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Abstract 

The author, as a meteorological research member of the Wintering Party of the 
Eleventh Japanese Antarctic Research Expedition in. 1969-1971, carried out micro
meteorological observations at Syowa Station in Antarctica during the period from 
February 1970 to February 1971. The results have been reported in the following 
papers: MAKI (1971); MAKI (197 2a, b, c, d); and MAKI (1974a, b). 

The observations on the structure of the atmospheric turbulence near the ground 
were made with the sonic anemometer-thermometer for the first time as the main 
theme of the meteorological research project. This investigation was carried out for 
the first year in the four year project of "Explanation of Formation and Structure of 
Antarctic Anticyclone". 

An atmospheric turbulence in stable stratification was measured on the 21 m-high 
tower built on the sloping terrain of Syowa Station during the period from February 
to December, 1970. Its characteristics are analyzed in relation to the stability (Richard
son number, Ri) in the atmospheric surface layer. 

The vertical mean wind speed at the height of 20 m is observed to 'be about one
third of the longitudinal mean wind speed at the same height (U20) above the slope 
with the inclination of about 10 degrees. The standard deviations of the longitudi
nal, lateral and· vertical wind speed fluctuations decrease exponentially with the 
increase of Ri. The ratios of the standard deviations of the longitudinal, lateral and 
vertical wind speed fluctuations to the friction velocity are independent of Ri. The 
energy dissipation rate increases roughly in proportion to the 0.5 power of Ri. The 
scale of the atmospheric turbulence seems to be a. solid body of a long and narrow 
cubic vortex having the dimensions of length : breadth : height=6.3: 1.9: I. The charac
teristic scale of the atmospheric turbulence which is the largest turbulon (INOUE et al., 
1955) is independent of the stability (Ri). Furthermore, the scale of the smallest 
turbulon increases exponentially with the value of Ri. The nondimensional fre
quency at the maximum spectral density of the longitudinal wind speed increases with 
the increase of Ri. On the other hand, the peak frequency of the lateral wind speed 
is independent of Ri, and that of the vertical wind speed decreases with the increase 
of Ri. 

The interrelations among the wind direction, the wind velocity, the air tempera-
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turc and the vertical air temperature gradient have become clear as follows: In winter, the frequency of the prevailing wind direction is not higher than that in other seasons. The frequencies of the southern wind directions of S and SSE, the frequency of the dead calm (below 0.1 m/s) and the wind speed of the prevailing wind in winter are higher than those in other seasons. The air temperatures are high in the wind directions of NNE to E, and low in the wind directions of SSW and SW. The vertical air temperature gradient in stable stratification is large in the wind directions of ESE to SSW and decreases rapidly with the increase of the wind velocity below about IO m/s and gently above about 10 m/s. The warming ratio which is defined as the ratio of the increase of air temperature to the increase of wind velocity shows a significant annual variation. The warming ratio is 2.9°C per IO m/s in spring, 1.3°C in summer, 3.0 °C in autumn and 5.0° C in winter, particularly 5.8°C in May and August and 0.5°C in December. The vertical air temperature gradient decreases 0.0057°C/m with the I °C increase of air temperature. The frequency of stable condition is about 88% in winter, about 30% in summer and about 75% throughout the year. The maximum of the frequency distribution of the vertical air temperature gradient shifts from the maximum of the normal distribution to the unstable side in winter, and vice versa in summer. The Kernlose-type phenomenon also appears in the annual variations of the tropospheric maximum air temperature and of the air temperature at the heights of 20 m and 1 m. The meteorological observations made on the tower on the sloping terrain of Syowa Station may not be ideal as a representative meteorological observation in Antarctica. The observation of the atmospheric surface layer in super-stable stratification was carried out in the middle of the Ongul Strait about 2 km east of Syowa Station. The author obtained the relations of the stability ratio (S) to the momentum diffusion coefficient, to the mixing length, and to the Richardson number against heights in strong stable stratification. The vertical profile of air temperature shows a perfect linear variation in winter and a nearly linear variation in spring. The relation between the vertical air temperature gradient and the wind velocity at the height of 6 m (U 6) is similar to an orthogonal hyperbola above 2.0 m/s of U6• The author also investigated the relation between the visibility and the wind velocity under the condition of drifting snow. The visibility decreases rapidly with the increase of the wind velocity at the height of IO m (U10) above 8 m/s, namely, when U10 is 15 m/s the visibility is about 150 m; 25 m/s, IO m; and 35 m/s, 2-3 m. The visibility is in inverse proportion to the fifth power of the wind velocity. The deduction of different friction drags obtained under constant or changeable aerodynamic roughness lengths is almost proportional to the fifth power of the wind velocity and is almost inversely proportional to the visibility. The turbulent heat transfer was measured on the smooth terrain at about 150 m north of the, Air-Traffic Control Hut. The values obtained by two different methods of calculation of the turbulent heat flux agree considerably, when the sun rises scarcely above the horizon. 
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1. Introduction 

The atmospheric turbulence in stable stratification was observed at Syowa Station 
(69°00;S, 39°35'E) in Antarctica during the period from February to pecember, 1970. 
Turbulence characteristics are analyzed in relation to the stability (Richardson number, 
Ri) or the wind speed at the height of 20 m in the surface air layer. 

A great number of investigations have been made on the structure of atmospheric 
turbulence, especially on power spectra of wind speeds in the surface air layer during 
the last decade: SHIOTANI (1963), LUMLEY and PANOFSKY (1964), SOMA (1964), BERMAN 
(1965), KAIMAL and IZUMI (1965), SAHASHI (1967), MITSUTA (!968a, b), BUSCH et al. (1968), 
BUSCH and PANOFSKY (1968), BuSINGER et al. (1969), OKAMOTO and WEB_B (1970), MITSUTA 
et al. (1970), MIYAKE, DONELAN and MITSUTA (1970), MIYAKE and McBEAN (1970), MIYAKE, 
STEWART and BURLING (1970), SITARAMAN (1970), YOKOYAMA (1971), WARNER (197 2) and 
KAIMAL et al. (197 2). 

Although the energy and mass exchanges between the air and the ice cap in the 
polar regions are well known to play an important role in polar climate, our knowledge 
of the structure of air flow over the snow and ice in Antarctica is insufficient for clarify
ing the physical processes governing the interaction between the air and the ice cap. 
Little investigation has been made on the turbulence structure in super stable stratifi
cation as observed in the polar regions, so far as the author knows. 

Observations on the structure of the atmospheric turbulence near the ground 
in super-stable stratification were carried out with the sonic anemometer-thermometers 
(S.A.T. hereafter) at Syowa Station during the period from February to December, 
1970. 

Wind fluctuation data are mainly analyzed in order to clarify their statistical charac
teristics in relation to the thermal stratification. 

The relations among the climatic elements were made clear by the observation 
during the period from March 1970 to February 1971 at Syowa Station. The past Win
tering Party reported on the climatic elements such as wind direction, wind velocity 
and air temperature. 

The climatic elements at Syowa Station have bee� already reported by some mem
bers of the Wintering Party. For example; annual wind rose, monthly mean wind 
direction, monthly mean wind velocity, monthly mean air temperature, annual frequency 
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of wind direction and annual frequencies of wind velocity for the wind· direction and 
for the air temperature were reported by MURAKOSHI (1958), monthly mean wind velocity 
and wind rose by NAKASHIMA (1961), ten-day mean maximum and minimum tempera
tures by MuRAKosm and YATA (1962), monthly wind rose, air temperature frequency 
for the wind direction in winter (June, July, August) and air temperature against the 
wind velocity in winter by Japan Meteorological Agency (1964) and annual wind velocity 
for the wind direction by MORITA (1968). 

Accordingly, it is not so much original that similar variations of monthly and sea
sonal means of wind direction, wind velocity and air temperature are obtained. There
fore, the author made a study on annual variations of climatic elements consisting of 
monthly and seasonal variations. Especially; the vertical air temperature gradient (here
after temperature gradient) is placed among the climatic elements along with the wind 
direction, the wind velocity and the air temperature. It was not reported in detail until 
now, particularly on the· quantitative measurements of the increase of air temperature 
and the decrease of temperature · gradient against the increase of wind velocity, and 
also the annual observation of the inversion layer and the relations among the tempera
ture gradient and other climatic elements. 

The author describes the characteristics of the wind velocity profile and the air 
temperature profile in the atmospheric surface layer, i.e., annual occurrence ratio of 
ground inversion, air temperature difference of two different heights, altitude of trop
ospheric maximum air temperature and typical seasonal profile of air temperature. 

The observations of the atmospheric surface layer in stable stratification above the 
sea ice are reported in the present paper. The author observed profiles of wind velocity, 
air temperature and snow temperature in the observation caboose during the period 
of one month when the annual minimum air temperature would appear frequently 
around Syowa Station. 

The stability above the sea ice is generally larger than that at Syowa Station 
(MAKI, 1972a, b). Strong inversions with the temperature gradient of 2.0 ° C/m were 
observed several times in the atmospheric surface layer above the sea ice. In such a 
strong stable stratification above the sea ice near Syowa Station, the usual equation 
of the wind velocity profile such as the logarithmic law is not applicable in the con
ditions of slightly stable to super-stable stratifications. 

LILJEQUIST (1957) reports that a certain equation of the mixed form of the log
arithmic and linear law is applicable to the strong stability from slightly stable to 
super-stable stratifications. The present results are compared after the method of 
LILJEQUIST (1957). 

Now, the author reports the relation between the visibility and the wind velocity 
in drifting snow at Syowa Station. In Antarctica, the wind velocity is not strong with
out snow particles drifting from the surfaces of ice sheet and snow ice. In blizzard 
accompanied by the drifting snow and the snowfall, the visibility gets particularly poor 
and it is extremely dangerous for people to walk in the snow field. There has been 
no quantitative investigation of the relation between the wind velocity and the visi
bility except the work by LILJEQUIST (1957). The observation of visibility under 
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various wind velocitie! was carried out during the winter season from May to Augast, 
1970. 

Furthermore, the turbulent heat flux is obtained by two different methods, one 
of them calculates from the energy budget equation and the other from the functional 
formula including a wind component. The data for this research were obtained on 
the sea ice near Syowa Station during five days when the sun did not rise above the 
horizon. 

If there is no short-wave radiation, the energy budget is represented by a very 
simple equation, as the former turbulent heat flux of two different methods is obtained 
from the net radiation and the vertical snow temperature profiles. On the other hand, 
the latter turbulent heat flux of two different methods is obtained from the vertical 
profiles of wind velocity and air temperature. The turbulent heat transfers obtained 
by two different methods are compared with each other. 
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2. Observations and Data Analyses 

2.1. The observations were carried out at the micrometeorological observation site 
(point C in Fig. I) of Syowa Station on East Ongul Island. The site slopes down 
eastward with the inclination of about IO degrees. It is about 50 m away from the 
foot of the slope and about 30 m away from the snow line of the sea ice. The height 
of the site is about 8 m above the sea level. East Ongul Island, which is about 4 km 

Vl 
b 

8 
C)') 

39° 37'E 

o'c>sK 'f' . 
0 

69° g 
1'5 'a, 

L--..1..---1-=�-...I.---''----' c.o 

I I 

500m 

z 
0 

39° 

37'E 

Fig. J. Topography of the northeastern part of East Ongul 
Island and the location of the tower and the pole 
used in the micrometeorological observations. 
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Fig. 2. Sonic anemometer-thermometers and the 21 m-high 

tower. 
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from the Antarctic Continent, has hills of 30 to 40 m high at about 300 m away from 
the observation site under the lee of the prevailing wind. 

According to MuRAKOSHI (1958), the prevailing wind direction at Syowa Station is 
northeast. The 21 m-high tower, made of iron pillars of an equilateral triangle shape 
with 30 cm span was decided upon for measuring the prevailing wind (Fig. 2). 

A three-dimensional S.A.T. was set up on the tower at a height of 20 m. The 
sensor probe was attached to the beam so as to keep the probe 1 m away from a side 
of the tower to avoid its interference. The S.A.T. has probes with 20 cm span for 
the longitudinal, lateral and vertical wind speed components of the 1 20° crossing. The 
winds of N to E directions can be measured without any interference from the wakes 
of any transducers or supporting members (MITSUTA et al., 1967; MITSUTA, 1971). The 
data of SSW, SE and ESE wind directions were included in this analysis, because a 
strong stable stratification was often found in these cases. The data of SW to WSW 
wind directions were excluded because of the interference effects. Underlines in Figs. 4 
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to 8, 11 and 13 indicate the data on winds blowing from the rear side of the S.A.T. 
The author sometimes checked the horizontal direction of the S.A.T. with a level, but 
it could not be always said that the horizontal direction is not changeable after a strong 
blizzard. 

The S.A.T. used at Syowa Station was adjusted at -20°C as the standard point of 
the temperature correction in order to work under extremely low temperature con
ditions. The frequency response of the S.A.T. is 100 Hz. The electric signals from the 
S.A.T. were recorded on the four-channel rectigraph of 40 mm width (per channel) 
with 50 mm/ s chart speed. The response time of the recorder is about 0.03 s. The 
sampling interval was 0. 2 s for the wind speed fluctuation and the recording time for 
each run was 5 minutes. 

Five sets of three-cup anemometer and of platinum resistance thermometer with 
shelter were installed on the tower respectively at the heights of 21, 10, 5, 2.5 and 1. 25 m 
above the ground. The electric pulses due to. the cup-rotation of the anemometers were 
counted by the magnetic digital counters and the electric output from the platinum 
resistance thermometers was recorded on an electric auto-balancing recorder. The data 
of 80 runs were obtained with the S.A.T. in this observation. And the data of 33 runs 
were analyzed in the present investigation. Table 1 summarizes the meteorological 
conditions at the time of observation. The wind speed observed by the S.A.T. is different� 
from the wind speed observed by the three-cup anemometer at the height of 20 m for 
the longitudinal wind component, because the former is 5-minute mean and the latter 
is 10-minute mean or 20-minute mean. 

In the present paper, the standard deviations (o'u, o'y and o'w) of the longitudinal 
(U), lateral (V) and vertical (W) wind speed fluctuations were calculated from eq. 
(1), the Eulerian auto-correlation coefficients [Ru (t), Rv (t) and Rw (t)] of the three 
dimensional wind components from eq. ( 2) and the power spectral densities [Su (n), 
Sv (n) and Sw (n)] of the three dimensional wind components from eq. (3). 

The standard deviation, o'u and the Eulerian auto-correlation coefficient, Ru (t) of 
the longitudinal wind speed component are expressed respectively as follows: 

and 

· 
N 1/2 o'u = { �/u-ui)2/N} , · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . .  · ( 1 )  

N-p Ru(t)= � (u' i ·u' i+p)/<fu 2 (N -p), · · · · · · · · · · · · · · · · · · · · · · · · · . . · ( 2 )  
i=l 

where suffix i and p are integers 1, 2, 3 . . .  n(n=300 or 500), u is the longitudinal mean 
wind speed (5 minutes), u the longitudinal wind speed, u' (=u-u i) the wind speed 
fluctuation, N the total number of data (1500), t(=Jtp) the time lag and Jt the sampling 
time interval (0.2 s). 

The power spectral density, Su (n) of the longitudinal wind speed component is 
expressed as follows: 

{ 

M-1 npi 

} 
Su(nt)=Jt<f'u2 Ru(0)+2 � Ru(t) cos - +RL(t) cos ni , 

i=l M ( 3 ) 



Run 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Date 

4 Apr. 
6 Apr. 
6 Apr. 

13 Apr. 
20 Apr. 
20 Apr. 
6 May 
8 May 
9 May 

16 May 
26 May 
13 June 
15 June 
3 July 

10 July 
10 July 
3 Aug. 
2 Sep. 
5 Sep. 

16 Sep. 
25 Sep. 
29 Sep. 
3 Oct. 

19 Oct. 
22 Oct. 
29 Oct. 
30 Oct. 
10 Nov. 
11 Nov. 
11 Nov. 
1 Dec. 
8 Dec. 
9 Dec. 

Table 1. Summary of the associated meteorological conditions at Syowa Station in 1970. 

Wind velocity (m/s) Air temperature (°C) Weather, 
Time Amount 

U21 Urn U5 U2.r, U1.2r, 
S.A.T. 

T21 Tio T1.20 of cloud U20 
1102-1112 6.67 5.67 5.25 4.92 4.50 6.55 - 6.8 - 7.0 - 1.2· @> -
0958-1010 4.80 4.00 3.43 3. 15 2.93 6.93 - 8. 3 - 8. 3 - 8. 7 � -
2322-2334 6.39 5.25 4.86 4.42 4.03 6.56 -10.5 -10. 7 -11. 4 >-<) -
1659-1711 6.33 5.60 5.27 4.67 4.33 6.70 - 9.0 - 9. 1 - 9. 3 10) -
0900-0912 5.08 4.00 3.42 . 2. 83 2.33. 5.49 -12.1 -12. 6 -13.8 � -
2320-2342 7.78 6. 11 5.56 4.78 4.55 8.75 -13.0 -13.4 -14.5 ) -
1049-1103 8.33 7.67 7.00 6.83 6.50 8.41 - 5.0 - 5.2 - 5.4 �. 10 
1120-1133 5.95 5.32 5.00 4.68 4.44 6.07 - 8.4 - 8.6 - 8. 7 � 10 
1740-1752 I. 0> I. 0> I. 0> 1. O> 1.0> 1. 05 -22. 0 -23.5 -26.2 0) 5 
H05-1118 3.00 4. 11 4.55 3.33 3.11 3.00 -16.8 -18. 6 -20.5 ( I 0 
1610-1622 13.41 11.98 11.35 10.56 10. 16 13.20 - 6.5 - 6.7 - 7.3 iij� 10 
1047-1103 I. 47 1. 28 ·1. 08 0.81 0.67 2. 16 -33. 3 -33. 7 -34.2 

� 

1 
1600-1613 I. 83 0.75 0.33 1.0> I. 0> 2.01 . -20.1 -20.8 -21.5 j 5 
1134-1147 10.00 8.44 7.67 7.00 6.56 10.10 -11. 0 -11.8 -12.9 4 
1550-1605 14.47 12.80 12.13 11. 27 10.73 14.42 -11. 3 -11. 9 -12.5 I � 2 
1615-1625 13.78 12.22 11. 44 10.67 10.00 15.00 -17. 4 -18. 2 -19. 1 I ) 2 
1024-1036 8.41 7.46 7. 17 6.67 6.49 8.05 -18.4 -18. 9 -19.1 I ffi, 7 
1713-1727 2.33 2.00 1.85 1. 67 1. 67 3.78 -25.2 -25.8 -27.2 I 4 
1050-1103 9.44 8.11 7.67 6.56 6.00 9.49 -17. 8 -18.0 -18.2 OJ 9 
1532-1544 2.83 2.28 1. 94 1. 75 1. 61 ·4.72 -18. 7 -.19. 3 -20.5 >-<) 0 
1540-1550 0.75 0.70 0.67 0.60 0.50 I. 66 - 9.0 - 9. 1 -10.5 >-< 0 
1505-1518 8.33 7.74 7.26 6.90 6.55 8.63 ..,.14. 8 -14.9 -15.0 

� 

4 
1339-1352 23.56 21. 56 20.67 18.89 18.00 24. 11 - 3.5 - 3. 9 - 4.4 ( 10 
1705-1718 14.04 12.72 12. 11 11. 40 10.88 17.06 - 7. 7 - 7.8 - 8.2· ( 10 
2053-2103 1. 94 1. 67 I. 53 1. 94 1. 81 2.41 -12.0 -12.2 -13. 3 . ( ) 0 
1118-1125 7.41 6.85 6.48 6. ll 5.83 8. 17 -11.5 -11. 7 -12. 0 � 10 
1643-1656 17.29 15.52 14.85 13.65 13. 12 19.49 - 8.1 - 8. 3 - 8. 7 E a� 10 
0953-1010 1. 08 0.83 0.75 0.67 0.67 1. 28 - 0.9 - 1. 4 - 2.2 ( 0 
0010-0018 12. 17 9.67 9.33 7.63 7.33 13.00 - 8.5 - 9.3 -10.2 I 

::) 
0 

1737-1745 4.27 4.06 3.65 3.44 2.50 3. 50 - 3.6 - 3. 7 - 4.1 0 
1135-1148 16.98 15.10 13.90 12.92 12.29 19.62 + 2.0 + 1. 7 + 1.4 �� 10 
2230-2243 7.73 6.67 5.71 5.00 4.76 4.29 - J. 6 - 2.0 - 2.4 ( l 0 
0826-0834 13.00 12.33 11. 67 10.33 9.83 14.20 - 0.9 - 1. I - 1. I � 0 � 
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where i is integer 0, I, 2 
lag. 

n, ni (=7ri/ M.dt) the frequency and M the maximum time 
Standard deviations a'v and crw , Eulerian auto-correlation coefficients Rv (t) and 

Rw (t) and power spectral densities Sv (n) and Sw (n) of the lateral and vertical wind 
speed components are obtained with the same method. 

In order to obtain the smooth distribution of the power spectral density, the 
averaging procedure which is known as Hamming Window (BLACKMAN and TuKEY, 
1958) has been applied in this analysis. In the present paper, M and N for the longi
tudinal and lateral wind components are taken for 300 and 1500, and M and N for 
the vertical wind component are 500 and 1500, respectively. 

The friction velocity (U *) is calculated from 
U* 2 = -'E, (u-ui)(w -wi)/N, · · · · · · · · · · · . .  · · . .  · · . . . .  · · . . . . . .  · ( 4 )  

i=l 

where w and w i are the vertical mean wind speed and the vertical wind speed, respec
tively. 

The Richardson number (Ri) is calculated from the vertical wind velocity gradi
ent and the vertical air temperature gradient at the height of 20 m. Ri is defined by 

Ri = � !� I ( :� ) 2, . . . . . .  · . .  · . . . . . . . . . . . . . . . . . . . .  · . . . .  . . . ( 5 ) 
where g is the acceleration of gravity and e the representative air temperature (absolute 
temperature) at the height of Z. 

Observations show that for the small time lag, i .e., t<3 s the auto-correlation coeffi
cient of the three dimensional wind components may be approximated by 

Ri(t)= I -Ckj tmj, · · · · · · · · · · · · · · · .  · · · · · · · · · · · · · · · · · · · · · · · · · · ( G )  
where Ck and m are numerical constants and j is the longitudinal (U), lateral (V) and 
vertical (W) wind components. The value of m falls between 0.55 and 0.69 in the 
present paper. This formula yields the characteristic time scales of the three dimen
sional wind components, 

Tj= (l/Cki) l /rnj , · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 7 ) 
According to INOUE (1952) and INOUE et al. (1955), the scales of the "largest tur

bulon" of the longitudinal, lateral and vertical wind speeds (A u, A v and Aw ) and of 
the "smallest turbulon" of the longitudinal wind speed ( 'A u) may be expressed respec
tively as follows: 
and A i=U2 0 Tj, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 8 )  

Au = (v3/c) l / 4, · · · · · · · · · · · · ·  · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 9 )  
where v (=µIp) is the kinematic viscosity of the air, µ the molecular viscosity coefficient, 
p .  the air density and c the energy dissipation rate of the turbulence. 

Taking the similarity theory for the inertial subrange of turbulence or the range 
of intermediate turbulon, the following relation is given (INOUE e t  a l., 1955): 
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2uu 2{ 1 -Ru (t) } = C1c2 /.3 (tU20) 2/ 3, · · · · · · · · · · · · · · · · · · · · · · · · · · · · (10) 
where C1 is th_e numerical constant given experimentally to be 1.6. From eq. (10) the 
energy dissipation rate (E) may be rewritten as follows: 

c= (�)3 /2 uu3 { 1 -Ru (t) } 3/ 2 . . . . . . . . . . . . · · · · · · · · · · · · · · · · ·  ( 1 1 ) C1 tU2 0  

2.2. The meteorological data during the period from March 1970 to February 
1971 are used in this analysis. Measurements of meteorological elements were carried 
out at the miorometeorological observation site. 

The vertical profiles of wind velocity and air temperature were measured respec
tively with the five sets of three-cup anemometer and of platinum resistance thermom
eter at the same heights mentioned above. The wind data measured by an aero
vane as the routine surface meteorological data are used in annual measurements of 
wind direction and wind velocity. The wind velocity and the wind direction by an 
aerovane at the height of 10 m are represented respectively the ten-minu_te mean and 
sixteen wind directions, i.e., NNE is first and N is sixteenth with clockwise. The 
wind velocity is divided into some distribution classes, in which the wind velocity interval 
·except for below I m/s is determined as 2 m/s. A dead calm indicates the wind velocity 
below 0.1.m/s and the mean values are the total mean. The air temperature in the 
routine surface observation (Japan Meteorological Agency, 1971) which was measured 
in the screen at the height of 1.5 m above the ground was used in the present analysis. 
Eight-run data obtained at the times of 3, 6, 9, 1 2, 15, 18, 21 and 24 o'clock were 
analyzed in the present paper: 

The temperature gradient on the tower was obtained from the measurements at 
the 'heights of 10 m and 1. 25 m. And the annual variations of the mean air tempera
tures at the heights of 20, 10 and 1 m (T2 0, T10 and T1), the annual variation of 
the tropospheric maximum air temperature (T z), the altitude of ground inversion (Hz) 
(Japan Meteorological Agency, 1971), and the annual variations of Tz-T1 , T2 0-T1 and 
T1 0-T1 were analyzed. The mean air temperature under the condition of ground 
inversion was used in the present analysis. The tropospheric maximum air temperature 
was obtained from the values of the aerological observations at 0300 o'clock (local time) 
at Syowa Station. 

Considering the characteristics of the climate at Syowa Station, four seasons were 
defined as follows; the spring period is October and November, the summer period 
December, January and February, the autumn period March and April and the winter 
period May, June, July, August and September. 

2.3. Vertical profiles of wind velocity, air temperature and snow temperature were 
. observed on the smooth terrain of the sea ice about 2 km east of Syowa Station (Fig. 1) 
during the period from August 20th to September 19th, 1970. The 6 m-high pole 
(Fig. 3) for measuring the wind velocity was set up at point B. The terrain is the 
middle part of the Ongul Strait and has no ob�tacles within about I km from the 
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observation place. Five sets of three-cup anemometer (electro magnetic anemometer) 
were installed at the heights of 6, 3, 1 .5, 0.8 and 0.4 m. As no source of A.C. electric 
power could be obtained, measurements of air temperature and snow temperature were 
carried out with stem thermometers and L tube thermometers every hour, referring to 
the air temperature profile and the snow temperature profile. Air temperatures were 
measured at the heights of 4, 2, I ,  0.5 and O m, and snow temperatures at the depths 
of 5, I 0, 20, 30 and 50 cm. Table 2 shows some of the profiles. 

LILJEQUIST (1 957) presented an equation of the wind velocity profile which is 
applicable to various stratifications ranging from slightly stable to super-stable. The 
equation is as follows: 

U6 = UA + uL, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 12) 

where U 6 is the mean wind velocity at the height of 6 m as the reference wind velocity, U A the adiabatic component of wind velocity corresponding to the logarithmic law of 
the wind velocity profile for neutral stability in eq. (13), and UL the linear component 
of wind velocity proportional to the height above the snow surface. The typical profile 
of wind velocity in strong stable stratification is shown in Fig. 33. 

When the stratification is nearly neutral and the wind is blowing stationarily, the 

Fig. 3. Small three-cut1 anemometers and the 6 m-high pole. 



Date 

23 Aug. 
23 Aug. 
24 Aug. 
27 Aug. 
28 Aug. 
28 Aug. 
29 Aug. 
i9 Aug. 
31 Aug. 
31 Aug. 
31 Aug. 
1 Sep. 
1 Sep. 
1 Sep. 
1 Sep. 
3 Sep. 
4 Sep. 
7 Sep. 
7 Sep. 
7 Sep. 
8 Sep. 
8 Sep. 
8 Sep. 

10 Sep. 
1 3  Sep. 
1 3  Sep. 
14 Sep. 
14 Sep, 
17 Sep. 
18 Sep. 

Table 2, Summary of the associated meteorological conditions at point B above the sea ice in 1970. 

Wind velocity ( m/s) Air temperature (°C) Weather, 

Time 

I 

Amount 

u6 U3 U1. 5 Vo. a Uo. 4 T4 T2 Ti To of cloud 

2158-2209 3. 89 2. 77 2. 08 I. 76 I.  39 - 3 1. 3 - 32.5 - 33.5 - 35.6 ;::i 0 
2226-2243 4. 19 3.45 2.74 2. 31  1. 91  - 31. 4 - 32.0 - 32. 3 - 34.8 ).) 0 
0000-0010 I. 07 0.80 0. 59 0.46 0.38 - 32.5 - 33. l - 33.6 - 35.2 � 0 
2328-2341 I. 39 I. 1 1  0.87 0. 75 0. 63 - 31. 7 - 32.4 - 33.3 - 34.2 '>-<) 0 
2159-2210 I. 77 0.82 0. 41  0. 29 0.24 - 31. 0 - 32.0 - 32. 5 - 34.0 '>.) 0 
2250-2314 I .  29 0.85 0.74 0.65 0.50 - 27.4 - 29.2 - 30.5 - 34.4 w 0 
0008-0027 I. 2 1  0.87 0.69 0. 57 0. 39 - 3 1. 9 - 32. 4 - 33. l - 34. 7 ) 0 
1323-1 335 I. 36 1. 04 0. 79 0. 59 0.45 - 28. 9 - 28. 8 - 29.5 - 31. 2 9) 5 
1213-1223 I. 65 1. 18 0.93 0. 80 0.67 - 30.2 - 31. 0 - 31. 8 - 33. 4 w 1 
1741-1802 2.2 1 2.00 1. 76 1. 10  0. 89 - 34. 0 - 35. 0 - 36. 4 - 39.2 >-<

) 0 
2144-2200 2.5 1 2.33 2. 01  1 .  57 1. 20 - 3 1. 5 - 33. 8 - 37.2 - 40. 1 ) 0 
0000-0010  I. 66 1 .  38 I. 12 0. 79 0.46 - 32. 3 - 32. 8 - 33. 8 -40.4 � 0 
0647-0700 0.96 0. 61 0. 46 0. 40 0. 38 - 32. 8 - 33. 0 - 33. 5 - 40.2 () 0 
1 15 1-1207 I .  62 1. 44 I. 17 0.90 0. 64 - 29.2 - 30. 1 - 30.7 - 34. 5 � 1 
1258-1313 I.  23 0. 93 0. 75 0. 59 0. 43 - 24. 5 - 25. 9 - 27. 7 - 34. l � 0 
1547-1607 5. 35 4. 89 4.34 3.89 3. 48 - 19. 3 - 19. 8 - 20.8 - 25. 1 

t 
0 

05 12-05 18 5.85 5. 05 4. 55 4. 1 1  3. 70 - 12. 7 - 12. 8 - 13. 2 - 14. 6 ' � 0 
1653-171 1  I .  64 1 .  15 0. 7 1  0.43 0. 35 - 30. 6 - 3 1.4 - 32. 3 - 35.4 >< 0 
1754-1802 2. 19 1.  53 0. 88 0.60 0.39 - 31. 7 I - 33. 6 - 34. 3 - 36. 5 1 
2059-21 1 1  3.05 2. 12 I.  70 I. 44 I. 1 1  - 34. 9 - 35. 5 - 35.8 - 37. 4 I 1 
0001-001 1 I .  00 0. 63 0. 3 1  0. 21  0.20 - 33. 2 - 34. 0 - 35. 1 - 38.0 (' 1 
0345-0355 2.33 I. 70 I. 30 0. 83 0. 66 - 29. 5 - 30. 2 - 30. 9 - 36.0 

� 

6 
0356-0409 4.21 3.45 2. 93 2. 54 2. 1 3  - 27. 7 - 29. 3 - 30.1 - 33.4 7 
0007-0022 3. 68 2.97 2.69 2. 43 2. 12  - 23. 8 - 23. 8 -24. 1 - 25.5 10 
1738-1802 1. 45 1.  15  0. 87 0. 70 0.49 - 31. 0 - 32. 0 - 32. 7 - 36.0 r) 0 
2030-2058 L 85 0. 99 0. 62 0.52 0.30 - 31. 7 - 33. 8 - 35. 4 - 38.9 ;>"<) 0 
0110-0130 2.72 2.02 1. 54 I. 27 I. 04 - 33.4 - 33. 7 - 34.5 - 39.0 ><) 1 
0158-0206 I. 98 I .  45 1. 2 1  I. 09 0.92 - 33. 1 - 33. 8 - 34. 8 - 38. 1 . ><) 1 
1351-1405 3.85 3. 36 2.95 2.66 2. 36 - 20. 5 - 19. 0 - 20. 6 - 22. 0 t) 0 
2004-2023 3.67 2. 72 2. 18 1. 83 l .  52 - 24.0 - 24. 5  - 25. 5 - 29. 5 u l 

' 
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wind velocity is represented by the logarithmic law equation, i.e.) u* z u = - In - , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (13) K Z0 where K is the Karman constant. Neglecting the molecular transfer of momentum (cf., SUTTON, 1953), the friction drag (,) is expressed as follows: 
T = pl2 :; I :; I = pKM :; , . . . . . · . . . . . . . . . . . . . . . . . . . . . . . . . .  (14) 

where p is the air density, l the mixing length and KM the momentum diffusion coefficient. The friction velocity (U *) is obtained from , and the logarithmic law. Now, k is assumed as follows: k=U1)U6 , • • •  • • • • •  • • • • •  • • • • •  • • •  • •  • • • • • • • • • • • • • • • • • • • • • • • • • (15) According to eqs. (12) , (14) and (15), the momentum diffusion coefficient in stable stratification is represented by the following e<1uation : 
( 1 6) 

where Z6 is the reference height of 6 m. Then, the mixing length in stable stratification Us ) is expressed as follows: 
ls= k(Z+Z0_) __ k Z + Zo In � I + I - k  Z 6 Z0

• (17) 
Furthermore, the Richardson number rn eq. (5) rn stable stratification (R(,) 1s rewritten as follows: 

S - ln --( 
Z6 Z6 )2 U6 Zo (l - k) 2( z6 + _!!._ In �) 2 Z + Z0 1 - k  Z

0 The stability ratio (S) is represented as follows: 
g ae 

S =- -- ·  e f)Z 

(18) 

(19) The observation of visibility  was carried out during the period from March to August, 1970. Air temperatures during the observation with the drifting snow were between -5°C and -20°C. In order to observe the visibility for a short distance, two groups of flags were used. One was a row of flags set at intervals of 25 m in distance from 25 m to 150 m in the open space of the heliport. The other was the flags previously set at the points of 13, 21 and 40 m. The visibility for a long distance was obtained from the distances of several objects such as the Transmitter Hut (about 400 m) , Miharashi Iwa (about I km), the ice cliff 011 the cast coast of the Ongul Strait (about 4 km) aud so on. 
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The wind velocity measurement was made on the smooth snow surface at point A in Fig. I. The aerodynamic roughness length (20) obtained from the vertical wind velocity profiles was used in computations of friction drag (r) and friction velocity (U * )  for -0.01 <Ri<0.05, i.e., nearly neutral stratification. The wind velocity data in March and April were used for the analysis of the wind velocity profile under nearly neutral conditions. The wind velocity was counted by the magnetic digital recorder in the Glaciology Laboratory. Now, the author explains the turbulent heat transfer on the sea ice. One of the observations was carried out during the period from July 14th to 18th and the other from August 20th to September 19th, 1970. The observation when the sun did not rise, was carried out at point A about 150 m north of the Air-Traffic Control Hut. On the other hand, the observation during which the sun rose the horizon for about 8 to 12 hours a day was carried out on the sea ice at point B. The observations 9f wind velocity, air temperature and snow temperature have been already mentioned above. At the height of 1.5 m the minimum air temperature was -42.2° C in the former period of observations and -41 .0° C in the latter period. 
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3 .  Observation Results 

3.1 . Characteristics of atmospheric turbulence in stable stratification at Syowa Station 3 . 1 . 1 .  Wind above the sloping t errain and standard deviation of wind speed fiuctuation Fig. 4 (A) shows the relation between W20/U20 and Ri in eq. (5). According to this figure, the ratio of W 2 0/ U 20 is independent of Ri. The relation between U 20 and 
W 20 is expressed by W2 0 =0.330U2 0 . The physical meaning of this relation is not very clear. It must be noted that the observation site has the inclination of about 1 0  degrees. The comparatively large coefficient of this relation seems to be due to the drifting snow and the property of the geographical slope, because the measured wind on this tower becomes the updraft wind which blows toward East Ongul Island from a smooth sea ice or a spill-over wind in reverse. When the wind, especially the prevailing wind, blows from the east direction over the smooth sea ice surface, the measurements of wind velocity influence the updraft effect. As the iron tower is grounded at the height of 8 m above the sea level and East Ongul Island has hills of 30 to 40 m height, it seems that the wind velocity of the lower atmospheric surface layer on wind velocity profiles is strong as compared with the upper layer, especially in the case of the prevailing wind. The relation between U2 0  and Ri is shown in Fig. 4 (B). This relation is expressed as follows: U2 0 =3. IORi-o . s 6. Fig. 5 (A) shows the relations between CJ' i (j= U, V, W) and Ri and Fig. 5 (B) the relations between CJ'/ U 20 (j= U, V, W) and Ri. The empirical formulae may be expressed as follows : <1'u =0.45Ri- 0 . 35, <J' v =0.37Ri- 0 - 3 5  and a' w =0.60Ri- 0 - 4B ,  and a'u/U2 0 =0. 16Ri0 - 2 2 , <1'v/U2 0 =0 . I3Ri0 - 22 and <1'w/U2 0 =0.23Ri0 - 1 5, The relations between <J'u and Ri and between a'v and Ri have the same gradient. Standard deviations of the longitudinal, lateral and vertical wind speed fluctuations 
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Fig. 4. (A) Relation between the 
Richardson number (Ri) 
and the ratio of the ver
tical mea·n wind speed 
(W 20) to the longitudinal 
mean wind speed (U 20) at the height of 20 m. 

0 

( B) Relation between Ri 
and U20 • 
Points with underline in
dicate the data of winds 
blowing from the rear 
side of the S.A . T. (Figs. 
4 to 8, 11 and 13) . 

0 
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Fig. 5. (A) Variations of standard deviations of the longitudinal, lateral and vertical wind 

speed fluctuations (<J"u, <fv and <fw) against Ri. 
(B) Variations of ratios of <fu, <fy and <fw to U20 (<1"c;f U20 , <J"y/.U20 and <1'w! U20) 
against Ri. 
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decrease exponentially with the increase of Ri. It seems to be due to the reason men
tioned above that the value of a'w is rather large. 
3 .1.2. Gustiness and gust factor against U 20 The gustiness is defined as a'ulU2 0  and the gust factor U m1U20, where Um is the 
maximum instantaneous wind speed for five minutes. The relation between a'ul U 20 and U20 is rewritten from the relation a'u and U20• And the relation between the gusti
ness and U 20 shown in Fig. 6 (A) is expressed as follows: 
arid a'u/U2 0=0. 240U2 0-o ,4 s, for 0 <  U20 ::;; 8.5 m/s 

a'u/U2 0=0.086, for U2028.5 m/s. 
The transition wind speed in this figure may be estimated at about 8.5 mis at the 

height of 20 m, which is equivalent to about 8.0 mis at the height of IO m. It was 
reported by LILJEQUIST (1957) and MAKI (1971) that th.e drifting snow begins to start at 
about 8.0 mis at the height of 10 m. This value seems to correspond to the wind speed 
at which snow particles begin to drift. 

The relation between the gust factor and U 20 is shown in Fig. 6 (B) and expressed 
as follows: 

go5 
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Fig. 6. (A) Variation of the ratio 
of <fu lo U20 (<ful U 20• 

gustiness) against U 20•  

(B) Variation of the ratio 
of maximum instantaneous 
wind speed for 5 minutes 
to U 20 ( U ml U 20, gust f ac
tor) against U 20 . 
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The gust factor decreases with the increase o f  U 20• In the present paper the sampling 
time is five minutes, and the value of gust factor increases with the increase of the 
sampling time. 
3.13. Relations between Ri and ratios of standard deviations to friction velocity 

The ratios of <tu I U * ,  <tv I U * and <tw I U * as a function of Ri are shown m Fig. 
7. U * is obtained from eq. (4). There are no obvious dependencies of <tu! U *' a'v I U * and <tw I U * on the stability (Ri) in stable stratification, i.e., 

<fu/U* = I.SO, <fv/U * = 1.55 and <fw/U * = 3.00. 
Comparing the present results obtained above the sloping terrain with other results 

above the flat surface, the values of <tu! U * and <tvl U * are somewhat smaller than the 
values 1.9- 2.8 hitherto obtained by MoNIN (196 2). On the other. hand, the present 
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Fig. 7 .  Ratios of standard deviations of the longitudinal, lateral 

and vertical wind speed fluctuations to the friction veloc-
ity (<tu! U * , <tv I U * and <tw / U *) against Ri. 

ratio of <tw I U * is somewhat larger than the values 0.5-1.2 obtained by MoNIN (196 2), 
1.1 by SHIOTANI (1963), 1.7 by BUSCH and PANOFSKY (1968) and 0.2-3.0 by YOKOYAMA 
(197l). Furthermore, Bus1NGER et al. (1969) reported the relation that <fwl U *  in
creases with the decrease of Ri in unstable stratification. 

The fairly small values of <ful U * and <tv I U * and the fairly large value of 
o'w I U * in the present paper might be attributed to the updraft and spill-over effects 
depending on the topography of the Syowa Station area. 
J.1.4. Energy dissipation rate 

It is known theoretically that the energy dissipation rate (c) in neutral stratifica-
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tion is proportional to the third power of the wind velocity. In the present paper, the relation between cl U 203 and Ri is shown in Fig. 8, where c is obtained from eq. (11) . The relation is expressed by the following equation: c/U20 3 = 4.2 x 10-sRiD .5 3 . According to this equation, c is proportional to the third power of U 20 and to about the 0.5 power of Ri in stable stratification. 

• 

• 

f) -. • 

• 
3 -5 .0.53 

t/ U20=4.2 • 10 R I 

• 

Fig. 8. Ratio of energy dissipation ra te to the third power of 
the longitudinal mean wind sfJecd at the height of 
20 m (cl U 203) against Ri. 

3.1.5. Frequency distribution of wind speed The following three groups of typical meteorological data are distinguishable by the weather conditions, such as the presence or absence of drifting snow and the strength of wind velocity, namely by the degree of stability. The groups are as follows: Group S (super-stable winds); runs 9, 10, 18, 21, 25 and 28. Group K (katabatic winds); runs 14, 15, 16, 26, 29 and 33. Group B (blizzard winds); runs 11, 23, 24, 27 and 31. Group S, e.g., run 9 (Ri=6.82) is characterized by super-stable stability with gentle wind and non-drifting snow, group K, e.g., run 29 (Ri=0.080) by moderate stable stability with fairly strong wind and low drifting snow, and group B, e.g., run 23 (Ri=0.029) by slightly stable stability with strong wind and high drifting snow. Fig. 9 shows the frequency distributions of the longitudinal, lateral and vertical 
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wind speeds. In this figure, the scale intervals of wind speeds are different from each 
/ other, i.e., 0. 2 mis for super-stable winds, 0.5 mis for katabatic winds and 1.0 mis for 

blizzard winds. 
The value of the peak in the frequency distribution of the lateral wind speed is 

the highest of the three and the distribution range is not wide, so to speak, "a thin 
pattern"; on the other hand, that of the vertical wind speed is the lowest of the three 
and the distribution range is wide, so to speak, "a thick pattern" except May 9th. This 
frequency distribution is similar to Gaussian error curve, but the peak of the distribution 
has a tendency to shift toward the regions of high wind speed in this figure. It is 
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interesting that th� gradient of reduction on the right side of the peak is steeper than 
that on the left side, though the reason is not clarified as yet. 

As the updraft wind direction has a positive sign on the vertical wind speed, the 
peak of the vertical wind speed in run 18 is represented as a negative wind speed, i.e., 
the SSW wind blows down from an upper part in East Ongul Island. 

3.1.6. Eulerian auto-correlation coefficient 
As examples of Eulerian auto-correlation coefficients, Ru (t), Rv (t) and Rw (t) are 

shown in Fig. I 0. Characteristic times of the longitudinal, lateral and vertical wind 
speeds (Tu, T v and T w) are obtained by the extrapolation method using the tendency 
in the range from 0.2 s to about 3.0 s according to the relation between t and I-R1 (t) (j=U, V, W). By the use of eqs. (6) and (7) for a small time lag of 0.2<t<3.0 s, we 
can obtain the characteristic times (Tu, T v and T w) as shown in Table 3. 

Table 3. Characteristic times of the longitudinal, lateral and vertical 
wind components, Tj (j= U, V, W) obtained from eqs. ( 6) and (7 ) .  

� 

I 

Tu I Tv Tw 
( s )  

Tu/ Tw 
( s )  

Tv/Tw ( s )  
n 

0 

8 1 3. 2  5. 28 3. 60 1. 44 2. 50 
9 500. 6. 94 123. 1. 7 1  72. 0 

10  65. 0 6. 50 24. 0 2. 40 10. 0  
15 4. 70 5. 00 1. 80 I. 91 0. 94 
17 1 1. 0 5. 79 3. 00 1. 58 1. 90 
1 8  26. 0 5. 65 7. 40 1 .  61 4. 60 · 
1 9  7 . 60 5 . 24 3.20 2. 21  1 .  45 
2 1 100. 10. 87 32. 0 3. 48 9. 20 
23 2. 55 3. 40 1 . 10 1. 47 0. 75 
26 14. 5 7. 63 4. 80 2. 53 1. 90 
27 8. 50 8. 10 1. 95 1. 86 1. 05 
29 7. 10  5. 46 2. 70 2. 08 1. 30 
31  5. 80 5. 27 1 .  65 1. 50 1. 10 
33 7. 50 6. 52 1. 60 1. 39 1. 15 

Mean 6. 26 1. 94 

From the table, the ratio of Tu : T v : T w is represented as (3.4-10.9) : ( 1 .4-3.4) : 1 
and the mean ratio is 6.3 : 1 .9 :  1 .  The ratio Tu!Tw =6.3 i s  smaller than Tu!Tw = I0 
reported by INOUE et al. (1955). Characteristic times (Tu, T v and T w) for group S 
are larger than those for group K or group B. Accordirrg to these results, the mean 
scale of the "largest turbulon" represents a solid body like a long and narrow cubic 
vortex having the dimensions of length : breadth : height=6.3 : 1 .9 : 1 .  
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Fig. JO. Eulerian auto-correlation coefficients of the longitudinal, lateral and vertical wind 
speeds [Ru (t) , R v (t) and Rw (t) ] against the time lag (t) in super-stable winds, kata-
batic winds and blizzard winds. 

3 .1 .7. Scalf! of turbulence 
The scales of the "largest turbulon" of the longitudinal, lateral and vertical wind 

speeds (A u, Av and Aw) are obtained from eq. (8). Fig. 11 (A) shows the values of 
A u, Av and Aw as a function of Ri. These results are not much indicative be
cause the data of different wind directions were included. The empirical formulae 
except for the data in super-stable stratification in run 9 seem to be as follows: 

Au= I07, A v =33.0 and A w = I7.0. 
In this figure the value of A u may be seen to increase slightly with the increase 
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of Ri, but in consideration of the trends of A v and A w , the scales of A u, A v and 
Aw seem to be independent of the stability for Ri<3.0. These constant values show 
the ratio 1 07:33.0: 17.0::::,:6.3: 1 .9: 1 ,  which represents a cubic vortex with length : breadth : 
height=6.3: l .9: l .  The present value of A u is almost coincident with the results by 
WEBB ( 1 955) and BATCHELOR ( 1 956). According to INOUE et a l. (1 955), the scale of the 
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and vertical wind speeds ( Au, Av and Aw)  against Ri .  
(B) Scale of the smallest turbulon of the longitudinal wind 

speed (J\ u) against Ri .  
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largest turbulon of the longitudinal wind speed is about ten times as large as the 
observation height, whereas in the present observation, the scale is about three to ten 
times as large. The scale of turbulence, especially for horizontal wind speed, varies 
with the sampling time. 

The scale of the "smallest turbulon" of the longitudinal wind speed (l\u) is obtained 
from eq. (9). l\ u is theoretically equal to the scales of the "smallest turbulon" of the 
lateral and vertical wind speeds (l\ v and l\w ). The value of l\ u in terms of Ri is repre
sented in Fig. 11 (B). The empirical formula is as follows: 

Au=O. l lORio . 2s. 
The value of l\ u increases exponentially with the increase of Ri. The coefficient 

of this equation is about 10-5 times as large as the value of Au, 
According to the value of exponent in eq. (6), KoLMOGOROFF obtained 2/3 with 

the similarity theory as the value of m. INOUE et al. (1955) reported that the value 
2/3 was observed with the small-scale Robinson cup-anemometer, while 1/3 was ob
tained in a good many cases. SHIOTANI (1953) obtained 2/3 empirically with the hot-wire 
anemometers. KOBAYASHI and ISHIDA (1970) reported that the value of m falls between 
1/3 and 2/3, and the values of 2/3 are not many. In the present paper, th_e value of 
m falls between 0.55 and 0.69 except for the data of winds blowing from the rear side 
of the S.A. T. 
3.1.8. Power spectral density and maximum spectral density 

Fig. 1 2  shows some examples of power spectral densities of wind speed fluctuations. 
A -5/3 power law is seen at .the nondimensional frequency of nZ/U20>1.0. 

In run 9 (Ri=6.8 2), the power spectral densities of the longitudinal, lateral and 
vertical wind speeds decrease sharply in the frequency range between 0. 2 and 0.5 c/s. 
The stronger the wind velocity, the higher becomes the frequency to which the -5/3 
power law is applicable. 

Now, the peaks of power spectral densities (unp, vnp and wnv) denote the fre
quencies, at which the power spectral densities of the longitudinal, lateral and verti
cal wind speeds [nSu (n), nSv (n) and nSw (n)] have their respective maximum. The 
present result is coincident with LUMLEY and PANOFSKY's (1964) result showing that 
the values of unp, vnp and wnp decrease with the increase of stability. 

It was shown by BuscH et al. (1968) that the value becomes smaller in the order 
of nSu (n), nSv (n) and nSw (n) in the range of nZ/U9 2<0. 2  (U92 is the wind velocity 
at the height of 9 2  m). 

Bus1NGER et al. (1969) obtained several results on normalized vertical spectra under 
neutral and slightly stable conditions. These results are not coincident with the ten
dencies of vertical spectra in katabatic or blizzard winds, but almost with the tendencies 
of vertical spectra under super-stable conditions. Furthermore, SOMA (1964) reported 
that in strong winds (typhoon) the value of unp is small, being about 0.0 2 or 0.1 c/s at 
the height of 26 m. 

The dependencies of nondimensional frequencies of the longitudinal, lateral and 
vertical wind speeds (unpZJU20, vnpZ/U20 and wnpZJU20) on the stability of Ri are 
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obtained as follows: unpZ/U 2 0  = 1.05Rio . 2 1 ,  v npZ/U 2 0  = 1.80 and w npZ/U 2 0  =2.80Ri- o .s 2 . The results are shown in Fig. 13. With the increase of Ri, the value of unpZ/ U 20 for the longitudinal wind speed increases exponentially and the value of w npZ/ U20  for the vertical wind speed decreases exponentially. For the lateral wind speed, however, the value of vnpZ/ U20 is independent of stability in strong stable stratification for 0.02<Ri<7.0. On , the other hand, KAIMAL et al. (1972) reported that nondimensional frequencies of the longitudinal, lateral and vertical wind speeds at the maximum spectral densities increase with the increase of Z/L [L is the MoNIN-

0BUKHOV (1954) length] in slightly stable stratification for ZIL<I.7 (Ri �0.2) at the heights of 5.66, I 1 . 3 and 22 .6 m. BusrNGER et al . ( 1 969) reported that w npZ/ U4 ( U4 is the wind speed at the height of 4 m) increases with the increase of Ri  in unstable stratification. 
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3.2. Statistical analyses of general meteorological elements at Syowa Station 

3 .2.1. Frequency distribution of 16 wind directions (Fig. 14) 

27 

The frequency distribution of 16 wind directions by season shown that the prevailing wind directions of NNE, NE, ENE and E take up about 50 to about 70 percent (%), of which NE occupies 19-29% which is a maximum in every season. In winter, the frequency of prevailing wind directions is not very large, whereas that of southern wind directions is larger than in other seasons, namely, SSE amounts to about 10%. As a matter of fact, the frequency of southern wind directions (S and SSE) is larger and the wind velocity is stronger than in other seasons. This is attributable to an outbreak from the antarctic anticyclone which accelerates the lowering of 
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air temperature in winter. The frequencies of southern wind directions in spring and autumn fall in an intermediate region between the summer-value and the winter-value, and the frequencies of prevailing wind directions are almost the same in spring, summer and autumn. The frequency of the dead calm (below 0.1 m/s) is 12-13% in winter, about 5% in spring, about 8% in autumn and below 1 % in summer. In other words, the dead calm and the stable stratification are found more often in winter than in other seasons. In summer, the dead calm is not often but the breeze (above 0.1 m/s and below 3.0 m/s) is more often than in other seasons, and the mean wind velocity becomes smaller. 
3.2.2. Frequency distribution of mean wind velocity for 16 wind directions (Fig. 15) The mean wind velocity in summer is generally smaller than in other seasons, but the prevailing wind directions are NE, ENE and E, similar to those in other seasons. The total mean wind velocity in summer is slightly below 5 mis, smaller than that in other seasons which is about 6.5 m/s. In winter, on the other hand, the total mean wind velocity is similar to that in spring and autumn. Nevertheless, the wind velocities of NE and ENE directions in the prevailing winds in winter are above 
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11 m/s, larger than in other seasons. The prevailing wind directions in spring and 
autumn are NNE to E, the wind velocities of ESE to N directions are generally low 
and those of southern wind directions are slightly high. 

The wind velocity of prevailing winds is relatively lower in March, September, 
December, January and February. Particularly, the mean wind velocity is low in Jan
uary although 45.0 m/s was recorded as the instantaneous wind velocity. The highest 
mean wind velocity of NE and ENE directions in the prevailing winds is about 14 m/s 
recorded in May and June. The mean �ind velocity of S direction is higher in May 
(about 5 m/s) and in August (about 4 m/s). The seasonal mean wind velocity of 
southern directions influenced by values in May and August is larger than that in 
other seasons. 

The monthly mean wind velocity is higher in April, May and October, and lower 
in Sep�ember, December and January. According to YAMAZAKI et al. (1969), the monthly 
mean wind velocity is higher in March, April and November and lower in September, 
December, January and February. In some cases, the higher value of the monthly 
mean wind velocity appears one month earlier than the record of YAMAZAKI et al. (1969), 
but in most cases the results are nearly identical., 
3.2.3. Frequency distribution of air temperature for 16 wind directions (Fig. 16) 

In summer, the discrepancy of air temperature by the wind direction is generally 
insignificant, but in winter, the air temperatures of NNE to E wind directions are high; 
particularly high for the NE wind direction as it rises over -13°C. This high tempera
ture is the reason that an atmospheric disturbance increases and the degree of ground 
inversion decreases with the increase of wind velocity. On the other hand, the low 
air temperatures of SSW and SW wind directions are due to an outbreak from the 
antarctic anticyclone and even the mean air temperature is - 25°C. This is probably 
because the wind velocities of SSW and SW are not stronger than those of S and SSE 
and the air mass is cooled down with the nocturnal radiation while the wind blows 
above Ongul Island. 

According to SEINO and SuzuKI (1964), the surface air layer and the tropospheric 
lower layer are controlled by the cold anticyclone accompanied by the ground inver
sion in winter when the atmospheric circulation of SE wind is somewhat active. How
ever, when the cyclone disturbance appears at Syowa Station, the wind direction changes 
to NE and the air temperature increases rapidly. 

The temperature variations in spring and autumn show a mixed pattern of 
summer-type and winter-type. The air temperature deviation by the wind direction 
is not significant except for the lower temperatures of SW and WSW in spring. In 
autumn, the air temperatures of NE, ENE and E are higher than the total mean air 
temperature and are similar to the winter's variation pattern. In spring and autumn, 
the air temperature of WNW is extremely high, apparently influenced �y the direct 
solar · radiation. 

. The air temperature of the dead calm (below 0.1 m/s) is lower on the whole, 
and the temperature gradient is larger than the total mean temperature gradient except 
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in summer. The monthly air temperature distribution for the wind direction in July is not much different from the seasonal tendency, however, the air temperatures of SSW and SW are extremely low. The mean minimum air temperatures are -33°C by SSW and -31 ° C by SW. In summer, the monthly mean air temperatures of ESE, SE, SSE, S, NE and NNW are higher than 0°C, probably because of the rise of air temperature where the ground is not covered with snow or ice on Ongul Island. 
3 .2 .1 . Frequency distribution of vertical air temperature gradien t for 16 wind directions (Fig. 17) In winter, the vertical air temperature gradient (temperature gradient) for 1 6  wind directions is positive and shows stable stability. Particularly, the temperature gradients in the cases of ESE to SSW wind directions represent the super-stable stability, as the maximum mean gradient in winter is l .5°C per IO m and the temperature gradient in the case of S wind direction in July is 2.8° C per 1 0  m. However, the temperature gradients in the cases of NNE, NE and NW arc rather small, and those in the cases of 
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Fig. 18. Variations of wind velocity, air 
temperature, vertical air tempera
ture gradient and the frequency 
distribution for 16 wind directions 
in July 1970. 

7 8 9 10 11 12 13 14 15 16� 

( JANUARY, 1971 ) 

Fig. 19. Variations of wind velocity, air 
temperature, vertical air tempera
ture gradient and the frequency 
distribution for 1 6  wind directions 
in January 1971 . 

SSE, S, SSW and SW are larger, but the air temperatures in the cases of SE, SSE and 
S are not very low. 

In summer, the temperature gradients· in the cases of NE to ESE wind directions 
are smaller and those of other wind directions have negative (unstable) sign as a whole 
except that the temperature gradient in the case of .ENE has positive (stable) sign. 
This situation is just reverse to that of winter. It is understood that the snow and ice 
surfaces on Ongul Island become narrower in summer and the temperatures of the rock 
surface and sand soil surface rise to 20-30°C on a calm and clear day (MATSUDA, 1964) 
due to the direct solar radiation. 

Furthermore, on a calm and clear day in summer the unstable stratification in
creases with the decrease of wind velocity. On the other hand, when the wind blows 
above the sea ice, the stable stratification can be maintained even in summer. The 
patterns in spring and autumn have a mixed characteristic of summer-type and winter
type. The temperature gradients in the cases of WNW to N show unstable stratification. 
In such a case as that mentioned in the section 3. 2.3, only the temperature gradient 
in the case of WNW has negative sign. This fact is interesting but its cause is not 
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clear. 
Now, the frequency distributions against 1 6  wind directions in July 1970 and 

. January 1971  are shown in Figs. 18 and 19 as the typical monthly relations in Figs. 14, 
15, 1 6  and 17. 

3 .2.5. Frequency distribution of wind velocity (Fig. 20) 
On the whole, the frequency of the wind velocity below 3.0 mis is very high. 

Especially in summer it reaches the maximum 55.5% and in autumn the minimum 
41 .4%. The frequency of the wind velocity below 1 mis has its maximum of 33.7% 
in winter, and minimum of 24.4% in autumn. In other words, the frequency on a 
calm and clear day in winter is rather high. The frequency of stronger winds with 
the wind velocity 5. 1-15.0 mis is rather high in autumn. The frequencies of wind 
velocities 3.1-30.0 mis gently decrease from 1 0% to 0% and the decrease pattern is not 
so different with other seasons. 

The frequency distributions of wind velocities in July 1970 and January 1971 are 
shown in Fig. 24(A). In July, the frequencies of wind velocities 1 . 1-13.0 mis and 
15. 1-27.0 mis have respectively about 9% and about 1 .5% for each interval. In January, 
the frequencies of 0-1 .0 mis and 1 . 1-3.0 mis are 35% and 33% respectively. The 

30 

20 

� 0 a; 20 
::J 

it 10  

0 

( OCT. NOV. ) 

25 30 35 
U10 , (m/s) 

( MAY JUN. JUL. AUG. SEP. ) 

( MAR. APR) 

25 30 35 
U,0 ,  (m/s) 

'--,.-�-

5 

5 
Wind 

10 25 303'5 
U10 , ( m/s) 

(DEC. JAN. FEB. ) 

10 15 20 25 30 35 
Velocity at 10 m , U,0 , ( m/s) 

Fig. 20. Frequency distribution and the 
seasonal variat ion of wind veloc
ity. 



Observation Results 33 

frequency of 1.1-3.0 m/s in January appears to be much higher than that in other months, 
which suggests that the probability of a calm and clear day is large. 

3.2.6. Relation between U1 0 and mean air temperature and annual variation of 
warming ratio (Fig. 21) 

The relation between U1 0 and the mean air temperature is shown in Fig. 21. It 
is very interesting that the mean air temperature increases with the increase of wind 
velocity at the height of 10 m (U1 0) .  The warming ratio which is defined as the ratio 
of the increase of air temperature to the increase of wind velocity shows a significant 
annual variation. The warming ratio is 2.9°C per 10 m/s in spring, I.3°C in summer, 
3.0°C in autumn and 5.0°C in winter. The relations by four seasons are given as 
follows: 
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and 
Spring; Y=0.29X-9.37, summer; Y=0.13X-1.49, autumn; Y=0.30X-8.75, 
winter; Y=O.SOX-21.29, where Y is the air temperature (°C) and X the wind velocity (mis). In summer, each class of the frequency distribution of the wind velocity over 30 mis has only one datum. These data are due to the same phenomenon shown in the next section and are excluded from the present analysis as abnormal numerals. The relations in July 1970 and January 1971 are expressed in Fig. 22 (A) . The relations are represented as follows: July 1970; Y=0.57X-22.60, and January 1971; Y=O. l lX-0.80, where Y is the air temperature (0 C) and X the wind velocity (mis) .  The annual variation of the warming ratio in Fig. 22 (B) shows a pattern reverse to that of mean air temperature. The maximum value of the warming ratio is 5.8° C per 10 mis, about 10 times as large as the minimum value of 0.5 °C per 10 mis in Fig. 22 (B) . It is clear that the air temperature increases with the increase of wind velocity. This is probably because the atmospheric disturbance and the advection current of heat appear with the increase of wind velocity and the degree of ground inversion decreases relatively. 

3.2.7. Relation between U10 and vertical air temperature gradient (Fig. 23) In winter, the vertical air temperature gradient decreases rapidly with the increase of wind velocity up to IO mis at U10, arid decreases gently above 10 mis, and at 28 mis it changes from stable to unstable i.e. nearly neutral stability. In summer, the variation pattern is almost reverse to the winter's pattern, and the temperature gradient increases with the increase of wind velocity below 8 m/s, and at 8 mis it changes from unstable to stable, and settles at slightly stable stability. It is considered that the decrease of unstable stability against the increase of wind velocity is due to the increase of air temperature of the atmospheric surface layer, as the ground surface is warmed by the direct solar radiation. On the other hand, when the cold wind influenced by the temperature of the sea ice blows toward the observation site, the unstable stability changes to nearly neutral stability. The variation tendency of the relation between the temperature gradient and the wind velocity in nearly neutral stratification is explained as follows; when the wind velocity is low, there is sufficient time for air mass on Ongul Island to be warmed up, but if the wind velocity is over 8 mis at U10, cold air mass 1s directly observed at the observation site. With the wind velocities over 30 mis in summer in Fig. 23 and over 20 mis in Fig. 24 (B), the values of temperature gradients observed on January 13th, 1971, were much larger than the other values. The instantaneous wind velocity observed on that 
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day was 45.0 m/s. This is ascribed to the day's unusual weather condition when the blizzard carried snow or ice particles from the sea ice surface, and the transported particles directly hit the platinum resistance thermometers. The stability apparently increases with the lowering air temperature of the lower atmospheric surface layer, becoming nearly 0°C. Judging from that the observation · data under unusual weather conditions have the single value respectively, these data are excluded from the present analysis as abnormal numerals. In spring, the temperature gradient has an almost constant value of 0.4°C per 10 m with the wind velocity below about 10 m/s, and decreases gently with the wind velocity over 10 m/s. In autumn, on the other hand, the temperature gradient decreases with the wind velocity of about 3 to about 10 m/s _and the value becomes constant, about 0.3°C per 10 m, with the wind velocity over 10 m/s. The variation patterns in July and January, shown in Fig. 24 (B), are similar to those in summer and winter. Furthermore, it is interesting that the transition points of temperature gradients are found in the region of the wind velocity of 8 to 10 m/s 
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(F'ig. 23), and almost agree with the starting wind velocity of drifting snow. 
3.2.8. Frequency distribution of air temperature (Fig. 25) 

In summer, the distribution of air temperature falls mostly m the region between 

-2.5°C and 2.5°C, and no data below -I0°C are obtained. In winter, the range of 
the frequency distribution is wider than in other seasons, and the maximum distri
bution is about 15% in the region between -17.5°C and -20°C. On the other hand, 
the distribution peak in summer is over 35%, in contrast with the distribution pattern 
of winter-type. The distributions in spring and autumn show a mixed pattern of 
summer-type and winter-type and show the distribution pattern decreasing gently toward 
lower temperature regions. 

The monthly distribution region is largest in July and smallest in February. The 
frequency distributions of air temperatures in July 1970 and January 1971 are shown 
in Fig. 27 (A) as the monthly representative values in winter and summer. 
3.2.9. Relation between air temperature and vertical air temperature gradient 

(Fig. 26) 
The relation between the air temperature and the temperature gradient is linear, 

as the temperature gradient decreases 0.0057°C/m with the I °C increase of air tern-
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Fig. 27. (A) Frequency distributions of mean air temperatures in 
July 1970 and January 1971. 
(B) Relations between the air temperature and the ver
tical air temjJerature gradient in July 1970 and January 
1971. 
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perature except October. When the air temperature is 0°C, the temperature gradient is -0.036 °C/m in summer and winter and 0°C/m in _spring and autumn except October. The abnormal data of October may be explained as that the whole island is covered with snow and ice, so that evaporation and sublimation in daytime and condensation in nighttime are greatly intensified. The relations are represented as follows: Spring and autumn; Y=-0.0057X, and summer and winter; Y=-0.0057X-0.036, where Y is the temperature gradient (°C/m) and X the air temperature ( 0C). And the relations Jn July 1 970 and January 1971 in Fig. 27 (B) are expressed as the same relation mentioned above in summer and winter. Now, the unit of the temperature gradient in Fig. 26 represents the air temperature difference per 1 0  m (°C/ 1 0  m). 
3 .2.10 .. Frequency distribution of vertical air temperature gradient (Figs. 28 and 29) The frequency distribution of the vertical air temperature gradient under stable (positive) conditions is about 88% in winter and about 75% throughout the year on the tower at Syowa Station. The seasonal variation of the frequency distribution is shown in Fig. 28 and the monthly variation of the frequency distribution in Fig. 29. The variation of the frequency distribution under unstable conditions is about 70% in summer. Even if 30% of the remainder is the stable stability, however, the temperature gradient is almost below I ° C per 10  m. The maxima of the frequency distributions of temperature gradients in July and September are small with about 
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Fig. 28. Seasonal variation of the frequency distribution of 
vertical air temj1erature gradient. 
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30%, on the other hand, they are large in autumn and spring with 53-56%, The 
frequency distribution patterns of temperature gradients in autumn and spring are 
similar to those in winter and summer. 

The variation pattern of the frequency distribution is nearly symmetric in autumn 
and spring, but is distorted in other seasons, i.e., the maximum of the frequency distri
bution in winter shifts from the maximum of the normal distribution to the unstable 
side, and that in summer to the stable side. The maximum of the frequency distribution 
is situated within -0.05-0°C/m in summer and within 0-0.05°C/m in other seasons 
except September. 

SCHWERDTFEGER (1970) reported that the temperature gradient is 1 °C/m up to the 
heights of 20 or 30 m above the snow surface at Plateau Station, the value is repre
sented as the ten-day mean .of clear weather ( 2/10 Ci) in winter. However, the tem
perature gradient at the observation site of Syowa Station is not much higher than 
other results. 

>, 
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� 
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u: 
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0 

Jan. 
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Fig. 29. Monthly variation of the frequency distribution of vertical air 
temperature gradient. 
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3.2.11. Characteristic of meteorological observation at Syowa Station 
The results of July 1970 and January 1971 are selected as the monthly represen

tative values in winter and summer. The monthly variation pattern is more significant 
in comparison with the seasonal variation. As the monthly variation pattern has 
been already mentioned above, the results will not be explained here to avoid an 
overlap. 

Each frequency distribution and the interrelations among the wind direction, the 
wind velocity, the air temperature and the temperature gradient are described. The 
observation data of wind velocity and temperature gradient are certainly represented 
as the meteorological data of the limited area at the observation site of Syowa Station, 
but it is necessary to' obtain representative data in a wider region near Syowa Station 
in Antarctica. 

The author observed various meteorological elements above the smooth sea ice of 
the Ongul Strait about 2 km east of Syowa Station during the period of extreme low 
temperatures from August 20th to September 19th, 1970. The temperature gradient 
of 2.0°C/m is obtained as the maximum value of the observation above the sea ice, and 
the temperature gradient of l .0° C/m is observed with very high frequency in comparison 
with the observation on the tower at Syowa Station. It is recognized that the tempera
ture gradient and the wind velocity profile against the height are rather different. As 
the temperature gradient above the sea ice is obtained from the air temperature of the 
heights between 4 m and 2 m, the difference may be due to the observation at the low 
height apparently. However, it is found that the air temperature profile in lower 
atmospheric surface layer has a nearly linear variation against the height from the snow 
surface during the period of extreme low temperatures, as shown by LILJEQUIST (1957) 
and MAKI (1972a). Therefore, the location of the observation site and the topography 
of the area seem to have greater influence than the difference of temperature gradient 
against the observation height. 

The above results are the measurement values obtained on the tower in the sloping 
area facing the sea ice on the northeast side of Syowa Station, where the atmosphere 
is disturbed considerably and the temperature gradient is s�all. Syowa Station is about 
15 m above the sea level and the 21 m-hi.gh tower stands at the height of about 8 m 
above the sea level, so the measurement is subject to the updraft effect of the prevailing, 
the northeast wind blowing from the sea ice to Syowa Station, and is subject to the 
spill-over effect of the westward or southward winds blowing from an upper part in 
East Ongul Island to Syowa Station. In the case mentioned above, the stable stratifi
cation tends to be broken. 

The wind velocity of the lower atmospheric surface layer becomes relatively strong 
and the temperature gradient becomes small. Furthermore, characteristics of the wind 
velocity and air temperature profiles in stable stratification disappear by updraft and 
spill-over winds caused by the topography of East Ongul Island. 

Thus, judging from these results, the observations of the wind velocity and air 
temperature profiles on this tower do not seem to be ideal as a representative meteoro
logical observation in Antarctica as described by MAKI (197 2b). However, the climatic 
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elements observed at Syowa Station are actual results, i t  is extremely significant to 
make a first observation of the air temperature and wind velocity profiles on the tower 
at Syowa Station in Antarctica in the sence of the necessity of observations of climatic 
elements. 
3.2.12. Occurrence ratio of ground inversion and altitude of ground inversion 

(Fig. 30) 
Figs. 30 (A) and (B) show the annual variation of the monthly mean occurrence 

ratio of ground inversion· (Rx) and the annual variation of the monthly mean altitude 
of ground inversion (Hx), respectively. 

In Fig. 30 (A) the maximum frequency of ground inversion appears in September, 
and the minimum one in January and February. However, the maximum value of Hx is found in May and June, and Hx is constantly low from spring to summer. In autumn 
Hx is higher and Rx is relatively smaller. These seasonal variations can be ascribed 
to the solar radiation which heats up the atmospheric surface layer. The thicker the 
ground inversion layer, the fewer the occurrence ratio of ground inversion at Syowa 
Station except in summer. 

In Fig. 30 (B) , Hx , the thickness of inversion layer is 350-400 m in winter and 
250-300 m in summer. If the ground inversion occurs in winter of the temperate 
zone, e.g., Japan, Hx is nearly equal to the altitude of a thermal belt (Ministry of 
Agriculture and Forestry, 1961) which shows that the air temperature of the middle 
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Fig. 30. (A) Annual variation of the monthly mean occurrence ratio of 

ground inversion at Syowa Station. 
(B) Annual variation of the monthly mean altitude corre
sponding to the tropospheric maximum air temperature. 
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high zone of a mountain is higher than that of other zone in the case of ground inversion. 
3.2. 13. Annual varia tions of air temperatures and air tempera ture differences (Fig. 31) fig. 31 (A) shows the annual variations of the air temperatures, T v T 20 and T 1 , obtained under the conditions of ground inversions. These variations are nearly equal to the variation of the mean air temperature by the routine surface observation, e.g., MuRAKosm (1 958) and MuRAKosm and YATA (1 962) . However, T20 and T1 in Fig. 31 (A) are lower than the air temperature of the routine surface observation. Since this figure shows the mean air temperature under the condition of ground inversions, the value of T1 is lower than the mean air temperature at the height of 1 m which 
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Fig. 31 .  (A) Annual variations of the monthly mean air temper
atures at  the altitude corresjJonding to the trofJOsjJheric 
maximum air temjJerature ( T x) and a t  the  heights of 
20 m and 1 m (T 20  and T1) obtained under the conrli
Lion of ground inversion at Syowa Stat ion. 
(B) Annual variations of monthly mean air tempera
ture differences Tx-T1 , T20-T1 and T1 0-T1 • 
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is a mean of all cases of the observation. The temperature difference of T1 is about 
I .5°C in winter, about I .0°C in spring and autumn and about 0.2° c in summer. 

As to the tendency of the variation of air temperature, the increase rate of the 
air temperature which varies from summer to winter is more rapidly than the decrease 
rate of the air temperature which varies from winter to summer. It is considered 
intuitively that the air temperature in winter has to fall down continuously, however, 
in Antarctica the air temperature does not show a sharp fall in full . winter, which 
is the typical variation pattern known as the so-called Kernlose-type (e.g., WEXLER, 

1958). This type is also called the pattern of a U-letter type or a pattern of a pan 
bottom (YAMAZAKI et al., 1969). It is understood that the Kernlose-type pattern is 
related also to the tropospheric maximum air temperature.' 

The annual variations of Tx-Ti , T20- Ti and Ti o-Ti are shown in Fig. 31 (B). 
The air temperature difference decreases in the order of Tx-Ti , T20-Ti and Ti 0-Ti , Judging from the difference in the observation heights, this result seems to be natural, 
because Tv T20 and Ti are the average values under the condition of ground inversion. 
The tendencies of the averaged variation of air temperature difference are shown by 
the solid lines in Fig. 31 (B). It is shown that the variation value is maximum in July 
and minimum in January and February, i.e., the air temperature difference of ground 
inversion is large in winter and small in summer. 

LILJEQUIST (1957) observed the wind velocity profile, the air temperature profile 
and the other meteorological elements at Maudheim Station (71 °03'S, 10°56'W) and 
obtained the frequency distributions of temperature gradient, the tropospheric maxi
mum air temperature (Tx), air temperatures at the heights of 10, 5 and O m  (Ti o, T 5 and T 0), air temperature differences of each height and ratios of air temperature dif
ferences. It is found that the results at Maudheim Station agree nearly well with the 
results at Syowa Station for the variation of the frequency distribution of temperature 
gradient, but the absolute value and the distribution range of temperature gradients 
at Maudheim Station are 4 times as large as the values at Syowa Station. 

The variation tendencies of Tx , Ti o, T5 and T0 and each difference at Maudheim 
Station agree well with those at Syowa Station. However, each air temperature dif
ference at Maudheim Station is about twice as large as that at Syowa Station. This 
is because the extremely smooth snow field at Maudheim Station seems to have a stronger 
effect than the phenomenon which the air temperature is 2.0°C in summer and 5.0°C 
in winter lower than that at Syowa Station. 
3.2.14; Seasonal profiles of air temperatures (Fig. 32) 

Fig. 32 shows the characteristic seasonal profiles of air temperatures. The vertical 
profile of air temperature in winter shows a perfect linear variation and that in spring 
shows a nearly linear variation. This is because East Ongul Island is mostly covered 
with snow and ice, and the air temperature is low. The linear profile represents the 
characteristic of the super-stable stratification in Antarctica. 

In autumn, the temperature gradient of the atmospheric surface layer below the 
height of 10 m is larger than that above the height. 
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Fig. 32. Seasonal profiles of air lernjJCra lures a lJOve the  sea ice around 
Symoa Station. 

In summer, the temperature gradient of the lower part of the atmospheric surface 
layer is smaller than in the upper part. Taking into consideration that many cases of 
unstable stability appear in summer, the characteristic profile mentioned above seems 
to be naturally understood. 
3o3. Observations of atmospheric surface layer, turbulent heat transfer and visibility 3.3.1 .  Relation between stability ra t io and ra t io of linear wind velocity component to u6 Fig. 33 shows the typical wind velocity profile in stable stratification at point B 
above the sea ice. Fig. 34 shows the relation between the observed values of k and 
the observed values of S in eq. ( 19). The plots in Fig. 34 show the intermediate values 
between maxima and minima of k in the case of stability ratio below 0.10 s-2. The 
value of k increases rapidly in the case of S below 0.02 s-2 and increases gently above 
0.02 s-2 with the increase of stability ratio. The relation between k and S is expressed 
by the following equations: 

and 
( a )  log (1 /k)=0.045s- o . s s , . . .  . .  . . . .  . .  . . . .  . .  . .  . .  . . . .  . .  . .  . .  . .  . (20) 
( b ) k=0.42 log S + l . 1 3, · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · (21 )  
( C ) k= 1/(1 + 0 .065S- D ,  79) .  · . . . . . . . . . . . . . . . . · ,  . . . . . . . . . . . . . . , (22) 

The observation values agree generally with eqs. (20) and (22). Eq. (21 )  agrees 
better with the measurement values S>0.005 s-2 than eqs. (20) and (22). The mean 
value of the three equations is mostly coincident with the measurement values. These 
equations are used to calculate the proportional coefficient of the turbulent heat 
transfer. 
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Table 4 shows the mean value obtained from the three equations (k1) and the measurement value (k 2) against the stability ratio (S) . The measurement value agrees well with the value obtained from the three equations for S>0.001 s-2 . The trends of these equations are almost coincident with the results of LILJEQUIST ( 1 957). 
Ta ble 4. Relation between k 1 and k 2 against the stability ratio ( S ) .  

k 1 is t h e  mean value obtained from, the three equations 
and k 2 the measured value. 

S ( s- 2 )  x ]0- 2 0 0. 10 0 . 25 0. 50 0. 75 1 . 0  I .  5 2. 0 

k 1 X 10-2 0 3. 6 9. 2 1 7. 1 23. 7  28. 7 36. I 4 1 .  6 

k 2 X 1 0-2 0 5 10  17  24 29 36 42 

S ( s- 2 )  x 10-2  3. 0 4. 0 5 . .  0 6. 0 7. 0 8 . 0 9. 0 10. 0 

k 1 X 10- 2 49 . 3 54. 7 58 . 8 62 . 0 64. 7 67. 0 69. 0 70. 7 

k 2 X 1 0-2  49 55 59 62 65 67 69 7 1  

3.3.2. Vi1riat ions of momentum diffusion coefficient, rn ixing length and Richardson number against height Fig. 35 shows the relation between the height (Z) and the momentum diffusion coefficient (KM) in eq. ( 1 6) against the stability ratio (S) . The relation has two asymptotes against each stability ratio. This tendency is like an orthogonal hyperbola. Over the height of few meters in Fig. 35, the value of KM approaches to an asymptote and is not much different from the discrepancy of height in super-stable stratification. Fig. 36 (A) shows the relation be tween the height (Z) and the mixing length ( l8 ) 
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Fig. 35. Relation between the momentum diffusion coefficient (KM ) 
and the heigh t (Z) against the stab ility ratio (S) for U6 = i  
m / s in stable stratifica tion. 
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Fig. 36. (A) Relation between the 
mixing length (l8 ) and the 
height (Z) against the 
stability ratio (S) in stable 
stratification. 
(B) Relation between the 
Richardson number (Ri 8 ) and Z against S for Us = 
1 m / s in stable stratifica
tion. 

in eq. (17) against the stability ratio (S). In this relation, l8 decreases rapidly with the 
increase of S. l8 approaches to a constant value with the increase of Z against a constant 
value of S, i.e., ls has each asymptote which is parallel to the line of Z against various 
stability ratios. ls in neutral stability (S=O) is proportional to Z. ls approaches to zero 
in super-stable stratification or at the height of zero meter, i.e., ls, Z and S converge at 
the zero point respectively. 

Fig. 36 (B) shows the relation between the height (Z) and the Richardson number 
(Ris) in eq. (18) against the stability ratio (S) for Us = I m/s. With the increase of Z 
against various stability ratios as shown in Fig. 36 (A), Z approaches to constant values 
of Ris , i.e., Ri8 has each asymptote which is parallel to the line of Z against various 
stability ratios. 

An asymptote in nearly neutral stratification is seen to incline toward a higher value 
of Ris . For example an asymptote for S=0.01 s-2 is larger than that for S=0.0 2 s-2 in 
the case of the higher observation height. However, the relation is doubtful, as this 
equation cannot be applied to the relation at the higher observation height. The solid 
lines are similar to orthogonal hyperbolas except the lower part near snow surface. 
Ri6 ; Z and S converge at the zero point respectively. 
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Fig. 37. Relation between the 
wind velocity at the 
height of 6 m ( U 6) and 
the Richardson number 
( Ri  8) against the height 
(Z) in stable stratifica tion. 

Fig. 37 shows the relation between U6 and Ri8 in eq. ( 1 8) against Z. In this relation, Ri8 increases relatively with the increase of Z and with the decrease of U6• Ri8 against 
U 6 decreases rapidly in lower wind velocities and gently in higher wind velocities. The results of KM, [8 and Ri8 agree with LILJEQUIST's results on the tendency of these equations. 
3 .3 .3 . Relation between U 6 and ·uertical air temperature gradient above the sea ice The relation between the wind velocity at the height of 6 m (U 6) and the temperature gradient above the sea ice is shown in Fig. 38. The temperature gradient remarkably increases when U 6 is below 5 m/ s, and decreases when U 6 is above 8 m/ s at which the snow cover begins to drift slightly (MAKI} 1971 ). The stronger the atmospheric turbulence, the less the temperature gradient. This variation pattern is similar to the pattern in winter (Fig. 23). To make clear the relation between the wind velocity and the temperature gradient, the observed data are plotted in Fig. 38. From the distribution of the points, the maximum value of the temperature gradient related to the wind velocity 
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can be estimated. The solid line represents the maximum limit of the relation be
tween the wind velocity and the temperature gradient. The variation pattern of . the 
maximum limit represents approximately an orthogonal hyperbola for U6> 2.0 m/s, 
i.e., 

Tg=3.0/U6 , 

where T g is the temperature gradient (°C/m) and U 6 the wind velocity at the height of 
6 m (m/s) . The unit of the proportional coefficient is °C/s. 
3.3 .4. Relations between wind velocity and aerodynamic roughness length and between wind velocity and friction velocity 

Figs. 39 (A) and (B) show the relations between the wind velocities at the heights 
of 6 m or 20 m (U6 or U2 0) and the aerodynamic roughness length (Z0) and between 
U 6 or U 2 0  and the friction velocity ( U *) calculated from wind velocity profiles for -O.O I <Ri<0.05. At point A, Z0 has a constant value independently of U6 as 

Z0 = 0.0 l  cm, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . .  · ,  · .  · .  · · , . , . · ( 23) 
for O<U6 � 13 m/s and Z0 is expressed by 

log Z0 = 0.0010U6 -3.30, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 24) 
£or U 6 2 13 m/ s, where Z0 and U 6 are given by the units of cm and cm/ s respectively. 
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The increase of Z0 under the condition of U 6 � 1 3  m/s seems to indicate that the wind energy is consumed in blowing up snow particles, which causes the apparent increase of the roughness of the snow surface with the wind velocity. On the other hand, at point C the value of Z0 decreases rapidly from about 3.0 cm to about 0.0 1 cm with the increase of U20 for U20 � 1 5 m/s. The almost constant variation may be ascribed to the following reason: When the wind, especially the prevailing wind, blows from the direction of the smooth sea ice, the wind velocity influences the updraft effect. It seems that the wind velocity of the lower atmospheric surface layer on the wind velocity profiles is strong as compared with the upper layer. 
U * is shown by the following equation given by eqs. ( 13) and (23) below 13 m/s of U6, 

U * = 0 .0365U6 • • • • • • • • • • • • • • • • • • •  • • • • • • • •  • • • • • • • • • • • • • • • • • • (25) The relation between U6 and U * is represented by a linear equation below 13 m/s  of  U6 • Above 13 m/s of  U 6, however, U * i s  shown by 
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U* = U6/(35.0 -0.00575U6), • • •  • • • •  • • • •  • • • • • • • •  • •  • • • • • • • • • • • •  • ( 26) 

5 1  

· due to eqs. (13) and ( 24). The relation between U6 and U * is represented by an 
orthogonal hyperbola above 13 m/s of U6• 

Z0 increases under the condition of the · strong wind velocity over 13 m/s 
( U *  >42.5 · cm /s) above the snow surface. This phenomenon is also found in the 
case of aerodynamic roughness length with the crop canopy (MAKI et al., 1968; MAKI, 
1969; T AKAMI et al., 1969). 

In the case of the snow surface, snow particles start to drift slightly over 8 m/s 
of U1 0  and the density of snow particles increases with the increase of wind velocity 
(MAKI, 1971). When snow particles are blown up into the air, it is considered that 
the friction resistance on the snow surface increases, resulting in the increase of aero
dynamic roughness length. 

The friction velocity ( U *) at the threshold value of drifting snow is 29.1 cm/ s 
at the height of 10 m. If this value of friction velocity is modified to the value of 
the height of 30 cm, the wind velocity at the height of 0.3 m (U0. 3) becomes 5 m/s, U * 
is 18. 2 cm/s and Z0 is 0.01 cm. 

For the sand surface the value of U* = l9.6 cm/s  is obtained by NEMOTO et al. 
(1969), when the mean diameter of sand particles is 0. 25 mm. The value of Z0 when 
sand particles are not · blown up is 0.001 2 cm. ZINGG (195 2) obtained the following 
values in the wind tunnel; U * is 30 .5 cm/s and Z0 is 0.031 cm when the mean diam
eter of sand particles is 0.44 mm. 

From these results, it is deduced that the threshold values of drift when the mean 
diameter of snow particles is 0.0 2-0.5 mm and that of sand particles 0. 25 mm are almost 
the same as friction velocities ( U * ). 
3.3.5. Relation between visibility and density of drif,ting snow 

The relation between the visibility and the density of drifting snow is expressed 
as eq. ( 27). Assuming that the size of snow particles in drifting snow is uniform or 
rather the distribution of snow particles is uniform, the relation is shown as follows: 

Ps = kc/Vs, • • • • • • • • . .  • . . .  • • • • • . • • . .  • • • • • • • . . . . .  • • . .  • .  • . . . . .  • • ( 27) 
where P s is the density of drifting snow in the air, V8 the visibility at the height of 
1.5 m and kc the numerical constant (LILJEQUIST, 1957; Editing Committee of Meteoro
logical Handbook, 1959; YAMAZAKI et al., 1969). 

The observation results of the relation are shown in Fig. 40. Snow particles start 
to drift slightly when U1 0  attc;1.ins to 8 m/s, and V8 decreases rapidly with the increase 
of U1 0  above 8 m/s, namely, when U1 0  is 15 m/s (U10), V8 is about 150 m; 25 m/s, 10 m; 
and 35 m/s, 2-3 m. 

The changeable pattern in Fig. 40 shows the following relation; if the drifting 
snow is accompanied by the snowfall and the quantity of snow gains, the solid line is 
deviated to the le£ t and lower side, whereas if there is no snowfall, the solid line moves 
to the right and upper side, the dotted lines denote the maximum and minimum values 
of variations, respectively. 
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Fig. 40. Solid line is the relation between the visibility at the 
height of 1 .5 m (Vs ) and the wind velocity at the height 
of JO m (U1 0) .  Dotted lines are the maximum and mini
mum limits of the relation between V 

8 
and U 1 0 . 

3.3.6. Relation between visib ility and friction drag The friction drag (,) is generally expressed by T = pU * 2' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . (28) where p is the air density and , is given by eqs. (25) and (28) below 13 m/s of U 6 and by eqs. (26) and (28) above 13 m/ s with the increase of U 6, respectively. Defining , c as the friction drag under constant Z0 (=0.01 cm) with the increase of U6 up to 35 m/s, the relations between U6 and T, between U6 and Tc and between U 6 and ,-, c are shown in Fig. 4 1 .  The increasing pattern of , with the increase of U6 is the same as 'c below 13 m/s, but the value of Tc is smaller than that of , when U6 is above 13 m/s, and Vs decreases rapidly. The difference of T and , c is that T-, c just shows the momentum (wind energy) consumption to blow up snow particles. The logarithmic relation between U10 and 1/ Vs from Fig. 40 is shown in Fig. 42 and is represented by log ( l /Vs)=5 .00 log U10 -8.03. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (29) It 1s found that Vs is in inverse proportion to the 5.0 power of the wind velocity 
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at the height of 10 m (U1 0) in Fig. 42. The relation between T-Tc (dyne/cm2) and 
U1 0  (cm/s) is also shown in this figure, and is expressed as follows: 

log ('r - Tc) =5 . 10 log U1 0 - 7 .34, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (30) 

It is found that the friction drag is in proportion to the 5 . 1  power of U1 0 , where 
the units of V8 , U10 and T-Tc express MKS unit. Furthermore, it is clear that the 
relation between V 

8 
and T-T c is represented by approximately parallel lines in Fig. 42 . 

This result is almost the same as that obtained by LILJEQUIST (1957). The relation 

between V 
8 

in eq. (29) and 7-7 c in eq. (30) is represented approximately by the following 
equation : 

Vs = 5/(T _:_ Tc) • • • • • • · · · • · • • • • • • · · · · · · · • • · · · · · · · · · • · · · · · · • · · · • • (3 1 ) 

It is assumed that the units of V 
8 

and T-r c are the expression of MKS unit and 
the unit of the proportional coefficient is m2s2/kg. From eq. (31 ), it is clear that V 

8 
is 

ii:i inverse proportion to the difference between r and r c, while r c is calculated from 
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the height of 1 .5 rn (1 / V 8) against the wind velocity a t  
the  height of  10 rn (U1 0) . 

the constant Z0 and -r is a changeable Z0• Drifting snow particles are blown up from the snow surface by the wind and float in the air in equilibrium with the gravity drifting as fast as the wind velocity . . With the increase of snowfall and snow particles blown up from the snow surface and drifting snow particles in the air, V 8 is reduced much more. The density of drifting snow in the air increases with the increase of the roughness of the snow surface. Therefore, when the wind velocity and the friction resistance grow stronger, the drifting snow comes to have a high density and the visibility is reduced. In the valleys, on the contrary, where the wind velocity and the friction resistance are weak, the drifting snow is low in density and the visibility is better. Accumulation of snow particles is largest in the valleys and smallest on the summits where erosion takes place. This phenomenon applies to the rough surface of skavler and the undulation surface in Antarctica. 
3 .3.7. Sensible heat fiux of energy budget equation We consider the energy budget in winter in Antarctica. If the short-wave radiation 
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is absent and evaporation or sublimation will be neglected, the energy budget on the 
snow surface is expressed by a simple equation (Ministry of Agriculture and Forestry, 
1961), i.e., 

Qe +S0 +B0 = 0 , · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ,  · · · · · · · · · (32) 
where Qe is the sensible heat flux of the energy budget equation to the snow surface, 

10 ,..... 
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Bo 

( 09.05 -12.05, 1 7, July, 1 9 70) 

( t ,  , t2 : Time ) 

( 8s1 , 852 : Snow Temperature ) 

-35 -30 -25 -20 
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Fig. 43 . Energy budget on the snow surface and the typical profiles 
of the snow temperatures on the sea ice, where Qe is the 
sensible heat flux of the energy budget equation to the snow 
surface, S0 the net radiation from the snow surface, B 0 the 
heat flux entering the snow surface from below, d ( = 20 cm) 
the reference level, aos I . and aos I are the vertical snow 

az t 1d az t2 d temperature gradients at the reference level (d) at t1 and t2 ' 
f 0d c8 ps d!s dZ is the energy budget of the snow between the 
snow surface and the depth (d) and ).8 (�i I J the heat fl.ux 
entering the depth from below. 
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S0 the net long-wave radiation to the snow surface and B0 the heat conduction flux 
in the snow to the surface. Furthermore, in spite of the type of energy budget com
ponent, the heat entered the snow surface has a positive sign and the heat taken off 
from the snow surface has a negative sign. 

The heat conduction flux in eq. (32) in the snow is represented as follows : 
Bo = As( �:t) + i: CsPs a�s dZ, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (33) 

where d (=20 cm) is the reference depth, cs the specific heat of the snow, Ps the density 
of the snow, e s the snow temperature, t the time, Z the depth and 'A s the heat con
ductivity. The first component of the right-hand side of eq. (33) shows the heat flux 
entering the reference level from below and the second component the energy loss of 
the snow with the unit area situated between the surface and the reference level. The 
net long-wave radiation (S0) and the heat conduction flux (Bo) are measured with a 
net radiometer and L tube thermometers, respectively. 

The results obtained at 9.05 and 12.05 on July 17th are given in Fig. 43, ex
emplifying the typical vertical profiles of snow temperature for the heat conduction 
flux (B0) .  

The specific heat of the snow (c8) and the density of the snow (p 8 ) are obtained 
with the snow block, 10 cm cube, which is taken from the snow of the sea ice. The 
heat conductivity ('A s ) can be obtained by eq. (34) : 

A8 =0.0036 +0.426p8
2. · · · · · · • • • • · · · · · · · • • • • • · • · · • • • • • • · · • • • · • (34) 

And the thermal conductivity (a2) is calculated from eq. (35): a 2 = As/CsPs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . (35) 
The following values are obtained : c8=0. l 1 3(cal/g · deg), 

Ps =0.376(g/cm3), 
As=6.38 x 10- 2 (g · cal/cm - min - deg), 

and 
a 2 = 2.5 x 10- 2(cm2/s). 

Now, the snow temperature observation was carried out at intervals of 1-3 hours. 
3 .3.8. Turbulent heat fiux obtained from functional formula including wind component 

We consider the turbulent heat flux (Qw )· The radiative diffusivity and the molec
ular heat conduction are neglected, as they are considerably smaller than Qw · The 
heat flux is expressed as follows: 

f) f)  Qw = CppKH f)Z , · · • • • • • · · · · • • • • • • · · · · • • • · • • • · · · • · · • • • · • · • • • • (36) 
where cP is the air specific heat at a constant pressure, p the air density, K H the heat 
diffusion coefficient, e the potential temperature and Z the height. 
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It is necessary to obtain directly the heat diffusion coefficient (Kn), nevertheless, K H cannot be obtained accurately and easily in stable stratification. Then Qw was obtained by the following method: The heat diffusion coefficient (K H) and the mom en tum diffusion coefficient (KM) are assumed as a same q::>efficient (K) in order to simplify the calculation, i.e., Kn =KM=K. If the air pressure is constant, the relation between the air density and the potential temperature is represented as follows: p/p 0 = 0 0/0 ,  · · · · · · · · · · · · · · · · · · · · · · · . .  · . .  · · · · · · · · · · · · · · · . . .  · .  (37) where po and e 0 are the air density and the potential temperature at 0 ° C respectively. From eqs. (19), (36) and (37), Qw is rewritten as follows: 

arid 

Qw = Cppo (() o/g)SK, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (38) Then, eq. (38) is substituted with the following numerals for cp, po, e 0 and g, cp = 0 .240(cal/g · deg) , Po = 1.255 x 10-3 (g/cm3) ,  (} 0 = 273(° K), g=980 (cm/s2) ,  
Pa =982.5 (mb) (average air pressure during the observation period), i.e., Qw = 0 . 00503SK, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (39) where eq. (39) is expressed as a value per minute. From the values of U6=1 m/s and Z0=0.0l cm at the height of 6 m shown in Fig. 39 (A), the relation between K M=K, 
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Fig. 44. Relation between the stabili ty ratio (S) ancl the propor
t ional coefficient of the turbulent heat transfer to the snow 
surface (Qw) including the function of k ( = UL /  U 6) and S, 
where UL is the wind component proportional to the height 
a bove the snow surface and U 6 the wind velocity at the height 
of 6 m. 



58 Atmospheric Turbulence arnl  Structure in  Stable Layer 

and Z against S is shown in Fig. 35. K is expressed by the function between k and U 6, and k is the function of S. After all, Qw in eq. (30) is substituted with S and U 6 • Fig. 44 shows the relations between the coefficient of Qw and S. obtained from eqs. (20), (21) and (22) with U6= 1  mis. As the coefficient of Qw with Z=6 m, U6=1 mis and Z0=0.0l cm is not so changeable for 0.005<S<O.l  s-2, the mean value of the proportional coefficient of Qw seems to be represented as a constant value of 0.0054. When U6 is changeable, eq. (39) is expressed by eq. (40) as a general equation at the height of 6 m, Qw= 0 .0054U6 (ly/min), · . . . . . . . . . . . .  · · . . . .  · . . . .  · . . . . . . . . . .  · . .  (40) where U6 is the unit of mis. The relation between Qe which is obtained from the energy budget and Qw which is obtained from the wind velocity is shown in Fig. 45. It is naturally obtained that Qe and Qw agree considerably. It is impossible to calculate the sensible heat transfers in August and September, when the sunshine influences the energy budget. As evaporation and sublimation values callnot be estimated, Qe and Qw cannot be compared with each other. 
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4. Concluding Remarks 

At the slope of about IO-degree inclination, the mean value of the vertical wind speed at the height of 20 m (W 20) is about one-third of the longitudinal wind speed at the height of 20 m (U20) and the ratio of W20/U20 is independent of Richardson number (Ri) at the height of 20 m. The standard deviations of the longitudinal, lateral and vertical wind speed fluctuations (<fu, <fv and <fw) decrease with the increase of Ri  and <fulU20, <fvl U20 and <fw lU2 0  increase exponentially with the increase of Ri. U2 0  decreases exponentially with the increase of Ri  a t  the height of 20  m. The gustiness decreases exponentially with the increase of U2 0  below about 8.5 m/s of U20 and seems to be independent of U20 above about 8.5 m/s, and the transition wind speed in Fig. 6 (A) may be estimated at about 8.5 mis at the height of 20 m. The gust factor decreases logarithmically with the increase of U 20• The ratios of <fulU* '  <1v lU* and <fw lU* (U* i s  the friction velocity) are almost independent of Ri. The ratios of <fu l U * and <fvl U * are somewhat smaller and the ratio of <fw I U'* is somewhat larger than other results because of the topographical effect at the observation site. The ratio of energy dissipation rate to the third power of U 20 seems to be proportional to about the 0.5 power of Ri. Characteristics · of frequency distributions of three dimensional wind components under three typical weather conditions were made clear. The maxima of the frequency distribution shift from the mean of the normal distribution to the strong side. Eulerian auto-correlation coefficients in various stabilities are obtained quantitatively in Fig. 10. The scales of the largest turbulons of the longitudinal, lateral and vertical wind speeds are independent of Ri. The scale of the atmospheric turbulence is represented by a solid body of a long and narrow cubic vortex having the dimensions of length: breadth : height=6.3 : 1 .9 : 1 .  A -5/3 power law i s  applicable to · the frequency range above 1 .0 c/s or to the nondimensional frequency above 1.0. The nondimensional frequencies at which spectral densities have maximum energy depend on the stability of Ri. With the increase 
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of R i, the value of the nondimensional frequency at the maximum spectral density (un
vZI U 20 ) for the longitudinal wind speed increases exponentially and the value of wnvZI U20 for the vertical wind speed decreases exponentially. On the other hand, the value of vn

v
ZI U2 0  for the lateral wind speed is independent of Ri. In winter, the frequency of the prevailing wind direction is not higher than that in other seasons, but the frequency of S and SSE wind directions and that of the dead calm (below O. l mis) are higher than those in other seasons. The mean wind velocity in summer is lower and the prevailing wind velocity in winter is higher than in other seasons. The air temperatures of the NNE to E wind directions in winter are high and those of SSW and SW low. The vertical air temperature gradient in stable stratification is larger in the case of ESE to SSW wind directions in winter, and in unstable stratification it is larger in the case of S and SSW in summer. The temperature gradients in winter and summer seem to be symmetric with 0.2°C per 10 m as an axis. The frequency of the wind velocity below 3 mis is generally high, being 55.5% in summer and 41.4% in autumn, and that below 1 mis is high in winter. The warming ratio of the air temperature with the wind velocity shows a significant annual variation. The ratio is 2.9° C per 10 mis in spring, l .3°C in summer, 3.0°C m autumn, 5.0°C in winter, and particularly it is 5.8°C in May and August and 0.5°C m December. The relations by four seasons are given as follows : Spring: Y=0.29X-9.37, summer; Y=0.13X-l .49, autumn; Y=0.30X-8.75, and winter; Y=0.50X-21.29, where Y is the air temperature (0C) and X the wind velocity (mis). In winter, the vertical air temperature gradient in stable stratification decreases rapidly with the increase of the wind velocity below about 10 mis and gently above IO mis. In summer, the temperature gradient in unstable stratification increases rapidly below about 8 mis, and above 8 mis the value becomes constant, indicating nearly neutral stratification. The wind velocity of the transition point seems to coincide with the starting wind velocity of drifting snow. The frequency distribution of air temperature in winter is in contrast with the concentration pattern in summer. The vertical air temperature gradient decreases 0.0057°Clm with the I °C increase of air temperature. The relations are represented as follows : Spring and autumn; Y=-0.0057X, and summer and winter; Y=-0.0057X-0.036, where Y is the temperature gradient (°Clm) and X the air temperature (0C). The frequency distribution of the air temperature gradient under stable conditions is about 88% in winter, about 30% in summer and about 75% throughout the year. The distribution pattern is nearly symmetric in autumn and spring, but is distorted in other seasons, as the maximum of the frequency distribution shifts from the maximum of the normal distribution to the unstable side in winter and to the stable side in summer. 
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The monthly variation pattern is  more significant than the seasonal variation pattern. · The meteorological observations made on the tower built on the sloping terrain of Syowa Station do not seem to be ideal as a representative meteorological observation in Antarctica. The larger the thickness of inversion layer, the less becomes the occurrence· ratio of ground inversion, except in summer. The Kernlose-type phenomenon occurs in the annual variations of T x (tropospheric maximum air temperature), T20 (air temperature at the height of 20 m) and T1 (air temperature at the height of 1 m) which are the average values under the conditions of ground inversion. The air temperature difference decreases in the order of T x-T 1, 

T20-T1 and T1 0-T1 • The maximum value of air temperature difference is recorded in July and the minimum value in January and February. The vertical profile of air temperature in winter shows a perfect linear variation with the height and that in spring shows a nearly linear variation. The lower part of the air temperature profile has a larger temperature gradient in autumn and has a smaller one in summer. Three equations are obtained with the relation between the stability ratio (S) and the ratio of the linear component of wind velocity proportional to the height above the snow surface to the wind velocity at the height of 6 m. The mean value of three equations agrees with the measurement value for S<0.001 s-2. The relations between Z and the momentum diffusion coefficient (KM) against S for U6= 1  m/s, between Z and the mixing length (l8 ) against S, between Z and the Richardson number in stable stratification (Ri8) against S for U6= 1  m/s and between Ri8 and U 6 against Z are represented in Figs. 35, 36 and 37. The vertical air temperature gradient remarkably increases below 5 m/s of U6 and slightly decreases above 8 m/s of U6 when the snow cover begins to drift. The variation pattern is similar to an orthogonal hyperbola above 2.0 mis of U 6• The aerodynamic roughness length is constant (0.0 1  cm) below 1 3  m/s of U 6 and increases with the increase of U 6 above 13  m/s. The friction velocity shows a linear equation below 1 3  m/s of U6 and shows an orthogonal hyperbola above 13  m/s. Snow particles start to drift slightly when U1 0  attains to 8 m/s, and the visibility observed at the height of 1 .5 m decreases rapidly with the increase of the wind velocity above 8 m/s, namely, when U1 0  is 1 5  m/s, the visibility is about 150 m; 25 m/s, 1 0  m; and 35 m/ s, 2-3 m. The visibility is inversely proportional to the fifth power of the wind velodty. The deduction of different friction drags is almost proportional to the fifth power of the wind velocity, is related to the energy which causes the blowing of snow particles and is almost inversely proportional to the visibility. The turbulent heat fluxes obtained by two different methods agree considerably, when the sun rises scarcely above the horizon. On the other hand, it is impossible to calculate the sensible heat transfers in August and September, because the sunshine influences considerably the snow surface of the sea ice and the values of evaporation and sublimation are not negligible. 
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