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Abstract: A cumuliform cloud with supercooled water is the condition required for the icing test
flight, which is referred to as supercooled cumuliform cloud in this paper. On the basis of the
cloud phase state, cloud classification and liquid water top height data from CloudSat-CALIPSO
cloud products and the air temperature from ERADS reanalysis data, focusing on the local solar
afternoon data with good interannual continuity, the historical supercooled cloud sample data over
China during 2006—2019 were derived, and the spatiotemporal distribution characteristics of
supercooled cumuliform clouds were analyzed. The supercooled cumuliform clouds in China most
occur in the eastern part of the Qinghai—Xizang Plateau and extend to central China via the
Yunnan-Guizhou-Sichuan region, with an annual average occurrence frequency of 0.4. The high
value areas of the occurrence frequency of supercooled cumuliform clouds are more westward
than that of supercooled stratiform cloud and the occurrence frequency is higher. The occurrence
frequencies of the four types of supercooled cumuliform clouds in descending order were as follows:
altocumulus over Yunnan, Sichuan Basin, Central China, and East China; stratocumulus over
eastern Qinghai—Xizang Plateau, Sichuan, the eastern sea surface, and outside the northern
boundary of China; cumulus over the Qinghai—Xizang Plateau; and deep convection over
Southwest Yunnan, Southeast China, and the eastern sea surface. In winter, there are three
high-value centers of the occurrence frequency of supercooled cumuliform clouds over Sichuan,
Guizhou, the ocean over eastern China, and the Sea of Japan, while the high-value center of the
occurrence frequency of supercooled cumuliform clouds in summer extends from the eastern part
of the Qinghai—Xizang Plateau to other locations on the plateau and the surrounding mountainous
areas. In addition, the interannual variation of supercooled cumuliform clouds showed significant
increasing trends in January in central China, the west of Northwest China and the west of the
Qinghai-Xizang Plateau.
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Fig.1 Comparison of (a, b) averaged total cloud occurrence frequency derived from the
CloudSat-CALIPSO using (a) the daytime-data and (b) the nighttime-data, and (c) the all-day

averaged total cloud fraction from ERAS during 2006—2019

2 EARBURZ K282 8] 3 A
SIRFIFAE AT RIATEER Z 0, FE 35N LLR AR = HEUIR I &2
675 (K220 , = IUAGEETE 0.6 1 v B X AT MR FE R 7 SE A 21 b g~ By PG RCT . AR



FHIT 2 2 (RN B2 4 5 WA itk 22 B UIR 2=, 2 1 T 2R 302 XU B A 23 XU ) 22 3 0 2 e LA
FFN o SRR M 2 AL 30N PUIRRIIX 3 (1 2b) , ATV FA FEPE BRI 1%
P9 B 5 S0 7 AR RV G THE 5l o JE AR 2 I (0 e 5 B IR L o JoF B 6 1 ik
A, TR T RS B RAR = R ok, HL5S s R A AU R A 2 DDA 5%
(EZEPHEE, 20210 o kB &I S, RIR A K IR EBUIR 248 0.1~0.2,
RS AN T ARMEEA R FIRAE N RN IR &5 BRI,
TP (B S v B0 KR E B, B M TR BT 7i4h, —BE S EVCAEIR B L
PURZEH I, HIE 2a. 2b BRIk MR E &, X2 TASCR R R RIEONFIR
mHHAT ST B

BB RIEL A Z BRI, AR E (K 20 M@ ZIRE (K 2d) B
R EEIX AR, 60T 30N KA FIL 5~10 DMEN, WIE X THUR = AR
RIS (B 280 2b) o #E 1020N Vi [ it ¥ = tH ISR EUIK, X T Re b
GRS, BRI EBUE 0T EmEZ LT eE. SEME, R PURZ K T B
K THRERE (B 2c, 2d) o g i a0 DXOMRIE BT i i Do v BUR 2= H
PP R 2 v T o I AR 2 B B P 2 i (B XL T 5 el B R T, e w51l
M DX SEA B4 X, T RE S EE A2 MR AN PY R s SR GUR A TR AR AR B 1
EX AT BRpg A 2R SR, A RE 5 2252 04 o ST B T AR e s 2

80°E 100°E 120°E 80°E 100°E 120°E

0.1

0.08

0.06

0.04

0.02




K2 2006—2019 4 (a) BURZ, (b) JER =, (o) WABURZ K (d) iR 2R 2 A 123 (8] ) A
Fig.2 The averaged spatial distribution of the occurrence frequency of (a) cumuliform cloud, (d)
stratiform cloud, (c) supercooled cumuliform cloud and (d) supercooled stratiform cloud during
2006—2019
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Fig.3 The averaged spatial distribution of occurrence frequency of (a) supercooled cumulus, (b)
supercooled deep convection, (c) supercooled altocumulus and (d) supercooled stratocumulus
during 2006—2019

XTI IR ) Gi vk S5 AL AR, B RRA RS, IR I EER AEAE T/
R SRR SI R, A EE T HAR Y 2= AT e SE i 4 CloudSat 1X 8RN T e <5
LeRIB AT WINE] . Bk, B 3b Ak YRR 0 73 A 45 RALREE Oy — A 5 A SRR R gt
Fie B ARz 2%, AE BRI R T TS %

3 WAPURZMZFT oA

% 1-12 AZ AT ZH TG0, 2l PR A ZFES D ATRHIE . SRR TR, 1L
XTI AR I — RISHEAT ST, SR 4 PR . RN A PR E AR,
MM 12 AR 2 H, A 3 A MBER EE L, 3BT DN ZI B ST HE AT
WA E AR, 1 HAHE 0.6 (IS 455K 3 i BUR =& 7R 8 = 1 H %
Fe L DX AT, AR DU AR BRI A BUIR = AR o o 3, A 2 300 b Frg el v AR
REUVERE AL MRS HE 9, IR mE 0 A H el s 248 4 )
e SR A B DA R L g, 7 A E R, L S B R B Esi{E ATk 0.4,
XEE R BRI SRS S IR 2V A 1. L EMRIES IR (3—4 JR 10—
11 A7) M, Hid v ARz BB A B A e i Y S B 2 i /)

0.6 0.6
04 04
0.2 0.2
0 0
0.6 0.6
04 04
0.2 0.2
1 F 14 . ‘}\; [ 4
0 NG 0 ||

80°E  100°E 120°E 80°E  100°E 120°E 80°E  100°E 120°E



0.6

80°E  100°E 120°E 80°E  100°E 120°E 80°E  100°E 120°E

Kl 4 2006—2019 fFid A BURZ HBUARER (a~D) H =S [81SF¥150 A
Fig.4 (a~1) Monthly averaged spatial distributions of the occurrence frequency of supercooled

cumuliform cloud during 2006—2019
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Fig.5 Grid division for counting the interannual variation trend of cloud occurrence frequency in
different regions
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