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Tab.2 Duct characteristic parameters and boundary layer height statistics in the South China Sea
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Fig.2 Scatter distribution of boundary layer height against trapped layer bottom height (a) and duct top height (b) in the South
China Sea
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Fig.3 Scatter plots of duct strength at the top of the boundary layer of South China Sea against A7 (a) and AQ (b)

K4 maE SRR RZ ISR 5 AT () FTAQ (b) YHUR 531
Fig.4 Scatter plot of trapper layer thickness against AT (a) and AQ (b) on the top boundary layer of South China Sea
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in the South China Sea
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Fig.6 Scatter plot of trapped-layer bottom height against AT
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data (b) and the SMDH empirical formula (b) with ERAS5 reanalysis data

3 b

AR SO T 1 HE GPS 4R 28 Bl T e 1 g R
NFR B S PR RN RZ S EZ 0 KR
{51 [ N T S - 5 W 81 - 2 i = v
MRS RERERENEE AR, IS REKL
Ji& 1) SMDH 3 J&% S 18 28 95 23 Ui AT b 83 o 4%
W

(O F R R I )2 THUE A 5 ) R A AR
TE 60% LA WA UL A Z T2 12 894 m,
P T T - 2405 2 5 48 m X 35 N 4.9 M
BN, B0 S IR EE O 110 m, G 3R 2 Y R A
52 m. FE AR 2 - I R R 2 T g = 18] Y
HAR R BN 0.64, I 5 S5 -5 17 5 T8 22 [ (R A1 G
Z KN 0.78, P HA BGRITIER K

(298% 1 134 KTl 5 J= T 3 e 768 18 458 i



640 B 5« T PR RO 11 e V2 D S P B B A 5 51

IR, Horb 2 519% {1 Rl & R IS, A X i
TCRAR AL /N, 290 0.169%/m , JC i TR 1 B T T %
EEAR, 2974 0.323%/m ., % 5 5 10 3 Bt Dl e
EBE ARG MO BB M 0.83, %4 K W Y I
KA T )2 T A 2 25 U e e R 432 Pl 0 2 o
FERIE S R IR AT BE S 2 RS B UM 6.

@ TrEEEF RO A)ZHESEE S
W32 IS AR 5% , I F BRI I GPS 442 B i el r 1o
) T2 8 SRR s U 5 RO R B0 N 5K, 7 g T B 0L
HEF SMDH &5/ 5, R 25 5/, B T BN H .

EAWFFTTE 2 A 2 T 5 A7 A8 0 35 T A
JERE S SRR RS A ENEERE,
ARSCHE TR B A S BEIS 2 B2 I 3 B T
200 N3 Ry — 2 PR R R A I 5 R B R S
D7 IEPRAE T RO R SCHE AR U 04 N PR (B
ST

SE

[1] BEAN B R, DUTTON E J. Radio meteorology[M]. New York:
National Bureau of Economic Research, 1968: 7-8.

[2] WA, XS, S0 . AR R R S A R 1 TR O R 0], R
22747, 1996, 11(3): 58-64.
PAN Z W, LIU C G, GUO L. The prediction of ducts in south-east
coast of China[J]. Chinese Journal of Radio Science, 1996, 11(3):
58-64.

[3] FI3k, i, SRR AR, 55 . U L XIALZ A 5 TR 1 X A5
[3]. FE R4, 2016, 31(2): 278-283.
BAI L, ZHANG P, WU Z S, et al. Research of electromagnetic
shadow zone in maritime tropospheric duct[J]. Chinese Journal of
Radio Science, 2016, 31(2): 278-283.

[4] bk, SR . AP S AF T IR HUBEE X B AT FE[]. 7

AL TR K224 4], 2004, 34(6): 989-994.
JIAO L, ZHANG Y G. Prediction of the electromagnetic shadow
zone under the atmospheric duct[J]. Journal of Xidian University,
2004, 34(6): 989-994.

[6] sk EA:, SBAHB, X, 45 KBTI ELR 5 -
22247, 2020, 35(6): 813-831.
ZHANG Y S, GUO X M, ZHAO Q, et al. Research status and
thinking of atmospheric duct[J]. Chinese Journal of Radio Science,
2020, 35(6): 813-831.

[6] HEER, BXHR 4k, 5k A= . 2= KUY ) R U AR 28 KRB e i o i
[3]. HL R4, 2012, 27(2): 268-274.
CHENG Y H, ZHAO Z W, ZHANG Y S. Statistical analysis of the
lower atmospheric ducts during monsoon period over the South
China Sea[J]. Chinese Journal of Radio Science, 2012, 27(2): 268-

(], AL

274.

[7] ik, sk A%, LG . m il DX A8 R U
LR, 2019, 34(5): 633-642.

WANG H B, ZHANG L J, WANG H G. The climatological
analysis of the lower atmospheric ducts in South China Sea[J].
Chinese Journal of Radio Science, 2019, 34 (5): 633-642.

[8] STULL R B. 1 FL 2 Z ¥ FIB[M]. TR 5, b, 98 & &
W B R, 1991,

STULL R B. An introduction to boundory layer meteorology[M].
XU J Q, YANG D R, trans. Qingdao: Qingdao Ocean University
Press, 1991.

[9] 5Kk F-, TK/NHL, BE L, 5 KRG ARE S
JE[I]. 4244k, 2020, 78(3): 522-536.
ZHANG H S, ZHANG X Y, LI Q H, et al. Research progress on
estimation of atmospheric boundary layer height[J]. Acta
Meteorologica Sinica, 2020, 78(3): 522-536.

[10] S e Ll AT B A2 W M. b Bt i 7 R AL,

2002.
DAl F S. Atmoshperic duct and its military applications[M].
Beijing: PLA Press, 2002.

[11] ROSENTHAL J S, HELVEY R A, LYONS S W, et al. Weather

satellite and computer modeling approaches to assessing

eI

JERf E BN TSk

propagation over marine environments[C]//AGARD Conference
Proceedings. 1989.

[12] ROSENTHAL J S, HELVEY R A. Refractive assessments from
satellite observations[C]//AGARD Conference Proceedings. 1992.

[13] RICHTER J H. Structure, variability, and sensing of the coastal
environment[C]//AGARD Conference Proceedings. 1995: 1.1-1.3.

[14] LYONS S W. Satellite derived refractive duct height estimates[R].
California: Pacific Missile Test Center, 1985.

[15] LYONS S W. SPADS automated duct height statistics[R]. Califor-
nia: Pacific Missile Test Center, 1985.

[16] HELVEY R A, ROSENTHAL J S. Guidance for an expert system
approach to elevated duct assessment over the northeastern
Pacific Ocean[C]//Proceedings of IGARSS '94-1994 IEEE
International Geoscience and Remote Sensing Symposium.
Pasadena: IEEE, 1994: 405-409.

[17] JORDAN M S, DURKEE P A. Verification and validation of the
Satellite Marine-Layer/Elevated Duct Height (SMDH) Technique
[R]. Monterey: Naval Postgraduate School, Monterey, California,
2000.

[18] AB e, 2505 5, FRA0HT, A5 FE TG IR R 1o 3R [ U i 8
23 P T BT R WESE[]. FL TR, 2019, 47(3): 600-605.
HAO X J, LI Q L, GUO L X, et al. An preliminary research on
inversion method of elevated duct from meteorological satellite
observation over Chinese regional seas[J]. Acta Electronica
Sinica, 2019, 47(3): 600-605.

[19] LI X D, SHENG L F, WANG W C. Elevated ducts and low clouds
over the central western Pacific Ocean in winter based on GPS



52 WO W 41%

soundings and satellite observation[J]. Journal of Ocean [23] ‘B P, 23— . Va8 A gk R o B T AR T DX el 7 P R )2

University of China, 2021, 20(2): 244-256. ZEF S AN [J]. VRG24 4R, 2018, 38(1): 51-61.

[20] CHENG Y, ZHA M L, YOU Z W, et al. Duct climatology over the GONG Q L, DIAO Y N. Case analysis of impact of cold air
South China Sea based on European Center for Medium Range process on marine atmospheric boundary layer structure in
Weather Forecast reanalysis data[J]. Journal of Atmospheric and Yellow Sea and East China Sea[J]. Journal of Marine
Solar-Terrestrial Physics, 2021, 222: 105720. Meteorology, 2018, 38(1): 51-61.

[21] BZERHT, AN, JEL A 0 . Pl v Je e S — kAR 2 R0 Sl [24] BRIDE Ill M B. Estimation of stratocumulus-topped boundary
M) T AR IR 24 4]k, 2012, 32(6):81-86. layer depth using sea surface and remotely sensed cloud-top
Cheng Y H, Zhong Q J, Zhou S Q. A process of the lower temperatures[D]. Monterey, California. Naval Postgraduate
atmospheric ducts over the local area of South China Sea [J]. School, 2000.

Journal of Guangdong Ocean University, 2012, 32(6):81-86. [25] GARAY M J, DE SZOEKE P S, MORONEY C M. Comparison

[22] #EILSC, SRz AL, sk, 25 R [E]H A2 S BE IS W T B R R RS of marine stratocumulus cloud top heights in the southeastern
1T R WS T MRS 9], MR TR, 2021, 38(6): 64-72. Pacific retrieved from satellites with coincident ship-based
DONG Y W, ZHANG Y F, ZHANG G, et al. Applicability of observations[J]. Journal of Geophysical Research: Atmospheres,
different boundary layer height diagnosis methods to the 2008, 113(D18): D18204.
diagnosis of marine atmospheric boundary layer height[J]. Marine [26] ROSENTHAL J S. Inferring refractivity conditions from satellite
Forecasts, 2021, 38(6): 64-72. imagery[R]. California: Pacific Missile Test Center, 1985.

Study on elevated duct prediction model of the South China Sea based on
radiosonde data

CHENG Yinhe, ZHONG Wei, ZHAO Binhin, QTAO Wenli’, LI Xiaoran
(School of Marine Technology and Geomatics, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: Analysis on the formation mechanism of elevated ducts and their significant correlation with the height
of the marine atmospheric boundary layer (MABL) are carried out based on the Global Position System (GPS)
sounding data from the South China Sea (SCS). The results show that the occurrence probability of elevated ducts
in the South China Sea is approximately 60%, with an average trapping layer height of 786 m and MABL height
of 894 m. The correlation coefficient between them is 0.64, demonstrating a strong correlation. The strength and
thickness of elevated ducts exhibit no significant relationship with the MABL height. Approximately 98% of
elevated ducts are caused by sharp decreases in humidity with altitude, and about 50% of them are accompanied
by temperature inversions. Based on these findings, an empirical model is developed to estimate the top height of
elevated ducts using the temperature difference between near-surface and trapping layer bottom temperatures.
The model demonstrates superior performance in the South China Sea compared to the Satellite Marine-layer/
Elevated Duct Height technique proposed by the United States Navy.

Key words: The South China Sea; elevated duct; marine atmospheric boundary layer; empirical model



