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Abstract To obtain atmospheric turbulence and three-dimensional wind field observations, cooperative observation experiments
were carried out using three wind lidars. (1) Turbulence is detected based on the virtual tower stares cooperative observation
technology (VTS) using three wind lidars. Comparison with observations of the three-dimensional ultrasonic anemometer (sonic)
deployed on a meteorological tower indicates that the results of the VTS are good. The correlation coefficient, average error (BIAS),
root mean square error (RMSE) of wind speed with 10 Hz frequency at 32 m between VTS and sonic are 0.92, 0.77 m/s and 0.41 m/s,
respectively. For the atmospheric turbulent kinetic energy (TKE), the correlation coefficient, BIAS, RMSE are 0.99,
—0.02 m?%/s? and 0.08 m?/s?, respectively. The wind speed observed by VTS has the same spectral structure as that observed by the
sonic. (2) Three-dimensional wind field detection is also carried out by using the scan cooperative observation technology based on
three wind lidars. The observations of scan agree well with observations of the conventional wind anemometer deployed on the
meteorological tower. The correlation coefficients, BIAS, RMSE of 10 min average horizontal wind speed and direction at 90 m are
0.92 and 0.93, —0.41 m/s and 0°, 0.73 m/s and 34°, respectively. Compared with observation of a single wind lidar, the cooperative
observation using three wind lidars show certain advantages in that it doesn't need to assume uniform wind and has higher observation
accuracy, etc. However, the cooperative observation has higher requirements for observational environment, e.g., there should be no
block on the beam of the three wind lidars, the observations must be synergistic, etc. In the application, it is necessary to make a
reasonable observational plan based on actual observational needs.
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Table 2 The location of three wind lidars (BDJ, BDH, BCE), and cooperative observation schemes
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Fig. 2 Schematic diagram of scan cooperative observation
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(i) 05 A% AH X T 3 D0 XSO B 38 B 7 57 £ ORI A
o B A IE S TR S, s [ AR R (0,0, 0) o
R4 T 15 R T 435 1 O 6 f RN S R I LR R
B (#2), Al LIt % BDJ, BDH # BCE # =5 [a] A&
bR, 289k (-57.62,90.45,0) . (164.42,15.83,0) .
(-58.53,-129.63, 0) o A& RF A~ = 4 25 4] B 45 119
HL AR AR (x, y, 2) TR IE A8 R (o, vo, 2o) AT LATT A
A2 (8] A% AH T 3 /3 0 XU 7 38 19 7 A8 £ AR
M. (34 3 A IR T Ik 3R Y 2 ) 42 1) K
BT PR35, 1 A AR I 3 5 DU RO B
KA I R . (4) HRHE SRS (2) F1(3) 25 3R B A
W% P 3 55 DN XU B 3 AR OREAD 5 . A o A T
JRGHE, I 2.2.1 77 B = 2 XU S 3 B ik, T A
W% 4 = 4 X 0, v FI1 w, 2R BBOKS 40 4k 1 25 6] = 2
7
2.2.3  RESN

5F 3 G KO TR I8 P R B AR A 7 —
FEMR2E, EEA 2 Fin

CU) BRI PR 58 25 o I XU 7R 8 A R ) it 2
2 ) FH SO I AR IR SR R 1) B S 5, AR
s 22385 B A8 SR B ARG . Sl I R, X
WO T BB A B AREE B 200 50 m, SR IE 1]
(range gate) 2920 15 mo W XUHOE T IS HR I A 428 1]
IR B AN BB 1] 3 KU, AN R —
A4 XU, 3 3 Ay i 3 R KGR TR R 1R 22, X R
PRI i B R[] IS B 5 25 0 iR R R . SR T
i) WindPrint S4000 %Y i XU % B ik 19 & 80k
0.01 mrad, B AP R TEE N 5.5 cm, {51 FE
T B AR B BRI B 25 100—200 m (% 2), Kt
W R BRSSO B FEE R 5.7—5.9 em, THIKTEER

FEXT H A B SRR BN EAR 5.7—5.9 cm, K 15 m
A TR AE A o T = 4 8 7 X (S 7K ST T T 1 )
AR 5.8 om, T E 7 ) A G EE AR 10 om, HoR
FERTR K B A2 5.8 cm, & H HAT 10 cm BYMBR
Ao PR ES Z ] SRR IR R 22 AR K.

(2) BRI 2 7 v D0 XU B AR TRl R . 5 67 ff
WA S iR 25 . PR R e, A 3 &
I XU T 38 A TRT . 7 o VR AT 1 DA A s #
SR B HR R AR R G4 O 5 £l RV AT f SR AE
TE—FE MR 22, 20 e 2R TN &8 SRy SR g . 3¢
HE IR IR E BIAR 22290 0.1°, 2442 RS A 1000 m
BF, 1of8 J7 05r 71 S AN AN £ 15 25 B 0l 00 07 2 7 A=
17 m AR 22 . AR iR 25 3222 Bl [a) 00 0 i A2 v 7
R E L EAL EBORE KT EFEN . HERIEA
SRR 25, RIS G000 SR 0 XU TR R 22 TR
B A 67, R R R R KPS s RGO B ik
PR 75 /KT, AR I XGOS e D 1
%A W OB R R AL .

3 XU TR A R 1 RE

TFIR LT 3(2) &5 X B 25 B[] 00 0 3
5, S0 RSO B A A UL 1 R UL — Bk A g
R REDR . RSO BT Y 3 6 RO TR Ik R ]
— R RS R, IR R & TR
PRS00 T LA B (E2 R T M S
TS 3 45 90 XU B T8 64T T 08 I 14 78 0 SO ) —
R

Sk T8 E I DRI TR R A UL L K XL
6 TR K I XL GG SR 5 v R 2 B R A 5 T
325 m 8k 5 I XU A5 R SE AT b . 2017 4F 1 A



1026

22 HE2 7 21 H, JFRET IRGHOE ik 58538
JRUKE B UL 3 36 o 000 XL I8 B S A A P Ak
B VE Rl 50 mAb, JFRE S B (R, V8. B JLR1aR
B ) KUBRRARM . KA 325 m AR BRIE L%
A 152 (8, 15, 32, 47, 65, 80. 100, 120, 140,
160, 180, 200, 240, 280, 320 m) & K XU iy 0 ),
JR R [ A% SR 2% 43 53] o 55 [ Compbell 24 A (1)
010C 7 JXU 3 £ B 2% F1 020C B X [ 15 8% 4% o 18 B

20
(a)
. WS
—_ 1
15 }
—_ " Y
£ b O
§ z .: : '_-‘ -
= 10 L 2 ® s
£ = ol -+
&= 'h' i H -l
z ¥ B - =098
& i BIAS =023
5 . RMSE = 0.57
0 i ! ;
0 5 10 15 20
WS from IAP (m/s)
25 . r
© . WS
—_— ]
20
E 5 i
N
5
=
g
& 10 } . <
» R=1.00
= " BIAS = ~0.01
" RMSE =0.11
5 . T
-
0 . . . .
0 5 10 15 20 25
WS from lidar 1 (m/s)
Kl 4

Acta Meteorologica Sinica S5 4R  2020,78(6)

47—320 m g BE )RR I X, 5 A 42 0 kB LN
JEE 1 00 D35 T TR A R L A3 BT (T 4al b)), &
TR DR 35 T R A B I XU K ST IR 17 A G R B
(R) 35 0.98, F-H1iR 22 (BIAS) 4 0.23 m/s, 5
2% (RMSE) N 0.57 m/s; K-F X ] 9 41 ¢ 2 80
1K 0.99, FHR2ZE A 6°, B HRiR 2 16°,

Sk T DU XGRONG 7R 8 22 T B R — 2, 2017
1A 79 BRI i O XSO TR S i —

300

200

WD from lidar (°)

100

RMSE = 16°

0 100 200 300

300

200

WD from lidar 2 (°)

100

0 100 200 300
WD from lidar 1 (°)

MNFOEHFIS (lidar) FHIEMR (TAP) GERIF L (a. KT (WS), b. KT (WD)),

(c). (d) 5 (a). (b) ZEML, (H A M KEEIEEHE X (lidarl 15 lidar2) XF L%
Fig. 4 Comparisons of (a) horizontal wind speed (WS) and (b) horizontal wind direction (WD) between wind lidar
(lidar) and tower anemometer (IAP), (c) and (d) are the same as (a) and (b), but for the results between

two wind lidars (lidarl, lidar2)



FEARNISE . BT =6 I XBOL 8 2 9 R L A = ZE XUz 5

2 (P 5 00 RO B 38 Z [ A BE S A 1 m) #4746 [
GGk o PR S P A AL 2 R XU R AR AR
U, XT3 PRI Bk 0 XU G SR (& 4e d) 23,
O TR 3K 2Z 8] A KU 4 A0 5¢ R AGA 1.00, 2F-1
RZEN-0.01 m/s, WHRIEZE N 0.11 m/s; 7K X
] 0 AH O R R 1.00, F 23R 22 F1 3 7 ML iR 22
¥ 20, =8 M KNEOLE XWX WG &S
T AR AT L 36U, PRI — B0t R 4 (RS o

I IR B T8 R S PR AR N ) AP XU L AL
Tii) 1) i 22 R0 X5 O AR 1% 22 W i R, 35 A R T I
PR (1) 00 XU 7 38 28 K 5 o o A e, P
- 28 KA AE 22 575 (2) DU XU B s 4R 0 %) 2 =
ELJ7 1) b2 [R] P34 8 DA, T A3 0 XU 1) 2 R —
1o BE Y XL, BRI SRAFAE 22 55 o (EIN XU B 3k 1R
TP B8 A0 T A 48 [ XU 26 75 38 (CEABAR 55, 2014)
S 1 R, I XU B R A X R i XL
R B PEA o ARRE T BB I S SR, KGO
IRARI 45 Z TAVAH DGRBS 1 4158 22 A4 7 AR
220N, R BN XU B IR 22 ) R I — Bt T
o PR, s RGO 75 3K AT T R [RD 08I0 4

4 RIS (VTS) P[] 00452 =

4.1 M
I HE UL 3 D[R] WE I A 203K B T 32 A1 63 m
10
(a)
— ]
5 "
%]
£ K,
> a e
0
R=0.95
BIAS =0.62
RMSE =0.48
=5
-5 0 5 10
Sonic

1027

T BE AL 10 Hz A iy A A4 riag DRG0 T 9 k), AR 3 &
IR IO' T 38 B0 A7 R L AV A AR 1) R, D A
JIE B, AP B SRR u v Flwe 5
BRI 0 = 2 R R R SOOI 5 R A B 32 m
A (B Sa—c), w il #H SC M5 22, AH O RN
0.56, 1 u Fl v I AHOC R E = 1K 0.95 F10.86; w 1
PR &M iR 28 1.36 1 0.42 m/s, u Fl v 1Y
SEH R 22 0.62 F10.40 m/s, ¥ MRAR 2% N 0.48
10.58 m/so R w I TRIRZR/N, Hw &
PN, OO . X R TR
I, BRI A /N, IR AR 1) R Y T R S w
7 1) T -3 B, (AR B w R AR . B IR
T v B R T, w I R TSSO A I B v (T S ) .
Mo, v Al w a3 X (SPD)

1
SPDZEVu2+v2+W2 (6)

55 = 28 s KGRI A XGHE A B (18] 5d), H
R ZRECHN 0.92, F IR EH 0.77 m/s, IR R 2%
4 0.41 m/s.

5532 m Ab 45 SR A B, R 1) = 48 XUTE 63 m
b g W T . R u MR E R, e
RN 0.76, (B v Rl w XU 5] 0000 5z 738 ) 435
5= o 7 R AR ORI & S T, ot R
w KL, HOR 6 2 B06GA 3 0.80, - 115 2% A1 1 )5 AR i

10

(e)
. u
—_— ]
T
5 ¢ .
wn
F
>
R=0.76
0t % BIAS =1.25
RMSE = 0.90
75 " L
-5 0 5 10

Sonic

F 5 RIS FEIEL R, (VTS) i AY 10 Hz X5 =488 75 KUY (sonic) AYXS Hb 4%
(a—d. 32 m BF 2 u. v, w FIXGHE, e—h. 63 m & . v, w FIXGE; P47 m/s)
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