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Abstract  This is the second paper of a series devoted to atmospheric optical turbulence C,> observation using a mobile polar
atmospheric parameter measurement system. We present the initial results of C,* measurement at Antarctic Taishan Station using
micro-thermal sensors and a three-dimensional sonic anemometer at height ~2.0 m above the snow surface. The site testing
experiments were carried out during the 30th Chinese National Antarctic Research Expedition (CHINARE). We collected about
1 000 h of data between 30 December 2013 and 10 February 2014. The C,* curve exhibits clear daily structures, with two peaks
around midnight and midday and two troughs around 7:30 and 17:00 local time (UTC+5). The mean C,* is 2.7x107"° m** and the
25th and 75th percentiles of the C,> cumulative distribution are 9.6x107'* m™3 and 6.2x107"> m™?, respectively. Meteorological
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parameters such as temperature, relative humidity, wind speed, and air pressure are also presented.

Keywords

Kunlun Station, Taishan Station

micro-thermal sensors, three-dimensional sonic anemometer, turbulence, site testing, Antarctic Plateau,

Citation:

Tian Q G, Jiang P, Wu X Q, et al. A mobile polar atmospheric parameter measurement system: II. First atmospheric turbulence

observation at Antarctic Taishan Station. Adv Polar Sci, 2015, 26: 140-146, doi: 10.13679/j.advps.2015.2.00140

1 Introduction

“Seeing” is the most important environmental condition for
optical astronomy observations. This is severely limited by
atmospheric optical turbulence and generally considered
as a superposition of contributions from two atmospheric
layers: the surface boundary layer and free atmosphere
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above. Searching for sites with superb observing conditions
has become an increasingly important matter in astronomy
and great efforts have been made in worldwide site testing
campaigns. The Antarctic Plateau, which provides a unique
environment for observational astronomy, has drawn
substantial attention in recent years!"?. The cold, dry and
stable air, high altitude, weak surface wind speed, thin
boundary layer, and long continuous observations during
polar nights offer observation conditions recognized as
superior to any other sites on the earth.
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Over the last two decades, great efforts have been
made in campaigns of site testing in the Antarctic at four
plateau sites, Amundsen-Scott South Pole Station, Concordia
Station at Dome C, Kunlun Station at Dome A, and Fuji
Station at Dome F. These are operated by the United States,
France/Italy, China, and Japan, respectively. The South Pole
Station is the first location where astronomical activities
were conducted on the Antarctic Plateau. Near-Infrared sky
brightness observed there by the IRPS (InfraRed Photometer-
Spectrometer) showed that flux in the Ky, band is two orders
of magnitude smaller than that at temperate observatoriest?.
Seeing, as measured by micro-thermal sensors®, SODAR
(Sound Detection And Ranging)!”! and DIMM (Differential
Image Motion Monitor)™®, reaches 1.8 arcsec, is similar to
that at temperate sites. However, the boundary layer (as low
as 200-300 m)®'? isoplanatic angle and coherence time at
South Pole station are superior to any of those sites. The depth
of the boundary layer at South Pole is too high to consider
raising a telescope above it. The katabatic wind in Antarctica
starts from the highest points originally, therefore on the
plateau summits, the wind speed is much reduced, leading
to a significantly thinner surface boundary layer than that at
the South Pole™. Joint observation using the MASS (Multi-
Aperture Scintillation Sensor) and SODAR for experiments
on seeing by J.S. Lawrence and coworkers indicated that
average seeing above 30 m at Dome C was 0.27 arcsec!'!).
Ground-level seeing there was 1.3 arcsec!'>'¥ on average,
and mid-infrared sky brightness is similar to that measured
at the South Pole!"*, Nevertheless, boundary layer depth at
Dome C is extraordinarily thin (~36 m). Raising a telescope
above the boundary layer could realize superior seeing
conditions. Promising site testing results at Dome C drove
astronomers to conduct site testing campaigns at Dome A,
which is the highest region (elevation 4 093 m) of the Antarctic
Plateau!*'%. An exciting development is depth measurement of
the boundary layer using a sonic radar as described in Bonner
et al.l'"”’, showing that the median depth is as thin as 13.9 m,
much thinner even than that at Dome C. Recently, seeing at
Dome F was observed using a DIMM at height 11 m above
the snow surface, and observed median seeing (0.52 arcsec)
was similar to that at Dome CI'™. In addition to Kunlun
Station at Dome A, a new inland station Taishan (+76°58',
—73°51") was established during the 30th Chinese National
Antarctic Research Expedition (CHINARE). Taishan Station
is between Zhongshan and Kunlun stations at elevation
2 621 m. Easy access to Taishan Station makes astronomical
activities easier to conduct. Site testing will provide key
information for these activities. Seeing can be calculated
by integrating C,* measured with height in the atmosphere.
Because of the simplicity and reliability, micro-thermal
sensors normally carried by balloons!®'"! or installed on
towers® have become a commonly used probe to measure
C,? height distributions. In 1996, Marks et al. observed the
C,* distribution and thereby obtained seeing conditions at the
South Pole!™ using a 27-m tower equipped with three pairs of
micro-thermal sensors at three different levels.

In 2013, a mobile polar atmospheric parameter
measurement system was designed and constructed to
measure C,” and meteorological parameters in Antarctica®”.
It was equipped with a pair of micro-thermal sensors,
three-dimensional (3D) sonic anemometer, temperature
and humidity sensors, wind speed and direction sensors,
barometer, and infrared thermometer. We observed C,* for
the first time at Taishan Station using the micro-thermal
sensors and 3D sonic anemometer simultaneously. This paper
presents our results from the 30th CHINARE at 2013/2014
season, between 30 December 2013 and 10 February 2014.
After the observation at Taishan Station, the instrument was
transported to Zhongshan Station to observe C,? in winter for
the first time, and it is planned to perform such measurements
at Kunlun Station in summer during the 31st CHINARE.
The observation results will provide key information for
astronomical activities at Taishan, Zhongshan and Kunlun
stations.

2 Experimental and theoretical background

Details of the mobile polar atmospheric parameter
measurement system have been described elsewhere™ and
only a brief description is presented here. Figure 1 shows
a photograph of the apparatus at Taishan Station, which
consists of a CR5000 data logger, a pair of micro-thermal
sensors, CSAT3 3D sonic anemometer, HMP155 temperature
and humidity sensors, 05103V wind speed and direction
sensors, SI-111 infrared radiometer, CS106 barometer, power
supply system, and 3 m-high tower. The key elements of the
system are the micro-thermal sensors at ~2.0 m height, which
were used to observe C,* with the high resolution of ~3x
107" m 3. The CSAT3 was mounted at the same altitude,

‘f

Figure 1 Mobile polar atmospheric parameter measurement
system at Taishan Station, on January 11, 2014. Micro-thermal
sensors are ~2.0 m above the snow surface.
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to record C,? simultaneously with the low resolution of ~5x
10" m??. The HMP155 and 05103V were installed at
heights 0.5 m and 2.0 m, respectively. The tower was on the
upwind side of Taishan Station (wind direction is generally
stable), ~500 m from the station center, so the effect of heat
was minimal. The apparatus was powered by a generator at
the station.

The micro-thermal sensor pair measured the temperature
structure constant associated with turbulence?!:

sE M =([T@D-TE+RD) ™, ()

where 7 is separation of the sensors and # is altitude. From
the theory of Kolmogorov, with r lines between the inner
and outer scales of the turbulent motion, the refractive index
structure constant can be expressed as'*!

P(h) 72

2 — -6 2 (=

C(h)=|79%10 B0 C7(7, h), 2)
where P(h) and T(h) are pressure and temperature,

respectively.

The diameter of the wire in the micro-thermal sensor is
10 pm, the resistance of which can be expressed as a function
of temperature T:

R:R0[1+OC(T—T0):|, (3)
where R, is resistance at temperature 7, and a is the
temperature coefficient of resistance. The resistance
variation of the sensors, and thus the output voltage of which
is proportional to the very small and rapid temperature
fluctuations associated with the turbulence, say AR=aRAT
and AV=AAT, where A is the calibration coefficient. In this
way, the connection between AV and C7* is made. Then, data
from the HMP155 and CS106 were used to translate C7* to
G’ (Eq. 2).

The 3D sonic anemometer™ is based on the Doppler
effect. From measurements of transmission time of the sonic
pulse along three non-orthogonal axes, wind speed and sonic
sound velocity can be obtained. Since the sound velocity is
a function of temperature and humidity, then the so-called
ultrasonic temperature 7; can be expressed as*?

I
1+0.51¢g ° @
where ¢ is specific humidity. Since ¢ can often be ignored,
T, can be used as temperature. In light of the Taylor
assumption and observed wind speed, recorded temperature
time sequences at a single point can be converted to the
temperature difference between two spatially separated
points. Thus, C;* can be written as?"*]

Ci=([T(O-T(t=0]") (7)™, )
where 7 is the time interval indicated by the average wind
speed V. Then, C,? can be obtained by Eq. (2).

T=

3 Results

The site testing experiment was carried out by the mobile
polar atmospheric parameter measurement system at Taishan
Station from 30 December 2013 to 10 February 2014. The
online data processing procedure recorded one measurement
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data every 20 s and, for the sake of clarity, average values
over 10 min are presented herein.

Figure 2 shows temperatures observed at 0.5-m and
2.0-m heights by the HMP155, along with the snow surface
radiation temperature measured by the SI-111 infrared
radiometer. Hour 0 in the figure corresponds to midnight 31
December 2013. Table 1 shows that maximum, minimum,
and mean temperatures at 2.0 m were —12.2°C, —38.1°C, and
—22.1°C, respectively. The temperature difference between
the two levels was very small, with the difference between
mean values less than 0.1°C. The maximum, minimum and
mean snow-surface radiation temperature was —13.7°C,
—41.8°C, and —24.5°C, respectively (Table 1). A histogram
of temperature at 2.0-m height is shown in Figure 3. Also
included in the figure are cumulative temperature distributions
at 2.0 and 0.5 m and surface radiation temperature. The
25th, 50th and 75th percentiles of 2.0-m temperature were
—26.1°C, —22.0°C and —18.5°C, respectively. Corresponding
results are listed in Table 1.

-10 - -
Taishan Station
_15F vl ARA g
| f |
A | | ‘W I § o
8 =20 l\ H" i | Ui N
e (1 'l yuoye
5 =251 { ' '\ i1 i‘ !
g (AR ,
2 30— 0s5mleve H ‘||l |
§ 3s5L1 —20mlevel Il l
= ——surface I !
—_40} il
2013.12.30 2014.02.10
—-45 Il Il Il 1
0 200 400 600 800 1000
Time/h

Figure 2 Measured temperatures at Taishan Station in summer.
Results at 0.5-m and 2.0-m heights and surface radiation
temperature were measured by HMP155 and SI-111 sensors,
respectively. Temperature differences between the two levels are
very small, so black curve is almost overlaid by red one.
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Figure 3 Histogram of Taishan Station temperature at 2.0-m
height, along with cumulative distributions of temperature at
2.0 m and 0.5 m heights and surface radiation temperature.

Figure 4 shows Taishan Station wind speeds at 0.5-m
and 2.0-m heights observed by the 05103V and CSAT3.
The 2.0-m wind speeds measured by the two sensors agree
well. Maximum, minimum, and mean wind speeds from the
05103V were 14.91, 1.68 and 7.73 m-s’', respectively. Speeds
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Table 1 Temperature and wind speeds measured at Taishan Station

Measurement Temperature Temperature Temperature Wind speed _ Wind speed
surface/°C 0.5 mevel/°C 2.0 m level/°C 0.5 m level/(m's™) 2.0 m level/(m's™)
Max -13.7 -12.2 -12.2 13.29 14.91
Min -41.8 -38.4 -38.1 1.55 1.68
Mean -24.5 =222 -22.1 7.14 7.73
25th percentile -29.0 -26.1 -26.1 5.00 5.39
50th percentile -244 -22.1 -22.0 6.67 7.17
75th percentile -26.1 -18.5 -18.5 8.60 9.32

at the lower level were weaker than at the high level. Mean,
minimum and maximum wind speed differences between
the two levels were 0.6, 0.1 and 1.6 m-s!, respectively.
Figure 5 gives a histogram of wind speed at 2.0 m. Also
shown are the cumulative distributions of speeds at 2.0 m and
0.5 m. The 25th, 50th and 75th percentiles of the 2.0-m speed
were 5.39, 7.17 and 9.32 m-s”, respectively. Corresponding
measurements at 0.5 m are summarized in Table 1. Daily
variations of relative humidity at the two levels and Taishan
Station air pressure are plotted in Figures 6 and 7.

C,? at Taishan Station was measured independently
by the micro-thermal sensors and CSAT3. Typical C,’
measurements from January 11-14, 2014 are shown in
Figure 8. C,* shapes from the two sensors are consistent,
but their magnitudes frequently deviate, especially for weak
turbulence. This contrasts with the situation at Shanghai,
China during performance testing of the apparatus, which
indicated good agreement of both shapes and the magnitudes,
at least for strong turbulence. According to Eq. (5), the
disagreement between the two methods might be related to the
multiscale spatiotemporal turbulence structure and turbulence
spectrum at Taishan Station, as well as to applicability of the
Taylor assumption®, In addition, the CSAT3 might have
vibrated because of strong wind at the station, which would
have altered the transmission distance of the ultrasonic
signals. Therefore, the wind could bias the measurement
results according to Eq. (5). The data from CSAT3 need
further analysis, and results will be reported in a subsequent
paper.

16 Taishan Station =0.5 m level
14| +2.0 m level
= ~CSAT3
@ 12+ s
g
B 10+ '
ER
= 4
2L T
0 |2013'12‘|30 2|14.02.10
0 200 400 600 800 1000

Time/h

Figure 4 Measured 0.5-m and 2.0-m wind speeds at Taishan
Station in summer, from 05103V and CSAT3 sensors.
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Figure 5 Histogram of Taishan Station wind speed at 2.0-m

height, and cumulative distributions of wind speeds at 2.0-m and
0.5-m heights.
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Figure 6 Measured relative humidity at Taishan Station in
summer at 0.5-m and 2.0-m heights.
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Figure 7 Atmospheric pressure measured at Taishan Station.
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Figure 8 Comparison of typical C,”> measured by micro-thermal sensors and CSAT3 during January 11-14, 2014. Also included in
the figure are temperature gradients between heights 2.0 and 0.5 m. Green dotted lines correspond to times at which the minimum C,2

normally appeared. There was strong temporal agreement between vanishing of the temperature gradient and the C,” minimum.

Figure 9 shows time series of daily C,* of Taishan
Station. We discarded observations when wire of the
micro-thermal sensors was broken. The data from 26 d
with continuous observation (Figure 9) are averaged in
Figure 10. These figures show that C,* had clear structures.
There were two peaks around midnight and midday (local
time), respectively, and two troughs around 7:30 and 17:00.
C,? typically varied over three orders of magnitudes, e.g.,
from 107 m ™ to 10 m . To elucidate the twice-daily
minimum of C,%, we present correlation between the daily
variation of C,* and temperature gradients at the two heights
(0.5 and 2.0 m) in Figure 8. Temperature inversions were
observed at night and negative temperature gradients during
daytime. There was strong temporal coincidence between
vanishing of the temperature gradient and the minimum C,*.
Then, the decline of C,? was speculatively put down to the
minimum of temperature gradient in this period, resulting
in extreme atmospheric stability. The twice-daily maximum
of C,> might have resulted from the temperature gradient
maximum in this period, giving rise to atmospheric instability.
There were no apparent relationships between C,% relative
humidity, wind speed and temperature.

A histogram of C,> measurements is shown in Figure 11.
The mean and median C,* were 4.7x107"° m?* and 2.8
x10"m 23, respectively. The 25th and 75th percentiles of C,’
were 9.6x10 ' m?* and 6.2x107"* m **.

4 Conclusions

Atmospheric optical turbulence at Taishan Station was
measured for the first time using micro-thermal sensors and
3D sonic anemometer at height 2.0 m, from 30 December
2013 to 10 February 2014 during the 30th CHINARE. About
1 000 h of data were obtained. Although C,* shapes from
the two sensors agreed well, their magnitudes normally
disagreed, which indicates the need for further data analysis.
The C,? distribution, measured by the micro-thermal sensors
with high resolution, exhibits clear structures with two peaks
around midnight and midday (local time), respectively, and
two troughs around 7:30 and 17:00. Mean and median values
of C,? were 4.7x10° m?* and 2.8x10"* m *?, respectively,
and the 25th and 75th percentiles were 9.6x10' m ?* and
6.2x107"° m *°. We also acquired meteorological parameters
such as temperature, relative humidity, wind speed and
air pressure. The site testing data at Taishan Station will
furnish key information for astronomical activities. The
apparatus was transported to Zhongshan Station to observe
atmospheric turbulence in winter for the first time during
the 30th CHINARE. It is also planned to perform similar
observations at Kunlun Station during the 31st CHINARE.
A new instrument equipped with multi-level micro-thermal
sensors has been designed, which will be used to observe
ground-surface seeing at Taishan Station in the near future.
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Figure 10 Time series of average C,? on 26 d at Taishan Station,
from continuous observation by micro-thermal sensors.
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