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Abstract

The article conducts an analysis on the characteristics of turbulence in the Kunming control area
and carries out research on turbulence prediction by utilizing pilot reports received in Kunming
Control Zone from 2021 to 2023, ERAS reanalysis data from the European Center, and GFS data from
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the US Atmospheric Environment Prediction Center. The results indicate that turbulence on air
routes within the Kunming Control Zone mainly occurs from 07:00 to 23:00, with the peak fre-
quency between 14:00 and 15:00. The majority of turbulence events occur at altitudes ranging from
6,937 to 8,350 meters, with weather systems causing moderate to severe or severe turbulence pri-
marily located near the 500 hPa atmospheric pressure level. The application of the turbulence in-
dex must incorporate an analysis of weather systems, jet streams at different altitudes, vertical ve-
locities, and divergence, among other factors. Turbulence tends to occur in areas where ascending
and descending airflows converge or at the boundaries between converging and diverging flows.
The turbulence index prediction products within the Kunming Control Zone provide valuable guid-
ance for turbulence forecasting. During high wind seasons, tracking areas with an El index 211 or a
Dutton index 280 can effectively monitor changes in turbulence regions. The accuracy of turbulence
index forecasting products heavily relies on numerical weather prediction products, and any signif-
icant deviations in forecasts should be analyzed in conjunction with changes in wind patterns.
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Figure 1. Annual variation of the frequency of turbulence occurrence in Kunming
Control Zone from 2012 to 2023 (a); The proportion of turbulence with different
intensities (b)
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Figure 2. Daily variation of the frequency of turbulence occurrence in Kunming Control Zone
from 2012 to 2023(a) and the daily variation of turbulence occurrence height (b)
2. REAEHIX 2012~2023 FEfE HIDA BB B E K (a), B LIS AR B ZEK(D)

4. REIAESIXSENEE . BERHE

2021~2023 £ BB 1] X SR 25 28 4R S AR 4R R e it (1 3) R B, MLIZ e X B Ei B 1 v
3600~4500 >K(600~650 hPa); & 5 & Bl I 5 18 38 B 1) 71 FE 4 4500~7050 >K (450 hPa); XISLI.MEBNA
I3 8 30 B P 76 2 Dl 6000 2K (400 hPa); 751, DODAL ‘i 8 8 A7 5% 1) 7= FF 7200~9800 2K(300 hPa).
HFF 7 2 B 75 6 X PR A A [ S0 A8 5 P58 ) e B oA (P 4) R, AN [ B A S 8 4F 3000~10200 K22 [ #4575
AAE R A, T b )5 R G 1 7 B L T 4500~7125 K, RAZ N 5400 K, BT a5 6 ek o i 5
RS RGBT 500 hPa &= fE E .

12000

10000

8000

Height

6000 1

4000 A

2000 A1

+

0 1

DOI: 10.12677/ccrl.2024.135133 1177 SARAZ AT SRR


https://doi.org/10.12677/ccrl.2024.135133

FIRIE 5%

2021 2023 height
12000

10000

->

‘ ‘
*
o 000 R .
+
on
o— L) ()
g ¢ ¢
= ¢
6000 *
¢ ¢
4000
Changshui  XFA SGM MEBNA  DODAL  XISLI XLI DIT

2021-2023

Figure 3. Height statistics of turbulence occurring at different waypoints in Kunming control area. Changshui, XFA, SGM,
DJT, and XL1I represent the key areas of the airport, Panlong, Xishan, Malong, and Luxi navigation stations, respectively
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Figure 4. Altitude statistics of different turbulence intensities in Kunming Controlled Area, where light,
mod, and sev represent mild, moderate, and severe turbulence, respectively
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Table 1. Turbulence near Kunming Changshui Airport on February 8, 2022
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Figure 5. Distribution map of El index at 650 hPa (a) and 16:00 (b), 600 hPa, 16:00 (d) and 17:00 (e), 500 hPa on February
8, 2022 Beijing time; Time series chart of El index (c) and Dutton index (f) on February 8th (with UTC time on the hori-
zontal axis)
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Figure 6. Wind speed maps at 500 hPa (a) and 700 hPa (b) heights on February 8, 2022 at 14:00 Beijing time. Time altitude
series chart of wind speed (c), vorticity (d), vertical velocity (e), and divergence (f) from 08:00 on February 8, 2022 to 08:00
on February 9, 2022 (UTC time on the horizontal axis)
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Table 2. Turbulence index values of CES9615 during the descent process and at similar times to overload on March 3, 2024
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Figure 7. Distribution map of 650 hPa Dutton index calculated by ERAS5 at 11:00 (a), 12:00 (b), and 13:00 (c) Beijing time
on March 3, 2024; The Dutton index prediction chart at 650 hPa at 11 o’clock (d), 12 o’clock (e), and 13 o’clock (f)
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Figure 8. Distribution map of 450 hPa El index calculated by ERAS5 at 15:00 (a), 18:00 (b), and 19:00 (c) Beijing time on
March 5, 2024; Prediction chart of El index at 600 hPa at 15:00 (d), 18:00 (e), 19:00 (f). (The black circle represents the
bumpy position)
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