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Abstract. This paper applies a variety of statistical methofdr exploring
relationships between time series of ground-lew&ine concentrations, aerosols (in
terms of number-concentrations of particles latpan 0.5 um) and meteorological
parameters. The time sequences were obtained aitaltlyaand simultaneously
(records of the every hour averages) at a coatstibis near Ahtopol in Bulgaria for
the period May 10 - July 27, 2002. Introductorytistical analyses suggested a
number of potential interrelationships between ezapncentration variations and
some meteorological parameters. There were alsiaitiohs of aerosol-particle
concentrations showing some connections with wipekd and wind direction, and
also with solar radiation; the latter relationshipwever likely to be a result of the
partly radiation-driven pattern for wind speed adidection. These introductory
findings warranted the use also of Mathematical cBpk Analysis (MSA) in
analysing the time series, so as to show the usefalof MSA for meteorological
applications. The conclusions based on the powerctsp the cross-amplitude
spectrum, the absolute coherency spectrum andh&sepspectrum are confirmed by
the diurnal cycles. The power spectrum of the olexbdata as well as the cross-
amplitude, absolute coherency and phase spectra& walculated for hourly
meteorological parameters, aerosols and ozone Tatapresent article contains the
calculations of the spectra and their interpretatddnmong conclusions is that diurnal
variations of meteorological parameters well expladiurnal variation of ozone
concentrations, but that the daily aerosol conegiotis variations are less affected by
diurnal variability of meteorological parametersept solar radiation.
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Introduction

Relationships between ground-near ozone and asr@saspensions of liquid or
solid particles in the atmosphere with particleesizanging from about 0.01 um to several
tens of um) are being subject to increasing sdieniiterest for several reasons (e.qg,
Bonasoni et al,. 2004). Both components exert &ffea human health and on the vitality
of forests and agricultural crops (e.g., Houthetjsl., 2001; Karnosky et al., 2003; Fowler
et al., 2009). In addition, ozone and aerosols ladfibct climate (IPCC, 2007) although in
most respects with opposite influences on radiaforeing (see Table 1 for a list of
abbreviations). Because of the continuous prodoaiifoozone precursors, in particular in
urban regions, the current global contribution refpbspheric ozone to the anthropogenic
part of the greenhouse effect is substantial (€a)1@8erosols, however — emanating from a
multitude of natural as well as anthropogenic sesircsuch as wind-erosion of soails,
bubble-bursting at the sea/air interface, and ciwe of trace gases into particles (e.g.,
Wiman et al., 1990; Andreae and Crutzen, 1997; f8leinand Pandis, 1998) — affect
climate in more complex ways. The mechanisms ireldilect and indirect forcing (e.g.,
IPCC 2007). Most types of aerosols scatter sunligitk into space — they have a direct
cooling effect by reducing the amount of solar aidn that reaches the Earth’s surface.
Some aerosol types, however, have a substantigimeuy part in their refractive index,
and can therefore absorb sunlight and generate wgrnihe indirect effect involves
aerosol particles acting as (additional) cloud emsdtion nuclei. Clouds thus created will
in most cases cool the Earth’s surface. The eftécaerosols, therefore, is in general
opposite to the effect of tropospheric ozone amdsewveral other greenhouse gases (IPCC,
2007). However, because of their low residence gintmpospheric ozone and aerosols
have important, but complex, spatial climate-chaeffects, influencing local and regional
climates. This is in contrast to other radiativabtive substances which mix vertically and
laterally in the global atmosphere.

Hence, the interactions between tropospheric oamgeaerosols are of particular
interest from aspects of health, ecosystem biogsuidiry, and climate change. The
interactions, however, need much further reseakaiong important examples are gas-to-
particle conversion processes such as the catayiit photochemical transformation of
sulphur oxides (such as emitted by volcanoes amdahuburning of fossil fuels) into
sulphate particles. Sulphate aerosols may signmifiganfluence ozone loss via chemical
processes as well as physically such as througdttaffy the illumination time of solar
radiation driving ozone generation and decay mesh@ In addition, certain types of
non-methane hydrocarbons (terpenoids, isoprenesothers) are emitted by forests and
then transform into aerosol particles through pblogémically driven processes (e.g.,
Seinfeld and Pandis, 1998; Paulot et al., 2009)me&Smf these processes involve
tropospheric ozone as well as anthropogenic trasegy(such as nitrogen oxides emitted by
traffic systems). Also, a number of reactions betwsea-salt aerosols and the formation of
ground-near ozone are of importance. For instakkogping and Dabdub (2003) suggest
that the inclusion of sea-salt-derived chlorineratstry is of high interest to advancing the
understanding of coastal ozone formation and de@dys is because chlorine might
increase predicted morning ozone concentrationasbgnuch as 12 ppb in coastal regions
and by 4 ppb in the peak domain ozone in the ajtarn
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These and many other factors influence ozone arasaleconcentrations. Among
important meteorological parameters in that contaet solar radiation, temperature and
relative humidity.

In the current contribution, we investigate timeie® of 79 days of ozone,
aerosols, solar radiation, temperature, relativenitity (RH), and wind speed and
direction, at a Bulgarian costal site, Ahtopol (B&2°00’ N, Long 28°01’ E). We study the
pattern of variation of, and between, these pararsetvith several statistical tools,
including Spectral Analysis, MSA. Hence, power $pgccoherency spectra, phase spectra
and for various pairs of parameters are includetthénanalysis. Our objectives are to help
advance the understanding of relationships betweensols, ozone and meteorology; these
are key factors in choosing the right variablesdpone-predicting models (Alexandrov et
al., 2005). In addition, our aim is to show how sogommon statistical tools can be
efficiently complemented by MSA.

Table 1. List of abbreviations.

IPCC Intergovernmental Panel on Climate Change
LPC Laser Particle Counter

MRI Meteorology Research Incorporation

ppb part per billion

ppb(v) part per billion by volume

RH Relative Humidity

Site, equipment, data acquisition and statistical procedures

The monitoring site is about 200 meters from thershabout 2 km south of the
town of Ahtopol, on the Black Sea coast NE of thea®lzha low-elevation mountain
region. The climate in the Ahtopol region is slighdifferent from the rest of the Bulgarian
sea coast and is mild and strongly influenced leyMtediterranean. The research station is
located in a low-pollution region and should sefaiely well as a rural-type background
site (cf. Wiman et al., 2007). Diurnal cycles of@®l and ozone concentrations in the
region are influenced by the local sea/land bresxelation which, however, is modified
by the circulation in the nearby low-elevation &ttaha mountain region (Skakalova et al.,
2003). This region is characterised by vast expans®ak forests (for details, see Wiman
and Gaydarova,2008) which can function as sourdeseweral organic compounds
involved in the formation of ozone.

The time-series data were collected in 2002 frony 4@, 5 p.m. (Local Standard
Time) to July 28, 1 p.m. Ozone and aerosol cona&otrs were measured together with
wind speed and direction, temperature and RH, aiad $olar radiation as detailed in Table
2. For the scope of the present study we exploom@®zand aerosol concentrations at 1 m
height and solar radiation, temperature, RH, wipdesl and direction at 5 m. Data were
logged by a Campbell Scientific 21x unit, and thgmcessed into hourly averages.
Aerosol-particle number concentrations were meakwith a Laser-based Particle Counter
(LPC; Climet 4010) re-designed to provide a camims analogue output signal
proportional to the sum of concentrations in the thannels instead; thus providing the
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concentration of particles with diameter > 0.5 [Mary many measurements have been
performed with LPC devices in the region (see Wiratal., 1999a; 1999b) and show that
the sub-interval > 5 pm contains only a small fac{less than 5%) of the concentration of
particles > 0.5 um; hence, our LPC data here daflgntefer to the 0.5 to 5 pm particle
size class. Although that class provides only Bahitinformation on sub-um particles
(which are of importance to ozone-aerosol intecard) it tracks the general features of
variations in the accumulation aerosol mode faivBll (cf., Whitby, 1978). Also, and by
definition, the LPC does not give information orras®l chemistry. However, such data
from the region are available from a month-by-masdimpling programme over the period
summer 1998 to summer 2000 (Wiman et al., 2007)fieoxd some campaigns (Wiman et
al., 2002), and offer some comparative informatioer alia, concentrations levels of S,
Cl, V, Zn and Se were found to be substantiallyhbigin the Ahtopol region than in high-
elevation mountain areas in Bulgaria.

Table 2. Information on the equipment used and the pammmeheasured at the Ahtopol station.
Data were recorded on time scales of the orderiofites; for this contribution they were processed
into hourly averages.

|| sensor Parameter height units

LPC Climet 4010 Concentrations of particles 1m particles crm
larger than 0.5 um in diameter*

Teco 49 O, concentrations 1m ppb

VAISALA WAA12 Wind Speed 5m m$

VAISALA WAV12 Wind Direction 5m degrees

Eppley Total Solar Radiation** 5m W m'2

MRI Precipitation 1m mm

\Vaisala HMP35C Temperature 5m e

\Vaisala HMP35C Relative Humidity 5m %

*in this study calculated from readings in mV.

** this instrument measures over the 285 to 2800optical spectral range.

The data set was first explored with various commiatistical techniques so as to
help provide a first-level insight into the intdatonships. Since these introductory
analyses turned out to warrant in-depth study eémtéal cycles we also explored the data
set with spectral methods (in this case using @331hours of measurements). For the
objectives of this work, we applied spectral analymsed on Parseval's relation (Priestley,
1981; Brockwell and Davis, 1991). It presents tbavgr spectrum as the decomposition of
the total variance into frequency-dependent comptnelhe cross-amplitude spectrum
between two time series provides an assessmehe dfdquency range where the two time
series exhibit best mutual fit. The absolute coheyespectrum can be used to measure the
linear correlation between two time series for falquencies. It is analogous to the
correlation coefficient, and signifies whether sop®riodic pattern occurs in both time
series. However, the absolute coherency spectrues dwot specify whether they are
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synchronized in time. This information is insteagitable from the phase spectrum. After
calculating the spectra of time series, a commauultes that most of the power is
concentrated in one or a few narrow bands, thukimashe spectral estimates in the bands
where the power is small. Therefore, in order tpriove those spectral estimates, digital
filtering of the data is needed. In this work aice filter is used with half-of-lag period
sized 15 hours and with the correlation window Wwi@0 hours. The time step for the
calculations is 1 hour. The width chosen for theeation window is due to the length of
the time series, and is also considered appropbatause daily variations are the main
target of the present study. Choosing a relevadthaof the correlation window is of great
importance because the values selected might affeciutcome.

Results and discussion

Introductory overview and relationships

We first present the data sequences in graphic {figy 1) and explore some of
their basic features. For our purposes here, tha slequence for each parameter was
normalized to the maximum range (i.e., to the [mar}-value in each respective
parameter sequence) occurring over the 78 daysntincious measurements.

From Fig. 1 several basic patterns emerge. Amoegitare, as expected, the
strong connections between solar radiation, tentperaand RH. The two latter parameters
co-vary with no essential mutual phase shift, brettzoth somewhat time-shifted (lagging
behind by about 1 hour) vis-a-vis solar radiati®zone concentrations also relate strongly
to solar radiation, but with a phase-shift of amb@hours’ delay during the morning, and
reaching their peaks about 4-5 hours later thas dadiation. These connections are more
clearly observable when the average 24-hours pattaere calculated for solar radiation,
temperature, RH, and ozone concentrations and k@asermalization of each parameter
to its maximum range in the respective sequence&hour means; cf. Fig. 2.
Relationships between wind velocities and radiattemperature, and RH seem to exist as
well (see Fig. 2). However, the connections arekareaas should be expected because of
the influence of several other factors, includindh-periods of dominance of synoptic
weather situations as well as the effects of lamplsctopography on the seal/land
circulation. As also shown in Fig. 2, aerosol pm&eticoncentrations have an average
tendency to increase in daytime although the viitial{such as in terms of standard
deviations of the respective hourly means) is higiaking connections with other
parameters more difficult to assess. It needs tohiserved that the respective hourly means
are associated with large variation (provided imte of standard deviations in the Fig. 2
caption). Inevitably, a substantial fraction ofsthiariation, in particular for radiation and
radiation-driven parameters, derives from the changlay-length over the May 10 to July
27 period. This variation necessitates the useanious forms of mathematical spectral
analysis, dealt with in next section.

Studying the effects of wind direction necessitapedar coordinates. Fig. 3a
presents the distribution of wind directions, ang. B the variation of wind velocity with
wind direction. Fig. 3a confirms that winds fronetBW (land areas) and N to NNE (sea
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areas) dominate, while Fig. 4 shows that wind speedch high values more often in the
N-to-NE sector than in the S-to-W sector. Additibsiatistical analyses indicate that three
basic categories of wind circulation occurred dgrihe measurement period (May 10 to
July 27). The categories share approximately simftactions of the sequence. They
contain (cf. Fig. 3b) fairly typical land/sea citation patterns, a somewhat more complex
pattern probably resulting from the influence o tiearby mountain-valley systems, and a
highly shifting pattern likely to involve front psages and other synoptic features.

It is then of interest to explore how ozone andselparticle concentrations vary
with wind direction; see Fig. 5 and Fig. 6, respaty. Ozone concentration variations
show weak, if any, connections with wind directiongile there is a tendency for higher
particle concentrations occurring more often inmasses emanating from the sea than in
those coming from the land. Comparing Fig. 6 (gltconcentration distribution with
wind direction) with Fig. 4 (wind-velocity distrittion with wind direction) suggests some
similarities. These are brought out by Fig. 7, welrerthe distribution of particle flux
(concentration times wind velocity) with wind ditem is shown.
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Time [hours after 00:00 (Local standardTime), begining May 11, 2002]
——radiation (range:0 to 1085w/m) ——temperature (range:7.2 to31.8 degC) ——relative humidity (range:39.3 to 100%)

——ozone (range:8.1to 115.1ppb[v]) -eeer wind direction (range:0 to 360 degrees) ~ -ee-- wind velocity (range:0.32 to 7.4 m/s)

rrrrrrr particle concentration (range:67 to 1605 mV) — precipitation (range:0 to 9.4 mm rain)

Fig. 1. Overview of the data series. The diagram is conttusuch that each respective parameter is
normalised to its maximum range over the measuremperiod (78 days). Each parameter is then
plotted as a function of time in a diagram fieldusping the vertical interval 0 to 1. The field d&t
“0” shows solar radiation, field “1” shows tempenat, field “2” relative humidity, field “3” ground-
level ozone concentrations, field “4” wind directjofield “5 wind velocity, field “6” particle
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concentrations, field “7” precipitation. Legendstire diagram provide information on the respective

spans used in the normalisations. For particle-rmimboncentrations, the mV range given

corresponds to the range 0.6 . 103 to 14 . 108cfes per litre (particle sizes > 0.5 um, with
particles in the interval 0.5 to 5 um strongly doating).
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Fig. 2. Average 24-hours patterns for solar radiatiompterature, relative humidity (RH), ozone
(O3) concentrations, wind velocity and concentragiof aerosol particles > 0.5 um. In order todprin
out the variations in one diagram, all parameteasehbe been normalized to their respective

maximum ranges.

These introductory analyses of the data set suggasimber of connections, and
time-lags, between the meteorological parametersuab (solar radiation, temperature,
relative humidity, wind speed, and wind directionlhey also suggest that
interrelationships, and lead/lags, exist betweeuigi-near ozone concentration variations
and some meteorological parameters (solar radiatiod temperature in particular).
Relationships between ozone concentrations and wirgttion seem weak, however.
Aerosol-particle concentrations (and fluxes) sh@mmes connections with wind speed and
wind direction, and also with solar radiation; th#er relationship however likely to be a
result of the partly radiation-driven pattern foind speed and direction. Relationships
between ozone concentrations and particle cond@mtsamay exist, but, if so, seem weak.
Although, as discussed in the Introduction, intBoas between ozone formation/decay and
aerosols can be assumed to exist, our data sutfggssuch interactions mostly do not
occur in particle-size ranges above 0.5 um (ile.size ranges captured by the LPC
deployed in this study).

Naturally, the indications of time lags between esall parameters show that
standard correlation procedures are not relevathénfurther analysis. Instead, we now
turn to spectral-analysis methods.
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/

Fig. 3a. Wind-direction distribution (so
called Wind Rose, percent per 10-degree bins
of total counts).

Fig. 3b. lllustration of three main types of
wind circulation in the data sequence. Circles
denote time of the day. Each line starts at
midnight, and the evolution is then given on
an hourly basis. Type 1 (long/short dashes):
fairly typical land/sea circulation pattern, with
the wind coming from the SW direction from
about midnight, then in the morning (around
6 a.m.) shifting to a W to NSW to N wind
(around noon), and then further on to a W
wind (around 6 p.m.), reaching the SW
direction again around midnight. Type 2
(short dashes): the circulation occurs mainly
in the NE, NW, and SE quadrants. Type 3
(solid line): the evolution of a more complex
circulation pattern.

Fig. 4. Wind speeds (normalized to
maximum over the period, 7.4 ms-1),
distribution with wind direction. Circles give
the normalized wind speeds; negative values
are used for wind velocities pertaining to
winds from the S to W quadrant, positive
values for the N to E quadrant; positive
(negative) and negative (positive) values
pertain to winds from the E to S (W to N)
quadrants.

Fig. 5. Ozone concentrations (normalised to
maximum over the period, 115 ppb(v),
distribution with wind direction.
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T — =l [
Fig. 6. Particle concentrations (normalised to Fig. 7. Aerosol-particle fluxes (normalised to
maximum over the period, 1410° particles maximum over the period, 51 particles larger
larger than 0.5 um in size per litre), than 0.5 um in size per?mand s), distribution
distribution with wind direction. with wind direction.

Spectral analyses

The programme used here (Donev et al., 1977, 19986; Zeller et al., 2001)
works simultaneously on two time series of elemerits addition to providing
autocorrelation and auto spectral analysis therprome runs a cross-spectral treatment of
the data. The main objective of this part of théadanalyses was to obtain spectra for
periods between 24 and 2 hours.

Auto-spectra and cross-spectra were obtained aiogpia Table 3.

Table 3. Pairs studied in the spectral analysis. Graphsipéng to each pair are given by
Figure numbers in the table.

0zone concentratiopparticle concentration
radiation Fig. 8a,b
relative humidity Fig. 9a,b Fig. 10a,b
wind velocity Fig. 11a,b
0zone concentrations Fig. 12a,b

The Ozone-Radiation paif.he maximum power of the ozone is for the 24-hours
period. The absolute coherency spectra (Fig. 8ayvsh very good coherence for the 24-
hours period whereas 8 and 6 hour periods show aveadherence. The coherence for
shorter periods is not statistically significanh€Tozone’s phase lag is 4 hours for the 24-
hours period and almost 2 hours for the 8 and éshperiods (Fig.8b).

The Ozone — Relative Humidity pair. The absolutberency spectra (Fig. 9a)
show a very good coherence for the 24-hours pevleeteas 8, 4.8, 3.5, 2.7, and 2.18 hour
periods show weaker coherence. The phase-lag fofcRIFig. 9b) is about 2 hours for the
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periods of 3.5 and 4.8 hours, about 3.6 hours fbo&s period and for a 24-hours period
almost 10 hours. However, the dependency is neafinThis analysis is confirmed by the
daily trends (Fig. 2) where the coherence clearigmgyes.

Period in hours

INF 24.0012.00 800 600 480 400 343 300 267 240 218 2.00

Coherent spectrum

Fig. 8a. Absolute coherency spectrum for the ozone (ppH)smlar-radiation (W ff) time series.

Period in hours

INF 24.0012.00 800 6.00 480 400 343 300 267 240 218 2.00
10,00
8,00
5,00
4,00
2,00
0,00
-2.00

Phase spectrum

Fig. 8b. Phase spectrum for the ozone (ppb) and solaatiadi(W ni?) time series.

The particle-concentration — Relative Humidity pairhe largest significant
coherence (Fig. 10a) is for the 4 hour period. €ree smaller ones as well for the 16, 8,
3.25, 2.8 and 2.5 hour periods. There is not angtoependency for the 24-hour period. We
suggest that the 8-hour period can be linked touve of moist air from the sea or a dry air
from the mainland, not in the least because ofRkkeffects on growth and decline of
maritime aerosols (e.g., Wiman, 2000; Foltescu.eR@05). The phase spectrum (Fig. 10b)
shows that the two parameters are almost synchsofauyperiods smaller than 12 hours.
For longer periods the confidence interval (dotteds) becomes wider, thwarting reliable
conclusions. The daily trend graphics (cf. Fig.sBpws the concurrence of the aerosol
concentration maximum with the minimum value of Rihd the concurrence of lower
aerosol concentration and higher RH values.
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Period in hours

INF 24.0012.00 800 600 480 400 343 200 267 240 218 2.00

Coherent spectrum

Fig. 9a. Absolute coherency spectrum for the Ozone (ppHd)Relative Humidity (%) time
series.

Period in hours

INF 24.0012.00 300 6.00 450 4.00 343 300 267 240 218 2.00

0,00
-2,00
-4,00

prre. -

-6,00
-3,00

Phase spectrum

-10,00
-12.00

Fig. 9b. Phase spectrum for the Ozone (ppb) and Relativaithty (%) time series.

Period in hours

INF 24.0012.00 800 600 480 400 343 300 267 240 218 2.00

Coherent spectrum

Fig. 10a. Absolute coherency spectrum for the Aerosols (da€ed particle
concentrations) and Relative Humidity (%) time ssri
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Period in hours

IMF 24.0012.00 800 600 480 400 343 300 2.67 240 218 2.00

10,00
800
6,00
4,00
2,00
0,00

-2,00

Phase spectrum

Fig. 10b. Phase spectrum for the Aerosols (LPC-based fagimcentrations) and Relative
Humidity (%) time series.

The LPC — wind velocity pairThe results obtained by running cross-spectrum
analysis for the pair aerosols and wind velocity mibt show good coherence (Fig.11a). For
shorter periods (2.5 hour) the coherence is dtalbt weak. The particle-concentration’s
phase lag is 2 hours for this period (Fig.11b).

The ozone — aerosol paiks discussed above, relationships between thesalero
particle concentrations, as measured by the LP@, @zone are of special interest.
However, and as expected from the introductoryysmmalabove, the results of our spectral
analysis provide only limited information. Therenig statistically significant coherence ( >
0.2, within the confidence interval) for the paraens in any of the periods (cf. Fig. 12a).
The coherence spectrum suggests that periodicrpgittd not occur in the time series for
this pair. The phase spectrum (Fig. 12b) showsracomstant lag, reaching 8 hours for the
24-hours period.

Period in hours

INF 24.0012.00 8.00 600 4380 400 343 3.00 267 240 2138 2.00

Coherent spectrum

Fig. 11a. Absolute coherency spectrum for the Aerosols (ltR€ed particle concentrations) and
Wind-speed (m9) time series.
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Period in hours

INF 24.0012.00 800 600 480 400 343 300 2.67 240 218 2.00

400
.00
0,00

-2.00

-4.00

Phase spectrum

65,00

-8.00

Fig. 11b. Phase spectrum for the Aerosols (LPC-based pacahcentrations) and Wind-speed (ms
1y time series.

Additional observations.We also carried out spectral analysis for other
combinations of the data (graphs not shown hereg. fEsults obtained by running cross-
spectrum analysis for the pair aerosols and tenyreralid not present any statistically
significant values. The coherence spectrum shoiwedaoherence of the two parameters to
be above the statistically significant minimum camee for the 24 hour period only. That
makes further analysis of the spectra obtained tfus period statistically non-
representative. This threshold is determined byehgth of the time series and in this case
is about 0.2. The phase spectrum showed thatefdogs longer than 12 hours, particle
concentrations essentially lag behind the temperateaching a difference of 6 hours for a
24-hours cycle. The diurnal variations graphicse($ég. 2) showed that the aerosols’
maximum is (on the average) around noon, after kvthie quantity sharply decreases. The
temperature, however, is at its maximum in theraften, between 1 and 6 p.m. Hence,
aerosols do not relate clearly to temperatureoalth exhibiting a weak dependency on
this meteorological parameter for the 24-hour mkrio

The ozone-temperature pair (graphs not shown Hw@yed a relatively smooth
power spectrum with a single peak for the 24 haurgal — an obvious daily trend. There is
an accumulation of power for the temperature tiexes for the 24-hours period too, but
there is a leakage of power in the 7, 5, and 34 Ip@riods, presented by few smaller
peaks. The coherence of the two parameters is geog (above 0.8) for the 24-hours
period. A few coherences with smaller values (betw®.35 and 0.5) were noticed for the
7, 4.5, 3.5, and 2.75 hours periods. Slow runshefdzone from the temperature in the
phase by 2 hours were found for the 12 and 24 peuiods. For the other periods the
difference was smaller. For periods shorter thdno@érs the ozone and the temperature are
almost synchronous. The coherence and the sligigephhift are also obvious in the daily
trends. Typically, the ozone-temperature pair mscgt synchronous for periods shorter than
6 hours, and for a 24-hours period the ozone laglig 4 hours. Also, the coherence for the
twenty-four-hour period (0. 8-0. 9) was strong.
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Fig. 12a. Absolute coherency spectrum for the Ozone (pptn) Aerosols (LPC-based
particle concentrations) time series.
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Fig. 12b. Phase spectrum for the Ozone (ppb) and AerodoC-{pased particle
concentrations) time series.

Summary and conclusions

In this contribution we have presented and examiaadextensive sequence
(covering nearly 1900 hours) of coastal data oneprelogical parameters, ozone
concentrations, and concentrations of aerosol ghastilarger than 0.5 pm. Introductory
statistical analyses of the data set suggestechiberuof potential interrelationships, and
phase-shifts, between ground-near ozone concemrasiriations and some meteorological
parameters (solar radiation and temperature iricpéat). Aerosol-particle concentrations
(and fluxes) showed some connections with wind ded wind direction, and also with
solar radiation; the latter relationship howevéely to be a result of the partly radiation-
driven pattern for wind speed and direction.

These introductory findings warranted the use ofHdmatical Spectral Analysis
in processing time series for meteorological appidms. The conclusions based on the
power spectra, the cross-amplitude spectrum, tleelaie coherency spectrum and the
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phase spectrum are confirmed by the diurnal cycles.

The ozone and the meteorological parameters examimere show good
correlations making the strong inter-dependencevdsn the ozone-driving processes and
meteorology evident.

In contrast to ozone, the particle-number concéntia do not relate to other
parameters in a clear manner. However, the quahtity a weak dependency on the
meteorological parameters for the 24-hour periadi afittle stronger for shorter periods (8
hours), especially with the relative humidity factehich aerosol-particle concentrations
follow not far behind. This might be linked to iafls of humid air mass from the sea and
dry air from the mainland, inasmuch the size ofrbggopic sea-salt aerosol particles is
RH-dependent. That is, the particle-size distrimutmay shift in and out of the size range
recorded by the LPC. This suggests that the 8-loyule best describes the aerosol
concentration-variation patterns.

We found that the number-concentrations of aerpsoficles in the size range
studied here (> 0.5 um) do not show clear relatiwwite RH and temperature, while the
ozone time series are well correlated with metewiohl parameters for a 24-hours period.
Interestingly, however, aerosols better relate kbf& an 8-hour period which we believe
is due to the geographical situation of the sité #e daily wind patterns in combination
with the RH-effects on aerosol-particle hygroscipic

Relationships between ozone concentrations anitigacbncentrations may exist,
but, if so, are not clearly brought out in thisalaet. Instead, our data suggest that such
interactions are weak in particle-size ranges alibsegum (i.e., in size ranges captured by
the LPC deployed in this study).

The above findings demonstrate that mathematicattsgl analysis (revealing
spectra for power, cross-amplitude, absolute cotogteand phase) is a forceful modern
statistical tool for finding cycles and inter-depencies amongst meteorological and
physic-chemical data.
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Cenemaecer M JeBeT JHEBHH BpeMEBM peloBe OT U3MEPBAHUA HA 030H, aepo30JiM H
METEOPOJOrHYHHU NapaMeTPH:. CTATUCTHYECKH BPb3KH U U3BOJIH

Hanko M. UBanos, [esu I'. JIazapos, Auren I1. bnaroes, Bennucnag L. JlanuoBcky,
Eprenn X. [lones u bo JI. b. Yuman

Pe3tome: B Tasm pabora ce mpuiarat pazHOOOpa3HHM CTaTHCTHYECKH METOIM C LeJI JIa ce
M3Clie/IBaT BPB3KUTE MEXIY BPEMEBU peIOBE OT M3MEPEHH KOHIEHTPAIMH Ha MpPU3EMEH
030H, aepo3oyii (KOHLEHTpAIMs HA aepo30JIHM dacTuud, mo-romemu ot 0.5um) wu
METEOPOJIOTUYHH TIapaMeTpH. BpeMeBHTe NOCIIEI0BATEHOCTH Ca TOJyYeHH aBTOMAaTHIHO
U eIHOBPEMCHHO (3amMCH Ha CPEIHOYACOBHTE CTOWHOCTH) OT KpaiOpe)kHa CTaHIHUS B
6mm3oct nmo Axromon, beirapms 3a mepuoma 10 mait - 27 romm 2002pa roauHa.
[IbpBOHAYATHHUAT CTAaTHCTHYECKHM AaHAIN3 II0Ka3Ba MHOXECTBO IOTEHIMAIHU BPB3KH
MEX1y BapHalusTa Ha KOHLEHTpAlMsATa Ha NPH3EMEH O30H M HAKOM METEOPOJIOTHYHU
napameTpu. ChINO Taka, JaHHUTE MOKa3BaT M3BECTHH BPB3KU MEXIY KOHIIEHTpalUUTE Ha
aepo30JiM, TIOCOKaTa Ha BATHpA M CIIbHYEBATa panuanus. Bropata Bpb3ka € Bb3MOXHO a2
Obne oOsicHeHa C YaCTWYHOTO aKTHBUpPAHE Ha IUPKyJalusATa Ha BATHPAa OT CTpaHa Ha
pammanmsara. Te3n WHpPBOHAYAJIHM 3aKIIOYCHUS Ca MOTBBPACHH OT CHEKTPAIHUS
MmateMatnuecku aHain3 (CMA) mpuiioKeH KbM BPEMEBHTE PEIOBE, C KOETO ce MOKa3Ba
nonesHoctra Ha CMA oOTHeceH KbM METCOPOJIOTHYHHTE TpHIOXKeHUs. V3Bomure
OCHOBaBallli CE€ Ha CHEKTpaJHaTa IUTBTHOCT, AMIUIUTYIUTE HA B3aUMHHUTE CIIEKTPH,
CIEKTpUTE Ha aOCOJIOTHA KOXEPEHTHOCT M (pa3oBHs CHEKTBp Ca IOTBBPJACHU OT
JeHoHoutHuTe UKW, CreKkTpanHaTta IUTBTHOCT Ha HAOJIOAaBaHWTE JIAaHHHW, B3aWMHHTE
CIIEKTpPH, CIIEKTPUTE HA aOCOJIOTHA KOXEPEHTHOCT M (Pa30BHA CIIEKTHP Ca M3YHMCICHH Ha
0a3a e HOYACOBHUTE CTOMHOCTH HAa METCOPOJIOTHYHHUTE TTAPAMETPH, JaAHHHUTE 32 aepO30JIUTE
M o30Ha. HacTtosmmus Tpyn CbABpKAa M3YHCICHUTE CIEKTPH W TAXHOTO B3aUMHO
npeacTaBsHe. EnHO  OT  3akimioyeHuWsTa €, Y€ JICHOHOLIHWTE BapHalliM Ha
METEOpOJIOTHYHUTE  TapaMeTpyd Jo0pe OO0sACHSABAT  JICHOHOLIHWTE Bapualud B
KOHIICHTpAIMATa Ha 030H, KaTO JHEBHHUTE BapualuHM B KOHLEHTpalUiTa My Io-ciiabo ce
BJIMSISIT OT M3MEHYMBOCTTA HAa METEOPOJIOTHYHUTE TTAPaMETPH.
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