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The variability of the surface ozone concentration (SOC) depending on some dynamic
processes in the Arctic atmosphere is analyzed. The SOC measurements and aerologic sensing on Kola
Peninsula, as well as INTERNET meteorological data are used. Regression dependence of maximal
hourly average SOC on maximal mixing layer height (MLH) is found; the correlation coefficient is
equal to 0.7. Based on the fact that MLH is different in different air masses, the features of the
surface ozone dynamics due to alternation of synoptic processes are explained.

According to generally accepted ideas, main
sources of ozone in the surface layer are its transfer
from the stratosphere and upper layers of the
troposphere, where it is in abundance, as well as its
photochemical generation in the surface layer.
However, the peculiarities of the mechanism of such
transfer are poorly studied, especially in the high-
latitude zone. The purpose of this paper is to analyze
the variability of the surface ozone concentration
(SOC) depending on some dynamical processes in
the Arctic atmosphere. Measurements of SOC at the
observatory Lovozero and at the Apatity atmospheric
field site of the Polar Geophysical Institute situated in
the center of Kola Peninsula were used for the
analysis. The measurements were carried out by
means of the UV ozonometers “DASIBI” 1008AH
(designed in USA) and “Monitor Labs” ML9810B (UK).
The internet-assessable data of the Berlin Meteorological
Institute and the German Meteorological Service,
as well as the results of aerological sensing in
Kandalaksha situated approximately 60 km to the
south-west of Apatity were used for analysis of
synoptic situations.

It is well known from the data of vertical sensing
(see, for example, Refs. 1 and 2 or http://www.fmi.fi/
research_atmosphere/atmosphere_4.html), that in
summer the ozone mixture ratio always increases (often
by several times) from the ground level to the boundary
layer top (1.2 km) up to 40—45 ppb. Hence it
follows that the vertical air exchange between the
surface layer and the free troposphere must be
accompanied by increase of the surface ozone
concentration up to the levels characteristic of the
atmospheric boundary layer (ABL) top. Since there
exists a close correlation between the height of the
mixing layer H,, and the height of the boundary
layer Hy, (correlation coefficient is about 0.95), then,
using the relationship®

Hm = 0.74k . /f

(here k; is the turbulence coefficient at the height of
1 m, f is the Coriolis parameter) we can estimate Hy,
based on the climatic data on the turbulent exchange
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coefficient.®> In summer it varies, in average, from
300—400 to 1300—1500 m. If to assume that the vertical
profile of ozone above the Sodankyulya observatory
represents the characteristic regional profile, the
intense turbulent mixing can cause the increase of the
surface ozone concentration, in average, up to
45 ppb. As observations show, in more than 98% of
events the SOC value on Kola Peninsula in summer,
including the polar day period, does not exceed 40—
45 ppb (Table).

Table. Repetition of daily SOC values
in summer (June—July) above Lovozero (1999—2003)

Gradation of SOC, ppb Repetition, %

0.5 0
5..10 0.24
10..15 4.2
15..20 18.2
20..25 30.5
25..30 20.5
30..35 14.0
35..40 9.0
40..45 2.1
45..50 1.4
50...55 0.07
> 55 0

The value of H,, is determined experimentally
by means of the aerological diagram using the
radiosensing and meteorological data on maximal air
temperatures. The daily maximal H,, is determined
on the aerological diagram as the intersection point
of the temperature vertical distribution curve with
the dry adiabatic line passing through the point of the
maximal near-ground temperature.>® In cases when
indifferent stratification is observed in the aerological
diagram or the state curve lies no more than 1°C to
the left of the stratification curve, the mixing layer
top is at the height where these conditions break.’

The height of the mixing layer for July and August
2003 was calculated from the aerological sensing data
obtained in Kandalaksha at 4 p.m. (Moscow time). We
took into account that the air temperature maximum
in this period is observed near 3 p.m.,? therefore the
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determined H,, approximately corresponded to its
maximum or correlated with it.

Correlation between maximal hourly averaged
SOC in Apatity and maximal H,, above Kandalaksha is
shown in Fig. 1.
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Fig. 1. Correlation  between  maximal daily  ozone
concentrations in Apatity and maximal mixing layer height.

The regression equation for the distribution in
Fig. 1 is

[Os]max = (0.0082 % 0.0015) Hyy + (15.7 + 1.8).

The scatter of points around the straight line is,
obviously, caused by different vertical profiles of ozone
corresponding to different days at the same height of
the mixing layer. Most likely, correlation between
Hq, and SOC is greater at time intervals of a few
days when advection processes can be neglected and
the vertical profile is insignificantly transformed.

According to the synoptic analysis, there was a
stationary Arctic air mass over Kola Peninsula from 5
to 9 of July 2003. The correlation between daily SOC
and respective H,, maxima in this period is shown in
Fig. 2. This example shows that the -correlation
becomes significantly higher, if the ozone vertical
profile obtained immediately above the observation
site is used as the second predictor.
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Fig. 2. Correlation = between maximal daily ozone

concentrations in Apatity and the maximal mixing layer
height on July 5—9, 2003.
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One more reason of the scatter is that the above
method neglects the dynamic turbulence caused by
the vertical wind shift. The latter leads to the fact
that the method becomes practically inapplicable in
the periods of the atmospheric front passages.

Nevertheless, the correlation coefficient between
maximal heights of the mixing layer and maximal SOC
values is high and equal to 0.70, that is demonstrated
by similarity of their diurnal variations (Fig. 3).
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Fig. 3. Variations of the maximal mixing layer height and
maximal daily ozone concentration in Apatity in August 2003.

We should note that the positive correlation
between the selected parameters, in our opinion, points
to mainly dynamic origin of the surface ozone field in
the atmosphere of high-latitudes. If it were not and
the photochemical ozone generation processes
prevailed in the surface layer (as is often observed in
low- and mid-latitudinal industrially developed
regions), a negative correlation should be expected,
because in that case less concentrations would
correspond to a greater height of the mixing layer.

The dynamics of the atmospheric boundary layer
has the same peculiarities as air temperature
oscillations in the surface layer, because the both
processes are determined by variations of the radiation
budget of the underlying surface. Thus the high
correlation between the diurnal behavior of SOC and
air temperature in summer becomes clear.® The
correlation between SOC and H,, makes it possible
to explain the observed correlation between the diurnal
behavior of the air temperature and surface ozone
concentration, because a change of the air
temperature by even a few degrees can essentially
affect the height of the mixing layer. For example,
the increase of the surface temperature by “only” 5°C
(from 25 to 30°C) for the temperature profile of July
26, 2003 has led to increase of the mixing layer top
from 1.9 to 3.5 km and, hence, to significant increase
of SOC.

Based on the found correlation between H,, and
maximal daily SOC, it is possible to explain some
peculiarities of the surface ozone dynamics caused by
changes of synoptic processes, because the types of
stratification in lower atmospheric layers and, hence,
H., are different in different air masses and synoptic
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objects.’®? et us show this by the example of SOC
variations during passages of cold fronts (CF) over
Kola Peninsula.

The surface water temperature of the Barents Sea
in summer (June—August) is 4—8°C, which is lower
than the temperature of the above air. Therefore, air
masses of continental or Atlantic origin cool down
here and acquire a stable stratification. The mechanism
of cooling is quite effective: according to Ref. 13, the
loss of energy by the atmospheric lower layer for
heating and evaporation of the upper water layer at a
surface temperature of 4—8°C is 150—250 W/m?,
while radiative income of heat is even less,
approximately 100—130 W/m?2. When the air mass,
formed above the sea, comes to the cyclone’s rear, it
is stable in the beginning of its way and becomes
instable only while moving to the land.

In the initial period of the marine Arctic air
staying over land in the rear of CF, its instability is
limited by the lowest atmospheric layers and increases
with the air heating. In this case, at the moment of
CF passing the SOC magnitude sharply increases due
to the convergence of airflows and intensive dynamic
turbulence, but then decreases in a few hours after
CF passing. Then, as the incoming air heats up, the
instability and the height of the mixing layer
increase, hence, the SOC also increases. Besides, the
“standard” diurnal behavior is re-established. For
example, before CF, on July 3, 2003 the height of
the mixing layer exceeded 1500 m, and then on July
4 it became less than 800 m. Evidently, this affected
the maximum ozone concentration in the surface
layer, which was 44 and 16 ppb, respectively. The
temperature of the incoming air mass was quite low,
and the difference between maximal temperatures on
July 3 and 4 exceeded 10°C. Transformation of the
incoming air mass under conditions of continuous
cloudiness lasted a few days. As it was heated from
below, the power of the mixing layer and
simultaneously the surface o0zone concentration
increased (Fig. 4). However, the situation can be
different at another relations between mixing layer
heights.
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Fig. 4. Variations of the surface ozone concentration in
Apatity on July 3—10, 2003.

In the warm sector of the cyclone on July 24,
2003 (Fig. 5) under conditions that the isothermy
was observed in the 240—370 m layer and the
inversion — in the 580—850 m layer, the height of the
mixing layer did not exceed 200 m and SOC in the
daytime decreased to 10 ppb, because the elevated
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inversion “blocked” the way to upper tropospheric
layers. Passing of CF resulted in destruction of the
“locking” layers, intensification of the turbulent
exchange, and increase of the ozone concentration in
the evening of the same day up to 33 ppb.
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Fig. 5. Variations of the surface ozone concentration in
Apatity at CF passing on July 24, 2003 (the moment of the
passage is marked by arrow).

In winter, when the atmospheric stratification is
stable, the above procedure for determination of the
mixing layer height becomes inapplicable. However, it
is possible to estimate the mixing layer height based on
the fact that there is a close correlation between the
heights of the mixing and boundary layers.?

According to the climatic data,® the mean
turbulence coefficient in Apatity in November—
December is 0.04 m?/s. It corresponds to the mean
value of a mixing layer of about 250 m. Based on the
mean ozone profiles above the Sodankyulya observatory,
we obtain mean maximal ozone concentrations in the
surface layer of about 25—30 ppb. Mean maximal
values above Lovozero are usually 28 ppb in December,
26 in January, and 28 in February.

Under invariable synoptic conditions in winter
there are no diurnal variations of the turbulence
coefficient® and the height of the mixing layer,
therefore the constancy of turbulent fluxes causes
approximate constancy of the SOC level, that
corresponds to the really observed situation.

Thus, the presented examples demonstrate a very
important role of the thermodynamic state of the low
troposphere in formation of the surface ozone
concentration in the atmosphere of high-latitudes. This
allows us to explain the variations of SOC, observed
in experimental quasi-background measurements on
Kola Peninsula, in terms of the atmospheric dynamics.
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