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Abstract Retrieval of small-scale three-dimensional (3D) wind field based on a single radar is an important issue in
various fields, including aviation meteorology and wind resource assessment. To obtain the 3D structure of small-
scale wind field with high efficiency, this study proposes a variational retrieval method based on lidar detection. The
proposed method comprises local and global variational methods. First, the local variational method is constructed
locally in an analysis volume to preliminarily retrieve the 3D wind field, as the initial value. Second, the initial value
is tuned using the global variational method in the entire lidar scanning volume. Simulation results show that the
proposed method outperforms the traditional two-step variational method. The root mean square error of the
algorithm reduces by 1.49 m/s and 1.19 m/s in the case of homogeneous and inhomogeneous wind fields, respectively.
Simulation and field detection results both prove that the proposed algorithm can obtain accurate 3D wind field retrieval

results with high efficiency when the lidar scanning volume covers a large range of the elevation angle. The proposed
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method can be applied in aviation safety, wind resource assessment and other fields.

Key words remote sensing; lidar; three-dimensional wind field; detection; retrieval; variational method
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Fig. 1 Schematic diagram of lidar scanning strategy
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Fig. 3 Influence of the observation error from theoretical and simulation results on the wind speed retrieval. (a) Influence of

the observation error from theoretical results on horizontal wind speed retrieval; (b) influence of the observation

error from theoretical results on vertical wind speed retrieval; (c) influence of the observation error from simulation

results on horizontal wind speed retrieval; (d) influence of the observation error from simulation results on vertical

wind speed retrieval
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Fig. 4 Comparison between the observed and fitted radial velocity in different simulated wind fields.

(a) Homogeneous wind field; (b) inhomogeneous wind field
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Fig. 5 Influence of different iterations on the retrieval error in different simulated wind fields of the new method.

(a) Influence of different iterations on the retrieval error in the case of homogeneous wind field; (b) influence of

different iterations on the retrieval error in the case of inhomogeneous wind field
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Fig. 6 Influence of different iterations on the retrieval error in different simulated wind fields of the second-step variation
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(b) influence of different iterations on the retrieval error in the case of inhomogeneous wind field
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Table 2 Retrieval-errors comparison of different methods in different simulated wind fields

Homogeneous Inhomogeneous
RMSE /(mes ")
V(l ) V(z) V(J') V(‘V) V(:)
Two-step variation method 2. 350 1. 244 2.110 2. 9583 1. 131 2. 631
New method 0.313 0. 386 0. 526 0. 788 0. 955 1. 049
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Fig. 7 Comparison between the retrieved horizontal wind speed (V*”, V) and the sounding balloon data.

(a) Comparison results of V® and sounding balloon data; (b) comparison results of V’ and sounding balloon data
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Table 4 Correlation coefficient of the horizontal velocity

between the retrieved results and the sounding balloon data
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Retrieval results of local variation 0. 9866 0. 9748
Retrieval results of global variation  0.9920 0. 9775
bl@ ~
4
2
0

4

+ mean retrieved velocity
— — - retrieved velocity

Vertical wind velocity /(m-s™)

detected velocity

0 200 400 600 800 1000
Height /m

Pl 8 AR SO S A B A 3 EHRE (V) 5 O B IR LB BRI R i1 A

£ 41 % 5520 H9/2021 £ 10 B/ZFF4R

4.2 EHEREWRIE

38 5 RO A RIS 2 A A 8] R B T
IR XU AT B AR S 36 AR e v A L R Y
PERE, HEHL 2020 4F 11 H 3 H 10 B} 49 433 10 B}
52 43 B — R BOG TR A B WD A48, 5 15 3 42
[i1] 3o 8 A A — AR IR B d =0. 166>0. 05, KIIA N
WIS A) T A NG T R 5 B

8 gyt 1 Ry A2 43 [ & 8 Ca) JFI 42 JR) 28 I 1
[ 8(b) 1% i FRAT 1) 3 B0 3 B 5 O B s iR I
52 ) 2 FLE BE ) b . R (B A SRR I AR
B AR A S B I, B R R
[0 i e 2RO 75 18 T L e ) R A
SR F RO TR AT ELRINAS 2 A T B .

M8 Hra] DL B FEAN AT Ry #2543 i 17 10
T EITRIRIEN rruse (V) =1, 44 m/s, 5 B
AR BT s i A5 3] 7 T L R A R K B, AR
TER , 2 — 2030 o B g 2 R PRI BT e AN

(®)

« mean retrieved velocity
- — - retrieved velocity

Vertical wind velocity /(m-s)

detected velocity

0 200 400 600 800 1000
Height /m

o () RHAE Iy RO A RS O

IR TE B R IR (14 FUAE s (b) AR08 73 I 45 AR5 01 7 3 2 B R Al 1) LU

Fig. 8 Comparison between the retrieved vertical wind speed (V®’) and the lidar observed data. (a) Comparison between

the retrieval results of local variation and the lidar observed data; (b) comparison between the retrieval results of

global variation and the lidar observed data
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