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Analysis of LiDAR in a cold front low-level wind shear in Urumqi Airport

WANG Nan', YIN Caihu', LIU Xiaoming', GAO Jinwei’
(1. Meteorological Center, Xinjiang Air Traffic Management Bureau, Civil Aviation Administration of China, Urumqi 830016,

China; 2. Plateau Atmosphere and Environment Key Laboratory of Sichuan Province, School of Atmospheric Science, Chengdu

University of Information Engineering, Chengdu 610225, China)

Abstract: In order to study the characteristics of the structure of wind shear, the low-level wind shear at Urumqi Airport on
2021-11-26 was analyzed by using the FC-II wind light detection and ranging ( LiDAR) data, the reanalysis data of National
Centers for Environmental Prediction, and conventional meteorological observation data. The evolution of wind shear was
calculated. The results show that, the wind shear process occurred under the condition of a specific terrain wind. The small scale
of cold air caused the significant changes in wind direction and speed, the bottom of the southeast jet and the northwest wind belt
form a vertical shear area inclined upward which led to the cold-front type of low-level wind shear. The wind field around airports
had been changed 1 h before the occurrence of wind shear. And the wind shear area was detected 10 min earlier than the report
from aircraft which based on the plan position indicator model, the area where wind shear occurred was significant variations in
the southeast wind speed, and also followed the movement of cold air to the west. During the movement of cold air, the southeast
wind layer became thinner and retreated to the west. Near the glide path 07*. There was not only a sharp reduction of the frontal
crosswind, but also a significant change in wind direction. The cold air was wedged from 25* to 07* during 08:30~10:25. The
small-scale of cold air activity at low altitude was captured, and a backward of evolution process and structure was figured out,
which showed that the pathway entering the airport from northeast, and issued the wind shear warning. The study is helpful to
improve the meteorological service support capacity.
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Table 1 Main performance parameters of wind LIDAR FC-1I

item value
average power <200 W
wavelength 1.55 pm
azimuth range 0° ~360°
elevation angle rang 0°~180°
elevation resolution <0.1°

detection range 0.05 km~10 km

range resolution <30 m

time resolution <2s

<0.50 m - s”'/<10°

wind velocity/angle accuracy
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Fig.3 Meteorological element charts of Urumqi Airport at 2021-11-26
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runway 07"

K 3b R T8 KT G 077 B il 3 3 MR
551 UV AR J A 7 A T R T s T B AR T T
A%, 0815 LA, M1 A% AR LTt A s e
,09:50 JF A E LA 0. 1 hPa/min Y 3 B | T},



568 b Jt

AR

2023 4F 7 A

20 min Ji7, J@E L)L 0. 72 °C/min BERE, 10.25 BHRSHIFE
TR, T 1130 4k F[%, It L, 09.50 A4,
H 2SR IIE, 10,10 264750 BE AN, 515 K]
A5 FE A AR, AT R AWOS ST
T 28 40 B, ) i O D) AR SRy v g A A ) AR
AWOS FEIMEHE R e LB 25 ARG 1Y b T 2 B
B, S5 A BTG RUF SR I RE R AT HL TR A K
AAAEAE BRI AE (1) 78 [ 22 A
3.1 KERGEESH

IMTEE 4 FTT,2021-11-26 W% 258, 38 F a5 H B
500 m =7 B A B XL R F 10 m/s IR ES 2R
02:00 IR R KGE#ET FIE,600 m PLF H 34 R KR
KX, M AEHF7E 14 m/s~20 m/s, T 02:30~03:30
B, 0400 BF R RUAZ 238 L4, b T Sk f R
A, RIRAZ X R 200 m 4R % 1000 m, 7k g KU IX 28
LR FAZ, T 06:00 F1 0830 FRR F BT, B fil
M, IE T 0940 BH4E T HR FE 800N, Hi i XU 90°
] 30°i %%, 1020 B b i KUAE R AE AR b XU, 1200
FFUR 200 m = BEARE 76 VG AU AR 15 X LLS |, ¥ 25 SO g
B RIS RUZ RN, 36T KBS B i 18 A8
AE 0940 247 IR I ZWWW |, T P T 5 45 88
e, KPS RIGT e Az A R ma XU I S 46 7 b T
I 2 FE A, Va0 7S XU & T, ¥ 25 SUNBR B 5
BB, 2R B RIS IR G b XUXUHT T B f sk i) L
T E YA, 5 AR S e R %,

2000 24
1600 20 ~
by b 16 2
£ 1200f 7 7 \ ‘&
3 URE S e
2 800 SR A “ilg &
S R | L

SR ! NN S A Ml

0 01:30 04:30 07:30 10:30 13:30

time

4 2021-11-26T00:00~ 1400 RUEEZ M K
Fig.4 DBS images measured by lidar at 2021-11-26T00;00~ 14,00

3.2 FEARTIEXIZEH

SEEHE 3.1 TR AT AT A A LA A B )
7 44:08:00~08:30 A F WUZ fiefm — IR # b ;09:40 A2
FR 2SIV IR B B3 510 19 BT 25 25 8 18 XU 22
10:30 BF 25*F1 07" P8 3% Sy va X, Bl 5% o B 1w
HINB 3 198 25 S

FE T RE 53 Hr PP A RN A i , K- T A
WIGEEBFAE, B 5 oA 2021-11-26T08:08 ~ 10:26 T

S R] Y AR 1 R R RO KU R, SR 5 AR
FHLIZMAE, 220 077 38 A 1 e 5 B M A 1
1.852 km~5.556 km X3, 4570k 25" M8 A 11 K BB
B BAE AT 1. 852 km~5. 556 km XI5,

8a 08:08(3°) C  08:46(3°)
£ 4/ ol e
g 0 = 5 1
_4 >,
_8 -
84 09:343°) € 0
§ 4. N KL
S0
g
e _4 \
|warning
10:26(3°)

10:173°) i

4 8 -8 -4 0 4 8-8 40 4 8

range/km range/km range/km
. 24 lg? —
S M7 T
=2 |
16 g
2= I
285 : 2
=2 b g
Q
8 88 3'5%
4 ¢© 1 5
=7 s
0 B
-16
range/km 1§ 8
25

K5 2021-11-26 RIAS A PPIAECIA]
a,c,i—fRREE b,d,e,f,g,h,j—KFRG
Fig.5 Diagram of PPI model at 2021-11-26

a,c,i—radial vector b,d,e,f, g, h,j—horizontal wind

F 5a 7R 08.08(3°) & K, MLz E il 6 km i
Pl PN A28 ) R 2R Y L, B — B0 A g XL (H
K 2 [ 3 A AN, 8] 5h s KE 2 3 g g e
VG A ) AR s s R A, FL7E B RG22 8k,
5c 7R 08:46(3°) 72 ) K, 448 ) T 2 78 e ik TR I
JLFE P B S B ERE &l 5d SR 0934 (3°) FAE ]
PREELR S ERE o Sk U 5, 3 R 7 30 b 1T 2 A7 A6 1 5
AT~ 38, LT T PN AR e AWl 555 PR 7 257 I 122 b
i R AR A, 3° PPI VT A7 35 46 LE 6° PPL B &g,
20V e 2 B iR, Bl AWOS AR X
7 S22 A SRR AR ( DL 3b) A B R R A /N RO
i ZWWW i, B = AHIKESRE, X 5 3.1 71
L —3, £ 07" FIHiE 1. 852 km~3. 704 km 4t
A A ELL X (LLEHEN ), B zs a7 3F 07" F 1 E i



B4 HaW

TR e — UL BRI 2s RS i LAY LiDAR 4007 569

AR AR, 75 5 R RIS (AR Y
J&,09:44 ~09:48 fiii 25 g e 0 18 18 X Y] 22 7 B AR
BO7THGE AT 4 km 5 250 m A4, B ZTHE X
JIr LA PPL A AT 25 28 4 &5 $2 BT 10 min 7547 #8100 2]
ARz

E Se 7w 09,43 (3°) /KR, 25" b KU 4k 22 )
HAwE 10 MID 56T, 07 ¥ 18 KU V1A% X e e 77
1 RS [ SF R 09:46(6°)  ZERAES 07" NI iE
5.556 km( 5 07" #IIE A LT 3.8 km, 7% 650 m) [X 15,
fish A T BE KO AP AR 454 | 5 i 2s AR B LA
i

10:00(3°) PPL W7, fi A< AU 4K 2L By 25" B 3A [7]
07" MITE HEIE , 78 M3 v A) 30 2R e XU m) AR 6 RUG 46t
FEESH AL 4 km A0 XU e Ry b sl pa b XL,
K 5¢ B8 10:09 (3°) ~10:12(3°) , FkJbmifmdL X
gL, HAEH PPI3° KT PPI6°F-Ifi, Hii 25" v &
rHiti (middle , MID) |, 3284 S AR A6 AL AL, B 077 i
B8R A R, FE R B 07" B F Wi 1. 852 km ~
3.704 km , F7E KU 4 A R AR AL 50 B BT IS
Fie B e R XUZ PE L, A XU g 32 7K F KU A2 X
PR R IE 2 07" M1H 5. 556 km X (G iZ I BRI TS
) 256 10.19 M RPIAEHi & D EAT & 2, &
5h @7R 10:17(3°) PPI ¥ L, #iiE LIJE 4 km XN 4
R R T mAL AL, 6° PPT & 1 2 km PAIE A fmdb XL, &
5i~ 8 55 75 7 10:26(3°) ,PPI ,6 km i il A X7 5%
AL R, G5 A R, A R B U2 s da ot . AT LA
IR BRI S A EEA B E T 07" Ml L H
5.556 km FIgif,

B 23 SR B IRZS A AR At b 5 1n] P9 25 75 /e #%
gl ARSI B B W 257 Wl A i v, e R
MID ¥, £z 5 5200 07* L8 s XN, ER AR
e R P, AR K IRUZ 6 THEES VI, 76 07" N i
i 1. 852 km~5.556 km FFI X B B G BRI XL Ta]
WAEFEWRYIAE, BOLEIBE ZWWW HL M ER D
HERR P AEAS ) AR Fh A5 BB E
3.3 MRRXIZ R TEERIFEN

S3HT PPTEIAT N, WATI AR & A= 78 X3 8 B i Rk
YIARIX., HoR A 07" F i ik i 2k A vp A A I XU S
FAAL, AT TR BT T I A S B 2R AE S )
SIMIEEA AL, 455 TRIA LN E 07" HliE 7
] 2.7 km Z NN HUE , 2 J5 4 077 Bl N IEE .,

A3HT AR 5 ( WL 6a) T 1032, RE SE {1 5
07" F 1 A K35 S A AL 09232 ~ 09 41, 1 85 H 3k

1 km DL ARG A8 £ AN R, R U DX g ik
1.2 km PR 2 2. 4 km fEUE T AR pg RUZ 6T ELPGIR (1)
S50, S SRR X LT 7 AR 2R 509 :41 ~ 09049, KL
VISR IS , MU3E K2 07" Wil — B4R T3 A XU i
09:32,3 km HPGAMIRXKTF 12 m/s, A5E A K09
49,2.5 km AP B0 XURS S /), 1 B A3 e R P
SRR 510:15,1. 7 km DL BRI/ E 5 m/s
DA 310:23,500 m PhPS 9 Rt — 25 1) s 1) G388 Bsf
EFHERS 510.32,1. 2 km AP APEILIm ALK, B 25 K
BiEsEH, X5 3.2 hgsis—a,

4

a —09:32 T
g 1 - 09:41
g 3 - 09:49
Q‘ o -
o E - _
°L | g g
FDE & —09:58
25 - 10:06
)
§ ' ~10:32
= 0‘ RS g
8§ 16 24 0 10 20 30
crosswind/(m-s')  crosswind/(m-s ')
8
g b
=
<
a . 67
35 | —09:58
% - 10:06
<5 1015
23 --10:23
g- ~10:32
£ 2
.‘E | ‘."’ R e
0 o %
-10 -6 -2 2 -8-4 0 4 3

crosswind/(m-s™) crosswind/(m-s™)

6 2021-11-26 AN RIS 2] i F ¥ 2 O KT i
Fig.6 Crossuind information of glide path at 2021-11-26

o E 6b, 09:32,25" F Wi kA2 g /Y 22 )
A, 1B 8 ) i B2 e 077 3 KU /N 10 m/s ~ 16 m/s AN
G ET PP EDE o XGH th AR L 1 P g 3 KW 2518
H 25" 77 iy AU BE A AR A XU S 45 /0N 509 . 40, 3 T
2 XN S I 4 km LA/ 550958,
1 km AP FFUE H BT RL, AR U D AR XU 463 52 i 30 b
1f7)7% 51006, PEBNHE 10 15, 5 A i A XL, 3
FEIA 3 km §7 K3 4 km;10.32, A M XEERE , JE IR
BB TRIA T km &b, f O] UL ¥ 2 SR B U] 3
EESERE M 25" MU FERZ IR 077 Il

7 WP R ILIAR R AR RHL, J5 57 f 4 700 SR
F17R 00 ~ 180° ; PR 22 K 25 480 15 Bl 2 200 m ~
11858 m; IHES [ KN 100 m; BHES ERC A 117, K Ta
7R 0806 B, BE b 25 AR B KA X AL T 500 m ~
1000 m = 2,500 m LR, 25" BIiE IR 3 km~5 km



570 b Jt

AR

2023 4F 7 A

TP PN, Je 22 E AR 1) R, 1 BHAZ X XL ) K F 1500, B
S , [E)RE (8 R AE A B 2 TR A 10 07" J7 1] 4 km ~
6 km LA AL, & 7b IR 09:32 A, 4B K2 AE
MR MIX UL, B 7e w0941 B 78 07*F 13 Bt
IT,150 m~370 m = 3 H B0 T A4 ) XU A SRR % A
et ULBHAE 07" NI E o R, Mg AR EAR K,
454 PPL KT W 3B M X438, 12 XU AR J2 ) XU D) A%
FA LA 25 4 5 e 1 KU D) A% 5 257 M3E 7 1, B 4%
1) KU FR 2 A 2R 7 1) T 5 Sk o) 1) B 4 3, B90E T
B HIRZEB AR B A, B 7d BoR
M 10:06 FF4R,07* FHFIE 500 m LR 28 i) KUpE e 4k 48
s FiEve 2 Sk 257 BIERLIE 1895, 07" T i iE X Y)
AR RS ERE, [ Te R 10:24 FF4R 7515 R
257 M58 WEE 300 m R XA FE A FE Y 3400 ~
010°, i —2 ) 07" MUTA HE G | Ml b 28 428 1) KUS AR DR
LER

a 2o 0806

£ 928y £
=4 i %
B =0 3
g &
= -10
£

-20

Bl 7 2021-11-26 KA AR i RHIARE A fi e 12
Fig.7 Radial velocity of RHI mode at 2021-11-26

4 & &

(1) FE M HE KAEHTT , /INRUEE ¥ 28 S gl T
1 A 2 1 R G Y AR Ak 51 R DA, 43 B JRUER
2k N AWOS BB A 1. 2021-11-26T09 : 44 ~ 09 ;48 I 1)
BIAS | Je A 7 it 3 99 s XL T XU 22 S5 5K HL 077 g
D BRI A B 20510019 B 9 AP AR % A 7 SO R
SRBETE, R PR i X db 2 AR A B 2 ¥ 2 S
BERY B, 37 D\ T 1] 1 25 bR AR P ~ P b 30 I 5%
CL A W N ) W B o R e L W el [T A
) B U)AR X, 5| R s 2R A A2 REA R

(2) 40 AT PPL RN N s 3 7 XA 45k, K
VIR KA 1 h, V828 S B A B0 DX S i L Anpg At
HB , LABZIE AR i I3 i 1) P e 7 1) 4 2E 0934 B,
FEES 07" FHEE 1. 852 km~3. 704 km X Py H LA B
KRR X, 5y 51 R AE 32 A5 B3 G Hi X
TS A E, B S g 4R T 10 min, B

BR AR — 8% 1012 I, K KOS X P 2
FEES 07* B3 5. 556 km X, 254 10:19 50 KV 457
N EA A,

(3) 43 B I T JE AW XU A2 A5 O [ B iE 17 25 <
SR T B0 TE S FL TR W I R 3 | X i B 257
PRI ) 07" B IE HEE, 07" M iE K R WA R T
12 m/s SRAM XSS 2] 5 m/s DL, KU 2 8 25 1k 5)
SIS, T WA RHI 42 [0 X7 5 B0 5 s
T 08:06~09:32 ][] A4 Fg KUJZ A2 3, K XU P
i, 09:41 B, 78 07" I L, 150 m~370 m /&
BT AR T XU 1 R S I B e 4, X3 3 AR AR R
Ko #0387 YT LA ASEAG R X AZ AL, A
AT B KA BE et WOGER IR T B BIMIK A /N 3R
B, A7 Bl T3 4 T AR B U] A8 1 AR 3 B2 i AR RN
YRS .

5 £ X W

[1] ICAO. Manual on low-level wind and turbulence[ M ]. Montréal, Ca-
nada; International Civil Aviation Organization, 2005. 10-47.

[2] FROST W. Flight in low-level wind shear; NASA contractor report
3678 [R]. Washington DC, USA: NASA,1983.1-70.

[3] FUJITA TT, CARACENA F. An analysis of three weather-related air-
craft accidents[ J]. Bulletin of the American Meteorological Society,
1977,58(11) :1164-1181.

[4] GULTEPE I, SHARMAN R, WILLIAMS P D, et al. A review of
high impact weather for aviation meteorology[ J]. Pure and Applied
Geophysics, 2019, 176(5) : 1869-1921.

[5] WANG Q M, GUO L L. Development of lidar in detection of low alti-
tude wind shear[ J]. Laser and Infrared, 2012, 42(12) : 1324-1328
(in Chinese) .

FAH M, AR, WOCI R BTN G 28 X122 v 64 5
[J]. ot 5404h, 2012, 42(12) ; 1324-1328.

[6] THOBOIS L, CARIOU J P, GULTEPE 1. Review of lidar-based a-
pplications for aviation weather[ J]. Pure and Applied Geophysics,
2019, 176(5) : 1959-1976.

[7] CHAN P W. Application of LiDAR-based F-factor in wind shear aler-
ting[ J]. Meteorologische-Zeitschrift, 2012, 21(2) . 86-93.

[8] CHAN P W, SHUN C M. Aviation applications of the pulsed Doppler
LiDAR-experience in HongKong[ J]. The Open Atmospheric Science
Journal, 2009, 3. 138-146.

[9] SHUN C M, CHAN P W. Applications of an infrared Doppler lidar in
detection of wind shear[ J]. Journal of Atmospheric & Oceanic Tech-
nology, 2008, 25(5) : 637-643.

[10] LEEY F, CHAN P W. LiDAR-based F-factor for wind shear aler-
ting: Different smoothing algorithms and application to departing
flights[ J]. Meteorological Applications, 2014, 21(1) : 86-93.

[11] ZHANG HW, WU S H, WANG Q C, et al. Airport low-level wind
shear lidar observation at Beijing Capital International Airport[J].
Infrared Physics & Technology, 2019, 96. 113-122.

[12] LIXY, YU Zh B, LIU D, et al. Low-level wind shear characteris-
tic statistic of two runways of Beijing Capital International Airport

based on strong wind background[ J]. Infrared and Laser Engineer-



547 &

o9 41 * 45

I R F AL — A B 2 A8 FR 1Y LiDAR 407 571

[15]

[16]

[17]

ing, 2021,50(12) :294-302(in Chinese).

2R A, SR, XA A R T B AL P 24 Bl 1 s K
YIZSREGET[ )], S05MSHOE T AR ,2021,50(12) :294-302.
LIYT, LIANGM Z, LI'Y H, et al. Analysis of an application of
laser wind radar in Guanghan Airport[ J]. Journal of Civil Aviation,
2021, 5(6) :64-66(in Chinese).

ZRTRLE  REWING ZRMRNE A5 SO TR SR AE ) I () — U
FHAIHTLY]. AT, 2021,5(6) :64-66.

DAI B B, HE M, YANG J X, et al. Causal analysis of a clear sky
wind shear event at a plateau airport in southwest china using lidar
data[ J]. Meteorological Science and Technology, 2021, 49(4) .
589-596(in Chinese) .

FRUKTK AT, A3 T , 25 R RO I XU SR 2 340 51 B3 1 25 KL
RN [T]. GBI, 2021,49(4) :589-596.

FAN Q, ZHU X L, ZHOU D F, et al. Analysis of the wind field
characteristics using the wind lidar in a typical plateau airport[ J].
Laser Technology, 2020, 44(5) : 525-531(in Chinese) .

LB, ABERR, JE A, A5 MBI XUER 3K 43 BT 70 55 S L3 K3
FRIEL ). WORHEA ,2020,44(5) :525-531.

HUA Zh Q, LI Q, HUANG X, et al. Analysis of the typical appli-
cation of laser wind measurement radar in aviation support[ J]. Laser
Technology, 2020, 44(5) : 600-604(in Chinese) .

ARRRER B, PR AF OGN XTR IR EAT S O I i (1 3 2 7 ]
SAHTLT]. B AR ,2020,44(5) :600-604.

HUANG X, ZHENG J F, ZHANG ], et al. A study on the structure

[18]

[19]

[20]

[21]

and characteristic of a low-level wind shear process that happened o-
ver Xining Airport[ J]. Laser Technology, 2022, 46(2) . 206-212
(in Chinese).

BHF AR, SRR, A5 P T AL — U AR 2 UL L 9 45 44 FLRAAE
WFFELT]. Bt 2022,46(2) :206-212.

ZHANG T, LI Q, ZHENG ] F, et al. A study on low-level wind
shear caused by microburst using lidar and other data[ J]. Laser
Technology, 2020, 44(5) ; 563-569(in Chinese) .

TRV B A 4 OGN XU R IR T i 2R BT | R IR
Z MR )] HOEHEAR ,2020,44(5) :563-569.

LI Q, ZHENG J F, ZHU K Y, et al. Structural characteristics of
low-level jet based on wind lidar[ J]. Laser Technology, 2020, 44
(5): 557-562(in Chinese) .

BAG B, R, 55 SR THOEIIXUER 15 IR 2S 2L i 4 0 45
FEBFFE[ T, BOEFA ,2020,44(5) :557-562.

SUN Sh M, ZHANG Q, ZHU W N, et al. Analysis of typical low-
level windshear events over the Urumqi International Airport[]J].
Journal of Civil Aviation, 2021, 5(6) :81-88(in Chinese).

IV K AR, 55 LB AR [ PR MR R A KT AR g
PEorBTLd]. R, 2021,5(6) :81-88.

FENG L T, ZHOU J, FAN Q, et al. Three-dimensional lidar for
wind shear detection and early warning in civil aviation airport[J].
Acta Photonica Sinica, 2019, 48(5) :0512001 (in Chinese) .
IR SR JEHE, A5 T T RAHLA XU B 00 5 1 ) =
HEBOGI IR 1], SET7#HH, 2019, 48(5) :0512001.



