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Abstract: Low-altitude flight activities are highly susceptible to complex wind fields, so civil aviation me-
teorological departments place significant emphasis on refined monitoring and early warning technologies of
low-altitude winds. This study analyzes a cold front strong wind case at Guanghan Airport on 26 December
2021, by using the data from Doppler wind lidar and airport automatic observation equipment, as well as
reanalysis data. The results indicate that the Doppler wind lidar can clearly capture that during the influ-
ence of cold air, surface strong winds occur approximately 4 —6 h after the low-level jet weakens, with sig-
nificant in homogeneity in downward momentum transfer and vertical motion changes. Sinking motion en-
hances the downward momentum transfer of the low-level jet, which result in increased surface wind
speeds, while upward motion hinders downward momentum transfer, leading to intermittent surface
strong winds. The 12° PPI scanning of the Doppler wind lidar can provide early warnings of potential

strong winds along the glide path and at the surface 1. 0—1.5 h in advance. The intrusion of residual cold
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air behind the front in the study case caused a secondary wind event, which should be taken into account

when forecasting strong winds. This study demonstrates that Doppler wind lidar can significantly improve

the monitoring precision of low-altitude wind field evolution, and could provide valuable insights for ensur-

ing the safety and efficiency of low-altitude flight operations.
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Fig. 1

Changes in meteorological elements at Guanghan Airport

from 06:00 BT 25 to 00:00 BT 27 December 2021



%3

(b) 26H00:00 /%[
N

b~ 75 A
¥4 If/“r

95 100 105 110 120°E 95 100 105

TR A - 2 T HOR TN KRR B T UL — B TR K 351
40° N s : .
(©) 26H06:00~~\ O 5 (A gqm - s
xa\\\f\\{ S (eS/g( /K\
G aeAa il
FaBuaIaal [
é“’«««%‘ S S
30 A i ﬂ%ﬁ@ 1 M6
=3 ak) L
r > O S S SN
for LS\t A (12
o A VAN
A Neyij 2
\ “"/\Q’/ Dt
95 100 105 110  120°E
1050
1045
1040
1035
1030
1025
1020
1015

110 120°E

T RN T DN R 60 1 52 300 7 98 JLs 18] a~c LA 2 Rom 0 C AR

Bl 2 2021412 J 25—26 H (a~c)850 hPa {i; 35 B (W LR , B : dagpm) , I (ZL4R L B0 C) L KU OXCED A
iz 2om GEE) . (d~ DI P IR R A RS E L AL hPa) Al 10 m K7 (XD
Fig. 2 (a—c) 850 hPa geopotential height (blue line, unit: dagpm), temperature (red line, unit: ‘C), wind field (barb)

and low-level jet (colored), and (d—1) sea level pressure field (colored and contour, unit: hPa)

and 10 m wind field (barb) during 25— 26 December 2021

%,850 hPa % 8 m « s ' AR JL 4. 26 H
00:00 0 CHRL R EE Y. K Fas KA RUN R E
16mes ' HlIGZERERIME 2WFmH, 26 H
06:00 RILAKZ SRt — L mAL RiE 3. 72
U A A TR WA e /BN N N o= NN T (3R 5B
P 2d~ 20, 1]y M X 56 R 2645 A 1) B A0 0T
AL UL A R I AR N o —
23 S T A e D AR T B 22 0 R T A I )1 2
M SERSEB BN, 26 H 00:00 5 10 m 3
KZE6m-s ' HE5SOA L, ERAS 558 M T
JRGH AR /S o

3 WImai i KA Eh I3 Ak o A

G O R Rt AR i A8 Ak BT DL E B, o fE R
700 hPa DA Lk V4 pg XL, 3 5% 500 hPa B 37 1 52
Wi, 1 700 hPa AR W) 38 22 phy ZR A6 XU o] B e H v
25 700 hPa AR I as AfR (& 3a) o B2 XURT Y
24 H 12:00 & 25 H 06:00,800 hPa LT Jy 55 ff ¥
K 5B X . 25 H 06:00 J5, K25 H 355
B (B 3b) A TR B I . BTl
AL 15 JR R B 5 32 1] V4 R RS 3h 1 ¥ TR I 52

12:00 850 hPa DL F &% — i 55 AR AL XL e 5 AR b
AN W 14 55 HL S B8 488 K e R nl 35 700 hPa fff T .
AR E R 2. 13:00 LUJG 900 hPa X i & %6 14 K

F4mes ' L,18: 00— LW RKESm: s, E
26 H00:00, W B F i B A (12 m s 'L If

Fpge % 26 H 06:00, K K Lk— L H A=
850 hPa,fif4s 2 S b LR 5 9 IR fi) it AU ) 78
H 23 %t CAT LS AL ™ EE R Y, 26 H 18100 JF KU
TEIRE WSS . 456 Rk A (B 3b),25 H
12:00 7 A7 17 B3 A 2 - 0 i 5 4 5 L 1800 218
g 0 B B 4E T E 900 hPa, 5 Z X .25 H
18:00 % 26 H 00:00 #L37 b 25 B AH 24 07 i 55 {8 £k
2 i HLF 5 i 6 B, 45 5 B X RRIEH K
JR7 1% L AT LI 1T 25 H 2000 33k L3 Kt
. 26 H00:00—09:00 ik %% 5% 0% - ¥ 2 i H.J& &
MGG N2 800 hPa, B 2 07 iff 45 (B 2k % 5 2 B
/IS S T SR VST i — P R T 2 850 hPa fiIE, B
BT EPIZ EL R B R R AR E TE
BOAHRTF )2 A 8 2 5 I TS BT R AR B
R MZ 125 8 me s KKK 4455 26 H
12:00 J& A 32 W 08 55 18 2% » A1 b b 1o XU 8 A 5 1
B J5 15 DA gk S 38 K, A BRSO g



% 952 %

300

S H/hPa

12 18 00 06 12 18 00 06 12 18
24H 25H 26H

[ (BT)

1B a H R I8 B R R

Y e
L i
400 N o
> ws w.
500 Ay
© & &
= N
o
? 700* —
i
850 T
/(
925 P,
1000 T T T /\< T
12 18 00 06 12 18 00 06 12 18
24H 25H 26H
ff i (BT)
& 3 2021 4

212 24 H 12:00 F 27 H 00:00 J7 AL (2) 7K R ORED FRGE (GEE L0067 .m « s 1),

Ch) fBAH 24 A il (R (E 2K, B 7 KO FRE - Ui (L) T B 70 A

Fig. 3 Vertical profiles of (a) horizontal wind field (barb) and wind speed (contour, unit: m+ s '), and

(b) pseudo-equivalent temperature (contour, unit; K) and temperature advection (colored)

at Guanghan Airport from 12:00 BT 24 to 00:00 BT 27 December 2021
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