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Numerical Simulation Study of a Clear-air Turbulence over
Changzhi on 6 June 2017 under the Influence of Upper-level Cold

Clouds

LIU Haiwen! , YUAN Shuai? , ZHOU Kuo' , WU Kaijun'

1 Department of Aviation Meteorology, Civil Aviation University of China, Tianjin 300300

2 College of Air Traffic Management, Civil Aviation University of China, Tianjin 300300
Abstract Clear air turbulence (CAT) is one of the important severe weather conditions that affect the safe
operation of aircraft and the travel comfort of passengers. To investigate the mechanism of a severe CAT event that
occurred over Changzhi, Shanxi Province at 0210 UTC on 6 June 2017, the numerical simulation and mechanism
study of this event were conducted by using conventional observation data, NOAA-15 and NOAA-18 satellite
radiation data, and by meteorological analysis, mesoscale WRF numerical model and data assimilation by GSI
assimilation system. The results show that the aircraft turbulence event is caused by clear air turbulence resulting
from a typical upper-level front-jet system, and the upper-level jet stream is one of the main factors causing the
clear air turbulence. The response of a series of atmospheric elements to the cold air intrusion is the cause of the
CAT event. The southward development of upper-level cold clouds (cold air) is an important incentive to promote
the occurrence of this severe turbulence event. Due to the southward movement of upper-level cold clouds, the
meridional gradient of temperature over Changzhi increases, while the meridional gradient of temperature over
Changzhi increases, resulting in the increase of mid-latitude wind shear. The increased vertical shear of horizontal
wind results in the decrease of Ri value, and the low Ri value is the necessary condition for Kelvin-Helmholtz
instability, which leads to CAT over Changzhi. In addition, the mesoscale WRF model and the GSI assimilation
system are capable of simulating the characteristics of the atmospheric temperature field near the turbulence area
with good accuracy, indicating that the numerical prediction process in this paper possesses certain forecasting

capabilities for atmospheric temperature, wind fields, and the development of clear air turbulence.

Keywords Upper-level cold cloud, Clear-air turbulence, Horizontal temperature gradient, Vertical shear of

horizontal wind, Kelvin-Helmholtz instability
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I B (clear-air turbulence, K CAT) —Mi&da & AETE RS 6000m /&% LA FI5H
PG BTG R B . & AEIE 50 AR 8 1 SR JE XA R B, (EAHERRIEXT
Mo (G PAENEE (66, 2008; K, 2016). KEHSRSA KK WL
FRES R ORI SRR IR o FE AR BRVGHE P, 7 LA A 0 2 T 0 R A5 B ™ 7
W, ATRES SER A ARE 2N (BETD, AN ARERET R, Ha
PR CHLIISE R (Clark etal., 20005 Sharman et al.,, 2006, 2012). BFFEERM, AN
AR T2 TR YL AT v B KA R B B XDIAR , AT RN R AR DR AR E IR
I A g iRt (Williams, 2017). BT ¥AT BOCEEE B S, JFH R SHEEX S
eI FLHATERI, TR e UBELE I 25 Vi (Venkatesh T N and Mathew J, 2013) , L 58
CAT BA HE R L.

R 22 K5OS0 £ J50 A PO 1 06F 0000 28] 1 A1 6% = 4R 5K 14474540, (Sharman and Lane,
201600 WHILE S 1 1 BORE T ORIE TR AT 2 H B 54k (Pilot Reports, &#% PIREPs)
LL & EDR #27% (Clark et al., 2000; Lane et al., 2003; Kim and Chun, 2010; Sharman and Lane,
20160, BUEM T AP, —FRNEEBUERIL (DNS), X FMERr s i i B
Pert B 3 — 2R ATl IR, . Dy T RERE AR 1000 km KRR IR S KALATUGE 1) L
FR R i, #3022 R A #kE 7 % (Sharman and Lane, 2016). [E A thg R0 24 %t
TCHLER BT TR L. b, REREE (2008) fHFH MMS o R AR I3 BT 2006
1 2 HARAEHB X I — IR KLU S AT T BB, S5 SRR, A AR A Rt S
L-P FEHOC U5 X 06 K5 2 1) ) i A AR GF 8 7R i e BB FLEE (2015) FIHT AT KL
FHBIEREOE PR %45 AMDAR (Aircraft Meteorological Data Relay, AMDAR) # %},
5K T AL D e R AT 2 L 306 /NG S FOUBE AN B EAT T U AR, R T 7 A 1) 12
UK 12 DT R L 1 SR T3 R LU ASEAIA 45 SRR T, KT DR 5 P G 2 i o
A LA E LI Z R AH ELAE B 45 5, AR RS 0 X 7 IF R — iR AR 2 LN T &
WU K BOR s 3T RRE BRI AR 264, (A R I BUE R AR R I S8 =, /TS 2
BEARFMEL R (Sharman and Lane, 2016). Park etal. (2019) i FHE & B AL R, SR 2
U T s L TR A BT eidt . Kim and CHUN (20100 FJFH WRF 20 AR#E AT R
WA TR AETEE E VG PN DL ZREILIX 9 ] i 45 37 E ) CAT FFREAT T
L, FRFAE R RN, BT KB LAAN, Bt B AR A BUE IR 20 % 2 AR 3L
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Wi . Lee and CHUN (2018) AIH] WRF Fx0 A& AEAE 2013 4 2 H 13 H 02:47UTC M
N2 s (121.25°E, 38.55°N) 3 rb [E R ER) 2400016t (7.3km) imy £ _E 0 o B2 RN LU
BEAT T BUE R, S5 RFR . SR 7K T R T L)AL 3 A58 [X 381 Richardson #UBEAR, 1T i@
if Kelvin-Helmholtz (K-H) AFEEFH K CHLAIE . Wasson et al. (2022)F] ] WRF #0511
T ENEEACES I U, RN T KLU A R SRR BT R 8 PEBUEAS TR AL DA
4, Storer et al. (2020)f F Z AN CHLGUR AT S5 TR, AR ER, HHZRALEST
WREE B o VLU I TR 75 o L ERF U, H A0S T S (4 BR s it /e, (8 H
YRR, TSR A AR FDURI T LB 6% 1) 2 7 2 —

AT EE AN, o 2 B DX A a2 SR G, AT TR I 1) 8 2 S -2 X (Jet-Front)
& 24 (Shapiro, 1980; 1 —JL, 2005). &4 Ai-#X & RGBS (CAT)
(¥) 5 EJ L (Dutton and Panofsky, 1970; Ellrod and Knapp, 1992; k&, 1997; T —IL,
2005; Lee and Chun, 2018). fEFIE 7S KU ASFH I 5 1 4 S~ X 1l ki A S AP
SRANERIX =FHTE G R EER G, S 2 XA S R GUTE O I 3] R = i
WA E S AL (Ellrod etal.,, 2003; Jaeger and Sprenger, 2007; Minetal., 2011). [,
HAUOCHE A R R S R G A TR AR AL LA R

2017 4F 6 H 6 H 02:10 UTC LA KIETH (36.47°N, 112.86°E) &% 9100m = /% 1K
HETT —IRBREE S, B TR, 2 AR R AR A SR B XS RS (RSO,
IR, S B DME AT, — 7 TR IR SV S L™ = 53— 7T, KRl
AL R, Tk AL AR o i 2 SR o U RO 2 (M X (ZR38 R %, 2024),
N2 KA 8 23 RN 8 e S 23T (R SCBeint 45 Ja IR b e 2 b, FAT v 2 U 380K
HIUE AR AR

2 BRERE

2.1 &R

TCHLUE RO R B b E RS AL X B R AT AR A (PIREPs B0Rb . A&
SRATISE R A TE] . S EAA B AR R

WEFCFE IS — B R DR 2 TR AR A HAS R LREh O ZEE 8 S TR, 1
P RWEEIERLE H LIy 10.4pm FIZL4ME

TF 5 P A0 PR 10 305 = W RSk 1 IR o 0 DR AT 0 1) 365 AR 49 BT 80805 5 ERAS .
ERAS PR3 8 HE ECMWF FIH] 4DVar F6 A2 1055 5 AR 2 ek SR E0E , 1280
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PEIRAE 1979 FEEAIZ /N RS BRI U A THE,  Horh R K 2
()73 HE3 09 0.25° X0.25° P#%, 4 He T 2040 2 B 7 [7) B4 1~1000hPa ) 37 =46 H T (KARL
and BERRISFORD, 2020). ##E @ FEAFEMH L BE. LmM. Fimk. 3#EX.
FEGHVRIE « LR B S 5 2 B AR G o 12290k 1 2 FH T T 7= A I i T i R
JERSTEHH

Tt 72 T FH 1) 28 DU 42 %2 kLK 1 -F NCEP (National Centers for Environmental Prediction)
0.5°%0.5° 4Bk T4k 24 (global forecast system, iK% GFS) Z»#rinfifitkiz, HT WRF &
v E N IRPuRES SESAIEIIL R U

WE TR ¥ 58 L Boklok B AR BRIFIL RS0 (GDAS) ¥ e . BOkkRMb BT I
FRRL 00 A 20 A0, 5 R st LU R R LN, L0 S A M U . R L TR K
AR . FEH SIS NOAA-15 F1 NOAA-18 TR RN ¥k, NOAA-15 T2 F{LATH
I IE AR 28 AMSU-A (Advanced Microwave Sounding Unit) [f] 7-10 j#iE; NOAA-18
PEFLHTFIETE S AMSU-A 1] 7-11 J8TE M B 7 MHS (Microwave Humidity sounder)
1) 1-2 JEiE .
22 ik

Jiid—: SR A R R E WRF B3 (V4.2) F1 GSI [F4k 248 (Grid point Statistical
Interpolation V3.5) Xf CAT BEATBUUAF 7L, LA, WRF |z 8 T KLU (¥ (e
FEAIBL T T

40°N —|

38°N

36°N

34°N

32°N

108°E 110°E 112°E 114°E 116°E

&1 R X, HEFRIIE I AL m), “+7 FIR 36.47°N, 112.86°F Hif s fr

Fig.1 Model domains and topography (shadings, units: m). “+” indicates the turbulence point (36.47°N, 112.86°E)
TR T AL R B B Sa i, AT RAT Ik S R Ll ik 8], MR BENE, (5 2
JRIRETT SRR BRA o PIA AU FH ] 1 25 H %) WRF BB XOIRTE . H AT
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20 B3 A4 A K | NCEP (National Centers for Environmental Prediction) 0.5°x0.5°4%
BRTIIR 240 (global forecast system, f&FK GFS) r#rig ATz . #0352 N 3km,
K7 g RUECR 361x361, FEHE I 61 2, BEZ KN 50hPa. B K H Morrison
T )5 % (Morrison et al., 2009)RRTMG K 1% 45 5 Rl %5 9% 48 5 5 %€ (Tacono et al., 2008)-+
Noah [ [ (Tewari et al., 2004). YSU 115+ /Z 7% (Hong et al., 2006). A | B 4fHif& Ft
A 2 Oxt i 22 T AL A TR BE /0, AR A B TR) I D 2017 £ 6 F1 5 H 18:00 UTC,  [RIIR A
=448 53 T35 F A GDAS H4fs P2 o (15 UL . NOAA-15 Fll NOAA-18 TR w5 Hds 5¢
WA R B SRR (B 2). B 6h 5, #UR S BCRIEAL GDAS B #d,
1 JE A A JE AR 2 TR 12he

1 |
1 |
: GDAS GDAS :
; ® . :
1 2017-06-05_1800UTC  2017-06-06_0000UTC 2017-06-06_1200UTC 1
i . +12h Y £ i
i wEm  oh PR ’ :

I

2 AR E
Fig.2 Schematic diagram of the model prediction process.

Tk = HAERE (RD 20 Hris S SR N 2R, Ri & XW0F:

2
Ri=2
SV
N2:§%
o, 00z RRFNWRGIE, ORI, ¢ FowEIMENE,
2 2
AN BRI T E YA

3 AREXSE=

Kl 3a 25t 7 2017 £ 6 H 5 H 18:00 UTC (HFHMART, RIFED HifE & 41 1) 300hPa
. BB L, 300nPa A A R E A, s RN P 20 D)1
BERER VG X . KR, WEDERSERLLE - DMHEREE. £X8
105°E-115°E, 25°N-36°N Bz A7 7E — AN AR Ab- V8 R 22 17 11 v 28 UL, B0t Hh O KGR 50my/s .
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(d) 2017 £ 6 A 6 H 02:00 UTC. “+”F7R 36.47°N, 112.86°E i 25 fir

Fig.3 Geopotential height (blue contours, units: gpm), temperature (red contours, units: °C) , wind field (arrows, units: m s™*) and wind

speed more than 30 m s~ (shaded, units: m s™) at 300hPa: (a) June 5, 2017 18:00 UTC, (b) June 5, 2017 21:00 UTC, (c) June 6, 2017

01:00 UTC, (d) June 6, 2017 02:00 UTC. “+” indicates the turbulence point (36.47°N, 112.86°E)
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Fig.4 Skew T-logp diagram (black, temperature; blue, dew-point temperature) obtained from ERAS at 0200 UTC, 6 June 2017.
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Fig.7 Potential prediction of turbulence intensity at 9100m. Light, Moderate, Severe, and Extreme correspond to the categories of

turbulence intensity.
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