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Characteristics and Seasonal Variations of
Precipitation Phenomena at Syowa Station

Hiroyuki KonisHi! and Tatsuo ENDOH?

Abstract: Long-term observations of precipitating clouds were carried out by
a vertical pointing radar, PPI radar and a 37 GHz microwave radiometer at Syowa
Station (69°00°S, 39°35’E), Antarctica in 1989. It is concluded from the observa-
tions that precipitation near Syowa Station, Antarctica is mainly brought by cloud
vortices associated with extratropical cyclones which advance to high latitude while
developing to a mature stage. The seasonal variations of clouds and precipi-
tation were analyzed corresponding to the seasonal changes of air temperature and
sea ice area. The occurrence frequencies of cloud vortices which brought snowfall
to Syowa Station increased in the fall and spring seasons corresponding to activity
of the circumpolar trough. However, the activities of cloud systems that bring
precipitation weaken in spring when the sea ice area expands to low latitudes,
because of less supply of heat and vapor. In 1989, the amount of precipitation in
spring brought by a few snowfall events was as large as the amount of precipitation
in fall brought by frequent snowfall events. Radar observations revealed that
there were three abundant snowfall seasons at Syowa Station and the amount of
snowfall was uniform in all seasons except summer. The amounts of precipitation
in fall, winter and spring were 74, 74 and 53 mm respectively.
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Fig. 1. Detectable range of PPI radar. The radar detects the precipitating echo within 64
km radius. The hatched area shows the shadow caused by the ground blocking the
radar beam at an elevation angle of 2.0 degrees.
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Table 1. Specifications of vertical pointing radar and PPI radar.

HEH PPI

brS AR &1 9410 9740 MHz
REHH 40 40 kW
23V A NG 0.5 0.5 us
B0IR LR 750 750 pulse/s
R/INZAS R —103 —105 dBm LAF
85 RS EE 2 1.2m
[ElER% — 2 rpm
T — 5 SHERE 50 500 m

He 5 &5 pH 6.4 64 km

5] 1/6 18 min

BHEOZ ORI T 57012 NOAA HEERZFIH L7, NOAA FEEGIBMHEMT
—H—E§U EEL, ERECHES BROBOME, SFELERL:. 72, REHIL0
ECMWF O 1000 hPa HIDOZ BT 7 — 5 2ER L, BQECHTOLOMME, BBfzH .
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Fig. 2. Relationship between radar reflectivity factor ar 400 meter height and snowfall rate
at the ground observed in a series of snowfalls at Syowa Station. Each solid circle.
represents a 5 minute averaged value. The types of crystals were mainly graupel,
aggregates of crossed plates, and aggregates of dendrites in cases (a), (b) and (c)
respectively .



EEREH DB DRF & £ DFHIEAL 109

FOEEL L TS 7:ROHT, BRREROER O L 5 CHEORICEROER Y, BRI EE
DN ORFOFERIRD EOFIZEDBEL Y, Hoh, fAlF, MHESZORMIEED
KEVKRFOBERROTOHICENBEL ZoTWw3, bohDEL -7 5H 21 HO#IT
BRSO ER % -7 7 H | HOBWCHARE CESFEEDOES, 1 —58E3% 7
BREL LTS, - T, HoNELBEREREDOERTIE Z-REFEBIKRE(RE > T
3 Z 05, BE®REGPREEICEVNS , RABEHRER SOBTRAETYH | mm/
hr 22 2 23 E0nT, B LSRLEFIDRROBEEEL ZH L 05 03,05 mm/hr &
INE L BTV B,

REEE - LV — S —@mEOMAVBRTE GRS &2 Z-RERERD I3, HE
THREBEDT — 8 2BUSHEFIB D <, 1989FE 2 Hp o 12 A OB 144 L
DT 3 2 E R R o7, 2O 145D B £ g OBRICK FOIK & HIEKRENZ
T, B2IZE LD, B3 76-630, 813 1.02-1.52 T, EHFOEEX 2R g i3HE VEFH S
L3FHEOEER LI DAL, EFEMREE O HOEETRT BOEIRKESELZ->TH
7z, fatE, WEHEESZEORLTEEDOKRKEWLRLTOD B,  OMFREIL SaTo ef al. (1981) 2L -
TEEDHONTFERE TOKRIHT L TOFRE L IFIZE UCETH -7z,

32. Z-RBAFROFE
IO RERTFORETHL ERET 2 EEED 6 BICHFIT 22 8000 T3,

2 Z RBROKK B, g OBHEIF (Z=B - R’
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Date Coeflicient Daily mean Type of crystals
1989 B B temperature (°C)
28 Feb. 61.6 1.21 —1.4 Aggregates of dendrites
02 March 62.3 1.32 —3.8 Aggregates of dendrites
13  March 17.1 1.26 —7.2 Graupel
07 May 26.3 1.27 —18.0 Column
22 May 11.0 1.28 —169 Graupel
19 June 17.0 1.15 —21.6 Column, thick plate
21 June 7.6 1.31 —14.6 Combination of bullets
01 July 45.7 1.02 —10.5 Aggregates of dendrites
24 July 16.4 1.29 —229 Combination of bullets
02 Oct. 16.5 1.30 —12.6 Graupel-like
03 Oct. 220 1.29 —16.0 Graupel-like
24 Oct. 63.0 1.52 —2.5 Aggregates of crossed plates
25 Oct. 46.7 1.40 —53 Aggregates of dendrites
31 Oct. 404 1.21 —10.0 Aggregates of dendrites
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Fig. 3. Dependence of coefficient B on daily mean surface air temperature based on the
values summarized in Table 2.
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Fig. 4. Daily snowfall rate and deviation of sea surface pressure at Syowa Station. The
upper figure shows the deviation of surface pressure from pressure averaged over 30
days. The lower figure shows the daily snowfall rate calculated from vertical
pointing radar data.
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Fig. 5.  Three types of time-height cross section observed by vertical pointing radar. (a) A
pair of early deep echoes and later shallow echoes defined as type-A echo in this
paper. (b) A high level echo without precipitation on the ground for over 10 hours
defined as type-B. (c) The shallow echo from short periodic convective cells defined
as type-C. The radar echo intensity is contoured at 2, 12 and 20 dBZ.
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Fig. 6. Vertical profiles of equivalent potential temperature and wind for the same 6 cases
shown in Fig. 5.
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Fig. 7. Six cases of time-height cross section of type-A clouds as shown in Fig. 5a. The
radar echo intensity averaged for one hour is contoured by solid lines at 2, 12, 20
dBZ. Dotted lines show the upper air temperature at —40, —30, —20°C. The
solid triangle on the horizontal axis shows the time of minimum surface pressure
during the passage of the echo.
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Echo structure of the type-A clouds observed on 4 March and 5 March 1989. The
lower part of the figure shows the horizontal structure of a type-A echo as a
time-distance cross section using the PPI radar echo along a line 10 km north of
Syowa Station. The upper part of the figure shows the vertical structure of the
type-A echo as a time-height cross section using the vertical pointing radar echoes
corresponding to the horizontal structure in the lower panel.
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Typical cloud vortex observed on 4 March 1989 by NOAA/AVHRR image near
Syowa Station corresponding to the radar echoes in Fig. 8. The left figure shows the
image of the cloud vortex and the right figure shows the schematic pattern of the
cloud vortex by a hatched area in the map of the same area shown in the left
AVHRR image. The shaded area shows the continent.
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Fig. 10. Trajectories of low pressure centers for the type-A and type-B echoes which
appeared over Syowa Station. Open circles show the positions of centers when the
echoes first appeared over Syowa Station. Solid bars show the trajectries of the
low centers during the time when the echoes covered Syowa Station.
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Fig. 11.  Conceptual model of cloud vortex structure. The type-A echo corresponds to the
cross section normal to the cloud vortex (ie. A-A’); the type-B echo is from the
southern periphery of the cloud vortex (ie. B-B’). The type-C echo is considered
to be from convective cells near the low pressure center.
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Fig. 12.  Seasonal variations of surface air temperature and the sea ice edge along longitude
40°. The upper figure shows the 10-days averaged temperature observed at Syowa
Station drawn by a solid line. The averaged value is also drawn by a dashed line.
The lower figure shows the sea ice edge defined as the boundary of ice compactness
larger than 80%.
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Fig. 16.  Seasonal variation of the sea ice limit along 40° and liquid water content. The
lower part of the figure shows the occurrence frequency of solid-phase clouds and
mixed-phase clouds. Double hatched and hatched columns show the relative
Sfrequencies of mixed-phase clouds and solid-phase clouds respectively. Open col-
umns show the intermediate clouds between them.
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Fig. 18. Trajectory of low pressure center south of latitude 60°. The cross marks show
where the low pressure centers dissipated. The hatched region shows the continent,
and the shaded area shows the sea ice extent at the beginning of each month.
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Table 3. Number of low pressure (0-30°E and 60-70°S).

Type of low Echo type

1989

Dissipating Passing Total Type-A Type-B
Feb. 7(7) 2.(
Mar. 9 (9) 22 (18) | 5(1) 27 10 5
Apr. 6 (2) 2
May 6 (1) 4
June 6 (3) 0
July 6 (3) 26 (9) 1 10 (0) 36 5 1
Aug. 5(1) 3
Sep. 3(1) 2
Oct. 5 (4) 11 (9) 5(1) 8 (3) 19 5 4
Nov. 6 (5) 3()
Dec. 2 5(3) 3 4 9 1 1
Jan. 3 (3) 1

2 4 BETHERRIBHEMOEELY — 5 -0 31— OKHEEEME» S ELIIA T A LY
A7 BOELIRLI, ¥4 7 A BBHEMOIFEAEH LI EKECHE S MROBDO /N F
DERTAMETH DT, EBREOERD Y A 7TE D & [HEBT 2EKE] —8L T
W5, —H, ¥4 7 BIXBREMOIL %L S RICBE T 2{EKEH S IWROED/ X F D
BEEROME TH -1 Z oo, BRERKDSY 1 7 T0n) [HRICBHT 2 BRE] —%LT
W, o T, BAEICEN T a—-TH8LIY A 7 A LY 17 BOREFEDLHIL, &
SR THBELL, MR T 294 7L RICBEIT 25 1 7OREFEDH LIFFEICR—H
LTwi,
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ROZBEHOESREZDDDIEES 52 Tns EEZ LN, RRTIEEIIER» S EDbN
T3 BEBEEHS (Circum-polar trough) 23558 % 2%, RICIE< k578, BEMEICREA
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