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Abstract: Aviation turbulence is one of the most prevalent phenomena affecting aircraft flight safety, char-
acterized by complex causes and significant difficulties in detecting and warning. Based on a systematic
review of the research progress at home and abroad, we conduct a comprehensive commentary on the
following four key aspects: the definition and causes of aircraft turbulence, the turbulence indices, the im-
pact of turbulence on flight, and the turbulence detection and warning technology. It is found that there
have been great research achievements made, which are helpful for understanding the formation of aircraft
turbulence and enhancing the capability of detecting and forecasting the turbulence, but many scientific
challenges still remain. The challenges include the in-depth exploration of multi-domain interaction mecha-
nisms of aircraft turbulence formation, the application and development of new technologies such as air-
craft turbulence detection, perception and multi-source data fusion, artificial intelligence, etc. This is ex-
pected to provide some useful and essential references for scholars and technical professionals in aviation
operation, aircraft design, aviation meteorology. and other related fields.
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Fig. 1

Statistics of global scheduled commercial flights

by accident category in 2023 (modified according to ICAO, 2024)
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Fig. 2 Schematic diagram of common

out-of-cloud CIT generation regions (blue area)
inside a mature thunderstorm (modified

according to Sharman and Trier, 2019)
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2006;Gill, 2014 ; # 3 2, 2010; Colson and Panofsky,
1965;Ellrod and Knox,2010), #h 7 [H &N EHIE
B A A B FE 20 (Brown index) (3R IR B R % 1
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[## Hallock and Holzapfel(2018)1& k]
Fig. 3 The aircraft reaction in wake-vortex
flow field (modified according to Hallock
and Holzapfel, 2018)

EE 7 i R AT O A S I I B B R TR
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X AR I AE 200 L 8 TR & XA R RUEE R R
Rgirh, SR i T A R B A Ry A 0 R
AGRHE  BUA Y KR RGEA IR AE SR R .

4.1 EHEHHENFEAR

1 5 1) L 35 R T B £ A LA DU /AT B
i & i (PIREPs) HLZ R % % . AMDAR (aircraft
meteorological data relay) i R, & 47 & T W %
(FOQA) ,
4.1.1 RATRFEFIR

KAT R & i (PIREPs) £ 45 A7 57l o i
3 A [t T AT A AL TR AT T A U O R
FL ) B S O BE R TR . B L R R DT R A
TE 1 25 i Ui LA T PIREPs GRS £ 5 2 4E
X EE K DL B S i 0 B g A 2 2 il
(Tebaldi et al,2002) . % T i Z 43 25 FRE A1) DX 3t
A AN FE A  IF R AE Sy BIF 5 W A5 A A A R A Y —
AN EE R 3R (Wolff and Sharman, 2008) , H 3=
S ATE T RO A X D HAR T /AT R E
WU AZ JEAT At s by 2 ALY 22 S A6 TR R S ) 2 WL
AN (BB ,2023; Trier et al,2012),
4.1.2 PUERIE M E &
BIL B3I 1 £ AT 4 M AIE 101 995 54 B 1) 25 0L 47 B
RPN Dy A AR T L KGR BE (Gl 2014) 1

=
i BEFE WK (Sharman et al,2014),
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S 200 L PG DR B ] TR R R P S 0 £
Bl R EOINEE B L 5 08 T RHLAY B R AT
JE UL R MBS 2 8055 DR 3R i 1 3 Y, SRAIE 3 i
S F10) L DX I RE ] BRI B RR FL L 20150
I B SO L (R T A E LY S8 B R
TR B S ARG L

i REFE R ) H1 MacCready (1962a) $2 H o fif
i U Bl e e 1k o P RE A 3 30k B i U 0 L O
HEB] T i REAEHCR 5 RPL R B 48 G 8802 48 KL
TEZS AT AR FIAE HL EBRE S ZAM A TS
CHLE I Z WO BB IT R B LSS R, 29 ICAO A
S S e B 04 6 o (Kim et al, 2018), i g KE
0] LU o 7 1K 1 O B | o 0 PR R AR A B B
17 P TRILI X A A A B AR T A R T vk
AL BE S A2 S I R ke B o Y0 A B A ()
R, BR AT HG R T A A U 55 b Y e ]
(Huang et al, 2019; MacCready, 1962b; Kopec et al,
2016),

4.1.3 AMDAR %]

AMDAR &I 2 fit TR AL (WMO) A 1991
SETF IR 1 R e ) A BRI 25 A R a2 3 4
AMDAR BERHIT CHLATZ R 4 . HA 85 1 i 25 %
JE RE SR AR S BORA Gk A9 DX CRn e v 1 250 B B¢
B2 5 ORHA AL R 52 m B B e ) AT B
A 55 T e F S OB 6 45 2009 5 X1 81
FESF 2013 BIHEFIRE L IC, 20105 B A HESE, 20045 %1
INBLAE,2007) . H 2005 4E i, AMDAR %1 3 in
TS TROMIL Rt A ) s N P e R R S R P S ) R
FUIRREE . B AMDAR %8k} o 40 5 1 B M XL 04
(LR i BE A I3 T > R AE Tt VAL 018 S 0 ) B
4.1.4 kAT MdE

AT A BT (FOQAD 25l i 43 i AT 24
Cln i 2 27555 Wil BR =1 CHIC 1 AT S8
(B B Bl A 0035 1 I B Sy R PR ) B
T ) PO A ot 2 . o B o — 7 AR AR HE R, B )
€ A B B AT A TP B ] R AR R
R 2014) o Sl A R RO I 2 R R R gE it
AR A TCHL AR 2 H A A K A R (X 0 AR
2019) o RAT il JoE M 5 1R RO Rl AT 2 B0
X SR AT AL E A [ 5 S B KA
25l TR £ 2 8% (Mitchell et al, 2007), g #
TE T 806 4T SCHREe 4 KU it A PEA s R BRVEAE T
B Ab B 2 L B A s W) 5 R T ) B

P B m g 22
4.2 HAKRBMERMBEA

AR, DA 3 8 Fn 22 35 ) d ik AR R i B
AR Fe AR Ko i A o 5 35 B8 T 1 0k it 45 ok PR A S
PR Tm i B R 48 s 68 1. JF B BRI H A
ARIBCIR) i K5 BBE R 23 P 3 i U WL R4 e ek R fE
B S Bk AN 2 N T8 BE S0 S 7 R it 9]
T by O TR ROUL I A4 i i B 2w T T Ak B
IV 2R G0 A T SR W G XU 2 B 4l BB Ay I8 T ARG
1E R S8 2 A B P AR (IR 2545, 2025) R H,
XU Z R 0TS OO B HE 5 AMDAR , PIREPs
AL G ARG A BT ML A 2 > BRI 2 Y O B
BE AR KBl 1A PR R R RE AL AR R B AF
&:.2023),

4.2.1 ZR#BRBREIMNLE F kRN

TP B T BN S 0 R 1L M e I Y 0%
SEALH . BRI HE A S8 5 Pp R U8, fe 92 kG B Al
PEHE U e A A E L an s R EOE S R
B R RN TR AR R 1 U 1) L L AT AR A DA
S J2 3 v () J2 A% 4 Y T DAY K VAR TE
) A48 7 1) S e R FE IR R L B T 4T M PR A R )2 K
AU B i A2 ML) (Gong et al,2019)

4.2.2 MIEBAS 5 B R IR AN F IR

1 48 B 1 LN 3 5 B [l 96 o B i AR 2
B E IR O E R W AR R AL ST 3 i i R . BF
FEUESE HLE W I B 2 5 8 = s i 238 ) 3% 98
OB % T8 B8O #E 5 5 2540 F CAn 5 e bL 2 9% =5 L K B8
TV RS AT 5 AT A S ROBE AR 1 i U
FE g, 5 TR D 09 i AR R 0 R
2 B R — 30t ST O BT Ok E TR RO i
WK s s A %2 W (Majewski et al,2023), [6]
FE R T bk o 2238 B OB E I8 L BB E SR SR A T — Fil
A1) 22 305 B ARG vh B 4 400 B O 1) XU X (L
P M 22 B AT AR 38005 1% R EU A% B8 I 30 1%« B A
Hi AR T A SR T G IE T KURE S5 45 0T B AR
T PE ML (Manami et al, 2025) . &F Xt 39 3 2% &
AL 52 B 5 I [ B i 4 1) 2507 A Jee 1Y) 225 [R] i i 5o 32
JE 7 % 8 0 43 i s Ta) XU 78 S M SR AR AL 7E
ARIRAREE T HRAE AU ARNESEY
SO i A 2 () 45 A B 9T 48 4 T8 A (Duncan
et al,2019),

4.2.3 BJaHFimRELS 2R ERN
XA S 01458 1T 5 320 A 2 i VA 1 v B S G R
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WM ESCHE B, MR HOEH R SORAE M7 10 UG
FRERE . 0 BR% 220y e RE 22 2 AT L O R TN AR
J 22 0% 0 RS 2 i i BRSO TR IR HOR L BERE DL
N 25 S 24 B DR i I R R £ L XL 3 R i O 8D
REFEHIA (IR 2545 . 2025) 03X 2615 73 Ji 4 B 2k K il
AR B FEAR 2 0 A AL 3 )RR o o ) Sy B fE A X
LoATRIEIR RIS S S 2 PN

4.3 HHEHTHRME

P ffy 0 41 T AT B S A 2 204 T T o 1) L Pk
0o I A5 1) AR 90 e ek R R AR AR A
WL 2 DL i i 48 5 RS AE Ir ik S .
4.3.1  MBEAA AR

Bl AL TR R B X 20 PR RN
P& 3z PR AR 7 it R ) it it 2R 47 12 W 23 i A
P © 28 B i R AR A B R FLL 2015) . BRfE K
A X T A O A S A R AU 1) T 5 R A EE L
s O 8 £ 2,2022) X @i S dE AT BB T 1
6 AR it U )P RS (A X s Ok TS I Y i
LA B X A #E AT 12 B B, 75 45 & PIREPs,
AMDAR 4§ %t BL 3 47 55 Uk M\ Ifi T 4 A 5 = 1
(Venkatesh and Mathew,2013), 7E40{H X< ik
Hh i I PR S B e A0 IR R RO SR
FUHE A AN TR 25 A i I T 4 v TR B 0 L A
A 2B S A — PR R (X, 2018) . {HAK
(B R AT 8 BRI FE R XTI 46 kG RURK L 7
YO AR R RE ) AN AL B — e W R BR R, 44K
X A Jey BRI A i 1 RE T E 5 BE ) RO KR BB AR A%
ORI A B LA B N T RE Y T S R 2 A IR 3 2
Bt R RN LR BER R (i fe Bl V& B
IRZE A AR LU A% Ge BB W] AR KV 48 3B [R] Oy
R T & i 43 R L v AR 4 35K i U AR 8 10 4 42
T BRI CREHE.2023),
4.3.2 MEFI

BLAS 27~ A AL I T4 P WA 3 1 0 1)
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T WA T i T 3 48 32 i JAE 1 R R 2 [ I 4R T
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K F B X Z M 8 B AT AL S T R
i E AT 2 i U TR AR Y A B 2 A T R — i VL

B IEE R M N ARG TR aE 7. 5
X A 25 3 L Y P4 » Gu and Wang (2024) $2 3 17—
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i E AR A Y L 12 5 R it BEAE R L A AR AR
I 8 N0 23 it W12 W AIE 10 4145 PR R A 1) L OF
1AL W R AE A ARG A BIL 1R DL 3 e 41 0fE 4 1 L 9%
BB XS v BE R DL 10 5 1) 4 B B 1 A T AR SR 0T
Zhuang et al (202) /- T —Fh @l & B IR 68 5
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(WOA-CatBoost) » il iof 5 £ L fb 37 3% (WOA) 3l &5
% CatBoost i L # 2 8. I 51 A3 V3 5 ik 11 BR
(RFE) fifi & S AL B SR 5 AT B8 FRAE 6 15 i U
PRMER R AL G 7 4R T T 1100, Ik F s A7
B st s CQAR) B 19 TR 0K FE 5 T BE #6 B T
EARY, HTEE R RL RN T R0 T 58— Pl
SJABERY Ay T 25 i Y S B A D0 B 8t T AR A Y A e
. BRI BE 9T R B, Bl PL AR AR XGBoost
LightGBM 4 #1827 >J B A7 42 BRAK 28 i Yk 7004 v
B8 E 00 TAL Ge i UE i Ui 46 3 AR 48l AR AIE B
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I B 22 % % (Lee and Chun,2025),
4.3.3 BABHAETFEREA

o T RE 68 T 4F ML E AT A Bl it IR TR . Tebaldi
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) E T R 5 e s A R T A O B I A i . T
RY T 2003 4 3 J kK EIE i 18 T &R 4
(GTG) ., ZARGVAZ W12 Bl & 0 A
e b 5T o SRR S R A i D TR R S
501 HLHE A T 800 7 61 19 X 8 (Sharman et al,
2006) o 1 T 4 WO R(EL T 4 R B8 1 A8 R DA
SR B P TR JHG 90 48 7 ot 8 A R0 A I T 3
i I e PR E ) 2 /0 2 h, 55T . BB i I O 48
FHHR (GTGN) R G 1 A& 05 /2 1% i I 1% 5 B It
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2017),
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Fig. 4 Flow diagram for various inputs into the GTGN system

(modified according to Pearson and Sharman, 2017)
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