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Observation of abnormal strong tropospheric echoes based on Wuhan MST radar

ZENG Huangyuan, GONG Wanlin®, ZHOU Xiaoming, CHEN Gang
(Electronic Information School, Wuhan University, Wuhan Hubei 430072, China)

Abstract: In order to study the echo mechanism of Mesosphere—Stratosphere—Troposphere(MST)
radar at tropospheric height, the phenomenon of abnormal echo power in the upper troposphere is studied
by using the radar echo power and wind field under special weather conditions(cut off low pressure),
Lomb-Scargle spectrum analysis, harmonic fitting, Richardson number and other methods. Experimental
and simulation results show that under the cutting off of low—pressure weather conditions, persistent
gravitational waves are generated by the jet stream and deep convection, and the gravity waves are
disseminated from the bottom up beneath tropopause and saturated broken, which dissipates energy in
the atmosphere, destroys atmospheric static stability, and forms the Kelvin—-Helmholtz(K-H) instability
layer, and then develops into turbulence, thus making the region of radar echo power increased.

Keywords: MST radar; gravity wave; Kelvin—Helmholiz instability; turbulence

M 20 22 70 454X B IR Jicamarca AR B W AR it Uk LAk, = 451 (Very High Frequency, VHF) & ik 7 tit
FA M ARAR ST, HES) T AR KA RO R AL TAERU . X A VHF 58 & R R 0 KRR RO, RRhE
FEPTA RAFM N ES TIE, B RIS ERE R 3 0. Har, A K&EH TRV VHF & ik E7E T/E
W, A A bt XA R TE X

FERAVHF &k, SFHDRFLE R T 108 We-m™ (1 1 8] )2 -7 3 2 - X JZ (MST) ik i 8 5 ALK
WREA R, B TIEE IS, Lt REHENACHE D, Bar, A 320 MST % ik Jicamarca & ik |
5 [E 9 SOUSY A ALWIN 35 . ENFERY Gadanki Fi5 . H AR MU Fik . o [E &30 MST 75 k5 F1db 5t (9 MST & i
A, MSTEH A HA BIFRIBT I FS SRS, N2 FIRA R & F RSB AL TR KAYME R . Rappt™ 45 F)
JH ALWIN 7 35 7E 2004~2008 45 VLI (9 %04, B RAE i 26 B2l B9 )22 e JR R BRIRT g, I ELKE 3 43 S Sy 30 FH 7 e 0 58]
HYHL B, aE AR T OUL TN ) A (] i AR AT RE T X R A AL . X T MST i3k, 6 Ui )2 e B Y IS el 3R
RS T PRI 55— Pl A% ) S P 0t i IR 5 58 R R — A B — A KT 2 B S, AT R
B IetaR A | v P O o 1 73 G R L9 B | ER 5 - L0 s i 17 <9 = 8 1 /3 0 0 P o S € IS T o B = €
P4 1T 302 R oA 19 45 T S S ) [ 8 2 IR H IR HE A T
i BH: 2021-06-30; 1EEIEHA: 2021-07-20
EETA: FHEARBAEETRIINIH@41474132)

EBEEE . AR  email:gongwl@whu.edu.cn




% 8 W BiEE: ETHRNXMSTEZNNRERE R RSB 825

A SCA R I MST 22 35 1 35 508 1 ERA-Interim 2085 45, 7 20154 5 F 12 H PIWHIE JE 408 B MST ik
RYEFTRIFT G, WSS 2 & B E MST 55 36 Ml & A 0 10 R IR 3 6 MST 85 15 78 X7 2 51 FE 1 16 181 3 L sl
T4 B R R

1 LW EFMEE
1.1 RIXMST &ix

I MST B 3k T AE 78 B 5 45 3 B (53.8 MHz), WL 3.5~90 km( A~ £2.3% 25~60 km) /&5 J32 15 Bl PN 3 0 0 XL 37 2 &
H S BT RRAE o 3 5 A AR L A A T K b 223 0 B A R v I B Ok B R Y DA AU S S A MST ik . il
MSTHIEMFRAEUFERL RS . ARG . 2EAFERFIL . ForBlds . RENRS . F5 MRS,
AR ARG . ARG P A, R T SRS IR BOR L R TR A A AR R S (IR S K3
BIUEECF RIS . A FEAMEE . & s A B R ST R Zs . B MST kA 3 R TAERE L. K.
oL AR, BERE R ER I Y L )R 2.25~10.05 km . 10.2~25.2 km DL & 60~90 km . 7 ST FH A4 B0 £ 45 1
BRI TR BT B XU S DA B B R A, rp R Y XU O a1 T

1 B MST 5 ik Kz
Tablel Wind field data of MST radar in Wuhan

altitude/km horizontal wind direction/(°)  horizontal wind speed/(m's')  vertical wind speed/(m-s ") atmospheric refraction index
0.15 246.75 4.83 -0.45 -183.33
0.30 53.22 2.98 -0.78 -175.13
0.45 96.34 1.68 -0.14 -171.77
0.59 294.52 1.98 -0.36 -170.17
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Table2 Potential vorticity of ERA-Interim dataset

latitude longitude
114°E 114.75°E 115.5°E 116.25°E
29°N 7.081 6 7.081 6 7.6359 7.6359
29.75°N 8.190 2 8.190 2 7.6359 7.6359
30.5°N 6.527 3 6.527 3 5.9729 5.9729
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Fig.1 Mid mode echo power image obtained by Wuhan MST radar from 0:00 LT on May 1, 2015 to 24:00 LT on May 31, 2015
1 I MST F7iE7E20154F 5 A 1 H 0:00 LT 22015455 31 H 24:00 LT 2 =X [l o) 7

2.2 YR E A

20154F5 H 10 F 12:00LT, 75 DU R 3 B 3 9% 1 i85 25 o
JE v 2 AR A, 5 AW 1) o 2 B X ATk, 1) SR TE T 1) 6 ¥
8. 20154F5 ) 11 H 12:00LT 7E 3 MST & ik [ %5 ¢ 5
JRARSE B SRE R GE, BIVTWT IR . il 7 2% 06 T i 4 B 7 3 E
AR X, AR B TR R, AT 2 B 7 . 7T 23
PARBL, TR Geis s i B A B, 3L PR B 2 : 0 2
) 06 5 2 T S s K 1 6 1 A9 b0 e 0o

ongitude,
e A5 S R S ITR TR =

o ﬁﬁﬂj( TS RUE @%iﬁ/)ﬁ{ﬁ’ﬁ i, XK Fig.2 Wind field vector map of 500 hPa isobaric surface potential
SE NP A R R vorticity distribution obtained by ECWMF at 12:00 LT on

. e N May 11, 2015(black arrow represents the wind speed, and red
23 RRBREENHR five—pointed star represents the position of Wuhan MST radar)

1Bk 5 7 J% (Inertia—Gravity Wave, IGW) 1% 3/l )\ X 3% P12 BCHIR“UBUE G 3R A3AY 2015 4 5 1 11 1 12:00LT 500 hPa
21 /'::'F' j(/:ﬁ'(iié"‘aﬁij]ay Tj(’:ijjjj)l *ﬂ%ﬁ#%’g S5 T 7 38000 B2 53 A1 11 I3 O i P (PR 6 77 Sk AR 3R KU, 41
A P USRS L, R RIS 6T R IR MST 5RO )

ABRZIFZ S — R UL, IGW T2 4 T2 K
A, 1) B R R R IGW R 1] ARG, E a3l ) SO0 AR E R SR AU DU S AR A, T
SRR M R I EEA U A, TR BRI, ) AR 0 TGW R IR IR 2 B R BEE RGN . — ELAR R A F
S AR W B, TGW 23 BRI ™ AR S ZU B i i, T ECRE S RN g i AR AL, DL ORI B B HORTR
AU XU R A R G IGW B R ER IR, AT RE AL A 1R M R R R | BT IR E MO, DM
GG I v 25 2 AU AR AT BE 2 N FE D B Uk

T PRGBS ik, 1 e R R SRR o X A X 28 ) XU R XA T T 2
REE S, WM E S S SA R . h TR
HAMYD, nHE 2 6 B A9 A [F 7 1) b K S R AT AE 12

—— meridional wind
2, TR BOI A BT I, Ao iF— s iR 2% . AU ZHANG Fi N verticalvind
YIS BIE ST, 24 3 AN 5 ) b R TR R Y AR X A o 22 /N T o
20% , BRI IAGE AR i M
z
Al \ Y — (1 3 A7 : 27[ g di
(u,v,w)—(u,v,w)sm(lzzﬂo) ) :;3 A
Arfe @ Vo) BARENENIL IS @) P o=(p,.0,.0,) ’ ok ““
TSRS T ORI TMPIE T SUET S P SURC MA”L%AQ%“Aw
T o 0 5 10 15 20 25
wave number/(rad-m !
3 S RO MST 43576 5 0 11 H 00:15:32LT W I p it iy )
R . . Fig.3 The Lomb-Scargle spectrum of three-dimensional
Lomb-Scargle 1 , & [l WU, 221 XU, 3 XA 3 B3R 23 5 wind field disturbance observed by Wuhan MST
3.15 km, 3.60 km #14.05 km, “F3J 3% &7 K 3.60 km, A X)Ar v on May 11,2015
%ﬁ%ljﬂ‘j 12.5%, 0% ol 12.5%., I:[Sﬂliﬁlﬂ?%iﬂljﬂ’ﬂ 20% E’J\ , ot ] &3 201545 H 11 H# I MST WLl i) =4 X34 sh

i) Lomb—Scargle j%

PAFE S — R . e TR B R Z A, FORE T
B, LA RE BEAS I 70 ik A IR I AAR 52
A2, SRME AR, NERATLIE 2], Zem R, 3R, 2 KU 3337 IR 1 2 550 R 2.49 mis,



55 8 1] BREE. ETRIXMSTEIZRXRE R E 58 & 5T Bk 30 827

0.29 m/s, 2.87 m/s. M 4(d)FTLLE 1, BEE @ BRI N, 2% o il 4 W OB 1 e o aiUah T b Bk, mI LA
W Sy ) AL, X UL T E IR R IR R XTI R TR X, I H, ARIERIMST FH ik #E 201545
9 HZSH 13 H WM A EHE, 3k AR5 51 R 12.50%, 8.33%, 47.92%, 4.17%, 10.42%, 7£5 H 11 H LK
R 2l R MST TR AR, 5 3 B AR B8, DL WIS UESE i i, YT IR & 2800 MST 75 ik i ) T
SOV I RN LU T R R RS I ) DU

10 ° 10 > %
o
8k 8 o &
o
Co
o
: £ o ?
fn 6 ﬁn 6 09
2 E
<= g °
o
4F 4+ o °\©
1)
0o °
1 1 1 1
z10 -] 0 5 2—1 0 1 2
meridional wind/(m-s™) vertical wind/(m-s™)
(a) meridional wind (b) vertical wind
10 4
8
o\@
[+ ) g ~
8 ) W 2fF
o ° g
E ° E
'ﬁ) 6 % z 0F
‘S % _ o = (1)3.0km
= o) © g
8 s & g 9.8 km
St
4+ o © ° g -2
&,
1 1 1 1 1 1
-4
210 -5 0 5 10 -4 -2 0 2 4
zonal wind/(m's™) zonal wind/(m's™)
(c) harmonic fitting of zonal wind disturbance component (d) vector end disturbance curve of horizontal wind

fluctuation component
Fig.4 Quasi—monochromatic inertial gravity waves extracted at 00:15:32 LT on May 11, 2015
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Fig.5 The wind profile observed by the Wuhan MST radar during the duration of cut-off low
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Fig.6 The vertical shear of zonal wind observed by Wuhan MST
radar from May 9, 2015 to May 13, 2015
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