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Theultraviolet radiationintensity, thetotal ozoneamount,andtheground-level ozoneconcentrationarethethreeessential
factorshaving impact on the vegetation,materials,the humanhealth,and the atmosphericchemistry. The analysisof the
relationshipamongtheseparameterswasmadefor theobtaineddataunderLithuanianruralconditions.UVB radiationintensity
andground-level ozoneconcentrationweremeasuredat theRūgštelišk�esmonitoringstationandtotalozonedatawereobtained
from theKaunasmeteorologicalstationduring2002–2003.Cloudlessor slightly cloudydaysof theperiodwerechosenfor
theanalysis.Theresultsshowedastrongdependence(R = 0.73for 2002andR = 0.75for 2003)betweentheUVB radiation
intensityandtheground-level ozoneconcentration.Thephotochemicalozonegenerationat theRūgštelišk�esstation,located
in theunpollutedforestarea,is relatedto thereactionbetweennaturalvolatileorganiccompoundsemittedfrom thevegetation
at low nitrogenoxidelevel. A morepronouncedrelationshipbetweentheUVB radiationintensityandtheground-level ozone
concentrationwas found in 2003 and it could be relatedto speci�c meteorologicalconditionsof the summerof 2003. A
negativecorrelation(R > ¡ 0.86)wasdeterminedduringcloudlessdaysbetweentheUVB radiationandthetotal ozone.
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1. Intr oduction

Ozonecontentvariationsin thestratosphereleadto
variationsin thebiologicallyactiveultraviolet (UV) ra-
diation.A majorconcernregardingadecreasein strato-
sphericozoneis theconsequentialincreaseof solarUV
radiationpassingthroughtheatmosphereandreaching
the Earth's surface[1]. According to currentevalua-
tions, a declineof the ozonelayer thicknessby 1% is
approximatelyequivalentto theincreaseof UVB radi-
ation intensityby 2% [2]. Oneof the main biological
impactsof UV exposureon plantsis reductionof the
photosynthesisrate.Thiscanhaveadirecteffectonthe
plantprimaryproductivity and,sincedifferentspecies
mayvaryin theirsensitivity to UV exposure,mayeven-
tually affect biodiversity. Apart from directbiological
consequences,indirecteffectsmaycausechangesin at-
mosphericchemistry. IncreasedUVB will alterphoto-
chemicalreactionratesin theloweratmospherethatare
importantfor generationof ground-level ozoneunder
smogconditions.Consequently, changesof UVB radi-
ation, e.g., dueto changesof the stratosphericozone

amount,could alter the concentrationof reactive tro-
posphericgases,includingozone[3]. The solarultra-
violet radiationplaysanimportantrole in tropospheric
photochemistrysince it determinesthe rate of ozone
photolysisJ (O1D) anda subsequentformationof OH
radicals.Theimpactof UV radiationchangeon tropo-
sphereoxidationandon troposphericozonetrendshas
beenstudiedin severalsimulationexperiments,which
suggestthattheimpactof stratosphericozonedepletion
on troposphericozoneis differentat differentaltitudes
andin differentchemicalregimes[4].

IncreasedUV radiation intensity enhancesphoto-
chemicalactivity in the troposphere[5,6]. The pho-
tochemicaleffect of increasedUV radiationintensity
hasa seasonalcharacter. The increaseof ground-level
ozonedue to reducedstratosphericozoneon a long
term is expectedto be the highestin spring [5]. The
in�uence of the UV changescould alsobe relevant to
the regional scaleair quality, since it could alter the
concentrationsof photo-oxidantsin theboundarylayer
on thetimescaleof episodesaswell asona long term.
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Thespectrumof theultraviolet radiation,by evaluat-
ing its impactonhealth,is groupedinto UVA andUVB
radiationaccordingto thewavelengths.TheUV radi-
ation from 315 to 400 nm wavelengthis calledUVA.
UVB radiationis in the interval from 290 to 315 nm
wavelengthand it damagesthe main block of life –
deoxyribonucleicacid (DNA). UVB radiation that is
damagingtoall liveorganismstakestheleastpartof the
spectrumandcomprises» 1% of thetotal radiationaf-
fectingthesurfaceof theEarth.Suchgroupingis stan-
dardizedby theInternationalCommissiononIllumina-
tion, howeversomescientistsusedifferentgroupingby
extendingthe UVB radiationinterval from 315 nm to
320nm[7].

The intensityof both UVA andUVB radiationex-
hibits a pronouncedannualcycle. UV radiationvaries
markedly throughthe year– it is noticeablymore in-
tensefrom April to September. In winter, UV radia-
tion intensity is low but canstill be signi�cant, espe-
cially at extendedexposureand/ or re�ection off fresh
snow. Theseasonalvariationsof the total ozoneshow
thatatnorthernmid-latitudesozoneamountsarelarger
in winter andearly springandsmallerin summerand
fall, i. e., theozonedistribution variesby latitude,with
differentseasonalcyclesatdifferentlocations[8].

Thevariationsof ground-level ozoneconcentrations
alsodependon theseasonandon themeasurementlo-
cation. Therefore,it is very importantto evaluatethe
extentof thein�uence of mentionedfactorson theUV
radiationintensity.

The aim of this study is to evaluate relationship
amongthe UVB radiationintensity and the total and
ground-level ozoneunderlow pollutedLithuanianru-
ral conditionsandto estimatea varying UV effect on
theground-level ozoneconcentration.

2. Measurementsitesand methods

Measurementsof the ultraviolet radiationintensity
andground-level ozoneconcentrationwerecarriedout
at the Rūgštelišk�es monitoring station (55±260N and
26±040E,170m abovesealevel). Thestationis located
at the unpollutedsite in the easternpart of Lithuania,
surroundedby aconiferousforest.Thenearestpointof
the local pollution sourceis Utenatown with approxi-
mately36000inhabitants,25 km to thewestfrom the
station.

Sensorsof thesunradiationareinstalledon thetop
of themeteorologicaltower at theheightof 26 m. The
UVB radiation was measuredwith the pyranometer

SKU–430in a rangeof 0–5 W=m2, providing radia-
tion registrationin thewavelengthinterval from 280to
315nm. Thesensorsensitivity was150mV=(W=m2),
responseerrorwaslessthan3%.

Theground-level ozoneconcentrationwasmeasured
with a standardultraviolet absorptionozoneanalyzer
ML9811. The lowestdetectablelimit is 1 ¹ g=m3, lin-
earityerror is about1%. Theozoneanalyzeroperates
continuouslywith the lag time lessthan 20 seconds.
Theobtaineddatawereaveragedover a 1 hourperiod.
The ground-level ozoneconcentrationandUVB radi-
ationweremeasuredcontinuouslyandhourly average
valueswereusedfor theanalysis.

The total ozonecontentwasmeasuredwith the �l-
ter ozonometerM-124 at Kaunasmeteorologicalsta-
tion (54±530N and23±500E, 77 m above sealevel) of
the LithuanianHydrometeorologicalServiceat about
100km to thesouthfrom theRūgštelišk�esstation.The
measurementerrorof total ozoneis lessthan4%. The
totalozonedataweretakenfrom thewebpageof World
OzoneandUltraviolet RadiationDataCentre[9].

3. Resultsand discussion

Thecontinuousmeasurementdataof thetotalozone,
UVB radiation intensity, and the ground-level ozone
concentrationduring 2002–2003wereanalysed.The
changesof the total ozone,thedaily maximumvalues
of UVB radiationintensity, andtheground-level ozone
concentrationduring the investigation periodarepre-
sentedin Fig. 1. As at themoststationsin theNorth-
ern hemisphere,the highestUVB radiation intensity
wasobservedat theRūgštelišk�esstationfrom April to
September.

The seasonalcourseof the total ozone,as at the
otherneighbouring[9] stations,showedtheincreasein
springandthe decreasein winter. The highestvalues
of 490DU (Dobsonunits)and495DU wereobserved
in April andthelowestvaluesof 230DU and250DU
in Januaryof 2002and2003,respectively.

The previous investigations[10] revealedtwo most
oftenobservedtypesof theground-level ozoneconcen-
tration changesin the annualcourseat the Lithuanian
rural stations: with the value increaseonly in spring
and their broadincreasein spring and summer. The
annualvariationsof the ozoneconcentration(Fig. 1)
during the evaluatedperiod can be attributed to both
cases:with onebroadpeakin 2003andtwo peaksin
2002.It shouldbenotedthatmaximumconcentrations
werenot very high andthey exceeded165¹ g=m3 and
142¹ g=m3 in 2002and2003,respectively.
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Fig. 1. Variationsof thedaily maximaof UVB radiationintensity, the total ozone,theground-level ozoneconcentration,andtheir 31-day
moving average.

It is known that the solar irradianceat the earth's
surfacevariesgreatlydependingon factorssuchaslat-
itude,time of a day, time of year, andthecloudcover.
In the caseof the UV radiation,additionalfactorsare
ozone,cloud cover, elevation above sealevel, solar
zenithangle,surfacealbedo. Therefore,the UVB ra-
diation intensitywasanalysedduringdifferentmonths
of theinvestigationperiod.Theinvestigationsrevealed
insigni�cant changesof the radiationintensityduring

theseyears;the maximumandminimum valueswere
close.For example,theperformedanalysisof theUVB
radiationvariationsduringthecloudlessdaysin Julyof
2002and2003revealedthatmaximumradiationinten-
sity valueswere0.15and0.14W=m2, respectively. It
is necessaryto notethat the averagevalueswerealso
closeto eachother, 0.10W=m2, in thesemonths. On
particulardaysof July 2002(1, 5, 12,21,23) andJuly
2003 (4, 6–11, 14, 23) low UVB radiation intensity
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Fig. 2. UVB daily maximumversustotal ozoneduringApril–Juneof 2002and2003.

values of 0.06 W=m2 were registered. This could
be a consequenceof the increasednebulosity because
cloudscanreduceUVB radiationat the surfacedown
to just 10%[11]. Low UVB valuesweremeasuredon
dayswith precipitation.Theprecipitationamountvar-
ied from 0.3 mm on July 5 (UVB radiationintensity
0.085W=m2) to 2.6mmonJuly21(UVB radiationin-
tensity0.1W=m2) in 2002,andfrom 0.3mmonJuly7
(UVB radiationintensity0.04W=m2) to 6.8onJuly23
(UVB radiationintensity0.02W=m2) in 2003.

It is known that the total ozoneis the major fac-
tor controlling the solar UVB radiation reachingthe
groundsurface[12]. TheUV radiationis stronglyan-
ticorrelatedwith the total ozone,andsomeinvestiga-
tors explain 70% variability of UV by a varying total
ozone[13]. The relationbetweenthe total ozoneand
UVB wasestimated.Theobtainedresultsrevealedthe
analogoustendency in 2002andin 2003: highertotal
ozonevalueswereregisteredsimultaneouslywith the
lower UVB intensity(Fig. 2) but the relationshipwas
weak,statisticallynot signi�cant. Consequently, clear-
sky conditionswere chosenfor the further investiga-
tion of therelationshipbetweenUVB andtotal ozone.
All continuousmeasurementswere reconsideredand
only dataduringthedayswith UVB radiationintensity
coursesbeingverycloseto bell-shapedcurveswerese-
lected.Thosecaseswereobservedin 54%and48%of
all daysduring April–Juneof 2002and2003,respec-
tively. As expected,the tighter relationshipbetween
thesevariableswasdeterminedright duringthesedays
(Fig.3). A negativecorrelationbetweenthetotalozone
andUVB intensitywasdeterminedandthecoef�cient
R was¡ 0.87and¡ 0.86during2002and2003,respec-

tively. According to [14], for the datacorresponding
to cloudlessdaystheregressioncurve maybesatisfac-
torily describedbothby exponentialandlineardepen-
dence.

As mentionedabove,theUVB radiationplaysanes-
sentialrole in the photochemistryof the troposphere.
The highestground-level ozoneconcentrationis mea-
suredin summer. Thesolarenergy is intensive enough
to trigger the photochemicalreaction necessaryfor
the groundlevel ozoneformation involving NOx and
volatileorganiccompunds(VOCs)generation.For this
reason,UVB radiationchangesresultingfrom ozone
variationsin thestratospherecanchangetheconcentra-
tion of the reactive gas,includingozone,in the tropo-
sphere.For the relationshipbetweenthe ground-level
ozoneconcentrationandUVB radiationintensityesti-
mation, a period from April to Junewas chosen,be-
causeit was during thesemonthsthat high valuesof
bothvariableswereobserved. Theground-level ozone
concentrationsin thedaytimewhenUVB radiationin-
tensityreachedmaximumwereusedfor thisstudy. The
scatterplot of UVB radiation intensity and ground-
level ozoneconcentration,presentedin Fig. 4, doesnot
show a signi�cant relationshipbetweentheseparame-
ters during the investigatedperiod. The presumption
wasmadethat this relationshipcould be insigni�cant,
becausethemaximumvaluesof thoseparameterswere
observed in differentmonths(Fig. 1): UVB radiation
intensity in May and the ground-level ozoneconcen-
tration in April. To eliminate this phenomenon,the
UVB andozonedataof differentmonthswerenormal-
izedto theadequatemonthlymaximumvalues(Fig.5).
It could be noted that the obtainedresults reveal a
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Fig. 3. UVB daily maximumversustotal ozoneunderclear-sky conditionsduringApril–Juneof 2002and2003.

Fig. 4. Scatterplot of maximum UVB radiation intensity and
ground-level ozoneconcentrationin April–Juneof 2002and2003.

pronouncedtendency: the higher ground-level ozone
concentrationsareobserved at the higherUVB inten-
sity values.

BecauseUVB radiation intensity dependson the
nebulosity, for the further investigation,asin the case
of the total ozone,only cloudlessor slightly cloudy
daysof the periodhave beenchosen.The daily max-
imum of the ground-level ozoneconcentrationversus
the UVB daily maximumradiationduring thesedays
of April andJuneis presentedin Fig. 6. In this case,
theresultsshoweda strongdependence(R = 0.73for
2002,andR = 0.74 for 2003)betweenthe UVB ra-
diation intensity and the ground-level ozoneconcen-
tration, which meansthat during cloudlessdays the
ozoneformationtakesplacein the ground-level layer.
Sincethe Rūgštelišk�esstationis locatedin an unpol-

Fig. 5. Scatterplot of normalizedUVB radiationintensityandthe
ground-level ozoneconcentrationsin April–June.

luted forestedarea,the photochemicalozonegenera-
tion canbe mostly inducedby the naturalvolatile or-
ganiccompoundemissionfrom vegetationat a certain
nitrogenoxide level. The similar investigationsin the
CzechRepublic[15] showedacomparablerelationship
andthecorrelationcoef�cient R equalto 0.73.

Theanalysisof relationshipbetweentheUVB radi-
ation intensityand the ground-level ozoneconcentra-
tionsrevealedsomevariationsduringseparatemonths
(Table 1). The correlationcoef�cient betweenthese
variableswas calculatedfrom the daily UVB radi-
ation intensity maximumand correspondingground-
level ozoneconcentrationat thesamehour. Theprob-
ability value (p) given in Table1 indicatesthe statis-
tical validity of the correlation;only if the probabil-
ity is lessthan0.05,therelationshipbetweenvariables
canbeassumedsigni�cant. Theobtainedresultsshow



104 R.Chadyšien�eetal. / LithuanianJ. Phys.48, 99–106(2008)

Fig. 6. UVB daily maximumversusground-level ozoneunderclear-sky conditionsduringApril–Juneof 2002and2003.

Table1. Correlationcoef�cients betweenUVB radiationintensityandground-level
ozoneconcentrationduringdifferentmonthsin the2002–2003period.

95%con�denceinterval
Period Correlationcoef�cient lower upper p-value

January2002 0.514 0.187 0.730 0.002
February 0.332 ¡ 0.051 0.624 0.083
March 0.307 ¡ 0.057 0.593 0.092
April 0.658 0.382 0.820 < 0.0001
May ¡ 0.170 ¡ 0.527 0.244 0.419
June 0.468 0.122 0.705 0.008
July 0.695 0.442 0.838 < 0.0001
August 0.147 ¡ 0.208 0.464 0.417
September 0.167 ¡ 0.208 0.495 0.380
October 0.695 0.449 0.837 < 0.0001
November 0.422 0.073 0.672 0.017
December ¡ 0.137 ¡ 0.467 0.230 0.463

Whole2002year 0.699 0.641 0.747 < 0.0001

January2003 ¡ 0.231 ¡ 0.543 0.144 0.221
February 0.499 0.153 0.727 0.005
March 0.645 0.368 0.810 < 0.0001
April 0.656 0.385 0.816 < 0.0001
May 0.634 0.351 0.803 < 0.0001
June 0.620 0.324 0.797 0.0002
July 0.767 0.563 0.877 < 0.0001
August 0.288 ¡ 0.136 0.615 0.174
September ¡ 0.075 ¡ 0.423 0.293 0.692
October 0.001 ¡ 0.402 0.404 0.994
November 0.194 ¡ 0.251 0.566 0.390
December 0.294 ¡ 0.130 0.619 0.164

Whole2003year 0.534 0.453 0.606 < 0.0001

Wholeperiod 0.612 0.563 0.656 < 0.0001
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that correlationcoef�cients were statisticallynot sig-
ni�cant (p > 0.05) in February, March,May, August,
September, Decemberof 2002 and in January, Au-
gust, September, October, November, and December
of 2003. During other months,January,April, June,
July, October, and Novemberof 2002 and February,
March, April, May, June,and July of 2003, the cor-
relation coef�cient was statistically signi�cant (p <
0.05). The positive andstatisticallysigni�cant corre-
lationcoef�cients betweentheUVB radiationintensity
andthe ground-level ozoneconcentrationwereestab-
lishedalsofor theperiodof 2002–2003atthe95%con-
�dence level. This indicatesthatphotochemicalozone
productionis stronglyrelatedto thechangeof theUVB
radiationintensityunderruralLithuanianconditions.

4. Conclusions

The investigationsof the two-yearcontinuousmea-
surementsof the total ozone,ultraviolet radiation,and
theground-level ozoneconcentrationat therural mon-
itoring stationsdid not reveal signi�cant changesin
their course.

Therelationshipbetweenthetotalozoneamountand
theUVB radiationdaily maximumintensitycanbeap-
proximatedusingthe linear regression.A strongneg-
ative correlationwas determinedbetweenthesevari-
ablesduring thecloudlessdaysin April–June: theco-
ef�cients of the correlationwere¡ 0.87and¡ 0.86 in
2002and2003,respectively.

Therelationshipbetweendaily maximumvaluesof
UVB radiation intensity and the ground-level ozone
concentrationcanalsobeapproximatedusinga linear
regression.Thecorrelationcoef�cient duringdifferent
monthsvaried:it wasin theinterval from¡ 0.15in May
to + 0.73in Julyof 2002andfrom ¡ 0.11in Januaryto
+ 0.77in Julyof 2003.A morepronouncedrelationship
betweentheUVB radiationandtheground-level ozone
wasfound in 2003,which could be relatedto speci�c
meteorologicalconditionsof the summerof 2003. It
shouldbenotedthata very high ozonelevel waschar-
acteristicof theyear2003in Europe.

The increaseof theUV radiationintensitycouldbe
oneof themainreasonsfor theground-level ozonecon-
centrationincreasein future,andtherebyozoneexpo-
sure,up to a dangerouslevel, for vegetationandliving
organismsin unpollutedforestedregions.
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RYŠYSTARP BENDRO OZONO KIEKIO, ULTRAVIOLETIN �ES SPINDULIUOT �ES INTENSYVUMO
BEI PA�EMIO OZONO KONCENTRACIJOS LIETUV OS KAIMO VIET OV �ESE
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Santrauka

Analizuotasultravioletin�esspinduliuot�esintensyvumoir bendro
ozonokiekio bei pa�emio ozonokoncentracijosryšys. Priklauso-
myb�e tirta panaudojantultravioletin�esspinduliuot�es intensyvumo
ir pa�emioozonokoncentracij�u matavim �u Aukštaitijosekologin�es
steb�esenosstotyje Rūgštelišk�eseduomenisir bendroozonokie-
kio matavim �u (M-124 tipo ozonometru)Lietuvos hidrometeoro-
logijos tarnybosKaunometeorologin�eje stotyjeduomenis,gautus
2002–2003met�u nenutr̄ukstam�u matavim �u metu. Ryšio tarp pa-
�emio ozonolygio ir UVB spinduliuot�esintensyvumobei bendro

ozonokiekio paieškaipasirinkti baland�io–bir�elio m�enesiai,ka-
dangikaip tik tuo laikotarpiuregistruojamosdidel�esši �u parametr�u
vert�es. Statistiškainagrin�ejanttarpusavio ryš�i, tarp bendroozono
kiekio ir UVB spinduliuot�esintensyvumonustatytasantikoreliaci-
nis ryšys,stebimastik giedromisdienomis;koreliacijoskoe�cien-
tai 2002ir 2003metaisatitinkamaibuvo ¡ 0,87 ir ¡ 0,86. Nagri-
n�ejantryš�i tarpUVB spinduliuot�esir pa�emio ozonokoncentraci-
jos, nustatyta,kad UVB spinduliuot�es ir pa�emio ozonotarpusa-
vio ryšystampresnisgiedromisdienomis;koreliacijoskoe�cientai
2002ir 2003metaisatitinkamai0,72ir 0,75.


