
CZECH POLAR REPORTS  13 (2): 271-288, 2023 

——— 
Received December 29, 2023, accepted January 22, 2024. 
*Corresponding author: D. Tichopád <david.tichopad@mail.muni.cz> 
Acknowledgements: This research was funded by the projects ‘Czech Antarctic Research Pro-
gramme 2023’, Ministry of Education, and the project of Masaryk University ‘MUNI/A/1469/2023’. 
The authors would also like to acknowledge the NASA Global Modeling and Assimilation Office 
for providing the MERRA-2 total ozone column and potential vorticity data reanalysis, and the 
European Centre for Medium-Range Weather Forecasts (ECMWF) for supplying data on strato-
spheric ozone mass mixing ratio, temperature, geopotential height, and potential vorticity. Ad-
ditionally, the authors extend their acknowledgment to the Network for the Detection of Atmos-
pheric Composition Change (NDACC) for providing data on the vertical distribution of ozone at 
the Ny-Ålesund station and Tropospheric Emission Monitoring Internet Service (TEMIS) for 
satellite measurements data of total ozone column at Ny-Ålesund. The authors thank an anony-
mous reviewer for constructive and useful comments. 

271 

Springtime evolution of stratospheric ozone and circulation 
patterns over Svalbard archipelago in 2019 and 2020 
 
David Tichopád1*, Kamil Láska1, Klára Čížková1,2, Boyan H. Petkov3,4 
 
1Masaryk University, Faculty of Science, Department of Geography, Kotlářská 2, 611 37 
Brno, Czech Republic 
2Solar and Ozone Observatory, Czech Hydrometeorological Institute, Hradec Králové, 
500 08, Czech Republic 
3Department of Advanced Technologies in Medicine & Dentistry, University G. 
d’Annunzio, Chieti-Pescara, Italy 
4Institute of Polar Sciences, National Research Council, Bologna, Italy 
 
 
Abstract 
The polar vortex was exceptionally intense and persistent in late winter and spring 2020. 
The unusually cold lower stratosphere subsequently enabled ozone depletion over the 
Arctic. The behaviour of ozone layer and stratospheric parameters at the Ny-Ålesund 
station in the late winter and spring 2019 and 2020 were compared to each other by 
using reanalysed data, ground- and satellite-based observations and radiosonde measure-
ment. The analyses based on the above-mentioned approaches confirmed a close rela-
tionship between ozone depletion and stratospheric circulation in 2020, when a strong 
polar vortex was observed, while in the case of the much weaker 2019 polar vortex such 
a relationship was insignificant. The deepest ozone decrease was found to occur at the 
end of March and in the first half of April 2020 at the 100–40 hPa pressure levels. 
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Abbreviations: DU – Dobson units, ECMWF – European Center for Medium-Range 
Weather Forecasts, ERS – Earth Remote-Sensing, ESRI – Environmental Systems 
Research Institute, GOME – Global Ozone Monitoring Experiment, GUV – Ground-
based Ultraviolet, MERRA – Modern-Era Retrospective Analysis for Research and 
Applications, NASA – National Aeronautics and Space Administration, NDACC – 
Network for the Detection of Atmospheric Composition Change, ODS – Ozone-
depleting substances, PSC – Polar stratospheric cloud, PVU – Potential vorticity unit, 
SSW – Sudden stratospheric warming, TEMIS – Tropospheric Emission Monitoring 
Internet Service, TOC – Total ozone column, UV – Ultraviolet radiation, WMO – World 
Meteorological Organization 
 
 
Introduction     
 
     Stratospheric ozone is an important at-
mospheric gas, which helps to protect hu-
man health, surface ecosystems, and global 
climate in general (McKenzie et al. 2011). 
This is owing to its ability to absorb solar 
ultraviolet (UV) radiation and its conver-
sion into thermal energy in the strato-
sphere. Since the 1970s, stratospheric ozone 
depletion in the Antarctic has been occur-
ring periodically during the austral spring, 
primarily due to anthropogenic emissions 
of chlorofluorocarbons and another ozone 
depleting substances (Farman et al. 1985). 
As a result of the successful Montreal Pro-
tocol, Antarctic ozone layer has started re-
covering in recent years (Solomon et al. 
2016, Kuttippurath and Nair 2017, Paz-
miño et al. 2018, Weber et al. 2022). The 
recovery of the ozone layer in the Arctic is 
more challenging than in the Antarctic due 
to strong interannual variability of atmos-
pheric dynamics at northern high latitudes 
(Langematz 2018). It may be further hin-
dered by the ongoing climate change, which 
causes stratospheric cooling, and accom-
panied by moisture increase, create more 
favourable conditions for the formation of 
polar stratospheric clouds (PSCs) during 
spring period (von der Gathen et al. 2021). 
The higher occurrence of PSCs leads to an 
increase in chemical ozone depletion via 
the catalysation of various heterogeneous 
reactions on the cloud particles (Rex et al. 
2002).  

     The main feature of the atmospheric 
circulation over the polar regions is the 
formation of a huge vortex, which is the 
strongest during winter. The Arctic and 
Antarctic polar vortices play a key role in 
the depletion of stratospheric ozone and 
the development of the annual ozone hole 
because they promote extremely low strat-
ospheric temperatures, which may lead to 
the formation of PSCs (Solomon 1999, 
Newman 2010). The ozone depletion area 
depends on the strength and persistency of 
the polar vortex during spring (Solomon  
et al. 1986, Solomon 1999, Newman et al. 
2004). Compared to the Southern Hemi-
sphere, the Northern Hemisphere polar 
vortex is weaker due to more frequent dy-
namical disturbances. They are caused by 
stronger vertically propagating planetary 
waves, which are generated by relative-   
ly larger orographic obstacles and great-  
er land-ocean contrasts compared to the 
Southern Hemisphere (Waugh and Randel 
1999). The disruption of the Arctic polar 
vortex causes large interannual variability, 
including events known as sudden strato-
spheric warmings (SSWs). A SSW event 
involves a rapid increase in stratospheric 
air temperatures of up to 50°C in a few 
days (Baldwin et al. 2021). As a result of 
the weaker Arctic polar vortex, significant 
ozone depletion in the northern polar area 
occurs only occasionally and with variable 
intensity during winter and spring season 
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(Solomon et al. 2007). However, in the last 
few decades, several episodes of unusual-
ly stable Arctic polar vortices reminiscent 
of the Antarctic occurred in the spring of 
1993, 1996, 1997, 2000, 2005, 2011, and 
2020 (Manney et al. 1994, Hauchecorne et 
al. 2002, Koch et al. 2004, WMO 2007[6], 
Rösevall et al. 2008, Arnone et al. 2012). 
Extremely strong episodes were reported 
for the spring of 1997, 2011, and 2020 
(Coy et al. 1997, Manney et al. 2011, 
2020; Lawrence et al. 2020). 
     In 2011, a persistent polar vortex in the 
stratosphere caused an unusually long cold 
spell that lasted until the end of March, 
allowing PSCs to occur continuously for 
more than 100 days (Manney et al. 2011). 
A strong polar vortex in the spring of 2020 

exhibited very similar behaviour to that   
of 2011, fulfilling the conditions for ozone 
layer destruction as well (Petkov et al. 
2023). 
     The aim of this study is to compare 
ozone layer dynamics and stratospheric 
circulation over the Arctic Svalbard Archi-
pelago in two contrasting spring periods. 
The first period covers the late winter and 
spring months of 2019 characterized by 
weak polar vortex and no ozone deple-
tion. On the contrary, in the 2020 period, a 
widespread ozone depletion due to an un-
precedentedly strong polar vortex was ob-
served. In our study, the comparison is 
based on an assessment of linkages be-
tween ozone depletion and stratospheric 
circulation. 

 
 
Data and Methods 
 
Study area 
 
     The Ny-Ålesund station (78° 56′ N, 11° 
56′ E) is located on the Brøgger Peninsula 
in the proximity of the Kongsfjorden Bay 
shore on the Spitsbergen Island, which is 
the largest island in the Svalbard Archi-
pelago (Fig. 1). The archipelago is situated 
between the Arctic Ocean, the Barents Sea 
and the Greenland Sea, approximately 
between 74° – 81° N and 10° – 34° E. The 
area can be affected by both the cold Arc-
tic air masses from the north and warmer, 
moist masses from the south. This atmos-

pheric convergence induces the formation 
of pressure troughs, contributing to mete-
orological variability and fluctuations in 
weather patterns (Torkildsen 1984). At the 
Ny-Ålesund site, there are eighteen re-
search institutions from eleven countries, 
with five maintaining a year-round pres-
ence. These institutions focus on environ-
mental and earth sciences, utilizing the 
town's strategic location, pristine nature, 
and mild climate. 

 
Data sources 
     
     The assessment of total ozone column 
(TOC) at Ny-Ålesund station in the period 
2001–2020 was compiled satellite ozone 
observation (2001–2008) and ground-based 
measurements (2008–2020). The TOC sat-
ellite overpass data provided by the Global 
Ozone Monitoring Experiment (GOME) 
sensor were retrieved for the Ny-Ålesund 
station (Antón et al. 2011, TEMIS 2004[5]). 

The GOME sensor was installed on board 
of the second European Earth Remote-
Sensing Satellite (ERS-2). Ground-based 
ozone observations at Ny-Ålesund were 
obtained from the narrow band filter radi-
ometer UV-RAD, which was developed 
for the UV irradiance and TOC monitoring 
in the polar regions (Petkov et al. 2006). 
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     For the purpose of spatial analysis, 
reanalysed data of TOC, ozone mass mix-
ing ratio, geopotential height, and potential 
vorticity at the 50 hPa pressure level from 
the Modern-Era Retrospective Analysis for 
Research and Applications (MERRA-2) 
were used (Knowland et al. 2017, NASA 
2023a[2]). The resolution for this dataset      
is 0.500 × 0.625°. For the assessment of 
ozone mass mixing ratio, temperature, 
geopotential height and potential vortici- 
ty at the 50 hPa pressure level at Ny-
Ålesund, the ERA5 reanalysis from the Eu-
ropean Center for Medium-Range Weath-
er Forecasts (ECMWF 2023[1]) was util-
ized. The resolution of this dataset is 0.25 
× 0.25°. The vertical profiles of ozone and 
temperature were obtained from sound- 
ing measurement of the Network for the 
Detection of Atmospheric Composition 
Change (NDACC), performed directly at 
the Ny-Ålesund station (NASA 2023b[3]). 

     The dependence of the daily anomaly 
of the ozone mass mixing ratio at 50 hPa 
on other stratospheric parameters (such as 
daily anomaly of temperature, geopotential 
heights, and potential vorticities at 50 hPa) 
was assessed using Spearman's correlation 
coefficient (Pruscha 2012). The nonpara-
metric correlation coefficient based on the 
Shapiro-Wilk test of the data normality 
that indicate an asymmetric distribution of 
the data (Pruscha 2012) was also used in 
the analyses. All statistical analyses were 
carried out at the 0.05 level of significance 
using the ggpubr library in R program-
ming (Kassambara 2022[8]). The processing 
of map outputs was performed using the 
ArcGIS Pro software (ESRI 2023[7]), and 
the graphical outputs were generated in the 
R programming language using the ggplot2 
library (Wickham 2010[9]). 

 

 
 
Fig. 1. Location of Ny-Ålesund station and Svalbard archipelago in the Arctic region (adapted 
from Norwegian Polar Institute 2023[4]).  
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Results 
     
     Seasonal variability of TOC from sat-
ellite and ground-based observations at 
Ny-Ålesund station in the period 2001–
2020 is presented in Fig. 2. Fifteen-day 
moving means reach the highest values 
(~380–410 DU) in March and April, and 

then gradually decrease from 380 DU to 
280 DU in late summer. In autumn, the 
moving means are maintained in the range 
of 270–290 DU. The standard deviation 
shows the highest interannual variability 
(20–50 DU) in the spring period.  

 

 
 
Fig. 2. Variability of total ozone column (TOC) at the Ny-Ålesund station compiled using satellite 
and ground-based observations: the 2001–2020 moving mean (black line) supplemented with 
standard deviation (grey area), and the daily TOC evolution in 2019 (red line) and 2020 (blue 
line). 
 
 
     Fig. 2 shows the distinct variation in 
daily mean TOC in 2019 and 2020 in re-
lation to the long-term mean. In the spring 
of 2020, a dramatic drop in TOC below 
the long-term mean was observed, whereas 
in the spring of 2019, TOC consistently 
remained within or close to ± 1 standard 
deviation from the 2001–2020 running 
mean. The most significant decrease in 
TOC (more than 2σ) occurred at the end of 
March and the first half of April 2020, 
when the TOC was mostly in the range of 
240–255 DU. The TOC rapidly increased 
by ~120 DU on April 19, returning to its 
long-term mean.  
     The spatial distribution of TOC and the 
position of the polar vortex represented by 
potential vorticity at 50 hPa in the region 

over the Arctic on 16 and 20 April 2020 
can be seen in Fig. 3. Between these days, 
a recovery of the ozone layer at Ny-
Ålesund was observed due to change in 
the stratospheric circulation and subse-
quent breaking up of the polar vortex. On 
April 16th, the ozone depletion area was 
situated over the Franz Josef Land, well 
corresponding to the position of the polar 
vortex. Over next four days, the polar vor-
tex was disrupted and split on April 20th. 
One circulation core moved over Canada, 
while the other moved over Siberia. The 
break-up of the polar vortex allowed the 
advection of ozone rich air masses from 
lower latitudes, leading to a sharp increase 
in TOC by ~120 DU between April 16th 
and 20th. 
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Fig. 3. Total ozone column (TOC; left panels) and potential vorticity (PV; right panels) over the 
Arctic on April 16 and 20, 2020. 
 
 
     Ozone mass mixing ratio and thermo-
dynamical stratospheric parameters such 
as temperature, geopotential height and 
potential vorticity at 50 hPa in late win-  
ter and spring of 2019 and 2020 at Ny-
Ålesund are summarized in Fig. 4. In the 
reference period 2001–2020, the ozone 
mass mixing ratio varied between ~5·10-6 
– 6·10-6 kg·kg-1 (Fig. 4a). However, during 
the 2020 spring, there was a sudden drop 
of the ozone mass mixing ratio below the 
long-term mean, with the lowest values 

(~2·10-6 kg·kg-1) occurring at the end of 
March and first half of April 2020. This 
decrease exceeded 2σ, which was ~3.5·  
10-6 kg·kg-1 less than the long-term mean. 
The variation in the ozone mass mixing 
ratio differed during the spring of 2019, 
when values close to the long-term mean 
were observed. 
     In the late winter and spring of 2020, 
the temperature at 50 hPa was more than 
one standard deviation lower than the 2001 
– 2020 mean. During the turn of March and 
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April 2020, the temperature was approxi-
mately 15 K below the long-term mean, 
causing photochemical depletion of ozone, 
which is well visible in Fig. 4a. The tem-
perature reached mean values (215 K) in 
the second half of April 2020 (Fig. 4b). 
This increase of temperature corresponded 
with the breakup of the polar vortex    
(Fig. 3). In late of winter and spring 2019, 
the temperature variation was predominant-
ly within the boundaries of one standard 
deviation from the long-term mean.  
     The evolution of geopotential height at 
50 hPa during the late winter and spring 
was very similar to the temperature vari-
ation (Fig. 4c). The geopotential height in 
the 2020 was below the long-term mean 
until the second half of April 2020 when 
the polar vortex breakup occurred. The low 
geopotential height at 50 hPa indicated 
low air temperatures therefore the pres-
ence of the polar vortex. During the most 
significant ozone depletion at the turn of 
April and March, the geopotential height 
was ~800 m below the long-term mean. In 
the late winter and spring 2019, the geopo-
tential height fluctuated around the long-
term mean.  
     The potential vorticity variation at      
50 hPa during late winter and spring of 
2019 and 2020 at the Ny-Ålesund station, 
supplemented with the long-term mean 
and standard deviation, shows the highest 
potential vorticity was found in March and 
the first half of April 2020, with values of 
15–30 PVU above the long-term mean 
(Fig. 4d). These conditions indicated the 
presence of the polar vortex above Ny-
Ålesund, causing a decrease of strato-
spheric temperature and ozone depletion 
occurrence. The gradual decrease in poten-

tial vorticity observed during the second 
half of April 2020 indicated a weakening 
polar vortex. In general, the low potential 
vorticity in late winter and spring 2019, 
which is mostly below the long-term mean, 
signified a weak polar vortex.  
     The dependence of the ozone mass 
mixing ratio on thermodynamic parame-
ters in the stratosphere, such as tempera-
ture, geopotential height, and potential 
vorticity at 50 hPa in late winter and 
spring of 2019 and 2020, is summarized  
in Fig. 5. These selected parameters are 
presented using daily anomalies with re-
spect to the 2001 – 2020 reference pe- 
riod. The Spearman correlation coefficient 
(rsp = 0.74) indicates a significant positive 
relationship between ozone mass mixing 
ratio and the temperature anomaly in late 
winter and spring of 2020 (Fig. 5a). A 
weak but statistically significant negative 
correlation (rsp = -0.28) between the ozone 
mass mixing ratio and temperature at      
50 hPa was observed in late winter and 
spring of 2019. The correlation between 
ozone mass mixing ratio and geopotential 
height at 50 hPa was significantly positive 
(rsp = 0.82) in late winter and spring of 
2020, but during the 2019 period, a moder-
ately negative correlation (rsp = -0.51) was 
observed (Fig. 5b). A different situation 
was observed between ozone mass mixing 
ratio and the potential vorticity at 50 hPa 
(Fig. 5c). The significant negative correla-
tion (rsp = -0.68) between ozone mass mix-
ing ratio and potential vorticity was found 
in late winter and spring of 2020, while     
a weak, statistically insignificant positive 
correlation (rsp = 0.12) occurred in late 
winter and spring 2019. 
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Fig. 4. Ozone mass mixing ratio (a), temperature (b), geopotential height (c) and potential vorticity 
(d) at the 50 hPa pressure level, based on ERA5 reanalysis data in late winter and spring 2019 
(blue line) and 2020 (red line) supplemented with the mean (black line) and standard deviation 
(grey area) for the 2001–2020 reference period at the Ny-Ålesund station. 
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Fig. 5. Relationship between ozone mass mixing ratio at the 50 hPa pressure level and temperature 
(a), geopotential height (b) and potential vorticity (c) at the 50 hPa pressure level at the Ny-
Ålesund station in late winter and spring 2019 (blue) and 2020 (red), supplemented by the 
Spearman correlation coefficient (rsp) with the specified p-value (p). The parameters are expressed 
as anomalies with respect to the 2001–2020 reference period.  
 
 
     The evolution of daily mean of the 
ozone mass mixing ratios at 50 hPa with-
in the latitudinal range of 60 – 90°N dur-
ing late winter and spring 2019 and 2020 
is expressed in Fig. 6. In the context of 
2019, no ozone depletion was observed, 
and the ozone mass mixing ratio at 50 hPa 
remained approximately constant at 6·10-6 
kg·kg-1. The minor variations observed dur-
ing this period were attributed to the in-
herent natural variability of the Arctic 
ozone layer. 
     Conversely, a different situation oc-
curred during the late winter and spring of 
2020, when a severe ozone depletion was 
observed over the Arctic region, extend-
ing as far as Ny-Ålesund. As depicted in 
Fig. 6, ozone depletion was related to the 
meridional advection, indicating the trans-
port of ozone-depleted air masses from the 

Arctic to 60°N. Notably, three significant 
advection events were identified during 
this period. The first event was recorded in 
early February 2020, followed by a second 
event at the end of February 2020. The 
most notable of these advection events oc-
curred in late March and the first half of 
April 2020, when the ozone mass mixing 
ratio dropped to approximately 2·10-6 kg· 
kg-1, marking a difference of 4·10-6 kg·kg-1 
compared to the 2019 spring period. In the 
second half of April 2020, the ozone de-
pletion shifted away from Ny-Ålesund. As 
a result, a subsequent ozone recovery was 
observed over Ny-Ålesund, leading to an 
increase in the ozone mass mixing ratio   
to 5·10-6 kg·kg-1. During May 2020, the 
ozone layer returned to the long-term 
mean. 
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Fig. 6. Daily means of ozone mixing ratio at the 50 hPa pressure level in late winter and spring of 
2019 and 2020 in the Northern subpolar and polar latitudes. Horizontal dotted line indicates the 
latitude of the Ny-Ålesund station. The black vertical lines in the lower panel mark the period with 
a significant ozone loss (March 17th – April 20th). 
 

 
 
Fig. 7. Daily mean of geopotential height at 50 hPa pressure level in late winter and spring of 2019 
and 2020 in the Northern subpolar and polar latitudes. Horizontal dotted line indicates the latitude 
of the Ny-Ålesund station. The black vertical lines in the lower panel mark the period with a sig-
nificant ozone loss (March 17th – April 20th). 
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Fig. 8. Selected vertical profiles of ozone (a) and temperature (b) at the Ny-Ålesund station during 
late winter and spring of 2019. The temperature for PSC-1 formation (195 K) is indicated by the 
dotted line. 
 

 
     Fig. 7 shows the progression of daily 
mean geopotential height at 50 hPa within 
the latitudinal range of 60–90°N during 
late winter and spring of 2019 and 2020. 
In 2019, a weak polar vortex, denoted by a 
lower geopotential height, was discernible. 
In March 2019, the weak polar vortex 

shifted over Ny-Ålesund, without instigat-
ing any ozone depletion (Fig. 6). Com-
pared to 2019, the polar vortex and geopo-
tential height pattern during the late winter 
and spring of 2020 were significantly dif-
ferent. The observed pattern of low geopo-
tential heights extending to subpolar re-
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gions align with the periods of ozone-
depleted air advection (Fig. 6). The influx 
of ozone-depleted air masses into lower 
latitudes was linked to the expansion of 
the polar vortex towards the southern parts 
of Europe. The increased in geopotential 
heights observed in late April and May 
2020 indicated the disintegration of the 
polar vortex.  
     The radiosonde measurements of ozone 
vertical profiles available at Ny-Ålesund 
during late winter and spring 2019 can be 
seen in Fig. 8a. In 2019, no significant de-
crease in ozone was observed in the verti-
cal distribution. The highest ozone partial 
pressure (~25 mPa), was consistently re-
corded at 100 hPa. These ozone amounts 
corresponded to the vertical temperature 
profiles, which always exceeded the tem-
perature threshold (195 K) required for PSC 
formation (Fig. 8b). At 100 hPa, the tem-
perature ranged between 210 and 220 K. 
     At the end of February 2020 (Fig. 9a), 

the highest partial pressure of ozone    
(~15 mPa at 100 hPa) was approximately 
10 mPa lower compared to February 2019. 
At the beginning of March 2020, ozone 
depletion started to develop at 50 hPa. The 
most significant ozone decrease occurred 
in the first half of April 2020, when        
the ozone amount at 50 hPa dropped to   
~2 mPa (~15 mPa less than in the first half 
of April 2019). The recovery of the ozone 
layer (Fig. 9a) was observed in the second 
half of April 2020.  
     The decrease of ozone at 50 hPa in late 
winter and spring 2020 corresponded to 
the changes in temperature vertical pro-
files (Fig. 9b). The most significant drop 
in temperature occurred at the end of 
March and during first half of April 2020, 
when temperatures at 50 hPa dropped to 
195–200 K. These temperatures, approxi-
mately 15–20 K lower than in the 2019, 
indicating that PSCs may have formed 
over Ny-Ålesund.  

 
 
Discussion 
 
     The results indicate a different evolu-
tion of TOC at Ny-Ålesund in the late win-
ter and spring of 2019 and 2020. A sudden 
decrease of TOC, which accounted for 
more than 2σ in comparison with the refer-
ence period 2001–2020, was observed at 
the end of March and the first week of 
April 2020. These results are consistent 
with the findings reported by Svendby et 
al. (2021), who analysed ground-based ob-
servations of the GUV radiometer at Ny-
Ålesund. The mean TOC in February to 
April 2020 was the lowest since the begin-
ning of satellite measurements in 1979 
(Svendby et al. 2021). Also Lawrence et 
al. (2020) concluded that TOC over the 
Arctic region was unprecedentedly low in 
late winter and spring of 2020. This ozone 
depletion event was mainly caused by       
a persistent polar vortex, which provided 
suitable conditions for chemical ozone de-
pletion due to low temperatures (Manney 

et al. 2020, Wohltmann et al. 2020, Grooß 
and Müller 2021). The strong polar vortex 
could also cause ozone depletion at a local 
level, such as the Ny-Ålesund station.  
     The presence of a strong polar vortex in 
2020 was confirmed by lower temperature, 
geopotential height and potential vorticity 
compared to the long-term 50 hPa values 
over the Ny-Ålesund station. The most sig-
nificant ozone depletion at 50 hPa oc-
curred in late March and early April due to 
the ongoing photochemical reactions and 
advection of ozone-poor air from higher 
latitudes. The final breakdown of the polar 
vortex occurred between April 16th – 20th, 
2020. On April 16th, the polar vortex was 
still extended over Siberia and part of Arc-
tic Ocean. In the following days, the polar 
vortex split into two circulation cores and 
shifted from Ny-Ålesund above the Laptev 
sea, as an effect of the advection of ozone 
rich air from lower latitudes.  
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Fig. 9. Selected vertical profile of ozone (a) and temperature (b) at the Ny-Ålesund station during 
late winter and spring of 2020. The temperature for PSC-1 formation (195 K) is indicated by the 
dotted line. The blue arrow shows the occurrence of ozone depletion.  
 
 
     The dependence between the ozone 
depletion on stratospheric circulation at      
50 hPa for the Ny-Ålesund station was 
stronger in late winter and spring 2020 
than in 2019. During strong polar vortex 

events, a close dependence between strato-
spheric ozone and circulation over Ny-
Ålesund, leading to ozone depletion over 
the Arctic, has been registered. On the con-
trary, during the periods of a weaker polar 
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vortex, this dependence is lower or even 
reserved. The stronger relationship between 
ozone amounts and stratospheric parame-
ters, particularly temperature, in 2020 was 
caused by the drop of temperatures below 
the threshold of 195 K, leading to the 
PSCs formation and chemical ozone de-
pletion. Moreover, ozone depletion during 
the spring season is intensified by a posi-
tive feedback loop, in which low tempera-
tures play a role and contributes to ozone 
depletion that then causes further radiative 
cooling of the stratosphere and therefore 
even faster ozone losses (Randel and Wu 
1999). The second type of feedback mech-
anism is associated with the dynamical 
transport of ozone from the tropical photo-
chemical source region to high latitudes, 
where the intense and persistent polar vor-
tex hinders the transport of ozone to polar 
regions (Randel and Wu 1999). For in-
stance, the anomalously strong Arctic vor-
tex in the spring of 1997 was a primary 
factor of the observed low polar ozone 
(Manney et al. 1997). In spring 2019, the 
weak, negative but significant correlation 
between ozone mass mixing ratio and tem-
perature at 50 hPa was caused by the ad-
vection of relatively warmer, ozone-poorer 
air masses from lower latitudes (Fuxiang 
et al. 2018).  
     The dependence of stratospheric ozone 
on the polar vortex characteristics in the 
Arctic during late winter and spring of 
2020 was confirmed using geopotential 
height. In case of a stronger polar vortex, 
lower stratospheric ozone corresponded to 
the lower geopotential height. Compared 
to previous months, greater ozone deple-
tion occurred at Ny-Ålesund around the 
turn of March and April 2020 due to in-
creased photochemical activity (Harris et 
al. 2010). In spring 2019, temperatures did 
not drop below the threshold of 195 K and 
the variability of stratospheric parameters 
had no major impact on the ozone layer. 
     The variation in the ozone amounts 
studied by radiosonde measurements car-
ried out at Ny-Ålesund confirmed that    

the most pronounced ozone depletions 
(1.86 mPa) occurred on 13 April 2020      
at pressure levels ranging from 100 to     
40 hPa. This was well linked with the low-
est temperatures (200 – 205 K) observed      
at the same pressure levels. Although the 
spring 2020 stratospheric temperatures at 
Ny-Ålesund were above 195 K, chemical 
ozone depletion occurred in the central 
part of the polar vortex (Lawrence et al. 
2020, Manney et al. 2020). Ozone-de-
pleted air masses were advected over Ny-
Ålesund from the region of its chemical 
depletion during the displacement of the 
polar vortex toward Europe (Petkov et al. 
2023). Furthermore, ozone depletion was 
significantly enhanced by the strong polar 
vortex, which serves as a barrier in the 
transport of ozone from the tropics to the 
polar regions. Thus it impedes the Brewer-
Dobson circulation, causing a dynamical-
ly conditioned ozone loss (Strahan et al. 
2013). In the late winter and spring of 
2019, ozone distribution between 100 and 
40 hPa was approximately 20 mPa higher 
compared to 2020. Ozone sonde measure-
ments at various locations in the Arctic 
during the spring of 2020 indicated that 
the observed minima in the vertical ozone 
profiles were comparable to those in the 
Antarctic ozone hole (Wohltmann et al. 
2020).  
     Temperature data available for the 2019 
– 2020 winter season (ECMWF 2023[1]) sup-
port the trend of decreasing stratospheric 
winter temperature reported by Wohltmann 
et al. (2020), von der Gathen et al. (2021). 
Colder conditions in the winter and spring 
Arctic stratosphere cause a higher proba-
bility of ozone depletion events (Tilmes et 
al. 2006, von der Gathen et al. 2021). In 
future, high interannual variability but a 
more frequent occurrence of cold strato-
spheric winters are likely to happen (von 
der Gathen et al. 2021). It is predicted that 
the decline of anthropogenic ozone-deplet-
ing substances (ODS) will lead to the re-
covery of the ozone layer within a few 
decades, but the large interannual variabil-
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ity of winter temperatures in the Arctic 
stratosphere can reverse these effects in 
individual winters (Dhomse et al. 2018). 
Therefore, the future state of spring Arctic 
ozone layer will depend on the balance be-
tween initial stratospheric ozone concen-
trations at the beginning of the winter, 

ozone transport by the Brewer-Dobson cir-
culation, and chemical ozone destruction, 
which is governed by a multitude of fac-
tors including the ODS concentration and 
stratospheric dynamics (von der Gathen et 
al. 2021). 

 
 
Conclusion  
 
     In this study, an analysis of late winter 
and spring total ozone column in 2019 and 
2020 at the Ny-Ålesund station was car-
ried out based on ground- and satellite-
based measurements. The analysis of strat-
ospheric temperature, geopotential height, 
and potential vorticity at 50 hPa, based   
on the ERA5 reanalysis data, confirmed 
the intense and persistent polar vortex in 
late winter and spring of 2020 over the 
Ny-Ålesund station. The remarkably strong 
polar vortex caused a decrease in strato-
spheric ozone, especially at the turn of 
March and April 2020. The radiosonde 
measurements showed that the largest 
ozone losses in vertical profiles occurred 
at the end of March and in the first half of 
April 2020 from 100 to 40 hPa. During 
this period, there was a decrease in the to-
tal ozone column by more than two stan-

dard deviation (2σ). Stratospheric ozone 
has been shown to depend more strongly 
on stratospheric circulation parameters un-
der strong polar vortex conditions than 
under weak polar vortex conditions.  
     The polar vortex is a dynamically de-
veloping system that can have an asym-
metric shape and ozone depletion area con-
sequently depends on its form and ro-
tation. During the polar vortex breakup, 
ozone losses can be observed even in the 
mid-latitudes. The total ozone column de-
cline then leads to an increase in harmful 
ultraviolet radiation on the Earth’s surface. 
Ozone-depletion events may recur in fu-
ture due to cooling in the stratosphere. For 
this reason, further research, observation 
and mathematical modelling of the Arctic 
polar vortex and ozone layer dynamics, are 
necessary.  
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