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Abstract Based on hourly cloud observations at weather stations in China from 1985 to 2011, temporal and spatial
distributions of convective and stratiform clouds and the ratio of convective to stratiform clouds are analyzed. Combined
with merged daily precipitation data, the corresponding relations between convective (stratiform) clouds and monsoon
rain belt are studied. The results indicate that in the warm season (May—September), the averaged occurrence frequency
of convective clouds is 15.4% and that of stratiform clouds is 30.0% in eastern China. The ratio of occurrence frequency
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of convective clouds to that of stratiform clouds is greater than 1 in Guangdong, Guangxi, eastern Hainan and most areas
of Guizhou Province, while it is less than 1 in other regions. The center of maximum occurrence frequency and areas of
large amounts of stratiform clouds match well with the center of the monsoon rainfall. Their northward advances and
southward retreats are consistent with the monsoon rain belt. This phenomenon indicates that precipitation on the
monsoon rain belt is largely stratiform precipitation. On the other hand, the center of maximum occurrence frequency and
areas of large amounts of convective clouds are located to the south of the monsoon rain belt. In South China and the
Yangtze—Huaihe valley, changes in the occurrence frequency and amounts of convective clouds are opposite to those of
stratiform clouds because the cloud types are dependent on atmospheric stratification. However, in northern China,
convective clouds are positively correlated with stratiform clouds because atmospheric water vapor content is the critical
factor that determines the formation and type of clouds. When the water vapor content increases in the monsoon season,
the occurrence frequency and cloud cover of convective clouds and stratiform clouds both increase. If only considering
the rainfall frequency, convective precipitation and stratiform precipitation coexist in southern China, but stratiform

precipitation accounts for most of the precipitation in the Yangtze—Huaihe valley and North China.

Keywords Convective clouds, Stratiform clouds, Precipitation, Ratio of convective clouds to stratiform clouds
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Fig. 1 Occurrence frequencies of (a) convective clouds and (b) stratiform clouds in the warm season; (c) the frequency ratio of convective clouds to stratiform

clouds, and (d) the frequency ratio of convective cloud events to stratiform cloud events in the warm season

30.0%, fFAE 3 ANKRAES L, 3 a4 TP 7
(53.0%)+ % (52.7%) FIK A 1l—ir (47.2%),
DU 1) 2 J2 IR 2 R T i 5 7 e i PR K L 25 )
AHIC,  ARIKVRAE i JE AR DN 25 R HERR I &5 R (&=
WYEAE, 2003). XU o 5 2R 2 R ARSI 1) L A8
(B 1) FET7 AR TV R AR 0 A 5 MR 23 1
DORT 1, HEH X N T 1, U I L X 6] i
DREMERTER A RAER, B2, REREZSE
XUz F B AT A, TR 2 R A A
TR TR = R AR, RAB XA TG )1 %3
e R L — 7

H ] 2R S 1 DR 2 IS R B RN, AN
it 4.2 h, 2R E 2 P RESEI 50 0 A
9.6 h fil 6.1 h (FFEAEE, 2015). J2AR 2 L4k
FERF TR KT, R TR = g
REIERT 2 R ARSI g, s nl bk, DLt
hBAE A AT T ORI 2 AUZ AR 2 R AR SR ) A 5%
Fo ASCHIELL B IR BT /N T 1 h 2w X
H—Mz=Ffy, A 2 h 22 h BRI
B SCAAF ) = Filk o $e = g R s
FEAR 2z R AER e an i 1d s, dexhi
HM SRR S H R AR ATER S



X A B % a1 %

494 Chinese Journal of Atmospheric Sciences

Vol. 41

Bl e RL HEREIRCR, BILASH 4 AL HE T 70
Hripl s T3 = F0E SRR = FAE R AR I 2
5o B 1d R = FF 5 IR B R AR
BTSN S O VA (VA st N Sl 1 B U e
X 2 FHE R AR, ABMZAR = F A A
K MR o5 IR o AR AR LR T 1
R BB Uit 2 9 SR 2 R 2R A 1) B sl P e
CIT P 2 ON RS VA B SN e ) vl 1 P
Ot BT X = FA I R AR S X =
KRB ATEBZETANR, AR F i
X ZAR RS TG, AT B T 54
B IRZR E FAE I R AR BN, R
PE 0 AL SRR = 5 R AR = R AR AR ) L 4l
FEZIXIKT 1o

4 MWRo5BRKREHEEXEHE

THFE
41 ZHINEREZEXHEHET

7 XU 7 1) G e O AR 5 R R AR 3 )
B EERI R, 24RO 6 mm d ' A5 BRI L
HEREAR BF ()R Ak 2 2= X ) b (Lau and Yang,
1997), PRz 8B 40 I 28 RN 7 1) 22 4 H P2 6
mm d P45 R R AR W R, BFST
itz B2 R 2 B 22 HE B 1R AR R AR . 5~9 H
110°~122°E 4 o] -3 AR 2 R R 2 R R A2 40
R 2 BLOE I o, SEEZ NG 110°~122°E
i R K E .

Bl 2a SR 2 R A A e e 7K e B ) (1 v
K, MBI RTCUE 5 H R TS A R X R R
SR IEC,  BER X 2 R AR AR KT L 2 34
(15.4%) B RAED A T2 R A . 6 H i) Z=
AR 7 ORI 2 A2 A0 2 1) DR DX 4 1) A 4 sk
MyRg, 217 H AR RO bHE S 320~34°N [iff
SN AN T DS PR e =%, B S 0 NG K o o
29°~30°N. 7 H 4y 2 X iy ik g db 4k, 8 H
WIREEIE X, (A b X B K & 0 5N TR
DRIV LRI 0 2 R ARSI ) K AEIX AE 7 H
AR A 34°~35°N i, JFH A 7 H FRIE 8
AR ey e ik, 8 H iy 5 fedb s X FIvT
TP /K B e, I s i I E L 9
H AR i #E] 220N ZE4 AR LK . 1K 2a 3R
B, BEZE XA ACRE, SRz &SR KA X [
ey, HHERAED AL TR EE i, RO 2 32 %

RAELEZE R X o

Bl 2b REJZIR = R AR 5 20 XU (1 KA
FUOBEAE S, JF HARIH 5 R — S0k b
. 5 ArE 6 A LA ER = R AR KE
HUVIT AP 4R 22°N DUAL e R X, - H.5
I RAE D FEARW) A, Ui B ARG b 0 VU
Bk VB BUR = K. 6 by 8 J¥), Bz
DA A AR, 2R 2 e AR A2 () AR 3 A5 ]
JeHERE, HZIRZ =ild 5 2= KUy ()47 & B IS 18] 1)
BARAER 8, 8 )RR = =y FIZE AR i 2]
IEAEAEHLIX . Bl = A dbdE, HpiERa
(R AR B RN . (RS 7~9 H, 5
— R ZIRE KA YERRAE 24~26°N, BI{EAE 36%
Kiti, DLEABER AR, KA AL TR R T
SO AT RN 2 A AR A A A AR, 3X 3 B AR
FIRAR = BIK, R 25 B K 8 S VI R K 1
R B K o 7 23 R AR AR DR A i R 23 PR 1)k
Frb, nTRUR Iz 2= A S AR, bk
(P RE LA G2 1, T R O R AT O TR

Kl 2a A1 b R, XU 2 B B B K b 5y
A T2 R KT B 1R 28 K i X, G ] B2
PO s MR SRR 2w m RS, U
A2 XU 7K 8 HH 2R 2 KA o

it zs 5EIR = RASER R L] CR SRR
“CLEAE 7Y BE A H B AR AE (BT 200
5 HZE 6 H LAk T 1 R 04 RE7E 22°N
PARG, 6 Hrp. HARME A [ dbHEde 17 1 AN A
A, 7 ARACEk RIS, T 7 A B TR AL
HERET R = 2K, MERERAEBERR N, X
I A) A8 R R AR O E AR VDR . EEBR T 1
MR A 7 A MRk, 2 AL &
36°N, 8 A AN HEE 34°N LAy, JF4edrs) 8
H A, ZJadulpi. Bk b, EwicT 1K
A T2 N A IR g i, HL AR R gt R i
Jo T2 XY o

T PR R E R m SRR s K
AR LU IR B SRR, ASCESH T 6~8 A
xR s SRR ARG (8 3). 6 HE
AL (B 3a) KT 1 RAEA A T o2 MR )
PRI HIX . ) RSl AfE e 438 6 . R
GNP N[ K 2B |
MR (B 3by o), M 3b FI c thfLLAEH S 6
H EAJAALE, 6 by TR g r 210 AR AT



34 Fe AR AR TR AR PRI UL 2 g 2R 2 B B R g B AR R RS 2R 2R
No.3 GAO Cuicui et al. The Ratio of Convective Clouds to Stratiform Clouds and Corresponding Precipitation during the ... 495

52%

44%

36%

A i

Vil yy

%" AN 12%

20°N -——...-—'(/Iﬂ% ﬁ(%g‘m/’y}’%%A a 4%
May Jun Jul Aug Sep

Month

52%

44%
36%
28%
20%
12%

4%

5.00
2.50
1.67
1.25
1.0
0.8
0.6
0.4
0.2

B2 110°~122°E PR H K (A mm; SEEZD BRI MFEAS: 110°~122°E P8 (a) Wiz, (b) ERa HRAESER dad) Uk (o
HFf 2 5 PR 2 R A R A (R o i £ s A
Fig. 2 Variations of precipitation (units: mm; contours) and occurrence frequencies (shaded) of (a) convective clouds, (b) stratiform clouds, and (c) the

frequency ratio (shaded) of convective clouds to stratiform clouds, averaged over 110°-122°E

F AP EL BRI (R Z P I K. 7 A ALK T 1 3f0 @) 8 A, Myl REMRERHL T
0PN (ER) TR | 7 o S R S S SR 7 R T8 NS 85 = 17/ Nl W 1 e & TR N L o =R R AT A
(B 3d). 7 HHRAIHHEIRT 1 FE At A LEE el DU, 2R VR Al X R
HERE, JEHARAAKR (K 3ed. 7 HTAE 8 HE MRS EREKAETENIHIRART 1, il
HLEBI R BE— 2D Ay e, 8 A BRI DO = K AESRIGE K TR B KA.
2 KA, AR TR XA (B RN S, Wiia SRR 1 ) 2 k.



b7 N W a1 %

496 Chinese Journal of Atmospheric Sciences

Vol. 41

(b) /

i

o ey by by e by
[

40°N

TR R

40°N

TR B

o by by

x|||||'|x|x||{||||[|x x|x|||'|

100°E 110°E 120°E 130°E 100°E 110°E

0.2 0.4 0.6 0.8

||’x|{||||||x x|x|x|'|v||’x|1{|x||||x

120°E 130°E 100°E 110°E 120°E 130°E

1.0 1.25 1.67 250 5.00

B3 (a. by o) 61, (dvew D 7. (gv b D 8 IR AL ERARAESRLHI R A Ef) GEFD; dh) CREgD; T (3D
Fig. 3 Spatial distribution of 10-day averaged frequency ratio of convective clouds to stratiform clouds in (a, b, c) June, (d, e, f) July, and (g, h, i) August: The

first 10 days (left column); the second 10 days (middle column); the third 10 days (right column)

B AERE,  EBIRAEIX AR IZ D by e, (A
LRI, AR R AR A X L
42 REMERMEHAET

JER BN 7 e e i e ok, ATy
B LLE N b KR AL A2 Ak, 04 T9H

BRANRI 26 BE T IR 22 e, ASSCUHSE TR = FZ R =
i PR PE R U = B 2 XU A 2 1
KFo mEIEEN 1985~2011 FEZAEFHKH
mw5H 5~9 APl sEz 2. | 4 HEHS A
110°~122°E #i[n] PR = MR = H = &= ik



31 AR AR P RIAIE T 5 5 E R R LA B 5 K R DG 2R
No.3 GAO Cuicui et al. The Ratio of Convective Clouds to Stratiform Clouds and Corresponding Precipitation during the ... 497

VAR AR I TR 243 S8 T 1], A5 R A L o /K R
BRI 1 TSR

XF U Z3 23 KR R B I ) AR AL R I
2= X O — BHRAE (& 4a), (HANR & o
KAEXAL T ZEXR AR s = s T
0.2 JR I KAR DX B KU 47 8 20 [ JEHfERE, IR
HH S R BB AL, X2 H 25 KUR Ay 3Rt 1 2
ZPUA R R s CGRRD 52m, TR 2o i
IR R A L . B R EIE A 6 )
LS — ke, JFRGESE 20°~25°N Z[a]; 7
T R RAREE, R 25°N, T 7 HIREL 8 HAIE]
Rt AbALE . K da Fa] LUE R 2 =K E
Ho g Bl 6 At Rl 7 A dr kAR, T
7 AJRENE AL E, X5 ] R ARBE R I TR A
FEAR—H, 7T W7 RN A R 0 R 2 52 i e
P ATRTE

S AR Z= A W 1) 2R 25 2 5 7
iy BE I [8] AR B W) & (&L 4b), 1 W= X
FEHER AR 5 AFmE 6 A LaZEiR
oz i R Y AR YRS AR R DX, O SR R
6 H. L. R RWAWAIRACHE, =EMEKE
BRI, 7 A B AR RS, AT
VERFRY ;7 Hrh AR gk et 7 HJRENA AL
b, HEIEWZFTTAG: 8 H i EIR 2z i AN
M. Sish, BREITZREM /B E
D=1 PISHBLS: N = S5 Y S L S KW B 4= Bl
KT KRBT ARSI TR AT

g LR, BN IIZ A AEHE, R o A
JEAR 2 S 2D 5 2 AR A7 Ak — S B R AL
JEARZ R AR AN 25 (R AR #4855 2 R i A
W, BN AR, RSN
S B AT RO BEACK N, 35 R R A
IRz AR 8 HLZAR = R AR N 2 BB I T
(R AR B4 REAR L 14 e I IR it B I ] )R P2 A
Moo Xz A AR AR AN 2 K AR AR 2 KR A 1]
AbHERE, RO EARSAL T W R O AR K R X
P 2 XU i e D2 T PR s DO U 2 S 25 4
I, B R B B, AR R EAR 2 R A
HEER, JZAREEKE B2
43 ZEFERFFKHXFR

SN R izy R g N NP E R N L Bl U R P
FERE, AE IR 2z AR 2 R AR A A A
BORZESE . N T AP T AN ) X O 2 AR

PARSESANG VININ PRGN i g i MR S AW i ]
M BRI EAE B XS AN [ DX PR 500, A v ] 2R S el
Oy AL TTERUSAT AR R X . X 5~9 H
XL AR AR = B AR DA R H B K BEEAT X
BB, ST AN DO 2 5 IR i H A
UL 5 KR IR .

Bl S s e RS 2 93 0 B AR AR TR [RO6H I 25 A
JRIRZ R AEBRBIN TR AR, 3R 1 25 H T 25 Xk
M w HER B KRR B LM H KA
REH SiGE 5 R LT, KELER X
ANTTHE SIS L 25 AZAR 25 5 A AT B 7] ) 42
PR G2 RO, (AR IR DO IR 2 R 2= R 2
PR SRR, MIRARECN 073, EFRAA
RGE RN, X = BB aiE T AR &,
JEAIR 2 3 HSRAEATRT A E IR CIRZS NI, K
TIIRE AR ZEAK T AR B TG e He g 3 DA
L BN U 2 1) A ZE 03 S T o Bt =1 4 K
HAER LR KIORFE, B2, RRE R
PARAE R IR B /o AL DXL 2 AR AR 21
KRR LT AN, IR RAERRAE 7
ISR R, MR afE 8 H EAIA S K. Wi
THZIR 2 B Bl I 8] R AR A0 5 P R 2 e A
it I ) (IR A SR o PAE 23 i3 A 4 Rt X ATV
HEVIOKIRTENT, K URE B R 2 = 2RI 1 2
o HRAAE BRI, RS w2
W BN AP TR AL, AE
JOE R FM LN R, KGR, MRas
ARz B G 0.

T SC 45 BRI 5 AZ AR 2 #8525 XU iy
AEDIIRFR, B =AMX IS 5 BRI AR
AT M. B S AR bR AEAL 1) B K R N
[N FRIARAL R b ORI TR 2R 2 AR AR AT
RN SFEKESEEIEMK. WK 5a v UE
i 5~6 AR RAR = A BRI K B I
AI B B — B AR A EFA, 1 WA R DXL
1N X R IH) ) B K 2 IR AR = Bk . &l 5b
RUNCHERIER 5 H b4 7 ) 2R o R A
BRI SRR S eEs, 6 Hk. iy
Zoli MR AT T AR AL, TLHEFUIRZR 2 S A
B /K A G o b XA K R B I T K
AR RN, SRR MZAR = R AP B I 1)
MIARCRFAEREAS— 8, P45 SRR WA Au 3 DO
TARIR AR HREK B IEMR (B 5c0). &K 1R



X A B % a1 %

498 Chinese Journal of Atmospheric Sciences

Vol. 41

W], S52RaKAETEML, BRasamRKIH S
KRB AP A OCOR R, BRI Bk 2 s 5 1%
KB SR BGE 0.57, TLHEGRIECN 0.38 ().,
AR XTI 2 R AR AR N 2 5 KA X 5 2 KR Y 7]
JEHESE S 1) — 30, EAL TR R, PR =
RABTFRM 2 5K CR AL E.

*F1 TRRGMRSHEREERKENHEXRE
Table 1 Correlation coefficients of convective clouds and
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