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Seasonal Variation of Atmospheric Water Circulation in the
Antarctic Region Derived from Objective Analysis Data

Koji YAaMazaki*

Abstract: Precipitable water, total moisture flux and its convergence are calcu-
lated based on the 6-year (1986-1991) twice-daily U.S. NMC data to investigate the
atmospheric water circulation in the Antarctic region. The precipitable water
becomes large in summer, but the zonal mean poleward moisture flux and its
convergence, which corresponds to ‘“‘precipitation minus evaporation”, become
large in winter and they also exhibit semi-annual variation. This is because the
seasonal variation of moisture flux and its convergence is mainly controlled by the
cyclonic activity in the Antarctic region. The westward moisture flux, which does
not exist in the Arctic region, is seen poleward of 70° along the Antarctic continent
and it is significant in summer. It is found that the atmospheric water circulation
in the Antarctic region is very active compared with the global mean, especially in
winter.
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NMC DATA 1986-91
ANNUAL MEAN PRECIPITABLE WATER (MM)

180°E

X1 FEPyaEke, SERERIZ | mm, 1986-1991 £0) 6 FEMD NMC 7 — 512 & 5.
Fig. I. Annual mean precipitable water. Contour interval is | mm. Based on 6-year
(1986-1991) NMC data.
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Fig. 2. Monthly mean precipitable water at Syowa

Station from February 1989 through Janu- 1
ary 1990. White column denotes NMC
data and black one denotes zonde observa- PR AN JdAS e ND O
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PRECIPITABLE WATER (MM)
5 NMC DATA 1986-1991
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B3 AT EORE RN, ftEiEE. s 1 B2 18%70). 2
FraRRLThD, HERRRIZ | mm, 05mm bEWTH S, 1986-1991 F£D 6 F
IO NMC 7 —% 12 & 3,
Fig. 3. Latitude-time plot of zonal mean precipitable water. Contour interval is 1 mm. A
contour of 0.5 mm is also drawn. Based on 6-year (1986-1991) NMC data.
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Fig. 4. Annual and zonal mean precipitable water. Closed circles denote values in the
Southern Hemisphere and closed triangles denote those in the Northern Hemisphere.

Based on 6-year (1986-1991) NMC data.
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NMC DATA 13886-31
ANNUAL MEAN

—> S0 KG/M/SEC S0°E

R5 FEEHAER T 7 v 7 ARMH, ETWCEEDOKE S RFR, 1986-1991 0 6 £/ D
NMC 7—%ic & 5.
Fig. 5. Annual mean moisture flux. A scale is shown at the left bottom. Based on 6-year
(1986-1991) NMC data.
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Poleward Moisture Flux (kg m~1 s-1)
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Fig. 6. Same as in Fig. 4 except for poleward moisture flux.
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Table 1. Estimates of mean annual net water vapor transport across 70°S (V*).

Data base, period or V*
number of years kg m™! s™!

Based on atmospheric data

STAR et al. (1969) 1958 (+) 0.73

Peixoto and OorT (1983) 1963-1973 (—) 3.0

HowARTH (1983); HOwWARTH and RAYNER (1986) 1973-78 and 1980-84 (—) 3.7

MAsUDA (1990) 1979 (=) 5.3

This study 1986-1991 (—) 49+0.6
Based on surface data

RUBIN (1962) multiyear (—) 56t 72

BAUMGARTNER and REICHEL (1975) multiyear (—) 54

BroMWICH (1990) multiyear (—) 5.8t0 6.0

GIOVINETTO et al. (1992) multiyear (—) 66t0 1.3

After GIOVINETTO et al. (1992)

m's™! TH 5, BELHIL 6 FRIDT —F DIFERELRL TS, 0SB IFET7 797 A
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EHREL S REBL B ETE S (F AL, BRoMwich, 1990), IS & i OF 5L WHE
BTHEZNINE N, RILZCINFETOEL OMFHER % £ L7z (GoviNerTo ef al., 1992
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ZDFE LD THEHOFERLIR TS Z LR KBL TWwa, ZHBIEEE Tk = R BEZM

POLEWARD MBISTURE FLUX (KG/M/S)
NMC DATA 1986-1991
S N\ "

LATITUDE
1

goslIIll!I)IIT}lIlIIIIIIX
J M M J S N J M M J S N J
MONTH
7 B3 EEL. L. BRAEAERT 7 v 7 A, FERMEREIE 2ke/m/s. 1 kg/m/s D
HERIETH D,

Fig. 7. Same as in Fig. 3 except for poleward moisture flux. Contour interval is 2 kg/m/s.
A contour of 1 kg/m/s is also drawn.
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Eastward Moisture Flux (kg m~1 s-1)

"
« L N I I
- 100 - - :
E | |—e——SH [
g 80 ] emteee nm [
» N
g 8077 n
B r
E 40
b F
2 —
) 20 - -
§ ‘"-lr--l--n--‘_ -
5 S S
“ - }._
o 0 —
g ! .
+ — -
2] ; -
5 -20 L L A I B A B B B Tl
60 65 70 75 80 85 90

LATITUDE
H8 X4 kr[EU, /2L, FRIEKER 77 v 7 R

Fig. 8 Same as in Fig. 4 except for eastward moisture flux.

EASTWARD MBISTURE FLUX (KG/M/S)
5 NMC DATA 1986-1991

60 \ggu/uf 80 Eow‘\‘\/
NN @

LATITUDE

805 |ihl:fj I B
J M M J S N J M M J S N J
MBNTH
K9 K3 LU, 2L, RAIESAER 7 7 v 7 A, F{EARHREIZ 20 kg/m/s. £5, £10 D
FEFROLETH 3,

Fig. 9. Same as in Fig. 3 except for eastward moisture flux. Contour interval is 20 kg/m/s.
Contours of *5, =10 are also drawn.
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ANNUAL MEAN

180°E

) eS
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90°E

10 FPKERT7 7 v 7 APCR. FiERHRIE 0.5 mm/day

Fig. 10. Annual mean moisture flux convergence. Contour interval is 0.5 mm/day.
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11 FEHROKEKOFEMEEE BN, #4703 10 g/cm? (GloviNerTo and BuLL, 1987 X 1)
Fig. 11.  Annual mean surface mass budget of the Antarctic ice sheet. Unit is 10 g/cm?
From GioviNeTTO and BuLL (1987).

Moisture Flux Convergence (mm/day)
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Fig. 12.  Same as in Fig. 4 except for moisture flux convergence.
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MBISTURE FLUX CONV. (0.1 MM/DAY)

NMC DATA 1986- 1991
60S

LATITUDE

1 J
:@
\/
'&:‘
; .n

903 T

E13 M3 L[, 727, KEKT7 T v 7 AR, Z{EEREIRIE 0.2 mm/day
Fig. 13. Same as in Fig. 3 except for moisture flux convergence. Contour interval is 0.2
mm/ day.
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