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Preliminary Study on the Structure of the Atmospheric 

Surface Layer in Mizuho Plateau, East Antarctica 
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Abstract: A prehmmary study on the structure of the atmos;phenc surface 

layer m Mizuho Plateau, East Antarctica was made based on the profiles and 

fluctuat10ns of wmd and air temperature observed at Mizuho Station durmg the 

penod from June to December 1972 The results are summarized as follows: 

1) High frequency of slightly stable conditions and low frequency of unstable 

condit10ns were a charactenstic feature of stability m the atmosphenc surface layer 

m Mizuho Plateau durmg the penod descnbed above 

2) Mean value of roughness length was 0.24 cm and larger by one order than 

the values at Syowa Station and the South Pole Tl11S may be explamed by the 

presence of high sastrugi produced by eros10n ofkatabat1c wmds m Mizuho Plateau 

The profiles of wmd speed near the snow surface followed the "log+ lmear" law fot 

Richardson numbers less than about O l 

3) The d1stnbut1ons of the power spectra of wmd and temperature fluctua-

* B::ifs;:�*Ml,fdtfia3:fil::ifs;:$ Hokkaido D1stnct Office, Japan Weather Assoc1at1on, N1sh1 23-chome, 
Kita 1-Jo, Chuo-ku, Sapporo 064 
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tlons and those of the cospectra of heat flux were similar to the results reported by 

many mvestigators. The cospectral analysis for momentum shows that the momen

tum with positive sign is transferred within some frequency ranges. It appears 

that the probab1hty density d1stnbutions of the vertical velocity :fluctuations m 

katabatlc winds are skew to the region smaller than the mean values 

4) Temperature oscillations which seem to be caused by internal wave mo

tions were observed in winter. 

1. Introduction 
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Katabatic wmds and low-level invers10ns are a characteristic feature of the climate of 
Antarctic coastal regions. As preliminary research for the study on the structure of the 
atmospheric surface layer in such regions, plofiles and fluctuations of wind and air tem
perature near the snow surface were measured at Mizuho Station (70°41.9'S, 44°19.9'E, 
m.s.l. 2230 m; formarly Mizuho Camp, officially redesignated in March 1978) in 
Mizuho Plateau, East Antarctica, during the period from June to December 1972 by the 
author who was a member of the 13th Japanese Antarctic Research Expedition. 

The snowfield of Mizuho Plateau provided a nearly ideal site for observing the atmos
phenc turbulence in stable condit10ns, because it is extensive and nearly honzontally 
uniform, and the wind speed was larger than 2 m/s even in strong inversion conditions. 

The purpose of this paper 1s to present statistical analyses of stability and the 
observed temperature oscillations and to examine the form of wind profile and the 
turbulence characteristics in stable conditions. 

2. Measurements and Data Reduction 

The measurements were made in the snowfield at Mizuho Station which 1s located 
at about 300 km southeast of Syowa Station (Figs. 1 and 2). At Mizuho Station the 
most frequent wind d1rection was ESE in each month during the period of the mea
surements, and the monthly means of wind speed and air temperature were 12.4 m/s 
and -40.8°C m June and 8.9 m/s and -18.8°C in December 1972 respectively (SASAKI, 
1974; YAMADA et al., 1974). 

A windmill type anemometer with a vane installed on the top of a 4 m high mast 
provided continuous records of wind direction and wind speed (5-minute mean). The 
profile of air temperature was measured by five platinum resistance thermometers 
mounted on a 10 m high mast, which were set m pipes ventillating naturally. The ther
mometers were mounted at five levels, 0.5, 1.0, 2.0, 4.0 and 8.0 m above the snow surface. 
The outputs of the thermometers were continuously recorded on a 6-channel recorder. 
Temperature data measured at the time when the global solar radiat10n was more than 
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10 cal cm- 2h- 1 and the temperature change with time m 10 mm was more than 0.5°C 
were not used for analyses of wmd profile. 

The 10-mmute mean profile of wind speed was measured with five small anemom
eters of the three-cup type manufactured by Makmo Instrument Company. The 
anemometers were mounted on honzontal booms 0.5 m long extendmg outward from 
the 10m high mast at the same levels as the thermometers. The rotations of the anemom
eters were optically transformed into electnc pulses and counted with electromagnetic 
counters. The reading of the counters was made when temperature inversions occurred. 

Wmd velocity components and air temperature fluctuat10ns were measured with the 
some anemometer-thermometer manufactured by Kaijo Denki Ltd. The some ane
mometer-thermometer was mounted at a height of 4.5 m of an observation tower takmg 
the form of a ladder, which was located about 20 m apart from the 10 m high mast. 
The outputs of the sonic anemometer-thermometer were recorded on a magnetic tape 
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recorder. Observat10ns of turbulent fluctuations were made when temperature inver
s10ns occurred. 

Outputs signals of turbulent fluctuations were filtered with a 6.5 Hz low-pass filter 
to remove the high-frequency noise. In addition, signals of horizontal wind velocity 
components fluctuat10ns were filtered with a 0.178 Hz high-pass filter and amplified at 
appropriate rates. After these steps the analog signals were transformed to digital 
data cards with the A-D converter for numerical calculations by electronic computer. 

3. Results 

3.1. Frequency distributions of stability 
Temperature differences L1 T between heights of 8 m and 0.5 m were computed from 

thermometer data based on the readings of every three hours (local time). L1 Tis given 
by LlT= Ts-To 5 where Ts and To 5 are the temperature at heights of 8 m and 0.5 m 
respectively. The frequency d1stnbut10ns of class intervals of LlT by month are given 
in Table 1. It 1s evident from Table 1 that each month from July to December has fre
quency more than 80 % for L1T>0.5°C, although the frequency m June for this range is 
only about 60 % ; this month had the highest average wind speed. Every month has a 
pronounced peak for the class interval 0.5 to 0.9°C. Lapse conditions occur during the 
months with sun, November and December. The largest variation of LlT occurs in 
December, the first complete month of the antarctic summer. The empirical relation
ship between L1 T and U4, wind speed at a height of 4 m measured by the windmill type 
anemometer, is shown in Fig. 3. The data given in Fig. 3 were taken every three hours 
on three clear days selected at discret10n for a month during the period of the measure
ments. It can be seen from Fig. 3 that temperature differences larger than l .5°C can 

Table 1. Frequency distributions of temperature differences between heights of 8 m and 0.5 m 

above the snow surface. 

Ts-To 5 ( 0C) I 
No - ---- -- --- -- ---------------- ------ ---- -----------

Month -1 0 -0 5 0 0 0 5 1 0 1 5 2 0 2 5 3.0 3 5 4 0 4 5 5 0 of 
I 2 2 2 2 2 2 2 2 2 2 2 2 2 data -0 6 -0 1 0.4 0.9 1.4 1.9 2 4 2.9 3 4 3.9 4.4 4 9 5 4 

June 19721 38 5 52 6 8.9 1192 
July 13 0 61.9 23.0 1 3 0.4 0 4 239 
Aug I 8.9 63 4 22 8 2.8 0.8 0.8 0 4 246 
Sept I 17 7 60.6 19.9 0 4 0.9 0 4 231 
Oct. 17.8 65.6 15.8 0.8 247 
Nov. 0.8 2 5 8.0 70.2 15.5 2.1 0.4 0.4 238 
Dec. 0.4 0 4 10.8 48.9 32.9 2.6 1 7 0.4 1.3 0.4 231 
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Ftg 3 Temperature differences between heights of 8 m and 0.5 m versus wznd speed at a 
height of 4 m 

occur when U4 1s smaller than 8 m/s. 
The stability rat10, SR, at Mizuho Stat10n was computed from i1 T and U4 • Figs. 

4a and 4b show compansons of frequency d1stnbut10ns of class intervals of SR at Mizuho 
Station in 1972 and the South Pole in 1958 (DARLYMPLE et al., 1966) for two penods: 
from June to September and from October to December. SR at each site was computed 
as follows. 

at Mizuho Station; SR=(T8 -T0 5)/U4
2 m °C m- 2s2

, 

at the South Pole ; SR=(T1a-T2 5)/ U10
2 m °C m- 2s2

• 

The umt of SR at the South Pole was given m °F/kt 2 m the ongmal paper. The empmcal 
relat1onsh1p between Richardson number at a height of 4 m and SR at Mizuho Stat10n 
1s shown m Fig 5. As shown m Fig 4a, for the penod from June to September each 
site has a pronounced peak of more than 50 % for the class mterval O 000 to O 021. It 
1s evident from Fig 4a that unstable conditions do not occur at Mizuho Station, but 
occur at the South Pole durmg the penod from June to September It can be seen from 
Fig 4b that a pronounced peak for the class interval O 000 to O 021 dose not appear at 
the South Pole, but appears at Mizuho Stat10n for the penod from October to De
cember The frequency of unstable cond1t1ons at the South Pole m the latter penod 1s 
much higher than at Mizuho Stat10n High frequency of slightly stable cond1t10ns and 
low frequency of unstable cond1t10ns �eem to be a charactenst1c feature of stability m 
the atmo�phenc surface layer m Mizuho Plateau dunng the period from June to Decem
ber 



No. 67. 1979] Prehmmary Study on the Structure of the Atmosphenc Surface Layer 91 

100 

-
90 -..! 

0 -
u 
C: 

80 a, 

a, 

60 

50 

40 

30 

20 

10 

0 

,---

-- Mizuho Station 

(June -Sept 1972) 

the South Pole 

� (June-Sept 19511) 

-
--

I I l l I I I 

-0023 -0001 0000 OD22 0044 006 6 0088 0111 0133 0155 
I I I I I I I I I I 

-0022 0021 0043 0065 0087 0110 0.132 O 15 4 

Class of Stability Ratio 

coc m2s2 ) 

Fig. 4a. Comparison of frequency distributwns 
of class intervals of stability ratw at Mizuho 
Station and the South Pole during the period 
from June to September. 

005 010 015 020 025 

Stab1l1ty Ra!to (° Cm's' ) 
030 

100 

-
-..! 

90 0 -
u 
C: 
a, 

80 

a, 

60 

50 

40 

30 

20 

10 

0 

-

--

-� 

-- Mizuho Station 

(Oct -Dec 1972) 

the South Pole 

(Oct - Dec 195B) 

--
I I I l l l 

·0023 -0001 0000 0022 0.044 006 6 0088 011! 0133 0155 
I I I I I I I I I I 

•0022 0021 0043 0065 0087 0110 0132 0154 

Cl ass of Stability Ratio 

coc m2
s

2
) 

Fzg 4b. Comparison of frequency dtstributwns 
of class intervals of stability ratw at Mizuho 
Station and the South Pole during the perwd 
from October to December 

Fig 5 Richardson number versus stabzlzty ratzo 



92 H1rosh1 SASAKI 

3.2. The form of wind profiles 
Roughness length z0 at Mizuho Station was obtamed by calculatmg graphically 

the twenty wmd profiles data m near neutral condit10ns under which the loganthm1c 
wind law held, although such condit10ns occurred seldom and only during the period 
from June to August. Near neutral conditions were defined as O OO<Ri4<0.03, where 
Ri4 denotes a gradient Richardson number at a height of 4 m. Mean value of roughness 
length was 0.24 cm This value 1s larger by one order than the values observed at Syowa 
Stat10n (MAKI, 1972; ADACHI, 1973) and the South Pole (DARLYMPLE et al., 1966) which 
are about 0.01 cm and 0.014 cm respectively. High sastrug1 produced by wmd erosion 
are the characteristic surface texture in Mizuho Plateau where the strong katabatic wmds 
blow constantly. They sometimes exceed O 5 m m height (NAKAWO, 1975) and are 
aligned with their maJor axes paralleled to the wmd direct10n. It can be explamed by 
the surface texture in Mizuho Plateau that the value of z0 at Mizuho Station was larger 
than those at the two stat10ns descnbed above 

F1g 6 shows the mean profiles of wmd speed (above) and temperature (below) 
of class mterval of Ri4 . It 1s evident from Fig. 6 (below) that strong mversions appear 
at higher level than 4 m above the snow surface. 

Fig 6 The mean profiles of wmd speed (above) 
and mr temperature (below) of class mter
vals of Richardson number at a height of 
4 m N denotes the number of data 
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It has been presented by McVEHIL (1964) that the log-lmear wind profile fits the 
observations well for Richardson numbers less than about 0.14. Fig. 7 shows the 
relationship between ¢ M and z/ L' obtained by the same method as McVEHIL used, 
where ¢M is a universal function for wmd speed to be determmed and z/L' is a nondi
mensional stability index ; 

k : Von Karman constant ( =0.4) , 
z : Height, 
u : Wind speed, 

u* : Friction velocity, 

g : Acceleration of gravity, 
0 : Potential temperature. 

It can be seen from Fig. 6 that the log+ lmear low holds for Richardson numbers 
less than about 0.1 and the relationship between ¢ M and z/L' appears to follow the empir
ical formula obtained by McVEHIL (1964). 

3.3 Turbulence characteristics 
Summary of the observations of the atmospheric turbulence is shown in Tables 2 

and 3. It can be seen from Table 3 that the standard deviations of wind velocity com
ponents normalized by friction velocity (u*) for z/L >5 have much larger values than 
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Table 2 The mean profiles of wind speed and air temperature 

Run No 

Date 

2 

19 Nov 

3 

! 23 Nov 

4 5 
- -- - - - --

I 23 Nov. i 24 Nov 
Start tune (local time )  
Duration for u, v ,  w (mm) 
Durat10n for w, T (mm) 
We athe r 

18 Nov 
00 36 

8 
12 

Cle ar (+) 
ESE 

23 20 

12 
Cloudy 

I 20 09 
8 

12 
Cle ar 

I 23 11 01 54 
8 8 

12 12 
Cle ar Clear 

Wmd d1rect 1on 

Wmd s pee d 
(m/s )  

A lf te mpe rature 
( CC) 

0 S m  
1 0 m 
2 Om  
4 Om  
8 Om  

0 S m  
1 O m  
2 0 m 
4 0 m 

ESE 
--� ----- ---- --- ---

8 1 i 4 . 8 
8 5 5 1 
8 9 5 3 
9 7 6 0 

10 8 7 4 

-36 3 -32 6 
- 35 8 - 32 1 
-35 7 I -31 8 
-36 2 - 32 1 
- 35 5 

- -- - - -
8
- ��- - - _ __J ___ � · ---- ----

- 31 2 

ESE ESE 

4 2 6 . 1  
4. 6 6 . 4  
4 . 7  6. 7 
5 . 4  7 . 5  
6 4 8 . 9  

24 8 -31 . 6  
24 . 6  -30 9 
24 5 -30 . 7  
24 9 -30 .9  
24 1 - 30 . 3  

--

i 

ESE 

7 . 2  
7 8 
8 2 
9 1 

10 3 

-32 5 
- 32 1 
-31 7 
- 31 9 
-31 . 3  

- ----

Table 3 The standard devratzons and related parameters of the atmospheric turbulence 

Run No 

u* = -v'-uw (cm/s ) 
T* = - w T/ku* (cC) 
z/L (z =4 5 m) 

<Jufu* 
uv/U* 
a w /U* 

<Jr/ T* 
<lv/au 

33 0 
0 . 26 
0 070 

2 

17 3 
0 29 
0 . 281 

3 

16 7 
0 27 
0 278 

4 
I 

s 
--� -- - - ---- -- -- - -- -

6 . 1  
1 . 07 
8 . 43 

7 2 
0 90 
5 . 06 

2 00 2 . 12 2 10 6 . 10 8 40 
1 72 1 73 l 88 14 .5 7 01 
1 50 1 46 1 57 5 75 6 13 
0 77 0 . 79 0 . 93 0 21 0 22 

---�---�: ___ _ __ _ __ ; __ I�� J 1·:: -�L 
those reported by other authors, where L 1s the Obukhov length. It seems that these 
large values depend mainly on small friction velocity for zj L > 5. The standard devia
tions of temperature normalized by scaling temperature (T*) for this stability range have 
small values equal to about 0.2 which are of the same order as presented by KONDO et al. 
(1978). But the data are not enough in number and more observations concerning 
these pomts are needed. 

The normalized power spectra of wmd velocity components and temperature are 
shown m Figs 8 and 9. It appears that all of these spectra follow the so called -5/3 low 
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Fig. 8. Normalized u spectra (above) and v spectra (below). 
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in high frequency region. The cospectra of momentum flux and heat flux are shown 

in Figs. 10 and 1 1  respectively. It can be seen from Fig. I O  that the momentum with 

positive sign is transferred within some frequency ranges. This suggests that the mo

mentum flux near the snow surface in the katabat1c winds region may be smaller than the 

ordinary one. The distributions of heat flux cospectra shown in Fig. I 1 are similar to 

those reported by many investigators. 

It seems that the study on the vertical velocity skewness W'3/aw3 in stable condi

tions has not been made fully (CHIBA, 1 978). The skewness is the lowest order odd 

moment nondimensionalized (LUMLEY and PANOFSKY, 1 964). It is zero when the den

sity 1s symmetric and not zero for the skewed density function. It can be seen from Fig. 
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12 that the vertical velocity skewness obtamed from the observations at Mizuho Station 
1s about -0. 1 and independent of stability (z/L). It appears that the probability density 
distributions of the vertical velocity fluctuations 111 katabatic winds are skew to the 
region smaller than the mean values. 

3.4. Observed temperature oscmations 
Fig. 13 shows the example of temperature oscI1lat10ns observed by the five thermom

eters 111stalled on a 10  m high mast in the winter of 1972. Surface meteorological 
cond1t10ns 111 these occurrences were as follows : the amount of cloud was 0/ 10-2/10, air 
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temperature was higher by 5-7°C than monthly mean values, wmd speed was 10-12 m/s 
and wind directions were E-ESE (YAMADA et al , 1974) Fig 14 shows the temperature 
profiles in these occurrences obtamed from the rad10-sonde data at Syowa Stat10n It 
can be seen from Fig 14 that an mvers10n layer or a stable layer appeared at the alti
tude which was about as high as Mizuho Stat10n (2230 m) 
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It can be seen from Fig. 1 3  that the penod of osc1llat10ns 1s about 5-1 5  mm and 

their frequency is comparable to the frequency of Brunt-Vaisala for atmosphenc mternal 

wave motions. STEWART (1969) suggested that atmosphenc wave mot10ns will fre

quently be mixed with turbulence m stable stratificat10ns . More precise observations 

for mternal wave motions may be needed for the study on the atmosphenc surface layer 

in Antarctica and there may be many chances of observation for this phenomenon in 

Antarctica. 
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