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Ab stract—The re view is based on the re sults of the op er a tion of the sys tem of to tal ozone (TO) mon i -
tor ing over Rus sia and neigh bor ing ter ri to ries that func tions in the op er a tional mode at the Cen tral
Aerological Ob ser va tory (CAO). The mon i tor ing sys tem uses data from the na tional net work equipped
with M-124 fil ter ozonometers be ing un der the meth od olog i cal su per vi sion of the Main Geo phys i cal
Ob ser va tory. The qual ity of the en tire sys tem func tion ing is op er a tion ally con trolled by the com par i son
with the ob ser va tions ob tained from the OMI sat el lite equip ment (NASA, USA). Ba sic TO ob ser va tion
data are gen er al ized for each month of the sec ond quar ter of 2019 and for the sec ond quar ter. Data of
rou tine ob ser va tions of sur face ozone val ues in the Mos cow re gion and Cri mea are also con sid ered.   
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The normals (multiyear means) of total ozone (TO) over Russia and adjoining areas for the second
quarter and for its months calculated for the period of 1974–1984 were presented in [1]. The quarterly mean 
TO values in the second quarter of 2019 were basically close to the multiyear means over the whole
territory under control (Fig. 1a). The maximum deficiency of quarterly mean TO values was registered at
Saint Petersburg, Arkhangelsk, and Petropavlovsk-Kamchatsky stations: it reached 6% or 1.9, 2.0, and
2.3 SD, respectively. The anomalous exceeding of the quarterly mean TO value over the normal was
observed at Almaty and Heiss Island stations and made up 7 and 5% or 3.5 and 2.7 SD, respectively.

The low est quar terly mean TO val ues (348–365 DU) in the sec ond quar ter were ob served over the Eu ro -
pean part of Rus sia, the South and Cen tral Urals, and Kazakhstan. The high est quar terly mean TO val ues
(420–428 DU) were reg is tered over the Arc tic Ocean is lands and north ern Yakutia. Over the rest of the ter -
ri tory un der con trol the quar terly mean TO val ues were 365–420 DU.

The low qual ity of data from Semipalatinsk, Chardzhou, Karaganda, Gur’ev, Krasnoyarsk, Sam ara,
Nikolaevsk-on-Amur, Vladivostok, Bol’shaya Elan’, Voronezh, and Pechora sta tions in the sec ond quar ter
of 2019 does not al low their use for an a lyz ing the ozone fields. 

In April 2019, the monthly mean TO val ues were close to the multiyear means over the whole ter ri tory
un der con trol (Fig. 1b). The max i mum de fi ciency of monthly mean TO val ues was reg is tered at Saint Pe -
ters burg and Arkhangelsk sta tions and made up 10% or 1.9 SD. The TO nor mal was max i mally ex ceeded in 
Tiksi: 7% or 1.7 SD.

In May, the monthly mean TO val ues were mainly close to the multiyear means over the ter ri tory un der
con trol (Fig. 1c). The anom a lous de fi ciency of monthly mean TO val ues was reg is tered in Petropavlovsk-
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Kamchatsky (10% or 2.6 SD). The anom a lous ex ceed ing of TO val ues over the nor mal was ob served in
Murmansk and on Heiss Is land: 14 and 10% or 3.1 and 2.6 SD, re spec tively. On May 1–2, the monthly
mean TO val ues (522–528 DU) above the nor mal (by 31–34%) were ob served over the south of West ern
Si be ria and north east of Kazakhstan.

In June 2019, the monthly mean TO val ues were close to the nor mal over most of the ter ri tory un der
con trol (Fig. 1d). The max i mum de fi ciency of monthly mean TO val ues was reg is tered at Saint Pe ters burg
and Arkhangelsk sta tions (4% or 1.0 SD). The anom a lous ex ceed ing over the nor mal was ob served at
Almaty and Heiss Is land sta tions: 13 and 11% or 4.4 and 3.1 SD, re spec tively.

The table presents data on anomalous deviations from the normal of daily TO values registered at the
ozonometric network stations in the second quarter of 2019.

The cal cu la tions of ul tra vi o let in dex (UVI) for the cen ter of the Eu ro pean part of Rus sia based on TO
and cloud i ness data for Mos cow and the Mos cow oblast [3, 4] re vealed that the monthly mean value of UVI 
was 4.1 for May and 5.2 for June. In May, the max i mum val ues of UVI ex ceeded 5.5 (the thresh old above
which pop u la tion should use UV-radiation pro tec tion means) dur ing two days. In June, 14 such days were
reg is tered, dur ing four of them UVI ex ceeded 6.5. Ac cord ing to UVI mea sure ment data for Saint Pe ters -
burg (Voeikovo), the monthly mean value was equal to 2.8 in May and 3.7 in June. The val ues of UVI
above 5.5 were not reg is tered in Saint Pe ters burg in May and June. 

Ac cord ing to the data of sur face ozone mon i tor ing sta tions in the cen ter of the Eu ro pean part of Rus sia
(Mos cow, Obninsk) and in the south of the Cri mean Pen in sula (Na ture Re serve of the Rus sian Acad emy of
Sci ences, Kara Dag), in the sec ond quar ter of 2019 sur face ozone val ues were ba si cally within the range of
sea sonal long-term val ues [2, 5].

As often, the episodes of significant increase in surface ozone values were observed in Crimea and
the Moscow region in April. In the Kara Dag Nature Reserve, the maximum daily surface ozone value
(162 mg/m3) was observed at 18:00 local time on April 26, 2019, it exceeded MPCm.s (160 mg/m3). The
exceeding over the criterion of safe surface ozone values recommended by the World Health Organization
(WHO) (the running average 8-hour concentration is 100 mg/m3 [6]) was registered in the Kara Dar Reserve 
on April 25–28. It was supposed that the increase in surface ozone values on the Crimean coast could partly
be formed under conditions of TO growth in the atmosphere caused by the propagation of high TO values
from the area of the Siberian High to the south of the European part of Russia on April 21–24. According to
the observations at Feodosiya stations, the TO values above 400 DU (by 8–14% above the normal) were
registered on those days. 
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Fig. 1. The field of de vi a tions (%) of to tal ozone val ues from the multiyear mean in (a) April–June, (b) April, (c) May, and
(d) June in 2019.



The spring episode with high surface ozone values in Moscow and Obninsk (the Kaluga oblast) was
more durable and was observed with small deviations during April 21–26 (Fig. 2). On those days, in
Obninsk surface ozone values increased in the afternoon to 142 mg/m3 (April 22) and 137 mg/m3 (April 26);
in Moscow, surface ozone values reached 144–152 mg/m3 in some districts. Abnormal warm weather with
the daytime temperature above 20°C set in the center of the European part of Russia at the beginning of the
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To tal ozone de vi a tions from the nor mal in the sec ond quar ter of 2019

Station

April May June

Date
DTO

Date
DTO

Date
DTO

% SD % SD % SD

Be low the nor mal

Arkhangelsk

Petropavlovsk-
Kamchatsky
St. Petersburg
Turukhansk

21
23
24

17

24
26
24

27

2.6
2.8
2.6

2.8

12

31

23

22

2.7

3.0

8 18 2.7

Above the nor mal

Almaty

Aral Sea
Murmansk

Omsk

Tiksi

Tomsk

Tura
Turukhansk
Feodosiya
Khanty-Mansiysk
Heiss Island

Tsimlyansk
Yakutsk

18
27
18
23
18
27
28
29

27

27
31
22
29
28
32
29
22

42

2.8
3.3
2.8
3.8
3.0
3.5
3.2
2.8

4.6

5
6
7
9
1
2
1
2
1
2
3

1

19
22
23
27

27
32
21
26
31
32
18
21
29
34
23

21

19
17
18
17

3.3
3.9
2.6
3.2
3.4
3.4
2.6
3.1
3.2
3.8
2.6

2.7

3.0
2.8
3.0
2.9

7
8
9

14
18
20
22
24
25
26
28
30

9

7
22

24

30

5
6

19
27
30
19

18
17
15
16
15
17
15
16
15
18
15
18
16

22
18

21

20

17
15
15
20
18
19

3.0
2.8
2.6
2.8
2.6
2.9
2.7
2.8
2.7
3.2
2.7
3.2
2.6

3.2
2.6

3.1

3.3

3.0
2.6
2.6
3.4
2.8
3.0



first ten days of April temperature reached 23–25°C on April 24–27. The increase in surface ozone values
was observed against a background of prevalence of light wind in the lower atmosphere (when wind
strengthened to 10–12 m/s on April 23, surface ozone values decreased throughout the city). Evidently,
nighttime temperature inversions accompanying the anticyclonic situation also affected the formation of
the analyzed episode and impeded urban air purification from pollutants (ozone precursors). 

No cases of MPCm.s ex ceed ing were ob served in May–June in the Kara Dag Re serve, un like the Mos -
cow re gion, where the ep i sode with an ex tremely rare du ra tion and daily sur face ozone max ima was reg is -
tered in early June. At most mon i tor ing sta tions in Mos cow (http://mosecom.ru/), on June 6–9 sur face
ozone val ues in creased to 130–155 mg/m3 (in some dis tricts of the city, to 160–195 mg/m3 in the fore noon).
The pe cu liar ity of this ep i sode was the main te nance of high ozone val ues in the day time dur ing 5–6 hours
(13:00 to 18:00). The in crease in sur face ozone val ues be ing dan ger ous due to its po ten tial neg a tive con se -
quences was ac com pa nied by calm hot dry weather, while day time air tem per a ture rose to 30°C. It is no ta -
ble that in the re mote back ground area (Obninsk) dur ing the pe riod of ab nor mal high ozone val ues in Mos -
cow, to tal ozone val ues re mained much be low MPCm.s (Fig. 2). 
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Fig. 2. The daily maxima of surface ozone values in April–June 2019: (1) maximum surface ozone values at separate stations

in Moscow; (2) surface ozone values averaged over Moscow; (3) Obninsk; (4) Crimean coast. The horizontal dotted line
marks the value of MPCm.s = 160 mg/m3. 


