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Meteorological Observations at Syowa Station in 1993
by the 34th Japanese Antarctic Research Expedition

Toshinori TAKAO¥, Jinji KOIKE*, Yoshihiro KAMATA%,
Okimasa SUGITA* and Keizd SAKURAT*

Abstract: This paper describes the results of meteorological observations
carried out by the Meteorological Observation Team of the 34th Japanese Antarc-
tic Research Expedition (JARE-34) from 1 February 1993 to 31 January 1994 at
Syowa Station.

The method of observations, instruments, and statistics at Syowa Station were
the same as those of the JARE-33 team.

The principal characteristics in the period of JARE-34 are as follows:

1) Annual mean surface air pressure and temperature were somewhat lower
than normal.

2) Blizzards were encountered 34 times. There was a record strong blizzard in
December.

3) In the stratosphere, air temperature was very low in winter and spring.

4) The deepest ozone hole to date was observed. Total ozone recorded 140
matm-cm on 11th October, the lowest ever at Syowa Station.

5) With the Brewer spectrophotometer, solar spectral UV irradiance was
observed through the whole year.

EE:C@%%uﬁuﬁﬁ&%ﬁﬁM%ﬁ%%Mﬁ,w%@zﬁlamew%
$1ﬁ31BiT%WEﬂKBMTﬁokﬁ%ﬁM%%%i&%t%ﬁf%b
BRAE, E SROHROEVWEE, BB RBRMKEBEEHLTH 5.
AR SN AHRELT, UTObOnHIFons.

1) W SR BRI & B s, PRI AKERCRESEL BV TET
b7z,

2) éﬂutmfuw—vwﬁot.umv@uﬁauﬁﬁmmﬁmmAﬁi
) — FAHSSRER L 7c.

3) ﬁﬁﬁﬁ@@mtﬁﬁu,%@&EE@%Lwﬁﬁﬁ%ﬁﬁént.ﬁ%@
TEHABOEBLHETH - 1.

4) * L REROE, BEEAEEO v E- vBRlE 0 2RIE
1210 A 11 Hi2 i3 140m atm-cm & @FERIKEZ LKL 7.

5) T 2 — IENEEIIC L - T, FIDT VAL U RIS S O S
%ﬁ’) 7-.

* ZZgirE  Japan Meteorological Agency, 3-4, Otemachi 1-chome, Chiyoda-ku, Tokyo 100.

EEHREEL, Vol. 40, No. 2, 202-246, 1996
Nankyoku Shiry6, Vol. 40, No. 2, 202-246, 1996



34 IREERRHISREIRIR S5 S FIEE 1993 203

1. IC»Ic

%MW@@@&@M@%%%&%WM,%mgﬂfw%mzﬂlam%w&ﬁM%;
DEFESRENELE 53X, 19944103121 FRBRET- 72, BEucsid
BHLE - BESRBRE L OB Y FRROBRED, Hiks L BRSO BEEg
u,§m3&ﬁm%&ﬁ@EUTéé(mﬁe,W%)imh&%ﬁmwizfua—vﬁ%
%Eﬂmxof,belﬁéﬁctﬁﬁwﬁﬂﬁB%ﬁMéﬁot.mﬂﬁfuﬁﬁﬁi
REFEEEH L, TTHEBG L RABROESERS TS T o7, Tt 4 oA+ b
FAX ZFIH LI [ERTFEM ORM SIS 1, SREGEOZERISEEA TS, BE
RARBAFTED LS 121 - 12,

AV YFRAC BT/ A=4Y (FA4Y), =4 r) (Y F) ED3 Hi&TE R
(ROSA93) Di3A, <5 Y a—vF vEHMEORISERSOEBE 41T - 7-.

Fonk7— 513 Antarctic Meteorological Data, Vol. 34 (JAPAN METEOROLOGICAL
AGENCY, 1994) & L THIRIRER L 7. C TREBROFEA EEROMEL RNZ,

2. il ESRERERA

21. BABELRE

B EXREBHES (KR B L CHRGREE (WMO) OE#i#E I =\ 755
VW, BEEB IS OV T SR B HES (R i 0iTo. S, SR, B
wEE, EEEE, SXHHE, HEEIC VTR, RAHTISRENEE (T AMOS-2
£V D) HI BRI K 0B S & CBIEHOTEEIT- 2. BHNEEE 1 RS
ﬁ,ﬁg,iﬁmovfm,Eﬁu;b158[H®¢&0@®J;11mﬂun)@ﬁm
EiT-1c. FRKRBERICS VT IIHEIERIET - 7.

2.2, RAKEE

AMOS-2 i E 2R ORRNRIL, BBURIEFHICESHL 7-.

BRI, EBSSEHN (SYNOP) 2k b, SSHEEHEEE (LF DCP %E & v
2) TI—oy NOHIESRERA 7AYo L ERBEL, BFA YOS LAY 28 . ML
R EE L 7.

(H =E

MIERBAKE I L O BIRIL, HEBERIE 7 + V5V RIKBKTH cHH 09LT 127 -

7.
(2) Xim, BARE (B
MiEE & & R REIERR) MIcBWT, EEBRL . BRI T 2 < o BEE



204 BRI < NB{CIA - SRHTE « ZHEIE - B

=& 1 BB

Table 1. Instruments used in surface meteorological observations.

gaEE| W & & |RMAK ] z
SUE M B U ST F-451 7 L7 VRUKSEERHT & 0 LelsdRiigesE (40 9 B
it FAHEIURBER E-732 7 A VB IEFHC & 0 HiRE Ry St

WOE | L) T LR E-T71-21 | 7 2= vl BELIREHC & 0 HLEBIE BT SAE
6131-2200 | K&MB2 3% 0—7— ¥ a /B

JEEGE | R R R e | RIS (10, 1m) RIZ2HTE GRS - PR
AR O | BEsARRA AaE | H-211 RO H R & & bICHR
HInER | ol H et [o]%538 A AL - RO 2 538

03:00~21:0046, 21:00~03: 00REHZAE T

% " B 4|z
BRI v 821 71
ATEERE w8272
MO (ASD yes
OIS (R e
Tﬁgﬁﬂmn<MmﬁMf%E#mmémﬁ>7'wwl 7
. &ILE'*‘B M-801

HRE T & 0 BT - 7o, TR IREUR & B AR S, AMOS-2 Hi ERiC & BT FALETR
»Hi.
(3) JEE], Eu

e EERE R (FRERAaY 2 A%E) £AV, RIEE ETaEFERL .
(4) HEEEER, 2KHSHE

F BB 13 EdE R F RS TR L 7o, 2K HEH R G AEHEN A B X A+ R T, @5
B L 7.
(5) #KEDRS

= 33 BB 2 E, Jboork b (EHLERERED 1 14 20m 47, 10m ks
T 9 ROVEE T, WEOEH LOES THERAH - 7. BlllZ 10 HI< 1 [HOHETHT
8-t



34 RS BIRIB SRS 1993 205

23. BAKER
iznﬁ%ﬁ%i,Esugﬁwﬁﬁ,M&%Eﬁttimﬁﬁ%,§4m70$—Fﬁ
ﬂ%,mlmﬁﬁwﬁﬁ.iﬁ,mﬁ,%é,EM%@@@%ﬁﬁé,mzmﬁ*L®%§
A% 7 ) #F— FEES #TRT
@%ﬁﬁ¢uﬁﬁéﬁ%@2ﬁ%ﬁ&LT&@C&&%HBH&
?Eum&ﬁﬁ&wﬁﬁwgb<ﬁmlﬁﬁﬁot.§ﬂ24mm,%ﬁwz<,mﬂﬁ
B L ASKED G VIREESRRIE L T o hs, EFEHE L - TYVH—-FIZAHKTE, BI12
@,c&meﬁ+M@w&ot.amfguﬁtmmﬁotAmfuw—Ffu,uﬂ
DERNEELEFH L7z, HIEOBMBROESBY.
(1) 2HO%ER
APHERII84T, 2 AL LTRBERLVEROL VA L7 - 7=
(2) 47HE 11 AR
A RORHIRERRR —127°CT, 4 HE L TEBERIEL8 L7 6 HORESIE I 24
B@~%$@Tﬁ£@ﬁﬁ%§ﬁtt.6ﬂTﬁ®@$ﬁﬁﬁ@—%#@Tﬁ£@ﬁﬁﬁ
Zicg L7, T A THOEPHESES —24.5°C TREDREMTS - /-
3) 6 HoffFk
C&fUﬁ—Fﬁzﬁﬁotbm@,LE&TEMK@%iEK@bn,%nwiﬁﬁﬁ
Wre. H¥AREE 54% SIEFICHBRL, ATEEISE GBES 2T - 7~
4 3H, 8H, RHo 7y #—§
3Hm5@@70w—F®553@ﬁAﬁT&D,3H@A&ttfﬁﬁ£ﬁ%zm@ﬁ
%ﬁﬁtt.:@twﬂ¥%@ﬁMMMmmf,ﬁ%ﬁk&mst.sﬁuk@E%Eﬂ%<
T ESEPREICHEL L, PBUNGUE 8 B & L GRERED 975.3hPa &5 » 7. 7
VF - FOGEHE6cDF -7 12 Fflicid, RBELTRRESODAFZT Y % —
Fo32[aB 0, APERSG 12 AL LTRERKE N -7, A VPEBESTE EC, BES
201 TH -1z,
PFcAZ Lo AR,
1993 4F
2H RAHEIERIIS4AT, 2AL L THBERLEROS VAL - 72,
L8 EHE L, QRO CIRESREE L 72, (B0 BN i 04t 56 b % ja s L,
3-4HE T8 HICH I E LM -7z,
thy] IL12 OO, W< h EHEL TEAEESER L, 13-17 HE TEE, 18 {
VB ZInRICIRD AV Bick b, BERELL -1,
A APERPARESEOBAN TS L ChORKATH - 72, 25 HAauiic EaGE U - ESUE b
EEEEHE L TR, 26 B IZBAEATHRASEMICHH D CH/T Y ¥ — FE1 -7,



- B E - B

18« SRS

AR - /Nt

=

206

CORUGENTHAWIAY T H42

‘PO ERHZIHLOWYHOEHS 1

0 ¢G | ¢ 2 8 9 6 8 £ € 12 9 14 0 : FEA -4 0L
4 4 "0 0 ! 0 0 0 0 0 0 0 0 I | Bgog
8 €02 vl L 61 02 12 €2 6 1z Ll €2 81 L ; RHE
01 i 681 |91 81 Ll vl 91 §1 8 91 91 02 81 11 J ¥HOTYSS

¥ L8y e € ¢ 4 i4 L 01 S S [4 I ¥ | BHORXS] BERL
1°9 oL ) vl €L vl L9 1] Sy L9 0°L G'8 ¥8 LS S HEOL BEGA
0 d 961 i g L A Gl 1€ 0¢ €2 91 8 S 4 j ¥ HB Y
¢°L3 801 1°62 €6 Syl ] 6l 170 0°0 €0 62 LL GGl 6§92 | 20/ IN BEHEOXTEHA
LS 68 144 2s G¢ 62 0¢ 0 - 92 82 k14 82 86 | % # B B
1°y0¥% ['08LT | 6°0€¢E 9°92¢ 27991 L'96 879 0°0 | 982 1°3L L°66 8°6E1 L-goy M BsapiHES
0 ¢l € 0 1 0 13 0 0 ! I € 0 0 . RBOTTs/u0 62

9 [AN! 9 8 6 L gl A L 01 6 81 8 9 . ¥B oI Ys/u0 6l

11 v1ig ' 81 12 L1 91 91 0¢ g1 L1 02 ¥4 L1 81 WHOTAS/u0 01 HEWYH
61 AN '€ /8 AN 8 AN €2 IN g1 AN ¢ AN g ANd g2 4N g1 AN 8 dNd gl ANd 0T 3N L AN 1 AN 91 HY bW
L9Z | 01§ | v°8y 1°%¢ 9°0F 6°2¢ 016 S¥e 6°0€ 9°0¥% 1°9¢ 8y 662 §°62 's/m FWRAYY
61 dANd ' € /8 ANd . 8 AN €2 4N gl aN ¢ AN € INg 2% AN g1 N 8 9Nd g1 INg  0F 3N 92 ax I AN el HE bW
02 | L1V 1 6°8€ 9°L2 8°1¢ €02 LiIv 9°8% €62 Vet 0°62 €°9¢ 602 8°0¢ Is/u (FARE0T) FHY Y
Sy ] ¥l 6°9 ¥9 9y L9 879 Sy 39 L9 £°01 29 1°6 | s/a BOW By &
69 A | 3L L9 gL €9 v9 99 ¥6 66 1L 6L €L L9 | % BB B B B e
L°¢ 8% 1678 ve 871 11 [ 0°1 60 [ 671 0°¢ 6°¢ [ i edu ¥ B ok
€2 | 09 (12 I 0 0 0 0 0 0 0 0 0l 82 BHOTMO0 EEEH
0 -~ BT 0 0 el Gl 12 1z 1% 81 8 4 0 0 ! RHO®¥O.02- BYMH
0 ,, GE 10 0 0 € g1 01 L 4 0 0 0 0 i HEOR¥D0- BB
0 boLL ”,c 0 S 1 Sl Sl ¥i I S I 0 0 BHOR¥XO0Z- WMEEA
g r €98 |18 0¢ 1€ 0¢ 1€ 1€ 0¢ 1€ 0¢ e 82 62 | REHOR¥O) BEDHE
8 | S0% WE 62 e 0¢ 84 g 0¢ ¢ 0¢ g 81 € | WHOR¥OI) BMEEX
81 . GEE 14 0¢ 1€ 0¢ 1€ 1€ 0¢ 1€ 0€ g 14 0l | HHOM¥O0 BWEEHA
R S e e - — S _
81 i18/8 ﬂf 9 12 ! 1€ 92 Ve £¢ 92 9¢ 92 Le ¥
0°6- ” 2Cy- | 9°L- gL 862 1°¢v- ¢ eV 66¢- € °8¢- 0°62- 63 §¥e [as 9°9- [N /AL R
4 AVA 1 68 24 62 82 14 I €l 8¢ I ! S Ll H®
€9 oL e [ 0°€- 2°6- 1€ 0°9 LS Iy L0- 6°0- 1°¢ [ oS B EY
8°0- §°11- 1 9°1- 9°L- 8¢l 6°L1- 60%- 0712 ¥o6l- ¢91- Lgl- €°L- Lg- ¥0 [ D B G A
\‘A_v‘ o e — e R - - — e ——— - R

2°886 | 78 £ €86 S°¥86 ¥ 186 8186 1°8L6 2186 17086 1786 ¥ 986 986 G686 2666 T?.E g T 8 B A
'||T S e -

H1 B 3 HTI 1 fro1 f{6 H 8 L 9 e i v H € He H1

#Y661 | , HE661

‘SUONIDALASqO 29DfAns Jo satpuwiwns AIYIUOW T I1qDL

FEXTHIEY T %



0 34 KPR BB SRS 1993 207

R 3 NAGIE R L 2 HAE (199342 H-19944E 1 /)
Table 3. New extremes recorded from February 1993 to January 1994,

|
\ s o5
1 . Il "
199 39 | FHIMRIE 73 % Do B O|EBSUR (D 0TC T M i

20| PHnR 0 8.4 oM B B (P 62 C 3y 4
| eEUREN 1358 he o ofy 4 1

31 BHESUR 0 245 °C o A | EMINAUE (£) 9775 hPa | 34y &
CEmRERE L 19% s @ | emzw o (D L gs
Ot R C10.3 m/s ML K| CEEE (k) 0 124 w/s 0 M1 K
CRCRJRE ©8.3m/ss NE D I K ‘
}Ei)(lﬁllﬁ)iki&& 44.8 m/s NE - 2pr K

AT1 TSR 2.7 °C LM R DEBSE CF) 116 C o 4
CFBEGEAM . 9.9 °C COME | PFHZR O L 9 M %
| PHRAGAR . 16.3 °C Do L (P 3.3 e
PR 1.9 hPa DO R | AFAWISH R 4l.2hr 0 Y %

571 | P 16.2 °C PO R |FSUR (WD 1 1T C 3 R
| PORGRE . 13,2 C DM & | EMER (b ¢ 4.9 .1
CPHRERE 20,1 °C DO B | AFAKEE (L) 0 2506 0 3y %
THESE 1.2 hPa LBy R ; :

610 gm0 -19.4 C DM & | TSR (F) T 244 C L M
D PHERGSER 15.9 °C Lok & PmER (b 31 o b
CPBRAREE S -23.4 °C Do & | FMER (P ¢ 3.1 e &
| BARSU 38.3 °C SO M & DFBRE (P 3.5ms 3k
CEERSUE 0.9 hPa Loy (& :
SFAIHIAHE 54 % IR
PR 4.5 Lo
R 23 Bt ‘ 4.5 m/s PRI
RORBIELE  30.9m/s NE 341 b

7] | BAKHGHISUT © 943.6 hPa DS & | FMmEIRAUT b)Y 9728 hPa - 3y {&
TR 20 C PO K | PBRM () 245 °C ¢ by %
CPHIRAGEM . 25.5 °C LA 1 !
CREZM 0 -39.9 °C IV
BOABRIEE  34.50/s NE 341 b

81 | WBMLUE  975.3 hPa DM K| FEMESUE (F) 0 975.6 hPa | 2fr &
T RESE 0 31C oM ® | TasE (F) 0 29.4°C . 1 &
RIESH 0 422 Lo g ! ‘

BOABE 0 4LTo/s ENE o K
RAWMES . 51.0n/s ENE | 3f K
91| RiBKM 0 421 °C 3 B | AFEMEEN (1> 8. Thr | i &
K KR o 20.3m/s NE G IfT : ‘
101 ! ! PEGEST () | 974.6 hPa | I (K
ﬁ ; FHRAE ) o L7 °C o i B
FaEE () 85w . 2 A
11/l | 16 Do & | TasE () 9.5°C | 37 1%
: FHER  (F) 95 Lo %
BIAOKWERY ) 1418 hr 1 3y %
1 2J1 EHBMEE © 980.7 hPa D2 K| VimgERUT (F) 0 9819 hPa | 3fr %
| FEIRGUT 9833 hPa Do & | FHZ#® (B 9.6 LM%
‘ﬁmfénmﬁm 962. 1 hPa Coon & | FHIER O (B L 8.4 M %

R Ol ; 7.7 LA ; :
CPHEE O T4 Do K | PaEsE (k) D 1L8wm/s ¢ MY K
B PN ¥ 38.9n/s NE ML K | GIHBMNEM (K 0 633 hr ¢ L 4

CRCKBRITUEE  48.4m/s NE I K 1 :

| REOIMEENY 3309 hr T

19947 § SRR (k) 0.6 °C . 3% 73

1] ; HIOKESIT (E) 1788 hr L I %
‘ !




208 ERRA - /NG - SRHITE < AZHBIE - B
£ 4 7U¥— FEEF (199342 A1 H-199%4 %1 H 31 H)
Table 4. Heavy snowstorms (blizzards) from February 1993 to January 1994.
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Fig. 1. Annual variation of surface synoptic data from January 1993 to January 1994.
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Fig. 2. Variation of snow cover from February 1993 to January 1994. Vertical lines show
blizzards and their classes.
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7.
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| & - 7.

SHICCR TV SF—Fhdot, 23HE 8 HRRETH - 1.



212 ERRAEH - /Nt 7R - SR < ZHBIE « B

] 13-14 HE 16017 BIC B 7Y ¥ — Fad -7z 11 HE 15 Hichh 73 s 3 EXE
DMEEE L, 533X DKEE L 7o

TH 2425 HIC CE T ) F— Fhid -7z, 22 HIT, 5534 REGHIBR & L TRYID T, HEHE
AL 7.

118 16 HE THEELELS, # s ALBEETH -1 BRECBHRT V¥~ F22EH-
7z,
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.
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FAsdh - 7.
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L, B/ RBTFORKTH -1z,

128 RLKRPSsHOEWVEM T L L, RALLTERESVDOAR
T H—Fp2[Ebo, AFEHERS 2HE L CEERRENSE, hEjETEK
N—2EH -t AEEBEHSELELS, BEE2MTH .
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] BEHOBWVESESEEL, baics| i EERN— 205k L 7.

TH ESESY 3 BOEMTItE LA B LD PETUES T 5 oA, Eo KX
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the] BN, BB TRENS TR BIEOBEEICLD, 19 HITEREK
20.5m/s DRV EDIK 12,
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A& L1e 7 — 5 OFRAEE, (iR, [EEHMIERESIE 34 KB TR 5AAYE SESRE
REEE T & D HEHNIT - 7o, BHOBHIE DCP ¥E AV, SR (TEMP ) 0&ER
b a0, 200K LEEL .

A U 7o BLAIRIES & b b Medk D3 A & 5 10R T

& 5 BURIEH & b

Table 5. Sensors and instruments for aerological observations.

(BB R BIBE (b)Hth bt 3%
RS2-80ML—"Y 4/ VF BEESERR
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A -4 EIAR A2 2 ) KIEH DD-101A (TEAC)

PC-KD1521 (NEC)

-
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Zofh | WA 66 %RE A% TR
AREMAE TR

BY7EF | P AT 2 ROGUFHERYEAT
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BANRH & 6 1o/RT. 34 REIAIBKE LT19934F2 H 1 HOOUT &£ v 199441 A 31
H12UT Z TOBRIZIT> 7. T O, RAKRGERRANZ D - 7245, s@Euc & 0 #iggic
TmRLID, 5L 7cH 100hPa £ TOBRIZRIAE SN EERIL 7B 38 ETH -
7.

Hh ERERR S, HIRHRRBE OSBRSS HE L, FHEBLRHBL . Toftidsstha
NEER < L 7.

BB IBMEREIT > 7205, RARERBBMORBEAELTTETTHD, HALRE
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Table 6. Number of observations and attained height of aerological observations.

l
£ H[11993 \\1994 &t
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A I B B O P O
5 H ‘2‘3\4?5 6 |7 8 9 a0|1112 1 | CE
\ i
S L I 1,,, - F 4 ,,,! - { S ,t, — , ,,,,,
M # ﬁL607064l6662!63‘67‘6065636662 768
I S | R
E TR I e s e o i 1
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e T ] \ e ,j -
fx«ﬂu[rutﬁ‘o'\oi0\0‘01‘0“010“0!01;01‘0 0
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r. PZEOGEME S AAHOSHMHEEE T 2L 5 0, SURRROHMLE (8
BRI 13, 00UT oz S H4 A-11 A3 H, RUT OIS A 18H-11HSHET
O, FROBERMERAVWTERL, JURBREEETOMILICHAEHRPE LN
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® 7 AREESERSBIHIZE (00UT)

Table 7. Monthly summaries of aerological data at standard pressure levels.

£H | #EH | 1993 1994
i

HH (hPa) 2 3 4 5 6 7 8 9 10 11 12 1
850 | 1158 1131 1182 1102 1122 1059 1043 1076 1089 1131 1142 1186 1114
700} 2634 2599 2582 2543 2557 2480 2468 2503 2532 2579 2615 2659 2563
500 | 5069 5010 4983 4949 4946 4856 4842 4890 4931 4985 5057 5090 4967
(=353 300 | 8491 8387 8349 8324 8276 8183 8162 8230 8284 8359 8475 8505 8335
200 | 11148 11018 10930 10823 10734 10637 10587 10658 10736 10856 11034 11134 | 10858
(m)§ 150 13061 12908 12777 12587 12446 12335 12255 12329 12432 12595 12867 | 13032 12635
: 100 ) 15765 15568 15362 15053 14828 14686 14573 14664 14796 15046 15478 : 15731 15129
50 | 20411 20107 19721 19188 18783 18589 18464 18643 18872 19399 20095 | 20424 1 19391
3 0 23861 23460 22895 22168 21624 21419 21307 21610 22013 22838 23645 23932 | 22564
850 9.3 -10.9 -14.9 -17.1 -18.6 -21.0 -20.9 -20.1 -16.3 -14.1 -~ 9.4 - 8.8 -15.1
700 |-18.3 -20.0 -21.9 -22.6 -23.5 -25.7 -25.1 -24.1 -22.7 -22.5 -18.4 -19.0 -22.0
500} -33.3 -36.5 37.4 '35.9 -38.6 -39.3 -39.6 -38.2 -37.0 -36.1 -32.3 & -33.3] -36.4
S 300 -52.7 -55.4 -56.4 -58.4 -61.0 -61.2 -62.1 -61.2 -60.4 -58.0 -55.7 i -54.1} -58.0
1200 -46.6 -49.1 -53.8 -63.7 -69.3 -70.0 -73.7 -73.9 -70.4 -65.7 -56.1 i -48.6 | -61.7
(C)| 150 -45.6 -48.9 -54.3 -64.0 -70.6 -73.0 -76.2 -75.5 -73.0 -67.0 -54.9 | -47.0] -62.5
100 |-45.3 -49.4 -56.4 -67.1 -74.6 -77.3 -79.3 -77.0 -74.2 -65.1 -50.5 -44.1 | -63.3
50 | -43.5 -49.1 -60.0 -72.0 -81.0 -82.9 -83.0 -76.5 -68.6 -50.4 -38.9 -40.0) -62.1
30 |-42.1 -48.8 -61.8 -74.7 -83.5 -84.7 -82.5 -72.1 -56.5 -36.0 -33.2 -37.41 -59.4
850 7.3 1.0 7.4 11.4 6.4 12.2 10.9 84 9.8 87 10.9 7.2 9.3
700 6.4 7.8 7.3 10.8 7.8 10.3 9.0 80 7.5 6.9 8.9 591 8.1
500 8.9 9.0 10.2 157 IL.7 16.4 4.2 11.1 12.9 8.1 9.5 .81 1.3
i 3004 14.1 16.4 19.2 20.9 15.1 21.9 22.6 18.1 20.1 12.5 13.4 10. 7 17.1
200 11.9 12.8 16.6 19.5 16.6 20.8 22.0 17.1 19.6 10.7 7.6 7.8 15.2
(m/s) | 150 | 11.O 11.8 17.3 18.2 17.9 2L.0 20.0 19.0 20.9 12.8 9.5 6.1 | 15.5
100} 10.0 10.3 18.8 20.9 22.2 25.9 21.6 24.3 26.7 18.5 8.8 4.7 17.7
50 5.9 9.6 23.1 27.9 28.7 352 32.8 38.2 42.0 28.8 5.7 4.2 23.5
30 3.6 89 266 33.3 346 40.1 39.3 49.5 52.6 32.3 8.1 6.1 27.9

|

H® 100hPa T 10.1°C &V 23, EJEE EHTRAOAEEDIEA L 7.

C Ofdo EERR = FHIICHN R2 &, B (1 A) RBE THTOKR, % 24 A)
BAHEOKR L REBPE o, £ -8 ) JEEORE & 9-10 ) 1k
oSk s EBEOERE, & (11-1 B) EE THoKE & REE EROSERTH - 7-.

SEAED FBROEPERS S, BIICHRD LB AN EA LTRSS TH S, 1993 HFid
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(a) Monthly mean (b) Normal values of (c) Anomaly from normal
JAN. 1933-JAN. 1994 1967-1992 values. (a)-(b)
K 3 APH5E s ESEROREAERS « Bt OFE(L. (a) 1993 FF, (b) REVIS
LU (c) BEED S DIRE

Fig. 3. Annual variations of upper air temperature (°C) and upper wind components (m/s).
(a) Monthly mean from January 1993 to January 1994, (b) normal values in 1967
1992 and (c) anomaly from normal values.
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(hPa)
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Upper Air
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Upper Alr Temperatuve v 1893
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B850 i P e e e L pebeere b N A et SR
September Octovber Novemper
4 FREKEOZE( (198848 A-10 H, 199149 A-11 A, 19934 9 H-11 B)
Fig. 4. Variation of upper air temperature in °C (August-October 1988, September—
November 1991, September—November 1993).
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BASS, 6 ALV, $1, REETZIEHNEIALS NAFTE -7 BT,
A E DED S 5 B ORRS AREEOER NG L TB Y, BHOREET OIS
HEBREAIEL TS, L L, BHOREE FHOERIHIG L 7 Btksy 0P FRE 3
Ronisu,

1993 4E DR BESIR O ERF R OKEES ERFEHSEEZ BN/ 1988 5, 1991 F LIt
LT 4 1ond. CORTE, —60°C LLEEMEENT & Lz, 1988 4Ri3 8 A THICRARE
AEN, ZORERIICHEL TV S, 1991 F & 1993 813 9 A T & 0 RRFEH BN T
WA, o725, 1991 AEITHN 1993 R iR, FRUBRE FERICEERE A LA S L TH Y, FRic 11
A h ) DR EE R 1T CERRBDILS > T 5.

1988 412 8 F F)ic 20hPa T 50.4°Cjweek, 1991 £E13 10 A _LfiJic 40hPa T 44.5°Clweek
DEKFEATHL TV, 19934139 A FHJIT 20 hPa i T 41.9 °Clweek D3R K 5w T
Hot.

K 5 i FEPgisE S mSE OFFZ L (1969-1993 F) Z/Rd. XHEIC BT, 1970
R ZSER S BB H 0, 1980 HRIIHEMZSE TR H 5 b5 1989 DK EHIIC L7
EETH D, —7, REETI 1979 EE TEHEROEL, € ORERMEFE/ L. 1985
DS A B AR EL, 1910 5 3KED FEEZRL TV S, '

REE (sESEE) RES 1 ERAIC 25°C LI EORERZFCE L 7oitaT  (1966-1993
) A6 IRT. chicks s, K5 THREBESEDED > HELRRFEPZ CBRNT
WA EMNH B,

¢ T T T T
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Fig. 5. Year-to-year changes of upper air temperature at standard pressure levels.
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6 fEESKLEICH T 2 EBERARRERIHER (1966 4:-1993 4F)
Fig. 6. Number of stratospheric warmings in 1966-1993. (standard pressure levels <100hPa).
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B ROERIZA v < v% » b FAX ICE O KRRFN, BERB LIt e T, 1
A vk = VBRI LRI RERREG L, ChooBll7— 21, 27 H it 88F
PotRA S F—s s — (nFF) KESN BB, REBNF-5 GEEKEA
DEEEEL) CESVIBITER (JEEA Y Vv B) &, o v S REBRic-> L THERE
STy —hSZFH - T

SR/ A=A YEM (KA ), <4 FVEH (12 F) LRETE Y v v 7o
e, MARB=IYs—YFvE#M (ov7) EoREBRAET- . 7, L0 3
LA/ YT - IR EITof, BEFRIIA V=AY b F Ly 2 2EEAL 7.

(1) 2E&

N7 YRR (Beck-122) W T, KBEOILHEF (u=4.0 £ T) &, FRiRUT%

DRZEEIE £ =1.5,2.5, 3.5 DEEZIC, AD EHMOKBES R ORIENRBRIZT- 7. X
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REESRE AME S 12 BT I n=3.5-5.5 D#PHT, CDEMIC L 2 KBESHLENZ1T -
Fo 21, KRS X AERIDHRE WA, FRIC & 2 AD BEMER =3.0F7T)
i1 1.

7 — 4 PR CEIHI R & Y 2 — MERRICIE, oYV a3 v ERVLK.
(2) REsEinl

KIS R TEFAS 80-89 EOHEPAD » 5 — H EREIRI L, 60-90 EO&HD o v 7 SEx#lll %
KIERE K D4R & 72 13- 18], aJREISRD 1T - 7e.
3) A/ v/ vTEl

RSII-KC79 Bl A/ v/ v FA RV, SE, KB 4/ V4, BB O EEOHE 5 %
BIE L 7o, M EHERE, SBRRBAMREFRIL oD En, £V Y REBRUOA Y v/ Y
FRERIZEF\W -, RNTIE T 07 5 A 2BR L, REEBRES ICUEET- .

SERIZ 2000g AFHL, ~U v AHREFREL THF/% 35008 & L7,

4.2. AR
(1) =B

L8 ICABOA Y vARBIIAEATRT. BRAICHER LIERONRG R L. KB0H
RIS b TSN HEE R SN
(2) IEcERR

£ I ABD AV v IREERIE A b TR L. BBU R ZEEOBIRZFE
TEHIEBTEILL.
(3) AV v/ vFER

VU F 54 BAEFEDIAS, B33 REBRKOEES &Y S8 BERE L. RGBRIFERIE L
THEI1EE L, £ v d— VRARICZERRES L, AR 2K 9 1R 25, 1 EIRIG
EORIBABDD T — 7 OBINTE L5 72,

k8 ARAVVyEEBLUA Y v REERIRE

Table 8. Number of ozone observations.

% OH | 1993 1994

1H 2 3 4 5 6 1 8 9| 10| 11| 12 1| &3
L BERIEH 241 20 8| 10| 12 8 71 19| 26| 28| 27| 30| 219
wlEskAD | 14| 1) 1l || 12| 18| 25| 26| 30 139

j CcD 1 1 6 5 3 16

| RTEN, 9| 6 3| 8| 3| 1 30
RAX 1] 10| 12 8 2 1 34
Kbz | va— b 3 3 2 3 T 13 8 5| 44
Bl | 2w 2 30 10 7 2| 24
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R VvV rFERIRG
Table 9. Number of ozonesonde observations.
| 19934
H 2H 3K 4 5H 6 H 7H
H BLESE| 3 13.9) 4 6.5 2 8.4| 5 550 2 11.4| 4 8.2
(hPa) |11 5.0 |13 3.9| 8 7.4/124359(16 4.8| 8 10.0

18 4.4(23 5314 RA|1T 11.9 15 42.9
25 86.0 16 8.4 21 6.9
21 10.6 28 18.6
28 21.3
| 19934 19944
H 8 H 9H 108 11H 12H 1H

H BLE&E | 5 145 1 1.0 2 76| 4 7.5/ 1 1.2/ 5 5.9
(hPa) |12 19.9 3 9.9 7 &1/10 6.1 9 11.7]|12 4.6
18 15.8 | 4 9.3 |14 9.8[13 25.9|16 10.2|21 4.9
26 151 5 11.6 120 292.5|19 4.5(22 70|26 3.9
6 5.9/22 7.3|24 4.1[29 48.5
T 9.9[27 29.8

8 4.9

9 5.8

15 9.7

22 1.8

29 1.6

T TR 34/ YRIBEARB O 67— 5 BUEHRT.

43. HBRARR
(1) 2B

K712, 199304 v v 2RAYHEAE, BN 4 SOMEED TORT. BAEIZ 1993 4F
O AME, EHRISABIRETME (1961-1990 4F, #: 72 UBBERIE 1974-1990 4F), #8117
DOEERLZTH 5. WHMEMTIZ4H, 6 itttV Vv 2BHEL, TOHEKRVE 1-8 BIXF
FWATH 785, 9 ALIBIETEEL /DL, Bz 9B & 11 BREEREED 2 4841 C
DG NSy

K8ice-12 Hot v v LBHIHEOHRE ERT. Kb O#ir UL BRIEILS (1961 4F) L)
KO HBIE, HOHTIERIE 1992 4, KON 1993 FORBHETH 2. ORI, &%
RECETHELTHY, 10 11 HiZid 140matm-cm 23082 L, HEEE L TBEREE
ZRCEk L7 1992 FiclfA2. 1, ETFRIAD, £FR10B04+ Y v & BATHEOR
BENTHSB. 9H, 0HOAFHEMERE btk 2 FEICEWVESI L 12,
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Fig. 7. Monthly mean total ozone of 1993, and normal.
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v F OBEEREIT - 2. 2 BERBERRD 72Kl
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BT — ¥ A2 LT 9 H 3 H 12UT icFEFIEH F25IE L ZESH LIRS T2 d - 7e
DABERE S HADIE > THELL DT, REHIEOMEERLTHS. ThickbdEl
no FZEDZESHIZE 24 Bllhh - T/ 4 =4 Y EMIEL S EEMTIcBEL 72 C
Eabing, K12icid/ 1 <4 P EEEIEIC BT 34V v SEOEESHERT. /
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Fig. 8. Variations of total ozone (a) Day-to-day changes from August to December, (b)
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Fig. 10. Vertical profiles of ozone partial pressure (umb) in September, October and
November 1993.
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Fig. 13. Maps of total ozone in the Southern Hemisphere by TOMS.
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Table 10. List of polar stratospheric clouds observed in 1993.
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Fig. 14. Annual variation of daily total solar radiation components from February 1993 to
January 1994.
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Fig. 15. The relation between direct solar radiation and AG from February 1993 to January
1994. AG means the difference between global solar radiation and composite
global solar radiation.
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Fig. 16. Annual variation of daily totals of downward radiation from February 1993 to
January 1994,
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Fig. 17. Annual variation of daily totals of longwave radiation and difference between LG1
and LG2 from February 1993 to January 1994. LGI means long wave radiation
and LG2 means difference between downward radiation and global solar radiation.
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Fig. 18. Annual variation of percent deviation of count rate with three outside standard
lamps from February 1993 to January 1994. The solid line shows the trend curve
of instrument sensitivity. O, [, + show three lamps respectively.
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Fig. 20. Annual variation of daily totals of UV-B radiation Sfrom February 1993 to January
1994.  The solid line shows values with global UV-B radiometer and dots show
values with Brewer spectrophotometer.
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Fig. 21. Annual variation of daily totals of UV-B radiation averaged over 5nm bands from

February 1993 to January 1994.
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Fig. 22. The relation between total ozone amount and UV-B intensity from February 1993
to January 1994. All data when u are equal to 1.5, 2.5, 3.5, 4.5+0.01 are used.
The solid lines show the logarithmic approximation by the method of least squares.
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Fig. 23. Year-to-year changes of atmospheric turbidity from 1985 to 1993.
a) Feussner and Dubois’s turbidity coefficient with pyrheliometer.
b) Aerosol optical depth at 500 nm with sunphotometer.
Dots show monthly means and solid lines show monthly maxima and minima.
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Table 11. Number of radiometersonde observations.

# H 1993 % 4 H 5 A 6 H 78 8 H 9 H
H 3ES5E 26 5.7 28 7.6 18 9.6 10 13.3 8 70 9 115
(hPa) 23 72 26 4.6 18 23.8
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Fig. 24. Variations of net flux of infrared radiation( Wim?) by radiometersonde in 1993.
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O CLOUD AMOUNT + 850hPa_HUM < SUN DURATION a SUNSPOT NO

25 1 AOAVESRE & FEPERERORELL
BALIEE: X10% KBESH: X100 HEER: X (- 100)+700 R
Fig. 25. Year-to-year changes of January mean cloud amount, 850 hPa humidity (X10%),
sunshine duration (X(—100)+700 hour), and yearly mean sunspot number

( X 100).
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Fig. 26. Year-to-year changes of monthly mean cloud amount in October, November,
December and 3 monthly mean in October through December.
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Fig. 27. Average thermal advection (°Clday) by month over Syowa Station, 1967-1993.
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Fig. 28. Same as in Fig. 27, except for 1981-1993 average minus 1967-1980 average.
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Fig. 29a,b. Altitude and surface meteorological data during two traverses to Relay Point (a)
and traverse to Dome Fuji Station (b).
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Fig. 30. Temperature and wind speed during stay at Dome Fuji Station.
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Fig. 31. Latitude distribution of aerosol optical depth at 500nm observed on board with

sunphotometer. +, O, Yz show the data of 1979-1981, 1991, 1992 respectively.
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Fig. 32. Time series of aerosol optical depth at 500 nm observed at Syowa (+) and inland
(O: north of 75°S, @: south of 75°S) with sunphotometer from October 1993 to
January 1994.
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