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1. Introduction

A five-year program of Antarctic Climate Research (ACR) is
carried out at Syowa, Asuka and Mizuho Stations, surrounding the
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) (Yamanouchi,
1989). The main research subjects are; 1) interannual variation
of Antarctic atmosphere, 2) sea ice - atmosphere interaction, 3)
variation of the ice sheet and the ice shelf, 4) ice core analy-
sis. In JARE-29 and -30 (the 2nd and 3rd year of this program)
we have mainly observed the items related to the interannual
variation of Antarctic atmosphere. The observational data of
clouds and precipitation in 1989 are shown in this report and
short- and long-term variations of clouds and precipitation will
be analyzed using these data in the future. The data in 1988
were already published (Wada, 1990).

2. Instruments and Observations

A 37 GHz microwave radiometer was used in 1989 for measur-
ing the brightness temperature (TB K) of atmosphere, which is
related to vertically integrated liquid water contents, and a
vertical pointing radar was used for measuring vertically inte-
grated ice water contents (IWC mg/cm?®). Specifications of them



are shown in Tables 1 and 2. System diagrams including data
collecting hardware are shown in Figs. 1 and 2. The data in 1989
are listed in this report.

The vertical pointing radar had been set near the Earth
Science Laboratory and the data-collecting hardware also had been
set in the Laboratory in 1988. They were used in 1989. Radar
data were collected every 10 s and the all data were written into
an 8" floppy disk every 5 min. Radar echo intensity at 128
points along altitudes (50 m intervals) was collected every time.
The echo intensity was expressed in 255 grades.

The microwave radiometer was moved from the Upper and Lower
Atmosphere Laboratory, and was set on the roof of the Earth
Science Laboratory and the data collecting hardware were placed
in the Laboratory on January 13, 1989. In 1987 and 1988 it had
been set at a different place at Syowa Station which was not far
from the Laboratory. Data of the microwave radiometer were col-

lected every 30 s and written into 3.5" floppy disks.

3. Data Reduction

Precipitation was estimated by radar reflectivity factor Z
(mm®/m®) at 400 m height, using the following Z-R equation,

Z = 16 x R*-2, (1)

where R (mm/hr) is rainfall rate. This Z-R relation was deter-
mined by the data of several cases of snowfall. Instruments for
deciding this relation were an electrical balance shielded by the
wooden wall against a strong wind to measure precipitation and an
X-band vertical pointing radar to measure echo intensity.

Ice water contents M (mg/m®) at individual altitudes are
calculated from eqs. (2) and (3),

z 16 x r*-2, (2)

=
]

(r/v)-(1000/3.6), (3)



where r (mm/hr) in eq. (2) at 400 m height is equal to R in egq.
(1). The values of r at an individual altitude are calculated
from the data of Z at the altitude using eq. (2). After that,
the values of M at an individual altitude are calculated from the
value of r at the altitude and a falling velocity of snow parti-
cles v (m/s) using eq. (3). We surmise that the falling veloci-
ties of snow particles are the same and the value is 1 m/s.
Vertically integrated ice water contents (IWC mg/cm®) are calcu-
lated from a summation of ice water contents (M mg/cm®) from 0.4
km height, where the ground echoes sometimes affected the reflec-
tivity factors, to 6.4 km height.

128
J¥C = 3 Mi x (z1-21-1),
1=8
where Mi means ice water content at i-th altitude and 2: means
i-th altitude, e.g. 27=0.35, 2e=0.4, 20=0.45, +°**, Zi12e=6.4.
Daily mean R and M, and 5-min mean ]JWC are described in this
report.
Five-min mean brightness temperatures (TB K) of atmosphere
are obtained from the following procedure. Temperature (Ti K)
expressed by the output V of the microwave radiometer is shown as

.T_i=.§'l+h9

where V¥V is 5-min mean output voltage. The values of a8 and b must
be determined. The value of b is surmised to be constant through-
out the year because it expresses the temperature of reference
load and is related to O level of amplifier. Then we take 333.2
K (60°C) for the value of b. The relationship between value of a
and temperature for the 37 GHz radiometer was determined from a
measurement in the temperature-controlled room in Japan before
carrying the radiometers to Syowa Station. Values of a towards
ambient temperatures at the time are listed in Table 3 and the

other values of a4 with temperatures are interpolated. The value
of a4 is changed according to a gain adjustment of amplifier of
the radiometer. On the other hand, Ti is related to atmosphric

brightness temperature (TB K) and antenna physical temperature



(TA K) as
Ti = La x TB + (1-La) x TA,

where La is antenna loss. The antenna loss of the 37.0 GHz radi-
ometer was estimated as 0.7447 (Wada, 1991). The antenna physi-
cal temperature (TA K) regarded as antenna surface temperature
was measured and stored in the floppy disk. Five-min averaged

values of TB (K) are shown in this report.
4. Description of Figures

Figure 3 shows daily precipitation in 1989. Daily precipi-
tation was calculated from radar echo intensity at the altitude
of 400 m. In the figure the horizontal axis is daily precipita-
tion and the vertical one is month and day.

Figure 4 shows a time-height cross seqtion of daily mean

echo intensity. Daily mean echo intensities are derived from r
at individual altitudes. They are expressed by eight symbols
which indicate the grades of echo intensity. Order of the grades

is symbol 5, 4, 3, 2, 1, asterisk, period, and space, symbol 5
being the strongest and space the weakest. The ranges of inten-
sity of respective symbols are listed in Table 4. The ranges
signify the values of one-day total of r, namely the unit of r is
mm/day. Figure 5 shows the variation of 5-min mean brightness
temperature by the 37.0 GHz radiometer and 5-min mean vertically
integrated ice water content by the vertical pointing radar for
two days. In the figure the horizontal axis indicates time and
the vertical one brightness temperatures (TB K) and vertically
integrated ice water contents (IWC mg/cm?®). Small pluses show
brightness temperatures and open circles show vertically inte-

grated ice water contents in the figure.

6. Data List of Microwave Radiometer and Vertical Pointing Radar

1) Microwave radiometer

* One-min mean output voltages on 5" floppy disks.



2) Vertical pointing radar
* Echo intensity data from surface to 6.4 km altitude (50 m
intervals) every 10 s on 8" and 5" floppy disks.
* Five-min mean radar reflectivity factors on 5" floppy disks.
* Ice water contents and rainfall rates calculated from 5-min
mean radar reflectivity factors on 5" floppy disks.

6. Difference Between Present and Former Data Reports

We use different equations of Z-R relation and M-Z relation
between the former data report (Wada, 1990) and the present data
report. Table 5 shows the equations we use in the former and the
present data reports. Since R and M are calculated from Z using
the non-linear equations in Table 5, we cannot easily tell the
difference between Ree and Ree and so on. However, considering
from the data throughout the two years, we can say Reo was about
four times larger than Ree and IWCeo is nearly equal to IWCes-
The symbols in Fig. 4 represent the radar echo intensities. The
ranges of intensity of the respective symbols are listed in Table
4. Since we use different equations of Z-R relation in the
present report from the former report, different definitions of
symbols are used. In the former report mean echo intensities are
calculated using the following equation,

Z = 500 x r2-°,.

The echo intensity expressed by symbol 5 in the former report is
nearly the same as that expressed by symbol 2 in the present’
report. Namely, relatively strong echoes are put into plural
classes and relatively weak echoes are put into one class in the
present report.
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Table 1. Specifications of vertical pointing radar.

Antenna

Parabolic antenna with radome of 2.4 m diameter

Antenna gain : 44 db

Beam width : 1.0
Transmitter and receiver

Carrier frequency 9410 MHz

Peak power : 40 kW
Pulse width : 0.5 us
Repetition frequency : 750 Hz
Receiver sensitivity : -106 dbm
Log amp linearity + 70 db

Table 2. Specifications of microwave radiometer.

Receiver
Frequency : 37.0 GHz
Type ¢ Dicke
Polarization : Lineary polarization
Bandwidth + 100 MHz
Sensitivity : 0.2 K
(integrated time) : (1 8)
Temperature range : 50-500 K
AGC : Yes
Antenna
Diameter : 0.2 m
Gain : 25 db

Table 3. Relationship between 8 and ambient temperature.

Temperature (°C) 40 25 10 -10
8 (arbitrary unit) 6.010 5.717 5.581 5.451
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Table 4. Ranges of symbols in Fig.

4 of the present report and

in Fig. 4 of the former report (Wada, 1990).

Range
Symbol Present report
(mm/day)

Range
Former report
(mm/day)

Table 5. Comparison of equations in the present report with those
in the former report (Wada, 1990). Mee in this table

derives from eqs. (2) and

Former report
Zee = 500 x R%2-° Zeo
Maa = 49 x Z°-°®°° Mao

(3.

Present report
16 xBl.S
33 X 10.77
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Fig. 2.

System diagram of the 37 GHz microwave radiometer.
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Fig. 5. Five-min mean brightness temperature (K) of the 37 GHz
microwave radiometer and vertically integrated ice water
content (mg/cm?).
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