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Abstract: Aircraft bumpiness is primarily caused by atmospheric turbulence, which is
closely related to changes in wind speed, temperature, and topography. This is
especially the case in the southwestern region, where the complex terrain and the
significant uplifting effect of the plateau on air currents make aircraft more susceptible
to turbulence when flying through these areas. Using reanalysis data, topography data,
satellite data and aircraft in-flight reports, an analysis was conducted on the turbulence
event experienced by flight MU5954 from Tengchong to Kunming on April 4, 2024.
The results indicate that the location below the turbulence was the boundary between
the windward and leeward slopes of the mountains, where the air currents were unstable.
The alternating positive and negative distributions of vertical velocity, divergence, and
vorticity in upper-level jet stream areas, combined with the convergence of cold and
warm airflows, jointly trigger atmospheric turbulence, making it easier for aircraft to
experience bumpiness during flight.

Keywords: Aircraft Bumpiness; Southwestern region; Meteorological Conditions;

Plateau Topography
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T B (BHHEAE, 2024),

FET VU B HB X RATLEUEE A O i IR, B TR M FLRSR o 78 g 3 X 4 )2
2%, mEMIRAHEAEE . WRRSE m R X, #a B, TR RaR R )
HIB BN XM IR 51 1) A A 2 38 i s 25 KO, AT R T 2 S BT e
1o 7 L N A R R 7K R AR A LX) AR, TS B KHLAE S B T T
WG ) A] Re s, EURAE I, B R B ROR . AL, SR IX R T A R
T KGR RTE . B RE, HE R IR R 2 5 . B XK
W BN S MG FE AE7KFJ7 R AT AR R L ToR 2 LB Tk, 2 B 7 [A) AT 2154 xf
WE, X RATP AR (RIEE, 2007). Y2 ATHRG BoR: CHLEARE)
SaJE, AP AR R LB KB &, T B R S S R e e Al T
TIEPRE, M X7, ik E 2 k. REKR BB =5 T, T ARE
ek BN 2R E L, il % 33 AT FH . I H Hines (1960)HIHF 78 K& 1L HE EL
A 3% ) L T PR i v B2 BRGNP IR IE 2 Bl 2 38 K ml s 7 AR AL DDA,
B —MEN I 2 5 ECE I = £ i (Prusa et al., 1996; Fritts and
Alexander, 2003).

[ EH T v i e TR A S B AN 350 50, b T I v 7= A B S R KPR R ) AR A
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M FEORRRGEARE, —HBRINFR), HE S KRR X
H——BN RGP = REERIL: DURPAG AR S R HE SR =
LM BN KRR Z - BART &, BEFTTNERE, &R ES RSO H 5K,

3



99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

11} T A PTG, R 2 ORI I 2 TR ZE K, W A, B 5 T R A &
MR e R MR RR S IRIR A . B, = A 5 2 X AL
B, KWl iz RNAEE 2 51 EE b LB AR (FVEEE, 20110, 45
ERri, m R X IR R S KL A R N R 22—, i IR i
W51 R KRB A, R AR, BERIN AL AT I AR S XU -

it AL R BT RO PR A Jee » BROAEA'E D ot g 3 X i ) A i ds i sz
WFFCIZIBIX KAL) RAT LN E 2 A SCR AT PR X R S e R A 10
WA, RITHIRanTE s s s AR R R R R A, BEI S B LA
S I

2 Bl 5%
2.1 SE2 5

AL B F 2SR B R UE T B R S ik 0 (ECMWE) KA
ERAS Hdr#dEsE (Mitk: https://cds.climate.copernicus.eu). ERAS s& ECMWF
FBRAAREBRAFH =0, 4L T B 1950 245 M 2B EHR . 1Z80E %
RN R R T B S (UTCD, 7KP #5009 0.25° X0.25° , TEELTS i) BALE
37 ANEEITH, MITHBTH ) 1000hPa SEAH 2 w2 KUK 1hPa. #ids 1 ANFE SR
RPN S § i UR S AN RS € T S R iy - AN VA =102 SN VA= B 15N 2 TP AW 2
) MR EE R . I 5 S I B s A (B A5 AL, ERAS Refg Rt — ek H —
B BARLE, EHT R A7 PR I IS5 2 A R FH Ak .

2.2 MR

A H T B 9 HT K ] ETOPO  ( Earth Topography ) 2022 ##E (Huhk:
https://www.ncei.noaa.gov/products/etopo-global-relief-model ). 1% %54 HH 3%
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Fig. 3 The geopotential height and wind speed fields at 07:00 UTC on April 4, 2024:500 hPa
geopotential height field and wind speed field (contour lines represent potential height in gpm,

and wind speed unit: m/s). The-black star indicates the bumpiness location.
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(unit: K/s); (b) Temperature advection distribution along the 98° E cross-section (unit: K/s). The

black star indicates the bumpiness location. The shaded area represents the terrain.
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black star indicates the bumpiness location. The shaded area represents the terrain.
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Fig. 7 April 4, 2024, at 07:00 (a) the vertical wind shear index distribution at S00hPa (unit:
1073s71); (b) the MOSCAT probability forecast factor index distribution at 500hPa (unit:

1073s71). The black star indicates the bumpiness location.
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Fig.8 April 4, 2024, at 07:00 (a) the divergence distribution along the 25° N cross-section (unit:
10~*s™1); (b) the divergence distribution along the 98° E cross-section (unit: 10~*s~1). The black
star indicates the bumpiness location. The shaded area represents the terrain.
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Fig.9 April 4, 2024, at 07:00 (a) the divergence distribution at 500hPa (unit: 10~*s71); (b) the
horizontal divergence index distribution at 500hPa (unit: 10~*s~1). The black star indicates the

bumpiness location.
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