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Quantitative Diagnostic Analysis of Surface Rainfall Processes by
Surface Rainfall Equation
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Abstract Rainfall, especially heavy rainfall (torrential rain), has great impact on economy, society and people’s
routine life. While owing to the complicated physical processes related to rainfall, the studies and predictions of
rainfall are rather difficult. Previous relevant studies mainly focused on the impacts of water vapor and its conver-
gence. Gao et al. (2005a) proposed a so-called surface rainfall equation by combining the tendency equations of water
vapor and hydrometeors (cloud water, rain water, cloud ice, snow and graupel) , which can be used to study quanti-
tatively the water vapor variation and cloud evolution related to surface rainfall together.

In this article, 21-day tropical cloud-resolving simulation data are used to calculate the local change and conver-

YRS HES 2008 -06 - 24, 2008 - 10— 17 Wi Hi

REME ERESEEMUI LRI B GRS : 2009CB421505) , ERK [ AR EIL SR BITE 40775036, HERRABE AR A1H T
RS ATV H IAP07214

e AERENS, B, 1973 A, Wit FENFEPRIEZ S5, ORI RS BRI L) K 16 F K G 7 45 9%

E-mail ; xpcui@mail. iap. ac. cn



P 33 %

376 Chinese Journal of Atmospheric Sciences

Vol. 33

gence rates of water vapor, surface evaporation rate and cloud variation rates in the surface rainfall equation, and

their impacts on surface rainfall are discussed. The results show that local change rates of water vapor and cloud hy-

drometeors, water vapor convergence rate and surface evaporation rate all have great influence on surface rainfall.

The co-existence of water vapor convergence and local vapor loss leads to heavy rainfall, and the co-existences of wa-

ter vapor convergence and local vapor gain or water vapor divergence and local vapor loss lead to medium rainfall,

and the co-existence of water vapor divergence and local vapor gain leads to weak rainfall. The partition of convec-

tive and stratiform rainfalls shows that the convective rain rate is normally bigger than the stratiform rain rate, Wa-

ter vapor convergence is the main water vapor source for convective rainfall, while local vapor loss is the main vapor

source for stratiform rainfall. Model domain mean local vapor loss mainly occurs in the raining stratiform region,

while the strongest local vapor gain occurs in the convective and clear sky regions. The strongest local hydrometeor

loss occurs in the stratiform region, while the strongest local hydrometeor gain occurs in the convective region.

Key words surface rainfall equation, surface rainfall processes, diagnostic analysis
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ization schemes in Eqs. (1-5)
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Fig. 1 Time-height cross sections of (a) vertical velocity (cm/s), (b) zonal wind (m/s) and (c) variation of sea surface temperature with

time from TOGA COARE. Shadings denote upward motion or westerly
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x3 BEARAGIEIRIS
Table 3 Categories of rainfall cases
A1 B ] /b P/mm-h™!  Qwvr/mm-h™!  Qwve/mm-h™!  Qwve/mm-h™!  Qem/mm-h™! Lspe1/% Lspe2/%
1 83 0. 000 —0.017 —0.189 0. 209 —0. 003 0.0 0.0
2 49 0.914 0. 210 0. 362 0.193 0. 149 164. 7 100. 0
3 85 0.718 0. 345 0. 340 0. 201 —0. 169 132.7 81.0
4 83 0. 359 —0. 217 0. 269 0. 189 0.118 78. 4 62. 3
5 57 0. 270 —0.172 0. 356 0. 169 —0. 082 51.4 51.4
6 36 0. 312 0.192 —0.172 0. 197 0. 096 1248.0 64. 3
7 33 0. 241 0. 309 —0. 140 0. 207 —0.136 359.7 46. 7
8 39 0. 105 —0.125 —0.079 0. 228 0. 081 70.5 34.0
9 21 0. 037 —0.111 —0. 068 0. 245 —0. 030 20.9 15.1

B TR PR A AR BRI b T 78 R R AR g i s A
FRIRUE Tk B /K YR EORI b T 28 K AR b ARG
H s XSRS KSCR ARG TR K
FEKE%, M2 T, it B A [
D IR BEKSCE S LA . A6 7
TRIEER O b JRy b 2= % i 1 8 b THT R 7K SR A /N
Lepri KT 100% s 1 Lspes INF 100%, X FEEH
T, BEAF LT ZE R % (0. 207) KBy RHL KRS AR T
2 (0.309) BN T KRR . A 8 vy SRtk
IR AR PR AR B BEK A VR, i b T 25 %
R THEON B KA IERE T, b R AR ARG AN
(0. 105) o 7K 35 HOFN M THT 25 & 1) BAH HE 3 1 15
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HE— I Sui et al. (1994) W42 T
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Fig. 3 Sketch map of criteria for the category of cases in Table 3
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x4 HEMXGFEHHBEER. P.. Qwr. Qur. Qe K Qou
Table 4 Time means of fractional coverage, P, Qwvr. Qwvr. Qwve and Qcv in different regions
B/ % P/mm-h™'  Qwvr/mm:h!  Qwve/mmrh™!  Qwve/mm-h™!  Qeyw/mmeh!
ANl 2 WEESIX 31.8 0. 000 —0.009 —0. 048 0. 052 0. 004
B PRk = X 18.9 0. 359 0.314 —0.210 0.043 0.212
iz X 6.0 0. 555 —0.110 0.739 0.023 —0.097
e PE R = X 43.3 0. 000 0.015 —0.120 0.075 0. 030
X 3871 100 0.914 0.210 0. 362 0.193 0. 149
A3 IEESIX 39.9 0. 000 0.010 —0.083 0. 069 0. 004
B PRk = X 15.1 0. 248 0. 408 —0.311 0.036 0.115
iz X 6.0 0. 470 —0.118 0. 859 0. 022 —0.294
e 2R 2 X 39.0 0. 000 0. 044 —0. 124 0.074 0. 006
X 385714 100 0.718 0. 345 0. 340 0. 201 —0. 169
A4 X 41.5 0. 000 —0.252 0. 180 0. 069 0. 003
BRIk = X 11.2 0.163 0. 265 —0.271 0. 027 0. 142
i s X 4.8 0.195 —0.156 0. 379 0.015 —0.043
e HERRE X 42.6 0. 000 —0. 075 —0.019 0.078 0.016
X 3871 100 0. 359 —0.217 0. 269 0. 189 0.118
A5 LS IX 40.0 0. 000 —0.075 0.011 0. 060 0. 004
Bkt 2R = X 11.2 0.137 0.159 —0. 094 0. 024 0. 048
iz X 4.1 0.134 —0.152 0. 403 0.010 —0.127
KRR X 44. 8 0. 000 —0.104 0. 035 0. 075 —0. 007
X355, - 45 100 0. 270 —0.172 0. 356 0.169 —0. 082
M6 IEESIX 48.1 0. 000 —0.042 —0. 049 0. 086 0. 005
PR R = X 6.1 0.108 0.219 —0. 249 0.016 0.123
iz X 3.3 0. 204 —0.074 0. 325 0.012 —0. 059
AR = X 42.5 0. 000 0. 089 —0. 199 0.083 0. 027
X355, - 45 100 0. 312 0.192 —0.172 0. 197 0. 096
AT WX 52.9 0. 000 0. 086 —0.187 0.102 0. 000
Bk P 2R = X 1.0 0.073 0. 249 —0.211 0.011 0. 023
iz X 4.4 0.168 —0.219 0. 547 0.014 —0.174
AEREAREZ R = X 38.8 0. 000 0.194 —0. 288 0. 080 0.014
[X 35§, - 45 100 0. 241 0. 309 —0. 140 0. 207 —0. 136
A8 WA IX 35.7 0. 000 —0.128 0. 045 0.078 0. 006
FEARPEZ R = X 6.1 0. 065 0. 204 —0. 250 0.016 0. 095
Xz X 5.6 0. 040 —0. 286 0. 359 0.019 —0. 052
BRI R S X 52.6 0. 000 0. 085 —0.232 0.115 0.032
X355, -4 100 0. 105 —0.125 —0. 079 0. 228 0. 081
A9 S IX 44,1 0. 000 0. 001 —0.122 0.113 0. 008
Bk 2R = X 3.2 0. 020 0.051 —0. 068 0.010 0. 027
Xz X 3.6 0.017 —0. 252 0. 328 0.018 —0.077
FEREAK MRS X 49.1 0. 000 0. 089 —0. 205 0. 104 0.013
X355 45 100 0. 037 —0. 111 —0. 068 0. 245 —0. 030

AR XA REOK EEIR TGRS (R4, TMZE
WREEK T 2SSt TR BT A s S, e

A5 L AR REEAOR B TR X, 5 —2F

FEAOk B TR X Rk K 2 2 28 F K%
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. SRR S IR R AR R S X

5 #ig

ARCHETF Y R RO R, TRAN i
3T Gao et al. (2005a) #H A9 K2 T T R
WHE T P A IR IR S, FERH 4=
REERI, 456 TOGA COARE {5 M 758}, 15
2 21 REKEM B AP RBEBIUTER, 28 T 5%
IKA S AR VR 2 1) 5 Al el AT HAGHT e T B /K ) o
ko ASSCH EELEIS AL T LA -

(1) 21 KR 254G 83 %% Y I ] A b 18 F 7K
TEA MK I Ia] A 32 Yo i It ] B R /K kL TR 7K
RERBUOIE LT s JEE S BRI 14906 . X
UEITE AR R B 00T B FE AR AT 240, BR T T
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SR AR LKA T AL M6 AN 7)., A SS
(AR A Fh M TET 28 K A Sl K PRI (M) 8 AN
M9
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AR IR M2 FnASBI 3) . -85 M
RE/KHAE 0. 8 mm/h 247, FR/KERAE 8040 LA I,
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