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Meteorological observations at Syowa Station in 2016
by the 57th Japanese Antarctic Research Expedition

Makoto Matsumoto' *, Hiroaki Fujiwara', Yosuke Sannohe', Keiko Makiyama', Hiroshi Kato'

(2019 4E 12 H 20 H524: 2020 4E 6 H 4 H5zHE)

Abstract:  This report describes the results of meteorological observations at Syowa
Station from February 1st, 2016 to January 31st, 2017, carried out by the Meteorological
Observation Team of the 57th Japanese Antarctic Research Expedition (JARE-57). The
observation methods, instruments, and statistical methods used by JARE-57 were almost
the same as those used by the JARE-56 observation team.

The special notes during JARE-57 are as follows.

1) The automatic surface weather observation system was updated from the JIMA-95 type
surface weather observation system to the JMA-10 type surface weather observation

2) There were 33 blizzards, exceeding the average number of blizzard occurrences from

A large number of blizzards updated many the monthly records of the deepest monthly
snowfall, the total depth of daily snowfall, and the total depth of monthly snowfall fell

3) From March to April, the temperature above 200 hPa was lower than normal at the
standard pressure levels above Syowa Station. The temperature below 300 hPa was higher

Especially, the highest monthly average temperature at 400 hPa for 00 UTC and the lowest
monthly average temperature at 30 hPa (for 00 UTC) were breaking records in April.

4) Total ozone over Syowa Station was frequently less than 220 m atm-cm, which was
used as a baseline value to observe the ozone hole, from mid-August to mid-November.
The value for September 25 was 148 m atm-cm, which marked the minimum value of the
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Table 1. Observation elements, observation frequency, minimum units, and instruments at Syowa Station.
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Fig. 1. Location of surface meteorological instruments in the main part of Syowa Station.
@ Surface observation: Barometer, Sunshine duration meter, Pyranometer
Ozone observation: Dobson spectrophotometer
Radiation observation: Brewer spectrophotometer, Downward radiation (Pyranometer,
Pyrheliometer, Pyrgeometer, UV radiometer), Sunphotometer
@ Surface observation: Wind sensor, Thermometer, Hygrometer, Visibility sensor
® Radiation observation: Brewer spectrophotometer, Downward radiation (Pyranometer,
Pyrheliometer, Pyrgeometer, UV radiometer), Sunphotometer
@ Surface observation: Snow depth sensor
(® Solar and infrared Radiation observation: Upward radiation (Pyranometer, Pyrgeometer,
UV radiometer), Net radiometer
(® Ozone observation: Surface ozone monitor
(D Snow depth on sea ice: Bamboo pole and Scale
a Previous observing equipment: Wind sensor, Thermometer, Hygrometer, Visibility sensor
b Previous observing equipment: Sunshine sensor
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Table 2. Days when the hourly and daily values of surface meteorological observation were missing.
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R 4 WA B 2 0 RSB - A FER LS (2016 422 H~2017 41 H).
Table 4. New records of surface meteorological observation extrema and rankings at Syowa Station (Feb.
2016-Jan. 2017).
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Fig. 2. Time series of ten-day mean surface meteorological data at Syowa Station
(Feb. 2016-Jan. 2017). The Normals are average values from 1981 to 2010.
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Fig. 3. Comparison of snow depth on sea ice with that at Syowa Station (Feb. 2016—Jan.
2017). There is missing data on snow cover (above land) on May 19-22.
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Fig. 4. Number of Blizzards per month at Syowa Station (Feb. 2016—Jan. 2017). The Normals are
average values from 1981 to 2010.
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£ 6 IEMERICBT 2 AISAGEEN (2016 42 H~2017 41 H). (1/2)
Table 6.  Monthly weather summaries at Syowa Station (Feb. 2016-Jan. 2017). (1/2)
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£ 6 IEMAEICBIT 2 ASASHEN (2016 42 H~2017 41 H). (2/2)
Table 6. Monthly weather summaries at Syowa Station (Feb. 2016-Jan. 2017). (2/2)
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Fig. 5.1. Comparison of the observed temperatures with new and previous equipment at
Syowa Station (from Jan. I to Dec. 20, 2016).
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Fig. 5.2.  Comparison of the observed humidity with new and previous equipment at Syowa
Station (from Jan. 1 to Dec. 20, 2016).
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Oprevious equipment

53 BAFEHICET S 108 E 95 B L DRI DI (2016 4 1 A 1 H~12 A 20 H).
BN T — 7 $ (R IME).
Fig. 5.3.  Comparison of the observed wind direction with new and previous equipment at
Syowa Station (from Jan. 1 to Dec. 20, 2016). The radial direction numbers
indicate the number of hourly data.
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Fig. 5.4. Comparison of the observed wind speed with new and previous equipment at
Syowa Station (from Jan. 1 to Dec. 20, 2016).



&5 57 U H A P A BB R S G R M S 2016 245
4500
4000
3500

3000

Frequency
(3%} [S8]
(=3 N
(=4 (=3
(=} (=}

—
W
=3
(=}

1000

500

0 — P — — . — P, —

-0.55 -0.45 -0.35 -0.25 -0.15 -0.05 0.05 0.15 0.25 0.35 0.45 0.58
Difference of sunshine durations ( new - previous, hour )

® 5.5 WRIZEICHTS 108 958 & o HIRKER O Hei (2016 45 1 H 1 H~12 H 20 H).
WH DT — 5 R LT,
Fig. 5.5.  Comparison of the observed sunshine duration with new and previous equipment at
Syowa Station (from Jan. 1 to Dec. 20, 2016).
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Fig. 5.6. Comparison of the observed global solar radiation with new and previous equipment
at Syowa Station (from Jan. I to Dec. 20, 2016).
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WAL, 1995 4F 12 WMO 5 0 EIBS BB I & D SR S 7o 2 FRAABEBII S 2 7 &
(GCOS) DIHER KGN (GUAN) IZB W CHBEHNOR DR BN TH 5. Bl
R AL BIIESE (GRB)7, 2004) ([ZHESE, EH 00, 12UTC D2 [\ 7572 AU T4
HA %L 72 600g T AKERIC RS-06G B GPS V> 7 (HEEGE) #H0 TIFTREGL
RIRDEZR T 5 1224 30km £ TORIE, i, JEIA - JBHE K %R -40C %2 FE % £ T
OMFHEE OB ES 2B L. 4V osEsfi 2Bl 24 0y FERGT 55
2ix (44.1.81), GPS V' FOREBMEL Lz, GPS VY FO&K Ly OMkEE £ 712
NG

ARG AT, SHEBR, GPS #A L, ®IE, KK OBEICHET 2 kT, &
THRIZOWTHRHREMFELINICA > T3 2 L 2R L7

GPS V'V TR 5 D245, R, KPEMIER 2 £1213 GPS ML B Y A 7 4 (M
BB ZHEHLZ.
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55 57 IR H AR e A HUS B RR S G R e 2016 247
W& D, M RSB E RIS A 2TV MR ERSR R TAERBE Y X7 4 (GTS) 12
L7z

£ 7 RS-06G # GPS V' F &+t v Ok
Table 7. Specification of RS-06G GPS sonde.

Vo7 | iR Y I E G 53 FRRE fii &
FTTIL
SUE  |GPSHEE, SUR, WREEIC X 0B 1050~ 3hPa 0.1hPa H#1E~100hPa : +1hPa
100hPa~3hPa_: +0.5hPa
e S < TRATRI AR TR A2
. E— NG T Aa— =3I R ¥ e 00% S
S b +40~-90°C 0.1C j}ziqfﬁ
TR SR TR AR
RS-06GH WA @ TRIREE (BEARZELR) 1~100%RH 0.1%RH AR
0o +7.0%RH
GPSY T — -
- GPSY ~ 7 1 %[5 T HGPSRIL[E B D% } )
B gk, GPSY L7 LGSR e o 07360 0.1
AP EICIE LT LTS5 28 (Ko
J::854 T —%hR) EFA LTRSS HIE L 0~200m/s 0.1m/s
H
GPSY > 7 I Z(Z T % GPSERIE 5 & 0 R
EHE |ATEEEZ L, UAET v | 200.0~40000.0m 0.1m om

I (GPM) (&

3.2. BARES

2016 42 AH 5 2017 4F 1 A CORBREBIHIRN % F 8 ITRT.

BSTIRPRE LT20164-2 A1 HO00UTC &9 201741 A 31 H 12UTC £ ToOB %47 -
2O g, T = FIZX 2 mAD720 KM & %o 72155 16 [\ d - 7z

MO T CTH TAKRIRDOVEREE MEFF S 57200, —4EZ2 0 L C T O HEmE I AN TR
L7255 Bk 2 BUINCAER L7z, s, AN, FEe B oI & ) T 25 3kH3 AL L C
FEREPSKRTTLZ L2720, 2016455 H 1 HI12UTC, 5HS5SH I12UTC %5 11 H
2 H12UTC £ TOMIM, To5IKkzm (izzsy —v VBRI IP-5) ISR LB S
T 2METZERL, RIG L7z, 2B, MG OS5 38 E B O 5125 - 68T
H THZEE He L L7z,

£ 8 WAIEHIZ B 2 wE RS BRI,

Table 8. The Number of observations and reached an altitude of aerological observations at Syowa Station.

2016 2017
HH A =

28 3A| 48| sA| eA| 7A| s8A| 9A| 10A| 11A| 12A 1A &t
RS EI 60 62 59 61 59 65 61 60 60 61 62 62, 732
TE BRI B 5% 57 60 58 60 59 60 57 60 59 60 62 62 714
RBEINEE (O%1) 1 2 2 2 1 2 4 0 3 0 0 0 17
G R ANER (%2) 0 0 0 0 0 0 1 0 0 0 0 0 1
FEHELAIEIE 3 2 1 0 0 5 3 0 1 1 0 0 16]
e [E1% 57 60 58 60 59 60 57 60 59 60 62 62 714
T Y hPa 98| 132] 129 104]| 106 125] 11.3| 127] 123| 131] 123 9.1 11.7
X? ) km 31.8| 302 286| 287 281 27.8( 280| 279] 283| 305 31.1] 325 29.5
37/ H# hPa 50| 50| 50| 65| 50| 50| 55| 53| 71| 50| 50 6.0 5.0
TE RE km 362 | 358 344| 311 323| 31.7| 324 322| 31.7| 367 368] 356 36.8

X1 BIE R L IULERBLRI O 5 5B SUE 23 500hPath & KUE B AT Tdb o 72\,
X2 EREBLRI D 5 b EIEESUE 13 500hPafs & <JE i PA_E 150hPats & KUE HE A T & - 72 B,
¥3: RO 9 HEFEXE S 150hPats EXUE ELL EOBBNC OV THEE,
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33. BAKER

2016 4F 1 22520174 1 HE COERBERL MO, i, HHo HFEE M (00
UTC OBLIMEIC X B85 2 9IRT. T/, 20164F 1 HH 5 201745 1 H TP 00
UTC IZB1F % 2 $BE R H O A FHEH5IR & PR (1981 4£~2010 4F 0 RAFEFIHE) O4F
ZAb% X 6 IR,

9 JIHEREHEBINGE (00UTC).
Table 9. Monthly summaries of aerological data at standard pressure levels (00UTC).

g | Em [_2016 2017
- (hPa) 14 2H 34 45 5A 6H 74 8H 9A| 10A[ 11A| 12A] ¥ 14
850 1141] 1138] 1109] 1100[ 1133] 1069 1075 1143] 1054] 1113] 1193[ 1199 1122 1238
800 1609 1605] 1571] 1559] 1589 1522 1524 1598] 1501] 1571] 1655] 1667] 1581[ 1706

700) 2621|2617 2576 2557 2580 2505| 2500| 2588] 2476| 2565 2653 2679| 2576 2719
600) 3761| 3757| 3713 3687 3697| 3610| 3600| 3707) 3581| 3687[ 3780[ 3820| 3700 3859
500) 5071] 5069 5020 4988 4980| 4877| 4861] 4994] 4849| 4977 5075[ 5130] 4991 5173
400] 6618] 6618 6564 6523] 6487| 6365 6346 6512] 6343] 6495 6602 6673| 6513 6725
350) 7512] 7514|7456 7411 7358 7224| 7202) 7387) 7206| 7370 7486 7563| 7391 7622
300) 8517) 8525 8460 8410[ 8336] 8190| 8165| 8365 8175 8350[ 8479 8563 8378 8628
i 250] 9683|9713 9633 9563 9465| 9302| 9271| 9482] 9287| 9473 9627[ 9727| 9519| 9809
(m) 200) 11121 11186 11084 10973 10834 10650| 10596] 10805| 10617 10811 11013 11170] 10905 | 11278
175] 11991 12074] 11959 11826 11657 11456 11384] 11583| 11404| 11603[ 11842 12044| 11736 | 12165
150[ 13000] 13101] 12972| 12812 12608 12385] 12287| 12480 12306 12512| 12799| 13057[ 12693 | 13193
125 14198| 14315] 14167| 13975 13727 13477] 13348| 13531[ 13366| 13580| 13927| 14262[ 13823 | 14411
100] 15675] 15799] 15626 15390 15085| 14798 14630| 14806| 14656| 14882 15314 15748| 15201 | 15905
70[ 18067| 18174| 17949| 17633 17230| 16876 16637 16822 16705| 16957| 17595| 18150| 17400 | 18301
50| 20351[ 20421| 20127] 19724] 19227[ 18803| 18505| 18706| 18627 18930] 19814 20447| 19474 [ 20577
40] 21879 21916| 21566] 21096 20540 20066| 19732| 19949| 19902] 20261| 21321| 21984[ 20851 [ 22095
30] 23871[ 23845| 23425| 22857| 22235 21686 21307| 21554] 21561[ 22024| 23329 23966| 22638 [ 24060
850 -8.4 9.1] -119] -143] -15.7] -17.1] -19.6] -16.4[ -20.7 -14] -11.9 -7.7[ -13.9 -8.1
800[ -11.2[ -11.6] -14.1 -16f -17.3] -18.8] -21.1] -18.1 22,1 -16.5[ -149[ -11.1f -16.0] -11.0
700 -17.3] -17.3| -18.3[ -19.8] -22.4| -24.6] -26.1] -22.0| -254| -21.7[ -20.6] -17.3] -21.0] -17.2
600) -23.8] -23.9| -24.2 -259[ -28.8] -31.9 -33| 284 -31.6] -27.5| -26.7| -23.8[ -27.4| -23.7
500[ -31.5 -31| -32.2| -33.2| -37.1 -40|  -40.8] -35.5| -39.5| -35.5| -34.4[ -31.6] -352| -30.6
400(  -41.4 -41]  -41.9] -43.1 -47.4[ -504[ -50.9[ -463| -49.5 -46|  -443| -42.2| 454 -40.7
350) -47.4| -46.6| -47.7| -489| -533| -56.2| -56.8] -52.7| -55.3] -52.5 -50] -48.5| -S1.3| -46.9
300) -53.2] -50.9| -53.2[ -54.7| -59.1] -62.2| -62.8] -60.0| -61.6] -59.4[ -55.7| -54.2| -573| -524

ik 250 =55 -49.5| -52.5| -58.7| -633[ -66.3| -68.5| -67.5| -67.4[ -659| -60.2| -54.4| -60.8[ -50.5
(C) 200( -51.1[ -46.2] -49.6] -55.4 -63 -67| -71.3] -73.0( -71.2[ -70.2[ -60.9 -50] -60.8| -46.6
175 -50] -45.7] -489| -54.5| -62.4| -669| -723| -748| -72.5 <711 -60.8] -49.2 -60.8( -45.7
150 -49.1] -45.6| -489| -54.8] -62.7| -67.7| -73.5| -75.5| -73.7| -72.3| -61.6] -48.1] -61.1] -45.0

125  -48.2| -459| -49.5| -55.8] -64.4| -69.7] -75.5| -77.0[ -75.1| -73.4| -61.6] -46.8[ -61.9| -44.7
100) -45.9] -459| -50.1| -57.1] -66.2 -72| -78.3| -78.8| -76.3] -74.4] -59.5| -44.8[ -62.4| -44.2
70| -42.4[ -453| -50.8] -59.7] -69.2[ -759 -82| -81.2| -77.5| -73.9] -51.5| -41.5[ -62.6| -43.0
50| -402[ -44.5] -51.6] -61.6] -71.4 -79) -84.7| -82.5| -78.3| -71.2 -443| -384| -623| -41.1
40] -38.3| -44.2] -52.3| -63.3[ -72.6] -80.3| -85.8] -829| -77.5 -67|  -40.9| -37.3] -61.9| -40.3

30 -36] -43.8] -52.4| -64.7[ -732[ -81.3| -86.3| -82.1 -753| -58.7] -36.7] -36.6] -60.6| -39.4

850 8.8 10.5 6.2 9.1 9.6 11.7 9.2[ 10.6 8.6 12.4 7.4 8.5 9.4 7.3

800 7.7 83 5.6 6.7 8.3 9.7 8.5 10.1 8.2 10.8 7.7 8.7 8.4 6.7

700 6.5 7.7 7 8.3 9.2 8.7 7.8 103 6.8 10.1 7.3 8.6 8.2 6.5

600 7.1 9.6 8.7 9.5 10.6 8.9 9.1 12.6 6.7 11.6 8.1 9.2 9.3 6.4

500 8 13.4 11.6 12.3 12.7 10.4 122 123 9.4 13.6 9.7 8.8] 11.2 8.3

400 10.5 17.6 15.4 16.1 14.8 14 154] 13.0 12.8 17.1 11.9 99| 14.0 10.8

350 11.8[ 219 17.2 17.8 16.3 15.4 16.4] 14.8 13.4 18.6 12.6 111 156 12.5

300 122 233 18.8 19.3 17.3 17.4 17.6] 15.6 14.7 19.9 13.2 11.6] 16.7 12.7

R 250 10.3 18.2 16.8 18.1 15.9 17.1 182] 162 15.3 21.5 12.5 9.4 15.8 11.4
(m/s) 200 7.5 14 15 13.6 14.3 16.4 17 16.7 14.7) 203 8.6 6 13.7 7.3
175 6.9 13.5 13.7 14 14.1 17.7 16.8] 16.8 15.3 20 7.8 S.1] 135 6.5

150 6.6 13.5 13.1 13.5 14.5 18.2 183] 17.1 16.3 20.1 7.5 4.6] 13.6 5.4

125 7 12.4 13 14.4 15 20(  20.1 18.6 18.6] 223 8 4.8 14.5 5.4

100 6.3 11.4 12.6 15 16.8 22.5 22.1) 227 22.1 23.9 10.1 4.8] 159 4.8

70 5.6 10! 13.1 16.8 204 272 262 29.2 28.3 28 16.9 591 19.0 3.8
50 3.4 8.3 12.6 18.7[  24.7 31.7 29.6] 343 353 33.6 21 7.4 21.7 3.4
40 2.8 6.8 12.6 194  26.7[ 349 32.8] 392 40.2 37.1 22.7 8.7 237 4.0
30 4.7 5.9 12.3 222 327 38.1 36.3] 44.6 48.6] 41.4 22.8 9] 26.6 4.8
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Fig. 6.  Annual variations of monthly mean upper air temperature (Jan. 2016—
Jan. 2017) and normal values (1981-2010) at Syowa Station. (a)
700hPa-200hPa, (b) 100hPa-30hPa.

612BWT, 3 AN S 4 A2 Tid, 200hPa & 0 _EJE ARG TFAE X ) KH - 72
72, 300hPa 205 FIEOKIRIETPAEMEI D Eh o7z, FFI2400hPa 2B L CTiE, 4 A (00
UTC) O PHZIROE L8 1 &2k Lz, $72, 30hPalZBI L TiE, H P45
DN TFTH 5 (00 UTC) ICBWTE I Zitsk L7z, 6 HiE, 300hPa £ ) FREOIEERIL
HICBVTRIMAFEME VD -7z 7 AL, (3L A EOIELEIZB W TRIRATEE
L DA 572, 8 HI, 300hPa & 1) FREOLIMASFAMEL Y 85 <, K12 400hPa IZBI L T
X, 8 B (00 UTC, 12UTC) D HAFHRIMOEB NS08 1 fxidsk L7z 10 A,
200hPa & ) TIEIZHB VT, KIRASPFAEME D S o7z, 11 A S 12 HIiZ»iFTid, 3§
TORELREMIZ B TRIRAHARE L D) & o 7z

WIZ, 2016 4E 1 A5 2017 4F | A FTO LZEOSKIRORERM & ERIH OZ L% X 7 1R 7.
F72, APPSR OO RTG - BEALS 5 O I S OSP4 75 00 R ] 2 BEWT 1T B4 % [ 8 12
R



250 LA ES/M

10

20 1

501

100 {

Pressure[hPa]

200 1

500 ¥ W \ 49 _wow\/\\fbﬂ.

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN
2016 2017
Month

7 AR R 22 SR O M E W (2016 4F 1 A~2017 4 1 7).
MR —60C BT, Kl —70CRUT, K@l —80C BT,
Hfakk 0 —85TLUF.

Fig. 7. Time-height cross-section of upper air temperature (Jan. 2016—Jan.
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region —80°C or below, the black area indicates the region —85C or
below.
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Table 10. Sensors for ozone observations at Syowa Station.
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R 11 EFEMIC BT 2 AR Y Bl O v > ORI H 4.
Table 11. Days of total ozone observations and ozone Umkehr observations with the Dobson
spectrophotometer at Syowa Station.
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SR B £ 3 5 6 . - - 0 11 4 8 0 4 41
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Fig. 9. Annual variations in total ozone at Syowa Station (Jan. 2016-Jan. 2017). The dots
are daily representative values. The black line and light gray shadings are the
average and standard deviations (* o) of daily representative values over the
1994-2008 period, respectively. The dashed line shows 220 m atm-cm. Standard
deviations are not calculated for days with a small number of observations.
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Fig. 10. Time series of monthly mean total ozone at Syowa Station (1966-2016).
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Table 12. Dates of observations and attained heights of ozonesonde.
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12 WRAEHIC B 24V VR IEOE S (2016 42 H~20174E 1 H).

KRERII T I A v S, MFERIZ 19942008 4F 0 BAENEIGF V> B EE M.
AT A V2 R — VBRI E N S DRI O A E39E (1968-1980 4EF3494E) [9-11 H

DA, BRI 19942008 4RI 4V v Wi OREHEAR 7.

Fig.

12.

Vertical distribution of ozone partial pressure observed by ozonesonde at

Syowa Station (Feb. 2016-Jan. 2017). Thick solid lines show monthly
mean profiles. Thin solid lines show normal profiles (1994-2008). Broken
lines show monthly mean profiles before the first appearance of the ozone
hole (1968—1980). Thin solid bars show standard deviation on monthly
profiles (1994-2008).
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7H 25 B2*5 7 H 26 B2 T 9020075 & 9020077 & O AT HEE L OV FEHR BRI % 47\,
IEFTH O IO 2ppb LN TH 5 Z & 2R L7272, 8 H 1 HA 5 9020077 % HH
e L7-

12727 HIZETHORFE LT, BNKENOTXTOTF 70 YRE, FLYEy b,
KEWBI T ANT —, REBRBRYTITAXYT T LORME TN L 7.

EMZBELRTELT, AV VRERFHOT 70y 7407 —1d2, 37 FIZ1HK
L7 F72, TV, REWMACE?GEE > 72561001, RAWAL 2% #H L
WAL 72 KREMATNI RS L TP E LTRE L7, 7Y - NICX 2550 ) ogEr
ZUTHIRNE R E L7z, S 512, ERMHNOBGROEEEZ 27206, ERWIEE Y Vi
FEAST 250 BUAE (15 M) oiEHo & (BH) AKREL%20T, HIA - Ji# sz 2% 12
U TR & I U7z, B2, AT 2 0 L C o5 v 7 IR0 G 25 2 m/s AT A% B2 C )il
MAEEHRWE S RYEE, BEER2EMILOHBEEOMEERE 2T /2, @
MRELHIAG L S5 CHAE - $25 L Qw7 I, 59RR S B AR BLIIAR L & € O HFS A A
DEBEXZ IR H o7 EPICHIK LOREW R 3 v 7+ Y — FOrEESED O RE %
ZFHZEEH ot FT=INRRELESLDVEE, RO L) RERENED - 72851
HR S N BA OB R 72 LB L, Kl L CTHREBIMEOF R Sz, Z20l3n
W2, —EZMBLT, 4V VREREIEH PC OB OMBRERFICL ) F— 7 2 T ETR
MWMeERBI DT
4.53. BUIRER

20164E2 A5 20174E 1 1 £ TOH AV VB BIE 2 X 13 (RS, ERIEIZ, 4.5.2. T
AT X H N, Jaa) - JEGE K O FE N DATE A S W] & I IEHE L O e D 2 2T 2
EDbNDE T =5 ZEVIz T, $XTO 15 HHEE R 1 ERSFEE LR, HME (M
BWE) X 1 RERNC 120 M 2L o> 15 BHEDTS O N2 G o R MEE FI L TR 72

IBAIZEHIC BT B oA v R, B4R, BEFISRESKC, AFIR AL EVIHIF
HiZALZ R L, BT 5 2 AZAIIPTTTF—=F DXL D& KE L R DEINICH 525,
8557 R T MRS SNz F72, MEBFICEREMOKEES Y w28l s h
HZENHY GFAR, 1997 ; dTIFIZ2, 2000 ; {LIEFIEA, 2010), 5557 KETH 7H»H9
HIZ0 T THABRDB G A S /e

4.6. 2016 FEDAJ 2R —ILDFFH

J[ETTIE, VAR — VOB Z ERGICKIT 5720, 45 EUEICBIT4 Y
YR VOlifR, BAKA Y AR, AV U REREERL, ALHERIC X 2B EE H v
THEHLARLTWD (KB, 2017). 2016 4EDF Y v F—vid 8 H EWIc@l s, 8
A Ic2iciik Lz, 9 H 28 HICIZ 2016 SED IR KIEFETH 5 2,270 11 km® (B fe
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13 TRAIAEHIC B B3 b4 Y IREEREBIMEDRRFIN (2016 4F 2 H~2017 4 1 H).
Fig. 13. Time series of hourly mean surface O; concentrations at Syowa (Feb.2016—Jan.
2017).

DFJ 1.6 FIEL 2. THUIIRIT 10 4E 18 (2006~2015 4E) O3 & FRREDOKE L TH -
7z F 72, #0209 HIZIZ 2016 SF DI AA Vv RIER 7,600 J5 b v & iegk L7z, 10 H ) LR,
TV AR—=VIZ2HEISH/NL, 11 H 22 HIZHEKRL 7.

5. Hb b H SR B
51. BiE

Mo b G RCR BLE WMO o Bk e B S 81 % (BSRN : Baseline Surface Radiation
Network) O E L TOSGMEmIzT 720, (EROERHFE, HEHHELOTRSR
WEETINZ, H32 Bk (1991 4F) X 0L H &, T &b = (RERI=E) K
OVEAN H S o B1I % Bds L, 25 39 WPk (1998 4F) L 0 wfb¥ » 7)) & 7 To RS H 4,
bR & ARV R (R RU ) e O RTHERAMR A S = o Bl 2 B L7z, 55 40 RBX (1999
) D I RARBEZ R W2 T & HFREBI O 7 — 5% > 7)) ¥ F 2 I ER L 7.
KEARBEBIMITOWTIE, #52 KK (2011 4F) X DB AEE L2 4557 KK T,
INHOBMT AT L2IZEDFI &k S B EIT- 7.

W RIS H GBI X S o R 2 i L 72 7)) 2 — 7 — B EERF MK T 168 58 (F7
- EL 2001) ERHWTATo 72, BRI 54 RRCTHRDAALZ SO TH L. F7z, T
HEMK I 209 Z 4% 7213 MK T 091 8% 0 L TEIM 217 - 7. BINORE & L 72
WErz £ 13 1TRT.
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£ 13 IAISEHIC BT % Hh 1 H BB o Ff 50 & 5 2.
Table 13. Instruments for surface radiation observations at Syowa Station.
B YTy T
BREE fe PR 25 R T 7E it HEE o .
Fe/NEAL GilE]
990574 0.01
ESPNIER 15 AR H A KIPP&ZONEN | 55 7800 nm 140466 1%
CM21T,CMP21 160630 MJ/m?
HERE SRR KIPP&ZONEN | 00-4000 (1);(12;3 ool 1B
(KRRME) | AMBEREER | CHL CHPI M e | M2 g
T g KIPP&ZONEN 041258 oot
H g 1 k. = b
st AL B AT i \icﬂ%@%\%‘*ﬁ CM2IT.CMP21 305~2800  nm 160649 MJ/m? 1%
HA~UVDR— L
B fiElk " - KIPP&ZONEN 030619 0.01 R
SO SROMER B 5 EE UVS-AB-T 280~315  nm 030621 i 1%
3 ' R AR KIPP&ZONEN 010565 0.01 i
RR A& S NR— L G4 4542 umo | MU 1%
P 2R AHE | KIPP&ZONEN 980520 0.01 "
R RA R HNNY S cM21T.Cmp21 | S0372800 m 140466 MJ/m? P
EaLES B % SRAME A S5 KIPP&ZONEN 0.01 .
o | RS WY s UVS-AB-T 280-315 nm 050635 K/m? e
, . — - KIPP&ZONEN ~ 990001 0.01 5
R RS R TR AR R cGa 45~42  pm 050798 it 1%
368
RN, YT x b A=K PMOD 412 08-N-055 »
KSR KB R R PFR 500 ™ | 08-N-059 60 %
Zoft 862
HRRI T a—U— SCI-TEC #168 )
HEONY F R R IR BREWER MK | 290325 mm | g v | L4V 1
F 72, Mo b S BCR B S O R ISR A H S BN, FEARBIA B R & % B BR

1bx M 272, 2017 4 1 BB T 2 [ MR Lo & BllEE sl sz 2 Bat L
72 (BRI OWTIZ, 5.6 HilZERHR).

52. TEZ BHBHEERE

5.2.1.

BT & e

BENIEE R OFFLHFIHI U TO LB TH 5.

TR IBITET-su - TIEL, WO ASE LD N — AR ORI 2 &2
FLER SN RE T — Z 12OV T TE TR 2175 72 (=137, 2012). BIIZAS
BT B O O eI B & TEEE T 28U 7 v & B, 2017 48 1 A O BB itk
FEBAE ETr o 72 (1 @DfLE).

(a) MEAERKHGEZ 724K H T2 oM Bhl

(b) T H 45T 2 H 72 1E0E B 4T o e B

EE H R 2 KB REE IR L TN 2T o 72, T/, AV aRBilRZAMNLT, K
P EDR DD o TR WEBIIEZ E Y, KA X F— - T K7 OREHREE KD 7.
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(¢) WEARAGEZ H 72805 1 5HE o e B
KB BREEE ISR L 2B SR A2 VT, KE2 5ol Bk ez 2 L1
OB L 72, BRI IEE B RO BRI & RSO RIEEO R AR T, Kb RkE I
B L TG ARG 2 KB & OB ZEL 20D DTH 5.
(d) GEREVERAMSH B 5T 2 F v 7250780 H 58 o e i)
SRBVEINE H SIEHE,  BE R R IR L 722K ORI LRI S T b (BRI
A2, 2000 ; FHEE, 2005). S D7, WERKEOELZ BT 5720, JLAR (&RM) %K
AHEE SR OSVERERSE T > 7 R E (G - S5, 2006) 12 X BAMBEERE S T R A
EiTrHE LD, F—FORBIIHI o TIE, KL 2D T 2 —T—4EFNC X S
RAMIHE R E OBIZ LY, WERERZ A L IROHMIE L7z (GEHIZ2, 2000).

(e) FEBARIVBSTEL & 72 R & ROV (R R a) ol
KB BRIEE ISR L 72 BRIV 2 T, O o REROMRE LRIc X %%
A% 5720, FELH SR O RSB & R ERERIC X0 K25 OBESHEE D %03
SEL 7=
5.2.2. BUARES

2016 4E 2 H 1 HIZH 56 Rk A S B Z G S MHEE, 5 57 KR 7 — & k& fan L 7:

7)) F— FEOREIE S SR O 720 KB REE L L L, —HBoBllcxllaz AL
7z, BUIBE EANOBEREMRO7Z20, 2016 4F 10 A 1 H X 0 BUUEE F12 7 es % ikl Uik
BRI % BIAA L7z, 12 H 29 HIZHE 58 RS HE B A A 2B &K H4taE, KBS H
GFRE, MEGE A AR BUIMUR LICEE LA HRE ok & o WATBI & B L7z 2017
1 H 8 HICERD7-OKRGME Lo KSR Z 4L, B o H X ) BlllskE L2 TEHR
BUZ B L7z, 2017 4F 1 H 24 HICWRAIZEM =8I X ) RMD2E U7z,

INHDENE, BBULRNGITH - 7-.

5.2.3. BHARR

T & BB O SBMEE (KBS E, EEASE, WELHSHE, T & RV
S ORAME H §1R) o HREAEDFEZAL % X4 14 1R T,

2016 AED T & HEHRSBINE, LTSRS X 9 ICHBMEE & b FI4E 2 2B
FEALTH -7, ERHFREIKRGEEIMR 22388 L, KE2A 5 BWwEAFEITIE
OMI/m* £ 725> TWA7S, T EFRABERIZOVTIE, £F BT BBEHR 10MI/m’
Dol mAasliil s iz, g, T &R TIERAS FRE2 S5 S b it
WEBHLTWAZ LICX s, BMEHIRICOWTIE, £KHE L BB ARRBEOE]N
AHROLENTWEA, 11 HCHBEMOZW s A SoNh:. chit hEoty v aaodite
WMOMENEZRLTEY, ZOHMOEZOF Y v EOZMRBIMIC & ) EIH% < WIS
N2 EERWLTWA5.
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Fig. 14. Annual variations in daily integrated values of downward radiation components at
Syowa Station (Jan.2016-Jan.2017).
(a) Daily total global solar radiation (Composite), (b) Daily total direct solar radiation,
(¢) Daily total diffused solar radiation, (d) Daily total downward long-wave radiation,
(e) Daily total UV-B radiation.
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53. _EmE BERESEA
53.1. BT &G

BUAS T X BUAA O BALHA 120m OFEE L TH Y, H 46 RPKIC & 1 &%iE S 7z BHIISE
BEHESTRETLIIEHmESMA L (K1 OOWE). 7= 3T E DGR 17
TLIZTF—rur—TREL, MWD F—AERORR R SRS SNERET— 5120
WTIEFE ORI 21T - 72 (B35, 2012).

(a) FBBERHEETZ F 72 B H 5HE o M i B

Kb B AR & E BRI O KRG ESOGD AF & B 7280, 5 45 RV FEH A A
TR 2 PSR L7z v 7 &2 5 &k & i L7z

(b) ARV H F5T % H W 72 SOSERAME0H 5 3 o0 i foe )

T Z BN, T &SRS H SR OB & FERICAT o 72 RS H SR O BII & FARIS, 5
47 RBEDFED IARGE & BIIA L 78R v 7 &5l &HEMH L. 72, WEHEEOZ
BT 720, T & HEHRBEN & ARV RIS S o 7 iR FE L 7z,

(¢) WEBAIVIGRT 2 v 72 ki) & ARG o0 8 e i

53.2. HHURE

2016 4E2 H 1 HIZEE 56 IREE A S BN 25| Sk X, 5 57 KK 7 — & [k ia L 72

2017 4 1 H 8 HICHIgR 23 o> 7230 SRS H 4T 8L CTREA L w72k 2K H EF 2 LD
ML, KEME LTHEH L T Ha R FEE 23S L, 17 24 HICIRAIEE LA 5
BIZL ) KMAHA T 7.

53.1. TRz L BY, R EHICEE L7242 KHHEE S REESEH SO, Kb
EFED A 2B 72D R ) ~ ZHARE STV B, 8 57T REROBLI 7 — & 128w
TH KB R T ORI Cl3 &K H 4R & SO H TR & odifass il s iz, ki
EBNHNEICN T CRETNIDSELREL, F20Me TMEICRT L) ICkET
L2 LICEDKRFEEDLENEE LS HRHZET 22D EE o Tz, ZOREDD
2016 4F 1 ISR & Bttt U7z, R DARE, 28 57 IRBR AT 12K 37U i o
Nizhoiz.

5.3.3. BUHRR

Fiy & BB E A REAE DL Z X 15 1R

2016 o> La & H ARSI, T & BB BI & F U B L3R EREZ 42241
A TdH - 72

ERHFEITT 2 G HEEOH G, BEFTTHRRETH 55%, KEEEIMEL 25
EEZOEEIIML, BEMEZOECIZ OB IE LR hiE, AFERBEED
<, Fo, BMBERTOKRE SHPRBPEVEFICHRTRI WD, HEICLD HHOK
WEPRKELBDLIEERMLTWD.



55 57 Y H ARSI B R S SR M s 2016

40 y y ' T ! Y T !
Daily Total Refrected Solar Radiation
~ 30
% b.. .'. ,0“.‘
%20 --»—‘lrrr Lol T
o . H . o0 °s .
% RO M ;“'.d . '.‘; o
"8 J ... 'Y oﬁ.‘ - ] . ol
10 o . S Q;n. P
é o0 "u.*.. .:‘.0;: ;‘ .
40 - - - - x r r .
. Daily Total Upward Long-wave Radiation
£ 30
=R G e T O I O O R I R PV o i
et ') :‘}‘Q.‘l ...‘r. o5 “O ® ‘1 X, “b.'
= L0 --‘%'ﬁ:hi"""qﬁ“’-"
% 20 ¥ o ° . . ‘. .‘ d .. o..
= b .
& 10
0
60 | | — | — |
Daily Total Refrected UV-B Radiation
40 [ © ML
= BT
e |5 IV sl |wie
é 20 _‘ ..P.:’ .:._'. o o.:.
.S N’ $ 2 o
= i A e
S ™ ’..v
0 k— wncses””

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Jan. 2016- Jan. 2017

15 IEAIZEHIC 51 & LA & RO & H AT 04218 (2016 41 1 1 ~2017 421 11).
(a) B RGE, (b) REEMRIHE, (o) B HBERIM .
Fig. 15.  Annual variations in daily integrated values of surface upward radiation
components at Syowa Station (Jan.2016-Jan.2017).
(a) The daily total reflected solar radiation, (b) Daily total upward long-
wave radiation, (c) Daily total reflected UV-B radiation.
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LI & AV R, T & RSV R L T 5 Ao S0 &M s v, 22251,
ZFITOWTIIRBEOZALH L &, ZNIHPCHRITREOELAI KT 2720, BEFL
WL ARBEEOIES D EDEEGRREL 5.

BFHEAMS H JHRICOW T, T & ORI A= Lk, KEREOZL ROV~
S OEACIIIHE L7 E2bElim AR~ L, 11 HICHEHMEO 2R SNz, T M
HHFEAD LD F Vv RO RBEIMSGER L TWw5,

54. ERANESME B SHERA
54.1. BENTGE LG

AN H SHBINTES (KRBT, 1993) WCHEL, 7)) 22— 7 — 0 MK 1 168 5 4%,
T O MK T 209 5 #% % FVC, 290~325nm (UV-B #38 K OF UV-A FI D —FBO P EI)
DOFEPHZ P RN 0.5nm FFECTHI L7z, WS ORERTTE, 5 56 KRR, S8z L
Ths (M1ODMHE). 7V HF— FEOMBER L, WERED 7O ICRER 2 LY
fHFCBilZ W L, FRCEA S  WERARITR DS D 5 L L7256 I/ B o= N
L 7. RO EREROBRBEZEMT 2720, JEPEES » 7 iz 1 - HiC
2 (MR EE O b TT - 7.

BRI TIE, ARBHE ICHEABIIMOEZ AT TH ), BEINEREE O EALSH & 2>
THotz. ZOMEFEE LT, 20164 11 A, MK II 168 5% % BlIllsE R~ L, #N
Z ke L 72,

5.4.2. BUARES

2016 4F2 A 1 HIZEE 56 IRBEH»H MK T 168 5HEIC X 28Il 251 S X, 5 57 RKOE
WERB L. $72, KBEGHEEE 2 EREEE 2 v, 58 54 KR SHin T 9 E5
AN H G i O LIS S O FRER BN % 4T 5 72,

5.4.3. BUURR

Bl Snm T ICRRE L2 EISIMNEH RO HREEME + vV v &2m &K 16 IR T. &
WRL D, HEHMET YV v ERORE 22T 50, RERMI: Vv &R OEEH; IR
/v Kb E <, HEREH2ZRVWER (2016 413 12 H 21 H) OGIZERERK
AN B MER D 5. 2016 451 A5 2017 4E 1 H F ToO HREHAMEIE, 310-3150m, 315-
320nm M 08 320-325nm Tid, 12 A 8 HIZ 2016 4EF D KA FLek L7z, —JF, HikRMIE
K EACHBRM I b4V V&R0 E L2 2T\, 290-2950m, 295-300nm & ¥
300-305nm Tid, 11 J 7 HIZ 2016 SF DA ZRLGR L7z, B8 HIZIE, * V' ERPEH
WCEELCTH Y, FEREMOEIMNEHFROZ W L 4V v &mo RN X s
LTw5,

AR NRIC LT THBOEEVWERT 2O, BAMOMS ZI/ELL Lz LT
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UVA Ty 7 ANH 5 (BEA, 2015). BMEHICBITS 201641 55 201741 ]
DHRKUV A Y7y 7 ADELEAZK 1T IRT. UVA YTy 7 A&, KEEEDKL
HBIFENSL LY, KEPALLWBEINIZIZ0 &2, BEHITTEH Y v EeEhidb k],
POKGEESFECHIIICIEFICRELS R 2ENLDH L. UVA v Ty 7 AZ 11 HTHIC
2016 SEDIKAE L % % 8.6 Fitdk L7z, ZOfild, WHO (2002) OFEHET [Very High (I
FWIHR) L ICHS L, APosE2TEL2FEZLLARNVTH L. ABEOBRS ZEIL
ZHIZIEPIZ2 HOATH Y, 11 A2 S5BED 1 JIZHT T, IO X 135542 [High
(BE) | Thotz 2016 EEDF YV VA —vid, 10 AU IC&cHm AL, 11 A2 H
WIEHKE L7, 20 X951, VY R—VOHEBRETE V v &P il L, R
DR o 72N K KA LT 5.

a
o
: . Moderate
. te & L
'~ .
2 - N X -
a3 ~ :‘
o Y ’/ r Low
i _ ool —
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN
2016 Month 2017

B 17 BABHLICBY 2 HIRK UV £ ¥ 7y 7 A04ZAL (2016 4F 1 H~2017 41 1),
Fig. 17.  Annual variation of daily maximum UV index at Syowa Station (Jan. 2016-Jan. 2017).

55. KRBEESHA
55.1. BT L W

* 74k A—%— (Precision Filter Radiometer (PMOD/WRC, 2007), LT [PFRJ), &
OVF 1A & H SR B0 o 15E H 55T o BHIAE %2 v TR BE BT 2 S0 L 72,

PFR A4 V' v &R BIM R A 8 TRBIEICEDS 2w & I ER (368, 412, 500,
862nm ® 4 WE) OEHFHRELZMWET LI LICEY, EENOTZ—a VL ONFERE S
(Aerosol Optical Depth, LT [AOD)) # KDL &N TE L. F/z, 49K (368-862nm)
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DAOD B, * Y7 A Mu—20WHEER Angstrom a (BLF [ al), ROREBHREK
Angstrom B (LLF [ 1)) 23k oi s, AOD HIBICH WS L —1 —#E X o iz
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Fig. 18.  Annual variations of aerosol optical depth for each wavelength and
Angstrom coefficient at Syowa Station (Jan.2016-Jan.2017).
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Fig. 19.  Annual variations of Feussner-Dubois's turbidity coefficient at Syowa Station (Jan.2016-Jan.2017).
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Fig. 21.  Locations of downward radiation observation after the relocation.
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X 22 BUBE 2 5 HPGE AL RIS EGE G b Audim, A by,
FF BT, AF  BETI).

Fig. 22.  Taken horizontally from the observation point in the direction of east, west,

south, and north (Upper left: North direction, Upper right: East direction,
Lower left: South direction, Lower right: West direction).

2016 4F 9 1 USRI G 2 /F R - BRiE
2016 4F 10 A BN LR EANEBRT — 7 VR OEBE 7 — 70V 2 ik
BUNBE SRRk, S H 5B LBl B 4k

2016 4 11 J e BSERAE H SHBLIAE H B 45

2017 4F 1A RS H BB ASE ] B 4k
5.6.3. aklEs

BINER EICIZ A 7 ad I N TO B AR=APA T 5 TH o 2720, 557 RKE
EEO—BRE LTA IR THEETo 2. BAHICT—2ad—, BHEIGH BOX L
BN A ORKRE, BHEMREOWGEEIT- 72 ECIRRBIIRE S 2 % E L, SRR L olbix
Bz G L7z BIIAE EIIESOKBER MR E OB SR RLBIIH O KRBV H 5720, K
REEBM OB Z Wi 5 2 L 0w X ) FRIER L CRir 2 82 LB 2 idE L7z (X
23).

KAGME BHBR O B2 S O N7 — % L), BEni CHIMEICK X 2250589
BNV LEMRL, BHIHE L CTORERNZ G LAEME L ToBM & T L7,



276 LA ES/M
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Fig. 23.  Observation environment after the relocation.
Upper figure: Brewer spectrophotometer and downward radiation
observation instruments after relocation (taken in north-northeast

direction)
Below: Position of each instrument (taken from the sky)
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Fig. 24. Locations of surface observation at S17 and Syowa Station.
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Table 14. Observation elements, observation frequency, accuracy, and instruments at S17.
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Fig. 25.  Time series of 10-day mean surface meteorological data at S17 and Syowa Station
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Fig. 26. Traverse route from Syowa Station to Dome Fuji Station.
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