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SUMMARY

I. Title

A Preliminary Meteorological Observation of the Upper Atmosphere

using a Radiosonde System at King Sejong Station, Antarctica

II. Abstract

The balloon-borne measurement of the vertical structure of the
atmosphere was performed at King Sejong Station (Geographic: 62.6” S,
301.3" E) as a preliminary experiment for the up-coming stratospheric ozone
study. Among the common features is the occurrence of jet stream at ~8 km
where the tropopause is located. The observed maximum wind speed is larger
when the direction of the wind is at about 270 degrees and is stationary
between 5 to 15 km height levels. The maximum wind, on the other hand, is
lower when the wind blows from the north and when there is a rapid change
in the wind direction at above and below the tropopause height. Jet-like
winds were also observed at ~5 km height when the maximum wind speed is
severely reduced and the occurrence of jet-like winds can be attributed to the

downward momentum transportation from the jet streams above.
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1. Introduction

It is essential to detect changes in the Earth system that are occurring
now. The Antarctic environment offers a number of unique opportunities for
doing this because of favorable observing conditions which include
remoteness from anthropogenic emission to the atmosphere and ocean, and
potential amplification of climate change at high latitude. A particular
important Antarctic atmospheric process is the depletion of ozone as a
consequence of the impact of man-made chemicals and changes of
stratospheric circulation patterns, producing the so-called Antarctic ozone
hole. The link between halocarbons and seasonal ozone variations, through
complex photochemistry in the polar night and with the return of the Sun, is
established but is not yet fully understood. In order to enhance our
knowledge of the detailed mechanism related to the variation of stratospheric
“ozone concentration, studies of dynamical processes must be addressed as
well as studies of the chemical processes, which are known to play an
important role in the stratospheric ozone concentration.

A new scientific program of monitoring stratospheric ozone
concentration and ultraviolet radiation fluxes is being considered for
beginning in near future and, as a preliminary step, we have conducted
balloon-borne measurements of the vertical structure of lower atmosphere at
King Sejong Station, on the King George Island, Antarctica. We have

launched total 10 radiosondes to investigate the structure of the lower
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atmosphere during our deployment on the 8th Antarctic Research Program
period (December 1994 - January 1995). This experiment was performed for
the first time at King Sejong station and here we report some preliminary

results from this radiosounding program.

2. Instrument

For this study, a system from Atmospheric Instrumentation Research,
Inc. (AIR, Inc.) has been used. A radiosonde is a balloon-borne instrument
for the measurement of pressure, temperature, humidity, and wind speed and
direction through it passes. It is a complete, fully automatic, all weather,
upper-air sounding station that processes radiosonde data in real time. The
instrument consists of an automatic radio theodolite, personal computer-based
ground processing system, and a microprocessor-controlled digital
radiosonde.

The AIR Radiotheodolite (Figure 1) consists of a flat phased array
antenna with the microprocessor-controller circuit board and a 1680 MHz
receiver mounted in compartmentS in the back panel; a pedestal assembly with
azimuth and elevation drives, power supply, and RS-232 data I/O port; and
collapsing tripod with leveling mechanism. All tracking and positioning is
achieved via direct digital control with control algorithms stored in ROM

computer memory. The receiver is mounted in the back of the antenna frame.
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The radiosonde signal transmission is processed by the receiver and output to
the ground station.

The ground station consists of an IBM PC-compatible personal
computer with AIR, Inc. MET-Decoder circuit card, and serial/parallel
interface adapters. The ground station PC is used for hardware control, data
acquisition and processing, and system communications. Data is stored on
the hard disk or on high density 3.5- or 5.25-inch flexible disks for later use.

The Radiosonde (Figure 2) is controlled by an §-bit microprocessor.
Measured values of pressure, temperature and relative humidity (PTU) are
telemetered with high-reliability Manchester digital encoding at 1680 MHz
every one-two seconds. Temperature is measured by a precision thermistor
which is protected by a reflective coating to minimize radiation errors at high
altitude. The small mass of the sensor yields fast temperature response.
Relative humidity is measured by a carbon hygristor which is mounted in a
double shielded aerodynamic duct. The duct is an integral part of the
radiosonde housing and shields the hygristor from rain and thermal radiation
while exposing it to the flow of ambient air. An AIR, Inc. patented
capacitance type pressure sensor is incorporated into these sondes providing
precise pressure-altitude determination. An internal temperature sensor
located near the pressure sensor provides accurate, automatic temperature
compensation. Wind speed and wind direction are determined using radio
direction finding combined with the radiosonde height computed from

integration of the hydrostatic equation.



3. Results and Discussion

The balloon-borne measurements were carried out at King Sejong
Station, King George Island. Balloons of 300 grams and 600 grams in
weight were used for launching radiosondes. Each balloon was inflated as to
give an ascension rate of ~ 7 m/s. Figures 3 shows an example of temperature
and wind profile measured at 23 LST, Dec. 21, 1994. The most obvious
feature from the sounding is the presence of jet stream near the 9 km level
where the tropopause is located. The temperature decreases with altitude
below the tropopause with a lapse rate of ~5.6 "C and then reverse to increase
with height above the tropopause. The sharp increase of relative humidity
near at 2 km and 4 km height indicates the presence of cloud layers at these
levels.

Usually, the surface wind blew so strong that it was hard to inflate
and float the balloon. In regard to this, we chose the time of observation
when the surface condition was relatively favorable for the release of the
sonde. The surface wind became moderate in the evening of Dec. 22, 1994
and we started continuous observations from 21 LST, Dec. 22 through 21
LST, Dec. 23, 1994 at three-hour interval (one full day) for the investigation
of the diurnal variation of the atmospheric structure.

Figure 4 through 12 illustrate the wind, temperature, and the relative
humidity structures measured during one day period. The data were acquired

up to ~30 km height in most cases; except for tew measurements when either
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the system lost the tracking of sondes or the balloon was exploded during the
ascent. The temperature profile does not seem to change much throughout the
one day period. The surface temperature in this season remained near 0° C
and the minimum temperature, ranging tfrom 48 to 54° C below zero,
occurred near the tropopause height (~8 km). The distinct jet stream was
observed for all measurements during this period with its speed varying
considerably. The maximum wind speeds for the first three measurements
(Figure 4,5 and 6) of the one day observation were in the range of 30 to 35
m/s. Then at 09 LST Dec. 23 (Figure 8), the jet stream reduced its speed
down to 25 m/s and the decrease of the maximum wind speed continued for
the rest of observations. Data is not available above 3 km height at 06 LST,
Dec. 23 and no specific comment can be inferred trom Figure 8. Later at 09
LST Dec. 23, when the maximum wind speed started to decrease, the wind
direction near the tropopause height has been shifted southward. At 12 LST,
Dec. 23, the wind direction is again near 300 degrees at the tropopause height
with a maximum speed of 20 m/s. For observations at 09 LST and 12 LST,
Dec. 23, northeasteries are seen above the height of maximum wind speed
where the previous three observations revealed no change of wind direction
from 5 to 15 km height region. The northeasteries, seen at 09 LST and 12
LST, Dec. 23, above the tropopause is obstructive to the flow of the jet
stream and may be related to the observed reduction of jet stream at the
tropopause height. Another feature seen from the observations at 09 LST and
12 LST, Dec. 23 is the occurrence of low-level jet-like winds near at ~5 km

height. As was pointed out by Choi (1991), the coastal low-level jet-like
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wind seen in Figures 8 and 9 may be associated with the upper tropospheric
jet stream due to the downward momentum transport. The upper tropospheric
jet stream further reduced its speed down to ~18 m/s af 15 LST, Dec. 23 as
illustrated in Figt'u‘e 10. The wind at this time blows from the west at surface
and gradually changes its direction clockwise up to the tropopause height.
This trend is reversed and the direction of the wind rapidly changed counter-
clockwise between 10 to 15 km. The results of the last two observations
(Figures 11 and 12) show maximum wind speed at less than 15 m/s, which
are now too low to be jet streams. On the other hand, the low-level jet-like
wind seen from Figures 8 and 9 became more distinct and the height of its
location lowered down to ~3 km. Another distinct wind peaks are also seen at
the altitude of ~17 km for the last two measurements. The momentum lost at
the tropopause height seemed to have been transported to up- and downward
since the observed secondary wind peaks at above and below the tropopause
are more clear when the maximum wind speed is reduced considerably.

We have examined the variation of upper atmospheric structure up to
30 km observed from 21 LST, Dec. 22 through 21 LST, Dec. 23, 1994. The
temperature profile does not change much during the time of observations. A
lapse rate of ~5.6" is observed up to the tropopause height (~8 km) and a
moderate increase of temperature is seen above the 10 km height at a rate of
~0.9°/km. The wind speed increases with height from the surface and reaches
its maximum at about § km. The reversed trend continues with height above
the tropopause and then increases again above at ~20 km. No general wind

pattern is seen below the tropopause height but a characteristic tendency from
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all measurements is that the wind direction changes in a counter-clockwise
direction above 20 km. The jet stream at the altitude of ~8 km is a common
feature from all measurement; however its speed changes with a considerable
fluctuation. The maximum wind speed is larger when the wind direction is at
about 270 degrees (westeries) and is stationary between 5 to 15 km height.
On the other hand, the upper tropospheric jet stream becomes weak when the
wind blows from the north and when there is a rapid changes in the wind
direction at above and below the tropopause height. When the maximum
wind speed was reduced, jet-like winds appeared near the 5 km height and
the location of those got lowered when the maximum wind speed decreased

significantly.
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AIR-3A-RT SYSTEM
COMPONENTS

— Flat Eight-Element
Phased-Array Antenna

AM/FM Tracking
Receiver and Control
Microcomputer

— Antenna Arms

— Counter Weights -

— Pedestal, Power Supply,
Azimuth and Elevation
Motor Contro!l and Angle
Encoders

Wl \/an,al Control Consoie
With LCD Display

Figure 1. The AIR Radiotheodolite with its components illustrated.
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TEMPERATURE
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Figure 2. The radiosonde measures temperature, humidity, and pressure with
digital precision. Sensor output is converted to digital words in the
radiosonde and, then, transmitted to the ground station.
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Figure 3. Vertical profiles of air temperature, relative humidity, wind speed, and
wind direction at King Sejong Station at 21 LST of December 21, 1994.
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