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Abstract The moisture budget and precipitation mechanism for a stratiform cloud system are investigated based on simulated
results of the MM5 model. The light-medium rainfall caused by the stratiform cloud system occurred in the Henan province
during 18 — 20 October 2002. Both water vapor and hydrometeors are transported through the western and southern boundaries
into the Henan region. There is a net inflow at the horizontal direction during the main precipitation period. Every term in the
balance equations of the water vapor, hydrometeors or all water substances throughout the Henan region was calculated. The
results show that the budgets of water vapor, hydrometeors and all water substances are approximately balanced. The precipi-
tation efficiency of all water substance, condensation efficiency, deposition efficiency, precipitation efficiency of hydrometeors,
and precipitation efficiency of water vapor for the Henan region are generally about 33. 1%, 27. 7%, 13.1%, 69. 7% and
31.1%, respectively. The rainfall efficiency of all water substance is similar to that of water vapor because water vapor is pre-
dominant in all water substances. The conversion efficiencies among different precipitable particles are evaluated. with the re-
sult that more than 58. 2% of cloud ice is converted into snow, above 82.1% of snow particles melt, less than 11.1% of snow
is converted into graupel, and almost all of graupel melts. Ice water increase is mainly caused by deposition. Most of snow par-
ticles are produced by the conversion from ice crystals. Snow increase is due to both deposition and accretion of cloud water
with the growth rate of deposition is greater than that of accretion. Rain are formed and increased through the warm-cloud and
cold-cloud processes. The amounts of accretion of cloud water by rain are nearly equal to those of melting of ice-phase particles.
The amounts of cloud water auto-converting into rain are relatively small. Therefore, during the main precipitation period, the
precipitation is jointly produced by the warm cloud and the cold cloud processes. The proportion of rain amounts finally pro-
duced by deposition to the amounts of all of source terms of rain is more than 35%. The ratio of rain amounts ultimately pro-
duced by accretion of cloud water by ice-phase particles to the amounts of all of source terms of rain is less than 12%. Water
vapor plays an important part in production processes of precipitation particles. The proportions of precipitation from the see-
ded-cloud-layer, mixed-phase cloud-layer, and liquid-phase cloud-layer to the surface rainfall are about 15% — 27%, 45% —
50% , and 23% —38% , respectively. The precipitation contribution ratio of the mixed-phase cloud-layer to the surface rainfall
is the largest because of the increment of ice-phase particles in the cloud-layer.

Key words Stratiform cloud system, Moisture budget, Precipitation mechanism, Numerical study.

x o PEHIR R b — 7 E R R SR 5 H (2006BAC12B07) #l[H 8 3 R Rl 2% 5 4 35 B (40875002) .
EZ A AR e . EENF SR BE2ESE . E-mail: zhouff770215@163. com
T TRAEE LA, F NG S K B A5 . E-mail : hyc@mail. iap. ac. cn



AR Al 48 s — VAR 25 2 K 43S A AL B B 5 183

# E X 2002 4 10 J] 18—20 H 544 2R = F 097K 43 S R R K AL T MM 5% 2R 480 1) 45 21 2% BT L 3T i 48 36 D AR 1
KW 5 32 L A P R R 2 S % ) X P .19 1 R K T N B R K ) T R KO 1 A . T A K R K
W A0 K Y T I 7K T A 2 v 45 I A 2 2 X Sl K g R R A R ST A A T A S K B R K R L
G R BEAEFENKBE Y R KRR BRI K 8% 4 1 29 33.1%0.27. 7% ,13. 12,69, 7% 1 31. 1%, S /K ) Ji Fie /K 2803 5 K 9%
MR R H TS 50K R BRI SR A, 458 2% Lk LK MFEMAAT. B 82. 1% WS alfb, K3
11 1% M B H Ao B ok 7 LF 58 2l Ak . oKl A e A PRl e . 25 0 B ol ok S R 7 A L O A IS S L B R Y K
5%, KRS MGz B 72 A F K, B K 3 2 7K 8 A vKoR: 7 il Ak B R OK B ST AR I . =T A s kbR, T L,
TE B BRI B B K2 R = FITBE 2 e AR G [A) 7 A 1) POk, 05 4 318 46 X6 T 7K 108 B ik e B e 35 06, 48 7 3% 4K 1) BT ik e v
AL 12% 0] WK RGBT R K BB, AR UKOKIR A T2 TR 2 X B K 1 B3k 4 31 29 152627 % .45 %50 % il

23%6—38%0 » R WML AL - 257 2 VOB T 72 VKK IR 45 J2 1A 1S K 0 B /K 1 SR AR 24 K.

KR EREFR, KU, BKYLH . BUEDFR
REESES P435°0.1 P426

L 5 F

ERm R EPEI T EEEK S RS
ANLHWHELWFEAR SR, s R/RTERKELR
LA 23 HORK VRNl B Ak Sk LT R K L R KR 1
T R K VR 43 TE ARG Ak 0 el SE B X2 = R K
BILA N T8 R S R B AR B ST 0 S Al X IR AGA
Wz A B FR G R A AR PR AR G4 . H R
i LR AR O i 1R R 6 2 R & R S0 N T8 W AR
b B T RV 2o R AR B R K I H Y. R
MR )ZRE RN T W0, & EWR = R
{14 B K BIL A 5 A 5% IS 26 78 [ KO 1l rh 8 = 3 R
FEAET M = AT AL A B T REH MBI .

@4 A1k, F AN FiF 2 RIRG KDL
MWF 5 E & AT T R . B a1, Chong %
(1989) F1 Tao 45 (1993) IR A8 T M4k & 4t 1 /K
A3 USSR L o 48 X R RN 2 AR XX T T R K AT
A BRI XA AR B AR s XK Oy R
BRI 5 v R 1) R 2R 2R G 1 K o IS TR A
20, Caniaux 55 (1994) F BT T ML RS XT
Tt DX H K BE ) ) 3 e AL ok R Y R ERRAE . Sui 45
(1990 FI I —4~ CEM B TR WF 52 1 o 18 #b X 1Y)
KGR BUS A DA B SR a5 . B4k L H Al
1548 W 2 Colle % (2005) By T AE. &F % IM-
PROVE 35t H 1 — MR A 43 A 1 30 KU A 4 22
WSRO B B M, RESS IR
8 30 KU R K VR IR 2 31X 5 KRB 45 RN Bk AR

FEA DG, 300 RIS b THT R /K 322K B WK RIE I = 7K i
FE B DIREFAL AL LA R Ak . 78 2 = A
A 2/3 WA R, T B0 Ky KSR R
50 %0 o ] A AH A 9 3 A0 E DX R 9 K
B 6 RIS AR S S R AIE S AT 22 45 (2004) 38 3
Xf o E P AL AR ER 40 4F H /K # NCEP NCAR #4)
BrgE BRI , B A T 53X — b X 3R 2R Fif K R HK IR
H 2% 1 A R IR R S R A SN X s R 4 (2007)
FH A2 D05 Rk B 5 T VI 38K i S 45 48
LN T RIS AR AR AL DL R A L
It 5 ECMWF & NCEP/NCAR #4387 58 BHE 1 i
—HXF

TEBIE 58 7K 53 WS 28 R B B K BB X A
H X BEK BB A 2 FhoE S, A AN I oK & S
HEA = PKIR R Z K B (B
Z AR R BEIK R A N K RO 8 SR R K
i R g T EELS AY K & 2 H (Braham, et al,
1952) . Hobbs % (1980) 8 R /K & %o R 3 T
WA 1 m B8 0E B0 SR IR 5 A EEA R L 13 B
X K RO 22 AR K. BB X WA 1 B KRR
40 %5076 s ¥ B T X rr 55 — 2% 56 W A 1Y) R K R0
e s 80 %6100 %6 5 v F Hiu Th7 4% 2k b A2 8 U A
(AR R AR . N 30%—50% ., BE®R . KE =
AE Y R K B R Ay 2 A 3096 FI T0% . T 2 bk A
(1987) .k Al Hobbs 31 B K K ROR 1Y J7 ik 1T E
TR PR S AUIE R K R AIE O B 1Y
R K003 B e VR B N MR B B T BT IR IR 2 R 88 I B



184

ik, WOBF55 (1990) 1 %48 g B VU 48 11 = & F K
BRI 29y 5500 B E B KR e IR IR
o T B K RO B . 28 %0 5 4 (2006) £ 1 — A~
LR KRR 5 S LR K RO E SO R
KA BRI R HO R A SR PR R B KR
i LR ) T e DA R b AT R R K X = A A
B . 15 B B A A AR S LI K Bk RO 10%6—30 %0, B
X B ik 40 % —60% .

RBEKHUEBARRE T 2 WS, Hobbs
1980 &5 A s S A A I B4 58 T R A R
JHE B H /N RUJBE 235 48] 0 A 7K 0 B s R R R A A K L
il o B T b S A AR 7 A I — S R S R 1)
FERN UK Z 5 PR TE 1T PR 2 v A A R
B AR A K R OIFTE Bk . 3@ a4 i 1997 4F 5 H
PRS2 ) 35 bR ) VLT OE R 7K R 42 TE 22 bR 4
(2001) 4§ Hh B 7K R T 1T BUFE 18 22 LA 3R 42 T IRA B 84
Ry 3 AT AR A A X A DN 5 i B 2 D DA A - 5
PN, A AT AR 2 v G T A R A B H X R
JK B SE I L TE 2E AR EE (2001) 45 2 4R = B % 7
PRXT TR A2 F B K 19 )3 20 AR JR AR FIAR K, XF
FAR R XA B S, BRI 5% (2001) 3 i
G3AT CAILAN S 4 1 50 25 SR 4 s TR R R 19 TE B
TR AL ¥ 25 7K 5 i HL % Ak UK oK T 10 A0 K 7R
W25 TR =K & 1 o S N TR
PRt T E SR SER KA . W1 ARE (200D il HF SR
AR 2 BEAK ML B2 57 i N T3 M ML . N T oK i BR
Tk DL R R Ve K A S B K AL 8
— 43 UK T P A K PR A S K . it AR (1996)
FIARBIZIRAG B TR s 52 R A E
TERH ot TRUZ IR A =77 4 2 W i P B AL .
T AE 25 (2005) 2R 2R 25 4 IR A BRI T “ Ak
RS R K LR, 48 -t 57 = B
) 53 2 Al AR H v R R R BE A 1 K I VKO R
TR KRR K =2 1 2 B KRR 8 = K
7K TE J8 1 BT R BE AR 2

2002 4 10 A 18—20 H EKME Y = RV
L N W e e o e 5 N D R N e TN O N U
T 3 2ok )P 22 Tl 08 D0 5 R X Ik Ao AR 1) 43 BT 2R L B
Kz FR R 2R = R U8 AEIESE,2008) . A

K42 2010,68(2)

Acta Meteorologica Sinica

SCH A MM AR X T 9 4 2R 2= & K e
ORI A SR L 1 a5 = R K 23S e B Al L
FEI AT B K BILAR K 7K 20 WL S5 e K BIL A+ 45 5
171 5 T ST R K A i P R PR 23 BT L B A 2 ok
FHAL SRR

2 PR A

K H MM5 #it 3. 6. 3 JRAKL L T 2002 4F 10
H 1820 H R4 2R = R K F B HE 1E i
]2 18 H 08 iy (At mimf, FEDF| 20 H 02 i), 7E
APk i e P T iR . R A0 A A DL 11 K
SEA% B 43 0k 30 F0 10 ke, AL O R AR S0 3SR TR
B AR 20T 2 20 I A ARE 4DL 38 4 ] Reisner & 5
H#E R Grel R8T E. G HEASARAR S
SR T 58 5 A UL AR SR 8 43 B34 11 Blacka-
dar R )2 T BB TR . LV, B
TR I A LS b R = S8k T 57 AR ) R R K
AR BTN 1/10, 10 H AR = 2 80k & 16 ]
A8 38 A R B K AR /D BRI A A48 T A A 03
FH T RGBTSR, BERNYGESHAEET
NCEP/NCAR 4 6 /N 1T YA F- 40 87 %6 RE . 1 B b
AT R TR A R, ALY v R I R
FEG SR M T 45 R Y — BB 6 h RFHEE
K5 SEBLER W A G HAE T 4 S Y (U E
85,2006) ., 1 KX — 2R = 10 5L OLFN TR 2 1 B2
AR T SC R AR R4, 2008 5 3k 7 38 45, 2006) A T
TEANAY B3 . A SCAr BT 32 B X RS 4 8 (B 1 v
4IF IX . 31. 49°—36. 53°N,109. 96°—117. 03°E; H
43 55 S M M X : 34, 27°—34. 97° N, 112. 70°—
114. 23°E; 7 FH H1 X . 32. 28°—33. 80°N, 110. 97°—
113. 82°E) BBl 45 11

M2 F2 S TR BE ) 5 7K Sk JBE JBE 4 AT B B[] (7 9 28
RES EOULHL A 23 10 = & 1 V9 AL 1) 2R g RS2 38 1) 3] e
BHEFE A& 1, 19 H 00 B, 245 B 4 o 3)
A G ILES R = R IR iE AT R 44 508 B
DRBEEWEEA R 5 12 B, = RIGil
Gk AT A = FERTEE L 08 B A g/, =
R 12 LS = R A A B R
ISR T PR R s R T L



JAEAESE - — KRR = F K7 W SRR K AL B8 K e F 72

40°N

38

36

34

32

30

40°N F

38

36

34

32

Q
3
. /@/
5 ,ﬁ 4::%J$
N = ~—6c
gt
i 2

RS

ol

105 107 109 111 113 115 117°E

185

30

P11 2002 4F 10 J 19 H 4 AW 218000 = R SOKBEY) & = T E R BUEE (mm)
(a. 00 M, b. 08 i, c. 12 W, d. 20 i 5 B A AR TE X 10 15 44 10 1] @ Sy 5405 il m ol 1 BH )
Fig. 1 The vertically integrated thickness(mm)of the total hydrometeors for the simulated cloud system
on 00:00 (a), 08:00 (b), 12:00 (¢) and 20:00 BST (d) on 19 October, 2002 (The rectangle area represents the

Henan region, the black circle stands for the position of the Zhengzhou station and the black square is for the Nanyang station)
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Fig. 2 Vertical distribution of the fluxes of water vapor (a), cloud water (b), rain (¢), snow (d) and of

their (total) convergences across each of the boundaries of the Henan region on 12:00 BST, 19 October, 2002
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the boundaries of the Henan region from 18 to 20 October, 2002
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Table 1 The computational values of each term in the equilibrium equations of water substances (units: kg)
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Fig. 4 Time series of the hourly precipitation efficiency W .
of all water substances, hourly condensation efficiency
Q.. » deposition efficiency Q.. ,hourly precipitation
efficiency M,. of hydrometeors, conversion ratio
E., from cloud water to precipitable particles and average

hourly surface precipitation R(mm) in the Henan region

ZEORS IRV i oy U o A R L &
E, B8 7Kl B 3l Ak S ok 1 i 5 1
8 45 1 PR G AL U KORE T 1 B 5 K B AR Y
POAR . — BT & o il AN AR D B AR £ T MIMIS A6
Y Reisner i 77 58K UK di 1 D B KR 7 B AR
D HIA T Z K 1) K b i e A
T

T( pendl-+pmei)

E, D

T = T et prat psacw+ peacw-+ pifew-+ piacw + phmfi + psssicw+ pesacw + pgacw + pgiac)
Ao T ARG B R AR B B R bR 3R R 19
PR CLAT S 2) . W 4 F A 5z K
ek AR 7 1A /N IR e Al 25 i I 1) ¢ B 1 8 A ) e
B et 25 28 B A ) TR L 2 7K e Al TR AORE - B 30
Al B RSN R AR A I o KR
N3 ZJE BEAE 2 BN W T SN A A o R B R



JAEAESE - — KRR = F K7 W SRR K AL B8 K e F 72

PRGEARCRE R FRE. X 19 H 08 I AT G = &
8 35 R A S (& D B ARt 70 %0 B AR R
(B, S B S AR 2%, 22 )5 e Ak 33k 8020 A I, Ul B 7E
7 7 BIBAL 2 KA R B AKORL P AR s . R
W0z K It 7 3h i Ak B Aok i 4 S5 R
BEAR A S | HORT T VR 3 B B KR T R A U
18 H 08 W Z 20 H 02 WM & » 2 7K 1] F 7K KL - Y
BAL A2 86. 7 Vo L W THT A 43 BT T 1 /K TR 5 445 5 0 5k
LR AR 2 27, 7% R 13. 1%, 75N R vk 8 T 1%
KL F R T, ATHEAF 20 37, 100 1Y K IR I &
B AL R KR

4 JRAIR = R BRG]

=K AL AE 3 Al 3 (1) gkl i Bt
G5 FIGE A iod T 1] 8 285 7 R [ 285 7K A e Ak 3 A i T
EARE T 5 (2) oK1 BRI Fe 4k . Z i 2 4
iz KAl D B TKORE 5 1 0% L 3k BUR o M BLR 1Y
Bt 75 (3) W KORL e Ak b T Y B 7K . e
Wik 7R B8 T JBR B LA (] Aol 2OhE 1 1) #) EL AR e
LA R 3 5 A 3 AR X TR K Y BT RR AR 2 & AR B K AL
i AIF 7 Hh Y 32 B )
4.1 FEIKHBLFRERL R AL R X B vk B9 STk

AN 18 H 08 i 2 20 H 02 Byl j 25 Il = &
IR TR ) R 7 A 3 4 45 () AR 23 B8R 3 B Bk Ok 1
AR R J0 R 2 A e R LA RO ik 7K A BT R

4.1.1 EA Bz R AR T IE R At 72
150 0.2
——p. > o @) q,
> @
3 E
o~ 90 ¢ ~
é >0.1 é
Qs RS o
30
0.0
1400 02:00 1400 02:00 BST
16
- @,
D P
— Py
—®— P,

P, (10° kg/s)

®
>

189

M Sa & T K i B8 = 8 2 3 B2 98 i A i
Ko 18 H 20 i LAY 3 222 B2 W # . f K i =
T A 3l 5% A AT K B I 25 7K 5 A R K L kA i e
JUF- %A 5Tmk . 20 I LUJS oK AH G 2 00 2 o . ok
R~ il A ™ A T K e 3 BT 0 L 5 A kL 1
P Tl A X R 7 7 A A ) BT R R ey o G R L 1 A
FRA K 5 AR KAl T 25 7K 3G X K 77 R R A
BORTTHR . 73 51 VKORE 38 15 25 & X Aill I 5 K - fHX
PRI XS R K TTRR /D . B2 TR TR K I B R K
i8R o MR = i B[R AR A . KB RS S
TR 11 2l e A R DAL 5 J A » T 9 9 38 AR T i
HzmoKk e 3 F B oK A e A AR 3 e i
VR K R A LA R B AR I AR W] A iy T 8 R O
KARE Sb) . ELEh m K MEFAmR, Kb =
K Z B SRS AL N BN IS A hER A o o
FER . I T X 5o B R e K Y e
VR R K 3R I R Oy i R 2 K G 7 L e AR A
ok VN IR S8 ST BUEL 27 BuRLy/ Sl BNI( I IO

TERL T2 IR 5 A v SE B B 35 A R 1
Z IR A . K IBE S I KR FE AT TR L 0K
ann S OB TR S G B T AR K L AR K]
X4 PR TR M. NIEL S B . K IR B KORE T Y B
P A P R KR T 1Y 57 A A g A T S R R
BRI, SR A N 2 8 DX Rl AL = i R 2 K R AT
WA R o K AR B i, AT L 2 7K e A Sy B AR 1
R T K S N i R R A L T e
B AEE RFITE KX 28 Kok 2 (0] . 55 20 i

120
e ) 4,
L P
R
s
o)
)
=
40t
L
A
06— :
14:00 02:00 14:00 02:00 BST

B 5 18 H 20 W#| 20 H 02 B RFE W K () .5 (b)

A (o) A PRI IX Ik ™ A2 2 P (10° keg/'s) B I ] 22 4k
(5 2R A B 72 WA 5 30
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Table 2 The spatial-and temporal-integrations (unit: kg) of the production rate

of the four kinds of hydrometeors in the Zhengzhou area
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Table 3 Proportion (%) of the production amounts by the main microphysical

processes in the Zhengzhou (Nanyang) area
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Fig. 7 Time series of the contributing ratios (%) of the hourly precipitation of the

ice-phase cloud-layer, mixed-phased cloud layer and liquid-phase cloud-layer

to the hourly surface rainfall in the Zhengzhou area (a) and the Nanyang area (b)
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