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NI, ) 55 5 1 A S AR 3R A T TR A B
L3k 55 68 A T S R b s B2 S 55 U AR AR Y A2 Ak
FRAE, f 7 1 Lol 55 5 8 5i 10 ik 2 TR 5 ATt S
JREERRAE, B Y SR 5 i 5 TS gAY o 4R
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Z5 8 RV T K 1 R 4 9 A UL R R e AR AL RN R
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PB4 J2 R 2= 1 AR IR0 1 R o AT Y
(Z=F45%,1986d) .
1.3 kEME R W EE YL H R

TSR FN KSR SRR ("%
J7,1973) % UK RS 1) Fl R ASHE B Il K # I IR
H B AE G R AE TRV, DR | AR UK RS Bh M
K] W B 2 A% I AR Ak K B R T Bl AT AR
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J % 25 AL I X
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EISE

IO KRR 38 K R bR, — 3 A O R BGA 0. 62(Niu et
al.,2012) , JRABIKFMET vk R FBLE T &2 4%,
BN IR G MG EEBW, W B BWEL W
i 7 2R M FR K, — B2 B DTHR UK K, 55—l
T A 5 MR 55 i 35 Ok 8] #2 5Tk vk 1Y K (Zhou et al.,
2013) o AU Oy BE A, A= A2 28 o ik 52 141 BASE T 38
A0 92 bR i AR POULIN B kL 23 SIS T R AR KA 151
AR ER RIS B B KGEAR T 2 m/s 7
KU ) R 3L 90% AR A T 0 C Y IR 5% & A
T CXUFPHFN AR A 2N, 20155 X1 25 i F2F A2 748, 2016)
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PR IE A A 5500 o B i A AR DK I 41 A5 Y
X TR TR S5 R Ve 55 5 e T AR K R R R SR 1
A 5L bR (Wang et al.,2019)
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EEAREE,2017) (85 1L A6 & JE (Jiang et al., 2014,
2015) .Z% 1L (Jiang et al.,2020; Chen et al.,2021)
#% (Jiang et al.,2016) L) K [ dt ( He et al., 2021 ) 4
DX AT T T L= 1L DL R AL RAE LI, B TR
I FE SRR, BFIE B s KA UKL VR B B 5 5 T
JEE V1 AR AV 3 00 B2 1 T 2 98 4 5 g
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JCFIE B PR A G, R K el R X kA 3 B VR T I 4
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INERET KRR E S TEE, 2N TEERZH
T ZKOR A H B0 5 1 o R 4 5 0 B b X 24 K
A R O B F DR AU MR R LT i 1B
2 AN, I o A [RDRL A BV IBORL 1 B0k B
SRR A RAE S, KBLRT 0.5 pm [
VS JRERL - T 5 T 76 24 UK A% 5 3l Rk T ROMLAE A [F] s JEE 1Y
SR WL AT 58 4 B, UK A% e B 7 AH ) e B2 2 N LAY
HRR WA H B B ke B8, VOB B B v B 1 T i
R E R R T 0.5 pwm BT OB T HY
T A0 3R B A o 2 1% T o T 3 O, R OR A TE B Y
JIE R B 1 OB ¥ HA B4 04 KT P i K
S WIN Gk}, A Bk TR Rk SR T % L OF

I FH B WRE #5 3 H BF 5 AN [R] 1) 2 6 405 A% R ok A Tk
JE 7 VKR AL B e A9 45 F A A (Chen et al.,2019;
Liu et al.,2021) . 5% & B VKAZ B0 /) 39 I JL -7 A
S R Ak o B (A5 B0UK b R BE 1) 3% K R Bergeron
AR . DFIRAS ) 3 WE K AR IS H
(A5 [ 5 32 4 T K000 H 80 1 300) |1 IO A AR
TR TR 3 4 1 300 R4 R R A
AT H e, W E RCR SRA 4 T E KRB, K
TR SO R .

4 SRR-ZERAEEEFAREXNK
35 S 1% 19 52 1

AU - W AR ELAE D e G S g 0 S
I = Aok bR R AR 22 S B A R R
o728 A VPAL T B AN B A R o R MG 1A DA K e
Fliz B S - = A B = R0 T AR R
JBE X AN ] 4 A R R AR B T TR A 1 X i = T B
R Py B R Y R RESY W, R4S 1 4 VD AT A B
KA T =W B 6258 Ve L S B KB B
X AT A2 A ity e AL A s 1 U A AR T ik
b AN R KA SR B AR R X = KA RL
TR . & J& A K o B 19 % i ( Yin and Chen,
2007) . W —2 AT T A RERE RN =
BEA5 A% (CCN) Fl R ARk AZ (IND) X 3 [ 7 48— Y K
B RIENZ, 25 R LW, G E Ry CCN 2 5
=R ST, 23 4 E VKL R K, i 24 v 2R AR A R
IN i, 291 4] vK & % J& (Chen et al.,2019)

ARG MY T S0 X T 2 i 4 B 485 44 R
IR FER o TE B G RS 2 PR 0 B o B
filt b, BRI BN & e 1 22 Tl Ak 2 2 O3 A e ) 448 4
RPIP R A, 455 2011 48 6—7 J] 7E 850 1L T
A5 B S ISR 2 B B 2 B0 9 ) A % [] s 1 <
T I B85 B0 B30 X W = iR AT T AUE L, 3R A
T 2 AR E A 5y SR TR % 25 10 BRI 1 5, 45
TR TV S TURL A v R RLBE 43 A7 X 2 B
FNBE K (R WA RFAE o AT P 45 SR UE S8 T 78 S0 B i
—sE W, AR RATEH S S I B Ak 27 41 3
FRUBE 73 A5 AN [R] xS HR 18 die ek 4 0 B8 1078 I T
F o e B 7 AR AN () S e, T 3 AL LR O R s T
Bk BE R 2 1 (28 2 A0AE,2012) o i 2D A0 R
=TT A G B b ROE WRFE B0, 0158 & 3L,
MRV MEANE R = BE S5 %, BB W6 SO IR B Y
e I I KB 58 A6 205 Y 8 &, HOE oK 3
10% , I HLBE K X3 ) B il 77 8% 8l o 7615 e i =
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T A E 2R B AC N 2 X SN R T AR
HAE EAR 10~30 pom S P 30040 B0 2 8, AT
SEREEKIER o 53 Hh, Wi B ik A0 DL R R AE S
Y o T AR BN A%, A2 2 vRORDRL 715 1, T HL ok
AL B 4 Sz 3k o £ 2 W B ok 72 . K& 10 ~ 30
wm ZNRCR B BT Ok B R A R LB f2
FhF 3k R DL 5 Rl R, DT 2 i DR R - 1 4, e ¢
AL RO T 100 wm B RCGR , JCHE R T 400 pm (Y
IR o 30K 4 RO A5 VBT 2 A YA Dl O e AR L DA T
SR &K ( Xiao et al.,2014,2015)

EiE L 4y Hr CO L0, \NO NO, fy ®AL M 7t
B, 8 75 TRXT U 2= % 3 G ) 1 T . i 326 AR AL R TR
i R GEHY — S8 T R WUARRAE (HR 45, 2010) 5 )
D A A ORI 5 1 PRl UV S AT 2 RV T
Xof e 5] DX I A 1) 52 ) (AR T A AR e L 2008 5 7K 37 A
R 2008 ; Guo and Yin,2015) , #3098 B R #
WRTLIRA 2013 4R R MUR =465

5 ZHhER MENFHRELTIER
MR HIAESBA R R

KA EE R R I — T Iy, Bl
Py O S R ACH A 0 B, 2008 4R AU B
2 e ST LAK 2 B B F ) BT ST B TR
JiE A5 45 TN AL AR I AN T RALEOR B A Wk 25, T
F 5% T FOL 40 LA G S0UBR 14) O  k AASEALL K T Y AN
7 =T 2 (DO IR SRR vy G VAN S 7/ LR S 1
ERE IR AP RE IR I SRS PN ) PN
SRR A TR A B P S DG I B EAT TR A
WHIE RIS T — R ER

B LA D — R T A0 R G 5 R Y B A L
B I PR — R T L PR TR AR | D S R
SEU O M FE R . 2 B9 3R I L L G 3 T
PR 1 AN A 32 b T P, S 3 R 0 RN Y S
M), 2 52 380 1L e ) o PR AR AR A 90 52 00 3K 2 4 )
JH A v, 8 S 79 P 0% 3 e Ok o 00 B, ) Pl 2 B
KA AL FER R 22, HE I 45 75 PO A S 80 R T b
DR F) 5 B8 AR % S 5 T TR i A AR DR B AN 0 o 1
Zhang et al.(2012a,2012b,2012c¢,2012d) i 5 % J&
Hb 2 T P P PR AL R AR R S R R R 2
SR A5 ) S, ST T P E IR A M K- R )2
PRI 4T = 4EmT UR R 22 0 Bk, RS0
PEHLBE ST 1 20 Be 2 RUBE R L ML G S Al LA, LA
e J2 R AR v g J2 R A2 ) 1 | Bl ) HE S Ak
IV e R 73 E s N e N Q3 iR 2
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T3 T Y AR R BEE T AL . TS TAE LA

1) % B WL H B A% S AL B i i T A 5
(Zhang et al.,2012a,2012b) , T W52 p 35
TR IR P A A A R AR, R 2 RO A BR R R I
FDTD Jy i@ 1 = Fl SR 3 R e 5 R 02 S J2 45
F R Y LR AR R R JE XSO R AE R A
SRR T B 1% R e AT A
I Ja BT R R X Wait 550k £ 1T BE B N 2R AT HE
R S, B S TR - A IR A B AR T
MBS

2) T HMLKE 23 JE 3 4 1 TR HL H 1% R R v
7% (Zhang et al.,2012c,2012d,2013) , 3£ T BAC 4>
T BEIRORE M 2 B9 i AR AR 45 AE A FDTD 5 "L
WERETIRIE T Z v, 3 S HLRS 23 T2 4 T 1 7 v v
LA AL, SR I 43 3 8 KUK 23 T2 fili b FUHLKE 23 T 165
TS A B H H R 3 1) A% R A AT 43 A, £ R 3
TORELRE A B A, 5 23 b 2 TR B Vg -l 28 SR b 3% T 1
Fh H ARG BRI DL T 5 %, B S R FDTD A8 7Y 4
ST A RS 2 S R AT R 5

3)BEFE T LR A K il 300 5 L LF 550 Bl 3
{E3% B %2 ( Zhang et al.,2014a;Hou et al.,2019)
LR LTS, T 7R A R A L A A ) B A
FH {8575 0 I 18 i 5 W 37 FIOK P G 37 38 8, 1L 48R
HRBE 30 B 2 o AR AR B BN T 1 km Bl
AT 28 375 14 52 W W] LA G AL 22 W 5 T 24 L AR i R T
1 km B, 44 09 52 00 L0 A W 35 2 R B B /N T
200 km ], 33K 1 38 59 52 0w DL o 25 R
S BT b TRy 25 010 B e N 2 37 0 {5 3 AR b 1 S
OUT (R R TG R K, P 3 b TR ) 1Y) LU {30 AL D) 4 K
T, 24 T R BT T AL A I £ B B R
BEIE0 100 km, F R 2 2 2 ORI A A R T 60 06 ] A
B[] 43 B ZEGR 0. 1 s A1 0. 64 ws; 1M 75 FEL FEL 4 U 7
Wil 3t 5 T 1% A7 ), A% 5 B B B 1S 100 km, H %
S35 UL 52 4 F ] 108 (L 6 BF 8] 3 J31) S 3R 0. 36 ms
F10.96 ms,

4 WFFE T TR AL RE D B )R D= UK I IR
V7R VG R ) P 2 5 AR R AR, R T R S B i
BT — UKW AR B e I G LA % [ D4 A2 458 N ) XX
" B4 (Hou et al.,2020) o FIJ T v 3 3% AL 3R A 1Y
DR R [ ol 3 5 HLIAD AT ML 1) g B T 0 D6 1,
Prdtizn 1IN BB ARAE 5 OB R AE 22 18] A AH G4, LA
K0V S A 2 e 5 A SR DG A X R OG R L I R R
1 A A (R VAT I AT S R

AN el T S ek e T A R BT
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FEAN S, LT B = WS R S 3 ) AT R B
TR E] A OGRS U 2 AR BIF S M A
T Bl FL - S HL A BE A 4 e, ) B8 (A 40 7 1%
F 5% B 2% 2 IO B R e S r A F o AR R AT RE o
B % o 13 - S B R A B T 2B AR
B 2k PR LA AR S AR BT B A R H AL ) 52
6 2 WF T B A, R Y RN A AR N HL S 8Ak
TR o RZ O FE I 22 o mA
A ke r AL 9 S B O 58, B B & N HL AT Y
PR A A K g 7 Al i TR R AR, 5 RUER 4
(2010) 1 = 25 K2 3y g - W 5 ZCEASE X v X 1
Gr AT TSR v 2 Rl 5 50 T B o WA S5 R Y
Wi . Shi et al.(2015) F I =4k i 73 B R T 5% & ik
R SIS 1 AN [R]AH 25 7K 0 RE - 22 ) A4 2% 0 kS F,
N E RS RAEM . BEE A R A E A LS
J7 &R R A A, HSC{ELASE AU T A A DA B T
5 SR WL 245 SR AH AL B4 e R R b 5 | R 3 3 LR
UL S [ LT S5 40 o DR, E— 25 0 BT R 2R s Bl
VIRIIET €7/B2 b SRC L ERTE Pl -0 = I Sy S
AE. fEMIEAN KRB O E S TIRIBZE PIRE
BTN WeeY e 378 SIS AU R AN G €7/B2 D
L A W B D (5 RUER A, 2004, 2014 5 Shi et
al.,2015; Zhao et al.,2015; Tan et al.,2017; Shi et
al.,2020) ., BEH X F 2= NEBTESNINGRIEA,
B ZAT R BUANSRAS 51 3E 5 PR A e i e, L RE AR
LB — U IN 2 A I 8 25 P L AR AE T S B ASE 410 TR
LR AR JE 2 R R RRAE , DR R A A B
R L 2 B Jr S8 58 5 TR 2% i R EUE B L
JEAESK . Tan et al. (2006a,2006b) & & T — 4 &
3 A R 1) AL A T B BT S [ R A 0 AR
Xof - ol 218 U TR H, 2 A R & R ) 5 0 LA (Tan et al.
2012,2014; Guo et al., 2016), It #p, Tan et al.
(2019) 7E WL Y Bl b, 428 T AT R HL i 2 5K
WT7 %, LB T AEBLA 0 B R AP AR B AT IA
FL IR

6 XRTRSLAEWMENTR

oy R IR URBZE B X A () I 32 B2 R AE
AT T R LI, A 456 0 XA &R X3l )2 A i B
J2 i B K A4 B 48 (Liu et al.,2020)
NG T H 530 52 M ) I 2 5 0 R vk JF IR
WL Xof 31 2 v oRH G Bk R AT T O A A R
AL (Gao et al., 2017) i1 5 JZ & BB %
(Zhang et al.,2014b) F1 3 I )2 i 12 5 2 (Li et al.,

2014) 5 Bt o 1Y B Bl A 32 O R AU BB AR S BT
K (4 rp [ g BCC A 30 A 36 [ 19 WRF #E50) o
o R IR PR DR 20 8 X R AT Y- KA AR
HAEHAT TIRAMEGE NG T RATGGER T 1
RAGH B RHE, FE AT 1 A AR R RIS B
HIAE AL (Wang et al.,2019)

7 AIRMRS[EBEEERAR

i RUE B TR RS B o s R A B IT
Z——EW e R B A MR L
(N TR KA J5 T B 58 OR  7E I N A=
B R EBACKR T AT EZ — . 20
fik2e 60 AFAR, T M8 € H o R R S E AR BE N [
BTHARTE B — 0, AUE R A S i H
F )R AR 3 W ol 6 A, PR B AR B2 4%
FRHCAREL . £ R E TR g R (RO = Y
H2E) (UG RRAL, 1989) 4 T 20 3 HL 3% 180 3 ) 34
T &% oK T ) B AR R A, R T 7R X
DT A H o

BYRTENGFE IR B HATIEEL S a g A
TR, WD 7% R AR R, O L T
BBUGHE T IR P CAE P S kst % .
TE LI E] , 32 TR R SRR = W ZR B R AR 7 15 L 1E
SEFR 2N, I A Z R IR IR
VUG XS M2 SR ] 52N BT T r BH LT
FH 25 3t 08 N 282 i K A 56,y By 0k KA T

2005 47 2R AR ASARAE I 5K H AR B o i 4 T R0
H 2R 2 Bk iy B A R N T A A ) B 500 B
MMBFFE” o %3 H ik P, AT T A
Xz 25 B B2 B, I Jd 0 LI BTk XN T Ak AL
A R AR 5 BAOUURE T 119 8 22 AL AT R DA R
B X HEAT T e (30 4%, 20055 £ Bk 15 45,
2007; £IC4,2017) o R AL (2015) | GE L
U7 % bootstrap” 73 Mt A SR K K A2 S K HOGF N T3
FRSCR AR (9 52 00, BF ¢ 2 BT Ll 3 38 i A0 R
AR M B3 S s A 2 A I 4 R AR B0 ) X EE BT
S R R P AR R KA S B S 5 i AL RE A
O, B AR K S 1 5 ) FOHE AL RCR B A R
BB/, I HN T8 R AR Ml B 285R A R K R/
A B AR T B i I A K R T %
/I o XBEF A5 (2006 ) A B BE O0 ATAE Ae
XHJZEAR Z WO B R WA T 3 AT, A BB K Bl
LG , = H K AE 200 min RBLH R B, =

183



AREBEFI/ 2020438 Hark H2mw

IR R Ve K W A2 3k R AR T BT R 5 AR K R
22 1) DX R R A — AR A ik T A BOAS B 1) A A Ak
T BT ARG T 2R 2 O BRRAE I 00
2T N TAEALHT G 2z 0 B B9 28 4k, X o A T
SR K A0 45 T J RN B S 0 AT AR AR AL T 52 B A S
MR, S TESEELM IR TR
IR RAR G N TG H AR W05, % 5% iR
PIACRIBR IR =Y PR FEEAR) .

R R W A A — 3BT T s e B R A
78, H 2010 4F LUK 3 o BOE A, XF N TAE AL X =
1) B B T 25 KR I LA A R KO Y 52
Wr 55 7 T i T — & P T AE (Wang et al., 2013;
Chen and Yin, 2014; X fil 25, 2019), T 2 {& &
(2013) 38 53 X = V98 s X — ¥k N T 88 W9 46 A IS
MBS BB, 3 T — ANz X A T
BEFRAE D 2 A AE o XM A (2019 ) 3 2 %5 (B AR
PRI I8 T FEAS [R] B B4 5 P A % X i 2 B
IK 52 5% % BRAE 25 1) 2% J [ B 10 475 4 g ke
1) G L 1 D TR AR A7 ST ) R R R A K
T ) A0 S A PR B, L 7 AR R A 1, iU
B ERA BN WA SOR ., W SR
A8 TN AR BIOW 7K PR 5 BB i J2 OO - 3t )2 1
3% 52 0, L3 3o 4 HOE BN LUK REE 52
M) 381 A X 1 T 2 1 i %, 3B X 1 A A AE T
FE R 5 (Chen and Yin,2014) . [A] 6], 4] At 25 &
PR N THREHOL I, X A2 A6 T N T B R AR A
I A AT T ( EARR SR ,2012) . X — &5
I 5% B SRAE 30 T AT T A AL FIE I UGR, t

% % 3Lk ( References )

SPNER A (PSR Ei D)2 4 e LR R

2014 A E F 1 UK IS TE AR T B
Peyiizge” o JF P A R, Fom 2= 1A 4
VLI R R N T & RA ALK, SR
LRAM . Z 5T NI T 75T
PR AR R B 7O R R B AT . RSN
P70 JH AR N T3 i R AR B, 52 31 v s 5 2 ) 3R
i FE 2008 4R A IF A9 N TR 0 KT 50 4
FLERE B, ETRPOPEAIR S RE T
B A i 3 BN 52 mi AR A 5% STk i &
X7 o 2019 AEF MR AW B2 B w4 | N L5
i KA S BT [ I R B DY D 4 [N TR Wi K
iU

8 H4hiE

RAYB AW AR TRERY (R AR
B ) 1960 AF AL LR BCE B9 LA E 2Lk (J5 1))
Z—o X 60 a, FiFF T — RHFEHE NI
ol 55 BT RS BEA AR R W58 05 T 98 A T
—HEE KR EEDI A 5B R TR = 5 K B
5N TR0 TR I 14 B R B HL 3 85
AN S TS, UG T — KA R R R
BUBH IR . =5 Bk P B 2 R B BB
WFFEN AR Z — I S PR R B A2 AL A 3E
B AR AR5 14 T B P, IR AR X o IR
SR IR AR K B PR S W AT 9T RA S R A
SCHRAE 2 L7 L o

Chen B J,Yin Y,2014.Can we modify stratospheric water vapor by deliberate cloud seeding? [ J].J Geophys Res: Atmos, 119(3) :1406-1418.doi:
10. 1002/2013JD020707.

Chen K,Yin Y,Liu S X, et al.,2021.Concentration and variability of deposition-mode ice nucleating particles from Mt Tai of China in the early sum-
mer[ J].Atmos Res,253:105426.doi; 10. 1016/j.atmosres.2020. 105426.

R T, 4 38 , 200845 49 <0 JE I8 R A i o R e R S Y I AKX 2 R R K B s e [T )L R4, 27 (3) 1 628-636. Chen L, Yin Y, 2008.
Numerical simulations for the thermal impact of the long-Rang transport of mineral aerosols[ J].Plateau Meteor,27(3) :628-636.(in Chinese) .

Chen Q,Yin Y,Jiang H,et al.,2019.The roles of mineral dust as cloud condensation nuclei and ice nuclei during the evolution of a hail storm[J].J
Geophys Res: Atmos, 124 (24) :14262-14284.doi: 10. 1029/2019JD031403.

HEIA A, T E M, 55,2007 35 AR — R Z R = KK 2 WOMARRAE A9 WL B 7 [ ] .19 50 KR 4% B % 3 ,30(6) :770-778.  Feng Q J,Niu S J,
Lei H C,et al.,2007.A study on the microphysical characteristics of the precipitable stratiform cloud in Jilin Province[ J].J Nanjing Inst Meteor,
30(6) :770-778.doi: 10. 13878/j.cnki.dqkxxb.2007. 06. 005.(in Chinese) .

AR, BLAHE o A, 45, 201700 7 2 30 i) B 0 3 DXOR oK AZ B IR 23 A [ ] AR B4 ,37(2) : 141-150.  Gao R J,Yin Y, Jiang H, et al.,2017.
Measurement analysis of atmospheric ice nuclei in Nanjing during the Asian Youth Games[J].J Meteorol Sci,37(2) :141-150.(in Chinese).

SORER ik L, F AL, 45,2004 BRI IR )2 5 0] T 5k 2 S Ja) i A 25 A s R [T ] R AU ,23(5) :678-683. Guo F X,Zhang Y J,Yan M H,
et al.,2004.The effect of environment temperature and humidity stratification on charge structure in thunderstorms[ J].Plateau Meteor,23(5) :

678-683.(in Chinese) .

184



R, 45 AR B TR R A 60 4RI TE R My HIL 2 A 1Y o B O R FR LA

IR, 7k 5B 5L, 20105 58 28 YORCE AT P RN AR R AR L S Bl T R R[] R AR ,34(2) :361-373. Guo F X, Zhang Y J, Yan
M H,2010.Comparison of two parameterization schemes for noninductive mechanism before the first discharge in a simulated single cell storm
[J].Chin J Atmos Sci,34(2) :361-373.(in Chinese) .

IRREL, XK, 188, 45, 2014 o IR )22 7K P XU 0T [A) e TR 7K B 0] A BB [ ] e B4, 33(4) 1 1135-1145. Guo F X, Liu B, Bai L, et al.,
2014.Numerical simulation study on the effect of middle-and low-level horizontal wind speed on lightning and precipitation[ J ] .Plateau Meteor,
33(4):1135-1145.(in Chinese) .

Guo F X,Lu G Y,Wu X, et al.,2016.Occurrence conditions of positive cloud-to-ground flashes in severe thunderstorms[ J].Sci China Earth Sci, 59
(7):1401-1413.doi: 10. 1007/s11430-016-5279-7.

Guo J,Yin Y,2015.Mineral dust impacts on regional precipitation and summer circulation in East Asia using a regional coupled climate system model
[J].J Geophys Res:Atmos,120(19) :10378-10398.doi: 10. 1002/2015JD023096.

Gao Z Q,Tong B,Horton R, et al.,2017.Determination of desert soil apparent thermal diffusivity using a conduction-convection algorithm[J].J Geo-
phys Res:Atmos, 122( 18) :9569-9578.doi: 10. 1002/2017JD027290.

He C,Yin Y,Wang W Y et al.,2021.Aircraft observations of ice nucleating particles over the Northern China Plain :two cases studies[ J].Atmos Res,
248:105242.doi: 10. 1016/j.atmosres.2020. 105242.

Hou W H,Zhang Q L,Wang L,et al.,2019.Effect of striking a cone-shaped mountain top on the far lightning-radiated electromagnetic field[ J].IEEE
Trans Electromagn Compat,61(4) :1147-1156.doi;10. 1109/TEMC.2018. 2843772.

Hou W H, Azadifar M, Rubinstein M, et al., 2020. The polarity reversal of lightning-generated sky wave [ J].J Geophys Res: Atmos, 125 (17) :
€2020JD032448.doi: 10. 1029/2020JD032448.

Jiang H,Yin Y, Yang L,et al.,2014.The characteristics of atmospheric ice nuclei measured at different altitudes in the Huangshan Mountains in South-
east China[ J].Adv Atmos Sci,31(2) :396-406.doi:10. 1007/s00376-013-3048-5.

Jiang H,Yin Y,Su H,et al.,2015.The characteristics of atmospheric ice nuclei measured at the top of Huangshan ( the Yellow Mountains) in Southeast
China using a newly built static vacuum water vapor diffusion chamber[ J].Atmos Res, 153:200-208.doi; 10. 1016/j.atmosres.2014. 08. 015.

Jiang H,Yin Y,Wang X, et al.,2016.The measurement and parameterization of ice nucleating particles in different backgrounds of China[ J].Atmos
Res, 181:72-80.doi: 10. 1016/j.atmosres.2016. 06. 013.

Jiang H, Yin Y,Chen K, et al., 2020. The measurement of ice nucleating particles at Tai’an City in East China[ J].Atmos Res, 232 104684. doi:
10. 1016/j.atmosres.2019. 104684.

2R AN RS 5 2001 =R T BT B X L ORI B &5 vk R A B [ T4 ,37(3) :325-333. Li R,Niu S J,Wang L L, et al.,2011.
Comparison of three kinds of underlying surface temperatures and analysis of the road icing meteorological conditions[ J].Meteor Mon,37(3) :
325-333.(in Chinese) .

Li Y,Gao Z,Li D,et al.,2014.An improved non-iterative surface layer flux scheme for atmospheric stable stratification conditions[ J].Geosci Model
Dev,7(2) :515-529.doi: 10. 5194/gmd-7-515-2014.

s 1981 M PR 2 5 A0 FIRRAE B SR e I 45 S [ 1] . o 5t R 2 B 2F i ,4 (1) :74-82.  Li Z H,1981.Some observational evidences of the
structure and features of supercell hailstorms[ J].J Nanjing Inst Meteor,4( 1) ;74-82.doi;10. 13878/j.cnki.dqkxxb.1981. 01. 009. (in Chinese) .

2= AE 2001 9 F T 40 R ERIEFE[T] R4 ,59(5) :616-624.  Li Z H,2001.Studies of fog in China over the past 40 years[ J].Acta Mete-
orol Sin,59(5) :616-624.(in Chinese).

A 201428 AR EY MR [ M] AL K% Ak, Li Z H,2014.Selected works of Li Zihua on cloud physics[ M ].Beijing : China Mete-
orological Press. (in Chinese).

AT PR BRI % 197955 K R B 2 04 A RS ER ik [9). K “URFY,3(4) :385-387. Li Z H,Gong F J,Xu S T,et al., 1979.A
method of using synthetic index for identifying hail-cloud with radar.[ J].Chin J Atmos Sci,3(4) :385-387.(in Chinese) .

BT CRT S HEE S, 1984 KL Tt X — OB AR MU R i [T] . st AR B4, 7(1) :75-81.  Li Z H,Song N H, Zhang C
C,et al.,1984.An analysis of hailstone slices from the supercell over the lower Yangtze[ J].J Nanjing Inst Meteor,7( 1) ;:75-81.doi;10. 13878/j.
cnkiAquxxb41984. 01. 008. (in Chinese).

Mo 3 BB 46 1986a. T DA R EE R K 101 S R AE [ C 1/ v [E R 7 2= W B2 AN TR /K e SO AR AL BT R M R A 55-59. Li Z
H,Zhou W X,Zhang C C,et al., 1986a.Echo characteristics of Meiyu front precipitation in Jianghuai Region[ C]//The paper reels of cloud
physics and artificial precipitation in southern China.Beijing : China Meteorological Press:55-59.(in Chinese) .

AR R B RS, 4, 1986b. 5 FRUR IR 5 FEAKRFE B 20T [ C 1/ [E R 5 = W B2 AN TRk e SCAR A at R M - 60-65. Li Z
H,Zhou W X,Zhang C C,et al., 1986b. An analysis of precipitation characteristics of mixed clouds in the cumulus [ C]//The paper reels of
cloud physics and artificial precipitation in southern China.Beijing;China Meteorological Press;60-65.(in Chinese) .

BT TR TR A, 19860, — UM T B I K 254 T 2 1 O BT AL [ T]. B B0 U5 A B2 iR, 9(3) :283-290. Li Z H,Zhang K J, Zhang
W Q, 1986¢.Precipitation structure of a Meiyu front and formation mechanism of rainstorm center [ J].J Nanjing Inst Meteor,9(3) :283-290.doi:
10. 13878/j.cnki.dgkxxb.1986. 03. 009. (in Chinese) .

A T T 1986d M E = R W A Ese [T] A4 Rk ,6(1) :82-90. Li Z H,Xia X Q,Zhang Q,et al.,1986d.A prelminary

185



AREBEFI/ 2020438 Hark H2mw

study of the bright band in the Meiyu frontal cloud system[J].Sci Meteorol Sin,6( 1) :82-90.(in Chinese).

AT FBEE R, 19860, I HE TR Ik F 6 ACH B 00 92098 [ 3] 1 5004 2% R 24,9 (4) :366-375.  Li Z H,Zheng G G, Chen F, 1986e.
Experimental study of terminal velocity of free-falling conicai hailstones[ J].J Nanjing Inst Meteor,9(4) :366-375.doi; 10. 13878/j.cnki.dgkxxb.
1986. 04. 006. (in Chinese) .

Liu C,Gao Z,Yang Q,et al.,2020.Measurements of turbulence transfer in the near-surface layer over the Antarctic sea ice surface from April through
November in 2016[ J |.Ann Glaciol,61(82) :12-23.

XFE, A2, 2015 PR L 2 R UK G R SR A5 AR SE P LI AT 58 [ 7] R ARL 2 2% 4% ,38(3) :428-432.  Liu D, Niu S J,2015.Observational study on
real-time meteorological conditions during two wire icing processes [ J]. Trans Atmos Sci, 38 ( 3) : 428-432. doi: 10. 13878/j. cnki. dgkxxb.
20130313001.(in Chinese).

Liu D Y,Yang J,Niu S J,et al.,2011.0n the evolution and structure of a radiation fog event in Nanjing[J].Adv Atmos Sci,28( 1) :223-237.doi:
10. 1007/s00376-010-0017-0.

X, AR, BRAG L 45, 2019 105 38 1 476 00T I 2 X6 L 2= 9Bl 52 ) 1 B (B RS 0L L0 ] T XU 3% 4 ,30(2) = 211-222. Liu P,Yin Y,Chen Q, et al.,
2019.Numerical simulation of hygroscopic seeding effects on warm convective clouds and rainfall reduction[ J].J Appl Meteor Sci,30(2) :211-
222.(in Chinese) .

Liu S X,Yin Y, Xiao H,et al.,2021.The effects of ice nucleation on the microphysical processes and precipitation for a heavy rainfall event in Beijing
[J].Atmos Res,253:105476.doi; 10. 1016/j.atmosres.2021. 105476.

XIWRAT , A A7, BRER ,2006. 2R 2 fiE AL 5 3 ¥ 7K 43 A 5 38 8 SR A RO B [T ] R <URF42,30(4) :561-569.  Liu X L,Niu S J, Chen Y,2006.
Numerical simulation of distribution and evolution of supercooled liquid water in seeding stratiform cloud[ J].Chin J Atmos Sci,30(4) :561-569.
(in Chinese) .

X AR, 2016. 5 R = TR R KSR L M N [T K% R ,36(2) :230-235.  Liu X J,Niu S J,2016.Analysis of the causes for two
high-voltage wire icing cases[ J].J Meteor Sci,36(2) :230-235.(in Chinese).

B, AR 7R %, 55,2010 104 25— WK 55 o B % SOV 45 ) 1) 98 A8 R i B PR 43 BT [ ] R R ,34(4) :681-690.  Lu C S,Niu S J, Yang
J,et al.,2010.Jump features and causes of macro and microphysical structures of a winter fog in Nanjing[ J].Chin J Atmos Sci,34(4) ;:681-690.
(in Chinese) .

R, AR 28 B, 4F 201 L U & TR 55 22 e S0 SRR S5 0L 0 A7 [0 ] ORURk 2 4441, 34( 1) :58-65. Lu C S,Niu S J, Yue P, et al.,2011.
Observational research on boundary layer structure during high incidence period of winter fog in Nanjing[ J].Trans Atmos Sci,34(1) :58-65.doi:
10. 13878/j.cnki.dqkxxb.2011. 01. 008. (in Chinese) .

e A, 2014. 5 W A A5 [ M ] b 5 R4 kL. Niu S J,2014.Study on physical chemistry of fog[ M ].Beijing ; China Meteorological Press.
(in Chinese) .

Niu S J,Lu C S,Yu H Y et al.,2010a.Fog research in China:an overview[J].Adv Atmos Sci,27(3) :639-662.doi:10. 1007/s00376-009-8174-8.

Niu S J,Lu C S,Liu Y G,et al.,2010b.Analysis of the microphysical structure of heavy fog using a droplet spectrometer:a case study[ J].Adv Atmos
Sci,27(6) :1259-1275.doi: 10. 1007/s00376-010-8192-6.

Niu S J,Zhou Y,Jia R,et al.,2012.The microphysics of ice accretion on wires:observations and simulations[ J].Sci China Earth Sci,55(3) :428-437.
doi: 10. 1007/s11430-011-4325-8.

A7 RS, B, 20160 ok v E SRR bR (1] R4 B ,6(2) :6-19. Niu S J,Lu C S,L J J,et al.,2016. Advances in fog re-
search in China[ J].Adv Meteorol Sci Technol,6(2) :6-19.doi:10. 3969/j.issn.2095-1973. 2016. 02. 001. (in Chinese).

ZREW AR, R 0, 55,2012, 38 11 3t XA B R O I B T 400 B H X B B BRRAE B 52 0 [T ] U454, 70(6) : 1334-1346. Qin Y S, Yin
Y,Yang S Y,et al.,2012.Chemical characteristics of the aerosols and their effect on microphysical properties of clouds in spring and summer over
Mt.Huang[ J].Acta Meteorol Sin,70(6) :1334-1346.(in Chinese) .

Shi Z,Tan Y B,Tang H Q, et al.,2015. Aerosol effect on the land-ocean contrast in thunderstorm electrification and lightning frequency [ J].Atmos
Res, 164/165:131-141.doi:10. 1016/j.atmosres.2015. 05. 006.

Shi Z,Wang H C,Tan Y B, et al.,2020.Influence of aerosols on lightning activities in central eastern parts of China[J].Atmos Sci Lett,21(2) ;e957.
doi: 10. 1002/as1.957.

TR, AR, Bl AR AL S 20147 B 0 2 R O B L b DX R AR ¥ I A [T ] R4, 38(2) :386-398. Su H, Yin Y,Lu C S, et
al.,2014.Development of new diffusion cloud chamber type and its observation study of ice nuclei in the Huangshan area[ J].Chin J Atmos Sci,
38(2) :386-398.doi: 10. 3878/j.issn.1006-9895. 2013. 12211.(in Chinese) .

Tan Y B,Tao S C,Zhu B Y, et al.,2006a.Numerical simulations of the bi-level and branched structure of intracloud lightning flashes[ J].Sci China Ser
D,49(6) :661-672.doi:10. 1007/s11430-006-0661-5.

Tan Y B,Tao S C,Zhu B Y,2006b.Fine-resolution simulation of the channel structures and propagation features of intracloud lightning[ J].Geophys
Res Lett,33(9) :L09809.doi: 10. 1029/2005GL025523.

Tan Y B,Shi Z,Wang N N, et al.,2012.Numerical simulation of the effects of randomness and characteristics of electrical environment on ground strike

location of cloud-to-ground lightning[ J].Chinese J Geophys,55(6) :626-634.doi; 10. 1002/cjg2. 1757.

186



R, 45 AR B TR R A 60 4RI TE R My HIL 2 A 1Y o B O R FR LA

Tan Y B,Tao S C,Liang Z W et al.,2014.Numerical study on relationship between lightning types and distribution of space charge and electric poten-
tial[ J].J Geophys Res:Atmos,119(2) :1003-1014.doi: 10. 1002/2013JD019983.

Tan Y B,Shi Z,Chen Z L,et al.,2017.A numerical study of aerosol effects on electrification of thunderstorms[J].J Atmos Sol-Terr Phys, 154 ;236-
247.doi; 10. 1016/j.jastp.2015. 11. 006.

Tan Y B,Zheng T X, Shi Z,2019.Improved lightning model : application to discuss the characteristics of upward lightning[ J].Atmos Res,217:63-72.
doi; 10. 1016/j.atmosres.2018. 10. 011.

Wang L J,Yin Y,Yao Z Y,et al.,2013.Microphysical responses to catalysis during a stratocumulus aircraft seeding experiment over the Sanjiangyuan
region of China[J].Acta Meteorol Sin,27(6) :849-867.doi;10. 1007/s13351-013-0609-6.

ERAR LA, =N, 5F L 20128 FAMAR AL 5 P AN TR B BCR Gt K : AT i 4 AR I8RO X R 6 [ ] KRR 2241, 35(5) £ 524-532.
Wang L J,Yin Y,Guo S G,et al.,2012. A statistics evaluation of hail suppression effect under the background of climate change:a case study of
east agricultural region in Qinghai Province[ J].Trans Atmos Sci,35(5) :524-532.doi; 10. 13878/j.cnki.dqkxxb.2012. 05. 001.(in Chinese).

FERAR AR, DR T, 45,2013 LU X KR — RZ P s CHL A E 8 W A A sl i e B 1 [ ] R4 %R, 71(5) :925-939. Wang L J,
Yin Y,Yao Z Y,et al.,2013.Microphysical responses as seen in a stratocumulus aircraft seeding experiment in autumn over the Sanjiangyun Na-
tional Nature Reserve[ J].Acta Meteorol Sin,71(5) :925-939.(in Chinese).

Wang L L,Liu J K,Gao Z Q,et al.,2019. Vertical observations of the atmospheric boundary layer structure over Beijing urban area during air pollution
episodes[ J].Atmos Chem Phys,19(10) :6949-6967.doi: 10. 5194/acp-19-6949-2019.

TS &, ZEF4E 1980, BRI AL BT [T R SR 2 B4 ,3(1) :1-6. Wang P F,Li Z H,1980.0n the formation mechanism of “Big
hail” [ J].J Nanjing Inst Meteor,3( 1) ;1-6.doi:10. 13878/j.cnki.dqkxxb.1980. 01. 001.(in Chinese) .

EME K, A ,1982a. RET-"7 “Ewt” . —Mirm = L KA M4 [T].4,8(2):20-22. Wang P F,Li Z H, 1982 “Big hail”? “Giant
song” :a new rare weather phenomenon|[ J].Meteor Mon,8(2) :20-22.(in Chinese) .

FWE K, 2 TAE 19820 FRIE E A IE K [J] .54 ,8(6) :15-16. Wang P F,Li Z H, 1982.Meteorological Monthly,8(6) ;:15-16.(in Chinese).

Wang T S,Niu S J,Lii J J,et al.,2019.Observation and simulation studies of three types of wire icing[ J].Atmos,10(5) :234.

ETC, A A R AE L, 2017 ) = 28 TCHLIBE & 2RI TR0 4 2 BUR & S AL BAON [ 7] R AR 224 ,40(5) :686-696.  Wang Y, Niu S J,
Lei H C,2017.An examination of the microphysical responses to aircraft seeding of stratiform clouds with embedded convection using the joint
observational data of three aircrafts[ J].Trans Atmos Sci,40(5) :686-696.doi: 10. 13878/j.cnki.dgkxxb.20161012002. (in Chinese) .

RPN, ST, 45,2015, B AR FRK S Son N LR AR PG i 2w [T ] P R sk R 2 ,45(7) £ 1011-1019. - Wu X H,Niu S J,Jin
D Z,et al.,2015.Influence of natural rainfall variability on the evaluation of artificial precipitation enhancement[ J].Sci China( Ser D) ,45(7) :
1011-1019.(in Chinese) .

Xiao H,Yin Y,Jin L J,et al. ,2014.Simulation of aerosol effects on orographic clouds and precipitation using WRF model with a detailed Bin micro-
physics scheme[ J].Atmos Sci Lett, 15(2) :134-139.doi; 10. 1002/asl2. 480.

Xiao H,Yin Y,Jin L J,et al.,2015.Simulation of the effects of aerosol on mixed-phase orographic clouds using the WRF model with a detailed Bin mi-
crophysics scheme[ J].J Geophys Res:Atmos,120(16) :8345-8358.doi: 10. 1002/2014JD022988.

W A, 2 A8, 5520130, B B IX A TR R AUIRBZRFAE B L 5 IR R BB [T ] R A4 ,37(5) :983-993. Yang L, Yin Y, Yang S
Z et al.,2013.Characteristics of atmospheric ice nuclei and its relationship to aerosols in winter in Nanjing[ J].Chin J Atmos Sci,37(5) :983-
993.(in Chinese) .

W A B4R L, 55, 2013b. B 5t 3t DX A VKR e S A 0 o B 43 BT [0 R AR, 37(3) :579-594. Yang L, Yin Y, Yang S Z, et al.,2013.
Measurement and analysis of atmospheric ice nuclei in Nanjing[ J].Chin J Atmos Sci,37(3) :579-594.(in Chinese).

W SCE, A A BRI, 55, 200530 JL 48 J2 R 2 B K R eIy BRAS M 1 RHLUL I B FE [ 0] i A4, 24 (1) :84-90. Yang W X, Niu S J, Wei J
G, et al.,2005.Airborne observation for microphysical structure of PrecipitationSystem of stratiform cloud in Hebei Provice[ J | .Plateau Meteor,24
(1) :84-90.(in Chinese) .

Yin Y, Chen L,2007.The effects of heating by transported dust layers on cloud and precipitation ; a numerical study[ J].Atmos Chem Phys,7(13) .
3497-3505.doi: 10. 5194/ acp-7-3497-2007.

B, 0P B A, 55,2010, 2 X 25 % CO \NO NOx il Oy Y2 F Al % /E [ T]. RAFHF,34(5) :925-936. Yin Y,Qu P, Jin L J, et al.,
2010.Vertical transport of CO,NO,NOx,and O, by tropical deep convective clouds[J].Chin J Atmos Sci,34(5) :925-936.(in Chinese).

et , e, 2008 B8 4 33 IR X [l X B 0 0 1 KO ( B[ 0] T 5 S 6241, 31(6) :852-859.  Zhang J, Yin Y,2008.Numerical simula-
tions of effect of black carbon aerosol on regional climate in China[J].J Nanjing Inst Meteor,31(6) :852-859.doi: 10. 13878/j.cnki.dgkxxb.
2008. 06. 018. (in Chinese) .

Zhang Q L,Li D S,Fan Y F,et al.,2012a.Examination of the Cooray-Rubinstein (C-R) formula for a mixed propagation path by using FDTD[J].J
Geophys Res: Atmos,117(D15) :D15309.doi: 10. 1029/2011JD017331.

Zhang Q L,Li D S,Zhang Y Y,et al.,2012b.On the accuracy of wait’s formula along a mixed propagation path within 1 km from the lightning channel
[J].IEEE Trans Electromagn Compat,54(5) :1042-1047.doi:10. 1109/TEMC.2012. 2190765.

Zhang Q L,Yang J,Li D S,et al.,2012c.Propagation effects of a fractal rough ocean surface on the vertical electric field generated by lightning return

187



AREBEFI/ 2020438 Hark H2mw

strokes[ J].J Electrost,70( 1) ;54-59.doi;: 10. 1016/j.elstat.2011. 10. 003.

Zhang Q L,Jing X Q,Yang J,et al.,2012d.Numerical simulation of the lightning electromagnetic fields along a rough and ocean-land mixed propaga-
tion path[ J].J Geophys Res:Atmos,117(D20) :D20304.doi:10. 1029/2012JD017851.

Zhang Q L,Li D S, Tang X,et al.,2013.Lightning-radiated horizontal electric field over a rough-and ocean-land mixed propagation path[J].IEEE
Trans Electromagn Compat,55(4) :733-738.doi:10. 1109/TEMC.2012. 2235444.

Zhang Q L,Hou W H,Ji T T,et al.,2014a.Validation and revision of far-field-current relationship for the lightning strike to electrically short objects
[J].J Atmos Sol-Terr Phys,120:41-50.doi:10. 1016/j.jastp.2014. 08. 015.

Zhang Y ,Gao Z,Li D,et al.,2014b.On the computation of planetary boundary-layer height using the bulk Richardson number method[ J].Geosci Mod-
el Dev,7(6) :2599-2611.doi:10. 5194/gmd-7-2599-2014.

IR, 2R A2 705, 2012, 305 4t J2 5 S 0ot it 5 5 Aol 48 40 A AR B A FHARAE [ D] R B2 2% 42, 35(6) :673-679.  Zhao L J,Niu S J,2012. Characteristics
of interactions between radiation processes and fog microphysical structure[ J].Trans Atmos Sci,35(6) :673-679.doi; 10. 13878/j.cnki.dgkxxb.
2012. 06. 008. (in Chinese) .

Zhao P G,Yin Y, Xiao H,2015.The effects of aerosol on development of thunderstorm electrification:a numerical study[ J].Atmos Res, 153:376-391.
doi: 10. 1016/j.atmosres.2014. 09. 011.

R 5 SRy, 1973408 N LK B8 R A5 [ M ] db 5t . KR M AL, Central Meteorological Bureau, 1973.Selected draft of report of
National Symposium on artificial precipitation and hail prevention[ M ] .Beijing : China Meteorological Press.(in Chinese) .

Zhou Y ,Niu S J,Lii J,et al.,2012.Meteorological conditions of ice accretion based on real-time observation of high voltage transmission line[ J].Chin
Sci Bull,57(7) :812-818.doi;: 10. 1007/s11434-011-4868-2.

Zhou Y ,Niu S J,Lii J,2013.The influence of freezing drizzle on wire icing during freezing fog events[ J].Adv Atmos Sci,30(4) :1053-1069.doi:
10. 1007/s00376-012-2030-y.

Advances in selected subjects of atmospheric physics in Nanjing University
of Information Science and Technology ( NUIST ) during her 60 years

of development

YIN Yan,LI Zihua,DIAO Yiwei,ZHU Bin,NIU Shengjie, MA Gelan,LU Chunsong,
ZHANG Qilin,GUO Fengxia,LI Yubin, CHEN Jinghua,LIU Xiaoli,JIANG Hui,

SHI Zheng ,HOU Xuewei, KANG Hanging

School of Atmospheric Physics/Key Laboratory for Aerosol-Cloud-Precipitation of China Meteorological Administration ,Nanjing University of Informa-

tion Science and Technology,Nanjing 210044 , China
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