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Abstract 
We present data continuous series of microwave observations middle atmosphere ozone in winter 2022-2023 above 

Apatity (67N, 33E). Measurements were carried out with the help of mobile microwave ozonemeter (observation 

frequency 110.8 GHz). The instrument allows to measure a spectrum of the emission ozone line for time about 15 min 

with a precision of ~ 2%. On the measured spectra were appreciated of ozone vertical profiles in the layer of 22 – 60 

km which were compared to satellite data MLS/Aura. The minimal amplitude of the diurnal cycle mesospheric ozone 

(60 km) was registered in polar night 2022 – (1.060.02). The amplitude of a diurnal cycle represents of relation night 

to day ozone concentration (altitude 60 km). 

 

Microwave ground-based equipment used in the experiment 
Method ground-based microwave radiometry is based on measurements of thermal atmospheric radiation in vicinity 

the ozone line in the range of millimeter and submillimeter waves. Microwave observations are weakly dependent on 

weather conditions and the presence of atmospheric aerosols, and this is an advantage compared with observations in 

the optical and infrared wavelength ranges. In addition, the microwave ozone observations can run around the clock. 

In recent years it is managed to make a significant step forward towards the creation of a new generation of mobile 

microwave spectrometers. The device consists of an uncooled heterodyne receiver tuned to a fixed frequency 

110836.04 MHz corresponding to a rotational transition of ozone molecules 60,6 – 61,5, and multichannel spectrum 

analyzer. In front of receiver is s module that includes an antenna (scalar horn) and a switch to calibrate accepted 

intensity of atmospheric ozone radiation. Information about the content of the ozone is contained in the measured 

radio emission spectrum of the middle atmosphere. The error of estimating the vertical distribution of ozone from the 

measured spectra by above described device does not exceed 10-15%. A detailed description of the spectrometer and 

the method of measuring ozone of the middle atmosphere in the millimeter wavelength range are given in [1, 2]. 

 

The results of observations and discussion 
Microwave measurements of middle atmosphere ozone in Apatity were performed for winter season 2022 – 2023. It 

is necessary to note, that the given cycle of winter measurements were executed within the framework studies of 

variability of mid-atmospheric ozone in polar auroral latitudes during sudden stratospheric warming (SSW) and polar 

vortex. The previous microwave observations of mid-atmospheric ozone were performed for of 2017 – 2018, 2018 – 

2019, and 2019 – 2020 winters [3]. 

These observations were executed during the minimal solar activity – 24-25 cycles. For a better understanding of 

the nature of ozone variations, it is necessary to have a data of temperature changes at attitudes of the middle 

atmosphere. Temperature changes indicate the influence of the polar vortex and SSW on the structure of the middle 

atmosphere. For this purpose, a height level of 10 hPa is usually chosen, at which remote airborne and ground-based 

can be compared with contact measurements. In Fig. 1, data for two winter seasons are given for temperature 

measurements at flights over Apatity by the MLS/Aura satellite instrument at a level 0f 10 hPa, which approximately 

corresponds to an altitude of 30 km. Changes of temperature for these seasons practically do not differ from each 

other. So the mean temperature from 26.11.2017 till 20.01.2018 had value (193.4±0.32) K, and from 07.12.2022 till 

20.01.2023 had value (191.8±0.8) K. The maximal values of temperature for winter of 2017-2018 was achieved 16.02. 

(duration week), and for winter of 2022-2023 19.02. (duration three days). Thus, sudden stratospheric warming these 

winters has taken place in middle of February. Changes of thermal structure of a middle atmosphere within these two 

winters were almost identical, and as we shall see further, that variations of ozone of an average atmosphere at different 

high-altitude levels (from a bottom up to top) were completely unequal. 

In Figure 2 of ozone density at altitude 60 km which were received from continuous microwave observations in 

December 25, 2019, 2021 and 2022 with temporal resolution 15 min are shown. In a figure quasi-periodic changes of 



The microwave monitoring the variations of the mesospheric ozone (60 km) in winter 2022-2023 at Apatity during Solar Cycle 25 

 

 180 

mesospheric ozone with one or two maxima during round the clock are shown. The variability mesospheric ozone (60 

km) which, probably, are caused by planetary waves, lay in limits from 41009 mol/cm3 up to 61009 mol/cm3. Thus, 

variability of ozone within day made almost 50 %. The last winters 2017-2018 and 2018-2019 in December over the 

Kola Peninsula was inside the strong polar vortex. It is possible that this behavior of ozone at an altitude of 60 km is 

connected precisely with this phenomenon. So there is a strong variability of ozone during the day for December 28, 

2017. The increase in the concentration of O3 from noon to night was almost 100%, which significantly exceeds the 

amplitude of the diurnal variation. The ozone concentration at a minimum, when averaging from 11:48 to 13:32 

Moscow time, was (3.630.12)1009 mol/cm3, and at the maximum from 21:00 to 22:27 Moscow time was 

(7.190.27)1009 mol.cm3. On this day, the geomagnetic situation was low activity. It follows from recent model 

calculations that solar proton events and precipitation of auroral electrons can cause polar ozone variability by 12 – 

24% in the mesosphere and by 5 – 7% in the middle and upper stratosphere [6-8]. 

 

Figure 1. The time course of the temperature at the level 10 hPa above Apatity according to MLS/Aura for 

winter seasons: black solid thick line, November – March 2017 – 2018; red line, December – March 2022 – 

2023. 

 

Figure 2. Diurnal variations of mesospheric ozone density (60 km) from MM-measurements in December 25, 

2019 (black line), 2021 (blue line) and 2022 (red line) during polar night. Besides in figure the ozone content 

in a middle atmosphere XO3(h22km) for the listed days is given. 
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Table presents daily ozone variations at the altitude of 60 km over Apatity during the polar night from December 

13, 2022 up to December 27, 2022. At 60 km, the ozone variability is controlled by both the photochemical processes 

that are determined by the sunrise and sunset and the dynamic processes that are with the sudden stratospheric warming 

and the polar vortex. How is it possible to distinguish an amplitude of diurnal ozone variations that are determined by 

photochemical processes. The authors propose to take the mean ozone values for the time intervals of 10:00 – 14:00 

(noon) and 22 – 02:00 (midnight) and to consider the value of their ratio as the amplitude of diurnal variations. The 

least amplitude of a daily course mesospheric ozone was registered in December 2022 – (6  2)%. The average 

amplitude of the daily variation for December 2017 is 23%, for December 2018 it is 26%, and for December 2019 it 

is 11% [3]. 

 

Table 

Diurnal variations of mesospheric ozone concentration, (mol/cm3) on altitude 60 km during the December 2022 

 

 

 

10:00 – 14:00 

 

22:00 – 02:00 

 

 

 

  (4.490.12)1009  

13.12.2022 (4.770.17)1009   

  -------  

14.12.2022 (4.16±0.10)1009   

  (4.78±0.15)1009  

15.12.2022 (4.59±0.27)1009   

  (5.270.24)1009  

16.12.2022 (4.300.10)1009   

  (4.510.12)1009  

19.12.2022 (4.33±0.14)1009   

  (4.00±0.11)1009  

20.12.2022 (3.67±0.15)1009   

  -------  

24.12.2022 (4.45±0.10)1009   

  (5.07±0.06)1009  

25.12.2022 (4.73±0.09)1009   

  (4.670.06)1009  

26.12.2022 (4.460.07)1009   

  (4.530.09)1009  

27.12.2022 (4.400.12)1009   

 

average 

 

(4.380.09)1009 

 

(4.660.13)1009 

 

(6 ± 2)% 

 

Conclusion 
• The ground-based measurements over Apatity in several last winters revealed significant changes in mesospheric 

ozone registered during the period when the study region was within the polar vortex area and during the sudden 

stratospheric warming. 

• The variability of mesospheric ozone (at altitude of 60 km), which occurs due to the photochemical processes, can 

be significantly lower than ozone variations caused by the atmospheric dynamics: the polar vortex or the SSW.  

• The minimal amplitude of the diurnal cycle mesospheric ozone (60 km) was registered in polar night 2022 − 

(1.060.02). 
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