ISSN 1024-8560, Atmospheric and Oceanic Optics, 2019, Vol. 32, No. 5, pp. 586—589. © Pleiades Publishing, Ltd., 2019.

Russian Text © The Author(s), 2019, published in Optika Atmosfery i Okeana.

OPTICAL MODELS

AND DATABASES

The Role of Air Humidity in Variations
of Near-Surface Ozone Concentration

B. D. Belan® * and D. E. Savkin® **
4V, E. Zuev Institute of Atmospheric Optics, Siberian Branch, Russian Academy of Sciences, Tomsk, 634055 Russia
*e-mail: bbd@iao.ru
**e-mail: densavkin§8@rambler.ru
Received March 22, 2019; revised April 5, 2019; accepted April 16, 2019

Abstract—Measurements at the Tropospheric Ozone Research (TOR) station in the Institute of Atmospheric
Optics, Siberian Branch, Russian Academy of Sciences, in 1994—2017 are used to study the dependence of
variations in ozone concentration in the near-surface air layer on the absolute humidity. We found a neutral
dependence at positive temperatures and surprisingly strong and sign-alternating variability at negative tem-
peratures. The absolute air humidity negatively affects the ozone formation in the near-surface air layer, lead-
ing to decreased ozone concentration at temperatures of 0 to —30°C. At very low (below —30°C) temperatures
the effect becomes positive, i.e., the ozone concentration increases with the growing absolute humidity.
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INTRODUCTION

Specific physicochemical properties of ozone (high
toxicity for biological organisms and plants, ability to
oxidize almost all materials, and contribution to the
radiation budget of the planet [1, 2]) motivate the
study of patterns of ozone formation in the tropo-
sphere and especially in the near-surface air layer. It is
argued [3] that meteorological parameters affect
appreciably the ozone production near the Earth’s
surface. At present, ozone formation is known to be
associated with air temperature [4—6], UV-B radiation
and radon [7], air pressure, wind speed, and solar radi-
ation [8]. The information about interrelation with air
humidity is contradictory.

For instance, the authors of work [9] concluded
that increased ozone concentration was recorded at
low relative humidity, high temperatures and values of
solar radiation, and in the absence of clouds. Analysis of
situation with intense fires in the Moscow region [10]
revealed a negative correlation coefficient (—0.66)
with relative humidity. Passage to the absolute humid-
ity, with elimination of its temperature dependence,
showed the absence of correlation in 2010 and a signif-
icant negative correlation (—0.48) in 2011. The nega-
tive interrelation with the concentration was also
found in [11].

If we turn to the mechanism of ozone formation in
the troposphere, the role of water vapor will become
more evident. In background regions, ozone produc-
tion begins with the photolysis of troposphere-residing

ozone itself [12]: O; + Av — O('D) + O, (<310 nm).
Then, an excited atom O('D) reacts with water vapor
H,0 to give the hydroxyl O('D) + H,0O — 20H which
is shown in [13] to attack almost all gases residing in
the atmosphere. For instance, carbon may oxidize to
give ozone according to the pathway [12]:

CO+OH — H + CO,,
H+0,+M — HO, + M, M =(N,,0,),
HO, + NO — OH + NO,,

NO, + hv — NO + O (<400 nm),
0+0,+M >0, + M,

Net: CO + 20, — CO, + O,

Therefore, water vapor can be expected to partici-
pate in hydroxyl formation, thereby determining the
oxidation rate of ozone-forming substances in the
atmosphere and the amount of ozone formed. In this
case, the constraining characteristic for the process is
not the absolute, but rather relative, humidity. The
authors of work [11] tried to determine the interrela-
tion between ozone variations and specific humidity
and found a negative dependence. However, they ver-
ified their study for different regions in United States
and explained this result by geographic differences.

Thus, there are prerequisites to search for the form
of the dependence of variations in ozone concentra-
tion on absolute humidity, and this is the subject of
this work.

586



THE ROLE OF AIR HUMIDITY IN VARIATIONS

30°C

250 - (a)

587

200 - (b)
160 -
120
80

20°C. .

.
} 0 RN ,
E 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
@ (e) —10°C 70 - ® ~20°C
C 80

20 N
0 1 R il i ekl 0 B T | 1 L N
0.6 1.0 1.4 1.8 2.2 2.6 05 06 07 08 09 10 11
100 (2) —-30°C 40 (h) —40°C
80 - . 30 F :
60 . y ...
40 I Y TV R
D-._. 0 N ¥
200 Ty % sl
0 1 1 1 0 1 1 1 1 1 J
0.28 0.33 0.38 0.43 048 0.12 0.13 014 0.15 0.16 0.17 0.18
A, g/m’ A, g/m’

Fig. 1. Variations in ozone concentration versus the absolute air humidity for different air temperatures in the region of Tomsk.

INITIAL DATA AND METHODS USED

The studies were performed using data from moni-
toring of air composition in the region of Tomsk
Akademgorodok from 1994 to 2017. The observations
were performed using the Tropospheric Ozone
Research (TOR) station at the Institute of Atmo-
spheric Optics, Siberian Branch, Russian Academy of
Sciences; the TOR location and the state-of-the-art
measurement complex were described in [14].

The contribution of absolute humidity to ozone
production was extracted using the following method.
We performed a synoptic selection to eliminate the
periods of passage of frontal divides and plumes from
forest fires; then, the entire dataset was divided into
subsets with the same air temperatures. This is
required to eliminate the dependence of ozone pro-
duction rate on temperature, which we found out ear-
lier [15]. There had been eight subsets: —40 £+ 1; —30 % 1;
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—20%+1;—-10x£1;0£1;10£1;20 £ 1;and 30 = 1°C.
Within each subset we compared ozone concentration
and absolute humidity for the same instant of time.

ANALYSIS AND DISCUSSION

From Fig. 1, it can be seen that ozone concentra-
tion stably tends to decrease with the growing water
vapor content in the air temperature range from +30 to
—10°C. At a temperature of —30°C the trend line
becomes neutral. Surprisingly, at a temperature of
—40°C the ozone production rate increases with grow-
ing water vapor concentration.

Importantly, the variability ranges of absolute
humidity strongly differ among data subsets (air tem-
peratures). For instance, the absolute humidity var-
ies from 5.1 to 25.4 g/m? at a temperature of +30°C
(Fig. 1a) and from 0.12 to 0.18 g/m? at —40°C.
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Fig. 2. Relative variations in ozone concentration versus
the absolute air humidity for different air temperatures in
the region of Tomsk from 1994 to 2017.

To compare variations in ozone concentration with
absolute humidity at different temperatures, we nor-
malize AO; (the difference between initial and final val-
ues of ozone concentration along trend lines in Fig. 1)
by AA, i.e., the variability range of water vapor concen-
tration at a given temperature. The dependence of this
ratio on air temperature is presented in Fig. 2.

It can be seen that at positive air temperatures (0 to
+30°C) variations in ozone as a function of absolute
humidity are minor and close to zero. As humidity
increases, ozone concentration decreases the most, by
as much as —17.3 ug m—3/(g m—3), in the temperature
range —20 to —10°C. At —40°C there is a convergence,
so that an increase in the absolute humidity leads to
the growth of ozone concentration at the relative rate
of 77.3 ug m3/(g m3).

CONCLUSIONS

Thus, our analysis of how ozone concentration var-
ies as a function of absolute air humidity revealed that
it shows a neutral behavior for positive air tempera-
tures and surprisingly strong and sign-alternating vari-
ations for negative temperatures.

The absolute humidity has a negative effect on
ozone formation in the near-surface air layer, reducing
ozone concentration at 0 to —30°C.

At very low (below —30°C) temperatures the
dependence becomes positive and the contribution of
absolute humidity substantially increases.

These results turned out to be quite surprising and
still unclear in many respects. Therefore, this requires
further, more detailed analysis with a verification
against data from other region.
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