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• ATRAD meteor detection radar


• Continuously operated since March 2007


• Number of echo: 15,000~40,000 per day, which is more 
than twice of typical meteor radar observations


• Hourly mean neutral wind profiles (75~105 km) and daily 
mean temperature at around the meteor peak height (~ 90 
km)



KSS-FPI



KSS-FPI

• It was operated by NCAR/HAO at US Palmer station, 
Antarctica


• Moved to KSS in Jan. 2017 in collaboration with NCAR/
HAO


• Operates with three filters for 630.0 nm, 557.7 nm, 892.0 
nm airglow emissions


• Snapshot winds for each filter with about 55 min. 
temporal resolution
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FPI vs. MR

FPI winds MR winds

Temporal resol.
55 min. (with 3 filters)


:snap shot winds & temp. 

for each filter

1 hour

:hourly mean winds

& daily mean temp.

Spatial resol. ~200 km ~250 km

Height
87 km (OH 892.0 nm)

97 km (O 557.7 nm)

250 km (O 630.0 nm)

75~105 km 

(with 2 km step)



FPI & MR : Meridional winds



FPI & MR : Zonal winds



→ : OI 5577(97 km)
→ : OH 8920(87 km)
→ : meteor radar(75 ~ 105km, 2km bin)
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Correlation  
btw MR and FPI winds



FPI vs. MR winds at mid-
latitude region

altitudinal distribution of brightness. This distribution usually has a full width at half maximum (FWHM) of
about 6–10 km [O'Brien et al., 1965; Baker and Stair, 1988]. Therefore, the FPI winds derived from OI
(557.7 nm) and OH (892.0 nm) airglows are a weighted averaged winds according to the airglow profiles with
a FWHM of about 10 km and peak height at 87 km and 97 km. However, the MR winds, which range from
70 km to 110 km, have a very good height resolution of 2 km, as shown in Figure 1. In order to make a good
comparison, the MR winds from height of 82 km to 92 km (green box in Figure 1) and from height of 92 km to
102 km (red box in Figure 1) are first binned and averaged along the height to derive themean winds at every
hour that are representing “height-averaged winds” at 87 km and 97 km, in respectively. Second, the “height-
averaged” winds at every hour are then binned and averaged according month and hour to form the
“monthly-hourly averaged winds” of MR. Therefore, the monthly-hourly averaged winds, which represent
mean winds averaged within a certain height range, are used in the wind data comparison and investigation
of the climatology of night winds in the MLT over central China. Since it is generally believed that the geo-
magnetic disturbance has no obvious influence on the winds in the mesosphere [Ma et al., 2001; Sivla and
Mtumela, 2012; Yu et al., 2014], data during geomagnetic disturbance are not removed when the monthly-
hourly averaged winds are formed in this study.

3. Results

When making comparison of the FPI and MR winds, it would be ideal to compare identical period of simul-
taneous measurement, as well as the monthly-hourly averaged winds. It should be kept in mind that several
assumptions when making this comparison: (1) use of the FPI to observe MLT winds ignores the reality that
the variation of airglow layer with time and (2) the FPI and MR observe the same bulk of molecules in MLT,
which moves with the same speed due to their close distance.

Figure 1. (top left) Locations of FPI station at Kelan (111.6°E, 38.7°N) and MR station at Beijing (116.37°E, 39.98°N) and
(top right) coverage of FPI and MR database. (bottom) Horizontal winds simultaneously measured by MR (blue arrows)
and FPI (black arrows) on 20 June 2014; the green and red boxes are the height-averaged windows, in which the
measurements are averaged to represent winds at the heights of 87 km and 97 km, in respectively.
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3.1. General Comparisons

Figure 2 provides an example of real-time comparison of FPI and MR wind measurements in 2014. Four-day
wind data observed on spring equinox, summer solstice, autumn equinox, and winter solstice in 2014 are illu-
strated. In Figure 2, the MR and FPI winds are seen to rotate uniformly in a clockwise direction with a period of
about 24 h and with velocities of 10–50m/s. The FPI and MR winds show a very good agreement on all the
4 days; the discrepancies between FPI and MR data become slightly large during 11:00–20:00 UT on spring

Figure 2. Real-time comparison of FPI (red arrows) and MR (blue arrows) winds at spring equinox, June solstice, September
equinox, and December solstice in 2014. Very good agreement at September equinox and December solstice, poor
agreement at spring equinox and June solstice, and better agreement at the height of 87 km than that at 97 km.

Figure 3. Long-term comparison of the monthly-hourly averaged winds of FPI (red arrows) and MR (blue arrows) observa-
tions from 2012 to 2014. Very good agreement from May to December, poor agreement from January to March, and
better agreement at the height of 87 km than that at 97 km.
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are predominant with a semidiurnal
variation and very weak annual and
semiannual variations, are used to
calculate the cross-correlation coeffi-
cients between FPI and MR winds.
The correlation coefficients between
the FPI and MR winds are shown in
Figure 6. High correlations are found
for both the zonal and meridional
winds, namely, with correlation coef-
ficient Rz= 0.90 for the zonal wind
and Rm=0.95 for the meridional
wind. The correlation coefficient of
meridional wind is slightly larger than
that of zonal wind.

The differences between the day-
to-day real-time measured winds
and the monthly-hourly averaged
winds, which are defined as a root-

mean-square error (RMSE) of winds by formula 1, could describe the day-to-day variability averaged in a
sense over a year.

RMSEh ¼
XN

i¼1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Wi

h "Wm
h

" #2

N " 1

s

(1)

where Wi
h is the daily wind data measured at the hth UT in the ith day in a year, Wm

h is the monthly aver-
age of all the Wi

h in a year, and N is the number of days in a month. A total of 24 RMSEh can be obtained,
each corresponding to 01:00 UT hour. As shown in Figure 7, the RMSEs of both the FPI and MR winds have
similar amplitudes, most range from 12m/s to 16m/s. In the daytime, the RMSEs of MR wind measure-
ments have a weak peak at around 03:00–05:00 UT and trough at around 08:00–10:00 UT. In the nighttime,
no obvious temporal variations in RMSE are observed for both the FPI and MR wind data. Overall, the
RMSE of MR zonal wind is larger than that of MR meridional wind.

3.3. Winds at the Height of 97 km

Themonthly-hourly averaged zonal winds at 97 km derived from the FPI (bottom plot) and MR (top plot) data
are illustrated in Figure 8. General similarity between the FPI andMRwinds could be found in Figure 8, but the

differences are more significant than
those at 87 km as shown in Figure 4.
The FPI zonal wind shown in the
bottom plot of Figure 8 shows two
jet-like westward maxima in the
equinoctial months, and it is charac-
terized by a semiannual variation
occurring at around 18:00 UT with
magnitudes not higher than
"15m/s. In the top plot of Figure 8,
the MR zonal wind data have a very
weak asymmetric semiannual varia-
tion, and their amplitudes are rela-
tively smaller than the MR winds at
87 km. A strong annual variation of
the MR wind, which has a maximal
strength of about 40m/s, is pro-
nounced at 12:00 UT and 00:00 UT
in summer solstice months.

Figure 6. The scatterplots of FPI and MR monthly averaged winds at 87 km;
the dashed lines indicate the regression line of MR against FPI winds, and
the correlation coefficients between measurements and their lower and
upper bounds for a 95% confidence interval are shown in top left corner.

Figure 7. Daily variation of the root-mean-square error (RMSE) of monthly-
hourly averaged winds at 87 km.
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Summary
• Simultaneous measurements of MLT neutral winds at KSS, Antarctica. 

However,


• Optical vs. radar 


• Snapshot vs. hourly mean winds 

• Relatively large differences may indicate that there are large variabilities 
within 1-hour time period in the MLT winds.


• Any complementary aspects of these two measurements?


• What information can we obtain with this simultaneous observation? 

• With the MR wind observations, is it necessary to keep observing the 
MLT winds by FPI?



Future works

• Large number of observed meteor echos: 15,000~40,000 
per day


• Increase the temporal resolution of neutral wind 
observation: 1-hour —> 0.5-hour


• Daily mean temperature —> separate day & night mean 
temperatures


• Compare them with FPI winds & temp.


