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Abstract: The raindrop spectrum shape parameter, which has significant spatio-temporal distribution fea-
tures, is set as a constant in the Double-moment Bulk Microphysics Scheme (DBMS) using Gamma distri-
bution function. Based on Milbrandt 2-mon (MY) DBMS, four Meiyu precipitation cases are simulated
coupled with four empirical relationships between shape parameter (4,) and slope parameter of raindrops
which are concluded from the observations of raindrop distribution. The analysis results suggest that s,

has some influences on precipitation. Adopting the diagnostic formulas of p, is positively helpful for
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improving systematic biases of Meiyu rainfall and shows certain correction ability to the localization of rain-
fall distribution. The good response of heavy precipitation to p, reflects the clear tendency of improve-
ment. Calculated by the empirical formula, 4, increases generally. In the mid- and lower-troposphere, 4,
decreases with the increase of rainfall intensity. The decline in raindrop water content and the increased
raindrop mass-weighted average terminal velocity, which is directly related to p, , are the direct causes for
the changes of precipitation. The difference in improving degree between the light and heavy rainfalls
mainly results from the different response features of their variable fields. The varying trend of warm-
cloud particle features of severe rainfalls is consistent with that of light rainfalls, but there are considerable
differences in their varying degrees. While it rains lightly, the response characteristics of physical fields to
o present similar varying trends and some linear features. However, in the case of heavy precipitation, the

cloud microphysical process and ambient condition experience complex interactions with each other and no

significant laws can be followed.

Key words: cloud microphysics, spectrum shape parameter, raindrop spectrum, Meiyu rainfall

51 5

FERCE B T B S B0Mk T 8 L 4 A A AR
P R RO N TTIG A s i T L ) 4= MR A P ] ] 8
AR SCHE . LG TR AR RN AR W 5 T FY 3K
YRR Z RSB T . KRR
LWL T 3 A 4R T B AR B ACRL 38 70 A Howle T
1Z M T = P B 5T b (FR 8 45 19985 B e fi
5,201 = P65, 2011 s B ARWIAE, 2012 A1 SEGFIX
AR, 2015) . RBCKLF AR M T 404 sk %5, B . N(D)
= N,Dre™ . Hrh N2k FHME(RAL:m ),
EAFFEESEGRIE N, R mm ™ e m ) R/}
BACHENLm D) TS H p TE TR TS 1K R
18 78 (/P R Bk, 1999)

WA = W8N )i P B S R Y B A A R
W2 L Broll 55 T gl i o RO ESZ — . W
T T T T BRI ) X8 I 7 i 1 0 A8 2 2 R 1Y
ER . =W o rh JORL 7 B TR I A B2 A 11
B TT R R 95 . AT M BORL 7 SF 38 AR B
PINTIY S Z RN ST o A QANDR Al RV ST Ry
INCRD o K7 A 2 T T T 7 1 LR A R L
J5 Z& vhoxt T 1 55 R 2 B R A AR G D 51 T
Rof aeh B ot 18 ) 3 2 XoF e K 7™ A L4 5 T . T O T
535 55 FRT RE DG 18 Rl 5 L 78 & A5 0 SR 9 S
B AH2% (Milbrandt and Yau,2005a; #X 5% Fl 55 H ith
2008) .

SR UL N 2 W Bl 2 e 7K S AR L R K b DX R 2
B ASTR] o B 3% 35 35 B 2 80 (e ) 1 34 DL I A8 4B IX (]
AE i # 2 % (Ulbrich, 1983; Uijlenhoet et al,

2003; Meyers et al, 1997; Gr M %, 2016), k1M H
HI S BT 8 P AR R o BN [ 5E 1 W8, 7 3
JUT At 3R 1) T T 8 A () S B A O SR A A B e 25 B
T2 Gfe] 7 7 58 v Sz et LS 1 R S O R 2 800
B2 AR (s B 2T M 8, FL LT
O3 A BRI = A BB N, LA HE 2 1) 3 R kST
Chu and Su(2008) 3 F ki i 43 A (1) AH & B 4 S
E BT R RS Y 2 800 & Z [ i — 3 A O R B A W]
B B 3L S, IR B H G 2R 1Y S B TR 1 R TR 1
Y75 A8 P A 1) 8k R[] I S T RO B Y L.
—A 2O R AR B S A )Tz RS, R
EWE LR N R B X B K 2 7 45 2R A7 A
— B Y 25 5 AH 0 2 pR G R AR RE 0 AR E AETE
(Nakagawa et al,1996; Vivekanandan et al,2004;
Zhang et al,2001; 2003; Brandes et al,2004; Chen
et al. 20115 BE#E.2013; BRER. 2011 ; AE & Mgk 70 ) i
%£,2016),

H T LA I S S DL R 1 2 R (A 2 W R
R FEHENVE X 28017 T i 2 09 BUE U 50 F
9% . Milbrandt and Yau (2005a;2006a) i # % F »
—DCFHER) LW R M R BRI S T DR
FEFIE B B, Seifert (200552008) % x—A (D)
P T Wbl Fke N WIS i { P Y EPO PN
FR HOUL AR ALE TR 7K 3 B A SRR A B ROR . Adam
et al(2014) 3 >4 15 1 F i 335 15 T2 2 B0 ) WU B8 47
P2 R = TR 35 ) SIOULRRALE

ST A T 8 v S v i S R e R S
FIE 08 XA ADL SO 7 2 IE A DTk o VI Jak S ) A T
(1] 2 256 P i 3 7K I R UG 9 3 P R A e A
i H AR 3X J7 T X8 A T e K B 0 R 2 804k Jr %8



36 A

% 943 %

P R A 5 G A D o S o T ORI R B AR T A
[F1) R 780 33 P9 93 T 2 B80T AR 6 50 H 5 R T 3 A 38 22 T
FEAE B IR HOC R AE . AL T o
— ) I3 3¢ & A X} Milbrandt 2-mon W& 5 7 &
HRR TR 35 0 35 2 S RO RN T AT G .
SR R 7 58 58 35 24U T B T T IS S I 28U
SR VLT AR T 3 7K ABE UL RICER Y 52 el s I X6 e, 5 TR
TR AT BEATL 1 A K AS [ 53 J3E R 7K T 49 B4 4 39 1) i) o
FROEFEAT T 010 0 20 B

IR WS

1.1 ERXEBRAEEGN
AR B 7 p RO BB AR X WRF 3.5, 1, % 14

UL TR R B = AR P K O AR R AT OB A AL .
NCEP [a]F% 6 h 1) FNL 17X 1° 5543 Hr %8B b 152
WG S E R A 5 1k B0 R A i S A
S HER MR 9.3 km, EEH P ENAH LR
5L 1yl 7T HARR oy it SCh iR
B 2504k 75 %t Milbrandt-Yau WSk )5 &
(MY) . %7 EX A B K EEY) Y R S 8007
T, AL =0 I LUK A L CERORUKE Y
KR B DL R OOKIRIR A 3 13 A8 i (M-
brandt and Yau, 2005a; 2005b; 2006a; 2006b), Jy
LH IR TN 0 & 2K o Y B R A4S Al T A
BB URES FRLAL (R (T FIBELS GRIO FE =W
PR . IS ERIZ T R AE AN [F ST IS N RE T
Jr FZR T Z B R DL R & 5 8 A i R
K P AT AR IR 77 S AT IR

#1 EHRBFRE

Table 1 Design of the control experiment

WiH Domain 1 Domain 2
T 2 i B 32.0°N,117. 0°E 32.87°N.118. 96°E
4 4 B 9 km 3 km
T 55 B 241X241 241X241
/b Y IS Milbrandt 2-mon J5 % Milbrandt 2-mon J5 &
M SR Ir % Kain-Fritsch 5 % /
BRET % MY] 5% MY] 5%
SIS unified Noah land-surface model J5%& unified Noah land-surface model J5 %
o DR S 3 P B AR S A T S v 0 R S S O AR R B I o s A — B

1.2 KIEigit

AR 3 BRI AR R DY U L Y g T 9E A T A 9]
(£ 2), 23 Milbrandt 2-mon J5 & H 1 TR 3% 15 1%
SRk AT . RS AR S S O BRI
BOME . 76 MY J5 2w 7 35 358 2 80000
[EEE 00 p FIA ZE A Z 3G A XA B
1 M dmk 22 5 1 o T LA SR I SR I AR SRR 2
RO R M 250 24 3T A PR (201 1) B Xt TR AR T AY
EA BT TAE . 3% AR X T 8 WL A Bk AL 2
T A5 R BR 22 AR AT T AR R A AR U i
BB R B A B EE 8 D, Fedr
(2013) T WL KR 3 6 45 45 H A0 5¢ 5 1) JBU7E 2R 1 3
DX 8 3 AR A o A SC A0 U PR U i T O 5 i
B 28 0~6 X B 1L AT G AR Tt
EYIEET

ARICERAETT BRI A ZE MG A 7
SO0 T T i ) 3 ST A R A S A M A YRR AE

1 R AANGENR(A~D) 4T K. 2% b S
TESHCE BRI R . BEE M S5
F14 38 T, T 958 5 10 R S B AR R A o ROk
TARBHRZ . KA &R AT BB A F 0 5=
PEAIE =N 7B Buy i

T % P B B T B ORL AR 4 A RN T 4 A
n,(D,) = Ny D e P Forprn, SR $ok B (i
fi:m *) T ETESE Noos A e 43 HIARREIE (52
fiemm e m ) RPR AL m D) FEIE S 4L
J5 G R BB TR T D BROE L 1T 15

_7mNTM+Mq§
A [6{) q. T+ p) b
_ Na‘te
N()r — F(1+p,) (2)

WY S50 E AT T R R AR EE W] R S
FEFVBOHR B g, F1 N, 28845 . 5 58 BRON TR I 3% 135
TEZ 8 0, BL B R 19 4 A A8 B M-P 4 A, B
n,(D,) = Noe " i p—A AR e =
I e R RP



%13 e B 45 - T % 1 TV 2 000 M T e A4 RE D B e 37
A, = Aul + By, +C (3
K BARD T, 2 B
6pq,»[A/1;Z- + By, + C]* =
o N, 3+ ) (2 + p. ) (L + gD €9

15 CHNR A b RO B2 09 25 10 Ji e 28 i 164X
PSS 800 — 0 75 IR 2 0 R A 7 B A oK
. HTIRENWHFEIEESHKT 0.5 M
AT E AR X B R SIS TE S iR 2 R A
— AN S BT 5 TR AR R P AR A
AR gL DLFE LR B2 Wi AR . WS S S
BT EZH 52 MBS RS VA, T
YHE T P 300 R 0 15 TR 2 B Ao s AR A X R i
A 3ok R B R A 6 B U K b R R OG AR B Y BT R T
F 10 3 9 % % 42 Sk Milbrandt and Yau
(2005b) Y26k E AT . TR EWE TH
BN =S ENE D WIS SR &E N
AR OR A L X W T ARSI S AR, A
SRAR Y 3 ok L A < TR BE A (25 KD T Al O &
T TRV 1Y) SR O R 6 L VK S L 8L (D T R A
T B 3 2 DA KRR A 0 R ok R T R A . AR
3C 3.1 AT R AR 56 S B0k Uy AT T I A 4
HAx8 0352 % Milbrandt and Yau(2005b),

ARA 2=0.022216+0.5893u+2.1176
¢ JARKB 4=0.020512+0.6236:4+1.5588
ARC 3=0.021912+0.6308u+1.7766 70"
JAKD 420.0171602+0.7411u+1. 30957

P

=
£
<3
. - UAARA
Sl LA AKB
1] — - HAARKC
LA AAD
0 T T T T T
0 1 2 3 4 5 6

u
B 1 A KR

Fig.1 The empirical relations of p—2
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Table 2 The starting and ending time of
24 h cumulative precipitation
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201146 H 17 H 16 UTC

1 2011 4 6 H 17 H 06
FORAITH % 18 H 16 UTC
2012 4E 7 A 13 H 08 UTC
2 201245 7 /1 13 H 06
FTAI3A % 14 [ 08 UTC
2013 4£ 6 J] 24 H 18 UTC
201 24 H 12
’ 0134 67 24 H % 25 H 18 UTC
20134E 7 A 4 H 15 UTC
4 20134E 7 H 4 H 06 AT

£ 5H 15 UTC
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Fig. 2 Distribution of cumulative precipitation of 24 h

(a, b, ¢, d) observations, (e, f, g, h) Control experiment, (i, j, k, 1) representive results from sensitive experiments

(From left to right are cases 1,2,3, and 4; Figs i, j, k, | are from the results of formule A, B, A and A, respectively)
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Table 3 Scores of 24 h cumulative precipitation
TS FAR BR

o Control AF A AXB AL C AKX D Control AFXA AAXB ARXC AFXD Control AKX A AXB AXC ARXD
1 0.306  0.292  0.247 0.278 0.269 0.663 [MGSE 0.694 0.671 0.684 2.282 [OMS |[NSEE |[MOE0 2NO26
2 JNEE 0129 0.128  0.110  0.120  0.113  0.827 [HSHE 0.842 0.829 0.844 1.969 1.639 1.701 [HGON [INSES
3 0.277  0.257  0.240  0.253 0.240 0.649 0.671 0.680 0.669 0.678 1.613 1.645 [HESH NS5 NS08
4 0.131 [DH2IS (N252 [(W248 DW2E6 o.s06 [WGO2Z [(WGOS [DWESE o0.850 1.478 OB 1.899 1.648 1.842
1 0.0364 0.0364 0.0339 [HOSME 0.0323 0.943 0.943 0.949 [HOM@ 0.952 1.591 1.591 1.773 1.636 1.909
2 R 00463 0.0234 [DHOGES ONOSEE 0.0348 0.946 0.973 [HO2M [PEOSE 0.959 4.381 5.238 5.000 [HGNE 4.667
3 0.0678 0.0928 0.0674 [HOSE0 DMIO2E o.870 [PNESS [ONSEE [(WS28 [OWASH 0.950 0.674 0.890 0.853 0.734
4 0.1701 0.1468 0.1383 0.1477 0.1592 0.778 0.809 0.810 0.810 0.810 1.908 2.032 [ESH 2.087 [WS2H
1 0.0536 0.0482 [NOSSH 0.0323 0.0145 0.919 0.939 [PHEEE 0.952 0.979 1.682 2.955 3.045 1.909 2.182
2 KM 0.0167 0.0143 0.0152 [HOWMS8 0.0064 0.982 0.985 0.984 [HESH 0.993 12.560 14.780 13.890 17.110 16.440
3 0.1508 0.1038 [NISSH ONIGOE OMIAOY o0.768 0.833 0.779 [NESS [ONEGE 1.302 [MEBE 1.496 1.508 1.661
4 0.2275 [H2SSE [N2EOE o0.218¢ DHNEEBE o0.625 [HGSH ONSS0 ONSWS WS 0.979 0.856  0.799 0.730  0.764
1 0.0154 [DHOESS 0ONO25E (WOSOS DHNOZNS 0.9 [PHOS0 ONO7] (WOGS [(WO@E 10.000 FHGGM BSEEEE 10.330 [EO00
2 S 0.0124 0.0000 [HONGY [NIOO0 OWO2EE o0.986 1.000 [(HOSE [DNSOE [PMOGE .200 FHE00 NG00 $GNEO0 2EO00
3 0.2331 0.1966 0.1497 0.1947 0.2605 0.632 0.677 0.707 0.656 [HGS8 1.059 |[HOS8 0.799 0.900 [HNO0E
4 0.0098 [NIGON OWIMDS DWICHG DWEOSSE o.013 [(WGOM (NGOG [OWEOS OW622 o.12¢ [NEG0 OWEG (WSO8  OWSM
1 0.0000 0.0000 0.0000 0.0000 0.0000 1.000 [DHODE N0 @NOOE 1.000 6.000 [HOOD ONOO0 (NOOO 9000
2 KREZME 0.0000 0.0000 [(HOSEE 0.0000 0.0000 1.000 1.000 [@HGEE 1.000 1.000 2.000 [HGES [N250 ONSEE |[WE2S50
3 0.0849 0.0073 [HNIN@ 0.0097 0.0000 0.763 0.984 [M@28 0.963 1.000 0.494 [NEGE @WEN@ o0.351 0.117
4 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 1.000 1.000 1.000 1.000 0.000 (NS4S ONOES 0NOSH [DWES2

24 h BREK S /MW 0.1 mm=CR<C10.0 mm) ; FF{ (10. 0 mm<<R<C25.0 mm) ; KF (25. 0 mm=CR<C50.0 mm) ; %[ (50 mm=<CR< 100 mm) ; K5
i (100 mm<CR<C250 mm) . K5 5 75 HT 28 A 1] o Ot 90 BRI o £ SO 25 R R BT B ETS POD iy HLRIY 43 45 L 25 o B AR 2 el 3 30 A G 47 ol
I B AUR .

Note: Data with shaded background represent improvements over Control experiment.

x4 1hEKESE
Table 4 Scores of 1 h cumulative precipitation
TS FAR BR

o Control AL A 2B AR C AKX D Control AXA 2AXB AKX C AL D Control A=A AXB AXC AKXD
1 NFE 0.328 [HSEN ONSSS [OWSSE PMS28 o.615 [@EGNE o0.617 [N 0.620 2.176 2.269 2.304 2.290  2.359
2 0.267 0.231 W@ 0.231 0.103 0.693 0.730 [HGBE 0.729 0.728 3.327 3.475 [HBEE 3.473  3.644
3 0.213  0.168 0.171 0.169 0.169 0.743 0.760 0.797 0.798 0.797 4.581 5.693 5.236 5.305 5.156
4 0.106  0.100  0.102 0.103 0.103 0.846 0.851 [NSHE 0.850 0.850 11.620 13.170 15.130 14.000 14.350
1 i 0.0570 [HOGEE 0.0529 [HOEBE 0.0532 0.714 ONG2N DNGWS DWEEE o0.765 0.433  0.406 0.510  0.452
2 0.0336 0.0293 [HOME o0.0294 PHOMSS 0.651 0.787 0.652 0.791 0.754 0.774 IS8 0.685 [NSE [NISH
3 0.0253 0.0192 0.0160 0.0172 0.0151 o0.604 [HEGS ONSES (S0 (WS92 2.447 |[HO0O6 |[WESZ [W60E S0
4 0.0355 [HOSSE ONOMSZ (NOSS6 OWOMESE o.771 0.873 0.854 0.845 0.845 1.351 [H2SE 0ONSE2 (W00 (OS82
1 KE 0.01702 DHON@E o0.0158 [HONSS 0.0159 0.569 [NSG2 (W286 [DWOS PESON o0.702 0.188 0.139 0.353  0.351
2 0.01505 0.0112 0.0106 0.0104 0.0111 0.740 0.830 [NGSS [NEEA [WEOE 1.543 2.498 |08 3.074 2.187
3 0.01203 0.0079 0.0056 0.0058 0.0092 0.510 0.558 (NS ONEZ OWSE 1.712 [HO75 [NIO0 [Wsor [WsH
4 0.0052 [DHODNS 0ONONGE (NODSO PWOME o0.618 0.752  0.638 0.664 0.832 1.321 [NE 0NES0 (0980 [Wo0s
1 S 0.00085 (HOONED DHOOSGO DNOOYES OWOUSOS o.227 [ONI2E (OWIGZ o0.234 WIS 0.098 0.042  0.055 0.062  0.034
2 0. 00630 PHOOSOS BNOOEEE 0.00465 0.00336 0.769 0.803 [HGES NGO [WGEE 1.638 1.785 |G 2.841 [SOE
3 0. 00460 FHO0GE0 DNONOWS DHOO7ZOZ ONOOMSE o.67> [ONGNZ (ONSIM (WIS (W86 o0.952 0.703  0.644 0.409  0.535
4 0.00169 [(HO0ESS DNO0SSS DNOOGEZ OMOOSSE o.464 0.577 [N 0.539 0.494 0.641 [DES@ 0.541 [HSEN 0.552
1 S8R FE k0. 00000 0.00000 0. 00000 HHOBOYE 0.00000 0.080 0.080 0.120 0.160 0.080 0.040 0.016 0.011 [(HOEE 0.011
2 0.00314 0.00309 (HOOSES 0.00281 0.00087 0.787 [(NE0Z ON62] [N6SE [W628 1.940 1.972 |[NEBA 4.127 [NG6E
3 0.00179 DHO0GES ONOIEG DNOOGSY ONOOSSE o.735 [NGO2 (ONSSS (NS0 [OWSEE 0.988 0.830 0.628 0.424  0.679
4 0.00000 DHODIZS GNO0OZ65 DNO00OE OMOOOSE ©0.382 0.499  0.409  0.470  0.440 0.753 1.558 [l@Od 1.607 [HO28

W1 h YRR AR 2% /N (0. 1 mm=<CR<C2.5 mm) ; T (2. 5 mm=CR<8.0 mm) ; KF{ (8.0 mm=R<C16.0 mm) ; 5 FH (16 mm=R) ;% I} 3 {4 /K (20 mm
<R). FUEFTIETSPOD [ B AR IE 4345 H Mg 25 o B35 A 2% il sk 36 A B 4 ol 3 060 A S0t 008

Note: Data with shaded background represent improvements over Control experiment.
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Fig.3 Vertical profiles of microphysical features for raindrops

(a, e) the shape parameter of raindrop spectrum, (b, {) raindrop water content,

(¢, g) raindrop number concentration (unit; mg * m
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Fig. 4 The ratio of R (a) and size-sorting rate (b) for raindrops
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Note: Data with shaded background represent improvements over Control experiment.
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