Vol. 33, No. 5 (2023) pp. 441-456
https://doi.org/10.14191/Atmos.2023.33.5.441
pISSN 1598-3560  eISSN 2288-3266

Atmosphere. Korean Meteorological Society I o 1 =2

7|4EE HIEHEAES H
fara §
o

n[E3
(=N |

Ol58 - woje2* - Mg - uoj=
Y7177t o B AT
FHad: 20233 79 4%, 54 Y: 20233 109 10, AAEEY: 20239 102 18Y)

A Study on Filling the Spatio-temporal Observation Gaps in the Lower
Atmosphere by Guaranteeing the Accuracy of Wind Observation Data
from a Meteorological Drone
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Abstract The mobile observation method, in which a meteorological drone observes while
ascending, can observe the vertical profile of wind at 1 m-interval. In addition, since continuous
flights are possible at time intervals of less than 30 minutes, high-resolution observation data can
be obtained both spatially and temporally. In this study, we verify the accuracy of mobile obser-
vation data from meteorological drone (drone) and fill the spatio-temporal observation gaps in
the lower atmosphere. To verify the accuracy of mobile observation data observed by drone, it
was compared with rawinsonde observation data. The correlation coefficients between two
equipment for a wind speed and direction were 0.89 and 0.91, and the root mean square errors
were 0.7m s ' and 20.93°. Therefore, it was judged that the drone was suitable for observing
vertical profile of the wind using mobile observation method. In addition, we attempted to
resolve the observation gaps in the lower atmosphere. First, the vertical observation gaps of the
wind profiler between the ground and the 150 m altitude could be resolved by wind observation
data using the drone. Secondly, the temporal observation gaps between 3-hour interval in the
rawinsonde was resolved through a drone observation case conducted in Taean-gun, Chungc-
heongnam-do on October 13, 2022. In this case, the drone mobile observation data every 30-
minute intervals could observe the low-level jet more detail than the rawinsonde observation
data. These results show that the mobile observation data of the drone can be used to fill the spa-
tio-temporal observation gaps in the lower atmosphere.

Key words: Meteorological Drone, Vertical Profile Observation, Lower Atmosphere, Observa-
tion Gap
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Fig. 1. Meteorological drone (red circle), rawinsonde (red
circle) and wind profiler (yellow circle) observation sites. (a)
Gungpyeong port, (b) Bukgangneung, (c) Hagampo.
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Fig. 2. Meteorological drones used for observation. (a) Matrice 600 pro, (b) QW-MQ-21.

Table 1. Specifications of the meteorological drone (Matrice 600 pro).

Specifications
Maximum speed 18ms™
Ascent speed 5ms’
Maximum height 500 m
Dimensions 1,668 x 1,518 x 727 mm
Maximum flight time 20 min
Weight 10 kg
Battery 4,280 mAh, 22.8 V (x 6)
Maximum takeoff weight 15.5kg
Maximum wind resistance §ms™
Temperature +0.3C
Meteorological Relative humidity + 3% (0~90%), = 5% (90~100%)
(\V;‘;gb;g; Wind direction +3°at 10ms"
Vaisala) Wind speed +3%at10ms™
Pressure + 0.5 hPa (0~30°C), + 1 hPa (-=52~60°C)

Table 2. Overview of observations for comparison between meteorological drone and rawinsonde.

Takeoff time [LST]

Flight no. (1) () 3

“4) ) (6) ™) @®) © [0

Location

Oct. 8 0750 0820 0840
Nov. 16 0720 0740 0800
Nov. 17 0710 0720 0730

0940
0820 0840 0900 0920 0940 1000 1020
0750 0810 0830 0900 0920 0940 1000
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Table 3. Overview of special observations by meteorological drone in April and May 2021.

Takeoff time [LST]

Location
Flight no. O] @ 3 “4) ) (6) (M (®) ©® a0
Apr. 23 0820 0900 0940 1000 1020 1100 1420 1440 1500 Bukgangneung
May. 7 0800 0810 0820 0850
Table 4. Specifications of the meteorological drone (QW-MQ-21).
Specifications
Maximum speed 10ms™
Ascent speed 4ms™
Maximum height 1,000 m
Dimensions 1,360 x 1,360 x 710 mm
Maximum flight time 30 min
Weight 11.4 kg
Battery 22,000 mAh, 22.8 V (x 2)
Maximum takeoff weight 11.4 kg
Maximum wind resistance 12ms™
Temperature +0.3°C
Meteo.rological Relative humidity £ 3% (0~90%), £+ 5% (90~100%)
(:/;;?[21256’ Wind direction £3°at10ms™
Vaisala) Wind speed £3%at 10m s’
Pressure + 0.5 hPa (0~30°C), + 1 hPa (-52~60°C)

2 A=A 20219 49 239(0830~1500 LST)} 5¢ Fe oA e QW-MQ-21°]tH(Table 4, Fig. 2b).
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m s o] AFo] AEHo| 7|FEE] b v xeo] ¥sls disty] fal 713 el BEE 7]
g5 da A BT EE 200 mE A TEAT. A =S F7I= E&sh

o
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e HaEUY] FF #52 o8 QAAZ A AR R FAZIE °F 20km =7 #
o] tj7] AHTx st JME Al FREHA #F Fdhedl L8FHe AR AT Ha #5 HAH
5 Aav FTHEE USE o, st ¢ th =R A #SuEE ATIS =53
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Table 5. Overview of meteorological drone and rawinsonde observations on October 13, 2022.

Takeoff time [LST]

Location

Flight no. (1) (2) (3) ) (5) (6) (7 (3)
Meteorological drone 0643 0712 0744 0812 0848 0914 0944 1014 Hacampo
Rawinsonde 0643 0944 gamp
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Fig. 3. Weather overview for Dorido AWS on November 16-17, 2021. (Green shading: observation time of the meteorological

drone).
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Fig. 4. Vertical profile of wind speed (color) and horizontal wind direction (arrow) for each flight of the meteorological drone
(a, ¢) and rawinsonde (b, d) on November 16 and 17, 2021.

Fig. 5. Comparison of wind data observed by meteorological drone and rawinsonde. (a) Wind speed, (b) Wind direction.
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Fig. 6. Weather overview for Bukgangneung ASOS for (a) April 23, 2021 and (b) May 7, 2021. (Green shading: observation
time of meteorological drone).
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Fig. 7. Vertical profile of wind speed from meteorological drone and wind profiler on April 23, 2021.
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Table 6. Statistical analysis of wind speed and direction observed by meteorological drone and wind profiler.

150 m 200 m 250 m 300 m
MAE RMSE MAE RMSE MAE RMSE MAE RMSE
Wind speed [m s™'] 3.89 4.23 2.53 3.27 1.42 1.68 1.46 1.76
Wind direction [°] 43.92 58.64 26.60 31.37 22.19 30.71 22.43 28.08
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Fig. 10. Weather overview for Mallipo AWS on October 13, 2022. (Green shading: observation time of meteorological drone).
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