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Abstract

Some results of the statistical analysis of the data observation about surface ozone concentration
(SOC) in Ruispiri (East Georgia) during the period with 2006 for 2009 are presented. In total 1220 days of
continuous measurements of SOC from 9 till 23 o'clock are analysed (18300 hourly values of SOC). In
particular, the annual variation of monthly average values of SOC is studied, distribution functions of hourly
values of SOC for three periods of time (year, warm and cold half-year) are received. Daily variation of
SOC, and also mean hourly speeds of its change for the specified periods of time is studied. Correlation of
hourly values of SOC with each other, and also with mean values of SOC(9-17) and SOC(9-23) are
considered. It is shown, that in daily variation of SOC there is a presence autocorrelation both for mean
annual values of SOC, and for mean SOC in warm and cold half-year. Correlation and linear regression
connection between SOC(9-17) and SOC(15) are steady enough in time and, in particular, can be used for
estimations daily mean values of SOC at rare hourly measurements. The weekly variation of SOC is studied.
It is received, that in cold half-year SOC in the weekends is more, than in the week-days. By data for a year
and warm half-year this effect it is not observed.

1. Introduction

In Georgia the investigations of the atmospheric ozone (total ozone, ozone vertical distribution and
surface ozone concentration) are begun almost 55 years ago. Since 1980 to the present in Thilisi and Ruispiri
are conducted the regular measurements of surface ozone concentration with the use of the OMG-200 type
ozonometer [1,2]. So, for this time it has been studied: time variations of the surface ozone in several regions
of Georgia and their dependence on the atmospheric processes [1, 3-7]; variations of surface ozone in
Georgia and conditions for appearance of photochemical smog [1, 3, 8]; effect of ozone on local climate
[3,6]; influence of ozone on secondary aerosols formation [3, 9]; surface ozone and ecosystem [1, 8, 10];
surface ozone in city and country [11-13], etc.

The given work is continuation specified above researches. Some results of the statistical analysis of
data about surface ozone concentration of last years (2006-2009 ) in a countryside (Ruispiri, East Georgia)
are presented more low.

2. Data and method

The regular measurements of surface ozone concentration (SOC) with the use of the OMG-200 type
ozonometer are conducted. Place of measurements: village Ruispiri (East Georgia, Kakheti region). The
region of a study is located at a distance 60 — 80 km to east from the powerful source of an anthropogenic
pollution of the atmosphere, from city Thilisi.The period of observation: 2006-2009. In total 1220 days of
continuous measurements of SOC from 9 till 23 o'clock are analysed (18300 hourly values of SOC).

The analysis of data was conducted with the aid of the methods of statistical analysis [14-16]. The
following designations will be used below (besides those pointed out above and well-known ): SOC(15) —
hourly surface ozone concentration for 15 o'clock, etc.; SOC(9-17) - mean surface ozone concentration for
period from 9 till 17 o'clock, etc.; Range - variational scope; o - standard deviation; o, - Standard error
(68% - confidence interval of mean values); C, - coefficient of variation (%); A - coefficient of skewness;
K - coefficient of kurtosis; 95%(+/-) CONF - +95% confidential interval, o — two-sided level of
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significance; R - coefficient of linear correlation; R?— coefficient of determination; F - calculated distribution
function (%); X — gradations of the distribution function. For SOC value of X changes from 0 to 107
mcg/m®, the grouping interval: 0-10, >10-20,..., >100-110 mcg/m®. The estimation of difference between the
investigated parameters (calculated and empirical distribution functions, average) was evaluated according to
Kolmogorov - Smirnov and Student’s criterions. Warm period - period from April till September, cold period
- period from October till March. For simplicity of a statement the dimension of SOC (mcg/m®) and hourly
velocity of SOC (mcg/m®hour) more low in the text is passed.
The analysis is carry out without taking into account a weather condition.

3. Results

The results of the statistical analysis of the SOC in Ruispiri are represented in table 1-3 and in fig. 1-
10. In table 1 statistical characteristics of SOC(15), SOC (9-17) and SOC (9-23) for three periods of
time (year, warm and cold half-year) in Ruispiri in 2006-2009 are presented.

Table 1 Statistical characteristics of SOC in Ruispiri in 2006-2009
Statistics Year Warm period Cold period
SOC SOC SOC SOC SOC SOC SOC SOC SOC
Variable (15) (9-17) | (9-23) (15) (9-17) | (9-23) (15) (9-17) | (9-23)
Mean 53.8 46.2 42.8 50.4 43.9 40.9 58.0 49.1 45.0
Min 14 13.1 11.4 15 13.1 12.3 14 13.2 114
Max 107 101.4 97.9 100 98.4 96.4 107 101.4 97.9
Range 93 88.3 86.5 85 85.3 84.1 93 88.2 86.5
Median 51.0 441 40.3 48.0 41.8 38.9 57.0 46.3 42.3
Mode 49.0 35.9 34.2 38.0 35.9 35.3 59.0 51.9 45.7
o 18.8 16.8 15.8 16.6 15.3 14.4 20.3 18.0 17.0
Om 0.5 0.5 0.5 0.6 0.6 0.6 0.9 0.8 0.7
B%W(H-) | g 0.9 0.9 13 12 11 17 15 1.4
Conf
C, (%) 35 36 37 33 35 35 35 37 38
Ra”%ﬁ/{)';"ea” 173 | 191 | 202 | 169 | 194 | 205 | 160 | 180 | 192
A 0.51 0.57 0.61 0.48 0.54 0.58 0.35 0.48 0.54
K -0.21 -0.18 -0.10 -0.18 -0.13 -0.02 -0.50 -0.44 -0.38
count 1220 1220 1220 666 666 666 554 554 554
Correlation Matrix (R)
SOC15 1 0.97 0.95 1 0.96 0.95 1 0.97 0.95
SOC(9-17) 0.97 1 0.97 0.96 1 0.97 0.97 1 0.97
SOC(9-23) 0.95 0.97 1 0.95 0.97 1 0.95 0.97 1

Values of the indicated parameters change within the following limits: Year - SOC(15) from 14 to
107 (mean value — 53.8, median — 51.0, mode — 49.0); SOC (9-17) - from 13.1 to 101.4 (mean value — 46.2
median — 44.1, mode - 35.9); SOC (9-23) - from 11.4 to 97.9 (mean value — 42.8, median — 40.3, mode -
34.2); Warm period - SOC(15) from 15 to 100 (mean value — 50.4, median — 48.0, mode — 16.6); SOC (9-
17) - from 13.1 to 98.4 (mean value — 43.9 median — 41.8, mode - 35.9); SOC (9-23) - from 12.3 t0 96.4
(mean value — 40.9, median — 38.9, mode - 35.3); Cold period - SOC(15) from 14 to 107 (mean value —
58.0, median — 57.0, mode — 59.0); SOC (9-17) - from 13.2 to 101.4 (mean value — 49.1 median — 46.3,
mode - 51.9); SOC (9-23) - from 11.4 to 97.9 (mean value —45.0, median — 42.3, mode - 45.7). Thus, in
cold period values of SOC are more, than in warm period.

The greatest variations for the SOC (9-23) in cold period is observed (C, = 38 %), the smallest — for
SOC(15) in warm period (C, = 33 % ). Thus the values of C, changes slightly. The values of o, o, and
95%(+/-) Conf change accordingly in the following limits: 14.4 - 20.3 (SOC(9-23) in warm period and
SOC(15) in cold period ); 0.5 - 0.9 (all SOC in year and SOC(15) in cold period) and 0.9 - 1.7 (SOC(9-
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17) and SOC(9-23) in year and SOC(15) in cold period). The relative range (Range/Mean) changes from
160 % (for SOC(15) in cold period) to 205 % (for SOC(9-23) in warm period).

In the general population the distribution functions of the all indicated parameters has right-hand
asymmetry (A is more than 0.3). The coefficient of linear correlation between the values of SOC(15), SOC
(9-17) and SOC (9-23) are very high (R is 0.95 and more).

The annual distribution of mean monthly values of SOC(15), SOC(9-17) and SOC(9-23) in fig. 1
are presented.

Annual distribution of mean monthly SOC in Ruispiri
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As follows from fig. 1 max values of the indicated parameters in February are observed (72.7, 61.1
and 56.2 accordingly), min — in July (41.5, 35.9 and 33.2 accordingly). The annual distribution of the
indicated parameters are synchronous. It also is well seen from fig. 2, on which correlation between monthly
mean values of SOC(15), SOC(9-17) and SOC(9-23) are presented.

Correlation between montly mean SOC(9-23) with SOC(9-17) and SOC(15)
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As follows from fig. 2 the values of R for pairs of indicated parameters is very high and nearly to 1.
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The distribution functions of hourly values of SOC for year, warm and cold periods in fig. 3 are
presented. In table 2 the coefficients of indicated distribution function are presented.
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Table 2 Coefficients of distribution function of SOC in Ruispiri in 2006-2009
Period Year Warm period | Cold period
Distribution _
function F= a-Xb°exp(—C°X)
Coefficient Value 95% (+/-) Value 95% (+/-) Value 95% (+/-)
a 0.002628 0.001741 0.001262 0.000915 0.006086 0.00569
b 3.586903 0.255077 3.936284 0.282001 3.182162 0.354867
C 0.106403 0.00686 0.119026 0.007797 0.091717 0.009173
R 0.998 0.998 0.995
Kolmogorov-
Smirnov 0.01 0.01 0.01
criterion, o -
level

For all indicated periods the calculated distribution functions take the following form (o —level of
Kolmogorov-Smirnov criterion is not of worse 0.01): F = a-Xb-exp(-c-X). Max repetition of hourly values
of SOC for all indicated periods fit on interval 30-40 (21.9 % for year, 23.4 % for warm period and 20.1 %
for cold period). Repetition of SOC for interval 0-10 are: 0.5 % for year, 0.39 % for warm period and 0.64
% for cold period, and repetition for interval 100-110 are: 0.66 % for year, 0.43 % for warm period and 1.08
% for cold period.

Daily variation of mean SOC for 3 above indicated periods of year are presented in fig. 4. As follows
from this figure max of SOC in 15 hour are observed for all periods of year (53.8 for year, 50.4 for warm
period and 58.0 for cold period). Min of SOC in 9 hour are observed for all periods of year also (32.5 for
year, 31.6 for warm period and 33.5 for cold period). It is interesting to notice, that the mean SOC in cold
period from 9 till 17 o'clock and from 20 till 23 o'clock is more, that in warm period (o -level of Student’s
criterion is not of worse 0.05). From 18 till 19 o'clock mean SOC for both indicated periods of year is equal.
Difference between mean SOC in cold and warm periods equals: for 9" — 6.0 %, for 10" — 9.0%, for 11" —
12.1%, for 12"— 14.0%, for 13" 15.6%, for 14" — 16.5%, for 15" — 15.1%, for 16" — 11.1%, for 17" —
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5.3%, for 20" — 3.2%, for 21" — 11.8%, for 22" — 14.4%, for 23" - 15.5 % ). So the greatest difference
between mean SOC in cold and warm periods in 13, 14, 15 and 23 o'clock are observed (more that 15 %).
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In fig. 5 mean hourly velocity of SOC for year, warm and cold periods are presented.

Mean hourly SOC velosity in Ruispiri
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As follows from fig. 5, for all indicate periods of year mean hourly velocity of SOC from 9 till 15
o'clock are positive, but from 15 till 20 o'clock and from 22 till 23 o'clock — negative. From 20 till 22 o'clock
hourly velocity of SOC are negative for year and warm period, and positive or 0 for cold period. Max
velocity of SOC growth between 9 and 10 o'clock are observed (4.9 for year, 4.3 for warm period and 5.7 for
cold period) and min - between 14 and 15 o'clock (1.3 for year, 1.5 for warm period and 1.1 for cold period).
Max velocity of SOC decrease between 17 and 18 o'clock for year (-4.5) and cold period (-6.3), and between
18 and 19 o'clock for warm period (-4.6) are observed.
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The correlation field of hourly SOC for year in fig. 6 is presented.

Correlation matrix of hourly SOC in Ruispiri (year)
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From fig. 6 show, that values of R are enough high (more that 0.6). Repetition of R are: 20 % for 0.6
<R< 0.7, 36.2 % for 0.7 <R< 0.8, 21.9 % for 0.8 <R< 0.9 and 21.9 % for 0.9 <R< 0.98.

In the next figure more detailed correlation curves between SOC(15) and hourly SOC between 9 and
23 o'clock for 3 indicate periods of year is shown.

Correlation SOC in 15 hour with SOC in 9...23 hour

1,00

0,95

0,90

— Year

0,85 Warm period

— ——Cold period

0,80

0,75

0,70

T T T T T T
11 13 15 17 19 21 23

Hour

Fig. 7

Values of R changes from 0.72 (pair SOC(15) — SOC(23) for warm period and pair SOC(15) —
SOC(20) for cold period) to 0.97 (pair SOC(15) - SOC(14) for all indicated periods). Values of R between
SOC(11) and SOC(15) equal 0.87 for all indicated periods. For an example in fig. 8 the connections between
SOC(11) and SOC(15) are presented.

Regression equation between mentioned parameters take the following form:

SOC((15) =0,951-SOC(11) + 13.73

60



Connectoin between SOC in 11 and 15 hour in Ruispiri (all data)

140

o Real data

= = Linear (95% Upp
individ.)
= = = Linear (95% Upp mean)

— Linear (Linear regression)

mcg/cub m

= = Linear (95% Low mean)

— = Linear (95% Low
individ.)

mcg/cub m

Fig. 8

Autocorrelation functions of daily variation of mean SOC for year, warm and cold periods in fig. 9
are presented.

Autocorrelation function of daily variation of mean SOC
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As shows from fig. 9 values of autocorrelation coefficients for all indicated periods a little differ
from each other. Significant values of autocorrelation coefficients take place at a Lag = 1 hour (0.78-0.79).
For a Lag = 2 hour and Lag = 5 hour values of autocorrelation coefficients are less significant (0.48 and
-0.48).

It is necessary to notice, that above indicated connection under any conditions of weather take a
place. After selection of data on weather types will probably spend forecasting SOC by results of
measurements for previous time.
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As it has been noted above, the region of a study is located at a distance 60 — 80 km to east from the
powerful source of an anthropogenic pollution of the atmosphere, from city Tbilisi. Therefore it is interesting
to study the sensitivity of daily variations of SOC to the changeability of the air pollution. For this purpose
we carried out the analysis of the data about SOC in Ruispiri during the week-days and weekends.

Repetition of daily mean SOC in week-days and weekends
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In fig. 10 repetition of SOC(9-23) for week-days and weekends for 3 periods of year are presented.
The analysis of this fig. shown, that only for cold period between repetitions for week-days and weekends
take place a difference (a —level of Kolmogorov-Smirnov criterion is 0.15). In table 3 statistical

characteristics of SOC in Ruispiri for week-days and weekends (cold period) are presented.

Table 3 Statistical characteristics of SOC in Ruispiri in 2006-2009 for week-days and weekends

(cold period)
Cold period
week-days weekends week-days weekends
Parameter SOC (9-17) SOC (9-17) SOC (9-23) SOC (9-23)
Mean 48.4 50.8 44.4 46.4
o 18.3 17.2 17.1 16.6
count 398 156 398 156
(o -level of
Student’s criterion 0.15 0.2

As follows from this table and fig. 10 in cold period in the weekends SOC (9-17) and SOC (9-23)
are more, than in the week-days. By data for a year and warm half-year this effect it is not observed.

4. Conclusion

The detailed statistical analysis of hourly values of surface ozone concentration in Ruispiri in 2006 - 2009 is
presented. The analysis is carry out without taking into account a weather condition. Further in process of
accumulation of data this analysis will be spent taking into account meteorological conditions.
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CraTucrnyecKkue XapaKTepuCTUKU KOHIEHTPAUMH PU3EMHOT0
030Ha B Pyucniupu B 2006-2009 rr

ABranauia I'. AmupanamBuin, /xkymoep @. Xapuniasa, Bukrop A. Unxunanse
Pesrome

[IpencraBieHsl HEKOTOpHIE pE3yAbTaThl CTATUCTUYECKOr'O0 aHajiu3a JaHHBIX HaOMIogeHud 3a
KoHIeHTpanuen npuzemHoro o3ona (KIIO) B Pyucnupu (Boctounas I'py3ust) B mepuoz ¢ 2006 o 2009 rr.
Bcero mpoanamusuposano 1220 aueii nenpepsiBHbIX u3Mepenuit KITO ¢ 9 mo 23 wac. (18300 yacoBsix
3nauennit KI10). B wacTHOCTH, M3ydeH BHYTPUTOAOBON XoJ cpeaHeMmecsyHbix 3HaueHui KIIO, momy4eHs!
¢dyHKIMHU pacripeaeneHus yacoBbix 3HaueHnit KI1O mis Tpex mepruooB BpeMeHH: Toll, TEMI0e U XOJI0HOE
nonyrogusi. M3yden cyrounbrit xox KIIO, a Taxke cpemHue €KeUacHBIE CKOPOCTH €€ W3MEHEHUS IS
yKa3aHHBIX NEPUOJOB BpeMEHH. PaccMOTpeHBl KOppensinHoHHBIE CBsi3M 4acoBbIX 3HadeHuit KIIO apyr c
apyrom, a Taike co cpenaumu BenmunHamu KI1O(9-17) u KITO(9-23). Tloka3aHo, 4TO B CyTOYHOM XOJI€
KIIO umeercs Hamu4re aBTOKOPPEISAIMH KakK I CpeqHuX roaoBeix 3HaueHuit KI1O, Tak u s cpemaux B
Térioe u xonoaHoe nonyroaud. Koppensunonusie U THHEHHbIE perpeccuonHble cBsa3n Mexay KI1O(9-17) u
KIIO(15) moctaTo4HO YCTOWYWBHI BO BPEMEHH W, B YaCTHOCTH, MOTYT OBITh HCIIOIB30BAHBI I OIICHOK
cpenaenHeBHbIx 3HadeHnd KIIO mpm pemkmx dwacoBeIXx u3MepeHusx. M3yden HemenwpHBIH xo0x KIIO.
[omyueno, uro B xonoanoe nomxyroaue KIIO B BeIXOAHBIE THU BhIIIE, 4eM B Oyanue. [1o maHHBIM 3a o 11 B
TEIUIOE MOJIyroane 3Toro 3ddexra He HAOIHOAaETCS.
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