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Abstract

Upper-level aviation turbulence is triggered by turbulence in the free atmosphere.
It is a major concern for aircraft operations. Under a warming climate, the turbulence
over China shows a trend of increasing. To better understand the sources and
characteristics of the upper-level aviation turbulence over China, two sets of Aircraft
Meteorological Data Relay (AMDAR) are used to establish a one-year global
turbulence observation dataset in the form of eddy dissipation rate (EDR) through
observations and the ERAS reanalysis, the spatial distribution, as well as the
seasonal and diurnal variations of three types of upper-level aviation turbulence,
clear-air turbulence (CAT), near-cloud turbulence (NCT), and convective-induced
turbulence (CIT) over China, are analyzed. It is found that the active zone of the
clear-air turbulence is prone to occur in the upper troposphere near the tropopause in
the vertical direction. Near-cloud turbulence over China has 4 active zones, which
are located in eastern, northern China, and the South Sea, as well as over Japan. The
northern to eastern slopes of the Qinghai Tibet Plateau are regions with a high
probability of near-cloud turbulence in western China. The convective-induced
turbulence concentrated more over southern China. All three types of turbulence

exhibit typical seasonal and diurnal variations. Clear-air turbulence is more common



in the afternoon during winter and spring seasons, while near-cloud and
convective-induced turbulence are more likely to occur in the morning during

summertime.

Key words Aviation turbulence, AMDAR data, Satellite observations, Clear-air

turbulence, Convective-induced turbulence, Near-cloud turbulence
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report ¥AT IR E) SiGHIE. WHE. TEMEIEREN DM KEESETE, RAS%
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B TRUULI £ s £ eh 55 KSR 9T O HBROUN 256 % (National Center of Atmospheric
Research/Earth Observation Laboratory NCAR/EOL) U IF AT AL 7 . i3k dE 4 h 35
FEBUR AL 7 M A7 (f44% American, Delta, Federal Express, Northwest, United £)
LR T B SL, FEEHRIRE KM AP RVEEE. DA ERME (B 1la) o %
PR CHLEUEE B UL EDR Bl S, B WWUHINEHEE R HES S RERSS
B0 GTS U (BFEMAE TG, 20100 o WL E 2k H LI FI R P2
KL, EREVEEIERGN . M. I RV, BRREVE. R TR ORI X
B 5 P AT S 2B DEVG B lid s, H DEVG E2Efb3e. AR, WML,
LA E (B 1), WSSl FEE R E WRFTAMARETE (E 1o .

EDR 1 9 I 5 2 ) B B f 0] /2 B MacCready (1964) $2iH, HAZ O AR 3 i
AR =02 — 07 5 WWIEE S R MO8 R, lid 1 B AR E0E 2 LR B
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FEAR A5 5 2 B A -
# 1 EDR M DEVG 5% % 73 2% 1 {f (sharman et al., 2014; Stickland 1998)
Table 1 Thresholds of turbulence intensity for EDR and DEVG (sharman et al.,2014; Stickland 1998)

B bs CHRAD TCH BEEmS PSS ENERTE
EDR (m*s') 0-0.1 0.1-0.22 0.22-0.38 >0.38

DEVG (ms™) 0-2.0 2-4.5 4.5-9 >9

K7 K H e e B A SR DA, H RTAE SR A A F KA BT AR AS H RAT
G4 (PIREPs) 7R AT E TG, 103% BT AF IR imii 20 & PIREPs
R IAF S G40 TR R E B TFRR, THN0-15% (K2 .

R 2 mRAEHE X
Table 2 Meaning of turbulence index
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Figure. 1 Cumulative annual distribution of turbulence above 5000m in a) EDR; b) DEVG; and c) turbulence
level from March 1, 2019 to February 29, 2020 in the two AMDAR datasets(the color shading area represents
the cumulative number of records; the red rectangular boxes in Figures 1a and b represent the data regions
that are used in Section 2.2 to construct the DEVG and EDR conversion model and model verification.
Region a is the the North American continental region where is used as the training sample to construct a
conversion model, while regions b and c are the Western Pacific and European continental regions
respectively where used to test the model);d) the distribution of three turbulence records within China and its
surroundings on August 8, 2019. (red spots represent turbulence index, and green and blue spots indicate
EDR and DEVG respectively.)
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Figure 2. Flow chart of the quality control scheme for the aviation turbulence in AMDAR
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Figure 3. The probability density of a)DEVG(Unit: m s™!); and b) turbulence level above 5000m before
and after quality control.(black curves represent the probability density of the two indices before quality

control; red curves indicate that after quality control).
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Figure 4. Box plot of DEVG and turbulence level above 5000m.
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Table 3 Mean and standard deviation of DEVG* derived from turbulence level and in situ DEVG during
Mar 1,2019-Feb 29, 2020

BIME (ms!) Fr#EZE (ms™)
DEVG® 0.5017 0.3441
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Table 4 Mean and standard deviation of derived EDR* and in-situ EDR for Pacific routes and Europe from 2019 to 2020
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Figure 9. The geographic distribution of the three upper-level turbulence and yearly-averaged cloud
cover fraction over China from March 1, 2019 to February 29, 2020. (color shadings indicate the
turbulence frequency during the year). a) clear-air turbulence (CAT); b) near-cloud turbulence (NCT); c)
convective-induced turbulence (CIT) and d) FY-4A retrieved yearly-averaged cloud cover fraction

(dimensionless).
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Figure 10. The vertical distribution of the occurrence frequencies of three types of turbulence over China
from March 1, 2019 to February 29, 2020. a) the overall vertical distribution for the thee types of turbulence;
and vertical distribution for the weak and MOG level of b) CAT; ¢) NCT; and d) CIT.
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Fig. 11 Monthly variation of CAT, NCT and CIT in China during March, 2019-Feburary, 2020.
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Figure 13. The monthly variations of the locations and strength for the upper-level jets,sub-tropical high
and turbulence (clear-air turbulence, convective-induced turbulence and near-cloud turbulence) in China and
its surroundings during March, 2019-Feburary, 2020. (a) monthly variation of the center latitudes of
upper-level jets and three turbulence; (b) monthly variation of the maximum wind speed of jet cores and
frequencies of the moderate to great turbulence; (c) the monthly variation of the west most longitude of
sub-tropical high and the center longitudes of three-types turbulence.(blue and black solids correspondingly
indicate upper-level jets and sub-tropical high, while red solid, dash and dash dot lines represent

convective-induced, near-cloud and clear-air turbulence respectively.)
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