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Low-level wind shear observation based on different physical
mechanisms by coherent Doppler lidar
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Abstract: In this paper, two coherent Doppler lidars were used to observe the low-level wind shear in-
duced by dry thunderstorms and terrain at Beijing Capital International Airport. The experiments re-
spectively adopted Doppler Beam Swing (DBS) and Glide Path wind shear identification method to
alert the wind shear of the above two types. The results show that the DBS method and Glide Path
mode can respectively identify horizontal wind shear caused by dry thunderstorms and terrain. Dry
thunderstorms bring sudden increase of wind velocity, abrupt change of wind direction and strong con-
vection of updrafts and downdrafts, which causes the low-level wind shear. Terrain-induced wind
shear with the transient and sporadic nature is mainly produced by the interaction between high-speed
airflow and complex underlying surface.
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Table 3 Technical specifications of Wind3D 6000 scan-
ning wind lidar
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Fig. 2 The geographical environment around Beijing Capital
International Airport and locations of lidars (a) the first phase of
experiment from January 2018 to October 2018, (b) the second
phase of experiment from November 2018 to October 2019

F4 AEBMEHRAEHFAETEBTSUAMAKER
Table 4 Experimental information for synchronous ob-

servation of two lidars at different runway

corridors
N I E S 5t D 1] TG Hh W5 H
Lidarl : 74 #3874 RRRIEHT
o 2018.01 - Ui (36L) VO B L P
e 2018. 10 Lidar2: PUBEdt KBS UM A KL
Ui (18R) Wtk se
Lidarl ; P4 #1386
arl: PRI et it
. 2018. 11 - %5 (36L) .
BB 5019, 10 Lidar2 A B T35S AT AR W
' W AERI g
3t (01)

2 WM ERYIEIRA 77 %

2.1 B

WO IR WA BEA A A A 3. 1) 2%
#19% 2 5 (Doppler Beam Swing, DBS) JX B £k £
2, R o 5 O B A T R B SR G



411 HBETE 25« AR 22 30 XU TR T8 B AN [ B PR R 2 A 2 XL ) 2 S 495

B AU AR S D5 1 AR e K3 2 T =
2 A7 11 XU 2 s 2 5 2) 1 T 8 f 7S it (Plan
Position Indicator, PPT) #5220 B 18 BE R A
U Ty A A Ry =, AT T LR
R A A A UL B 5 . 3) BE B R R A
(Range Height Indicator, RHI) 8% 20 & AR R 0k By ik
TiEFAANE | T8 o SR A R AT A 2R e
AL WL oA )z B R O ER IR
Ty IR R0 B T IR =R R AR R
Hb 3T LUAR a0 5 R AT AL IS, R W
TP AR o 28 =Gl X I S BE e A
WO TR Ik 5 Bl 0 2 SO il AR X 7 ' AR
SRR LT A5 20N B AR R AL A
XFFHOGE B IR ARG E . BOBHE S
AR 2R G A B E B9 S5, 3l L RN £ A5 2 £
YA P A2 e, SIS 1 10 - DA XUDD SR - A3
BB X XU AR B W 5 5K, FEA [a] i B B2 43 1) 5%
T DBS KUERZ AT HE B AT . DBS X
JE A A WA E R R 5 TS 2R RS
25 KA, TR 3 T o TR T — R B A T SRR
P B i 3 T ) B 2R R, O BE s ROMR R A
DBS JXUER S5 =X 1 44000 R 2 45 32 B BRI . T i A
FOAT LSBT 3 DX 28 RS A U0 T 4
JIE7R , REAE SR g 18 AN R 07 bRk 72 b 1 XU A
BT MR I S KU)22 A b R AR . [
R, Ay e LD A2 3 ) 75 5% U3 9 WL 75 5K, 150
KN FEAB A VA G 7=, LR AE K
L S B X3 ) £ G RN e 1 ) A X
SHR.
2.2 RYIEIRHNTTE
2.2.1 DBSH&RAXRYIFIRATTE

R Al T B R0 28 2L A A o, 38 SR T4 30

x5 AEHEHEEERERMNAFHEXZRE
Table 5 Lidar scanning strategy settings of wind

shear during the experiments

Lidarl F1 2[R 25449

BN T = S m W A 1] Hip wE
2018.01 -
H—BrB DBS AUFE A /
2018. 10
AN &
DFmige A
) 2018. 11 - . HiTik 3 Fpfa =t , 2
5B B 2) PP . . .
2019. 10 n 18 min, FHiEH
3)RHIFEZ

BRI 249 15 60% o

) _aa [

el et ) D

= Dry thunderstorms Sunny Day .
< {

= L

3
z L
\

<
<

(a) (b)
B3 AR T AEOLH 5 DBS KL B4R
HE ) TR RERT, (bR
Fig. 3

mode of lidar under different weather conditions (a) dry thun-

Schematic diagram for DBS wind profile scanning

derstorms, (b) sunny day
& o W

o » 8
RS f \ﬁ‘{ ﬁ \)\Kg &

Extended centerline of
the runway

4 HOGTE RN E A D] AL I 7 214
Fig. 4 Schematic diagram for glide path scanning mode of li-

dar

m (100 ft) =y B D[] P i) AU A8 AR (RDR s R AR
F 5 R, DA S 9 3 B KUD)AE B R, X R E X
T T 8, B 5w CAT BB . 1967 4R 7
SR A R A3 T B 5% R A S 5 10X 3 U 1] B 30
m (= J3E 0 ] P 0% XD A 5 A G AT R R4
0~4 kt (2 B KUPI R ) 5 5~8 ke (HEE KUPIZE ) 59~12 kt
(ERIAYIAE) ;>12 ke GZE R AE) .

fay 2% [E M 25 it K J8) (Nationaal Lucht—en Rui-
mtevaartlaboratorium , NLR ) %t #IL 37 Bl 3T Fie 55 47 ( 7
B ARG ) X AT 2 4 1 52 e I R TR G BF
GELBE TT ks HEDN 20 U A W) 2 A Y
i3y e R XU CHE T RAMLALAT O 1)) X6 A T2
AL, A 75 I E X RALAAT ) |
15 W JUART IR AR L I XU R i O 55 22 PR 3R 1 52
M X bR R PR NLR R J# T R & 55 50 X
HEN FEATO0AL , LA B 5 I 52 2 RS T 1Y
KR AZ R

DBS 5 2 A A2 UL 1 Yo M DBS X3
T 7 1 AR AT A ) BE LR AR B AR A AR R A Y



496 g hh 5 2 oKk I e 39 4

BB RO AE . %82 # L WL &
SRR IR W U R IR T R R, A AR
(] R 4 e 5 B P 9 XL 22 AL A5 8 5 e b, /L
TE 7T By Be 25 5 52 3 & #0L N J LT i e i
(FpLati B Lo BORE L R A B2 . 2 Bk A
AR SCR T ks W HEAT B HR AL K7 KA
AR S E AL . % TTIA T Jo e 1T R KR T
12 m/s 1415 BEAEL, SR 355 AS [ s 220 A1 ] vy J3€ A
QW L MR R R R T T
7 kt(£93.6 m/s) AR IC R KD , WD) SR 7
ik 5 Ca) i s, R B XD A2 407 B & 5 (b)
B .

[ Start |

Input
Wind profile data Py

Seek out the height ranges in which
wind velocity up to 12m/s

Calculate the wind velocity difference in
the height ranges of adjacent times

No - ~ Yes
Rl
No Wind shear Wind shear alerting
Output
ind shear location and ﬁme%
p ‘Wind velocity difference
| End | |
(a)

600 < 16:05
+16:06
=16:07

500 ~16:08
+16:09

46m
400 g
£
fb 300
[}
jast
200
100 /// /
0

10 12 14 16 18 20
Velocity/(m/s)

(b)
K15 DBSHIFRYIZEPUNE (a) RUIZE R B E, (b)IR
) A RUET) A% e
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Table 7 The information of wind shear during the dry thunderstorms

ROIAE Je R BE DAL S 2 5 B fm e/ NAGE/ (m/s) IR R/ (m/s) 22/ (m/s)

120 13.4 17.1 3.7
15:05 ~15:06

300 12.4 16.6 4.2
15:15~15:16 153 12.1 15.7 3.6
16:00 ~ 16:03 378 13.3 16.9 3.6
16:05 ~ 16:09 453 12.3 18.1 5.8

113 12. 1 16.8 4.7
16:06 ~ 16:09

360 12 18.6 6.6
16:13 ~16:14 246 15.1 18.7 3.6
16:15~16:18 310 12.2 15.8 3.6
16:20 ~ 16:23 420 12 15.7 3.7
16:25 ~16:27 238 12.1 15.9 3.8
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Table 9 The information of terrain—induced wind shear(2019.05.19)

S5 % i ] WhAs kA WU RAERE  KUVBEEER S RRKE RN/ A 22/ YA i/
otz X [f]/m {37 B /m (m/s) (m/s) (m/s) (m!Ps723)
17:08 36L 80 ~ 98 1527 ~ 1879 17.7 5.3 12. 4 0.42
17:07 01 22 ~ 48 427~920 18.4 6.8 11.6 0.35
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