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Search for dependence of ionospheric parameters of meteorological local storms
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INTRODUCTION:

During the warm months of the year (May to September), thunderstorms
inside air masses occur frequently in the Central Europe. They are formed by
a convection of warm and moist air inside unstable air masses. Tropospheric
situations in which very moist and hot unstable air masses persist over a
warmed continent for several days have become increasingly frequent in
recent years. The massive temperature convection, supported by orographic
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CURRENT RESULTS

convection, especially in the bordering mountainous regions of the Czech
Republic, gives rise to strong storms in the form of multicells, supercells or © -5 _
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However, our results up to now indicate that the intensity of such systems is not II I A | N . ‘ I I i ., severe thunderstorms over the Czech Republic.
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e usually persist for several hours, sometimes reforming over the same location Downburst: a local rise in pressure followed by a drop in %
. . . ) . T — 14 km
* develop with the support of orography in the border mountains of the Czech temperature is caused by a downburst - cold air and precipitation :
Republic i that quickly drops out of the storm and spills over land. —- 13 ki |
PUbT » Squall lines thunderstorms 17 -19 August 2020 f
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* thunderstorms associated with a moving frontal interface between two air "2 4 6 8 1 12 U 6 1B 2 2 %8 presence Qf lonoﬁpherlc =TT S DR " I4 a measure of instability in the troposphere. Ll is calculated as the
masses differing in temperature and moisture. Hme o irregularities at different scales. - A A A A »5  difference between T at 500 hPa and the temperature of the air

DATA:

We analyse thunderstorms that occurred within 50 km radius of the Pruhonice
ionospheric observatory reported in SYNOP (surface synoptic observations) large
enough to cover the average distance between two meteorological measurement sites,
i.e. approximately 20 km, within two hours. We then select air mass thunderstorm cases
from these based on measurements in the troposphere to meet the following criteria:

* the shift in wind direction before and after the storm is less than 60°

* temperature and pressure before and after the storm are not significantly different.

IONOSPHERIC OBSERVATION:
lonosonde/Digisonde: lonograms (and derived N(h) vertical profile)
Continuous Doppler Sounder: Doppler shift of the reflected fixed frequency signal
Detection of spreads in ionograms using an original model based on a convolutional
neural network coded in python with the help of tensorflow library.
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= development of strong storms in the following days.

= Both the upper-level cyclone enclosing the local temperature minimum at 500 hPa (black lines,
grey dashed line - isotherm - 13 °C) and the shallow ridge of high air pressure near the ground
(white lines) accelerate the temperature decrease with altitude and thus increase the local
2 instability of the troposphere. This strong convective environment is a precondition for the

B (Color scale of relative topography represents the vertical distance between the 1000 and 500 hPa,
=§: which is directly related to the mean temperature and moisture of the middle troposphere.)

The temperature that an air sample would have if it were expanded to zero pressure by a pseudo-
adiabatic process and then compressed to a reference pressure of 850 hPa by a dry adiabatic
process. All the water content would have condensed, falling out in the form of precipitation. The
generated condensation heat would heat the dried air. Thus the pseudoequivalent potential
temperature field synthetically represents both temperature and moisture characteristics in the
lower part of the troposphere.

High Bep values at 850 hPa indicate tropospheric instability. In the Czech Republic, Bep values
above 60 °C at 850 hPa are rarely reached (only on a few summer days per year).

CONCLUSION and OUTLOOK:

parcel adiabatically lifted to 500 hPa. CAPE > 2000 J kg™ and LI >-6
indicate very unstable troposphere and potential for development
of severe thunderstorms.

Since 2014 till the end of 2021, approximately 80 cases of summer thunderstorms have been recorded
at ground stations in Prague, which we classified as thunderstorms within the air mass. For our
analysis, we excluded periods of increased geomagnetic activity from these cases. The number of cases
was further reduced due to strong Es layer blanketing that prevent detail profile analyses and gaps in
observation cased by lack of sounding (meteorological and/or ionospheric).

We demonstrate type of tropospheric mesoscale events in central Europe with the potential to
produce oscillatory effects detectable up to the ionosphere.

In our ongoing research, we are working to enlarge the thunderstorm database with events potentially
detectable at the ionospheric observatory in Sopron, so that it is robust enough to search for
correlations between the convective environment in the troposphere and the types of oscillations in

the ionosphere.



