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Radiation Observations at Asuka Station, Antarctica and Radiative
Properties of the Atmosphere and Snow Surface

Teruo Aoki*

Abstract: Radiation observations at Asuka Station (71°31'S, 24°08’E, 930 m),
Antarctica in 1988 are summarized and the radiation budget at Asuka is compared
with those at other stations. The diurnal variations of net radiation due to cloud
condition at Asuka are 20 W/m? for shortwave, 40-60 W/m? for longwave and
20-60 W/m? for total radiation. Cloud have a large effect on the radiation
budget mainly through longwave radiation. The magnitude of this effect is
approximately equal to the amplitude of the seasonal variation and differences
among the stations in Antarctica. On the other hand, snow albedo is simulated
with a multiple scattering model for the atmosphere-snow system. The result is
that the spectral albedo of snow depends on the snow grain size, solar zenith angle,
cloud condition and structure of snow layers. It is shown that near infrared
wavelengths are effective for remote sensing of the snow physical parameters and
discrimination between the snow surface and clouds from space.
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Table 1. Instruments used for the radiation budget observation at Asuka Station.

#HOF & 8 s ®# B H ¥ 853
SRHASEr 2 FrrE RUTRmE 305-2800 nm
(FER, KBS/ MS-801) BT 5y 7 AEE
2 XKHHEr 2 A& ROTR & 695-2800 nm
(ERLFERE/MS-801) BEt7 2w 7 ABE
IR BUETET 2 A& RO R & #4um<a
(=7 —/PIR) W7 5 v 7 R
BEEHSE 2 FRE KU TFEE 305-2800 nm,
(ERAFERE/MS-52) B 7 5w 7 AEE 695-2800 nm
Y7 b RA—F 1 FREAIKGEECEEE 330, 369, 500, 675,
(RELFERE/MS-111) 776, 862, 938, 1048 nm
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Fig. 1. Schematic diagram of the radiation budget observation system at Asuka Station. A
shading ring was used to avoid the influence of direct solar radiation on the
pyrgeometer (PIR) used to measure the downward longwave radiation flux.
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Fig. 2. Schematic diagram of the video radiometer system. It was mounted on top of a
tower 4 m above the snow surface. Sky radiance and reflected radiance from the
snow surface are measured in the upward and downward directions, respectively.
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1988 &£ 11 H 25 H, ABFKIES 64.0°, £ 0.50 um, FTHDEHOLERSFEIEED AT v 7,
Fig. 3. Examples of the relative radiance distribution observed by video radiometer for (a)
sky radiance (November 25, 1988, solar zenith angle=65.0°, wavelength=0.50 um)
and (b) reflected radiance from the snow surface (November 25, 1988, solar zenith
angle = 64.0°, wavelength= 0.50 ym).
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Fig. 4. Seasonal variations of the daily mean net radiation fluxes and cloud amount at
Asuka Station. SW and LW indicate the shortwave and longwave radiations,
respectively.
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Fig. 6. Seasonal variations of the monthly mean net radiation fluxes and cloud amount at
Asuka Station.
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Fig. 7. Seasonal variations of the monthly mean net radiation fluxes for cloudy cases (daily
mean cloud amount ¢ =9/ 10), clear cases (¢<1/10) and all cases at Asuka Station.
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Fig. 8 Same as Fig. 7, but for the longwave radiation fluxes.
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Table 2. Radiation budget (unit: W/m?) observed at the stations on the snow

surface, which are Asuka Statiton and those shown in Fig. 5 except
Syowa and Mawson.

B W/m? NSS4 G IERRR B ENSLTS
FHiEAL 50-70 20-50 30-50
o= 10-20 20-60 10-40
Tk 3 HX DAL <20 40-60 20-60
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Table 3. Model for the optical properties of snow (WARREN, 1982).

Grain  Wavelength  Anisotropic Thin
Input . . Sun angle
Reference size dependence scattering snow Comments
parameters - - dependence )
enters examined considered treated
DUNKLE and BEvANs t,m as t yes yes for diffuse incidence and high
(1956) albedo
GIDDINGS and LACHAPELLE [, mg, as / yes for diffuse incidence and high
(1961) albedo
BARKSTROM (1972) @, b yes must be tuned
BARKSTROM and QUERFELD @, g, 6, yes yes yes yes unrealistic g
(1975)
BOHREN and BARKSTROM r,m yes yes for diffuse incidence and high
(1974) albedo
BERGER (1979) m, ps yes yes yes for high infrared emissivity
CHoUDHURY and CHANG r.m,f yes yes yes yes for diffuse incidence and
(1979a, b) albedo =0.1
WiscoMBE and W ARREN r,m, 6, yes yes yes yes yes used in this paper
(1980)
CHOUDHURY and CHANG r,m, @, s* yes yes yes yes ‘surface reflection’ included

(1981)
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Symbols used are as follows: g, single-scattering asymmetry parameter; /, photon mean path length through ice; m=m,,—im,,, complex index
of refraction of ice; r, snow grain radius; s2, variance of surface facet slopes; ¢, ice lamina thickness; g, single-scattering backscattered fraction; 4,
solar zenith angle; ps, snow density; and &, single-scattering albedo.
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Fig. 9. Snow albedo as a function of solar zenith angle for (a) cloudy and (b) clear cases
at Asuka Station. Each data is averaged value of AM and PM for 30 min
averaged albedo from September to December in 1988. VIS and NIR indicate the
visible and near infrared wavelength regions, respectively.
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Fig. 10. Snow albedo as a function of solar zenith angle calculated with a multiple scattering
model for the atmosphere-snow system of one snow layer for three combinations of
single scattering albedo (w,) and asymmetry factor (g). A is the wavelength, r, ., is
the effective radius of snow grains and rs,, is the snow optical depth.
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Fig. 11. Surface and planetary albedos of snow as a function of solar zenith angle for
different kinds of cloud optical depth (t..) at the wavelengths of (a) 0.5 ym and
(b) 1.0 um.
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Fig. 14.  Spectral albedo of the snow surface observed at the South Pole under cloudy sky
(plus signs) and theoretical calculations (solid curves) (GRENFELL et al., [988).
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Fig. 15.  Spectral albedo of the snow surface calculated for one and two snow layer models.
Thick solid curves are the result of one snow layer; thin solid and thin dashed
curves are the result of two snow layers. d and p are geometric depth (m) of the
snow layer and density (g/cm®) of the snow layer, respectively. Subscripts 1 and
2 of r.y d and p mean the upper and lower layers, respectively.
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Fig. 16.  Spectral albedos of the snow surface observed at Tokamachi, Niigata on March 10,
1993 (crosses) and theoretical calculations (curves) for enough deep homogeneous
snow under the Rayleigh atmosphere. The observed snow was wet granular snow
and its grain radius was estimated to be approximately 500 ym by micrograph.
Dashed curves are calculated albedo for pure snow with r,,,= 500 and 1000 um,
and solid curves are those for the snow with absorptive impurities in the visible
wavelength region.
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Fig. 17.  Spectral surface albedos and transmittances of snow for (a) different kinds of

geometric depths of snow and (b) different kinds of snow grain sizes.
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