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WARMING AT SYOWA STATION IN THE ANTARCTIC DUE
TO SYNOPTIC SCALE DISTURBANCE IN WINTER

By Nozomu Naito and Noriyuki NisHI

Synopsis

It has been reported before that Antarctic temperature suddenly rises especially at
surface when synoptic scale distubance arrives. Authors have examined the mechanism of
this warming by the data observed at Syowa Station in mainly 1993 by the 34 th Japanese
Antarctic Research Expedition (JARE 34). The study is mainly done for the periods of 11
prominent warming events and done on the two points.

The first is the contribution of destruction of temperature inversion on the surface. By
comparison of vertical profiles of temperature before and after the events, it has been
shown that strong temperature inversion made by radiative cooling was destroyed. Its
average contribution for surface temperature’s rise has been shown 8.2 K for 21.8 K.

The second is the contribution of horizontal advection of sensible heat in upper layers.
Heating rate estimated from it has been larger than the observed value. The discrepancy
is regarded mainly due to cooling by vertical upward motion. Vertical velocity has been
estimated about 0.3 ~ 0.9 ¢cm/s upward.
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Fig. 1. Surfacetemperature observed at Syowa (upper), Mizuho (middle) and MD 364
(lower) from January 9, 1993 to January 23, 1994.
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Fig. 2. The variance components for the period of 1 to 30 days for surface tempera-
ture at Syowa (upper), Mizuho (middle) and MD 364 (lower) from January
9, 1993 to January 23, 1994. Ordinates are shifted to + 20K at Syowa, and
— 20K at MD 364.
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4. The cross-correlation of the variance components
for the periods of 1 to 30 days for temperatures be-
tween surface (7T,) and upper layers (Tgs, 700, 500, 300500)

at Syowa.
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Fig. 5. The cross-correlation of sufface temperature (Ty)
with surface pressure (P,) and surface wind speed

(V,) at Syowa.
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Table 1. The selected 11 prominent warming events in winter. Date, time (local time)
and surface temperature (7s) at Syowa of the beginning and the end of the
events, period of the events, change of surface temperature in the events
(dT,), intensity (dT;) and height (H,) of temperature inversion on the
surface before the events, are shown.

No. the beginning the end in the events Temp. Inv.
Ts (C) T, (°C) |period (@) | dT, (K) | dT: (K) | H; (m)
1 Mar. 26 03LT | —232 | Mar.2803LT —43 2.0 18.9 43 180
2 May. 603LT | — 246 | May. 715LT — 86 1.5 16.0 49 257
3 May. 26 03LT | — 230 | May.28 15LT - 4.3 25 18.7 7.1 215
4 Jun. 1003LT | —233 Jun. 13 I5LT -71 35 15.6 9.5 204
5 Jun. 28 15LT | — 286 Jul 103LT -~ 175 25 21.1 6.5 199
6 Jul 10 03LT | — 30.0 Jul. 14 15LT — 84 45 216 10.7 303
7 Jul. I815LT | — 369 Jul. 2003LT — 88 L5 28.1 13.7 237
8 Jul 31 15LT | — 355 | Aug. 215LT —52 2.0 303 95 176
9 Aug. 1215LT | —30.2 | Aug. 1415LT —-13 2.0 22.9 6.7 102
10 Sep. 103LT | — 403 Sep. 215LT | — 148 15 255 12.8 218
11 Sep. 903LT | — 283 Sep. 12 ISLT -173 35 21.0 45 103
average — 29.4 - 1.7 2.5 21.8 8.2 199.5
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Fig. 6. Same as Fig. 1, but for only in winter (from the autumnnal equinox to the
vernal equinox). Triangles on 0°C line show the beginning (upward)
and the end (downward) of the selected 11 prominent warming events.
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Fig. 15. Heating rate estimated from horizontal advection of sensible heat (dT(HA))
for three layers above Syowa calculated by the relation of thermal wind
shear. Ordinates are shifted to + 30K/ 12h between 850 hpa and 700 hpa
levels, and — 30 K/ 12 h between 500 hpa and 300 hpa levels.
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Table 2. The average heating rate estimated from horizontal advection of
sensible heat for the periods of about one year (380 days), cold
half a year (187 days) and 11 warming events (27 days).

(K/12h) in year in winter in the events
850 hPa~ 700 hPa 0.13 0.85 5.30
700 hPa~ 500 hPa 0.32 0.21 2.38
500 hPa~ 300 hPa 0.68 0.54 2.95

Table 3. The balance of average heating rate in the 11 warming events.

The observed value is shown by d7T, the estimated value from
horizontal advection of sensible heat (same as the right column
in Table 2) by dT(HA), the value from longwave radiation”’
by dT(LR). The residual shown by dT—dT(HA)—dT(LR) is
regarded as the value due to vertical motion.

dT(LR) dT-dT(HA)-dT(LR)
(K/12h) dT |dT(HA)
clear | cloudy clear cloudy
850 hPa~ 700 hPa | 1.09 5.30 — 055 | — 1.2 — 3.66 — 3.01
700 hPa~ 500 hPa | 0.42 2.38 — 045 | — 0.825 — 1.50 - 1.13
500 hPa~ 300 hPa | 0.11 2.95 — 035 | — 0.45 —2.49 —2.39

Table 4. Average vertical velocity calculated in the 11 warming events.

According to the variation range and the average of temperature
in each layer, the saturated adiabatic lapse rate (I's) is defined .
Vertical velocity (w) is calculated by regarding the residual of
the heat balance in Table 3 as the effect of vertical motion with
the dry (I'y) and the saturated () adiabatic lapse rate for clear

and cloudy case, respectively.

T (°C) I (K/km) w (cm/s)
range average| Iy I clear | cloudy
850 hPa~ 700 hPa | —35~— 8| —20 8.21 0.87 0.85
700 hPa~ 500 hPa | —43 ~— 17| — 30 9.76 8.86 0.36 0.30
500 hPa~ 300 hPa | — 656 ~— 28| —45 9.43 0.59 0.59

5. ¥LHELHRHE

RERBEEL I > K ZHEBMIB O K[EEH I > L CTHENEMOBR 7 — 5 OfTH 5, KRiZORE
BRRICEEL, BMKEYEREEC X A3HRESBOFEMKIBRO RBICE I A 4 =X LDFRD 2

BhoOREET- 1o AEIRONATEURFEREUTRELD B,

(1) BREMcBF28ERICE, FE 218K o FKE FRICH LT 8.2 K 3B spaisEc
EB3BELWAZ, £ L CZOBMPERBOMBICL-T, ZORBIIEZMERBICBVTERENL -

TWwb,

(2) - oBEMYEBEORR IS, KEBEEILICE S I ESBEEBROFMETOIHFS LTV,



PO - 7 : A B ORESRIIETLIC M > BRSO ERS o7

(3) AL REBCIEEOBIKEBHEAERILLTBYEBSB LR G LTRESHFELTY
5,

(4) BEOBRIUKEBH, BHAH &FRCHE R L 2R HBRIFET 2 EMTRREN, £
OLRHOAESRIBLE03~09cm/s ERES> NI,

iz, SEIRERLAED -1 ORBESICBT 2HBETET 5,

(1) SEIGEBEEILIC S [EBLETHO S bRERECER L OREEED 108, £ORITT] &HES
BEBRICOVWTORN S ZOEHEED A A= XL Z2BRTEIALTLETH S I,

(2) %12 OEFHOERHEE BT ATE b BREV, 727 LEBIROBR 7 — 5 3B THRONT
By, RERKET— 5 OERSOTEASKETH 24, FOBICET— 5 BROEFEEICHT 2 RIAEFD
RREBKHELIEA D,

(3) EBABERER T, £FLE SRASUBHKBEIESERS NS T EHHMONTVEHO, &
MBSO T LHEROBROEVE, NERTOBIICESEHO 2 b = X AR L&
AETH200E b bEHES REE VA 5, NERTOSEBRAEIE LY E T 2BROFTE TR
Presh s,

6. # 3

AW YT » TR, KESBEBFIORMRALERL > P AR ERBBRIC ZARSPE LHRE L
THEE L, BLEEHVELET,

¥ 7 AEAVEBRAIF — 5 ORI S » TR, ERTEAFTHBOBARZ R, EBHHR
FoALBRYF SRFENSEBEIROFHERES LUHFEEXGRE L — 5 —E0/ NTIRK
SIEHERP->TOWEEET L, MLTHEEZRLZ T,

gEX®|

1) Nakajima, C., J. Inoue and Y. Fujii : Comparison of the Seasonal Meteorological Variations
between Mizuho and Syowa Stations, Antarctica in 1977, Memoirs of National Institute of
Polar Research, Special Issue No. 19, 1981, pp. 210 - 222,

2) JNOAES : LEFEEE L AT REMORR, $5EBRSKEY v £V Y ATFRE 1982, pp.
54 - 55,

3) Ishikawa, N. and S. Kobayashi : Climatological Features of Mizuho Station in Katabatic
Wind Zone, East Antarctica, Memoirs of National Institute of Polar Research, Special Issue
No. 29, 1983, pp. 1-15.

4) Kikuchi, T., Y. Ageta, F. Okuhira and T. Shimamoto : Climate and Weather at the Advance
Camp in East Queen Maud Land, Antarctica, Bulletin of Glacier Research, 6, 1988, pp. 17-25,

5) WA 3% e, EBORE 3RR, ENEHBFTRE, T4 E, 1988, pp. 10-56.

6) Kawaguchi, S. S. Kobayashi and N. Ishikawa . Aerological Soundings of the Surface Bound-
ary Layer at Mizuho Station, East Antarctica, Memoirs of National Institute of Polar
Research, Special Issue No. 24, 1982, pp. 77 - 86.

7) Wada, M. . Analysis of Aerological Data and Cloud Observations at Syowa Station, East
Antarctica in 1979, Memoirs of National Institute of Polar Research, Special Issue No. 24, 1982,
pp. 127132,



AP KIFERER $38EB-2 FET7. 4 (1995)

248

8) Schwerdtfeger, W. . Weather and Climate of the Antarctic, Development in Atmospheric
Science, 15, Elsevier, 1984, p. 261,

9) List,R.]. : Smithsonian Meteorological Tables, Sixth Revised Edition, Smithsonian Institute
Press, 1949, p. 527,

100 JNOES : K&GER, EROMY 3X%, EBUBMHERE L4558 1988, pp. 109-126,



