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Abstract: Measurements were made of profiles of wind speed and air tem

perature on the bare ice surface on the lee of the Yamato Mountains from 1 to 

7 December 1973. The vertical profile of air temperature was found unstable 

in the daytime when the wind speed decreased, as the bare ice surface was 

heated by solar radiation. Consequently, a mean eddy heat flux transported 

from the surface was 50 ly/day. As for an energy budget, estimated latent 

heat flux was about 150 ly/day which indicates the evaporation of 0.25 cm/day 

in the summer. The observation of wind turbulence by the use of sonic 

anemometer showed a strong turbulence generated by nunataks. This strong 

turbulence contributes to the surface ablation of bare ice in the summer. 

1. Introduction 

Nine pieces of meteorites were discovered in December 1969 by the oversnow 

glaciology party of the 10th Japanese Antarctic Research Expedition (JARE-10) 

near the southeastern foot of the Yamato Mountains in East Antarctica (YOSHIDA 

et al., 1971). In addition to them, 12 meteorites were found in December 1973 

in the same area by the party of JARE-14 (SHIRAISHI et al., 1976). From 25 

October 1974 to 17 January 1975 the party of JARE-15 was sent to the same area 

for a systematic search after meteorites, whereby the party collected 663 meteorites 

(YANAI, 1976). Since the meteorites were found in the bare ice area, KusUNOKI 

(1975) pointed out that ablation will aid the exposure of meteorites buried in the 

ice mass and it may contribute to the concentration of meteorites in this bare ice 

area. The average net ablation of 5.2 cm/year in terms of ice thickness was 

obtained between 1969 and 1973 in the area (YOKOYAMA, 1975). Consequently, 

the energy and mass exchanges between the air and the ice must play an important 

role in preservation of the bare ice surface. 

Micrometeorological observations were carried out on the bare ice near the 

Yamato Mountains from 1 to 7 December 1973 (KOBAYASHI, 1978b). Fig. 1 shows 

a location map of the observation site (DO) in the bare ice area on the leeward of 

Massifs E and F of the Yamato Mountains. The prevailing wind direction near 

the surface was nearly easterly. The results disclosed that ablation and strong 
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Fig. 1. Location map of observation site (DO) near the northern Yamato Mountains. 

turbulence predominated in this bare ice area, particularly in the summer season. 

2. Atmospheric Boundary Layer on the Leeward of Nunataks 

A wind profile in an atmospheric boundary layer was obtained by means 
of a radiosonde above the bare ice field on the leeward of the Yamato Mountains. 
A wind shear hodograph obtained on 12 December 1973 is shown in Fig. 2. It 
shows that the wind veers clockwise with height, which is different from the results 
obtained at Mizuho Station on the vasts nowfield where the katabatic wind shifted 
counterclockwise with height (KOBAYASHI, 1978a). Changes of wind vectors on 
the snowfield near Mizuho Station are caused by both the Coriolis force and a 
thermal wind in the inversion layer. On the other hand, the Magnus effect is useful 
for the explanation of the structure of atmospheric boundary layer on the leeward 
of nunataks, i.e. the vorticity-velocity cross product generates a body force in a strong 
eddies field. Fig. 3 illustrates the geometry of the Magnus effect (TENNEKES 

and LUMLEY, 1972). In this case, a stream with a vorticity will be shifted by 
a body force to the clockwise direction, as shown in Fig. 3. In fact, observations 
of wind turbulence by the use of a sonic anemometer showed a strong turbulence 
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Fig. 2. Wind shear hodograph in an at
mospheric boundary layer obtain
ed on 12 December 1973. The 
end point of a wind vector veers 
as function of height. A dashed 
line shows a wind vector at ele
vation of 3025 m above bare ice 
surface. Vs: Surface wind. 
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Fig. 3. Schematic representation of Mag
nus effect (after TENNEKES and 
LUMLEY, 1972). U1 : velocity in 
stream; w2: vorticity in a predom
inant eddies field; F2: body force. 
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Fig. 4. Variations of wind turbulence in vertical component on the leeward of the Yamato 
Mountains and at Mizuho Station. 

generated by nunataks compared with observation at Mizuho Station, as shown in 
Fig. 4. The vertical component of wind observed in the bare ice area always 
showed the upward velocity of 3 m/s, while the scale of turbulence at Mizuho 
Station was small. Although observations at the bare ice field are made in different 



12 Shun'ichi KOBAYASHI 

season from observations at Mizuho Station, many large eddies are found in the 
field on the leeward of nunataks. These large and strong eddies will contribute to 
ablation on the ice surface, besides the field being free from snow accumulation 
by blown snow particles. 

3. Atmospheric Surface Layer on the Bare Ice Surface 

Vertical profiles of wind speed and air temperature up to 3.5 m were observed 
at point DO on the bare ice surface from I to 7 December 1973 (see Fig. I). Five 
sets of small three-cup electromagnetic anemometers were installed at the heights 
of 3.35, 1.85, 0.86, 0.55 and 0. 35 m. Air temperatures were measured with 
thermister thermometers at the heights of 3.15, 1.65 and 0.15 m. Some results of 
data analysis were reported (KOBAYASHI, 1978b), and the present paper deals with 
energy budget. The atmospheric surface layer on the bare ice surface showed an 
unstable condition in the daytime when the wind speed decreased, because the 
bare ice surface was heated by solar radiation. In an adiabatic atmosphere 
(neutral condition), the wind profile is represented by the following logarithmic 
equation: 

U(z)=(U*/K) In Z/Z0, (I) 

where U * is the friction velocity, K( =0.4) ·is von Karman's constant and Z0 is 
the surface roughness length. However, when buoyancy forces are present, i.e. 
for a diabatic case, it is not possible to present a universal form for the diabatic 
wind profile. In an unstable condition the wind speed must decrease with height. 
However, since buoyancy forces near the surface are controlled by the surface, a 
wind profile can approximate to the logarithmic law in a neutral condition. 
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Fig. 5. Relations between averaged roughness length and wind speed at 1 m height on the bare ice 
(solid line) and snow surface (dashed line). 
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Fig. 5 shows the averaged roughness lengths obtained on the bare ice surface 
near the Yamato Mountains and the snow surface at Mizuho Station in the region 
of cold katabatic flow. The former is a constant value of 0.085 cm, which is 
about I /30 of the depth of small concaves (2-3 cm) on the bare ice surface (Nicruse's 
result; see MoNIN and YAGOLOM, 1971). As for the latter, the roughness length de
creases conspicuously with the increase in wind speed. Relations between averaged 
friction velocity and wind speed at I m in height in both areas are shown in 
Fig. 6. The friction velocity obtained on the bare ice surface near the Yamato 
Mountains was larger than that on the snow surface at Mizuho Station when the 
wind speed was more than IO m/s. 

4. Eddy Heat Flux on the Bare Ice Surface 

An eddy heat flux can be estimated from friction velocity and vertical dif
ferences in air temperature and wind speed in the lowest layers. The aerodynamic 
method satisfies an assumption that eddy transfer coefficients for momentum, 
heat and water vapor are the same, that is, rm=rh= re . Then, the equation for an 
eddy heat flux may be written in an expression analogous to a molecular transfer, 
yielding the flux of heat in the form 

(2) 

where p ( = 1.2 kg·m- 3) is the air density, Ci =0.24 kcal· kg- 1, deg- 1) is the specific 
heat of air, T(Z1) and T{Z2) are the air temperatures at the heights of Z1 and Z2 

respectively, and rh is the drag coefficient. The drag coefficient is expressed by 
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(3) 

where U(Z1) and U(Z2) are wind speeds at the heights of Z1 and Z2 , respectively. 

Eq. (2) represents an eddy heat flux between the heights of Z1 and Z2 , and the 

positive sign of flux indicates its transport away from the interface. 

Next, the surface temperature of the bare ice surface can be approximately 
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ice surface. 
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calculated by the following equation: 

(4) 

where the drag coefficient between the height of Z1 and the surface is represented 

by 

(5) 

Fig. 7 gives variations from 1 to 7 December 1973 in temperature at the surface and 

at 3.15 m and in eddy heat flux. Since the measurements of wind speed and air tem

perature were not made continuously, the figure lacks nighttime data. Eddy heat 

flux may have negative values at night. Fig. 8 illustrates hourly variations in eddy 

heat flux over the bare ice surface and also includes the averaged flux as shown by a 

dashed curve. It shows that the total flux obtained by integrating the dashed curve 

was about 50 ly/day. 

5. Energy Budget at the Surface 

Although observations were not made on the energy budget at the bare ice sur

face, a rough estimation of latent heat flux will be made. The energy budget at the 

ice-air interface has been determined from the following equation: 

(6) 

where R0 is the net radiation, H0 is the eddy heat flux, So is the snow heat flux 

computed from snow temperature curves at the surface on the assumption that 

no annual mean heat flux exists in the snow, and E0 is the latent heat flux. The 

radiation balance at the surface may be expressed by 

(7) 

where R s is the absorbed radiation (shortwave balance), R1, is the effective radia

tion (long wave balance), Sa is the global radiation, a is the albedo of the ice 

surface for global radiation, Ld is the downward long wave radiation from the 

atmosphere and Lu is the upward long wave radiation from the surface. KA WA

GUCHI and SASAKI (1975) reported that the value of the global radiation obtained at 

Mizuho Station (70°41.9'S, 44°19.9'E; elevation 2230 m) was 950 ly/day when 

the sky was clear around the summer solstice. According to KA w AGUCHI and 

Furn (1977), the albedo of the bare ice surface in the vicinity of the Yamato 

Mountains was 0.5. Hence, the absorbed radiation was nearly equal to 475 ly/ 

day. Then, the upward long wave flux at the surface may be calculated by 

(8) 
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where a ( =0.8 x 10- 10 ly · min- 1 ·deg- 1) is Boltzman's constant. Since the surface 
temperature computed from eq. (4) had a mean value of 260 K during the period 
of observation, the upward long wave radiation at the surface was 530 ly/day. 
On the other hand, for the downward long wave radiation from the atmosphere: 
KONDO (1971) proposed the following empirical formula 

(9) 

where Tk and e are the daily mean value of absolute air temperature and the daily 
mean value of vapor pressure near the surface, respectively, CL is the correction factor 
due to the cloud for the long wave radiation and Llh is the correction of the down
ward long wave radiation due to the inversion. In this paper, the values at the top 
of a surface inversion layer are used for Tk and e, that is, Tk =262 K, e=2.38 mb, 
CL= I (fine weather) and LllL= O. From the result of calculation by eq. (9), 
the downward long wave radiation was about 330 ly/day. Therefore, the net 
radiation estimated at the bare ice surface was about 275 ly/day, i.e. the bare ice 
surface may be heated by the fraction of this net radiation. Since the mean value 
of eddy heat flux is 50 ly/day, the sum of snow heat flux and latent heat flux will be 
225 ly/day. Although no data are available of ice temperature profiles in the 
bare ice layer, the snow heat flux is smaller than the latent heat flux. Acccordingly, 
the latent heat flux may be of the order of 150 ly/day, which is equivalent to the 
ablation rate of 0.25 cm/day. 

6. Concluding Remarks 

The rough ablation rate estimated in the above section may be larger at the 
ice-air interface than at the snow-air interface, because the albedo of the snow 
surface (e.g. 0.8 by KAWAGUCHI and SASAKI, 1975) in the vicinity of Mizuho Station 
is larger than that of the bare ice surface. Thus, the net radiation estimated at the 
snow surface was roughly -10 ly/day. This negative sign may be effective in bring
ing about a radiative cooling at the surface. According to NISHIO (1978), the ave
rage latent heat flux calculated by water vapor measurements at Mizuho Station 
in the summer season was 54 ly/day (evaporation: 0.2 cm/day) which is com
parable to the value of 64 ly/day for the sum of snow heat flux and eddy heat flux. 

Eddy and latent heat fluxes at continental stations in the summer season 
are summarized in Table I. The ablation rate estimated on the bare ice is three or 
more times as greater than those measured at other stations covered with the 
snow surface. Net ablation observed in the bare ice area near the Yamato 
Mountains averages 5.2 cm/year (YOKOYAMA, 1975). Accordingly, since the 
ablation on the bare ice in summer was about 7.5 cm/month, in other seasons 
negative latent heat fluxes (condensation) may be predominant. Pursuance of this 
study calls for a prerequisite of making measurements of energy budgets at the 
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Table 1. Eddy heat flux and latent heat flux at continental stations in summer season, 
Antarctica. 

Station 

Pionerskaya 

Komsomolskaya 

Vostok 

Mizuho Station 

Season 

Jan. 1956 
Jan. 1958 

Jan. 1958 

Jan. 1958 

Eddy heat Latent heat flux flux 
(ly/day) 

- - - -------------------- -----------

13 . 3  

10 

1 6 . 7  
--- ---- --·-··· -

(ly/day) 

- 3 . 9  

Surface References 
-------- ---------

Snow RUSIN (1960) 

----·------ ·· -

Snow RUSIN (1 960) 

Snow RUSIN (1960) 

Dec. 1976 -30- -50** 
l 

· Jan. 1977 

53 · 5 I Glazed 
22 . 5  (0 . 75 mm/day)*i snow Nismo (1978) 

I 

Mizuho Plateau Nov. 1969 
l 

Jan. 1970 

Yamato Mountains Dec. 1973 50 

----- --- ----- - - - - I - -- ------------ -----

28 (0 . 9 mm/day)* I Hard I 
I 

sastrugi 
iAGETA (1972) 

100 -200** 
-·· -----�---�-- ----· 

Bare ice KOBAYASHI 

Pionerskaya (69°44'S, 95 °30'E, elevation 2700 m) 
Komsomolskaya (74°05'S, 97°29'E, elevation 3420 m) 
Vostok (78°27 'S, 1 06°52'E, elevation 3420 m) 
* Value estimated by stake method. 

** Estimated values by KOBAYASHI. 

bare ice surface throughout the year. 

Acknowledgments 

The author is grateful to Dr. Shinji MAE of the National Institute of Poalr Re

search for giving him an opportunity to write this paper. He also sincerely 

thanks Professor Kou KusuNOKI of the National Institute of Polar Research for his 

critical reading of the manuscript and valuable comments. 

References 

AGETA, Y. (1972) : Nankyoku no shamen-kakofu-iki ni okeru sasutsurugi ya dorifuto no 
shomo ni tsuite (Some aspects of ablation of sastrugi and drifts in the area subjected to 
katabatic winds in Antarctica). Nankyoku Shiryo (Antarct. Rec.), 43, 8-19. 

KAWAGUCHI, S. and SASAKI, H. (1975) : Mizuho Kansokukyoten no nissha shushi (Solar radia
tion balance at Mizuho Camp, East Antarctica). Nankyoku Shiryo (Antarct. Rec.), 
54, 34-41 . 

KAWAGUCHI, S. and Fum, M. (1977) : Koku-ki ni yoru setsumen ondo to arubedo bunpu 
kansoku (Observations of surface temperature and albedo by airplane). Showa 52-
nendo Nihon Seppyo Gakkai shOki taikai (Gen. Assem. Jap. Soc. Snow Ice, 1 977), 147. 

KOBAYASHI, S. (1978a) : Vertical structure of katabatic winds in Mizuho Plateau. Mem. Natl 



18 Shun'ichi KOBAYASHI 

Inst. Polar Res., Spec. Issue, 7, 72-80. 
KOBAYASHI, S. ( 1978b) : Nankyoku Yamato Sanmyaku shuhen no rahyo-jo ni okeru secchi

kiso no kansoku (The observation of the atmospheric surface layer on bare ice in 
circumference of Yamato Mountains, Antarctica). Nankyoku Shiryo (Antarct. Rec.), 
61, 1 1-22. 

KONDO, J. (1971) :  Effect of radiative heat transfer on profile of wind, temperature and water 
vapor in the atmospheric boundary layer. J. Meteorol. Soc. Jpn, 49, 75-94. 

KusuNOKI, K. ( 1975) : A note on the Yamato meteorites collected in December 1969. Mem. 
Natl Inst. Polar Res., Spec. Issue, 5, 1-8. 

MoNIN, A. S. and YAGOLOM, A. M. ( 1971) :  Statistical Fluid Mechanics, Vol. 1. Cambridge, 
the MIT Press, 769p. 

NISHIO, F. (1978) : Atmospheric water vapor measurements at Mizuho Camp, East Antarctica 
in 1 976-1977. Nankyoku Shiryo (Antarct. Rec.), 61, 1-10. 

RusIN, N. P. (1 960) : Turbulent heat and moisture exchange in Antarctica. Tr. GI. Geofiz. Obs. ,  
115, 1-33 .  

SHIRAISHI, K., NARUSE, R. and KusuNOKI, K. (1975) : Collection of Yamato meteorites, 
Antarctica, in December 1973 . Nankyoku Shiryo (Antarct. Rec.), 55, 49-60. 

TENNEKES, H. and LUMLEY, J. L. (1 972) : A First Course in Turbulence. Cambridge, the MIT 
Press, 300 p. 

YANAI, K. (1 976) : 1 974-nen no nankyoku-san Yamato inseki no tansa to saishu (Search and col
lection of Yamato meteorites, Antarctica, in November and December 1974). Nankyoku 
Shiryo (Antarct. Rec.), 56, 70-8 1 .  

YoKOYAMA, K. (1 975) : Net accumulation by stake measurements. JARE Data Rep., 28 (Glaciol.), 
62-82. 

YOSHIDA, M., ANDO, H., OMOTO, K., NARUSE, R. and AGETA, Y. (1971 ) :  Discovery of meteorites 
near Yamato Mountains, East Antarctica. Nankyoku Shiryo (Antarct. Rec.), 39, 62-
65. 

(Received September 22, 1978) 


