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Meteorological observations at Syowa Station in 2002
by the 43rd Japanese Antarctic Research Expedition

(2006 4F- 11 H 30 HZZfH; 2007 41 7 5 H5ZH)

Abstract: This report describes the result of meteorological observations at Syowa
Station and neighboring areas from February 1, 2002 to January 31, 2003, carried out
by the Meteorological Observation Team of the 43rd Japanese Antarctic Research Ex-
pedition (JARE-43).

Instruments and methods for compiling data were almost the same as those used in
the 42nd Expedition.

Remarkable weather phenomena observed during the period were as follows.

1) In the surface weather observations, air temperature was higher than in a normal
year from May to October. In addition, a blizzard (Class A), observed in the middle
of September, recorded 57.9 m/s (maximum instantaneous wind velocity) and 45.4m/s
(maximum 10 minutes average wind velocity). These wind speed were the maximum
values ever observed in September and third rank in any month.

2) In aerological observations, sudden warming in the lower stratosphere appeared
earlier (beginning of July), and major warming with vortex split which was the first
observation in the Southern Hemisphere occurred in late September.

3) The ozone hole was observed from the beginning of August to the middle of
October. After late October, the total ozone amount was higher than the average of
the last 20 years.
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Table 1. Observation items, frequency and minimum unit of observations, and instruments at
Syowa Station (Feb. 2002-Jan. 2003).
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Fig. 1. Location of surface meteorological instruments in the main part of Syowa Station.

@ Surface observations: Barometer

Ozone observations: Dobson spectrophotometer

Radiation observations: Brewer spectrophotometer, downward solar radiation
Surface observations: Anemometer, thermometer, hygrometer, visibility sensor
Surface observations: Pyranometer

Surface observations: Snow depth sensor

Radiation observations: Upward radiation

Ozone observations: Surface ozone monitoring sensor

Surface observations: Snow depth observation area (sea ice area)
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Table 3.  Updated records of surface meteorological observation extremes and ranks at Syowa Station (Feb. 2002-Jan. 2003).
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Fig. 2. Time series of ten-day mean surface meteorological data at Syowa Station (Jan. 2002-Jan. 2003).
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Table 5. Weather summaries at Syowa Station (Feb. 2002-Jan. 2003).
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BRIz 2 £ 6 1R T
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Table 6. Sensors and instruments for aerological observations at Syowa Station.
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Table 7. Numbers of observations and balloon-burst altitudes for aerological observations at Syowa Station.

20025 20035 &
2H [ 3H 148 [ 5A [ 6H [ 7H [ 8A [ 9H [1oAJ1iAJ12H [ 1H [CE¥)
® B Il & 571 64 61 63]  62] 66| 65 60] 62 60 64 62 746
TE e 4 M (BT 56] 61 60  62] 60 61 62 56| 62 60] 62 62 724
Fr R BN 2 0 0 0 0 0 0 0 0 0 0 0 0 0
B Il 5% 1 3 1 1 2 5 3 4 0 0 2 0 22
&R K nnl gk 0 0 0 0 0 1 0 0 0 0 0 0 1
TR 0 1 0 0 0 0 0 4 0 0 0 0 5
=) B (hpa) | 6.8] 5.4] 16.3] 12.6] 10.3] 6.5] 6.3] 18.4] 7.4] 6.6] 6.6 5.1 (8.9
Sz 00 [T Clm) | 36. 0[ 35. 9] 28.9] 30.2] 30. 1] 30.9] 31.2] 28.7] 33.5[ 35.3] 35.5 36. 7|(32. 7)
(VI EE (P [ 3.3] 3.2] 3.5] 4.1] 3.2] 2.8 3.1] 4.1 3.3] 2.6] 3.6] 3.6
o Jrers Ckm) | 39. 1] 38.9] 37.6] 34.8] 35.9] 35.8] 34.5[ 36.5] 38.3] 41.2] 39.4[ 39.3
. T (hpa) [ 10.4] 9.8 11.0[ 14.8[ 10.7] 15.3] 9.7] 12.4] 8.8[ 11.1] 10.2[ 10.3[(11.2)
| 12 [ Chm) | 31 7] 32.8] 29.6] 27.9] 28.8] 28.1] 28.3] 28.2[ 32.3] 30.7] 32.2] 31.7[(30.2)
IT“ UTC [ JfES (hPa) 6.7 2.4 7.1] 6.1 3.4] 5.2 6.0 7.6 3.0 8.5 4.3 7.2
— ¥ ( km) 1] 32.5] 32.0] 35.0] 31.6] 30.3 9.8] 32.6] 37.9] 34.2

() s =93 H 10 El OOUTC 7H16HO00UTC, 9H15H12UTC~17 El OOUTCO)6EE?E[ li§*+fx L
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KHAR O T E BB OMKIRIC £ © T A KERDEL L CRIESE MK TN 20 &F < e
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[ EREIREN S & — & — DF «)?iB CHAAREFT RS S, [BHEARETH 7o Emb, D
b — & —EFICOWTIREB L 9EH L, BEficdd 2 BENTHINE 12D, &
HEMT 2 LT O rORBHRENVLETH S LBbN 5. ZoMEEAREINES RS
BERmemHEmL, HRRICEENIW &2 L.
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Fig. 4. Time-height cross section of upper-air temperature (Feb. 2002-Jan. 2003).
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Table 8. Monthly summaries of aerological observations (00 UTC) at Syowa Station.

& EE | 2002 2002 | 2003
(hPa) | 1H 2H 3H 44 5H 6H H 8H 9H 104 | 114 | 12H | &% | 14

925 516 446 537 499 573 511 513 444 493 551 500 480 505 564
850 1176| 1104 1188 1147| 1218] 1149] 1150 1075| 1126| 1191| 1148 1138 1151} 1225
700| 265T| 2576 2655| 2614| 2677| 2589 2590 2499| 2553] 2635 2598| 2609| 2604| 2702
500 5112 5015| 5091 5049| 5103| 4986 4982 4878| 4917| 5053] 4993| 5056| 5020| 5150
L 300| 8552 8458 8522| 8468] 8500 8349 8336 8209| 8217| 8444| 8365| 8517| 8411] 8598
']?r;)% 200 11203 11115] 11134| 11066| 11036] 10845] 10782 10651| 10659| 10971 10927| 11171| 10963| 11253
150| 13119] 13036| 13025| 12932| 12838| 12611| 12478| 12336| 12365| 12759 12757| 13079] 12778| 13170
100 15838| 15746 15690| 15541| 15367| 15077| 14847 14673| 14755 15286 16363| 15784] 15331| 15874
50] 20529 20398 20240 19933| 19625| 19201| 18800| 18578| 18868| 19686| 20018 20467| 19695| 20539
30| 24030] 23842| 23592| 23135| 22703 22220| 21676( 21431| 21953 23015| 23560| 23955| 22926 24020
10| 31739] 31385( 30888| 30230 29340| 28793| 27935 27598| 29151 30510| 31226 31622 30035| 31681
925 -5.2 5.7 -8.5] -10.1| -10.8| -14. 1| -14.2] -17.2 -16.1| -13.0] -9.7| -5.6| -10.9| -4.2
850 -8.6( -9.7| -11.8] -12.5| -13.7| -17.1| -17.4] -20. 1| -18.9| -16.4| -13.7| -9.8| -14.1| -8.7
700| -16.8| -18.8| -19.0| -18.8] -20.2| -22.8| -23.4| —-24.6] -25.7] -22.0| -22.6| -18.7| -21.1] -17.9
500 -31.3| -32. 1] -32.7| -33.2| -34.2| -37.2| -37.4| -39.0| -41.1] -34.7| -37.4| -31.0| -35.1] -3L.3
o 300 -52.4| -52.0| -53.8| -54.5| -56.4]| -58.9| -60.2| -61.2| —62.5] -57.0] —-56.3| -50.4| -56.3| -52.2
%}(i"? 200 —46. 7| —45.5| -49.2] -51.8] -59.2| -63.5| -71.4] -7L. 7| -70. 1| -61.0| -56.2| -47.2| -57.8| -46.2
150| —44. 7| —44.8| -48.4| -52.1| -59.2| -63.9| -72.0] -74.2| -71.1| -60.9| -55.4| -46.3| -57.8| -45.3
100 —43.5]| —44.8| —48.7| -54.5| —61.3| —67.0| -75.4| -78.2| -72. 1] -59.1] -50.5| —43.9| —-58.3| —-44.8
50| -40.4| -43.2| -49.1| -58.9| -65.7| -70.9| -80.2| -82.4| -67.8| -53.2| -37.6] -40.9| -57.5| -41.4
301 -37.5] —42.2| -48.5] -60.0] -67.2| -71.0| -81.2| -81.8] -60.6( -47.4| -36.1| -38.7| -56.0| —39.4
10| -28.2| -34.3| -43.1]| -56.3| -62.9| -66.4| -72.0| -68.3| -34.2| -37.5| -31.8] -29.5| -47.0| -28.9
925 6.8 10.8] 11.2| 12.4| 14.2] 12.5] 14.3 8.5 11.0 9.6 8.5 8.7l 10.7 6.4
850 9 8.1 9.2 9.2 1L.2| 10.6] 14.1 9.11 10.3 7.8 7.0 7.2 9.1 5.8
700 5.6 7.5 7.4 8.3 8.1 8.3 8.8 8.1 8.3 6.8 5.6 6.5 7.4 5.7
500 5.7 8.8 8.2 13.5| 11.8 9.9 1.3 9.9 12.0 8.8 8.4 9.5 9.8 5.2
o 300 9.8 13.3| 13.8] 20.0| 18.3| 15.2| 17.6| 15.4] 15.4 14.0| 10.5] 14.2| 14.8 8.0
(ini‘) 200 6.1 8.9] 10.0] 18.6| 14.8| 13.5] 14.2] 17.0f 14.8| 15.3 9.1 9.7l 12.7 5.4
150 6.3 9.1 9.5 18.4| 13.3] 15.2] 13.9| 18.7| 16.2| 18.9] 10.3 7.71 13.1 4.8
100 5.1 8.6 10.5] 19.9] 16.3| 21.4| 20.1| 23.0] 21.5( 27.8| 13.9 5.9 16.2 4.1
50 3.6 6.0 11.4] 23.8] 26.9| 35.9| 34.1| 33.3] 34.5| 36.2| 19.4 2.8 22.3 3.4
30 4.6 4.9 14.01 27.9] 37.3] 51.7| 45.1] 41.2] 43.1 37.8| 16.4 4.2 27.4 5.0
10 9.5 3.4 23.00 36.6| 64.2| 72.5] 67.3] 55.3| 65.6] 30.0] 13.5 9.0l 37.5 8.1

2002 0 H G MEE, SPAAE (1971-2000 ) EHEET 5. K6 JIFEXTHT -4 % b
Lz, B o A0SR, RIEES & OFEILRR Y OFZE LI oW T, £ 5 2002 O
HSME, SPAEE (1971-2000 4F) K OSPARED 5 OfRZ%2xR Lic, AEE5E (LB Tk
% & 8km (XUE 300hPa) 7> 5 [FJEA —60°C LITICH - /e DIXFEHENAD 4 HTh - 7
B, —70°C LIFOMRIE PELI 0 1 A ARV AhS 1 A ARV AT, —70CLIFD
R ASEARIT e HG 2 7 ARSI D - 72, [ERRIC —80°C LI o AR - SEERHIEAS & b IEH I
INED ot REICEHT S E, KREBERZ CEHEXDEVRE) 256 HD 20km L0 |
[EOEELE 9 Hr S 11 HOMREWVEEICED S b, BEF IR~ o Bk EE
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Fig. 5. Annual changes of upper air temperature.
1 : Sudden warming in lower stratosphere in 2002 (= +25°C/week).
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B 7 EFEERHAE 30hPa SR M OPEAERZE (2002 42 H~2003 41 H)
Fig. 7. Monthly mean weather chart on 30 hPa (Feb. 2002-Jan. 2003).
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Fig. 8. Weather chart on 30 hPa (Sep. 25, 2002 12 UTC). Heights (solid line contour)
and temperature (dot line contour) are shown.
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Table 9. Sensors for ozone observations at Syowa Station.
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Table 10. Number of total ozone observations and ozone Umkehr observations with
the Dobson spectrophotometer at Syowa Station.
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Table 11. Date of observations and attained altitude of ozonesonde at Syowa Station.
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Fig. 9. Annual variations in total ozone (Feb. 2002-Jan. 2003).

@®: Duily representative data (Feb. 2002-Jan. 2003).

Gray area: The standard deviations (o) of 20 years during ozone hole period (1981-2000).

Thin line: Maximum and minimum values since the start of observations (1961).
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Fig. 10. Amount of ozone for each layer obtained by Umkehr observations (Feb. 2002-Jan. 2003).
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Fig. 11. Time-height cross section of ozone partial pressure (mPa) obtained by
ozonesonde observations (Jan. 2002-Jan. 2003).
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Fig. 13.  Schematic diagram of air flowmeter at the pre-flight test.



63

- =->

BT

o

e

o

T UE N
iR (I o

& AT ABERERT O T 2 RO

Fig. 14. Schematic diagram of mass flowmeter and film flowmeter test.

0

=X
ILE

55 43 IRFA R PR S TR 2002

R

!

F Uy

14

400

s

2

o

i

Hi(cc/min)

350

BEMTFOLLRE
At PRI T AR

WS 7 2 & Vi
Fig. 16. Flow rate of inlet and outlet for air at the ground test.

X 16

e -
[ _ [N w
@ @
m @ o)
cc S Sl B
REE 2 e oy
ggpess > 3
Seaee g
SRERE | 5 ﬂm
. -
o) gL %3
5=
SR 28 !
pafread]l g £ ¥ |
i ) E mz g !
[ ] ..nz.... EE N "
dobdiaiil 8 g § |
REEEEREPE & |
FARIEEL L BN :
T 2 B !
pa [dven | @ T8 !
N | |
it ol = " :
N |1 I g ! !
s R | i
" i (R m m W > " “
T T [ T T S ! !
iPedi i g " :
6 b =TT ) 1 !
1 1 ] 1 1 1 2 1 1
[ (R | N . | 1
T P < | |
1 1 i ] 1 1 5 . 1 1
Oy 8- et S s i | i i i i | i
[ S o o
debrfedmbr bl B Lo I
R L Lo
: : g m o o
g 2 g 2 g"” g 2
L] il (Ut /00) g} L2 T U BHH B i) 2 4

- - el
(U700 13 JE B0 U

300



64 AHWGE &

BB e 17 1, HEdERZR 18 1TRd. mifiEsT & bPixfilicii Le (D iclhiNT,
WA 7 ¥ 7 viiEst, RN G T ARRET 28Rt Lic () TR, 77 ViiEatz
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ftLTcwaicwlbns,

INeD I Eno, MEMEICIANLERT T bH 2 EhbhrsTt.

i ERBHEAZED S EICK O BHFERICEENHBDE, ¥ 7V v (correction fac-
tor) DEDATH S, K7V vHIE 7Y voBEERtcBlills hic A v v 2EERIliEIC
GO X AV vaRic 2R Tch B, —4, M EREEIZA YV EOFREITIZRK
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Fig. 17. Schematic diagram for pump circumference experiments.
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Fig. 18. Flow rate of air sample at inlet and outlet for air by pump.
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B ERIFESIS H SEINE, 5 42 R & 0 (£ B%G L 72 BREWER MK #168 K O
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KRRUBBEBINC S W, N8V 7 b v = 7 D Windows {LZ21T - 72723, Blllly 2 7 4
DEEHT = FENE L 7.
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BRIEHBLI TO@Y., =5 R 1B EICT— 5y o4 —CIEE LRI L 72, Bl
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Table 12. Instruments for surface radiation observations at Syowa Station.
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#t JER AR — L
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It
S s | BRI KIPP&ZONEN g 0.01 "
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LS . ol o e EKO 0.01 o
BREMGSRSMR | SRAME B AR \S=210W 280-315  nm [ $90091. 02 K]/ 1f
368
500
N ) 675
. KERBE | $oTr P A—H oo ;’78 | $98153. 01 10Fb
D 862
fie 938
i a=Fl T a—U— SCT-TEC 0.01
SABLR R [ bkt BROWpR | 28657863 mm | FI6S | e LM

R 7 OIRE R KD 7.
(3)  HAEL H S

KEGBRMEE  (STR-01 FeaikED) 1Tk L el WEEMEE 2K BN X 0 BIAIL
fo. EEAVKR -V, EEHNGTOROM LEFOHERER L, KEBREEICES) L T,
KEir 5D %ﬂ:% 5L DICHRESN TS,
(4) B RIS R B

SRBEIIEH G2 AV T B SISE/ME R A B L 2. MSERE, 7Y a—7 %
HEEFHIc & 2 UV-BEEIE L oigic Lk A TEicskd i,
(5) R

Zrim & ¥ — (TR R XL 0 Bl L 7.
51.2. LA &Eﬁﬁk%ﬁﬁﬁiﬁu

BN Dok FICEE L BBk @ 7 — 2 IcllgR 2 0 110 72 (K1 ® DALE).
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() EiERH B

Al v Y — T OREE R ORI K 0 Bl L 7
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SRFVES I A ST % I\ T B SRS B A BRI L 72,
5.1.3. R AIFESME H SHERH
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FERF v ) SR MR RS H FHEITEST GRSUT, 1993b) IcS & (24LT %2R
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Bl L 72,

HIER DR 2RO P ERIKE 2 514 5 720 ONERIERE S » 7 Ak Z2 KAl & LT 10 H
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7)) H — FEOBEEHT ZRIZHRE D 7o DI R AU, B R L
5.14. KRXUREEELH

F U7 b A=y ARG, FREAEELEYE (368, 500, 675, 778, 862nm D 5E) %
A v EEFBNELIHE T, KEmICESMORZES, 10 1-3EFEEHO Y a v ro
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52. BARA

5.2.1. FIa) & H SRR

NE) & H AR T3 2002 4 4 6 Hic KB EREESEREICLVEEL, =%

IRIISEE Utz F72, 20024E9 H 15 H~17 HICHAF T A7 ) +— Fic Xk 0 #EEE 0
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Z AR DIFEIC L 0 Wi h NS GRE S ALE L - 7e. COHRBERAHOF £ 10 H
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) & PO T 3Eic K 0 2 A 13 HARBICBISE B EIE L 7272, 3 H 28 H
FTRERMKMES - 12,

5.2.3. KRXUBEEEL

KREGBBEEBANC > WL, BBURNEH IR L <.

5.24. PEERBIEESME H SR

55 42 R & 0 BIA A BEMS L 72 BREWER MK #168 OFEEEIOD 12b i, & 43 KK T
1355 41 IREFLIENC S L T2 BREWER MK I #091 %4 5iA & 2002 4 1 H I I 2aH .
Wi %17 - 72, D%, BREWER MKII #091 (35 42 RIEDSHAICH BIR - 72, 2002 4F 4
H29HIZESr — 7 VoW K CRIZEN IC OBHEA H v, 200245 H 20 H % T/XRHEIL
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WCTRBHEZAEE LTERRL TV S, HREBREIKREGOR 572 WA 01275 5.
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HHARTIC I, Eiic & 2 PCAE KL T0 5, BEHGE ZE S Eild 2 B o
HIEEE 5208, 10K 2/3 FAEMEL >TVE (LN, 1983).
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Fig. 22.  Annual variations of daily integrated values of surface downward and upward UV-B
and daily mean UV-B albedo (Jan. 2002-Jan. 2003).
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THPKEOBE LK< O b O ORfiED S, KEERIF50% U TETHILTVWE &
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S H G ORIZERGE I3, 5 40 REXLIRE L [RIRR D A CGRE S, 2003) Tdh 5LEH 5
(2000) DA KRIEANIFHIETHTEEO HEREM L 7Y 2 — 7 =IO Ic X 2 HER
UV-B & & QEMREIFICE D, H I & OB ZRD 5 Fik 28 L 7.
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Fig. 23. Daily accumulated ultraviolet radiation and total ozone amount at
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WTIE, 324nm OEMAIEE & &ICHEE L 7cEEH V72

AT K BRINE T E A EZ T VIE 3150m LI EO UV-A fEBo AEEMEIL, HA
DREENDHEETH» VWEE D 505, KGEEA L HRERHOBEIC X D BBLRIFS
DITHERS L E BT TROAMEZEH L /2.

—7, #E 315nm DL F @ UV-B fHIE Cla 4 vV v Ic & BIRINAS K E Wiz, HRic 8 Hha)m
511 Qi TidA vV vy 2BOEFHICL O RBERTOHBERMBII KRS CEFH LTS,
2002 Fid A Vv Db U o I < Sudic Bl L 7o 729, UV-B GO HEERE O F ik
RfERF 11 Hicid3@@» ond’, 12 HOER I ORHIICBIils 7.

Fl, TOTERFUVA VF v 7 RIHHTEEH, 20024FE1 A5 2003 FE 1 Ao&zK
UV A v7y 7 ZAld, 2002412 A 19 HIEllS N7 6.6 TH-7c. Thid, o< FicBi 3
8HOH®A UV A v 7y 7 20 H3EME (KREFT, 2005) ITIZFELWV. UV A Y5y 7 R
7 IR ERBS (WHO ez al., 2002) ICX 3 &, “BW #5T1)—Tdho, [HPIHKS
ROHEZFHALES ] LS LxuThs. Fih, UVA vFy 7 28D “JEFICHE
W A7) =0, [HROABIE TR0 EA XS] L) L s T &1 2002 4F
1 H7 5 2003 4F 1 HIic i3 - 72,

5.3.3. RIS B

RLEE I, EEAMTROY Y74 b A=y ORI EORBEND. FA3REKT
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[EE H A5G TR 5 5 RRUBEE 3 23R (300-2800nm) 1T DIREL %7~ 9 DITHT
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(368-862nm) @D AOD »> 513, # v 7 A ~u—2DEfE (Angstrom o) MK OIRERE
(Angstrom B) AR 5N 5.
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Fig. 25. Annual variations of the Feussner-Dubois turbidity coefficient measured
by pyrheliometer (Jan. 2002-Jan. 2003).
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Fig. 26. Annual variations of the aerosol optical depth for each wavelength (Jan. 2002-Jan. 2003).
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Fig. 27. Time series of atmospheric turbidity over Syowa Station (Jan. 1980-Jan. 2003).
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Fig. 28. Time series of Feussner-Dubois atmospheric turbidity coefficient measured
by pyrheliometer (Feb. 1980-Jan. 2003).
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Fig. 29.  Two years variations of surface downward longwave radiation in case of
clear sky and mostly cloudy (low clouds) sky (Jan. 2001-Dec. 2002).

0.40

-0.20fs--

1
o
'S
o

o
D
(=]
S
06: 9% B ®p 0o
%000 b0

Output (mV)

| | |

= by (4
N o
o o o

-1.40

~1.60}----
: : : c REE o TRE | : : :
-1.80 Jan Feb Mar Apr  May  Jun Jul Aug Sep Oct Nov  Dec
2002

30 PiEN O NEZER O RIS O AR OFAL (2002 4 1 A~12 7)
Fig. 30. Annual variations of output voltage of surface downward pyrgeometer (CG4)
in case of clear sky and mostly cloudy (low clouds) sky (Jan.-Dec. 2002).
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Fig. 31. Annual variations of surface downward longwave radiation in case of
4 patterns determined by weather conditions (Jan.-Dec. 2002).



80 AHWGE &

X 32 PiE» 5 ZICEAL L 7o HORSE RIS OB 7 — &
Fig. 32.  Output voltage of pyrgeometer when the weather changed from clear to cloudy.
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Table 13.  Specifications of balloon-borne aerosol sondes at Syowa Station.
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Fig. 33.  Flow chart of aerosol sonde data processing program.
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Table 14. Aerosol sonde observations at Syowa Station.
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Fig. 35. Vertical distribution of background aerosol mass mixing ratio over
Syowa Station in Apr. 2002 and Jan. 2003.
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