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Abstract To investigate the impacts of anthropogenic aerosols on typhoon Fitow, the No. 23 typhoon in 2013, three

simulations with zero, normal and increased anthropogenic emissions were conducted by using WRF-Chem V3.5

(Weather Research and Forecasting Model coupled to Chemistry Version 3.5). Comparison of the results shows that

anthropogenic aerosols could hardly influence the track of Fitow. The increased anthropogenic aerosols led to weakened

intensity, reduced total accumulated precipitation and decreased precipitation rate in typhoon main body during the phase

when Fitow approached the land. Increased aerosols could provide more cloud condensation nuclei, which leads to

increased cloud water at the periphery. Therefore, more cloud water could rise above the freezing level and produced

more supercooled water, which provided an advantage for the forming of ice particles. These processes not only released

extra amount of latent heat, but also enhanced the convection and precipitation at the periphery of typhoon. Furthermore,

the invigorated convection at periphery caused an increase in warm and moist air lifted there and a decrease in inflow

reaching the typhoon center, and hence resulted in a weakened eyewall and precipitation near the eyewall. The strength of

typhoon was weakened. Precipitation at eyewall still dominated precipitation over the typhoon main body due to the

weaker convection at its periphery. As a result, total accumulated precipitation and precipitation rate in the typhoon main

body both decreased.
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1 3515

KA R BRI R AP I BESRLT,
ST 5 I N UEFN AR, NN A IR T kYA
TACMIZ . BEHAES R TR V2 N5 5 (s
B4, 2003; FHFERS, 2006), Bl L5
R, NAHERCH S3G 0, HO6 BREE RN A5 (1) 5% 1
RS2 O

A IR AT DA ek S R SO BH R G
g R G RS, e DR = A 4
KK, O ST G A TR B R RS,
AR (BN, 2007; AR5, 2008, HEER
25, 2011, VRETEAE, 2014). WA EN, %
I, = o BRI, R AR
N, BRI R B, ST, R R
F{E3t (Rosenfeld, 1999; Korenetal., 2005; Lin
etal., 2006; Belletal., 2008), {H &t Wi %& B
IR, WA SRR T RERE R, X 5K
Ao BEREEMH % (Yuan et al.,, 2008). #i{H
BRI T 25 R A M I T S IR AN . 52
RIS, AR T B K AR A A 22
S¢: Khain et al. (2005) [FIHFFTE WA In il
TR 2 (R B A A% Fan et al. (2007)
PRSI AR AT S R IR FE B L, B s
TN ) gl kR ATVE ARE B I, 5 A B R KRR
RIEIAL IR, DBE54% (20100 S5 A5 K
VKR DN R AT RS, RIS s

AR TR R, s Kk b E
(2011) AR AL AT LD PRI 28 R L R Rl K
M =R KRR, ARG In, 735 E K&
Biisb o 45 R 22 e G IR BT AR . XTI AZ A
PG AL RERIFEM . BR7K IR 2= R BN DL J S 2
T BN S) )11 245 5% (Fanetal., 2007; Tao et
al., 2007; Leeetal., 2008; f1%Ja5%, 2015). #
TFTIL I, ZIREEDE TR 5E00, AR 2= B
1 5y T i B K R IR a2 (Khain et al.,
2005; Lynnetal., 2005).

G PRI BB K DR B K R R 32 3
AP R 5% (Khain etal., 2008), FrLL<H%
JBEXT 3 AR Be A RH BiR B2 PR S Ml AN 25 R . Rl 2
UL 3] FR) oy YA 58 PR 0 TS A T ety i DX = 1)
BEM It 2, Rosenfeld et al. (2007) i} WRF (Weather
Research and Forecasting Model) 5 AL T M X,
Katrina, AT T 5645 ¢ PAIANOC A W XA M L 108 T 0t
W RBURARES:, A TILIBE R 52 BRI, RERUIR R RUX
Frrgho, MR 4E, MEXBRZKSS . Zhang et al.
(2007) BAUBFIE T s P I BB =
LR BALTAT R AR, AR = B ai %
bliBON G P A 3% 7[00 3 AL L < W UE |4
ARSI S AT Rt I B T Wi 5 i A
TAER SRS ; Zhang et al. (2009a) HE—L ST
IR, BREAZ TG B 2 T KRR TS 1 A
FLRE IR A e, ] LA i iy 1) R R [ e
SR EE 0 JE . Khain et al. (2008, 2010) i



X A B % a1 %

962 Chinese Journal of Atmospheric Sciences

Vol. 41

FOBIEFEIA Ry, A T T A A AT A B R 3
R, TE ARG I, R A A ) 2 TS 9
AN, KPR B BE gy, AR ES , FAT
S HETREIRYY . Carrio and Cotton (2011) k¥
RAMS (Regional Atmospheric Modeling System) 15
OB KL 3 L 1) G X P 8 M 2 ok 45 e o R SR A
FUSIIEXS MR e, &5 R W] 25 B 4 A%k T Y
I, A FE R BRI N, AR 2R FIG v, A
AN AT T A RE VO R R AR Ve, BHAS T RE
B a DR, A TG KRR
Cotton et al. (2012) X & X Nuri BLfl 153 T [F]FE
s 3. Jiang etal. (2016) X X Usagi 4
PRI, TR SRS R E LR, 6K
FE/K kb, Mg GO0, 6 KA IR
[ RTS8

FE] P A0 I 9T 22 A2 T ) 03 i 5% M) K 1 3 1
DR A SR FRIBIE ST, 6 3 Pl X ) B4y U e
PIBRFFTAL D, ARSI L SR A1 (1) 5% il
WA R TRE— 2P0 Ty HN I Ay Ul
IEMEBIUR T, K200 U8 = A A% IR FE A
HATHARES , AR SR IR RABRN. . W
FRid R = MO s N A I R, AT A A
S5 LSS DA 8 22 . TR AR i X
VENGETE R R . N SR, &A
HETBCIE 3 AT R EE X, R 52 6 RSN
BB, W O 25 0] S 3 1R v b oK
E LIRS & RGE S E R R, Jrbh, AL
i I TS B 5 R M HAR T ) WRE-
Chem ( Weather Research and Forecasting Model
coupled to Chemistry) Fxz(, X 2013 FF4E K [E 56
AR G B 1) & X Fitow #EHATHLU, 08 A IS
IO F 7 A [R50

2 BHAGIRRERE

2.1 &R Fitow &4

2013 4E 5 23 5 & K Fitow T 9 /30 H 12 I
CHRR A, FRD 2678 0T R 5 DUAR
FIvET A%, 10 2 H 21 Hnssh & X, 4 H 09
N A 5k 5 K, 2 E SR AR, B RS I
b T s R X T 45 ms ', A B AR IS T A
JEI% 945 hPa. 6 H 17 I 15 43 2 45 4 A 44 4
VIR B DL & KU R I, T D B K XU 42
m s, FbRAGHREE R 955 hPa. 7 H 01 I

KA A PR, 7 H 03 I SR G5 1k
TR
22 HELKKRE

WREF-Chem #2256 [ [5 5 i v AR U 3
Jii (NOAA) M3k [ [ Z K5 L (NCAR)D
SENUAIR G T R I X SR B I — e 2 i S A
JefE WRF o 2Eal LR & i, M
WA BRI LM, T LA A B 535 5 RS
VR EAE ] . ASCAEH] WRE-Chem V3.5 X &
A\ Fitow BEATALL, BT [H) 24 2013 4F 10 H 3 H
18 If %2 10 H 7 H 06 i, 3t 84 h, K/t —ix
gE9L, [ 18 h /EN spin-up W] o 7Kk Y 2 R A%
e, WEEA 18 km. 6 km, 3 FH 7 [0 Ky W] B A
S 46 J=, BEUZ A 50 hPa.

B TR A6 3 L 5 0k B 56
FINMF PR O 2B Hr 5P (NCEP FNL), K
oA A 10X 10, INTEERE A 6 he A A UEHEK
{1 2006 -3 [H E KM ik /R (NASA) INTEX-B

( International Chemistry Transport Experiment—
Phase B) 1%+ 1 Zhang et al. (2009b) /)
A= CARSMERY S 7/ 7 ST S e r A S8 N B AN N
A T S8 HE SR HE TR ) A AERT (SO A

(NO. —45ULfi (COD. FERIMEAHA (VOCH).
AR NBUREA) (PMo) « 41RTREH) (PMy.5) « B 2R (BC)
MA P (OCH J\Ky5 3, = #xRN
0.5°X0.5°, 25, (NH3) HEjsfi ] REAS (Regional
Emission Inventory in Asia) MV¥HHERGE #. Chttp://
www. jamstec. go. jp/frsgc/research/d4/ emission. htm
[2016-10-17]) 1 2006 FHIEHE, =23 Pl
0.5°X0.5°; A=A T H Guenther /7 %€ (Guenther
ctal, 1993) {E&kilH.

B P R RS A AR R I S A T 58, B3
fuF5 RRTMG (Rapid Radiative Transfer Model for
Global Climate Models) . Fy#E4 /% (lacono
etal., 2008). Grell-Freitas (Grell and Freitas, 2013)
Mz B 7% . YSU (Yonsei University) 1741
RZT7% (Hong et al., 2006) LA Morrison X{ 2
s I % (Morrison et al., 2009), % J7 E 0] Tl
Rk WL KA UK L A BLAR
UK B WABORIZ, AT DU OB L e
SRR RE CRUTAFF L2, 20105
FIELHEE, 2011; JLHT9I4E, 2015). AL sl
H RADM2 (Regional Acid Deposition Model Version



5 1] VOB 45 ] WRE-Chem BEAUBHU T A A S IRA 5 )4 Fitow (1323) 388 1 Fie K R 520

No. 5

SHEN Xinyong et al. Simulations of Anthropogenic Aerosols Effects on the Intensity and Precipitation of Typhoon ... 963

2) SAREEENLE] (Stockwell etal., 1990), {175
FAL 2 e W) MADE/SORGAM (Modal Aerosol
Dynamics Model for FEurope/Secondary Organic
Aerosol Model) S B ( Ackermann et al., 1998;
Schell et al., 2001), Fast-J Jt4b2% 7 % (Wild et al.,
20000, B E A4 W BRI R DL AR
JR RS RSO o

ML, E R, i S AN RO o
JE, AT =AU, 0 Ee T O RO &
AR EEm . AR5 . Cul iR%, A8 AHHER
Ui OAnth 346, A WHEBR N Cerl 551 0 1%
3Anth 5 ANHFBOE Y Ctrl W51 3 £ . Ho,
3Anth KK 3 OV BEHLIEIEE, H A
N HERTE 1 2 i F 3 A2 it EAsE .

3 IRINGERI R IZEBE T

I EAR SR (CMA) #eir < igi e A5
#t 4£  ( http://www.tcdata.typhoon.gov.cn  [2016-10-
17]) XPELHL) & R Fitow [¥) 6 40 A 55 B AT LG
HE 1a i LUEH Crrl IREBEL & XA 5
5 CMA IfEssiediA—3, &, WEmr-r
WAR 2240 55196 kmo TRBERT Ctrl RI6GH

(11 & XU 517 6 422 1) 5 1) RIS (1] 5 00 000 A B e A —
B, BEEIALE A RN, 6 I A BN A ) DY R
e AN IR, X T RE S B XS i b R B 1R 5 ) A
Ko X HE = AR I BRI 5 R AT, TERILI 2R
54 h JRAR RG22, O T 40 BT i 0 R A 22
(ISR, VLT BLE R g ey 4 NER AR
850~300 hPa JZJi )2 PRI KA A 5121
e HE Lo 51 FRIME AL R T8 ] LA
H, 54~66 h Ctrl F1 3Anth IRE 5] /WL 1) 1)
JE 7y S0 KT 0Anth iR5G, X AT LG BRI &
Mg A2t 0Anth {5 0E AL, 72 h LUS 3Anth 5] 5
Akl Ctrl WS b H s 42w hidb. 78 h LLS
0Anth 5|3/t [f) PU ) 73 (& 1b) /N T Crl i3,
LR P . BT, 4RI B
BZEFARAN, A SH AT & R Fitow #3)) %1%
SN, F56 ZHTEIE g5 5 (Cotton et al.,
2012; Hazraetal., 2013; Jiangetal., 2016).
T IR A O AR U (] 22) Rl
KRH (] 2b) SRATES & KR B R . Ctrl
RICHIA T & AR BEIG R . R RS I 7
AR SRR S, TG A AR S 5
TS, AT IR O SR AR R K XU )

30N -
|y  ——CMA
(a) ‘
7 =e= OANth
S et
. —e—3Anth
25N -
20N A
115E 120E 125E 130E 135E
4.04®) - - ———- 0Anth 4.0
1 L Ctrl 1
2.0 SAnth 2.0
£ 001 E 001
S ] <3 ]
207 209 _____oantn \
1 \ = i Ctrl ¥
—4.0 7 R —4.0 3Anth
T T T T T T T T T T T T T T T T T T T T T T T T T T

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84

Time/h

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Time/h

1 20134¢ 10 3 H 18 % 7 H 06:00 CMA K =ARKHIRI K (a) A M Fitow #42. (b) 31405 C CARL: ms™) Rl (o) L4y

B/ Cy (Ffr: ms ) AL

Fig. 1 (a) The tracks of typhoon Fitow from CMA (China Meteorological Administration) and three simulations, (b) zonal and (c) meridional components of

the steering flow (units: m s™') during the period from 1800 UTC 3 to 0600 UTC 7 Oct 2013
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Fig. 2 (a) The minimum sea level pressure (units: hPa) and (b) maximum surface wind speed (units: m s ') of typhoon Fitow from CMA and three

simulations during the period from 1800 UTC 3 to 0600 UTC 7 Oct 2013
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