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1. Introduction

A five-year program of Antarctic Climate Research (ACR) was
planned to be carried out at Syowa and Mizuho Stations, Asuka
Camp and surrounding ice sheet and sea ice area from 1987 to
1991 by the Japanese Antarctic Research Expedition (JARE) as
part of the international cooperating World Climate Research
Program (WCRP). The main research subjects are; 1) interannual
variation of Antarctic atmosphere, 2) sea ice - atmosphere
interaction, 3) variation of ice sheet and ice shelf, 4) ice
core analysis.

Observations of radiation components were made on the
ground surface at Syowa Station (69°00'S, 39°35'E) aiming to
obtain radiation budget, cloud information and for the ground
truth of satellite observation. The global solar radiation and
downward longwave radiation were measured on the roof of the
observation building. Since the main part of the station is
located on the small island where the rock is normally exposed,
the measurements of the upward radiation (reflected shortwave

and upward longwave) were made on the sea ice in order to obtain



representative values. This area of sea ice 1is of multiyear
fast ice and normally covered with snow. Strictly speaking, the
danward and upward radiations were not measured at the same
place. However, in the actual meaning, it can be said that
measurements were made at the sea ice surface, since the size of
the island is only about a kilometer across and the downward
radiation represents the value of the surrounding area.

This volume contains the results of radiation measurements
made at Syowa Station from February 11, 1987 to January 31, 1988
by JARE-28 (Takashi Yamanouchi and Hiroaki Takabe). The
measurements and recording system were installed by JARE-28 at
the beginning of February 1987, except the upward radiation
sensors on the sea ice, which were installed in the middle of
March. The surface synoptic data and aerological data in 1987
observed by the meteorological party of JARE-28 will be

published by Japan Meteorological Agency (1989).

2. Instruments and Calibrations

The global solar, reflected solar, downward and upward
longwave radiations were measured by pyranometers and by
pyrgeometers. Measurements of downward radiation were made at
the height of about 21 m above sea level on the roof of the
observation building. Measurements of upward radiation were
made at the height of 1.5 m above the sea ice surface. The
global and reflected solar radiations were measured in two

wavelength regions using cutoff filters. The items of the



measurements, instruments, types of filters and sensitivity
constants are listed in Table 1.

As for pvranometers, depencdence of the sensitivities on the
incident angle is usually large at the low solar elevation. The
incident angle dependences (deviation from the cosine response)
of the sensitivity of pyranometers determined by shading method
using the pyrheliometer and Angstrom compensation pyrheliometer
are shown in Figs. 1 and 2. The dependence is not so large in
these figures, however, 1is different in the morning and
afternoon for Fig. 1. Uncertainties in determining the
calibration factors are seen from the scattering of points in
the figures. Also the relative relations between the
sensitivity of pyranometers are checked as shown in Figs. 3 to 5
under the cloudy (diffuse) sky with the same kind of filter
(WG305) in order to confirm the accuracy of spectral ratio and
albedo. From these figures, reiative relations are ascertained
to be within 41 % for h > 10°. Calibration factors for the
diffuse isotropic radiation transmitted through clouds or
reflected from the snow surface are listed in Table 1 as Cc.

Calibrations were made by the similar method as reported by
Yamanouchi et al. (198la). The global radiation G(h) for the
clear sky of solar elevation angle h° was calculated from the

measured output V as

G(h) =
K-C(h)



and for the global radiation under the overcast sky or reflected

radiation F as

The condition of the skv, clear or cloudy, was estimated from
the direct solar radiation measurements.

Epply Precision Infrared Radiometers were used as a
pvrgeometer. Two kinds of output, one is the thermopile emf (V)
and another is the temperature (T) of the body of the sensor by
thermistor, were measured. The radiation flux L was calculated
from the measured values of outputs as

L = V/K +0-T4 ,

where K 1is the sensitivity constant and G = 0.567 x 10'-7

2K_4) is the Stefan Boltzmann constant. Upfacing

(Wm~
pyrgeometer was equipped with a chrome plate shading ring to
eliminate the solar heating effect of the hemisphere filter dome
(Yamanouchi et al., 198la).

All the calibrations of. instruments are based on the World
Radiometric Reference (WRR), which has been adopted since 1981.
In order to compare with wvalues based on the International
Pyrheliometer Scale IPS-1956, the present values should be
divided by a factor of 1.022 (Yamanouchi et al., 1981b). Also

the relations between several radiation units are as follows:



R (ly/min) = R(W/m2)/698 ,

R (MI/m%/hour) = R(W/m?)*0.0036 .

3. Description of the Data

Digital data were sampled every minute by the data logger
and recorded on floppy disks through the personal computer. The
data of Table 4 are the half-hourly means of these one-minute
data. Data analysis were made with the aid of Hitac M 260 of
the Information Processing Center at the National Institute of
Polar Research. When the data are missing on account of trouble
of the system, a blank space is put in the tables.

The net radiation NET at the surface is listed in Tables 2

to 4 as calculated by the equation
NET = G305 - R305 + LWD - LWU,

where G305, R305, LWD and LWU are global solar, reflected solar,
downward and upward longwave radiations, respectively. Daily or
monthly mean net radiations were calculated from half-hourly or
daily net radiation respectively, and do not necessarily
coincide with the values calculated from daily or monthly means

of global, reflected, downward and upward longwave radiations.
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Notations in Tables

G305: Global solar radiation (305 - 2800 nm)
R305: Reflected solar radiation (305 - 2800 nm)
LWD: Downward longwave radiation
LWU: Upward longwave radiation
NET: Net radiation

(unit: W/mz)
Asterisks in Tables 2 or 3 indicate that the values are means
for incomplete number of data. Refer to the corresponding month

or day in Tables 3 or 4, respectively.

Table 1. Sensor specificaticns.

Item Instrument Filter Sensitivity constant
K Cc C(h)
(mV/kW m~2)
Global solar Pyranometer
radiation Eko MS-801

305-2800 nm No. F86034 WG 305 6.98 0.977 Fig. 1

695-2800 nm No. F86033 RG 695 6.99 0.968 Fig. 2
Reflected solar

radiation

305-2800 nm Nc. F86032 WG 305 7.03 0.958

695-2800 nm No. F86031 RG 695 6.97 0.971

Downward lonawave Pyrgeometer
radiation Epply PIR
No. 26321-F3 Silicone 4.51
Upward longwave No. 26381-F3 Silicone 4.02
radiation




Table 2.

Monthly summaries of radiation components from

February 1987 to January 1988.

G305 G695 R305 R695 LWD LWU NET
1987
February 163* 255*
March 86 41 63* 26* 246 277* -43*
April 24 11 21 9 249 277 -25
May 3 1 3 1 210 250 -40
June 0 0 0 0 218 265* -42*
July 1 1 1 0 178 224 -46
August 17 9 15 7 173 215 -40
September 73 36 63 26 181 222 -31
October 159 75 141 56 215 252 -19
November 272 124 234 85 241 289 -11
December 345 166 264 95 245 307 19
1988
January 283 137 201 72 259 310 31




Daily summaries of radiation components from February

Table 3.

1987 to January 1988.
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Thirty-min data of radiation components from February

Table 4.

1987 to January 1988.
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