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Solar ultraviolet irradiance in the ozone hole region in Antarctica
Shu Takeshita!, Hiroshi Miyaoka!, Masaki Ejiri' and Masako Sasaki?

Abstract: To analyze characteristics of solar ultraviolet irradiance in the ozone
hole region, solar ultraviolet-B (UV-B: 280-315 nm) and ultraviolet-A (UV-A:
315-400 nm) irradiance at noon were measured from October 4, 1999 to January
31, 2000 at Syowa Station in Antarctica (69°00'S, 39°35'E). UV-B irradiance
measured at Syowa was compared with UV-B irradiance measured at Tokai
University, in Hiratsuka, Kanagawa, Japan (3521'N, 139°16'E). Maximum
irradiance of the UV-B at Syowa was measured early in December 1999. 1t is
equal to the maximum irradiance of UV-B measured in the middle of June 1999
and/or early in September 1999 at Hiratsuka. UV-B and UV-A irradiance at
Syowa showed less scatter than that at Hiratsuka. This implies that the difference
of scatter between irradiance at Syowa and at Hiratsuka may be attributed to the
cloud types which appeared over both observation sites, providing different shield-
ing effects of cloud types for UV irradiance. By eliminating the cloud effect by
dividing UV-B irradiance by UV-A irradiance (UV-B/UV-A), a high negative
correlation was obtained between UV-B/UV-A and the effective ozone amount.
By applying this correlation, total ozone amount can be estimated by use of the
values of UV-B/UV-A and air mass.
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AV R AHHEIT S 2 LA, Ik TOREBRSC EBEIL X THS 2o T 5,
Hh iz BT 2 iR RO RIS (UV-B: 280-315 nm) (3B A V> OZE) L B
A (%S, 1991; Bais et al., 1993; Blumthaler er al., 1995; Bodhaine et al., 1997),
Frb InE TCOMEBR»S, 1% D4 2ROA L 28% O UV-BEDEMNAZEL Z &
ZEAS I LTV % (Takeshita er al., 1992), 0 UV-B EH3EYHEGEEMEHE L, KEE
AV DRI MU TIEE A > HNEOENN, ] DI T & 2 BGEOEIN%
< (UNEP, 1989), %7z, REEA V> 934V >k — VBRI OREEIC R % D i3 Kt ite
LHEE IR TS (WMO/UNEP, 1998), A V> R — L F O CHEABE B % UV-B
BAAEFET 2 2 &0F, EERICBT 2EAEE A0 5 ETHNERRMF L FEINS,

AR DO B I3 A YV o R — NV OERS I 2 L [FRC, SAFEIGEAAR L L, FEipyc
BT % OBEBESREERMEEICHE T 5. S o1, IHAEEMIE 11 HhallEE®
Wi ) RIS OBRINEEISIEE L 2 5, 70, EINE £ 0 EAPEREK TEbOL TV
%, HIEE D & KL EEICEEYT 2 e, HiFRE L KR & DS ERFNC L 5 BE OB
ROMETERVEFZSND GEHES, 1998), ZD XD 54V R — IV TORBEINAGER
BICOWTIHIEEAEREINTWRY, FHO—AMTTILE 40 KEEBIZEIL, 1999 F
10 H45 2000 4 | Bz 0 TrafGiEFIESt (R 69 FE 00 43, A% 39 & 35 47, ¥k 29.18 m)
TEREIETR (UV &) 2EBIL 7z, R CRIEFEMOA Y > R =LV T TO UV-B D
o mcL, &5 ICENTEER TOBWE & O 217572, £/, UV-BELA
VU RBIZOWTHET LT,
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BN IR OTHIRESVAURET (MS-2101: 35/ 0E88) #ER U7z, Z OEEHIZEER
DD 7+ URIRE T, UV-B BIEFH DOSZHEER & R FRENEES (UV-A: 315-400 nm) HIERD3Z
HEBHSAHRTTRE L 2> T\ 5, 1999 4F 10 H 4 HH» 5 2000 4E 1 H 31 HE o 101 Hf#, 1200
LTI R UV-BEESK UV-A BEBHEIL-, 712720, EMEER Enb o7 HiZ, Bk
Z % 1200 LTHIRICZE Lz (11F 14H: 1150; 12 27H: 1205 11 A 13H, 1 H2&:
1210; 12 H 28 H: 1215 12 H2H, 1 H 14 H: 1220; 11 A 8 H: 1300), AEFIFEHID 1200 LT 1%
TS T 2720, | HORIZHRABEI R T E 5, BHEIC#FEHA L /- UV-B A,
UV-A A OFBEEHIBIIRE THRENICR B /R0, R EMBEN > A 7 4 (Sasaki  er
al., 1993) THEAL Tv»% UV-B BUET (MS210W: HEALKEHE) & UV-A FUHEHMS210A: 3E
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BHEMRRICE DO TENO#ESR L BAMES N5 LD ICHIEL 2, kB, IBE#TOHE

& (300-3000 nm) &4V UERBIIRFPTHBAE TEMEL TH L2 EEBRO T — 5 2K
L.

3. BUHIRSR L
FEFAIEH COLEBRAM O UV-B &, UV-A BB L U HEE (300-3000 nm) OZEE %X 1
WZRT, UV-B X 12 A FEICERAETR 1.73W/m? (12 H4H, 12H10H) ZxLk. —H,
UV-A %, UV-B &340 12 H EA» s 1 A BRICRRBETE 507W/m? (12H 17H) %

1 HIEFORBAEMmOERXK UV-B, 2K UV-A, 2KHSHE (1999/10/4-2000/1/31)
Global solar UV-B, UV-A and total irradiances at noon from October 4, 1999 to

Fig. 1.

January 31, 2000 at Syowa Station.
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U7, HEHI UV-A LRI 2 A Faps | B EAICEKE -7,

Rt &9, SEREEEEEL T, Blllsniz UV-B, UV-A BLUHHIZVWTRD
HIL B e 2EBE2RL TS, 72, HEIZ UV-B & UV-A I L TRKEOWEHZRL
TV, B & b KEPEHMLE L, A2 12 Apae o | A TR OB IEE
SIMCEELTWwa, L, BURFOANE -2 12 HhALHENIZBHEOEEEI K &
W, BLE» S, BEOSBETROLEITRAOFZE, FHIEI & 2 EREIROZEIRE »
EEREIND,

Z 2T, UV-B, UV-A B XU HEOZEMEOE VL ZFHf 3%, UV-B & UV-A [ZHFHTHA
THH & I EBEAS/NE Wy, Estupinan and Raman (1996) 12 £ % &, —#&aic UV-B IZHET
WCHIE U TEORE R ZITIC S v, SRIOBHEIRIE Z omEDHAEZRL T3,

UV-B O EEEICFZET 2 EaZHRT L Ui, KEEE, AV a8, =7V, f
FRENEER, RE1DH 5. BHEEOKGEE OB TH 2 KAHERE (7 < R) OX# -4V
vERARFAEOEEZX 2 (k) 1Rd. =7~ A (K2 LA & 12 AhE (BE) 10k
INe B, =75, AV reaRBPAEE (2458 1310 Hhfa o 11 H A0 RIME
L, RATHETAHY &N 20DU LLTFOA V> h— IV OIREEDFi 72 (BRI,
2000), 4 V' o EBIIRBERLTOA Y v mTh b, RAFEEHOA V iz & 5 UV-BIRINEIR
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Fig. 2. Air mass, total ozone (upper panel) and effective ozone (lower panel) from October |,
1999 to January 31, 2000 at Syowa Station.
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ZEHMT 272012, KABSEHOA Y U BEFEA V2B AV V2R EI T ADHE) &
EFRT D, EEhA YV U 2BOEERX 2 (F) IWRT., ZOM»SFEHA YV 281 11 HTA
2o 12 ERCRMELZRT ZEBbhb, ZOEMF YV v 2BROEEE, UV-BEDEE)
(M D) EFEERFROEB 2R L T b, M2 (T) TRZ &5 A V' v 28R
muzz 1L ApdE» s 12 B EAE, B 1IRL: UV-B BIE—BHICEETIC s> Tn b,
PlbEF e &, B cER S Nz UV-BRLEFEDA V28 L OICIZBES R ED
MR R WSSz, 7, 277 A3 UV-A B8 X UHSREOZEE) LoD & Wi %R
L7z, 2OZEF UV-ABEHERBIEA YV ORERIZITTABEEDAOEKTHS Z &
ZHABRIR L T 5,

4. % £

REAIEH TR L 72 UV 8% 1999 4E 1| HH 5 1999 4E 12 B #gs [ ESFRH (RYEAEM
FARCE: LR 3S B 21 4%, AR 139 1643, ¥BIK S1m) TEIEIZ L/ UV & (Sasaki et al.,
1993) L HB L7z, ¥, HHEAY TIE UV-B, UV-A, HE A 24 BRRTEGEEIL T 528, &
[Eli% 1200 LT OBFRHEDO S KGR 21k & H UBHTHR & L, ERE TS 7z UV-B
2, UV- AR, ONBOZE#HEHM 3R T., UV-BIZ7H 27 HICEAE 225W/m? 250,
UV-A 13 8 A 5 HICECKSE 62.1 W/m? %, HEFHX 8 A 6 HICEAMHE 1120 W/ m?2 #/Rx L7z, ¥
| EM3 2T 5 &, IBHEMTERRAIS IR UV-BE (1.73W/m% 12H4H, 12810

&, “FEHD 6 BHHH 5013 9 A FAIEFOBBREICIZIE—T 5. —7, BAEMO
RAHSE (]800 W/m?) &, HRD 3 AbA], 9 H ERIOKSE EIZIFFEUCTH S, T4
bbb, BRI T HIcERE T 2 B0 HERIZERNOBE LYK EHETh 5, L, UV-B
ZENOVELYIRKOBET R ERIETH S, 2D LT, BRIEMOE I IZENOPIE L HIEK
LFEBED UV-BEXHD, MEETSH UV-BFEHNRSLETHS Z L 2RHL T3,

KIZ, FERE 69 BT b HIEHIEM & ENREERT (VIR OBIIE % s 570, UV-B
B, UV-AEBJIUHEED 7 < A & OB % kST L7z (4 4),

BRI D IEF ORI 7T — 213, =7 7R 14505 24 ORI L T 5, —F, SFEFEHD
EFOBRT—2i, =7 <A 1055 20 DN L T3, I, BBAE S FHET X
DERBEICAEL Twa o TH5, £z, BEM, FERHHCEC 7 v A THRIEHE
WZIZNT Y FD3H D, NT Y FOEESWIIIBAEIT/NS EEF TIRREWLEWVLIEVLLDH
%, UEO#HERZEE 2T, UTO3EEHERETLL.

4.1. BBfnEHh & FIFHO UV-BE, UV-A BB JUAHEDRE
BITRACBTAERBREL AR IBEREOBNEEEZ TI v, F—DL 7~
A CHEFIEM O UV-B &I, “FETHOBENEDOKI 2 5 ThH 5, —H, BBFIHEMO UV-A &L H
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Fig. 3. Global solar UV-B, UV-A and Total irradiances at noon in 1999 at Hiratsuka,
Kanagawa, Japan.
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ERT OB T — 7 IZEFMES A X v, —77, BAIEMOBE 7 — ¥ 3 ZELTH
D, ZOMEAIZT T < AW/NSWE ORI BHRR & 72 2. RIER O B O f/INRE R 13 A
FEO¥ 1/2 TH LD L, FERMOEOR/INIHEIZIZIZ0OERLTWE, DI LI,
ARNE TIE B BRI 2 ZBOFELEN L D /NS Wz &, D F VIEEM CHIET 2
FEBE O FBRERICHEL 210 W EERE LTV 3, B IR TR L
ZIIF EA BRI T Wiy (S, 1976; Japan Meteorological Agency, 1997), &I
AR  REELER IR s e o 7o, B E U TR, BRI kR0 - o E o 0%
LEZITTOHEILELE L 250L ERERASRE LI Wit e FEaND, —F, ENTIX
BICHOHSNC & > T ER TS EL P 3 { EELEPBHIE W A 5HE0% W, DLbrs, &
HLE ERELZLANOEZTIIRGHET O EEZIC RIS T RE i b, B C—HEDOK
HNEOEEMED/NE o 7 DIIEELENRE Lo/l EHEZI NS,

ZD &S, BRIEM TR & 2SR EHTREDEL THREHERIIHEH &k x <
HEDRWI evtbhroiz, EOBNEMTRMEER T 554, KR L 53 UV-BIZxd %
PHEEIDSNEE E B b,

43. #/2E8IEET 5 K5 UV-B EEDHH

DLEDHHTIC Z RPN EEZFIAL 2. 2KRENVEEORBE L OiHihc i KR OFE R
BRET 2L H 5, RADZELRET 52FEE LT, FHE o IZOWIFEMIEE SRR L
(Takeshita et al., 1996), LU, ZOFRIIHEIH 2RO FMEEZHWA D, SH
OBEEICIZBH TS 2w, M RICEET 5 UV-BEE UV-A BICEE S5 2 2 L8R 71X
KBRELETHD, 72, AFEOFERLY I a2 —y 3 VEHEIC L > T, £ UV-B, UV-A
WHEZ B EZIZIZFICTH S 2 EBHS I E TS (Seckmeyer et al., 1996; Kylling et



al., 1997).
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BrEah, &V UREBORENHETE 2 % 2 503 (Fioletov et al., 1997), BEFIEHIC
B % UV-B/UV-A OZEEFI#* K 6 12/~3. BRFARF O UV-B/UV-A OZEL UV-BEDE
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Fig. 6. Ratio of global solar UV-B to UV-A irradiance at noon from October 4, 1999 to

January 31, 2000 at Syowa Station.
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AV R — VT OKRBEIN ST BREE 11

BRICESEL, FAZFOBENEIC OWTRN T 20LEND 2 L BRI S,

B F
Z OFFRERENIEE 40 Kt EiEl (JARE-40) BT & U TEEI N, SER
RT—=5 D TRt E, UV-BEANC DWW TOBERLHHIC L T JARE-40 KR E O
R, £z, KGN BB S KB PR 5 - 2BHIKED 2 L HErsER L 7.,

X ®

Bais, A.F., Zerefos, C.S., Meleti, C., Ziomas, I.C. and Tourpali, K. (1993): Spectral measurements of
solar UVB radiation and its relations to total ozone, SO,, and clouds. J. Geophys. Res., 98, 5199-
5204.

Blumthaler, M., Salzgeber, M. and Ambach, W. (1995): Ozone and ultraviolet-B irradiances: Experi-
mental determination of the radiation amplification factor. Photochem. Photobiol., 61, 159-162.

Bodhaine, B.A., Dutton, E.G. and Hofmann, D.J. (1997): UV measurements at Mauna Loa: July 1995
to July 1996. J. Geophys. Res., 102, 19265-19273.

BT AR M55 - IR - (2 KBUF (1998): BAA OB HEREC 51 2 KB4 UV-B
£ UV-A JREHRORAE & ¥, HHATFE3E, 82, 877-884.

Estupinan, J.G. and Raman, S. (1996): Effects of clouds and haze on UV-B radiation. J. Geophys.
Res., 101, 16807-16816.

Fioletov, E.V., Kerr, B.J. and Wardle, D.I. (1997): The relationship between total ozone and spectral
UV irradiance from Brewer observations and its use for derivation of total ozone from UV
measurements. Geophys. Res. Lett., 24, 2997-3000.

PR « EBFAK « MIF R — - THEEH - EEERL - FREEA - IMKIEA (1991): 3 EFEEHEAAR
BORBMRBANOFRFE — 4 vV v EE LIS # EEEEIMER OO A7 VBN L 557
fifi—. HWFFERER, 43(5), 213-273.

Japan Meteorological Agency (1997): Meteorological Data at Syowa Station and Dome Fuji Station in
1996. Antarct. Meteorol. Data, 37.

AL - R SR ET (1976): SRV > X oh A 7 2 SEHENC & 5 ERIEAI O 5 0=
WOWT, HEEER, 57, 1-16.

K[RITHR (2000): V' o REERIERY: 1999, 35, 28-32.

Kylling, A., Albold, A. and Seckmeyer, G. (1997): Transmittance of a cloud is wavelength-dependent
in the UV-range: Physical interpretation. Geophys. Res. Lett., 24, 397-400.

McKenzie, R.L. and Paulin, K.J. (1998): Effects of snow cover on UV irradiance and surface albedo:
A case study. J. Geophys. Res., 103, 28785-28792.

Sasaki, M., Takeshita, S., Sugiura, M., Sudo, N., Miyake, Y., Furusawa, Y. and Sakata, T. (1993):
Ground-based observation of biologically active solar ultraviolet-B irradiance at 35°N latitude in
Japan. J. Geomagn. Geoelectr., 45, 473-485.

Seckmeyer, G., Erb, R. and Albold, A. (1996): Transmittance of a cloud is wavelength-dependent in the
UV-range. Geophys. Res. Lett., 23, 2753-2755.

Takeshita, S., Miyai, L., Kato, T., Yajima, J., Sakata, T. and Sasaki, M. (1992): A relationship between
UV-B irradiance and biological killing efficiency on bacteriophage T1. Photomed. Photobiol., 14,
189-190.

Takeshita, S., Sakata, T. and Sasaki, M. (1996): A method of normalizing solar UV-B irradiance
measurements to values under fine weather conditions. Proceedings of the International Radiation
Symposium, 902-904.

UNEP (1989): Environmental Effects Panel Report, Pursuant to Article 6 of the Montreal Protocol on
Substances that Deplete the Ozone Layer under the Auspices of the United Nations Environment
Program (UNEP), Nairobi Kenya.



12 T Fewmm R -T2 - 2 KRBT

WMO, EU, UNEP, NOAA, NASA (1998): Scientific Assessment of Ozone Depletion: 1998 Executive
Summary. 18 p.

(2000 49 F 21 H3Z{F; 2000 412 H 27 HKETREZ 1)



