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Absrtact. The relative differences between the total ozone data from the Vernadsky Station and EP-TOMS satellite
spectrometer are analyzed. The 2000-2003 period is considered. To estimate the cloudiness influence on data disagreement,
comparison was made taking into account the conditions of cloud cover over station. The daily Dobson spectrophotometer
measurements were selected to form the data files of “cloudy days” and “cloudless days”. Mean relative differences of -0.6%
and 6.9% were obtained for cloudy and clear sky, respectively. Seasonal changes of the data disagreement are different for
cloudy and cloudless days. Observations in cloudy conditions show maximum positive difference in summer and negative one
in the early spring and later autumn. In cloudless conditions TOMS-Dobson difference changes with some ascending trend.
This analysis confirms the results of previous comparison of the EP-TOMS and Vernadsky ozone data for 1996-2000. The
overestimation of the ground-based total ozone by the TOMS values in the clear sky conditions is perhaps caused by an
erroneous interpretation of the snow covered surface reflection as the cloudiness one in the TOMS ozone retrieval algorithm.
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Ce3onni 3MiHH po36ixkHOCTI Mizk Ha3eMHUMH i cynyTHHKOBIMH EP-TOMS BumiproBanusimu o3ony. b.B. Kyininiga, O.M.
€Brymescbkuii, M.A. Jleonos, I'.I1. MiniHeBCbKHit

Pedepart. IIpoBeneno aHaimi3 BiJHOCHHX PIi3HMIb MK JaHHMH BHMIPIOBaHb 3araibHOTO BMICTy 030HY B aTMocdepi Ha
craHmii Akanemik BepHanacekuii Ta cymyTHHKOBHM criektpoMerpoM EP-TOMS. Posmmanaerscst nmepion 2000-2003 pp. st
TOro, mo0 OIIHUTH BIUIMB XMapHOCTI Ha PO30DKHICTH JAHUX, IIOPIBHSHHS BHKOHYBAJIOCS 3 ypaXyBaHHSIM CTaHy XMapHOTO
nOoKpuUBY Haj ctaHuicto. LllogenHi BuMiproBasHs i3 criekTpodoromerpom J[06coHa BimOUpaIncs B OKpeMi psiii AaHUX “XMapHi
nHi” Ta “Oe3xmapHi aui”. CepenHi BimHOCHI pi3HuLi cTaHOBIATH —0.6% Ta 6.9%, BIAMOBIAHO, A XMAapHOTO Ta sICHOro Heba. €
BIZIMIHHOCTI C€30HHOTO X0y Pi3HHUII Ul XMapHHX i 0e3XMapHHX THIiB. 32 YMOB XMapHOCTI iCHY€ ITO3UTUBHA Pi3HUL BIITKY i
HeraTHBHa HaBecHI Ta BoceHH. B ymoBax Ge3xmapnoro ueba pizauiss TOMS-100COH 3MIHIOETBCSI B CEPEHBOMY 3 IESIKUM
BUCXITHHM TpeHmoMm. JlaHuil aHami3 MiATBEpKYE Pe3yJbTaTH MONEPEAHBOro MOpIiBHSHHA 030HOBUX manux EP-TOMS ta
craHuii BepHaacekuii 3a 1996-2000 pp. 3aBumieHHs BMicTy 030HY B fannx EP-TOMS nopiBHIHO 3 Ha3eMHUMH, SIKE Ma€ Micle
B YMOBaX YHCTOro Heba, IMOBIPHO, MOB's3aHE 3 MOMUIKOBOIO IHTEPIPETALI€EI0 BIAOUTTS Bifl MOBEPXHI, IIOKPUTOI CHIrOM, 5K
BizOuTTs Bix xmap B anroputmi TOMS it BU3HAUCHHS 030HY.

Ce30oHHbIE H3MEHEHHsI PACX0KIEHUST MEKIY Ha3eMHBIMH U cNyTHHKOBbIMH EP-TOMS u3mepenusimu o3ona. 5.B.
Kynunanu, A.M. Estymesckuii, H.A. Jleonos, I'.I1. MununeBckuit

Pedepar. IlpoBeneH aHaaM3 OTHOCHTENBHBIX PAa3HOCTEH MEXIy NaHHBIMH H3MEpEHHil OOLIero cojepikaHus O030Ha B
aTMoctepe Ha craHuuu AKageMHK BepHaackuil W CIyTHHKOBBIM criektpomerpom EP-TOMS. PaccmarpuBaercst mepuo
2000-2003 rr. 7151 TOro, 9TOOBI OLEHUTH BIMSHHE OOIAYHOCTH Ha PACXOXKICHUE TaHHBIX, CPABHEHHE BBIMOJHSIOCH C YIETOM
COCTOSTHHSI 00JIaYHOTO IMOKpOBa HAJ craHmuel. ExenHeBHBIE M3MepeHHs co crekTpodoromerpom JloOcoHa orOupanmch B
OTZAENBHBIE PS/BI TAHHBIX “007a4yHble HU U “Oe300maunble 1K . CpeHue OTHOCUTENbHBIE PA3HOCTH COCTaBISIOT —0.6% 1
6.9%, COOTBETCTBEHHO, A1 OOJIAYHOrO W SICHOro HeOa. ECTh OTIMYMS CE30HHOTO XOJa pasHOCTH Juisl OOJa4yHBIX H
6e300mauHbIX gHEH. IIpn ycIOoBHSX OONAYHOCTH CYIIECTBYET IOJOXKHTEIbHAs Pa3HOCTb JISTOM M OTpHILATEeNbHAs BECHOH
oceHblo. B ycnoBusax Oe3zobmauHoro HebGa pasHocth TOMS-/[00COH M3MEHSIETCS B CPEIHEM C HEKOTOPBIM BOCXOJSIIUM
TpeHoM. [laHHBIH aHANU3 MONTBEPXKIAET PE3yJbTAThl MPEAbIIYIIEro CpaBHEHHs 030HOBBIX HaHHbIX EP-TOMS wu cranuun
Bepranckuit 3a 1996-2000 rr. 3aBsimienns cofepxanus o3oHa B gaHHEIX EP-TOMS mo cpaBHeHHIO ¢ Ha3eMHBIMH, KOTOpPOE
HUMEET MECTO B YCJOBHSX YHCTOro Heba, BEPOSATHO, CBS3aHO C OLIMOOYHOIM MHTEpHpeTalyeil OTpaKeHHs OT MOBEPXHOCTH,
MIOKPBITOM CHEroM, Kak OTpaskeHus 0T 001akoB B anroputme TOMS juist onpesienieHus 030Ha.

1. Introduction

The Total Ozone Mapping Spectrometer (TOMS) is the instrument for satellite ozone
measurements operating since 1978. Nimbus 7 TOMS ozone record during 1978-1993 agreed with
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average ozone from the northern hemisphere ground-based stations to within £1% (McPeters and
Labow, 1996). Long-term drift relative to Dobson network was 0.29% per decade. During 1996-2000
the EP-TOMS data set shows a small positive bias of 1.1+5.6% in the northern hemisphere against the
Dobson measurements, whereas in the southern hemisphere the mean offset is about 3.3+4.8%
(Bramstedt et al., 2003). Little seasonal variation was observed.

Validation of the satellite ozone data for the southern hemisphere is important because the
number of ground-based instruments in this region is much less than in the northern hemisphere. The
Network for the Detection of Stratospheric Change (NDSC) coordinates the global intercomparison
and the Dobson spectrophotometer No. 031 at Vernadsky station (former Faraday, 65°15°S, 64°16"W)
is contributing instruments of NDSC (Lambert et al., 2000). Previous results of comparison of EP-
TOMS and Vernadsky ozone data for period 1996-2000 were presented in (Gritsai et al., 2000,
Milinevsky et al., 2002). In addition to estimation of the TOMS-Dobson difference by full data sets,
the separate analysis for days with totally overcast skies and for days with clear skies was made. Such
an approach was used to reveal the cloudiness effect in the data disagreement. A selection was made
taking into account the code number of the observation kind in the Vernadsky ozone data archives.
The conditions of the totally overcast sky (or clear sky) during all measurements within the individual
date give the reason to suppose, that the satellite measurements in the same conditions were carried
out. In this paper the results of TOMS-Dobson comparison for 2000-2003 are presented.

2. Analysis method

We had examined the Dobson data archives in order to find the days with the stable weather
conditions. If all individual measurements during the day were coded as “0 - direct sun” and “2 - blue
zenith sky”, the mean daily ozone in the file of “cloudless days” was included. In the file of “cloudy
days” the dates with measurement conditions of “5 - zenith cloud” only were collected. By the EP-
TOMS data for Vernadsky (Earth Probe TOMS, 2004) the daily total ozone of corresponding dates
were found and the TOMS-Dobson differences were calculated separately for cloudy and cloudless
days.

Permanent cloud cover presence (absence) during observational day means, that over wide area
the cloudy (cloud-free) conditions exist. Therefore, there is a high degree of the confidence that the
satellite measurements over the region of the station in the same atmospheric conditions are carried
out. Because the days with the changeable and broken cloudiness were not included in the
consideration, the uncertainty in the treatment of the cloud cover for the simultaneous ground-based
and satellite observations is reduced as far as possible.

3. Comparison results

In this paper the differences between the EP-TOMS and Vernadsky daily ozone values are
considered for the data of 2000-2003. Previous comparisons for the measurements of 1996-2000 were
described in (Gritsai et al., 2000, Milinevsky et al., 2002).

The ten-month period of the continuos observations at Vernadsky station is the second half of
July to the first half of May of the next year. During the rest two winter months the measurements are
impossible due to the large zenith angle of the Sun. The relative percent differences of (TOMS-
Dobson)/Dobson are shown in Fig. 1 (a) and (b) for clear and cloudy skies, respectively.

The ratio of clear (82) to overcast (405) days is 1/5, which displays the meteorological
situation in the region of Antarctic Peninsula.

The first distinction of the comparison results for the two types of the weather conditions is in
the average values of relative difference. The clear sky differences are mainly positive (Fig. 1a) with
average value of 6.943.8%. But the ‘cloudy’ differences (Fig. 1b) in average are more close to zero
level with value of -0.6 +5.8%.

The seasonal change of the TOMS-Dobson difference exhibits the second distinction of the
data disagreement for the cloudless and cloudy conditions. Linear fit to the values of the clear sky
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difference gives positive trend of 0.5+0.2 percent per month. Polynomial fit of degree 2 shows almost
symmetric change of cloudy sky differences relatively the middle of Antarctic summer.
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during March-May (up to —15%). Besides, the effect of increasing trend inherent in the clear sky
difference (Fig. 1a) can be present in some degree in a portion of days, which were under the
changeable cloudiness. Their total contribution also increases the observed asymmetry.

4. Discussion and conclusion

Seasonal variations of the relative differences for Vernadsky station (Fig. 1a) coincide in
general with the similar ones for the southern hemisphere presented in (Lambert et al.,1998, 2000;
Bramstedt et al., 2003). But in mean difference values an agreement between the Dobson/Vernadsky
and EP-TOMS measurements is better than by other estimations for the southern hemisphere.

The mean relative differences for Vernadsky during 1996-2000 (Milinevsky et al., 2002) and
2000-2003 (summary of this study) are presented in Table 1 and Table 2, respectively. Both all
measurements and data separated by cloudy and clear sky conditions are presented. The number of
days is pointed out in the brackets. All measurements give the relative difference of 2.3+5.2% (1996-
2000, 1082 days) and 1.1£6.5% (2000-2003, 896 days).

Note, that by (Lambert et al., 2000) an overestimation of the ground-based data by TOMS is 4-
8% at low and middle latitudes and 8-12% for the high latitude Antarctic site of Halley. By Bramstedt
et al. (2003) the TOMS-ground relative difference for southern hemisphere in 1996-2000 was in
average 3.3+4.8%.
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Table 1. Percent relative differences (TOMS-Dobson)/Dobson for Vernadsky Station, 1996-2000.
(Milinevsky et al., 2002)

Season Cloudless sky Cloudy sky All measurements
1996-1997 11.1+47.0 (35) -1.3+8.7 (105) 3.145.5 (289)
1997-1998 8.9134 (34) -0.5+4.3 (102) 2.6+4.9 (276)
1998-1999 6.0+2.0 (26) -0.615.2  (149) 1.445.4 (267)
1999-2000 6.1+3.9 (38) -0.4+4.2  (143) 2.244.5 (250)
1996-2000 8.145.0 (133) -0.745.7  (499) 2.345.2 (1082)

Table 2. Percent relative differences (TOMS-Dobson)/Dobson for Vernadsky Station, 2000-2003.

Season Cloudless sky Cloudy sky All measurements
2000 - 2001 8.4+3.4 (34) 1.445.1 (133) 3.245.5 (305)
2001 - 2002 6.1+4.9 (26) -4.3+7.7 (79) -0.6+7.9 (305)
2002 — 2003 6.3+3.5 (22) -0.745.0 (193) 0.845.2 (286)
2000 — 2003 6.943.8 (82) -0.645.8 (405) 1.1+6.5 (896)

Piacentini et al. (2000) give results of comparison for the latitudinal range of about 30°S to
90°S (including the Amundsen Scott USA South Pole station). During the July 1996-December 1999
period the mean systematic relative difference between EP-TOMS and ground was 5.04+2.3%.

The values of Table 1 and 2 show that the best data coincidence is observed on cloudy sky
conditions. Relative differences are —0.7% and —0.6% in 1996-2000 and 2000-2003, respectively. But
a very contrast situation is in differences obtained for the clear sky conditions. The relative values are
8.1% (Table 1) and 6.9% (Table 2). The absolute values of the cloudless and cloudy differences are in
the same ratio in both data samples, 11.5:1, respectively. Thus, cloudless conditions give the
difference, which exceeds the cloudy more than ten times.

Because of the significant data disagreement takes place for clear sky over Vernadsky station,
obviously, an erroneous interpretation of surface properties in the TOMS retrieval algorithm caused
this result.

The station is located on the Galindez Island, the Argentina Archipelago, where hills and
mountains are covered with snow the whole year round. Besides, the mountains and glaciers of the
Antarctic Peninsula, which is at the 10 km distance toward the east, have the same reflecting surface
property. EP-TOMS instrument is unable to distinguish between reflection of snow and clouds. The
snow/ice covered surfaces being misinterpreted as clouds in the EP-TOMS ozone retrieval algorithm
can be a possible source of the total ozone overestimation during the cloud free conditions. Kylling et
al., (2000) noted a similar effect in analysis of the surface UV irradiance. Also, it was noted in
(Bramstedt et al., 2003), that the increased TOMS values in the southern hemisphere are most likely
introduced by the algorithm and is independent of the instrument.

Due to the small number of cloudless days in the region of VVernadsky station the excess in EP-
TOMS total ozone contributes insignificantly to the result of the overall data comparison. Although,
in other regions of the southern hemisphere with lower level of cloudiness and high level of snow/ice
cover this effect can input the more contribution in the data disagreement.

Seasonal change of ‘cloudy’ difference is similar in each of the two time periods under
discussion. It is seen from Fig. 1b and Fig. 2 (solid curve). Fig. 2 is taken from (Milinevsky et al.,
2002). Positive difference of about 2-3% is observed during Antarctic summer (December —
February). During the spring and autumn on average the negative differences of -(3-5)% are
prevailing. Seasonal changes of the cloud cover top height and cloud density can be concerned in this
seasonal deviation of difference. Note, that only little seasonal variation of the EP-TOMS/Dobson
relative difference was revealed from the southern hemisphere data of 1996-2000 in (Bramstedt et al.,
2003).
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The ‘cloudless’ difference had no evident trend in its month-to-month change during 1996-
2000 (Fig. 2, dashed line) and show ascending trend during 2000-2003 (Fig. 1a). Further analysis of
this effect is expedient using more long-term and multi-positional data sets.
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