontal component of the Earth’s magnetic field, and (c) the meteoric deposition of 

metallic material in the lower thermosphere.  

2) Sporadic E is highly variable but not as sporadic as we often think, and a more proper 

term to describe it is: “Tidal Ion Layers” (TIL), introduced first by John Mathews in his Arecibo 

incoherent scatter radar studies.  

3) Sporadic E is one of the most characteristic manifestations of ionosphere-atmosphere 

coupling. 



Climatological features of planetary waves in the middle atmosphere during the 
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It is a well-established overview that planetary waves propagating upward from the troposphere dissipate in 
the stratosphere to drive the poleward meridional circulation in the winter hemisphere, while the meridional 
circulation in the mesosphere is driven mainly by gravity waves. Quite recently, however, the importance of 
traveling planetary waves has been underscored in the onset and/or the recovery periods of sudden 
stratospheric warmings (SSWs); traveling planetary waves could be generated in the middle atmosphere due 
to barotropic and/or baroclinic instability to bring about significant impacts on the mean flow through their 
generation and dissipation. However, observational studies are insufficient for the region, so that detailed 
climatological features are still unclear. Hence, we investigate planetary wave behavior in the middle 
atmosphere during the Northern Hemisphere winter by using TIMED/SABER satellite data. Resultantly, it is 
found that EP-flux convergence regions climatologically appear with two separate peaks in the middle 
atmosphere around the stratopause (50N, 50km) and in the polar upper mesosphere (65N, 80km). These two 
peaks could be generated by the following mechanisms: EP-fluxes of stationary planetary waves propagating 
from the troposphere converge in the widely extended region around the polar stratopause. On the other hand,
those of traveling planetary waves climatologically diverge in the polar upper stratosphere and lower
mesosphere, which partly offsets the convergence region due to stationary waves around the stratopause, and 
propagate upward and/or toward lower latitudes to converge in the above mentioned two convergence regions.
It is also found that the divergence region was coincident with the region fulfilling the necessary conditions
for zonal flow instability.



Quarterdiurnal signature in sporadic E occurrence rates based on 
COSMIC/FORMOSAT-3 GPS radio occultation observations 
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The GPS radio occultation (RO) technique is used to study sporadic E (Es) layer plasma 
irregularities of the Earth’s ionosphere on a global scale using COSMIC/FORMOSAT-3 
satellite the GPS signal-to-noise ratio (SNR) profiles. The maximum deviation from the mean 
SNR can be attributed to the height of the Es layer. Es are generally accepted to be produced 
by ion convergence due to vertical wind shear in the presence of a horizontal component of 
the Earth magnetic field, while the wind shear is provided mainly by solar tides. Indeed, close 
correlation between Es and wind shear phases have already been found for the semidiurnal 
(SDT) and terdiurnal tidal components. Here we present the global distribution of 
quarterdiurnal (QDT) signatures in Es occurrence rates. We compare the global and local QDT 
Es signal with numerical model results and local observations of wind shear. We find that, in 
accordance with upward energy flux, negative phase gradients of QDT Es signatures are 
observed. The signal if QDT Es is clearly visible only at altitudes above 100 km, in contrast to 
the SDT signature which is found at lower altitudes also.  



Characteristics of ionospheric scintillations in the declining phase of solar cycle 24 

 

L. M. Joshi*, L. –C. Tsai and S. –Y. Su 
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Abstract: 

A detailed study to understand the characteristics of ionospheric scintillations in the VHF band 
(244 MHz) is being presented based on three years (2015 to 2017) of spaced receiver observations 
recorded from Pintung (22.650 N, 120.470 E) in southern Taiwan. Dependence of the occurrence, 
quiet and disturbed period irregularity drift, and spectral characteristics of the VHF scintillations, 
on the solar forcing has been examined in details. The occurrence of VHF scintillation displays a 
very strong dependence to the solar F10.7 cm flux. Equinoxial asymmetry in the occurrence of the 
VHF scintillation has been predominantly observed in years 2015 and 2016, with higher 
occurrence in vernal equinox than in the autumnal equinox. However, in 2017 (extreme low solar 
year) the occurrence of VHF scintillations was found to be symmetric in the two equinoxes. Zonal 
drift of the ionospheric irregularities have also been examined based on the full correlation analysis 
(FCA) of the spaced receiver observations. No significant difference in the seasonal variation of 
the quiet period zonal drift has been observed in the three different years. In contrary, ~200 % 
deviation from the quiet period zonal drift was observed during a low to moderate geomagnetic 
storm which occurred on 08 September 2017. Concurrent episodes of prompt penetration of 
electric field and disturbance dynamo electric field were observed in the zonal irregularity drift in 
the active phase of this geomagnetic storm, while the zonal drift in the recovery phase has been 
found to be dominated by the disturbance dynamo electric field. Spectral characteristics of the 
VHF scintillation have also been found to vary with the solar condition. The spectral slope and 
roll off frequency of the VHF scintillation spectrum was higher in 2015 than 2017. This implies 
that the power law for the ionospheric irregularity scales varies significantly with the solar 
conditions.        

 

 



Annual variability of equatorial plasma bubbles observed by GPS radio occultations based
on FormoSat 3/COSMIC measurements

Ankur Kepkar (1,2), Christina Arras (2), Jens Wickert (1,2)

(1) Technische Universität, Germany, (2) German Research Centre for Geosciences (GFZ),
Potsdam, Germany (kepkar@gfz potsdam.de)

GNSS signals weaken as they travel from the GNSS satellite to the receiver because of various
propagation components such as refraction caused in ionosphere, troposphere and multipath
error etc. The error caused due to ionosphere is large when compared to other propagation
error. This is because, the GNSS signal traverses about 1000 km of ionized medium, where as
it traverses in the troposphere only around 10 15 km.

The ionosphere is a dispersive medium because of its free charge carriers, which are mainly
electrons, causing refraction and attenuation of the GNSS signal to a large extent. These
effects result in modified signal phase and amplitude at the reception. The SNR of GNSS
signals can be used to study disturbances which are caused by irregularities in the Earth's
ionosphere. Our study focuses on analysing the SNR (Signal to Noise Ratio) from GPS radio
occultation measurements to understand prevailing ionospheric condition of plasma bubbles.
This phenomenon is traditionally explained as a consequence of plasma instability

The annual variation of the plasma bubbles is derived from FormoSat 3/COSMIC radio
occultation measurements. We use vertical GPS L1 profiles tracked in 1Hz mode which scans
the Earth’s atmosphere with an altitude resolution of 2km. Furthermore, we compute the S4
index derived from the amplitude (SNR) measurements. Moreover, comparative study is
provided with magnetospheric data obtained from ESA's SWARM satellite mission and
Ionosonde data. Eventually, we observe that the plasma bubbles occurring extensively at
night time, also occur close to the Earth's magnetic equator during years with high solar
activity.



Vertical transport of the winter upper atmosphere in the Northern 
Hemisphere 
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    The paper deals with the processes of vertical transport in the winter upper atmosphere, 
providing the global Brever-Dobson circulation. Based on the ECMWF Era Interim reanalysis 
data, the structure and dynamics of circulation at different heights of the winter stratosphere are 
investigated. This process is considered as the transmitting the pulse of potential energy and mass 
from warm equator to the polar night region.  
    Three-dimensional tracing of atmospheric currents trajectories shows that the Brewer-Dobson 
circulation in the stratosphere down to the tropopause heights is carried out along a spiral trajectory 
and usually takes 40-60 days. Further dynamics of the downward flow is associated with a sharp 
drop in air masses in the troposphere cyclones, the position of which depends on the orography of 
the terrain, and the formation time is controlled by gravitational tides and by modes of global 
atmospheric oscillations. 
   In variations of a full vertical stratosphere flux in Arctic and Temperate zones of Northern 
hemisphere in winter the main source of long-period variations are two-week (13.66) and a 
monthly waves (27.55) of gravitational tide. The effect of these variations has maximum at heights 
of the stratosphere and decreases in the heights of the tropopause, where the large scale fluctuations 
interact with the own oscillation modes of the troposphere. As a result of this interaction, a 
complex structure of cold stratospheric air releases in the winter troposphere. It forms the large 
unmovable anticyclones over cold continental surface, cyclonic vortexes at the boarders of high 
mountains and oceans and winter ultrapolar invations, which are triggered by the passage of large 
tropospheric cyclones. 
 

This study was supported by the Grant of the Russian Science Foundation (Project N 18-17-
00042). 
 



Entire Atmosphere Global model (EAGLE): electrodynamics improvement in comparison to 
GSM TIP model 
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We developed the Entire Atmosphere Global model (EAGLE) which combines Chemistry-
Climate model (CCM) HAMMONIA and Global Self-consistent Model of the Thermosphere, 
Ionosphere and Protonosphere (GSM TIP). This model allows calculating atmospheric state from 
the ground to 15 Earth’s radii including ionosphere and plasmasphere. EAGLE interactively 
simulating the main physical, radiative, chemical, and dynamical processes in the lower, middle and 
upper atmosphere. The model also treats thermodynamic interaction of charged and neutral 
component in photochemical ionospheric processes and excitation of the dynamo electric field 
under the influence of the tidal winds. It also is able to correctly describe the distribution of the 
electric field and other ionospheric parameters close to the geomagnetic equator. Vertical model 
domain starts from the ground, which allows studying the lower atmosphere influence on the 
thermosphere/ionosphere-electrodynamic system. Earlier, we showed that without taking into 
account the mesospheric tides at the lower boundary of the GSM TIP model the longitudinal 
variations of the F2 layer peak electron density don’t reveal a well known “four peak structure” in 
longitudinal effect. Actually, the observed longitudinal variations of the ionospheric parameters in 
the region of the equatorial ionization anomaly are directly related to the atmospheric-ionospheric 
interaction. At low latitudes, this interaction is explained by the longitudinal variation of the vertical 
electromagnetic drift of the ionospheric plasma under the action of the zonal dynamo electric field. 
In this investigation, we study the longitudinal variation of the zonal electric field (vertical plasma 
drift) close to the geomagnetic equator using the EAGLE and GSM TIP calculation results. It is 
shown the important role of the atmospheric-ionospheric coupling in the dynamics and spatial 
structure of the ionospheric plasma.  

This investigation was performed with the financial support of the Russian Science 
Foundation grant No.17-17-01060.  



Diurnal and seasonal temperature oscillations near 90 km as seen with SkiYMET  meteor radars at 
Collm and Kazan. 

Korotyshkin D.V., Merzlyakov E.G., Jacobi Ch., Lilienthal., F. 

Simultaneously meteor observations at Collm (52N, 12E) and Kazan (56N, 49E) in the years 2015-2017 
allow 3 hour mean temperature estimates at height near 90km using the ambipolar diffusion technique. 
Comparison of seasonal oscillations of the temperature reveals differences mainly in summer. 
Simultaneous long-period (15-30 days) oscillations of the temperature are found for both stations in the 
winter, and they may be explained by the effect of sudden stratospheric warming events. Comparison of 
diurnal oscillations shows the presence of 24h and 12h tides with similar seasonal behavior for both 
stations.     
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The Ionosphere is highly variable system that shows oscillations on wide range of 

scales. Such variability is caused by variety of sources from above and below. The ionosphere 
is mainly influenced by Sun and magnetosphere. However, the forcing from below by 
processes in the lower-laying atmospheric regions cannot be omitted. The oscillation within 
ionospheric plasma can be detected on a broad scales ranging from acoustic and gravity 
waves to oscillations on periods corresponding to solar cycles.   

Within the ionospheric variability, the Acoustic-Gravity Waves (AGW) play an 
important role. They are present in the atmosphere and ionosphere all the time and their 
attribution to the particular source still remains an open task. The AGWs, their sources, 
persistence, propagation, are systematically studied since sixties.

Solar Terminator has been identified as an important source of AGW in the Earth 
atmosphere-ionosphere system. The cooling/heating of the Earth’s atmosphere induced by 
decrease/increase of the incoming solar radiation is a potential generator of the wave/like 
disturbances that are likely to propagate through the atmosphere-ionosphere system. Due to 
the systematic occurrence of AGWs during sunrise and sunset, it has been proven 
experimentally, that the moving region of atmospheric constituents with large gradients acts a 
source of AGW structures. However, the variability in periodicity and persistence of AGWs is 
very large and the observational techniques limited. The presentation focuses on Solar 
Terminator and related ionospheric variability. 



New reanalyses and how they represent middle stratosphere dynamics  
  
Michal Kozubek1, Jan Lastovicka1 
1 Institute of Atmospheric Physics, Prague, Czech Republic  
  
  
During 2017 several new global reanalyses has been released (MERRA2, ERA5 or CFS v2). We compare behaviour 
of several parameters which are very important in the stratospheric dynamics and climatology. We analyze and 
compare temperature, wind and ozone climatology with existing observations at several pressure levels in the middle 
atmosphere. Next we analyze important stratospheric phenomena like SSW, QBO or ENSO and their interpretation 
in these new reanalyses. We analyze whole available periods for each reanalysis. Finally we computed trends of 
basic parameters for comparison. This analysis will bring a new overview on the new released reanalysis and their 
comparison with the observations shows the possibility of using them for trend or climatology study.  
  
Key words: reanalyses, middle atmpsheric dynamics, long term trend analysis  
.  



Numerical simulation of wave propagation from atmospheric 
pressure variations registered with the microbarographs  
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In this paper, the propagation of waves from pressure variations on the Earth's surface recorded 

in observational experiments using a network of microbarographs is numerically modeled. On the 
basis of the experimental data of pressure variations on the net of microbarographs, pressure 
variations on the Earth's surface near the microbarograph net are approximated. These 
approximations of pressure variations are used in the simulations as the lower boundary condition. 
In the performed simulations, the effect of dissipated acoustic-gravity waves (AGWs) on all layers 
of the atmosphere is investigated. Simulations of wave propagation from wave pressure variations 
on the Earth's surface, recorded experimentally, were performed for the first time. 

n the basis of experimental data on the pressure oscillations recorded by a microbarograph 
net, a field of pressure variations on the Earth's surface in the vicinity of microbarographs was 
constructed. The vertical propagation of acoustic-gravity waves from these pressure variations and 
heating by waves of the upper atmosphere is numerically modeled. 

The research was supported by the RFBR grant 17-05-00574. Numerical modeling was 
performed on the supercomputer "Lomonosov" of the Moscow State University. 



IMF-driven change to the Antarctic tropospheric temperature due to the global 
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We use National Centers for Environmental Prediction (NCEP)/National Center for 
Atmospheric Research (NCAR) reanalysis data to show that Antarctic tropospheric air 
temperature anomalies result from differences in the daily-mean duskward component, By, of 
the interplanetary magnetic field (IMF). We find the anomalies have strong geographical and 
seasonal variations: The mean tropospheric temperature anomaly poleward of 70 S peaks at 
0.7 K and is statistically significant at the 1-5% level between ~0.1 and 5.6 km altitude 
above sea level and for time lags with respect to the IMF of up to 7 days. The signature 
propagates vertically between  1.5 km and ~5.6 km. Regional surface temperature anomalies 
are evident poleward of 60 S and are of diminishing representative peak amplitude from 
autumn (3.2°C) to winter (2.4°C) to spring (1.6°C) to summer (0.9°C). We demonstrate that 
these regional anomalies of statistically-significant amplitude are due to geostrophic wind 
anomalies, resulting from the same By changes, moving air across large meridional gradients 
in zonal mean air temperature between 60 and 80 S. Our results support the view that IMF-
induced changes to the ionospheric electric potential affect the troposphere via the action of 
resulting variations in the downward current of the global atmospheric electric circuit on 
tropospheric clouds. 

 

 

 

 



Long Term Variation of Inertia Gravity Waves in the Arctic Summer Mesosphere

Fazlul I. Laskar, Peter Hoffmann, Gunter Stober, and Jorge L. Chau

Leibniz Institute of Atmospheric Physics at the Univ. of Rostock, Rostock, Germany

Meteor radar based mesospheric horizontal winds over Andenes (69°N, 16°E), in Northern 

Norway are used to estimate the amplitudes and variances of dominant wave modes present in 

them. The June-July (summer) horizontal wind observations in the altitude sector 82-96 km

during 2003-2017 are used. From these hourly winds Inertia Gravity Waves (IGWs) with 

periods between 2-6 hrs and 6-8 hrs are estimated using 2-dimensional Fourier analysis after 

removing other waves by filtering. The kinetic energy per unit mass due to all these waves show 

decreasing trend over the last 15 years of observations. From numerical/mechanistic models, it 

is well know that the dissipation of zonal momentum from various waves into the mesosphere 

leads to the zonal wind reversal during summer. The mean zonal wind reversal altitude averaged 

during those days show the reverse trend, i.e., increasing over the years. So, this quantification 

of the multi frequency gravity waves provides an experimental confirmation of the above 

proposition.

These results will be presented in the light of the relative importance of waves and greenhouse 

gases to the observed mesospheric cooling trend.



Interhemispheric Meridional Circulation During Sudden Stratospheric Warmings 
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Although sudden stratospheric warmings (SSWs) are northern high-latitude middle atmospheric 

phenomenon, there are ample reports of concomitant global dynamical variabilities. In particular, 

there are many results on correlated variations between the high-latitude stratospheric temperature 

and winds and temperature / winds / electron densities / ionospheric conductivities in the low-latitude 

mesosphere / ionosphere / thermosphere regions. Published reports so far attribute such variabilities 

to changes in global circulation based on model simulations, however, no direct experimental 

evidence or comparative study based on empirical results exist. In the present investigation we have 

use specular meteor radar based horizontal wind measurements from a high-latitude station Andenes 

(69ºN,16ºE) and a mid-latitude station, Juliusruh (54ºN,13ºE) to study the possible changing residual 

circulation. A comparison of these horizontal wind measurements with the output from the High-

Altitude Navy Global Environmental Model (HA-NAVGEM) meteorological analysis system shows 

signatures of southward wind (equatorward in northern hemisphere) during SSW events of 2010 and 

2013. Further, the tidal and gravity waves between the meteor radar observations and those from HA-

NAVGEM also show close similarity. Thus, in order to obtain a global perspective we have used the 

HA-NAVGEM wind fields and derived all the migrating and non-migrating components. On filtering 

out all the dominant gravity waves and tides in winds from HA-NAVGEM, the meridional circulation 

has been observed to be very prominent and extend from Arctic to Antarctic latitudes for both the 

events. This signifies that the planetary scale waves derive this circulation, the dynamical properties 

of which at various altitudes and latitudes will be discussed. This result, thereby, also provides one 

of the first empirical evidences of the reversal of the meridional circulation as postulated in one of 

our earlier works. 



Numerical simulation of wavenumber 3 tidal forcing mechanisms 

F. Lilienthal, Ch. Jacobi 
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Abstract 

Atmospheric solar tides are generally produced through the absorption of solar radiation in the 
troposphere and stratosphere. Therefore, their periods are the subharmonics of a solar day, namely 
24h (diurnal tide, DT), 12h (semidiurnal tide, SDT), 8h (terdiurnal tide, TDT), and higher harmonics. 
While DTs and SDTs are relatively well understood, the TDT has attracted less attention because its 
amplitudes are, on a long-term scale, smaller than for the DT and SDT. Multiple forcing mechanisms 
for the TDT include direct solar excitation, nonlinear interactions between the DT and the SDT, and 
gravity wave-tide interactions. These mechanisms are evaluated using a mechanistic global 
circulation model for the middle atmosphere dynamics. We compare different simulations with 
removed wavenumber 3 forcings to estimate the relative importance of the different excitation 
mechanisms. We conclude that absorption of solar radiation is the main driver. Nonlinear 
interactions between tides and gravity wave-tide interactions produce smaller amplitudes but they 
are also significant. Furthermore, by removing the wavenumber 3 component of the nonlinear 
forcing, we obtain an increase in the TDT amplitude, especially during solstices. This can be explained 
by a destructive interference between the solar and the nonlinearly  forced wave components. A 
similar behavior is observed for the gravity wave-tide interactions but with different seasonal 
distributions. 
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Abstract. 

In this study, we utilize hundreds of ground-based GNSS receivers over Taiwan to 
study the traveling ionospheric disturbances at the low-latitude region. During the 
typhoon approaching periods, we observe distinct concentric traveling ionospheric 
disturbances (CTIDs) produced by the typhoon induced concentric gravity waves. 
Following the CTIDs, the local generation of medium scale traveling ionospheric 
disturbances (MSTIDs) was observed. The MSTIDs were formed mainly on the west 
edge of CTIDs suggesting the electrodynamic coupling of the CTIDs and MSTIDs. 
The CTIDs provide seeding ionospheric density and electric field perturbations that 
could accelerate the growth rate of Perkins instability and lead to the local generation 
of MSTIDs. A physical model of the coupling effect is also proposed and validated 
using the numerical simulation of NRL SAMI-3/ESF model. Various concentric 
gravity wave conditions were applied to the simulations and the results support the 
proposed mechanism. 

 



Thermal and dynamic regimes of the auroral mesosphere inferred from the meteor radar 
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Wind and temperature fields in the northern polar mesosphere-lower thermosphere (MLT) region 
are observed by the SKiYMET meteor radar located at Sodankyla observatory (67N, 26E), i.e. in 
the vicinity of the statistical southern edge of the stratospheric polar vortex and also close to the 
equatorial boundary of the auroral oval in the ionosphere. The mean zonal winds are characterized 
with summer westward flow of about 30 m/s at 80-90 km heights and the eastward flow at 90-100 
km heights, so that a wind shear of about 80 m/s occurs near the mesopause. In winter the flow is 
eastward at all heights. The meridional winds are dominated by winter poleward flow and summer 
equatorward flow, with a jet core of about 15 m/s located slightly below 90 km. The structure 
observed corresponds to the polar branch of the seasonal inter-hemispheric circulation. The 
systematically varying winds are mostly the semidiurnal tides up to 40 m/s. Temperatures at 90 
km height vary from ~100  (summer)  200  (winter). Under conditions of low solar activity, 
pronounced sudden mesospheric cooling linked to major stratospheric warming (SSW) is observed 
while no SSW-related thermal signatures are detected in the mesosphere during the solar maximum 
years. The mesospheric temperature minimum occurs 1 day ahead of the SSW maximum, and the 
cooling is almost of the same magnitude as the corresponding warming (~50 K). The reversal of 
mesospheric wind is also observed. 
 
At Sodankyla, a rapid-run (1-min) ionosonde for vertical ionospheric sounding continuously 
operates since 2007. Superposition of the ionograms makes it possible to reveal quasi periodic 
oscillations of the F-layer height with a period from several minutes to hours which are related to 
the travilling ionospheric disturbances caused by atmospheric gravity waves (AGW). Statistical 
analysis reveals long term variations of the AGW amplitudes related to season, solar and 
geomagnetic activity. While the mesospheric temperature reaches its minimum in the course of 
SSW, the amplitude of ionospheric AGW with periods of 10–60 min decay abruptly. The longer 
period waves are not affected. The effect is explained by selective filtering and increased 
atmospheric turbulence near the mesopause thermal inversion layer. 
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We present the method for estimating the atmospheric and ionospheric variability which 
allow us to analyze manifestation of the activity of waves of different time scales in a large range 
of the upper atmosphere. To estimate the atmospheric variability in the mesosphere and lower 
thermosphere (MLT), we used long-term dataset of the OH(6-2) rotational temperature (Tm) 
obtained from the spectrometric measurements of the hydroxyl airglow at the Institute of Solar-
Terrestrial Physics Geophysical Observatory (51.8°N, 103.1°E, Tory). To analyze the 
ionospheric variability, we used the data of F2 peak electron density  (NmF2) from Irkutsk DPS-
4 Digisonde (52.3º N, 104.3º E). We analyzed  and compared seasonal patterns in the Tm and 
NmF2 variabilities in different time periods: day-to-day variations (T> 24 h), tidal variations (8 h 
≤ T ≤ 24 h), and variations with periods of internal gravity waves (T <8 h). As a result, the main 
regularities of the seasonal behavior of the atmospheric  variability at the MLT heights and 
ionospheric variability  in the F-region over Eastern Siberia have been revealed. 

Using that technique, we analyzed the Tm and NmF2 variabilities caused by the 
manifestation of activity of atmospheric waves of different time scales during the periods of 
sudden stratospheric warmings (SSW) in 2016-2018. The obtained results were compared to the 
mean seasonal values. We found, that all the analyzed SSWs resulted to significant enhancement 
of the manifestations of the wave activity in the upper atmosphere. Thus, minor SSW in 
February 2016 caused the increase in the MLT temperature variability due to the activity of 
planetary waves more than 200% compared to the mean seasonal values;  major SSW in 
February 2018 resulted to the Tm variability rise more than ~300%. In the F2-region of the 
ionosphere, significant NmF2 disturbances were found. The revealed effects can be caused by 
the intensification of the atmospheric wave activity due to the stratospheric warmings. The 
obtained results confirm the strong coupling in the atmosphere-ionosphere system. 

This study was supported by the Grant of the Russian Science Foundation (Project No. 
18-17-00042). Experimental data recorded by the equipment of Center for Common Use 
«Angara» (http://ckp-rf.ru/ckp/3056/) obtained with budgetary funding of Basic Research 
program II.16 were used. 
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Comparison of ionospheric scintillation and in situ electron density variations as 

measured by the Swarm satellites. 
 

Olwendo, O. J and P.J. Cilliers, 
Abstract 
Ionospheric scintillation is known to be caused by rapid variations in the electron density of 
the ionosphere. It manifests as rapid fluctuations in the amplitude and phase of radio signals 
traversing the ionosphere. In the case of navigation signals transmitted from satellites of the 
Global Navigation Satellite System (GNSS) ionospheric scintillation can cause a decrease in 
the accuracy of position estimation. During extreme fluctuations, a loss of lock on the 
satellites can occur, which can result in data outages. The ability to estimate the likelihood of 
ionospheric scintillation is of great importance for precision navigation applications such as 
GNSS assisted aircraft landing systems. 
 
The altitude at which the electron density irregularities occur can be inferred from a 
comparison of the variations in electron density as measured by means of Langmuir probes 
on the Swarm LEO satellites (Swarm A, B and C) and the L-band scintillations on GPS 
signals detected both by the scintillation monitors on the Swarm satellites and by dedicated 
GPS scintillation and total electron content monitors (GISTMs) on the ground. The aim of 
this research is to derive estimates of the altitudes where electron density irregularities occur 
and to estimate the spatial extent of the irregularities which give rise to amplitude and phase 
scintillations on the L-band signals from GNSS satellites.  
 
In this paper we present some preliminary results on the characterization of the electron 
density gradients that lead to ionospheric scintillation through a comparison of conventional 
scintillation indices derived from GNSS signals recorded by a GPS receiver installed at 
Pwani University (Geo. Lon: 39.78 , Geo. Lat: 3.24oS) in Kenya with in-situ measurements 
of L-band scintillation and electron density on the Swarm satellites on during the equinoxes. 
 



Towards the quasi-bidecadal oscillation in the summer mesopause region over Western Europe

Dieter H.W. Peters*, Günter Entzian*, Christoph Kalicinsky**

*Leibniz-Institute of Atmospheric Physics (IAP), University of Rostock, Ostseebad Kühlungsborn, Germany
**Institute for Atmospheric and Environmental Research, University of Wuppertal, Germany

Plasma scale height observations (about 80 km altitude) over the Eifel region (50° N, 6° E) observed from 
Kühlungsborn (54° N, 12° E) in the time interval 1959 – 2016 and OH* temperatures (center altitude 87 km) 
observed from Wuppertal (51° N, 7° E) in the time interval 1988 – 2016 are analyzed.
Both time series show a dominant oscillation with a period of about two decades (20 to 26 years) with 
amplitudes of about 180 m and 3 K, respectively, in summer months. These two observed oscillations are anti-
correlated to each other. We examine the hypothesis that an upward or downward shift of the mean temperature 
pro le in the long-term variability leads to such an anti-correlated temperature evolution at different observation 
altitudes, because the two observation altitudes are located above and below the mesopause region in summer.
That means in a region of a positive and negative temperature gradient, respectively. This mechanism is 
con rmed by SABER observation onbord the TIMED satellite.

o



Dynamic forcing of thermosphere from below: numerical simulations and radar data
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Abstract

Long term observations of mesospheric/thermospheric neutral winds in 80 100 km altitude range
obtained using ground based radars at mid latitudes (55 deg in Northern Germany) and high latitudes
(69 deg in Northern Norway) will be presented. Contribution of tides into the observed wind spectrum
will be separated from the mean flow / planetary waves and from the contribution of gravity waves.
The same analysis will be applied to the simulations of thermal tides using the latest WACCM X
numerical model. Using the simulated data, the information about longitudinal structure of tides (wave
number, etc.) will be analysed to understand relative contributions of different tidal components into
the observed data.
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This work uses SABER CO2 data from 2002 to 2015 and SD-WACCM model outputs from 
1979 to 2014 to show, for the first time, the solar cycle response of CO2 in the Austral winter 
Mesosphere and Lower Thermosphere region (MLT region). Both SABER and SD-WACCM 
show that CO2 experiences a decrease during solar maximum throughout the Austral winter MLT 
region. This work highlights the regions where CO2 experiences its strongest and weakest solar 
cycle responses as modeled by SD-WACCM. It is shown that the region of CO2’s strongest 
response is driven by photodissociation, downwelling and reduced eddy diffusion. On the other 
hand, the region of CO2’s weakest response is driven by the opposing effects of photodissociation 
and enhanced eddy diffusion. This is the first work to show that the solar cycle could affect the 
Austral winter lower thermosphere circulation and eddy diffusion processes. These anomalies in 
the lower thermospheric circulation and eddy diffusion are found to be related to the solar cycle 
response in the Austral winter mesosphere wave-mean flow dynamics. This work therefore 
concludes that the solar cycle could affect lower thermospheric CO2 via modulations of the lower 
thermospheric circulation and eddy diffusion processes. 
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Qian et al [2017] recently showed the sensitivity of calculating long-term trends in SABER CO2 
to sampling and binning; that is, 30-day and 60-day binning of SABER CO2 profiles yield 
different long-term trends. This appears to suggest that there is a local-time dependence in 
SABER CO2. The local-time dependence of dynamics in the MLT region is well recognized to be 
a result of tides. However, nobody has actually analyzed the influence of tides on CO2. This work 
aims to present and analyze, for the first time, the influence of tides in SABER CO2. Typically, 
tidal amplitudes and phases are calculated using a least-squares fit of the data on cosine basis 
functions. This conveniently allows the presentation of the latitude-time and altitude-time 
variations of these tides. Unfortunately, the lack of night-time data in SABER CO2 hinders us 
from applying this same method because of aliasing issues. Preliminary analysis on synthesized 
signals show that even semi-diurnal tides can still be affected by aliasing issues owing to the 
probable phase shifts in the diurnal tide. As such, this work analyzes the influence of tides on CO2 
by instead binning the data into local-time bins. This work produces bi-monthly latitude-LT-
altitude grids of CO2 from 2002 to 2016. The use of local-time bins effectively cancels out non-
migrating tides. This allows us to, at the very least, just analyze migrating tides.  
Focus is given in migrating diurnal and semi-diurnal tides in the low latitudes between altitude  
80 km and 100 km during equinox. Using the Thermosphere-Ionosphere-Mesosphere  
Electrodynamics General Circulation Model (TIME-GCM) and the continuity equation, the most 
important transport processes driving these local time variations in CO2 is determined. 



Preliminary results show that vertical advection is sufficient enough to drive most of the local 
time variations in CO2. From this, a simplified transport model based on the continuity equation is 
constructed to improve the simulation of the observed CO2 profiles. It was found that to 
satisfactorily simulate the observed CO2 profiles using the simplified transport model, a 3D CO2 
profile from Specified Dynamics – Whole Atmosphere Community Climate Model 
(SDWACCM) that is unperturbed by tides is first required. Then, the tidal components of vertical 
velocity needed to be slightly adjusted. To better characterize the migrating diurnal and 
semidiurnal tides that are behind these local time variations in vertical velocity, the latitudinal 
profile of the vertical velocities are projected into Hough Functions. Finally, the thermodynamic 
equation is used to relate these vertical velocity variations to temperature variations. This will 
allow us to determine whether these tidal influences in our SABER CO2-based vertical velocity is 
consistent with the much more well-known tidal influences in temperature.  

  

  



 
Development of planetary waves in the stratosphere/mesosphere due to 
local gravity wave forcing 
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Four years of gravity wave (GW) observations from GPS radio occultation density measurements 
have shown a localized area of enhanced GW breaking in the lower stratosphere over Eastern 
Asia region. To study the effect of such a localized GW forcing, simulations with a 3D nonlinear 
mechanistic global circulation model for the middle and upper atmosphere (MUAM) have been 
performed. First results show that additional planetary waves (PWs) are generated in the 
stratosphere affecting the stability of the polar vortex. Thus, the stratospheric circulation is 
highly disturbed and the wave propagation has been consequently altered. Due to the vertical 
coupling of the different atmospheric layers by propagating waves the dynamics in the 
mesosphere are affected. The mesospheric jet decelerates because of the enhanced PWs 
breaking at 60km. To investigate the effect of a localized GW forcing as a function of the 
position, extent, strength and temporal variability a sensitivity study was performed. Depending 
on these four parameters the background wind conditions are modified in sensitive or less 
sensitive regions so that additional excited PWs are able to propagate into the mesosphere or 
not. 



A novel method for the extraction of local gravity wave parameters: 
description, validation and application 
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Mesoscale gravity waves contribute to the vertical coupling in the middle atmosphere and require an 
adequate detection of wave packets. A novel method for the local diagnosis of wave properties is 
introduced. The method named “Unified Wave Diagnosis” (UWaDi) is based on the Hilbert transform 
and provides the wave amplitude and three-dimensional wave number at any grid point for gridded 
three-dimensional data. In comparison with other wave diagnosing methodologies UWaDi shows the 
best agreements for a synthetic test case.  
To give an impression of the applicability of UWaDi, a minor sudden stratospheric warming on 30 
January 2016 is analysed. We diagnose hydrostatic inertia-gravity waves in analyses of the European 
Centre for Medium-Range Weather Forecasts and find local inertia-gravity wave generation by 
spontaneous imbalance in the exit region of the stratospheric jet. 
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Even though the post-midnight ionosphere is sinking on the average, ROCSAT-1 
orbiting at 600 km altitude has observed many equatorial density irregularities.  These 
irregularity occurrences fail to have a good correlation with the seasonal/longitudinal 
distributions of observed outgoing longwave radiation (OLR) that represents the deep 
atmospheric convection.  Instead, the post-midnight irregularity occurrences have a 
good correlation with the observed occasional upward positive drift velocities that can 
foster the growth of Rayleigh-Taylor (RT) instability.  The upward positive drift 
velocity in post-midnight sector should be related to the local polarization electric field 
that is thought to be resulted from the constant interaction between the atmospheric and 
ionosphere.  In addition, large scatters found in the vertical drift velocity and density 
around the dip equator in different ROCSAT-1 orbits indicate the existence of large and 
frequent variations in the vertical drift velocity and density that seem to be able to 
provide sufficient perturbations for the RT instability to cause the irregularity 
occurrences.  Equatorial density irregularity occurrences could be purely related to the 
ionospheric electrodynamics. 
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In this work we study the peculiarities of the longitudinal variations of the geomagnetic field 
(GMF) components on the basis of two chains of INTERMAGNET magnetometers in the 
Northern Hemisphere during the time periods associated with the development of four magnetic 
storms in 2012-2014. The high-latitude chain (close to ~70°N) consisted of 12 magnetometers, 
mid-latitude chain (close to ~55°N) consisted of 14 magnetometers. It was found that the 
longitudinal variability of the GMF components has an irregular structure due to the discrepancy 
between the Northern geographical and geomagnetic poles, as well as the presence of anomalies 
of different spatial scales in the background magnetic field of the Earth. The features of 
longitudinal variations of the GMF also depend on the individual characteristics of the magnetic 
storms development. According to the mid-latitude magnetometer chain, the zone of strong 
variations of H- and Z-components of the GMF is formed in the direction of the Northern 
geomagnetic pole meridian near the ~270° (in geographical coordinates) both in conditions of low 
and disturbed geomagnetic activity. In the magneto-disturbed periods, two zones of strong 
variations of the Earth's magnetic field are formed symmetrically with respect to the geomagnetic 
pole meridian at ~40° and ~130° longitudes. Between these two zones it always forms the sector 
with the lowest GMF variations on the longitude of 80°-110°. Along the high-latitude 
magnetometer chain, the maximum values of variations of Z-component of the GMF are observed 
at ~130°, ~300° and ~200° longitudes. For variations of H-component of the GMF, the maximum 
value is located in the sector of longitudes ~130°-200°. This features of the longitudinal structure 
and variations of the GMF leads to the fact that the development of geomagnetic storms in the 
ionosphere also has pronounced longitudinal inhomogeneities. 
 
This study was supported by the Russian Foundation for Basic Research project No. 18-05-00681. 
Experimental data from the “Angara” Multi Access Center facilities at ISTP SB RAS were used. 
 
Key words: geomagnetic field variations, geomagnetic storm, ionospheric disturbances. 



Downward propagating gravity waves characteristics
obtained from Lidar observations
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Gravity waves (GW) efficiently couple energy and momentum from source regions in the lower
atmosphere to the middle and upper atmosphere. These waves essentially affect large scale
circulations, thermal states, and dynamics from the surface to the middle atmosphere. Secondary
gravity waves are generated in situ and can propagate upward and downward. The lack of our
knowledge about secondary GW is because identification of such waves is challenging. One
possibility to quantify secondary waves is observation of downward propagating gravity waves.

Advances in lidar measurement techniques allow for experimental studies of GW at small spatial and
temporal scales, which are not accessible by other means. The state of the art Doppler
Rayleigh/Mie/Raman lidar at the ALOMAR research station located in Northern Norway (69N, 16E)
provides an observational database of GWs at the edge of the polar vortex that is connected to
global scale dynamics of the Earth atmosphere.

The Doppler Rayleigh Iodine System (DoRIS) provides horizontal wind measurements in addition to
temperature observations. This gives us a unique possibility to obtain wave propagation direction,
intrinsic frequency, and horizontal wavelength from the single station.

In this work we use the hodograph method that makes use of the phase relation between both
horizontal wind components and temperature. We apply this method subsequently to single profiles
of a larger data set. The method is based on localized linear theory of gravity waves and has been
used to determine the intrinsic frequency, propagation direction, and phase velocity of inertia gravity
waves (IGW). The hodograph is a unique method to derive these IGW characteristics and most
precise for distinguishing between upward and downward propagating gravity waves from ground
based observations.

The main challenge for this method is the identification of monochromatic waves. We developed an
approach that isolates one dominating wave in a limited altitude range. Thus, in one altitude profile
several waves can be identified. This allows analyzing IGW individually and subsequently apply
different averaging according to selected IGW properties.
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Even though the post-midnight ionosphere is sinking on the average, ROCSAT-1 
orbiting at 600 km altitude has observed many equatorial density irregularities.  These 
irregularity occurrences fail to have a good correlation with the seasonal/longitudinal 
distributions of observed outgoing longwave radiation (OLR) that represents the deep 
atmospheric convection.  Instead, the post-midnight irregularity occurrences have a 
good correlation with the observed occasional upward positive drift velocities that can 
foster the growth of Rayleigh-Taylor (RT) instability.  The upward positive drift 
velocity in post-midnight sector should be related to the local polarization electric field 
that is thought to be resulted from the constant interaction between the atmospheric and 
ionosphere.  In addition, large scatters found in the vertical drift velocity and density 
around the dip equator in different ROCSAT-1 orbits indicate the existence of large and 
frequent variations in the vertical drift velocity and density that seem to be able to 
provide sufficient perturbations for the RT instability to cause the irregularity 
occurrences.  Equatorial density irregularity occurrences could be purely related to the 
ionospheric electrodynamics. 
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Abstract  Ionospheric sporadic-E (Es) activity and global morphology have been 
studied using the 50-Hz signal-noise-ratio amplitude and excess phase measurements 
from the FormoSat-3/ Constellation Observing System for Meteorology, Ionosphere 
and Climate (FS3/COSMIC) GPS radio occultation (RO) observations. The results are 
presented for data collected during the years of the last sunspot cycle from mid-2006 to 
the end 2017. The FS3/COSMIC generally performed more than 1000 complete E-
region GPS RO observations per day, which were used to retrieve normalized L1-band 
amplitude standard deviation (SDL1) and relative electron density (Ne) profiles 
successfully. More or less 31% of those observations were identified as Es events based 
on SDL1 and peak SDL1 altitude criteria. We obtained that the peak SDL1 values of Es 
events are approximately proportioned to the logarithms of corresponding peak Ne 
differences. We also obtained five major zones in which the seasonal and diurnal 
patterns of Es occurrence are markedly different. The five zones include geomagnetic 
equatorial zone (-5 < ML < 5 , two extended geomagnetic mid-latitude zones (15 < 
magnetic latitude (ML) < 55 , and -55 < ML < -15 ), and two auroral zones (70 < ML  
and ML < -70 ). The Es climatology, namely, its variations with each identified zone, 
altitude, season, and local time have been documented.  
 
Keywords  ionospheric Es layer; radio occultation observation; ionospheric 
irregularity; COSMIC 
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Abstract: An ionospheric delay has been investigated using the total electron content 

(TEC) datasets provided by International Global Navigation Satellite System (GNSS) 

Service-TEC (IGS-TEC) maps and various solar proxies [EUV spectra from the Solar 

Extreme Ultraviolet Experiment (SEE) onboard the Thermosphere Ionosphere Mesosphere 

Energetic and Dynamics (TIMED) satellite, the F10.7 index (solar radio flux at 2800 MHz),  

and the Bremen composite Mg-II (core to wing ratio of MG-II) index] during low (2007-

2009) and high (2013-2015) solar activity years. The analysis shows that during low solar 

activity years all the solar proxies are less strongly correlated with TEC as compared to high 

solar activity period. The preliminary analysis shows an ionospheric delay of ~1-2 days at the 

27 days solar rotation period. Furthermore, we have also estimated the delay in the global 

TEC simulations with the Coupled Thermosphere Ionosphere Plasmaspheric Electrodynamics 

(CTIPe) physics based model.  

 
 
 
 
 
 
 

 



Implications of dynamical variability on the energetics and oxygen composition in the
mesopause region

W. Ward, S. K. Kristoffersen, D. Gamblin
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The energy budget and oxygen composition in the mesopause region are dependent on the diffusive
and dynamical processes which cycle molecular oxygen and atomic oxygen between the mesosphere
and thermosphere. The chemical reactions which govern the recombination of atomic oxygen are
non linear in concentration and exothermic. As a result, dynamical variability affects the effective
reaction rate of atomic oxygen and the deposition of chemical heat. In this paper, estimates of how
the dynamics affect the concentrations in this region are developed and the resulting effects on the
energetics and composition summarized.
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Abstract. 

In this study, we focus on the space weather event happened on 06-10 September 2017, to 
investigate the ionospheric response to the solar flare and geomagnetic storm. From the global total 
electron content (TEC) map, enhancements of ~3-5 TECU are found at all latitudes during the X9.2 
class solar, which peaked at 12:02 UTC on 06 September. However, no obvious TEC 
enhancements are found during the other three X-class flares, which is possibly due to their reduced 
intensity or varied spectra. The solar flare mainly enhances the TEC on dayside, and causes 
degradations of ~8 dB/Hz on global positioning system (GPS) L2 signal for stations closer to the 
subsolar point. For the first time, we compare the amplitude variations of GPS signal caused by 
solar flare and the small-scale equatorial plasma irregularities (EPIs), both of which can degrade 
the GPS signal, but with different characters. The degradation related to solar flare behaves as 
gradual reduction of amplitude, while the degradation related to EPIs behaves as intense 
fluctuations of amplitude. But definitely, both of the mechanisms cause the scintillation of radio-
wave signals. 



High resolution particle precipitation – a bottom up approach
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Determining particle precipitation with high spatial and temporal resolution (as e.g.
needed to investigate substorms) is a challenge due to very limited direct measurements. In
this presentation we would like to show how the coupling of ground magnetic field
(originating from the substorm current wedge) and the particle precipitation might be used
to replace sparse in situ particle measurements by a magnetometer network if a proper
coordinate system is used.

The findings will be used to develop a magnetometer based model for magnetospheric
ionization through particle precipitation.



Interactions between small scale gravity waves and large scale diurnal
migrating tide in Earth’s whole atmosphere system



Coupling of stratospheric warmings with mesospheric coolings

Christoph Zülicke1
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The mesosphere / lower-thermosphere is the layer between middle and upper atmosphere. 
Its proper simulation includes the dynamical coupling with the layers below by Rossby 
waves and gravity waves. We study winterly anomalies of the middle atmosphere in order to 
provide a benchmark test for the model dynamics. The vertical coupling between the 
stratosphere and the mesosphere is diagnosed from polar cap temperatures averaged over 
60–90 °N with a new method: the joint occurrence of a warm stratosphere at 10 hPa and a
cold mesosphere at 0.01 hPa. The investigation of an 11-year-long dataset (2004–15) from 
Aura-MLS observations shows that such mesospheric coupling days appear in 7 % of the 
winter. During major sudden stratospheric warming events mesospheric couplings are 
present with an enhanced average daily frequency of 22 %. This daily frequency changes 
from event to event and broadly results in five of seven major warmings being classified as 
mesospheric couplings (2006, 2008, 2009, 2010, and 2013). The observed fraction of 
mesospheric coupling events (71 %) is compared with simulations of the Kühlungsborn 
Mechanistic Circulation Model (KMCM), the Hamburg Model of the Neutral and Ionized 
Atmosphere (HAMMONIA), and the Whole Atmosphere Community Climate Model 
(WACCM). The simulated fraction of mesospheric coupling events ranges between 57 %
and 94 %, which fits the observations. In searching for causal relations weak evidence is 
found that major warming events with strong intensity or split vortices favor their coupling 
with the upper mesosphere. More evidence is found with a conceptual model: an effective 
vertical coupling between 10 and 0.01 hPa is provided by deep zonal-mean easterlies at 60
°N, which are acting as a gravity-wave guide. The explained variance is above 40 % in the 
four datasets, which indicates a near-realistic simulation of this process.

Key words: stratospheric warming, mesospheric cooling, Rossby waves, gravity waves, vertical 
coupling
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In this work we investigated the spatial and temporal features of the atmospheric air waves in the 
stratosphere and lower mesosphere in the Northern Hemisphere over years 2008-2013. To study 
the periods of atmospheric waves we used the ERA-Interim reanalysis data from European Centre 
for Medium-Range Weather Forecast. We studied the spatial variations of the vertical velocity for 
different heights and latitudes. We identified periods of middle-scale wave-like motions in the 
autumn-winter period (between November and February) for all years under analysis. These wave-
like motions were associated with jet streams at the stratosphere/lower mesosphere heights and 
could be sources of atmospheric internal gravity waves (IGWs). Region of the generation of the 
wave-like motions coincided with the zone of interaction of the jet streams, located at the different 
stratosphere heights. Near the center of the circumpolar vortex the vertical velocity of air flux 
increases up to 2-3 meters per second that leads to the generation of the short-scale acoustic waves. 
The height variations of the vertical velocity spectra showed that there is some critical stratosphere 
height near the stratopause above which the IGWs can propagate upward. Below this height both 
the IGWs and acoustic waves decayed as a result of the turbulent cascade process and transform 
to additional stratosphere warming. 

This study was supported by the Russian Foundation for Basic Research project No. 16-0501087. 

Key words: middle and upper atmosphere, spectral analysis, wave disturbances. 



Title: “Response of the mesosphere and lower thermosphere to PJO events” 
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Abstract: In this poster, we present a diagnosis of the wind and tidal behavior in the mesosphere and 
lower thermosphere (MLT) of middle and high latitudes during Polar night Jet Oscillation (PJO) 
events. PJO events occur after roughly half of all major stratospheric warmings and are related to an 
extended period of suppressed planetary wave activity. Analysis of meteor radar measurements over 
Andenes (69° N, 16° E) and Juliusruh (54°N, 13° E) reveal that the entire MLT region is significantly 
disturbed during strong PJO events. Tides and mean winds show strongly enhanced amplitudes that 
maintain for several weeks, even months after the onset of the PJO event. This is not the case during 
years with no PJOs. 



EAGER: EArth enerGy imbalance ExploreR 

Christoph Jacobi, Margit Haberreiter, and the EAGER team* 

In the science community there is growing need to observe the global Energy budget, in particular 
Earth´s energy imbalance (EEI), which requires observations of the global energy budget at the top of 
the atmosphere (TOA) and the Solar Spectral Irradiance (SSI) at an accuracy and long-term stability 
not available from current observations. To address these issues, we propose the EArth enerGy 
imbalance ExploreR (EAGER) mission, which will for the first time determine the EEI through 
measuring both incoming solar TSI radiation and outgoing thermal infrared and reflected solar 
radiation from the Earth with the same instrument type. To further ensure the highest possible 
accuracy and stability for the EEI observations, in-flight calibration for the solar observations will be 
enabled through applying very stable DARA TSI sensors in combination with transfer filters as a 
reference for the SSI observations, complemented by ionisation chambers for the calibration in the 
EUV wavelength range. Similarly, for the Earth observations, fast Bolometric sensors will be 
calibrated by the stable Earth-pointing DARA instrument. Ultimately, using the DARA TSI 
instruments as imbalance monitor and at the same time as calibration facility in space will allow us to 
determine the EEI with the required precision for the first time. In addition, the calibrated SSI 
observations in the visible, UV and EUV range will allow the analysis of solar effects on the middle 
and upper atmosphere. 
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Longitudinal MLT wind structure as seen with SkiYMET  meteor radars at Collm and Kazan. 

Korotyshkin D.V., Merzlyakov E.G., Jacobi Ch., Lilienthal., F. 

The midlatitude mesosphere and lower thermosphere (MLT) wind speeds measured by two SkiYMET 
meteor radars (MRs) at Collm and Kazan in the years 2015-2017 were analyzed to study longitudinal 
wind structures. The difference between monthly mean prevailing wind speeds and tidal amplitudes 
were compared with the corresponding differences obtained from the TIMED/TIDI satellite winds and 
gradient wind speeds from the MLS instrument. It is shown that the MR wind difference between two 
sites is statistically significant. The difference of the zonal prevailing winds can be explained by a 
superposition of the background zonal flow, which is different at the two latitudes, with stationary 
planetary waves of different origin.  The difference between the meridional prevailing winds is mainly 
caused by stationary planetary waves. 

 



Correspondence between horizontal winds obtained with a new SKiYMET meteor radar at 
Kazan (56ºN, 49ºE) and provided by the HWM07 model and the ERA5 project data at top 
model levels. 
 
Korotyshkin D.V., Merzlyakov E.G., Sherstyukov O.N., Valiullin F. 
 
 
The new meteor radar (MR) horizontal wind data obtained during 2015-2017 at Kazan (56ºN, 
49ºE) are presented. The measurements were carried out with state of the art SKiYMET meteor 
radar. Monthly mean vertical profiles of the prevailing wind speeds, diurnal (DT) and 
semidiurnal tide (SDT) amplitudes and phases are compared with climatological distributions of 
these parameters provided by the previous multiyear MR measurements at Kazan and by the 
HWM07 empirical model. The analysis shows that HWM07 zonal prevailing wind speeds and 
SDT amplitudes and phases are in a good agreement with the SKiYMET measurement results. 
However, the meridional wind speeds and DT amplitudes significantly differ from those 
measured with the SKiYMET radar. 
Coupling of the MR monthly mean wind parameters with the ERA5 wind parameters is 
presented. A good correspondence between prevailing winds and DT amplitudes and phases of 
both datasets is shown. However the ERA5 SDT amplitudes are significantly underestimated at 
the top model levels of the ERA5 reanalysis project. 
 
 



Seasonal and interannual variations in the mesopause temperature inferred from the OH(6-2) 
emission measurements 

Irina Medvedeva (1) and Anatoly Semenov (2) 
 

1Institute of Solar-Terrestrial Physics, Siberian Branch, RAS, Irkutsk, Russia 
2Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia 

 
We investigated the seasonal and interannual variations in the atmospheric  temperature at the 

mesopause heights. The analysis is based on 2008-2017 dataset of OH rotational temperature obtained 
from spectrometric measurements of the OH((6-2), 834.0 nm, ~87 km) emission at the Geophysical 
Observatory of the Institute of Solar-Terrestrial Physics (51.8°N, 103.1°E, Tory). The measurements 
are carried out in nighttime with temporal resolution 10 minutes. OH rotational temperature is 
determined with 1-2 K accuracy and corresponds to the atmosphere temperature at the emission layer 
height (the mesopause region).  

The seasonal variations for each year were modeled by an harmonic analysis through the least 
square fitting. Thus, we obtained mean temperature, amplitudes and phases of annual, semiannual, and 
terannual oscillations. Their interannual variations were analyzed and compared to the solar activity 
variations. The annual mean temperature for 2008-2017 time interval shows the solar flux sensitivity 
of 1.5 K/100 SFU. The obtained results were compared to the results for other mid-latitudinal stations.  

After extraction of regular seasonal variations, temperature residuals were analyzed. It was 
revealed an enhancement in the temperature  variations in winter  months and near the  equinoxes. The 
possible reason can be disturbances in the middle atmospheric dynamics caused by winter sudden 
stratospheric warmings and springtime/fall transitions of the middle atmosphere circulation. 

The work was supported by the Russian Foundation for Basic Research, Grant No. 17-05-
00192-a. Experimental data recorded by the equipment of Center for Common Use «Angara» 
(http://ckp-rf.ru/ckp/3056/) obtained with budgetary funding of Basic Research program II.16 were 
used. 
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Effect of intermittent gravity wave activity on the dynamics in the mesosphere during 
winter  

N. Samtleben, C. Jacobi

University Leipzig, Institute for Meteorology

Simulations of the circulation in the middle atmosphere during northern winter performed with
a nonlinear, mechanistic, global circulation model show that the upper mesospheric jet is greatly
overestimated and also the position with regard to the latitude and height does not correspond
to observations. Apart from that also the winter wind reversal in the mesopause region, evoked
by breaking gravity waves (GWs), is located too low, around 80 km but is observed to be
normally around 100 km. These discrepancies are planned to be eliminated by modifying the
distribution of GW amplitudes driving the GW parameterization. This distribution is currently
based on potential GW energy data derived from GPS radio occultation measurements and has
to be replaced by a distribution based on momentum flux estimates applying midfrequency
approximation. The results show a weaker mesospheric jet more realistically tilted towards
lower latitudes with height. Also the meridional circulation extending from the summer to the
winter pole decelerates and less GWs are propagating into the mesosphere. By additionally
varying the GW amplitudes in magnitude and time, the wind reversal is shifted upwards and the
mesospheric jet is slowed down.


