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Abstract: Accurate observation of atmospheric wind field is of great significance in meteorology, military,
aerospace and other fields. Coherent wind lidar can detect the atmospheric vector wind field effectively and
in real time. A coherent wind lidar based on the Doppler principle is developed in this work, and its
performance is demonstrated in field observations. The system can detect the horizontal wind field and
vertical airflow with a vertical altitude from 45 m to 3000 m and its maximum detectable wind speed is 60
m/s. The observation data of the lidar at Huangpu District Meteorological Bureau in Guangzhou, China,
from 08:00 on October 16, 2021 to 00:00 on October 20, 2021, is analyzed and compared with that of the
microwave wind profile lidar at the same location during the same period, and it shows that the two
observation data are in good agreement. Finally, the typical observation data from 10:00 on October 18 to
00:00 on October 20, 2021, are selected for key analysis to further verify the accuracy of the data measured
by the coherent wind lidar. The application of the developed lidar in wind field detection will provide real-
time data support for the improvement of meteorological parameter monitoring and forecast accuracy, as

well as the early warning of extreme disastrous weather.

Key words: lidar; Doppler; coherent wind measurement; wind profile comparison
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Fig.1  Schematic diagram of coherent wind lidar measurement principle
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Fig.2  Schematic diagram of VAD method for retrieving wind speed in atmospheric wind field
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Fig.3  Schematic diagram of coherent wind lidar system structure
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Table 1 Design parameters of coherent wind lidar

Technical parameter Value
Wavelength/nm 1550
Measuring range of height/m 45-3000
Measuring range of wind speed/(m+s™) 0-60
Measuring range of wind direction/(°) 0-360
Repetition frequency/MHz 400
Horizontal wind direction error/(°) <10
Horizontal wind speed error/(m+s") <08 (V<10m-s")
Vertical flow error/(m-s™) <0.5
Detection blind spot/m <45
Spatial resolution/m 30/60/90
Operating temperature/°C -10-50
Weight/kg <30
(a) (b)
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Fig. 4 The physical picture of coherent wind lidar. (a) Experimental set; (b) appearance
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Fig.5 Scene picture of coherent wind lidar system in Huangpu District, Guangzhou City
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Table 2 Comparison of horizontal wind direction and wind direction at different heights between coherent wind

lidar and wind profiler radar from October 16 to 20, 2021 at station in Huangpu District

Height/m  Number of sample

Pearson correlation coefficient

Wind direction coincidence rate/%

510 175 0.686* 41.5
650 173 0.837* 31.4
790 176 0.850* 325
930 177 0.902%* 33.7
1070 177 0.910* 38.2
1210 173 0.829%* 30.3
1350 168 0.687* 32.5
1490 165 0.675* 29.2
1630 161 0.620* 25.8
1770 158 0.547* 20.2
1910 153 0.521* 21.3
2050 150 0.482% 17.9
2190 140 0.348%* 13.4
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Fig. 6  Probability density distribution diagram of horizontal wind speed of coherent wind lidar at different heights.
(a) 510 m; (b) 1070 m; (c) 1490 m; (d) 2050 m



PNESIESIEO NS A A i 19 %

0.20 0.25
(a) (b)

0.151 0.20 -
> >
£ g 0I5t
% 0.10 - ?-;
~ B~ 0.10F

0.05

0.05
0 L 1 1 1 1 1 1 1
0 3 6 9 12 15 18 0 0 3 6 9 12 15 18
Horizontal Wind speed/(m-s™") Wind speed/(m-s™)
0.20 0.20
(€] (d)

0.15¢ 0.15F
> >
Q Q
2 2
] £
2 o10f 2 oof
G 2
= =

0.05 0.05

O L 1 1 1 1 1 1 1 O L 1 1 1 1 1 i 1
0 3 6 9 12 15 18 0 3 6 9 12 15 18
Wind speed/(m-s™) Wind speed/(m-s™)

B 7 B TE AR i LA AT KU MER B A B e (a) 510 m; (b) 1070 m; (c) 1490 m; (d) 2050 m
Fig.7  Probability density distribution diagram of horizontal wind speed of wind profiler radar at different heights.
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Difference of horizontal wind speeds (a) and wind directions (b) and relative error of wind speed (c) between wind profiler

Table 3 Comparisons of horizontal wind speed profiles and wind direction profiles between wind profiler radar

and coherent wind lidar at 22:48 on October 16, 2021

Pearson correlation Mean absolute

Parameter Height/m . . Relative error/% Standard error
coefficient difference
Wind speed 0.901 0.814 m-s" 7.39 1.060 m-s
) o 510-2350
Wind direction 0.918 (> 800 m) 23.81° — —

3 VA6 [R) IR 00 ) s 2 X KGR XU - P T IS o A R AR R Gt 22 22 e Ve i vk P e %
Wilcoxon 45 B i 0] 2 MM R FEARBEAT e it 22 0 M, BEAR N 52, S5 RANEL AR, BRI, KUE
Wilcoxon & 45 K -7 P = 0.299, KT 0.05, w3 XU A AR AL T I, 2k [l JF b B8 S XU ) R 36 R 5 P =
0.190, KF0.05, UtHI P G EIA M E LR BA YRR 2RI, 3t 2D U] 6 5 k00 2 B i 2R X
ML R BN — 2

&4 20214 10 A 16 A 22:48 KA & F A 548 F MRS & & AP Rk B G AR &3 S A i 48 R
Table 4 Non-parametric test results of horizontal wind speed profiles and wind direction profiles between wind

profile radar and coherent wind lidar at 22:48 on October 16, 2021

Number of Standard Maximal Minimal Wilcoxon
Parameter Instrument type Mean value o
samples deviation value value test factor P

Wind profiler radar 52 9.528 3.020 14.548 6.020

Wind speed o 0.299
Coherent wind lidar 52 9.720 3.495 16.579 5.902
Wind profiler radar 52 62.320 23.129 90.378 14.100

Wind direction 0.190
Coherent wind lidar 52 100.817 117.200 358.968 1.638
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Fig. 12 Time series plot of horizontal wind speed and wind direction from 10:00 on October 18, 2021 to 00:00 on October 19, 2021
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Fig. 13 Time series plot of vertical wind speed and wind direction from 10:00 on October 18, 2021 to 00:00 on October 19, 2021
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Fig. 14  Time series plot of temperature and relative humidity at the near surface from

10:00 on October 18, 2021 to 00:00 on October 20, 2021
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Fig. 15  Time series plot of horizontal wind speed and wind direction from 00:00 on October 19, 2021 to 00:00 on October 20, 2021
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Fig. 16  Time series plot of vertical wind speed and wind direction from 00:00 on October 19, 2021 to 00:00 on October 20, 2021
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