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TOTAL OZONE OVER VERNADSKY ANTARCTIC STATION:
GROUND-BASED AND SATELLITE MEASUREMENTS

ABSTRACT. Objective. Provide an analysis of the total ozone variations over Vernadsky Antarctic station (Faraday Base until 

1996) from long-term ground-based and satellite series. Study the discrepancies between the data of different instruments. 
Methods. Data visualization followed by analysis, statistical treatment of the Vernadsky Dobson spectrophotometer observations 

and satellite total ozone series. Results. Satellite and ground-based measurements of total ozone over Vernadsky station have 

confirmed the stabilization in the ozone layer in the stratosphere over Antarctica from the early 2000s. British Faraday Base 

observations have retrieved an ozone spring maximum during the 1950s–1970s with a sharp decrease in the August–October 

values in the 1980s–1990s. That changed substantially total ozone seasonal cycle. Satellite overpasses and model data based on 

satellite measurements have been analyzed. It is shown that typical discrepancies between the Ozone Monitoring Instrument 

(OMI) model and the Vernadsky Dobson daily means are mainly in the range of 20 DU. Larger deviations are rare and are 

observed predominantly on the beginning and at the end of the observational season. Seasonal means and standard deviations 

for the model–Dobson differences were calculated that demonstrates worse correspondence of the OMI model with Vernadsky 

Dobson data during separate years, in particular 2009–2010. Conclusions. Both Dobson and satellite ozone data over Faraday/

Vernadsky station have shown the total ozone decrease during the 1980s–1990s (mainly in spring) with a following stabilization 

since year 2000. Comparison between the ground-based data and models calculated from satellite measurements indicates 

better correspondence of the Dobson and GOME2 results relatively the OMI ones. There are evidences that individual Dobson 

measurements underestimate to some degree total ozone on the beginning of observational season at high solar zenith angles 

and the low total ozone values.
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INTRODUCTION

Total ozone content (TOC) in the Antarctic Region 

has been retrieved from ground-based observations 

started in the 1950s. TOC is traditionally measured in 

Dobson Units (DU); 1 DU corresponds to a gas layer 

with thickness in 0.01 mm under normal atmosphere 

conditions (temperature 0 °C and atmospheric pres-

sure 1013 hPa); this is equal to 2.69 · 1020 O
3
 mole-

cules per m2. The observations with Dobson spectro-

photometer were begun at the British Antarctic Sur-

vey (BAS) Faraday station located on Galindez Is-

land near western shore of the Antarctic Peninsula. 

Later, in 1996 the Faraday station was transferred to 

Ukraine and renamed as Akademik Vernadsky (here-

inafter referred to as Vernadsky station). Among sev-

eral scientific studies, measurements of total ozone 

content were prolonged and now they have yet cov-

ered time span nearly 60 years (Kravchenko et al., 

2009). Note that observations at Halley and Faraday 

(BAS) served to the ozone hole discovery in the mid-

1980s (Farman et al., 1985).

Negative trends in total ozone levels were largest 

during the 1980s–1990s (Solomon, 1999) with the 
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following ozone stabilizations and signs of the fore-

casted recovery (Kuttippurath et al., 2013; Siddaway 

et al., 2013, Chipperfield et al., 2017). Minimal total 

ozone values close to 100 DU are observed in the in-

ner part of the stratospheric polar vortex around the 

South Pole. Intensity of the polar vortex is determined 

by dynamical factors, in particular planetary wave ac-

tivity (Waugh and Randel, 1999). High planetary wave 

activity results in the polar vortex edge deformation 

that is accompanied by strong (up to 150–200 DU) 

variations in total ozone content. These events are 

regularly observed at the Vernadsky station as well. 

Typically, the vortex is preserved to late November or 

December consisting in the polar air masses that are 

poor by ozone. After the polar vortex destruction, 

mixing the polar and moderate air causes increase in 

ozone levels. Consequently, dynamical processes are 

significant for total ozone interannual variations and 

chemical processes determine its long-term changes 

(Chipperfield et al., 2018), which is very important 

for prediction of ozone layer recovery.

Almost continuous satellite total ozone observa-

tions have been provided from the end of 1978. First 

long-term ozone data series were obtained with Total 

Ozone Mapping Spectrometer onboard the Nim-

bus-7 satellite (Stolarsky et al., 1986). Satellite obser-

vations have a clear advantage in Earth’s surface cov-

erage. The satellite observations are usually realized 

in the near-ultraviolet spectral range similarly to the 

ground-based Dobson and Brewer measurements. 

Respectively, their data do not cover the polar night 

areas. The TOC values obtained under high solar ze-

nith angles have a restricted quality. Ground-based 

instruments also exhibit large errors under those con-

ditions due to low intensity of ultraviolet light (Bash-

er, 1982). As a result, the intercomparison between 

satellite and ground-based ozone data series is neces-

sary to retrieve reliable values (Fioletov et al., 2008).

In our work, both individual and averaged ground-

based data from Vernadsky station have been consid-

ered. They have been compared with individual sat-

ellite measurements (http://www.temis.nl/protocols/

O3total.html, Veefkind et al., 2006) and with model 

TOC data calculated from satellite observations 

(http://www.temis.nl/protocols/O3global.html, Es-

kes et al., 2003), respectively. Mainly, TOC data of 

the Ozone Monitoring Instrument (OMI) onboard 

the Aura satellite platform from 2005 till 2017 is used. 

Besides, the SCIAMACHY/Envisat measurements 

(2002–2011, (Gottwald, 2006)) and GOME2 data 

from MetOp-A (2006–2017), and MetOp-B (2012–

2017) satellites are considered as well (Subsections 

3.2, 3.3). In all the cases, total ozone models with 6-hour 

step calculated for Vernadsky station from mea surements 

of a single instrument were taken for processing. For 

OMI data, individual measurements close to Vernadsky 

station are also analyzed (Subsection 3.4). The analysis 

was realized for the Dobson spectrophotometer obser-

vations under different conditions (Direct Sun, Zenith 

Blue and Zenith Cloud types). In principle, using 

SCIAMACHY, GOME2, and OMI data is common to 

estimate tendencies in total ozone during last years 

(Chipperfield et al., 2018).

Long-term variations in the total ozone level over 

the Faraday/Vernadsky station have been estimated 

as well. Main attention was paid to spring season 

(September–November in the Southern Hemi-

sphere) when minimal total ozone is observed over 

the Antarctic Region. Spring ozone decrease was fol-

lowed by stabilization in the ozone layer, which be-

gins from the early 2000s according to long-term 

data. This tendency is evident both from ground-

based and satellite observations. Minimal TOC val-

ues over the Vernadsky station exist during the ozone 

hole conditions, in September–October. They reach 

150 Dobson Units (DU) and sometimes are below 

that value. A threshold value for ozone hole condi-

tions is equal to 220 DU.

DATA. TOTAL OZONE MEASUREMENTS 
OVER FARADAY/VERNADSKY STATION

Total ozone measurements at the British Faraday 

Antarctic station (65.25°S, 64.27°W) started from 

1957. Only Dobson spectrophotometers (No. 051, 

073, 031, 103, and 123) were used for the measure-

ments during the past six decades. Faraday/Vernad-

sky station ozone data are presented on the World Ozone 

and Ultraviolet radiation Center (http://woudc.org); 

monthly values are available on the British Antarctic 
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Survey’s site (https://legacy.bas.ac.uk/met/jds/ozone/ 

index.html). The observational season lasts during 

nearly ten months between late July and late May. 

Extremely high solar zenith angles around June sol-

stice are critical obstacle to retrieve total ozone levels 

using near ultraviolet radiation. Consequently, mon-

thly values are analyzed only for the August–April 

ti me range (nine calendar months). 

Before the late 1970s, seasonal cycle of total ozone in 

the Antarctic Region had shown maximal values during 

spring season (September–November in the Southern 

Hemisphere, Fig. 1). All monthly total ozone levels 

Fig. 1. Results of the ground-based measurements with Dobson spectrophotometer at Faraday / Vernadsky station: (left) month-

ly total ozone values; (right) total ozone variations during several observational seasons

Faraday / Vernadsky station Faraday / Vernadsky station

Fig. 2. October total ozone distribution at the high southern latitudes in 1979, 1991, and 2014

1979 1991 2014

Vernadsky Vernadsky Vernadsky
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Fig. 3. Total ozone at Vernadsky station during the 2016–2017 observational season. Individual Dobson measurements and OMI 

overpasses are used

Vernadsky station, Direct Sun, 2016—2017
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Fig. 4. Differences between the models obtained from OMI measurements, and Dobson daily values. Mean values and double 

standard deviations are displayed by green and black horizontal lines respectively

Fig. 5. (left) Model–Dobson differences averaged for observational season (it begins from July); (right) double standard devia-

tions of the differences from their seasonal mean. Model data on 18 UT are utilized

Vernadsky station Vernadsky station
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were between 250 and 400 DU with relatively low ones 

in April and August. Maximal monthly means reached 

400 DU in October and November that is similar in 

general to the typical spring ozone maximum in the 

Northern mid- and high latitudes. At this, the Northern 

Hemisphere maximum was higher and more durable 

but these discrepancies were not crucial.

Later, from the early 1980s, the so-called ozone hole 

(Farman et al., 1985) developed with monthly total 

ozone decrease from 300–350 DU in the pre-ozone 

hole years to 150–200 DU. The sharp decrease cover 

time range to the mid- or late 1990s with the follow-

ing stabilization. Total ozone changes in southern 

summer and autumn were not so drastic. The ozone 

hole phenomenon causes a respective growth of ul-

traviolet radiation intensity on the surface. Ozone 

hole level is defined as 220 DU corresponding to the 

values which were not observed before the 1980s 

(Fig. 1). In the last years, ozone hole is observed at 

Vernadsky station during September–November. Low 

values are registered not during the whole spring due 

to location of the station in the edge part of the polar 

stratospheric vortex. As a result, planetary wave ac-

tivity influences total ozone content with noticeable 

variations (right part of Fig. 1).

The seasonal changes in total ozone are more uni-

form after the ozone hole development. The total ozone 

values slowly decrease up to late autumn. Significant 

variations are not observed during this period similarly to 

the typical mid-latitude ozone cycle. Before the winter 

gap in the observations, total ozone is close to 250 DU 

with some long-term diminution. Rarely, separate values 

higher 300 DU should be observed. Fig. 1 includes sev-

eral very large values in the 2003/2004 observational sea-

son but they are obtained with the method using light 

from the full Moon which cold be not so reliable as tra-

ditional Direct Sun and Zenith measurements.

RESULTS

Total ozone over the Antarctica in spring

Satellite observations allow obtaining near-global ozo-

ne distribution. The data should be processed to ret-

rieve monthly distributions. The Nimbus-7 (1979, 1991) 

and OMI (2014) monthly means in the middle and 

high southern latitudes are presented in Fig. 2. They 

indicate main steady features in the Antarctic ozone 

distribution. The satellite measurements demonstrate 

the ozone hole deepening in the 1980s and 1990s with 

the following stabilization from the late 1990s (Gryt-

sai et al., 2017). Significant interannual variations 

exist and ozone hole is stretched into the Atlantic 

longitudinal sector due to quasi-stationary planetary 

wave impact (Grytsai et al., 2007).

The 1979 October data exhibit monthly values ex-

ceeding the ozone hole level by several tens DU even 

in the inner part of the polar stratospheric vortex. Loca-

tion of the ozone minimum is asymmetrical in its lon-

gitudinal position shifted to the South American lon-

gitudinal sector. A wide region with high ozone levels 

(400 DU and larger) covers the latitudes of 45–70°S, 

this phenomenon is sometimes described as ‘collar’.

The plots for 1991 and 2014 present the ozone hole 

conditions, which are usual for the last three decades. 

The ozone hole area is equal to many millions km2 

even at the averaging, its inner parts are characterized 

by TOC of 150–200 DU and lesser. The ozone hole 

is evidently elongated to the Atlantic longitudinal 

sector, and location of the quasi-stationary minimum 

in the ozone distribution was earlier studied (Grytsai 

et al., 2007, 2017; Ialongo et al., 2012).

Dobson measurements
and satellite overpasses

The OMI overpasses include measurements with dis-

tance from Vernadsky station not exceeding 100 km 

(http://www.temis.nl/protocols/O3total.html, Veef-

kind et al., 2006). They were compared with ground-

based Dobson data for the same day. The similar stu-

dy for 1996—2005 period has been provided by authors 

on the base of TOMS data (Kravchenko et al., 2009). 

In the recent analysis the total ozone from both the 

data series is presented in Fig. 3. Vernadsky station 

climate conditions strongly limit a number of Direct 

Sun measurements, which are of the best quality 

among all types of Dobson measurements. Respec-

tively, Zenith Cloud data predominate. Zenith Cloud 

Dobson and OMI data usually do not exhibit system-

atical deviations except the beginning of observation-

al season with high solar zenith angles as the example 
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for the 2016—2017 season exhibits. In this time range, 

Dobson data are relatively lower. An opposite pattern 

was realizes during the summer season.

Discrepancies between ground-based and satellite 

measurements could be caused by both real differences 

and observational errors. Real differences are connect-

ed with spatial and temporal distinctions in the meas-

urements. Overpasses are taken at distances that don’t 

exceed 100 km, and time range between the ground-

based and satellite observations is to several hours. Un-

der typical mid-latitudes, these distinctions are not 

crucial (Grytsai and Milinevsky, 2013). The situation 

could be opposite in separate cases of the sharp total 

ozone gradient, in particular while observational sta-

tion is located near an edge of the ozone hole.

Observational errors are usually conditioned by 

restrictions in the algorithms used. For Dobson mea-

surements, there is influence of the light scattered 

within the instrument, uncertainties in the ozo ne ab-

sorption coefficients, quality of the statistical ap-

proximations which are necessary for zenith obser-

vations (Basher, 1982; Redondas et al., 2014). Qua-

lity of the satellite measurements is limited by impact 

of clouds and underlying surface that makes the cor-

responding algorithm more complicated relative to 

the ground-based one. Despite many factors increas-

ing differences between satellite and ground-based 

measurements, typical values of the differences are 

below 3 % (nearly 10 DU, Fioletov et al., 2008). Re-

spectively, the majority of the Vernadsky station data 

are within the range of distinctions on OMI overpasses.

Comparison between the model
and ground-based data

To study quality of the ground-based and satellite mea-

surements over Vernadsky station, Dobson data were 

compared with the data of OMI, GOME2a, GOME2b 

and SCIAMACHY (http://www.temis.nl/protocols/

O3global.html, Eskes et al., 2003). Data of the satel-

lite instruments have covered time range from the 

2002–2003 Vernadsky station observational season. In 

particular, models calculated from the satellite data 

were used for comparison with results of the Dobson 

mea surements. The model values are calculated with 

a 6-hour step for 00, 06, 12, and 18 UT. The 18 UT 

data were considered as the closest in time to (14 LT) 

to the Vernadsky station measurements. Examples of 

the seasonal changes in the ‘OMI model – Dobson’ 

differences are presented in Fig. 4.

Fig. 4 exhibits that typical discrepancies between 

OMI model and Vernadsky Dobson daily means are 

mainly in the range of ±20 DU. Larger deviations are 

rare, and they are observed predominantly on the begin-

ning and at the end of the observational season. In prin-

ciple, deviations between the ground-based and satellite 

ozone data could be conditioned by many causes. Par-

tially, total ozone is measured in a few different space 

points and different time moments the re fore it is not 

completely equal. Besides, distinct algorithms are uti-

lized in the ground-based and satellite measurements. 

Of course, the algorithms have different precision and 

own restrictions. In our case, errors increase at high solar 

zenith angles. Dobson total ozone values are predomi-

nantly lesser that could be connected with worse quality 

of the Dobson measurements at low intensity of solar 

radiation (Basher, 1982). In the same time, large devia-

tions during the ozone hole development should be con-

ditioned by measurements at the distances in tens kil-

ometers. In the edge region of the ozone hole, these 

values should have a significant meridional gradient.

Seasonal means and standard deviations for the 

model–Dobson differences were calculated (Fig. 5). 

The OMI model exhibits worse correspondence with 

Vernadsky station Dobson data that is seen from hi-

gher stan dard deviations and large mean differences 

during se parate years, in particular 2009–2010. Last 

four ana lyzed seasons are characterized by a relative 

total ozo ne underestimation by Dobson reaching 4–12 

DU for seasonal mean. It is interesting that three 

models (OMI, GOME2a, GOME2b) show very sim-

ilar diffe rences with Dobson spectrophotometer data 

for the se seasons. The models based on the GOME2a 

and GOME2b also have very close double standard 

deviations with Dobson data.

CONCLUSIONS

According to analysis the Dobson and satellite total 

ozone column data over Faraday/Vernadsky station ha-

ve shown the total ozone decrease during the 1980s–

1990s (mainly in spring) with a following stabiliza-
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tion since year 2000. Comparison between the gro-

und-based data and models calculated from satellite 

measurements indicates better correspondence of the 

Dobson and GOME2 results relatively the OMI ones. 

There are evidences that the individual Dobson mea-

surements underestimate to some degree total ozone 

on the beginning of observational season at high solar 

zenith angles and the low total ozone values. The ana-

lyzed satellite and ground-based observations near 

Vernadsky station have supported a conclusion about 

hiatus in ozone decrease and stabilization in the 

ozone hole characteristics during the last two dec-

ades. Comparison of the total ozone values obtained 

by different methods allows evaluating their quality 

under different solar zenith angles and atmospheric 

conditions. The typical discrepancies between the 

Ozone Monitoring Instrument (OMI) model and the 

Vernadsky station Dobson daily means are mainly in 

the ran ge of 20 DU. Larger deviations are rare and 

are obser ved predominantly on the beginning and at 

the end of the observational season. 
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ЗАГАЛЬНИЙ ВМІСТ ОЗОНУ НАД АНТАРКТИЧНОЮ СТАНЦІЄЮ

«АКАДЕМІК ВЕРНАДСЬКИЙ»: НАЗЕМНІ ТА СУПУТНИКОВІ ВИМІРЮВАННЯ

РЕФЕРАТ. Мета. Проаналізувати зміни загального вмісту озону над антарктичною станцією «Академік Вернадський» 

(до 1996 р. станція Фарадей) за довгостроковими наземними та супутниковими рядами даних. Дослідити розбіжності 

між даними різних інструментів. Методи. Візуалізація даних з подальшим аналізом та статистичною обробкою рядів 

загального вмісту озону за вимірюваннями на спектрофотометрі Добсона на станції «Академік Вернадський» та су-

путниковими інструментами OMI, GOME2a, GOME2b та SCIAMACHY. Результати. Супутникові та наземні вимірю-

вання загального вмісту озону в стратосфері над станцією «Академік Вернадський» підтвердили стабілізацію озоно-

вого шару з початку 2000-х років. Британські спостереження на станції Фарадей продемонстрували, що максимум 

загального вмісту озону протягом 1950–1970 рр. спостерігався навесні, аналогічно північній півкулі, а різке зниження 

загального вмісту озону протягом серпня–жовтня 1980–1990 рр. суттєво змінило загальний сезонний озоновий цикл 

і є наслідком впливу озонової діри. В даній роботі було проаналізовано супутникові та модельні дані на основі супут-

никових вимірювань. Було показано, що типові розбіжності між моделлю озонового моніторингу (OMI) та щоденни-

ми вимірюваннями на спектрофотометрі Добсона станції «Академік Вернадський» знаходяться в межах близько 20 

DU. Великі відхилення зустрічаються рідко, і спостерігаються переважно на початку і в кінці спостережного сезону. 

Також були розраховані сезонні середні та стандартні відхилення відмінностей моделей від спостережень на спектро-

фотометрі Добсона, які свідчить про гіршу відповідність моделі ОМІ з даними спектрофотометра Добсона протягом 

окремих років, зокрема 2009–2010 років. Висновки. Як наземні, так і супутникові вимірювання загального вмісту озо-

ну в стратосфері над станцією Фарадей/«Академік Вернадський» продемонстрували загальне зменшення вмісту озо-

ну протягом 1980–1990 рр. навесні з подальшою стабілізацією починаючи з 2000-го року. Порівняння між наземними 

даними та моделями на основі супутникових вимірювань, свідчить про кращу відповідність результатів вимірювань 

на спектрофотометрі Добсона та GOME2 відносно порівняння з даними ОМІ. Визначено, що індивідуальні вимірю-

вання на спектрофотометрі Добсона в деякій мірі недооцінюють загальний вміст озону на початку спостережного 

сезону, коли сонячні зенітні кути досить великі, а загальний вміст озону є низьким.

Ключові слова: загальний вміст озону, антарктична станція «Академік Вернадський», спектрофотометр Добсона, су-

пут никові ви мі рювання, порівняння даних.


