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Abstract It is very meaningful to separate the precipitation cloud system into convective cloud and stratiform cloud.
The separation is important to improve the remote sensing of precipitation and compute the heat momentum, and so
on. The raindrop size distribution and the structure of precipitation cloud are used to separate the precipitation cloud
system into convective cloud and stratiform cloud. In Beijing, the time of convective precipitation is short. Some
convective precipitation lasts just half an hour. Moreover, during the precipitation, there often exists lightning and
thunder. The time of stratiform precipitation, which lasts at least 5 hours, is longer than that of convective precipi-
tation. The bottom of stratiform cloud is low and has mean structure. First of all, the equilibrium raindrop size dis-
tributions are analyzed. The equilibrium raindrop size distributions are continuous and have the similar characteris-
tics in the width of the spectra and maximum of N(D), and so on. Six kinds of diameters are calculated, including
the mean diameter D,,, the mode diameter Dy, the mean volume diameter D,, the predominant diameter D,, the
median volume diameter D, and the median diameter D,q. It is found that for convective cloud D, >1. 20 mm, and
D,>1.5 mm. The peak of raindrop size distribution is analyzed. There is no single peak of raindrop size distribution
in the convective precipitation, however, there exists in stratiform precipitation. The raindrop size distributions are
separated into 3 kinds, such as single-peak raindrop size distribution, double-peak raindrop size distribution and
three-peak raindrop size distribution. The diameters corresponding to the peaks are analyzed. The rain-rate R and

the radar reflectivity factor Z are calculated using the equilibrium raindrop size distribution, and then the relationship
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between R and Z are calculated. Compared with the stratiform cloud precipitation, the factor of the relationship is

high for convective cloud precipitation. The factor is lager than 200 for convective cloud precipitation, and the factor

is smaller than 200 for stratiform cloud precipitation. All the informations can be used to separate precipitation cloud

into convective cloud and stratiform cloud. But the precipitation is complex, so it should be careful to use one of the

informations.
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Table 1 The mindrop diameter and the precision of the 20

channels of disdrometer

BIIBEER S W EAR T LA A B
Channel Diameter/mm Precision of diameter/mm
1 0. 35 0. 05
2 0. 45 0. 05
3 0.55 0. 05
4 0. 65 0. 05
5 0.75 0. 05
6 0.9 0.1
7 1.1 0.1
8 1.3 0.1
9 1.5 0.1
10 1.7 0.1
11 1. 95 0.15
12 2.25 0.15
13 2.55 0.15
14 2.85 0.15
15 3.15 0.15
16 3.5 0.2
17 3.9 0.2
18 4.3 0.2
19 4.75 0. 25
20 5.0 0. 25
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Table 2

corresponding raindrop on the raindrop paper

The real diameter of raindrop and the diameter of

K ENE B AR KIEEE B AR
Diameter of drop ELSZFHH B/ Diameter of drop ESZHIH EA

on the raindrop  Diameter of  on the raindrop =~ Diameter of

paper/mm raindrop/mm  paper/mm raindrop/mm
0.5 0.2 15.5 2.6
1.0 0.4 17.0 2.8
2.0 0.6 19.0 3.0
3.0 0.8 20.5 3.2
4.0 1.0 22.5 3.4
5.0 1.2 24.5 3.6
6.0 1.4 26.5 3.8
7.5 1.6 28.0 4.0
9.0 1.8 30.0 4.2
10. 5 2.0 32.0 4.4
12.0 2.2 34.0 4.6
14.0 2.4 36.0 4.8
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Table 3 The number of total raindrop size distribution and

the number of stable raindrop size distribution

7K B # 49/ S MR SR REIREH
Precipitation  Precipitation ~ Number of to- Number of st-
date cloud tal N(D) able N(D)
2004 - 05-25 S 80 32

2004 - 06 - 16 S 156 52

2004 -09 - 14 S 253 81

2004 -07-01 C 13 6

2004 -07-07 C 13 9

2004 - 07 -08 C 24 13
2005-07-10 C 23 18

E: S: BREAR. C: WRs A&
Note: S Stratiform cloud, C: Convective cloud
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Table 4 The symbols, definitions and equations of the 6 kinds of diameter

ER” 5 E L FisX
Diameter Symbol Definition Equation
FHER Dy, ST TR B ELAR R LA W A A 20 2
. . Dw = > N:(D)D; [ > N:(Di)
The mean diameter The sum of all the diameters /the sum of the = pa
number of raindrops
RECEAR Dy 5PN ESEKE N (D) I AT X 7 4 HAR
The mode diameter The diameter having the max frequency The diameter having the max of N(D)
TR Do TR T 2 e s
" . o , DZ[ZN,(D,)D? ZNI(D,):|
T'he mean volume diameter The diameter coresponding to the mean volume v i =
of raindrop
AR EZ D, Xt K e DTk R 2 1 BAR N (D) D® s KAB X I 1) B AR
The predominant diameter The diameter having the max water content The diameter having the max of N(D)D?
P Du  RHGHWA N GO R . )
The median diameter The diameters of half the raindrops are less 2J " N(D)dD = J " N(D)dD
than or larger than the diameter " "
AR ERR D 7R I 2 AR T A A R T 4

The median volume diame-

B

Half of the water content is attributed to the rain-

"D D,
2J " DIN(DYAD = jD D*N(D)dD

min min

ter
drops with diameters larger than the diameter
x5 BRASENEMEENENE
Table 5 The mean value of diameter for the raindrop size distribution
E R HAR -4 (E
o Mean of all kinds of diameter/mm

[E/NER ! Mk = A&
Precipitation date Precipitation cloud D, Dq Dy D, Dua D,
2004 - 05 - 25 S 0. 88 0. 81 0. 99 1. 25 0. 81 1.25
2004 - 06 - 16 S 0.94 0.92 1.05 1.27 0. 89 1.25
2004 -09 - 14 S 1. 04 0. 94 1. 20 1.70 0. 97 1.54
2004 - 07 - 01 C 1. 04 0.79 1. 29 1. 98 0.92 1. 85
2004 - 07 - 07 C 1.18 1.17 1. 33 1.58 1. 14 1.58
2004 - 07 - 08 C 0. 89 0. 83 1.07 1. 68 0. 85 1.49
2005 - 07 - 10 C 1. 70 1. 48 1.95 2.74 1. 54 2.51
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Table 6 The standard deviation of the diameter for the raindrop size distribution
BB D bR R 22
Kok H Wk s 7 Standard deviation of all kinds of diameter/mm
Precipitation date Precipitation cloud Dr, Dy Dy D, Dy D,
2004 - 05 - 25 S 0. 11 0. 22 0.13 0. 28 0.13 0. 20
2004 - 06 - 16 S 0. 10 0.16 0.13 0. 34 0.12 0. 21
2004 -09-14 S 0. 17 0.21 0. 21 0. 54 0.18 0. 41
2004 -07-01 C 0. 26 0. 36 0. 22 0. 33 0. 29 0. 29
2004 -07-07 C 0.23 0. 33 0. 27 0. 38 0.16 0. 37
2004 -07-08 C 0.38 0.52 0. 43 0. 80 0.48 0. 58
2005-07-10 C 0. 36 0.41 0. 44 0.97 0.32 0. 68
R7T FEKFEEDETEER S LG
Table 7 The frequency of all kinds of peaks in the raindrop size distribution
Wk R ST X =¥ e T
&K H i Precipitation N(D) having N(D) having N(D) having N(D) having N(D)having
Precipitation date cloud single peak double peaks three peaks four peaks five peaks
2004 - 05-25 S 21.21 36. 36 33.33 6. 06 0
2004 -06-16 S 20.75 43. 40 26.42 3. 77 3.77
2004-09-14 S 6. 10 35. 37 41. 46 14. 63 1.22
2004 - 07 - 01 C 0 14. 29 42. 86 14. 29 14. 29
2004 -07-07 C 0 33.33 44. 44 11. 11 11. 11
2004 - 07 - 08 C 0 33.33 44. 44 11. 11 0
2005-07-10 C 0 16. 67 33.33 50. 00 0

ANWETERZEHE . ANIE I R I TR B R 7K R[] 2
PR . ARAPAEE SIS . MiAE—Le i
TR AR B SR AR R K T T AR B4
AT A DA RRAE . PG, T8 S o A
FATRRTIR 3 0 A1 RO BLARRAIE T L) DR A /K 2 15 35 3
TR

TEFRATRT He 0 LUK B /K 3 e 0 TR IR 1
WATAER Z L5 A SCE SRR (E SRR IR R
(B SXAME L HARSBAYHT . S (EAR R . FROMIE(E .
FA TR R T T MR L P 5 H D BRI T L
WERDTM G . VR IG . POWERT G . O .
GETT AU K i P I RN R T o B R B 1 L
1, AT LA 225 Rl (L BLAY SR K. & 7
BT K JLUR Bk K aod A v 45 o OB ) B9 A0 5
H TR M R IR TR S BT 326 R ) TR T AR A
[AIZELE . RHEAH AR TE . FATTIA X e A G ERE K
AR HRERE B . XA = K R R T
BOA B, X SR AT R4 R — B
{HAERIR B K g 1 b B T B R Y 31
RUEHIERE AT . X T AR = R LR ARE K

R 5 B 6 AR I 1 T AR AE AT e
K HRATE HE B R T TR

T SR K B, BT th BRI (. =
(A% MRS DI R F % L/
i e AT 7 R T ] e

B2/ 1 g 5 g S N SR € ) L B 'Y
JLASA BRI R TE2E AT 20 A BT A5 2 A 2 R AR M A

VLRI, PIrUAFELA T N FRATTAT 4 Bt Hh R
DUAS L A DA A P R 3+ T A T 0 A L
LS (R AR =AU {9 T VG i AL o

X 2 B K AR 15 A Hh BB (i 245
. FTUAHZAR = 64750 0. 3 8 gt T iy
MR PRG35 R FRAE . 7E 2004 47 5 H 25 H K
rh, BRI (ET 1Y) T T 5 L 0 L Pl X6 L ) B AR Y L AE
0. 45~1. 1 mm Z[a], HH1 0. 90 mm R4 H BRI
BRI e, S 57,14 %, 2004 4F 6 A 16 H &K
F B R T 3% A W (R JIT %o 107 A ELAE S LA 0. 65~
1. 10 mm Z[a], 2004 4% 9 H 14 H HLEE TR % r g
(HEATEEIAE 0. 45~0. 90 mm Z[8], X FHIR K 12
WA RIS RIREALE 0. 90 mm Ak H BRI AR A e
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X B AR A R 1S . FRATA0 e 45
ANVEEAE P Xt O A ELAR TR, DA S UL H 0 36 A 1
FIEXE L ) EAR . BARNZEFITESR 9 . Hidr, 2004
7 A1 HARRE IR RS R SRR S IR
WEE . ZWRIZR BRI R IR S, 56
— UG BE S (R B R A R, TR
M ELAR (B 5 AR — B, B RIREK H B h1s
FIMME AR, Hen 2004 4 5 F 25 H I 2004 4F 6
7 16 HE— M IE(ETEELAR0 0. 65 mm B H B
B, 1 2004 4E 9 A 14 HEYK 0. 90 mm; 2004 4

R 8 BUEWIHEEMIEERHE

5 J1 25 HAI 2004 4 6 F 16 H 5 —/NIEEHTE HAE
30,90 mm 4bH BT R HE 5, T 2004 4E9 A 14 H
194 1,95 mm, TEGEHXH I = Bk, FRATTR B
W15 T VA T U L BT 36 e e T o L 1) EL AR AN AEAE
ME—(EL, HLUNTE 2004 4E 7 A 7 H X 2 FE 7K B9 AL
WEE TR 78 33 HP SR — A DG (B E = A B AR Ak MR B A 2
—FERY XA R 32 R 2 Rk B R) e REAR
BH DG . ZEXHTR 2 T2 R 25 K A S R 37
T, BRI B A AN TR LAY AR
Pl 2 R0 A BH S 1 22001

Table 8 The peak characteristics of the single-peak raindrop size distribution

WA A s IR ELAR W {8 5 JO R A

[k H [k = % W AE Y EAR VL Diameter of the highest frequency The highest frequency of
Precipitation date  Precipitation cloud Diameter of peak/mm of peak /mm peak
2004 -05-25 S 0.45~1.10 0. 90 57.14
2004 - 06 - 16 S 0.65~1.10 0. 90 54. 55
2004 -09-14 S 0. 45~0. 90 0. 90 40. 00
R WUEFHIL R EERHE
Table 9 The peak characteristics of the double-peak raindrop size distribution
S — NI (E HH BT S AN W {E S B R
I ER IR ER
MR EARJEE Diameter of the high-  #5 = /ME(HH E2J0HE  Diameter of the high-
fEIK H 11 [k 2= % Diameter of the first est frequency of the Diameter of the second est frequency of the
Precipitation date  Precipitation cloud peak /mm first peak /mm peak /mm second peak /mm
2004 =05 - 25 S 0. 45~0. 90 0. 65 0.75~1.95 0. 90
2004 -06 - 16 S 0.45~1.10 0. 65 0.90~1. 95 0. 90
2004 -09-14 S 0.45~1. 10 0. 90 0.90~2. 25 1. 95
2004 -07-01 C 0. 65 0. 65 0. 90 0. 90
2004 -07 - 07 C 0.55~1. 10 0.55, 0.9, 1.1 0.90~1. 95 0.9, 1.3, 1.95
2004 -07-08 C 0.55~0.75 0.55, 0.75 1.10~1. 95 1. 95
2005-07-10 C 0.45~1. 30 0.45, 0.55, 1. 3 0.90~1. 95 0.9, 1.1, 1.95
R 10 = IEF R RIEESFE
Table 10 The peak characteristics of the three-peak raindrop size distribution
S — UG DA FAEE
F-MEENE FRENER BOAEEME WEEEE  SENEENE S EENE
Rk H A Bk ZR  ZuH Diameter of the &M Diameter of ZIaH 120
Precipitation Precipita-  Diameter of the highest frequency of Diameter of the the second Diameter of the Diameter of the
date tion cloud first peak/mm the first peak/mm  second peak/mm  peak/ mm third peak third peak/mm
2004 - 05-25 S 0.55~0.9 0. 65 0.90~1.95 1. 10 1. 30~2. 85 1. 95
2004 -06-16 S 0.55~1.10 0. 65 0.90~1.95 0. 90 1.30~1. 95 1. 95
2004 -09 - 14 S 0.45~1. 10 0. 65 0.65~1.95 0. 90 1.10~3.55 1. 95
2004 - 07 -01 C 0.65~1. 10 1. 10 1.10~1.95 1. 95 1. 95~3. 90 1.95
2004 -07-07 C 0.45~0.75 0. 65 0. 75~1. 30 0. 90 1.10~1.95 1. 95
2004 - 07 - 08 C 0.55~0.9 0.55 0.90~1. 95 0. 90 1.70~2.85 1. 95
2005-07-10 C 1.10~1.3 1. 30 1.50~2. 25 1. 95 1. 95~4. 30 3.15
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2 10 Hg i 1 I LR B K o AR R R I Y =
WEAERRAE . 7R3 JLIRFE7K B v, BR T 2005 4F 7
J 10 HEEAGE RSN, HARREIK 0 = A W8 (5 R i 1%
o, NIRRT BEAE 0. 65 mm, 5 MR
HIAE 0. 90 mm, 17785 =R Y B B
76 1. 95 mm, 2005 4F 7 H 10 H K % A= i) a) B
HN 14:27~15:17, FEKZHIRAEM, K2 )G
RAWARRELHE , BEKSRE R WA, 1 LA
T T AL T R 8 3] ) A — 0 ) RT3 A 451 il T
JUPHAE. T 2004 4 7 H 1 H K & ATE
16.27~17.23, 2004 4F 7 A 8 H&KEAAE 20,46
~22:56, FHXTF A b, oIS I
s TE AR AR X 2 TR Z, X W3 T
JITTE R W 3 1 AN [R) A R AE . R, 7E 2004
7T H T H 14.00~15.00 5 &4 K, N ENTE
W AT, HRE KGR BB B 2005 4E 7 H 10 H
MRS . AT X LS LU, AT UL RO 3 3 A SRR AR
SER IR AR = F R 1S Z A A 25 5%
A — KA R K = R Z W 23 F7 7 B S 1Y) 22
il TS Rk 2 Ji R A 1 T FRAT T4 Je P gk —
ST .

3.3 BERFHEEFREKEEZERNXR

T Z-R &AM FRAE LSRR A2 4L
K, M Z -R RFR, X TRt X AR K
FRIE GRS . ARSCHUITEPE) 6 WK%
TR I R F TR B TR R 43 BT LU = B K 5 J2 R
=K Z-R XF&R,

R A5 Rt 7K TR 1 e T DA 3845 B AF Ry SR A
B B AK RSy S50, BB /KB BE R Fe ik gt
RHTF Z,

R:%%éilthﬁg (1)
1 v n
— i 6

7= 5,2 WP 2

Horp, n, ZORFE NI UARER ¢ - AT E
D; 27 75 W A AR 2R ¢ 30 38 T 0 L 8 TR ELAR
fH. SR M AR R AL, ¢ A REERT
. V(D) RN EAR R D 1T IR &R R,
TN Atlas Z S g 57 1A 30 () ST B AR
K D )RR AH L A 75 R URE Vo
V(D) = 9.65—10. 3 exp(—6D,).  (3)
AT A /D e ok AUA Inr Flin Z 22 ]

F11 Z-R BPXRWRM« FIEHo
Table 11 The coefficient « and the exponent / of the Z - R

function relationship

K7k B4 Bk = %

Precipitation date Precipitation cloud a b
2004 -05-25 S 200 1. 20
2004 -06 - 16 S 153 1. 11
2004 -09-14 S 157 1. 07
2004 - 07 - 01 C 812 1.09
2004 - 07 - 07 C 483 1. 32
2004 -07-08 C 262 1.22
2005-07-10 C 620 1.61

MIRRECER . Z-R REA—RPEH
Z = aR". (4)
F 11 HPA T T RIEKE) Z-R RF, Hip
aNZ-R XAZMFRE b Z-R RRMFEE. 1
F 1L, TR0, SRR ZR B K2
A R R 225, AT RE a, XS FEKY
HH B HERAFKNE . BREEKN o H—%
TE 200 LR s XTI 2 B K I # K F 200, 1 HAX
BB EBRZERAMK, HEH Z-R XRMM
B IR) 2 [) A B M BEAST E AS TR) 4 A i s FRAT
BTt A B A K A s R HR A DX J LR K
SRR T A R . S A A 45 S0 T I Ath b DX A
5 Z-R XRAWFH —EWRE. HHErEX, HAF

AN W LAt b DX A, [ R B SR ARRAIE

4 itig

K = 2R AL s RZER B K s R
EHA X, A SCTRIERE K 2 1 25 H0 FRAE RN el 75
TV TS DU A5 3 A R TS R Rk = R A
SRR BB A B FZR AR AR il g
DO s ) =8 TN 01 3 W T R A O S (A VS P
Rk 25 2 2Z (R AR TR RIAS ) =22 Ak, 308 T AR 3 R
7K 25 R SRR AR 3 T DUR X1 0B K =
RIbnAE. FEFRATBES T 1320 HL S AT LA
KA NN 53 B K = R IE FI A

(1) FERFFE R K W T 1% 1) 45 Fh BLAR B P340k
FEZRT 1. 20 mm AR ERZ KT 1.5 mm
B R 7K XL 25 K

(2) TERFFRARE 1S o0 A IR (ERRIE T, 2R
AR 15 AL B BRI 0 I s AR E T
HRAL T BRI R TR 1
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(3) TEMLHE TR 5 M5 2 oK s EE R FITE AR
FPRHA T Z Z &R, ANRIEK s RZGRH
Z-REFWRZECEA YR Z0M . HpXm s
B Z-R KA R K, 1£ 200 DL B, mH
BAE LG JRIR G308 Z -R RRB REAE
200 LA BUEAHX

BINGE T ixeesbie, HEFIERIRK SR S5
PR EA RIS, TERF X L2510 ] T HA b X i
JEELEIE, [RIFEFEAL Y, X SRR KRB SR K
RRMEHIER. B TROKEMRE A, B 2E
BERGER, FAERRI K s R AT,

Bt AR IR T R R TR RN R SR B AR
T RR IR T ASC S WU e A5 B BRI SRAs SE R Y. fEM—IFR
NI
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