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Abstract

In this work we present the results from the analysis of regular total
ozone and simultaneous solar UV-B spectral measurements, obtained at the
Laboratory of Atmospheric Physics of the Aristotle University of Thessalo-
niki (40° N). The UV-B results presented here refer to clear-skies (cloudiness
<3/8) and to solar zenith angles of 63°+-1°. These results support earlier find-
ings of increased solar UV-B irradiances, under all-skies conditions, associa-
ted with observed ozone decline at the same period. The observed accelera-
tion of the ozone decline in the early 90’s shows a recovery in Greece and
resulted to increased solar UV irradiance levels at Thessaloniki by about
2.89, per year at 305 nm.These figures are modified, if we use different shorter
periods of recordings and they point out how sensitive are UV-changes on
the period chosen and how dangerous are any generalized conclusions of
their trends in the future.

Introduction

There is by now evidence of significant increases of solar UV-B radiation
over the northern hemisphere (Kerr and McElroy, 1993; Bais et al.,1994;Seck-
meyer et al., 1994; Zerefos et al., 1995), which are associated with the accele-
rated ozone decline during 1992 and 1993 (Bojkov et al., 1993). Decreasing
ozone results in increases of solar radiation at wavelrengths where ozone is
a strong absorber (e.g. 2 ( 310 nm). Kerr and McElroy (1993) were among the
first to report large UV-B changes at the shortest available wavelengths (e.g.
at 300 nm), which were as large as 359, per year during the winter, but 7%,
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per year in the summer-time, using data prior to 1993. Due to the effects of
clouds, the limited number of observations in winter and the larger uncert-
ainty of the Brewer instrument at 300 nm, these findings have been quest-
ioned (Michaels et al., 1994). Seckmeyer et al. (1994), reported increases of
the UV-B erythemal dose, during the summer months of 1993 relative to the
values observed in 1992, which were in the range between 29, and 11 %, and
analogous results have been reported by Zerefos et al. (1995).

Besides the limitation imposed by the available instrumentation, changes
in clouds, haze, pollution, surface albedo and aerosols all contribute to decrea-
sing the significance of observed long-term solar UV-B changes induced by
corresponding total ozone changes. The results presented here are based on
solar UV-B spectral measurements made at Thessaloniki (40° N), Greece,
during the period from November 1990 through November 1993, as well as
on total ozone measurements made since March 1982. The study aims at quan-
tifying the observed effects of the variability of total ozone on solar UV-B
irradiances received at the ground, by excluding long-term effects of changes
in cloudiness.

Data and Instrumentation

Both spectral UV-B irradiances and the total ozone column are measured
continuously, by using a single monochromator Brewer spectrophotometer,
at the Laboratory of Atmospheric Physics (LAP) of the Aristotle University
of Thessaloniki. The Brewer spectrophotometer is capable in measuring the
global solar irradiance in the spectral region from 290 to 325 nm, at incre-
ments of 0.5 nm. Its absolute calibration is maintained by the use of 1000
W lamps traceable to the standards of the National Institute of Standards
and Technology (NIST), and its long-term stability is monitored and assured
by using a set of 50 W standard lamps. The absolute calibration of the instru-
ment is performed in the dark room of LAP at intervals of about two months,
or more often, if a drift is detected from the measurements of the 50 Watt
lamps. These regular lamp tests are done in the field at shorter intervals
(every two weeks), supplementing the overall calibration procedure of the
Brewer spectrophotometer. From a series of such checks it was found that
the repeatability of the UV-B spectral measurements with the Brewer instru-
ment and its stability in time are within + 49%,.
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The regular schedule of the UV-B spectral measurements includes mea-
surements performed at selected solar zenith angles from sunrise to sunset.
Since the instrument is operating automatically in unattended mode, the
spectral scans are performed under a variety of atmospheric and environ-
mental conditions.

Results and Discussion

The years of 1992 and afterwards and particularly 1993 have been years
of record-low ozone values over a large part of the northern hemisphere
(Bojkov et al., 1993; Kerr et al., 1993; Gleason et al., 1993) and their cause
was attributed to a number of phenomena, such as the westerly phase of the
GBO, prolonged El Nino and a small transient component of Pinatubo volcanic
eruption (Zerefos et al., 1992; Zerefos et al., 1994). Observed total ozone de-
ficiencies during the winter/spring seasons of 1992/93 over the northern
hemispheric middle and high latitudes, exceeded 159, and associated large
enhancements of UV-B radiation, were monitored at both Reykjavik (62° N)
‘and at Thessaloniki (40° N) (Bais et al., 1994).

In 1993, total ozone values over the middle latitudes of the northern hemi-
sphere in winter/spring were about -179, below normal, which became -89,
in early autumn of the same year. Around the 40th and the 60th northern
hemisphere parallels of latitude during winter/spring of 1993 the ozone defi-
ciencies were -119%, and -149, respectively, the QBO being in its westerly
phase (WMO). The corresponding departures for winter/spring 1994 were
-29%, and -49, and the phase of the QBO changed to easterly. Inspite of the
fact of the extreme ozone deficit in 1993 over the northern hemisphere middle
latitudes, ozone was seldom below 240 m-atm-cm. The years 1992 and 1993
presented large accelerations of the ozone decline (Stolarskiet al., 1992; WMO,
1994). It has been demonstrated in several studies that large UV-B enhance-
ments are associated with the recent total ozone decreases.

Figure 1 shows the total ozone record over Greece from the longest availa-
ble measurements with a Brewer spectrophotometer which started in March
1982. The anomalies of 1993 and 1995 are notable and of course the accele-
rations of the ozone decline which is easily seen in the 90’s. It should be men-
tioned, however, that in addition to chemical processes equatorial winds in
1993 and 1995 were westerly, which is known to coincide with larger than
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Fig. 1. Total ozone variation over Thessaloniki in a period between 1982 and 1996.
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Fig. 2. Total ozone and solar irradiance at 305 nm over Thessaloniki, for the same
period of years.
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59, ozone reductions at the latitude of Greece. As the equatorial winds shifted
recently, slightly below normal ozone values have been recorded in 1996.

Figure 2 shows time series of solar UV-B radiation at 305 nm reaching
ground level at Thessaloniki (40° N). This is a wavelength where the UV flux
reaching ground level is very sensitive to the ozone column density. All data
are taken at a solar zenith angle of 63°, under clear skies. The corresponding
total ozone values are also shown as monthly means. Both UV-B and total
ozone time series show strong seasonal variations, as expected, and are in
opposite directions. The observations show that there has been a clear long
term increase in the UV-B radiation, and a simultaneous decrease in ozone co-
lumn densities over the time period 1991-1996. Linear best-fit lines are drawn
to emphasize these changes and they show about 2.79, UV-B increase per
year for a 1%, decrease in total ozone peryear. Assuming that the UV-B increa-
ses are caused by reduced ozone column densities, this would lead to radia-
tive enhancement factor of about 5 at this shorter wavelength (305 nm).

Table 1 shows the calculated spectral UV-B changes for three periods
(1990-93, 1990-94, 1990-95), which show that even for near to cloudless skies
(CLC < 2/8) the 1993 increase in UV-B wavelength is rather a large pertur-
bation, as contrasted to the wrongly used term «trend». This is because we
can see, for example, that at Thessaloniki (Table 1) the change of solar irra-
diance at 305 nm moved from 12,7 9%, per year during the first 3 year period
(1991-93) to about 2.7%, per year, if we add the last two years of obs (1991-96).
This result shows how delicate are these changes and the need for long-tern,
carefully calibrated spectral measurements under clear skies before assessing
tendencies in UV-B.

TABLE 1
PERIOD 11/90-11/93 11/90-11/94 11/90-11/95
MEAN | SLOPE % MEAN | SLOPE % MEAN | SLOPE %
YEAR - 305 3.38 043] 1265 3.33 0.12 3.66 3.35 0.09 269
YEAR - 325 92.11 1.77 1.92] 9258 1.31 1.41] 9345 1.48]  1.59
YEAR - 03 315.00 -16.79]  -5.33]  315.99 630  -1.99] 316.29 -3.04]  -0.96
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Oi petafolréc tod 6lovrog kai tiic vmeprd®dovg NMoxilg dxtivofolriog
otijv "EALGSa

Ot mapdyovreg wob ouvteroly o1 Statipnoyn TH¢ TpocTaTELTIXT G doTidug Tob
6Covtoc ob &yel 6 mhavTNg pag Evdvtia oTic Davatypdees dxtiveg Tob HAtov SusTu-
x6¢ elvar elfpavotn xal 907 wé tic odoteg wob Eheubépwoe Tig TeheuTaieg dexaetieg
6 &vlpwmog Ty dpatwoe onuavTInd, ®xVplw 6TA peYdAa xol uéoa YEWYPAPLXe TAKTY.
‘H domida adti) Zyer xatd xalpods dpadaoer péypr xal 409, atic *Apxtingg mepLo-
xés. Edruyéic, % dpatwon adri) elvor pixpdrepn 76 Bépog xal mavew dmd Ta péoa
gy, To tedevtaio ypévia xol iStattepa pere 16 1980 % dpatwoy Tod crpdpatos
ad7ol oty ‘EMdda Exer xopavlet petald 29, xal 15%. ‘H peyoddrepy dpaiweon
Exer wapatnenet 6 1993 xal 1995 xal 9 pwxpbrepyn pérog 16 1996. Oi peraforéc
adreg Tob 8Govrog cuvemdyovTal petaBords TV xapxivoyeveTixd Emxtvduvy dmepLmdy
Nhoxd) dxetivoBoria wod @Odver 016 Edagpog xal tdtaitepa ot pawn wbpatog T pi-
xp6tepo T6v 320 nm. ‘H alnon tic émxivduvng adriic dmeptddoug dxtivoBortog
6T0 xevtpd uijxog xdpatog Tév 305 nm oty ‘EArdda wapaxorovbeitar dmwd TO
"Epyastheto Quoiniic e *Atpboparpag ol *Aptototedetov Iavemomypiov Ocooa-
Aovixyng amd 7o 1989 76 dmotov Stabérer Ti)v wAéoy pwanpoypdvia YpovosELPS ADTEY TEHV
uetphioewy Hmo avéperes ouvbijxes. ‘H alinon adth péox oy tedevtato wevraetio
elvar xatd péoo 8po 29, xat’ &rog. Odoiaotine 7 perpnbeica abéney elvar mord
uixpoTepY Gmo éxclvy Ty dmola oTaTioTIXG E)YoUV Umoloyioel YLk T péoa TALTY
dugpopol "Epeuvnréc xal elvor modd ddoxodo va yivouv mpoPrédeic yia o wélrov,
dubte péypr ohpepa ol pacpatixds mapaTneTioeg UTEpLddoue RAAOTTOUY [LLd Wixey
meptodo pLig mepimov mevtaeTiag.

Ztiyv Epyasia adty dmodeinvietar dxpBdc 6ti %) alénoy tHc dnd perérny dme-
pLaddoug dxtivoPoriag eEapriTal dmd T Teptodo Ty émota pehetape. I1.y. v xavelg
Orerdyile Ty xat’ Erog petafold) THe dmeprddous Hhlaxijg dxtivoBoriag Omd dvé-
peheg ouvbijree oty otalepy Cevibio yovia Tob fHrlov 630, dmd 16 1991 Ewg 1o 1993,
00 EBpLoxe pla abEnon xat’ Eros mepimou 199, &vé émd 1o 1991 Ewg 16 1995 # xat’
€rog ablnom adt perdverar 6to 4%, xal drd 6 1991 Ewg 6 1996 perdverar dxbduy
TepLoaérepo 6t epimov 2.8 %, xat’ Eroc. Od mwpémer €36 vo TowioTel éTL of peTa-
BoAeg Tijc tmeprddovs Hhlaxijc dxtivofBoriag mod phdvouy otd Edagog, Enerdy Eap-
TAVTHL GO TEPa TOAAOVG TopdYoVTES (VEPWOT, avaxAacTixdTyTa ¥AT.), elva oA

dbaxoho va ExtipmBoly xal v yivovron mpoexTdoels @Y petaBordy 61d uélhov. ‘0
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xovbvag wod ypnorpormorinue otd wopebov ti Yk xabe 19, petwon Tob 8lov-
tog 7 Epubnuatddng d6om Tic Umepddovg adbdver xata 1.5, Eyer onpepa quopi-
Boln d&lx, idiontépws peta Tig AemTopepels petpioels dxprfetac Tod TpaypaToTOL-
olvtar 6t Gplouévoug EEetdixevpévous oTabpods oTov xbopo, uetabd Tév bmolwy ol
éxelveg 010 "Epyaothpro Duoirijc tiic “Atpbogaupas otd AIlO, 616 dmoio EAafay
Lopay TO TpdTa debvi] Terpdpata dAAnAoBabpovéunone Bapéwy dTTGY Spydvey.

‘O avbpwmos pé moAkode Tpbémoug Exer Emdpdoet 6Td oTpdpa Tod 8lovrog: pd
) xeNon @Y yhopopbopavlpdxwy, uE ) yeNon PuTopapudxw®Y, Ut TG GTpwTO-
opatpies Gepomopixds wTHoels xol yevixdtepa ug Ty albfnoy tig 6Etvionc e dTpd-
coupac. Avatuyéic, mapd v Umoypagh Tol Ilpwroxbéiov ol Mévrpead yid
cwtple Tol otpdpatos Tob dLovroc kol napd THv Tpdedo mod Eyel yiver pé peydia
TELPAUATA (LEGH OTIY GTpuTéoPaLpa, DTdE) 0oLV oMK dvamdvTnTe EpmTNPaTE TOD
oyerifovran pe Tic drpocpatpinds puotxds xal ynuixts diepyastes mob yivovtar arode
TpomkoLS xal ol 6oleg Sev Exouy peetylel napudic. To mpdypora BéBouta 0% Foay
capds yeipbrepa &v dev elyoav émBeBonwbel éyxalpwe ol Bewpies TévV xabnyntév
Crutzen, Molina xai Rowland 76 1984 ot Xedxudixd) xol w6 1885 dnod 0 Bpe-
Tavixd) "AvraprTind) dmocToA.

"Ha, éxrdg tol 8Lovrog xal mohha &red Ta &MAa dépra THG dTpbopatpag Selyvouy
awnouynTixés petaBoris mod UTodNADVOUY eNuavtikés GAAaYES oTHV &TbGQALoY
700 mAav TN pag ota ypovia mov Epyovrat. “Oleg of évdeifeig delyvouy morg 1O Qat-
vopevo 7ol Bepupoxnmiov 80 Exel dpylioer va Aettovpyet ol dvapévovrar yetpbrepec
wépes YL meployés bmwg H Meabyelog. *Emiong dvapévetar 8t 670 dyyde wélhdov 1
apatworn Tob 8Covrog pwe v alfnen Tig Ymepiddovg dxTivoPolriag el ¢ Mo
amotélespa THY Evtaan Tol vEpoug TGV TOAEWY xal YevikbTepa THY GANYY THG YMWL-
*¥i¢ choTacng Tie drpdcpatpas péox 6Tic Tpooeyels dexaeticg. Td Ao adtd TOAD-
mhoxo oyfjpa T@Y dMnhemidpdoewy GLovrog ~ dxtivoBohiug - cboTacne THe dTpé-
oparpag Yretoépyetal xul 6 wapdyovras Procearpa, f dmola cuppetéyel otig dnmo-
pree Staupbpwv deplwy, anuavtixdv yid ) Sthpyen Tig Beppoxpasiug Tob mhavity
poas. Avetuyde 6 dvbpwmog Statdpale ol Statapdoset pt Tic cuveyElc xadoelg T@MY
xowetuwy xul adth Thy loogpomia xal ol dvapévovpe pio onpavtiny EEéMEn otd
pavbuevo tob Beppoxnmiov péou otig Emdpeves Sexaerics.

e meproygs bmwe 7 ‘EANSa xal ) Meobyetog, Té60 T pawvbpevo Tol Beppo-
wnmiov, 6oo xal N dpalwen Tol oTpdpartos Tol 8lovrog, &AAX xal Yevikbrepa T
@Mayn ThHe cbotaons xul dtpbopoupas, O Exouv coPapic cuvémeiee, STt of Te-

proygc adréc elvan xal yevixdc Oeputs meploxde e Edpdmme xal HAblovsrec. Of
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émuxelpeves aMhayds o1l Meobdyeto évdiagépovy dpéowe To Exatopudpla T&Y Emi-
OUETTRV TNg %ol YL’ adTd TOV AbY0 T& %pdTy 6TV TEptoyy adTy) O weémer va Evnue-
PWYOLY ToLg TOALTES TOUG YL THY UTIEYOLGH XATAGTAGY T TepLBdihovroc. Téhog,
0o wpénel vo onuerwlet éti, map’ Sha Td pétpo wod Thebnrav péypr oNuecpoy, TO
oTpdpa ol 8lovrog div dvauéveton va émavéNfer mAfpwg Tapd peta dnd 70 Ewg

100 ypbvio.
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