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Abstract: The ecological problems caused by the increashog® concentration are
not easy to be solved because ozone is not direnilfted by certain sources but its
concentration is defined by numerous dynamical arttemical processes.
Stratosphere-troposphere exchange and subsequeme ozenetration into the
boundary layer define the contribution of so-calledtural” ozone to ozone pollution
near the ground. The purpose of this researchessthdying of the surface ozone
concentration behavior during the period of thetrdieion of stable boundary layer
and residual layer and the formation of convectivendary layer, so as the influence
of the temperature, the relative humidity and thight of the mixing layer as well as
that of the formation of mixing layer in differemreas of Sofia, Bulgaria to be
determined. The surface ozone concentration iratea of the Institute of Electronics
changes synchronously with the development of tlidnm layer. The maximum
values of the surface ozone concentration are beiaghed when the height of the
mixing layer reached its maximum and afterwardse Thaximum growth of the
surface ozone concentration is around 11-12:30hkl Istandard time when a fast
growth of the mixing layer begins and the comptigstruction of the residual layer is
observed, i.e. the two processes of mixing layemigrg and entrainment of aerosol
and ozone from the higher layers of atmosphere demynlayer are observed. The
values of the surface ozone concentration duringnser months are higher than
those during fall.

Keywords: Lidar, Ozonemeter, Planetary boundary layer dewretnt, Urban area,
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Introduction

During recent decades the rapid development obpa and industry in certain
urban areas causes serious ecological problemisesetareas (Gusman and Streit 1993,
Cartalis and Varotsos 1994, Varotsetsal 2003). The influence of the ozone and the
greenhouse gases on the climate warming is notiergul completely so far (Kondratyev
and Varotsos 1995). Special attention is to be paithe ozone, which can be as well
harmful as useful both for people and the ecosystefte situation concerning the
concentration of the tropospheric ozone is to hesstigated. Experimental data shows
decrease of the ozone concentration with time,elsag moving of the maximum of ozone
concentration from spring to summer. Despite thenymaesearches of the behaviour of
surface ozone, there are issues which are not gletarsuch as the influence of the
meteorological parameters and the aerosol ovemuabea, as well as the influence of the
processes, taking place in the Atmospheric Bountaygr (ABL) in a mountain valley.

The purpose of this research is to study the bebavof the surface ozone
concentration during the period of stable boundager (SBL) and residual layer (RL)
destruction and ML formation. Further, to determihe influence of the temperature, the
relative humidity and the mixed layer (ML) heiglst\aell as that of the ML formation over
different areas of Sofia, Bulgaria on the surfazen@ concentration.

As proposed in our earlier work (Kolet al. 2000) the conceptual model involved
is appropriately adapted to the processes infligntie ground level ozone concentration,
namely the mixing, entrainment, advection, etc.icwhesult from the interaction between
the planetary boundary layer (PBL) developmentthedmountain-valley circulation.

After sunset the formation of Stable Boundary la§f&BL) and RL begins, which
contain aerosol and ozone, which have been in Mbrbesunset. ML is destroying since
no energy to keep it is been supplied. Firstly lthers closest to the Earth’s surface are
cooling down, while the first temperature inversienforming. When a SBL develops
above an urban area after sunset, one observesrgrdyer formed by the thermal island.
In this case NQare being dislocated, as in the period betweef0l8:and 20:00 h it is
increasing due to the increased traffic, which se&nl a decrease in the surface ozone
concentration, which, for the dry months of theryémaboutC=5-8 ppb and as a result of
the dry deposition the surface ozone concentratiay fall down to about zero, the height
of this mixing layer isHML=200 m, where is the first elevated inversion.sThalevated
inversion separates aerosol and ozone in the wsidyer (layers) from the larger
concentration of NQ (in ML) as a result of the increased traffic (&#o et al. 2008). For
this reason the ozone concentration from the d@n®during the night.

After sunrise the heating of the Earth’s surfacgifie The formation of up-slope
wind begins at different heights. After about twaubs the formation of the mixing layer
begins. One well mixed layer of aerosol, moistésg created, from 08:00 h to 10:00 h the
increase of NO and NObegins, as a result of the developed traffic. h€face ozone
concentration has not changed significantly uril00h in this period it is resulting from
the photochemical processes, because of which thetestruction as well as formation of
Os, i.e. the surface ozone concentration is beingrad between the formation and the
destruction 0Ds. The process of mixing from above does not plgpificant role until the
destruction of the first elevated inversion. Durthg summer months at about 10:00 h the
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mixing layer has destroyed the first elevated isim@r. As a result of the up-slope wind in
the period from 09:30 to 11:30h begins the actasitrdiction of the residual layer above.
After 11:00-11:30h the intense development of theing layer begins. In the period after
11:00-11:30h the rising wind also is influenced doe¢he different heating of the Earth’s
surface and the occurring of the up-slope wind tairdmountain-valley circulation. During
this period, beside the photochemical processes, niixing processes above begin
influencing the surface ozone concentration, theadled process of penetration from upper
layers, which are richer @3, remaining from the previous day. Thus at 10:3(BQR often

a peak in the surface concentrationafcan be observed (Kolev et al. 2008). The solar
radiation reaches its maximum and the formatiomzifne prevails the destruction, since
NO and NQ decrease as a result of the reduced traffic aaddiglocation in altitude. At
about 13:00-14:00h the height of the mixing laysaahes its maximum. The behaviour of
the mixing layer and the surface ozone concentratiring the autumn months of the year
is likewise, except that the processes begin &tdrare not that intensive.

In the following research an attempt is made tavéra and explain the influence
of some meteorological parameters on the surfaceezoncentration.

We shall focus on the relative humidity, the wirglocity and temperature; their
influence on the surface ozone concentration vélldstimated through the development
and height of the mixing layer. The relative huryidat different hours of the day
influences in a different way (Markowicz et al. 3)0Usually in the morning hours it has
higher values and its appearance can be seen lowhieansparency of the atmosphere, as
this is usually related to its interaction with aspheric aerosol. During noon hours it is
decreased and around or before the sunset it isdsitig again. The second important
factor is the speed and the direction of the windany cases when the speed of the wind is
growing the surface ozone concentration decreéseéle case of different local sources of
ozone the wind could cause a change of the sudacee concentration by increasing or
decreasing it depending on the direction of thedwin the area in which the measurements
are taken, i.e. the advection influence.

The methods employed for the current combined samtiythe used techniques are
described in Section 2. Experimental data is shimmB8ection 3. The results that revealed
the experimental data are discussed in Section 4

Methods and apparatus

In the present research a lidar and an ozonemetez been used, which are
situated on the territory of the Institute of Eleciics (IE) — Bulgarian Academy of
Sciences and an ozonemeter and a surface meteicablstation situated in the area of the
Astronomical Observatory (AO) in the Garden “Bovig

IE is located at a distance of about seven kiloesesoutheast of city centre. The
terrain is open with relatively little vegetatiomwering. The pollutants that affect the
ambient air may be mainly associated with roaditrathe air was sampled through teflon
tubing at a height approximately 12 m above theugdolevel. The surface ozone
concentration was measured with solid-state cheniileascent ozonemeter, model 3-02P
(Russia). The detection method is based on fastiogeof ozone with sensitive reagent that
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produces chemiluminescent radiation. The uncestaihthe measurements was not exceed
15% (Kolevet al.2008).

At the site of AO the total solar radiation, wingeged and direction sensors were
located at a height of 10 m; those for determirohghe air temperature and humidityat
2 m height and those for measuring of the predipita- at 0.5 m. The ground level ozone
concentration was measured by TECO 49 UV photomBige to the inherent stability of
the UV adsorption technique used it could be cansid that the ozone concentrations
reported here to be withie 5 ppb. The instrument intake teflon filter was mfed
approximately every 15 days. The corresponding oréas equipment is summarized in
Table 1.

Table 1. Equipment and sensors used at the Astronomica@aory.

Sensor Parameter Units
TECO 49 O, ppb
05103 YOUNG wind monitor Wind speed and wind diiect m/s
SP1110 Skye pyranometer Total solar radiation W/m-
MRI Precipitation mm
Vaisala HMP45C Temperature Ko
\Vaisala HMP45C Relative humidity %

Experimental results

6000 profiles were recorded during the lidar obatons each for a period of
about 9-10 minutes. Batches of 150 profiles wees tliveraged to increase the signal/noise
ratio. The 40 profiles thus obtained were transfmtninto S—functions for which the
standard deviation and the first and second dévastvere calculated; the latter were used
to determine the mixing layer height (Kolev 2008).

The results of the lidar observations are preseaseleight-time indicators (HTI)
of the S-functions of the lidar signals calculafe@deach point along the sounding path. The
S-function is used instead of the lidar returnlitsence the former reveals much better the
aerosol ?structure of the atmosphere. The S-funci®rbeing commonly defined as
S=InPrf.

Lidar measurements — (fall campaign 2006)

Data obtained during two days are presented. Offotleving HT| data from the
experiment on 04 October 2006 are shown (Figure Thg sunrise is at 07:26 h. The
temperature in the beginning of the experiment wd2°C and in the end about it was
t = 28<C, respectively the relative humidity was 90% an&39 he speed of the wind was
V=1-2 ms",

()
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Fig. 1. Heighttime indicators constructed from the lidar dataaoted on:(a) 04 October 2006, (b)
05 October 2006.

On the figure the first three lidar images show hiegght of the stable boundary
layer Hsg =400 m. There are three aerosol layers respectateheights about #150 m,
H,=250 m and K400 m. The height of the residual layer is abogt #600 m.

At 10:00h the height of the new mixing layer ig=200 and it remains like that
until 11:00h. At 11:30h the height of the mixingéa reaches {1 =300. At 12:00h mixing
from above is observed. The residual layer is cetepl destroyed by the mixing layer at
about 12:30h. From 12:00h new layer is observeldeaht from H=400 m to H=600 m,
which remains like that until 14:00h. In the lidanage obtained at 13:00h certain
entrainment can be observed. It can be seen bliddreimage at 13:30h that the mixing
layer has reached heightyH420 m, and again there is mixing from above. Ia th
described lidar image the mixing layer reachgs+500-600 m.

On the next graphic (Figure 1b) lidar data for O&taber 2006 is shown. The
experiment started at 08:15h and ended at 14:Qtstlin rises at 07:27h.

On the first lidar image at 07:15h aerosol layeheaight of about H=200 m is
observed. At the second image three layers cardr g he first aerosol layer is at height
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of about H=100 m and the next two are close to =20 In third lidar image (obtained at
09:30h) a layer at height from H=100 m to H=210whjch is quite dense. On the next
lidar image at 10:00 h aerosol layer at height lmfua H=250 m is observed, which is
dispersed afterwards. On the same image the begimfithe formation of the new mixing
layer is observed, which reaches height H=150 m.

The residual layer is at height of about E1000-1200 m it has less dense part in
it at height about {{=500 m to K, =600 m, which is gradually decreasing and at 10:00h
the height of the residual layer ig#400-500 m. At 10:30h the height of the residugéta
is H=330 m. At 11:00h the mixing layer has reached hdij =330 m and has destroyed
the residual layer at this height. According to lilar data it can be estimated that at height
of about H=300 m a wind has appeared, which additip disperses the atmosphere
aerosol. Later this can be seen on the image @0th2where above the mixing layer a layer
of height 500 is observed. At 12:30 the mixing lageaches H=300-400 m. At 13:00h the
upper limit of the mixing layer is about<800 m. At 13:30h the mixing layer reaches
Hy=600-650 m and at 14:00h,#=700 m. The height of the residual layer remainsuab
H=1000 m.

Comparison between the lidar data and model calculations

Figure shows a comparison between the lidar dath cabculations about the
changes in the heights of ML and RL in time on O/ 2005. The calculations are made
according to the model of Whiteman and McKee (1982yo0od correspondence between
the theoretical and experimental data is obsemétié case also at the value of parameter
k=0.4. The solar radiation flow is 900 WimThe RL descends at approximately 65'mh
ML growth speed is about 75 mhThe height at which the upper boundaries of thase
layers meet at 12:00 h LST is about 400 m. Theuénfte of the mountain-valley
circulation on the ML development speed is sigaifity weaker, so it develops in a
“classical” way.

Ozone measurements

This section is concerned about the concentratfothe surface ozone obtained
during two campaigns performed in 2006 (one froormmer and one from fall) are
presented.

For the two urban sites which are situated ontélatain ozone maximum during
daytime and minimum during night hours are typi€adatures of the diurnal surface ozone
variations, to a great extent, reflect processdmidg ozone pollution near the ground.
After sunrise, the surface heating creates turlbutamsfer of the warm air to the higher
atmospheric layers. This provides the growth ofdbevective mixed layer and destruction
of the nocturnal stable layer. As a result of tlegtigal mixing ozone-rich air from aloft
penetrates to the ground level and increases suofzane concentrations.
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Fig. 2. Comparison between lidar and model Fig. 3. Variation of the ground level ozone
data for the ML and RL heights on: concentration on:
04 October 2006. (a) 20 July 2006, (b) 28 July 2006.

As sun radiation increases the process of photoichaémzone production from
ozone precursors — volatile organic components (Y@@d nitrogen oxides (NO=
NO+NGQ,) - becomes more important. Under favourable metegical conditions (weak
wind and clear sky) ozone increase in the earlgrafton hours may be significant. In
urban area ozone precursors have mainly anthropogeaffic-related origin, but high
reactive biogenic VOC components (in park zone efcample) can also give contribution.
Taking into account that efficiency of the photottigal ozone formation strongly depends
on VOC/NQ, ratio and local meteorological factors, which iamyg cases are different in
various points over large urban area, differentelevof ozone concentrations can be
detected at monitoring sites. After sunset, a stdflundary layer is formed and ozone
accumulated above this layer is trapped aloft amth$ “O; — reservoir” in the residual
layer. On the next day, when convective boundaygrlavill reach the height of residual
layer, this “Q — reservoir” can elevate daytime ozone concebpfmnati At night, under
nocturnal inversion the surface ozone destructiom td dry deposition and ozone titration
with nitric oxide (NO) takes place and ozone minimis observed. It should be noted that,
sometimes, ozone concentrations increase to theewalypical for daytime hours. This
phenomenon can be related to such processes agtiadvef the ozone-rich air mass from
polluted areas or nocturnal low-level jet (Velagtal. 2008).
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Ozone measurements (summer campaign 2006)

On the next two graphics data for the surface ozomecentration from the
summer campaign of 2006 are shown. On the firgblgca(Figure 3a) data from 20 July
2006 is shown.

The experiment started at 9:00h and finished 0.

In the beginning of the experiment at 09:00h thé&ueaof the surface ozone
concentration is C=7 ppb, at 10:00h it is C=11 pfib11:00h and sharp increase of the
surface ozone concentration is observed and ithesa€=23 ppb. At 12:00h it reaches
value C=28 ppb. At 13:00h and 14:00h the surfaemezconcentration is constant and it
has value C=30 ppb. After 14:00h there were lotshef clouds and the measurement is
stopped.

On the next graphic (Figure 3b) data for 28 Jul§&® presented. The experiment
started at 9:00h and ended at 14:00h.

In the beginning of the experiment the value ofshgface ozone concentration is
large and almost constant. At 09:00h, 10:00h anfdQtlit is respectively C=13 ppb,
C=14 ppb and C=15 ppb. At 12:00h the surface ozmmeentration is increasing sharply
and is C=28 ppb. At 13:00h and 14:00h the surfamme concentration is constant and is
equal to C=32 ppb.

Ozone measurements in the park region

In this part of the material we shall adduce théadebout the surface ozone
concentration and the meteorological parameterentaly the surface meteorological
station, situated in AO disposed in the park “Bavies Gradina” for the summer campaign
of 2006.

On the first graphic (Figure 4a) data obtained 6rddly 2006 are presented. The
measurements are made within 24 hours. During #sarement the temperature changes
from t=10T to t=28%T, the relative humidity RH changes from 85% at B:@0 32% at
13:00h. The maximal solar radiation is 900Wat 13:00h. The wind speed changes within
the range of \& 1 ms™.

The surface ozone concentration at 10:00h is Cgb5 at 11:00h it remains the
same. At 12:00h and 12:00h it is respectively Cp@B and C=38 ppb. At 14:00h and at
15:00h the surface ozone concentration reaches @p#h6and respectively C=80 ppb.
Between 16:00h and 21:00h, it varies at about Gx#f) at 22:00h it is about C=45 ppb, at
23:00h about C=60 ppb after which it is falling gitg to C=5 ppb at 24:00h.

In Figure 4b data obtained on 28 July 2006 aregprtes!.

The air temperature for the time of the measurencbanges from t=1%> to
t=31°C, and the relative humidity at 08:00h is 90% and ‘&DOh it reaches its minimum
and it is 20%. The solar radiation is maximal a0D4 and it reaches 900 WiiThe speed
of the wind changes within the ranges o£\2 ms™.

The surface ozone concentration at 11:00h is C45 atp12:00h it is C=25 ppb, at
13:00h it reaches value of C=49 ppb, and the madxirahie is reached at 14:00h and
15:00h, when it is C=72 ppb. After 17:00h the stefazone concentration falls and at
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18:00h it is C=51 ppb, and at 19:00h it falls dowwnC=25 ppb, during the night hours it
does not exceed C=10 ppb.
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Fig. 4. Variations of the: temperature, air humidity, sotadiation, wind velocityand ground level
ozone concentration on: (a) 20 July 2006, (b) 2§ 2006.

In the following three figures data about the stefazone concentration in the
area of the AO during this fall campaign 2006 isgented.

In Figure 5a data for 04 October 2006 is shown.

The air temperature changes from t=@04t 08:00h to t=25° at 17:00h. The
maximal solar radiation is about 900Wrand it is reached at 14:00h. The wind speed does
not exceed V=1 m5

The surface ozone concentration at 11:00h is akz& ppb and is gradually
growing as at 12:00h it is C=20 ppb, and at 13:@0th 14:00h it reaches its maximum and
it is about C=29 ppb. At 16:00h and 17:00h the anefozone concentration falls fo
C=11 ppb. For the night hours the values of théasarozone concentration are very small.
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In the next Figure (5b) data obtained on 05 Oct@0&6 are shown.
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Fig. 5. Variations of the temperature, air humidity, sekdiation, wind speed and ground level
ozone concentration on: (a) 04 October 2006, (KpO®mber 2006.

The air temperature changes from t=@04t 08:00h to t=2%° at 16:00h, the
relative humidity RH changes from 90% at 08:00m@86 at 16:00h. The maximal solar
radiation reaches its maximum at 14:00h and itheua 620Wnf. The surface ozone
concentration at 11:00h is C=5 ppb, at 12:00h itCis10 ppb, at 13:00h it grows to
C=25 ppb. At 14:00h, 15:00h and 16:00h the valuesr@spectively C=40 ppb, C=45 ppb
and C=50 ppb. At 17:00h the surface ozone condgoriratarts to fall and it is C=47 ppb.
At 19:00h the surface ozone concentration is deamgasubstantially and reaches value
C=20 ppb, which remains during the night.
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Discussion

Summer measurements (2006)

Summer measurements of the surface ozone condentirathe area of the AO in
2006 show the following. After the sunrise thereamstant increase of the surface ozone
concentration. The main increase begins after 12#f reaches at 14:00h its maximal
value for the day (20 July 2006, Figure 4a). Thiarsadiation reaches its maximal values
at 13:00h and reaches 900V¥nin the period between 14:00h and 22:00h thersenieus
fluctuations in the values of the surface ozone= @ifference between the maximal and the
minimal values of the surface ozone concentrasosbiout three times. This data show that
the development of PBL of the atmosphere and tls¢oghemical processes play important
role, probably, in this cases these big fluctuatiane caused by some other process, e.g.
advection.

Data from the second day on 28 July 2006 (Figudeafout the behaviour of the
surface ozone concentration show more classic&mpatThey increase after 10:00h from
C=5 ppb & C=72 ppb at 13:00h. At 14:00h and 15:00h therdight fall in the values of
the surface ozone concentration and at 16:00h #ednnal value for the day is reached
again C=72 ppb, after which it is gradually fallimnd at 19:00h the surface ozone
concentration in this part of the city (in the paiksmall.

Autumn measurements (2006)

Lidar data during fall campaign, as we already hdigeussed it, are two types, in
the first case the height of the mixing layer does exceed,, =600 (700) m and in the
second case the height of the mixing layer reabhgs1000 (1200)m.

Data for the surface ozone concentration for 04Bmt 2006r. 05 October 2006
for the area of the AO, despite the fact that tilesolar radiation is about 600 Winthe
air temperature and the relative humidity have Isimialues, they show different behaviour
of the surface ozone concentration. For examplarthgimal concentration on 04 October
2006 is C=28 ppb which is reached at 13:00h an@at¥:0n 05 October 2006 the maximal
value of the surface ozone concentration is reaah&8:00h and it is about C=50 ppb.

Comparing data for surface ozone with the kind BE Bf the atmosphere and its
height, it can be said that when the height of Rfsaws slowly, the ozone concentration
usually (but not always) also grows slowly. In fabe behaviour of the surface ozone
concentration in the area of the AO depends onkihd of PBL, but as well on the
photochemical processes and transporting.

Lidar data for the next two days from campaign X8oDer 2006 and 19 October
2006 show different development of PBL of the atp@se, closer in value heights of the
mixing layer. The surface ozone concentrationsragasured in the lidar area (IE-BAS).
Because the season is fall and the full solar tadids weaker (about 600Wfj the

Bulgarian Geophysical Journal, 2010, Vol. 36 13



Kolev et al.: Boundary layer development and metiegiical parameters impact on the ground...

maximal ozone concentration is smaller — about Qs{dy. In this case there is certain
relation between the behaviour of the ozone and dbeelopment of PBL of the
atmosphere. In the beginning of the experimenth@ncase of mixing layer of low height),
the value of the surface ozone concentrationsasita®B=5-10 ppb, and when at 12:00h the
mixing layer is growing substantially in heightetburface concentration is also increasing
substantially (approximately two times), after whiit remains constant after the entire
developing mixing layer.

The results for the surface ozone concentratiothénarea of the AO leads us to
the conclusion that they are of local importansethey are situated in the park, away from
sources and are mostly influenced by developmephotochemical processes, formation
of the mixing layer, and possible advection.

Comparing lidar data for the height of the mixiagdr and the indications for the
solar radiation, measured in the area of the A@uld be seen, that the maximum height of
the mixing layer is reached at about 13:00-13:3Dfe maximum values of the solar
radiation during summer are about W=900 Wruring fall the maximum of the surface
ozone concentration is observed an hour or twor ldtan the maximum of the solar
radiation, respectively, about an hour later tham time of the maximum height of the
mixing layer. The maximum of the surface ozone eor@tion is in contra phase with the
maximum of the relative humidity. It is commonlydwn that the surface air temperature
and the relative humidity change in contra phasié @ be observed. In all measurements
in the area of the AO the wind speed was below 2, e direction of the wind during the
night and the day changes approximately within°8Bich lead to changes (fluctuations)
in the value of the surface ozone concentratiorthtnarea of the AO the values of the
surface ozone concentration in summer are higlaar those in the region of IE; this could
be assumed to be owing to the fact that AO is @tua a park and there are fewer sources
of NO and NQ which to decrease the surface ozone concentratidnratio VOC/NQ is
higher than that in the area of IE. In fall theued of the surface ozone concentration in the
area and of the two experimental zones are lowearomparison with the summer ones
because of the decreased solar radiation and@serch value.

Conclusions

In the present work results from observations ef thixing layer formation and
the stable and residual atmosphere layer destruati® presented.

According to the lidar data in clear sunny daysti¢golone) the ABL
development over the region of the Sofia city peatsein three stages. During first one
(06:00-08:30h) the ABL development is slow since thain part of the solar radiation is
being absorbed by the soil (earth ground) so irsingaits temperature. During second one
(09:30-10:00h) a slow formation of the new ML staits height reaches about 400-600 m.
During third stage (11:00-11:30 h) a fast increggfiiML starts and at about 13:00-14:00h
it reaches the maximum height. It should be noted €ven small changes in sinoptical
situation and meteorological conditions could lgadchanges in different stages. For
example, during the first stage a transportatioaesbsol from NE is being often observed;
similar transport is observed during third stagd after it but at a considerably higher
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height. Another often occurring situation is thergmasing of the wind speed at the end of
the second stage and a rapid development of thiagrixyer.

The behavior of the surface ozone concentratiomwion Sofia areas has been
presented: around IE (urban) and in the area ofAthe(park). The height of the mixing
layer reaches its maximum at about 13:00-13:30h emies fromHy, = 1400 m to
Hy. = 600 m during summer and fall. In fall the resibliayer is destroyed during intervals
11:00-12:30h at heights in the rangeHaf = 1200 m tdHg, = 600 m.

The surface ozone concentration in the area ohlhges synchronically with the
development of the mixing layer. The maximal valoéshe surface ozone concentration
are reached, when the height of the mixing layached its max and afterwards. The
maximal growth of the surface ozone concentrat®akiout 11-12:30h, when fast growth
of the mixing layer begins and also the completstrdetion of the residual layer is
observed, i.e. the two processes of growing ofnthéng layer and entrainment of aerosol
and ozone from the higher layers of ABL are obsgrvéhe values of the surface ozone
concentration during summer months are higher thase during fall.

On the grounds of the gained experience, we mayeriak following conclusion:
in the morning hours the photochemical processag plain role because the mixing layer
is thin within H=100-200 m, up to the first elevated inversion dhere is no relation
between the residual layer (from the previous deylich contains ozone. In the interval
between 08:00 h till 10:00h the surface ozone catnation is usually low or is slowly
increasing as the two competing processes aregakaice, namely, the formation of ozone
due to the photochemical processes and the destruof the ozone the due to the
interaction with NO and NQ which are in larger amounts because of the bitrgéfic in
this period.

In the hours between 11:00h and 12:00h an sharpdgse in the altitude of the
mixing layer begins and during this period the desion of the residual layer ends.

The surface ozone concentration is growing modt fesause of the intensive
photochemical reactions and the processes of amtgit, i.e. the entering of aerosol and
ozone from higher layers. After reaching maximuritiade of ABL, when the layer is
homogeneous throughout its entire thickness, tbee@se of ozone concentration is due to
the photochemical processes again. After the syretof this ozone will remain in the
new residual layer, which will be formed.
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H3caensane Ha aTMocdepHUsI TPAHHYEH CJI0H M KOHIEHTPAMATA HA IPH3eMeH 030H
3a paiioHa Ha Codus nmocpeacTBoM JTUAAPHHA M 030MeTPUYHI H3MEPBAHHUS.

H. Komnes, I1. CaBos, E. [lones, JI. UBanos, A. brnaroes, b. Kanpuenos, B. I'puropuesa,

B. Januoscku, 1. Kones

Pestome: Hammumero Ha pa3HooOpa3HM (PM3MYHM M XMMHYHHU TIPOLECH OMNPEACIIALIH
JMHAMMKaTa Ha aTMOC(EPHHUS 030H, KaKTO M JIMICaTa Ha (UKCUPAHW HETOBU M3TOYHHMIIH,
MIOCTaBsl IPOOJIEMH NP OIIEHKA Ha €KOJIOTHYHOTO BB3/ICHCTBHE BCIIEICTBHE HAPACTBAHE HA
KOHIeHTparaTta My. OOMeHa Mexny crpaTocdepara UM Tpomocdepara HOIycKa
MPOHMKBAHE HA 030H B TPAHUYHHUS CJIOH, KaTO TOBA ONpEAENs MPUHOCA HA TaKa HApEUYEHUs
»ECTECTBEH” 030H, CBIIO U J0 3aMbpCsSBaHE B OJM30CT /10 3eMHaTa MOBBPXHOCT. LlenTa Ha
HACTOSIIIOTO HU3CNEJBaHE € Ja Ce M3y4d KOHLEHTpalMATa Ha MpHU3EMEH O30H Ipe3
NEepHONTE Ha paspyllaBaHe Ha CTAaOWIHHS TpaHWYeH CJOH, OCTaThYHUS CJOH,
(opMHpaHeTO Ha KOHBEKTUBHHS TPAaHUYCH CJIOH, a CBIO M BIMSIHUETO Ha TEMIIepaTypara,
OTHOCUTEIIHATa BIAXKHOCT M BUCOYMHATA HA CJIOS HA CMECBAaHE B PA3JIMUHU 4YacTH Ha
Codust, bearapus. Konumentpamusita Ha mpu3eMeH 030H B paiiona Ha MHcruryra mo
EnexTpoHuka ce TpoMeHs CHHXpPOHHO C (opMHpaHETO Ha CJOsS Ha CMECBaHE.
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MaxkcumamHUTE CTOHHOCTH Ha TIPU3EMEH 030H Ce JIOCTHTaT, KOTaTO BUCOYMHATA Ha CJIOS Ha
CMECBaHE ¢ HaW-roJisMa, a ChIIO U Cie] ToBa. MaKCUMAHHUAT PBCT HA KOHICHTPAIMI Ha
npu3eMeH 030H ¢ okoyo 11-12:304aca MecTHO Bpeme, KOraTo 3armodBa Obp30 HapacTBaHE
Ha CJIOS HAa CMECBaHE W HAITBIHO CE pa3pyllaBa OCTaThUHUS cioi. ToraBa ce HaOmromaBaT
JIBa TIpolleca — Ha HAapacTBaHE Ha CJOs HA CMECBAHE M YBJIMYAHE HA aepPO30JH U O30H OT
TOpPHHTE CJIOCBE Ha aTMoc(epara, KaTo mpe3 JIATOTO ce HAOIIOAaBaT MO-BUCOKH CTOMHOCTH
Ha KOHIICHTPAIXs Ha 030H, OTKOJKOTO MPE3 €CEHTA
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