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Abstract: The dispersion of cloud droplet spectral dispersion is an important parameter that cannot
be ignored in the parameterization of autoconversion, and has an important influence on surface
precipitation. In this study, the Weather Research and Forecast coupled with chemistry (WRF-Chem)
model was used to simulate a precipitation process in the middle and lower reaches of the Yangtze
River from January 3, 2019, to January 6, 2019. Different values of cloud droplet spectral dispersion
(0.1,0.2,0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0) were set to study the microphysical changes of cloud
and precipitation under the clean and polluted backgrounds. The results show that the precipitation
in this case mainly comes from the autoconversion from cloud droplets to rain and the accretion of
cloud droplets by rain. The accumulated precipitation under the clean condition is greater than that
under the polluted condition because the concentration of cloud droplets is smaller under the clean
condition, which is beneficial to autoconversion and accretion. Although the autoconversion and
accretion are dominant during precipitation processes, the main reasons leading to the increase of
accumulated precipitation with the increase of cloud droplet spectral dispersion are as follows: With
the increase of cloud droplet spectral dispersion, the mass concentration of ice particles increases,
which leads to the enhancement of melting process and more raindrops, thus enhancing surface
precipitation. The results will improve the theoretical understanding of the response of cloud and

precipitation process to aerosol and cloud droplet spectral dispersion.
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1. 5%

TR T HUER R GU AP AR A A A6 I B/ ] (Dessler, 2010 5 Lietal., 2017;
Zhao et al., 2020). {H 2z X% RS0 5200 S A 24 52 2% HAE LR ) (IPCC, 2021),  Wnfa
AT R SRR E R, AR HE (o RIS —AE
BEBH, B XNTIIREE (o) 5FHRERE () IIHE, 8z R A B
FREERY B . B U BUE K SR AR R < W [ A E 9 AORE /N D3R B AN [R) 2= 114
REMY. s BEHENMUS ZMEIREA X, &5 2KE 88 MK (Liu et al., 2008 ;
Luetal.,2020; Martins and Dias, 2009 ; Tasetal,2012; Wangetal.,2020; Wang etal.,2021;
REETE, 2020). Z5 TS BYHUE — 77 THUE I S 2 8 107 RCEA% AT I 4R 5 (Liu and Daum,
2002 ; Pengand Lohmann, 2003 ; Rotstayn and Liu, 2002 ; f#/N7°%%,2015; Xieetal., 2017 ;
Zhao etal.,2006a); 73— 71, i &5 B I 500 2= WY H A 72, 560 /K 72 (Liu,
2005 ; Liuetal., 2020 ; Wangetal., 2020 ; XieandLiu, 2011 ; Xieand Liu, 2012 ; J&) 5%
2 2005).

ZHEEBUEIR LR, RT3 E 5. AN T5Q016) 73— kBRI 2R =
ML LR B, 240K &R T 0.01 glem?® I, 250 1 25 155 RE I 2 T B0 2l R 2R
Lu et al. (2012)i#3d 73 Mk = CHLEERE, U2 i B AU 5 2 i O FE DL = i B
S R AUAR DS Wang et al. (2021) K B 22 30 B3 KIS B HUE AL /M. Chen et al. (2016)
7E [ 2 T LA FE BT, TEAUAIRIEHIX, BBUE B A S REOR S KRR, 7R
BB AEGIX, BRI BOR E I RTT/N . te4h, Tas et al. (2012)BF 5T KL=
TS RS S 2 AR R IEADOR R, X SRR 06 BRI AR 2t — D
R A PR KBRS (BHE%E, 2019; Xuetal., 2020). 140, Xieetal. (2018 K& =1 =
HICRE (1 2 W B e Ak 75 SR & EASE 2 R B T DA ROt 5 1 R RUBER% K s Wang et al.
(2020)7E TFERE R A A A AF 1 = B HUE S E T &, 85 RR IO 0 5 5 BB X
N SEIRI Y E B3, ANTTXT R SR F 7K . Xie and Liu (2011)7E 91 B RS Tk
%30 WRF (The Weather Research and Forecasting Model) ¢ 52 /AN [ 1 2 1 1 125 11 H{E A
SRIIRE, BT — AN EARREAK AN, 23 BT RS  5  E B Al R s o fbATTR B0
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EEHINE ST, MESMEREEUZIM A, il KIRAD; Bt T, %R
FERIHEOR, bt B SE I RN, fEVS L 5T, MoK — BN, X R W] 2 B HL
JEERT B K IR MR TE AN [ AR SV IR T 5t RILFHEAME] . SR I S2R0 0 B%E, U =
(R B 5 A AT 20 [ 7K (Yang et al., 2019). {EA037 B X H T FA /K 2 03 2 A 11 A
AARA i (Li et al,, 2008 ; Lietal, 2019 ; f5X%¥5, 2016 ; #74fi%F, 2016 ; Storer et al.,
2010 ; P§HEAIERIE, 2011; Zhao etal., 2006b; Zhaoetal.,2018; Zhaoetal.,2019; Zhouetal.,
2020). 5111, Rosenfeld (1999)AIF ¢ & B YL R [X (1) 2= 75 B2 R he BB = AL B A 2 7= AR B K,
DRI IS R ) 3 Tn <= B W9 Rk #2 o ASRJ RS2, Wang etal. (2011)F1A & ZE(2015) B 5 3£
W, FESI R EESG IR A T, b THI A /I SR B A o, JHG e 553 AR /R ORI o 25 58 2 1 B /K
], WSRBEKIE . Rk, 2R B A . ST B K T K56 R B BRI A
i

BN QOIS AR IR, ZMSEBUENIIACAEE T —EMiltE. 8BRS
i B BRI = MK B AR T — @I, EREAFE AR 5 GEE. 58 T
AL B B0 KA I R I 230 1 2 A2 9 3 TE RS M) [ /K ORI 3 e/ o R A i B — 2D IR
NHOBIE FES [R5 R 2 T 38 50 2 R e ZK RS20, R 2 ¥4 2= R 2= 2 [ PR AR T
TEF . BEAh, 5 FHA WRE B oo S IR 2 (¥ AR AE A AT 2 8 M R S [ 1) 2= S A I P
KSR, 5 BRI SAFTE — € E R

BT ERARZAL, RS = S UE S = 0 B 377 % (Liu et al.,
2006b)#H £ A\ Morrison T4 FE J7 2 (Morrison et al., 2008)H1, Jf-#i il WRF-Chem #& %] & 4=
FE P T P R AR — RO FEEAT L, WRF-Chem &2 — AN AL 1 #2017
M & AR, BENS B S ST ARDLAS [R5 15 00 Hh U RO = g A RE i, DASE 4 s 7y b A [R5
PN, BB 2 IO BRI o DA R THT B K IR S, JR4E7R N TE RN EE, JCHZ
W = Ve =i B (B A AR
2. AN FME
2.1 AN

WF 7L H] WRF-Chem 4.0.3 BERFEAKN 1° X 1° & 6 /N — R IGEERE 0 %R 7TLL
TELL MBI 4R - PR M EAEF . W 1 o, BECRAPIZRE, BL (29.5° N,
115.0° E) iy, d02 FEE 7KL FiehX . B2 RERIKE #2532 9km Al
3 km, XA A 0 300X 300 FiT 349X 349; 5 BRI T 32 2, KM EHF
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Iy, BAMTZ A 50 hpao BHUMALEIRE 2019 4 1 H 2 H 08 IF4RE 1 H 6 H
08 I 45, N 1A UR IR BE R AR, FFAEHIAG 2610 5 Be K A U RE i/, KT 36
NINAE spin-up IR . JEEEI BT BON 1 H 3 H 20 221 3 6 H 08 I, X R 1% X Ik
— KK, Ah, FEREF] d02 iy XA RS SRR, T RS RN, A
WHFCHI AR R E T (o) S BB R AR 70347 . ASHIE FEAE A B 5 %88 Morrison XS
T HETT % (Morrison and Grabowski, 2008), H: 1 2/ H 2 H AL ZHUL AR 18 i i I HUE .
N TR A1 B BN 2 PR KA SR RS2, AHIF /2 Xie and Liu (2011), 5IA T8
T EHUE = W E 3h #1462 5 U(Liu et al., 2006b):

P =P,T QP
1 [+3e2)(1+4e2)(1+5¢2) 1, 3

Po=k (1+€2)(1+2¢2) ]Nc Le 2)

T =[1—exp(—x4)] (3)

Hh pREZWAIFEMAE (gem? s1), PR KA, TRABEKE. =1.1X10"° g
em! s, Ne Al Le AR OR m R EURIE (em®) UL EmKERE (gem?), Hix, =
9.7 x 10"V N 321,72, 1 BUE N 2(Liu etal., 2006a). 25MB4T Xie and Liu (201 1) fIfiiE, 430
£ WREF-chem B2 1 ¢ 5E A 7] (1) 2 i 1 B9 R B0 (e =0.1,0.2,0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9, 1.0, PABFFEA RIS 5N 2 W BB 2= Bk s o FAth i ) B AN Ak 205 %

BWEILE 1,

105°E 10 1H5E 120 125 110°E 112°E 114°E 116°E 118°E 120°E

K1 () BERIRERE: (b) d02 H ISR A SEbRAfT 7L X
Fig. 1 (a) Model nesting settings; (b) The shaded part is the actual research area in d02.
# 1 WRF-Chem HL % &

Table 1 WRF-Chem model settings
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MeSHU TR Grell 3D(Grell, 1993) I
1 ZE L RADM2(Stockwell et al., 1990)

MADE/SOGARM(Ackermann et al.,

1998 ; Schell et al., 2001)

Ty &= Morrison (Morrison and Grabowski, 2008)
KU A RRTM(Mlawer et al., 1997)
FLPBER S Goddard(Chou and Suarez, 1994)
I H 77 %6 Monin-Obukhov(Paulson, 1970)
WRIZTTHR YSU(Hong et al., 2006)
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5 Jia etal. (2018)Z4LL, 7F 2016 5F MEIC (Multi-resolution Emission Inventory for
China) VEHERAREEIEAE -, FRATEEIIRLL 0.05 5 LARD HE O R AL, e 75 2H A [
TBCIEIR FE LB X LU TS, S0 AN IRV S IR FE 2 F 5 B BARE X 2 (o B [ 7K ) s
HLEE. B 2 ARSI TR, 1A HEBORIR T PMys (P25 T B B 42 34.88 wg/m®, AR,
I H X V5 YRR HECEIRBE R L 0.05 £i5 )5, PMas IR BUEIREE N 1.71
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LR E .

Fig. 2 Box plot of regional average PM, s concentration at 0.05 time and 1 time emission scenarios.
For each scenario, the whisker represents the range from 5% to 95% percentiles; the wide box
represents the range from 25% to 75% percentiles; the square and center line represent the mean

and median value, respectively.

3. R

3.1 ARV BT B OB N M T FE K BB

Bl 3 R 4 3 J4h T IS IS G2k ANl 2 i B R SEge (BL e = 0.1, 0.5, 1.0
B FIALIAE 1A 3 H 20 W3] 1 H 6 H 08 I 19 Rk Bk /Aol Al Bk | &
[ 5 23t 55 CMORPH B /K= il il £ (R8I /K B A i 4. (http:/data.cma.cn/) . AFERF
TERINZ GRS B K AF AR — 2 HOMAG, 2B 59 MK R TR R (R E R EE, 2016) . {H 23
24h ) BRI BEK SSRGS 1A DG RS LA E) 0.95, I H R UK AR (R, PP
Tl IR R SRR G (AL RS, 20165 ATHR KEE, 2020). TEAHE It o AT 50 P R 10 R FBoK,
B, SRS, ZRRRIEH T AR M.

TEVE RIS G 57 T AN TF) 22 i 0 AR (R UL 45 SR B, WRF-Chem R 56K F B 1% 1%
IRAMI 23 18] 534, B 7K I RE A9 X 5 RS A &, EL2: % S0 1) dae K B /K Hh O 25 BT
¥, BLEIRE KK Liuetal. (2020)ifid 5 TR BERATE, &I WRF-Chem 4L 4
KR AR TR, THEAF R X R K=y 10.5 mm. ARFEE S, FSRAEE,
PRI R K B AE 12.2 mm AT 12.5 mm Z Ao W& BT, KR FKEE 12.9mm
A 13.4mm Z 8. FE, 535 T RIREK S SEBRMK NG . T 5845 TH VAl %5 5
B KR, (] HSS (Heidke Skill Score) 143 SR Ay & A bL 5 W I 7F 2% ] 4347 (1 i 22
(Barnston, 1992), JFiH5 T #5258 SO T2 % (RMSE). HSS VP43 AT LAZE & ) I fst
W RS RAF, HirE A

_ 2(ad—bc)
HSS = (a+¢)(c+d)+(a+b)(b+d)

Horbr a RoR PRI SEOLET BB K L, b s i BT SE DU R HH LR KR EL ¢ Ros Tl
A BT S50 BB KR E, d FROR TR AN SR AR B PR K . a-d FITRERE HW
DA pos BEAUME psn LARBIE pokIRER (R 2). EIXER pt 5EN | mm, RFWEE,
(2017 5¢ H -t AR A B K 1 2 20K B BCA I mme HSS VP4 IEUE TS FEA-1 A 1 208, 3F

Iy PR, AR A R o 34977 RAR 22 AR (BN A RER I AR AU S T . %58
7
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http://data.cma.cn/

Kty HSS AT MR ZIIFER 3 thaath, WM VAR, 193k F T oK RS
A EGI . MeAt, BEE BB MG R, B S MIN A 2= A2 K. (I B /K RE AR
ROR 5 NE RAFAE—E I 2 -

* 2 1H5 HSS PRI RS
Table 2 List of elements for calculating HSS.

MEMHE po>pe MEME po<p:
FHEME ps>pe a b
M ps<pt c d

R 3 IBEANG QAT FAEA R = 1 B AR R B R ZE A HSS 14y
Table 3 Root mean square error (RMSE) and HSS score of different simulations with different

spectral dispersion (0.1, 0.5, and 1.0) under clean and polluted conditions.

HSS RMSE
clean-£=0.1 0.38 0.41
clean-e=0.5 0.37 0.43
clean-e=1.0 0.36 0.44
polluted-e=0.1 0.45 0.35
polluted-e=0.5 0.43 0.36
polluted-e=1.0 0.39 0.37

RIS, S 2 R T P K VE S M), JIRER] B e AR fek R, R =
TV B R GO, T B K o A B K R ROR, 3K R T IR A (2005) A FT A R — B
R 1 FEK O BRI A, B 5 3RB, RRAETRE IS TG AR, P R KR
P8 2 1 2 R RO K B R a S (AR IR, i BALEE A 0.1 35 K3 1
I, AR TP 2 R KRS KL 0.5 mm, EVSRRAF T HERZ) 0.2 mm, BIFEYS
VT LS MK 2 T U 0 AR AR R I SE AN B oAb, AAIRE 5 RTRAE Y, 4 B B AR
I, G AR APt R T BK R T R N PR R, 4K 0.7 mm. 3.2 F5RE ISR
KA R ITIRAN I 85261 K o™ A2 FROATL AT B TR 3 R (et Bk (LB o



(b) dispersion=0.5 j

[ o~ _
a) dispersion=0.1{~
4oy i (2 dispersion=0.115 -

L 4
30°N 30°N
28°N 28°N
26°N 26°N
24°N - - 24°N
110°E  112°E 114°E 116°E 118°E 110°E 112°E 114°E 116°E  118°E

U

—
(d) Observation —

I L S
c) dispersion=1.0 |-
spon i) dispersion=10 | o

30°N 30N

28°N

26°N

24°N e .

I 24N
110°E 112°E 114°E 116°E 118°E

110E 112E 114E 116E 118E

0105 1 2 3 4 5 10 15 20 25 30 35 40 45 50 55 60

B3 1 AH3H208M%E1H 6 H 08 Wy5 4254 PR M A HO T R 1H %7K (mm):
(a) BEHUE=0.1; (b) BEUE=0.5; (¢) EHUZ=1.0; (d) WillHEHE. +EH3h% 5 CMORPH

R 7K 7 it R PP IR I P /K B X R B 45 (hittp:/data.cma.cn/) .

Fig. 3 Accumulated precipitation (mm) from 20: 00 on 3 January to 08: 00 on 6 January from
observation and simulations under polluted condition: (a) dispersion=0.1; (b) dispersion=0.5; (c)
dispersion=1.0; (d) observation data: Hourly precipitation grid data set integrated with China

automatic station and CMORPH precipitation products (http://data.cma.cn/).
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Fig. 4 Simulated accumulated precipitation (mm) under clean condition from 20: 00 on 3 January

to 08: 00 on 6 January: (a) dispersion=0.1; (b) dispersion=0.5; (c) dispersion=1.0.
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3.2 TRV LI 53 Hr

Wee RO S PR 2= T U B EBUTEE PR 7, 985 % 380 2 v ) 5 v B B R I U B A Ak i
PR o AR 22 ¥ 1% 19 ORE BUEL 15U 2 BLERRC R o W E B AL A2, T 51 2 5 9 — 2R 5
AR ISCE, R — DN R R, LR UKRL 7T A G 72, i X ey 2
TR A R S o 5 2 P R A B
3.2.1 BERMG T RKRKIVLIE

N T T AR BRI R TS e o AR AOMLER DL RSP 2 20 Bk K B o 2 i 4 1 A
(RI3E RT3 K IR SR R, FRATIVEGH AT 1 R VRS T 45 U B AR . 3R 4 S TEIEVE % T
B 0.5 B &AM, DAREATR R K EIC IR 5Tk = W E 3h#1L

(PRC). =MAEI (PRA). vKFLFEk (MELT) MM IR, M/K#EA (PRE). FHhEH:

MK (PRACS). BRI ALK E (PRACG) NICTH. (HAHRH I, W AR
FICEET R UTRE B AR K . ASCRIER R = WS N I E A R, BTbLik
AR K, I IEFAAE B A A S - PRA SR £ 2035, PRC Al MELT
(RITTHRAR Y . RYIFVC F2 2852 PRE, I & T HABM . FrLATER] 6 hanth T 4 A 2
£, B PRA. PRC. MELT I PRE. HHE 6 (a) Hi5 40 T EHUE R 0.5 1, WikI %

PCT T ELRR LG, oAb USRS 2 NS RELL. B 6by oo d NEZEM, K=
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T B EUE AN 0.1-1.0 (50735, AT B RS G ok A1 T = 9 H S AL B 2373008 107.7 A1 81.0
kg/s, zMIREFF MG 205 526.2 F1 512.1 kg/s, BbALAIISME 751N 80.4 F1 71.8 kg/s. M
TERIRANET AR Y AR RAE TG EIE S5 G 56 N = 79 8 S A = MRE I 0 PR i) STk
IR F VKR F R BRI TR, S5 6 () A R &5 00 ) 3 ELBRZR AR & o 3K 5500 A
AEEBMEQ2018) M7 55 B A5 ( 2012) HIWEFEA IR — 20, (B 55— LEHT 45 AR, I AR
#e (2011) X —IKIG QA T B BB L B S R KB F 2RI 5 = S
H FEAN ) L BRI K R GUH K

ST IR AGERE T, =W E SR 2= R Al X B K T kK T VKoL Rl 5t B K R 52
Bk, DRI AT AS )9S G2 1F T oK am a5 IO LER I, SRATTEE A srmk K I B . TV
FM TR B BN = AL AR R E BRI R TI5 456 g R (& 6b.
o)y MEAHE KM T IR BEAR R T IS Q6 N K. BE— B TR, 7245 € =i BS
WU ST, 2= B0 B R o iR P2 B U BVR BE TR KT 384 K (1] 7a o5 X T 9 VR
KA, I AR RO A P B SR ORI 3 2 N (B 7 &) KRB, IR
JRRLFIE Z I, A Z RIS, =R, RS T =W H i, X e
A EE A P AR ) T UESE(U0 Wang, 2005 5 FOMEAIERAE, 2011). DA, JEFAFRA R
M= W H N FEN A WAEFEER (B 6 by o), FEUGERM TR RITRKESZ (K
5,

x4 WHHEE AR (ke/s)

Table 4 Source and sink items of rain microphysical processes (kg/s)

PRI 5T LT
M fE  PRC PRA MELT PRE PRACS PRACG
AR 107.0 5243 79.7 -138.0 -16.4 -10.2
TUHR 15.0% 73.7% 11.3% -83.8% -10.0% -6.2%
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Fig. 6 (a) Source and sink items of surface precipitation with dispersion of 0.5 under polluted
condition: accretion rate of cloud droplets by rain (PRA), autoconversion rate of cloud droplets to
rain (PRC); evaporation rate of rain (PRE); melting of ice particles (MELT); The variations of whole
layer area average microphysical processes with spectral dispersion under clean and polluted
conditions for (b) PRC, (¢) PRA and (d) MELT
3.2.2 BRI AR KNI

WNHT IR, P35 R KRB 2 S BT RO RIS K. Oy TR R R,
6b. ¢ d 43 ARG YA T I = 2ET (PRC. PRA A1 MELT) Bz = LR
oAl o Ferp 2 W E SIS i A5 G 25 1 T AR BB OO O, T SRR T
KREIMELEN 2.5kg/s, 1545 FHERMIMEIE N 0.8 kg/s: == IR JFAETHVE 26 A0 T e 08/ 5 1
s ARALIIEEE N 4.0 kg/s 7oA, FEISRARAE T LBUB/NEE S, BN 5.3 ke/ss 1M
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IR ¥ R DU 2 B 5 85 AR PR 1 DN T 334 0, E TS A5 1 2% A R 1 R I 4 3 16.0
kg/s Al 12.2kg/s. AMACIEKIIEREE K T 2 W E BRI 2 REH o BRI, Bl 21 BS s
(IR, B 7K K10 3 2 J R KR R AL B A S H5RE IR KT K Gl pm ik, 575 % 2%
PEARLL, T 25 AF T B R X b T B /K3 K MR PR, I RN TE TS 4R AF T PRC Al
MELT Bl 21 i 25 HIURE 3 K IO 2 LU AE IS e 2% 1 IR, UK PRA TEVS Y614 TR IN
AN SEL D

HIAR 3 05, BEE RSB, W AR K, BREEELZNEH
WA IR, AT 5 3802 0 P R B R e FEE Rk )N, o i ) 8004 P A vk P2 1 K (I
Ta-d)e 2 FUMEIFILFEBE BSOS AR A LA A, 3R RO Z R AN T 2 T 11 o
W, IS BT RR R 1) 5T BV B (Khairoutdinov and Kogan, 2000). 7EiGTH 6040, R4
Bl =W BRIR B (b, B SO R, SRR, BRI B AL
FEMI ARSI R, T TR B R, AE R s, Py AR b 2 WAL I AR 2 0 S ek s
JE YRR o V5 AR T I R RS /N TIEVE IR, 2 WG e o e A 52 38 2 0
WREERIFER: il S AU R, R EIRE/N, BTl PRA 2R R

9T BEf# MELT B8 2S5 AR AL, T8 B0 R 1A B8 2 K f s i ARt AT IR N 9T
VIR 1) R B 5 28 BIORE T KT M58, R R UK« 55 A RO 1) R VR P 3 B o 8
HUZ IR R (B Tes v g Bl 7 e-g R 10 0V 2L LUK o R0 10 0 94 P
R, BMEZEmm FE F R R 5SROI R b R B R AR SR 2K
(PSACWS). Tl H/7K (PRACS). UK §h 7] 55 & H 3% 4k (PRCD BL K Tl 0K & (PRAD
XPUANEFE (B 8ad. BEAE BIHUREMIIER, VKR IAS S E BB R, B T 2 M)A
T (B 70, VKIS E AR S UK R 2 H 0%, VK2 BT A 2 2y,
BEE SR RIIER, = BIRI BRI R, VIAMAKI S =2, IS8R K
(R R e, 7EIZOSREp, TERVRRIN, TR ELE B B HUE MR G (B 8d), R T
SRR, BRI B i mEE, TR 2 UK S, — L8R 50 b A AL R T 45
F(Chenetal., 2017 ; fEH145%, 2008; Yinetal, 2017). HIT3 &1 EIKEHNEE 2 8UE
(I3 KT K, 55 S MK R R — 2D 5, 55 Sl 25 7K UK o ¥ 5 Pt 38K (] 8b.
o). Bk, BEH =B MR, TR T R RIREER N, BIAEEE LR Ak
FEHESE, AT EL T SR ATH R K
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7. FETEEATG R T, BRI M) R 2 S B EUE AR (ay b)Y 43
Nz WHEIRE (em®); (v ) 730N MERERE (gm?); (ev fv g) 7R
UKE s mTERE (1e-3 g/m®).

Fig. 7 The variations of whole layer area average cloud microphysics with spectral dispersion,
including (a, b) cloud and rain droplet number concentration (/cm?), (¢, d) cloud water and rain

water mass concentration (g/m?), (e, f, g) ice, snow and graupel mass concentration (1e-3 g/m3).
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Fig. 8 (a) The average vertical profile of snow crystal microphysical process when the dispersion is
0.5 under polluted condition including: accretion of cloud water by snow (PSACWS), accretion of

rain by snow (PRACS), autoconversion rate of ice crystal to snow crystal (PRCI), accretion of ice
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by snow (PRAI). The variations of whole layer area average microphysical processes or wind speed
with spectral dispersion under clean and polluted conditions for (b) accretion of cloud water by
snow(PSACWS) and accretion of rain by snow(PRACS); (c) autoconversion rate of ice crystal to
snow crystal (PRCI) and accretion of ice by snow (PRAI); and (d) Average vertical wind speed

varies with dispersion.

4. &5k

AHJFFULE WRF-Chem #5301 Morrison Sl 77 b, KA E =i SEUZM = W
HENEATT R, B FUIE ERS Ye s 5T 2 GBI o DA B b T 3 7K %o 2 i A 25 0P 1 e
B2, fHHLAT4ie:

(1) ZABI P K 3 ZRIE T 2 W F B U = IR AR, T 4% b i 22
THRER R TS QA RIEs R JREZ, ISR TS MEORE L5 R N b, 2
R, BATERME AR RN = AR

(2) BRI E AR Z R I RS BRI TR R, (R /K e B HORE 3 KT
S5 ) S TR R, IORE T 10 R VR E W A B EBE R K R OR, S B g R A B AL
JEE [ KT 1 5

(3) Bee/K I B HORE S K T S s R R FE AR W SR A R EER . =W E Bl AL MR AL BB
BRI TIGR, FVEE SR TR IR R T ek, i IR RS W 26 1
SRR, ARV RO T RN, R EIEE AR N KN AR R TS
Qs R mas R

T S B B AE A K o BAT SR IRNRDT 25 0 15 5 AABE AN = IR A 2 2 )
(¥ 56 2B A B T IRA TR AR - - B A ELVE A o AR SOt T 48 SRR T7E AN A (K A e i
ST BRIV 2 KA EAE IR IR KA — € S H N E . AT H HRE 2 0 0 5 Al
WENAFE R, HSERR bR S B HUE 2 2 B 2 EOREE . /K S A A W2 1k
(Martins and Dias, 2009; Tas etal.,2012; Wangetal., 2020; Wangetal.,2021). A4k, ZiEik
BHUE S =B R 798 R — BHAAE S (Lu et al., 2012; Ma et al., 2010; Peng and
Lohmann, 2003). A KAT 424 WRF-Chem HIMA BB IS E0TT %, IR MY 1 &
CWTBTHURE, AT M R IR B A 2 R B KA DL R )
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