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Abstract Based on CWRF ( Climate extension of Weather Research and Forecasting) model, the
possible impacts of the 6 planetary boundary layer (PBL) parameterization schemes on the simulation of
the intensity, frequency, and tracks of the tropical cyclones (TCs) that occurred over offshore areas of
East Asia from 1986 to 2015 are investigated. It is found the TCs simulated by each PBL scheme in
CWRF model have less frequency and weaker intensity compared with observations. The intensity,
frequency, and spatial distribution of the simulated TCs are sensitive to the selection of PBL schemes.
Strong TCs are well simulated by CAM3 ( Community Atmosphere Model Version 3) schemes. When
simulated by ACM ( Asymmetric Convective Model ) scheme, the number of TCs is larger, and the
frequency of TCs genesis in different months is the closest to that of observations. The difference of TCs’

occurrence frequency between the simulation by CAM3 and the observations is relatively less in most
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areas. In all, the CAM3 scheme can better simulate TC activities than other PBL schemes in CWRF

model.

Key words

5l

T

PO SORAE D) 137 KRG AR 1 5 BRI
PEREAHIT 5 0 4l B AU I 3D (04 AR S
BE) BAR KA PRk, i $0m Uh AR i SR 4%
L R 8l AR N R B T b 0 WL R Rk
Z BB AR — Oy 2 TR A e sl Y
BETB, HAET, TP RBUEE A 1 2 5y B
BADPERE RO TTAL , 01 5 45 W B DR %) Ty e v
SNITE R A e 7 AR s B it 1 B2 AR

RN T BRI OR A2 8] Y 5 T, A 3
BRI, o B K PR S B s A %
Pl e Y R A2 R SIS AT 36 T B . DL
LRI B FLZ T3 58 B e B X PRl R 4
AR A AL R R, E W A% X T WRF
( Weather Research and Forecasting ) £ =, /1 it} YSU
( Yonsei University ) #1 MYJ( Mellor-Yamada-Janjic ) P
i FYZTTFEXS 2010 48 6 Kl 87 10 AR B,
RN 31 52 T AU AR Z KR B A A
BORZE S, R 52 0 @) B4 g e 32 0 5 1 3 U
6145 YSU BCALLRY “ il 2.7 B AS AR AL T 55 LI B Ay 432
MY MYJ J5 S4B [ . WEN et al. ™™ 407 T
WRF Hp AR A2 J7 F60) 2012 AR 5 W =1
FEAR TN R BE A B DLSCR , 753t QNSE ( Quasi-Normal
Scale Elimination) 1 ACM2 ( Asymmetric Convective
Model Version 2) 75 5 A5 L) Fr) % A2 1 5 B2 55 WL B
NI, AT HoAb 7 58, QNSE FlI ACM2 J5 ZE XK
AR AN & ARG T 4T

)R, PR SN =X iy i A D A rp i
FIRFRIEBEARKI KR TLII5 % PG
T WRF X 6 2130 542 250k Jr A5 2009 45
G SRR $ M B ) S5 KRR I BE T, A5
Boulac ( Bougeault-Lacarrere ) Jy 2246481 1 ¥R 3 2 i 7%
PG SRR T R K R A R R, TS AL £
B RIS IR IR . IR AR E IR T WRE
AR ZHA J7 G0 ST AERAE W LA AR A6 i) 9
VU & XUBE A% | ok B R A DL PE R, 4 2R R 30
Boulac J5 Z2 AT HAh i FZE 5 S XF WL 6 K
A2 iR B A I RS RCR

ELINE 2GR SUR =S 2 ClaE A 1F o

CWRF; PBL parameterization scheme; model evaluation; tropical cyclone

A UETE ST, AN e 3 PR e A9 R U i i
JUAS BRI 4317, T P4 32 5L 2 J7 28 0 A <
et ERR A TR A b, AR, A5 AT K
i) CWRF ( Climate extension of WRF) #=C/E i WRF
IR R b 3 B A kT T S B
Bl T7 RSP SR SR B ARURIORN B A S AR ADL P E
1) RGP 2

AR SCHETF LIANG et al."™” CWRF LB 6 FlR
() (1300 )2 S 7 28 %68 2 W 1 DX R B 25 2R, 4R
P AYZ T A 1986—2015 4R I i iy <
JRETE SIS A 2 W, 45 G FL Al B A SE T 5R
T FEBR PP A i )2 2 80k 7 SR RO CWRF
BRALL R e i S AFAE 120

1 #RETIE

L1 &R rB

CWRF KA A — 2R iy Yy i Fe e il 1ok
HAES R T 58, G045 R (fli b ) AT A
PRI (R TR ) B X 2 s BRI S
JEETU LA R B S 30T 3 4 ) L 2 Ak 10 Ry 4 T4
SRl e 75 5 , B A 2 KA A T
W ERES . BEAR, T CWRF #EU S T — 8
SERE A 23 — IR I — 8 S A A TR, DR O %o A S
AR B 3 BN E TR 58 1 E b
filid X it CWRE B B H A X 38 T AR Y
— R

CWRF A P AL LUEL T 6 FhA [R] i 52 J7 FE
PARYFEN o Hor CAM3 J7 22 J2 78 50 CAM Jy %8 L i
T MR YSU K ACM J5 58 3925 [ ) 2
Ik /) #i i FR 328 305 Boulac B UW ( University of
Washington) J7 52 J& T J&) i iiii it 5 BE J7 5 MYNN
( Mellor-Yamada Nakanishi and Niino) J5 2% | 2%
2.5 R BE 7 58, AT BT T — BT 0 I ] 22
38R v Mk it 2 e 7 AR rp BTSN )

ASCHY CWRF i 18056 K ] Lambert 5%,
DAEPRA 35. 18°N, 110°E, ZKF-A% i 30 km , 4% £ 4K
3£232x1727  XIARHESE 254 R IR I DA K
AR X 3 72, 73BT 3ok — DX 8 P 2 A4
Hh DU A e 7 58 . CWRE BRI 341 5 K
PSR E R A 6 ok 28 BOR 333, T 3k 3 3 2



$3 WS . CWRE (152 SR - M g 2AGHT B F) R2 W DA 19

AR AT AT AR A . CWRE Tl By i
A 17 )2, TUZSE 70 hPa, KU 45 /R 2 LI H
PRI BERHE) NetCDF % X S0 o 2 2 5t
Geop X, i T DX 808 56 1 105° ~ 140. 25°F,
14.75° ~ 55.25° N {5 3. 3% ¥ IX B, 5 46 K 4R
T RURR Y X IR 5E A — 3

ABFFEIE LA CWRE R 50 A 0 42 il 15U 56 7
&P EER AR G 7 5 TR AR S R T A Y
J& ECP ( Ensemble Cumulus Parameterization ) Jj
2 MR 9 & GSFCGCE ( Goddard Space
Flight Center-Goddard Cumulus Ensemble ) i
b2 3% FH %) /& CSSP ( Conjunctive Surface-Subsurface
Process) [ i T 77 2" il I UOM ( Upper Ocean
Model ) 1 ¥ 7 J5 5810, JoAth 19 %of He iR 36 0 6
CAM3 .YSU .MYNN _Boulac .ACM I UW J5 2, 1411
MBRARE G TR 1, ARSETT EETRA )
kS LIANG et al.”™ fBF5Y .,

x1 DRESBUFTENES

Table 1 Components of boundary layer parameterization schemes
HRA  BEMETE  SWMPEFE WREFE
CAM3 ECP GSFCGCE!"®! CAM plus ORO!!7
YSU ECP GSFCGCE YSUt's
MYNN ECP GSFCGCE MYNN{'
Boulac ECP GSFCGCE Boulac!2!
ACM ECP GSFCGCE ACM!2!
uw ECP GSFCGCE uw'2!

1.2 HRESERERE T RIRIE KA

ARBIFFE 8 BT U 10 e A B A Wk e I 3% [
B 6 XA .0 (Joint Typhoon Warning Center,
JTWC) ¥l , 1] [ 2 4 6 h, €045 24 FR IRFIA] AP
LA LS DL R s R GHAE . Pk e PG e I i
B R Gt 17 mo« ™" 4845 2 d B4, 3T
1 894N Y 433 Al “UliE . ZEWFSE o 1
CWRF #6523 f B8 f [] 73 B R 15 — 2, 2 8%
JTWC # PY A B %O I 55kt 40 31 O H F 2
R
1.3 HESEMIRAAEMYESITE

f4E ZHAO et al. "™ $ tH LKA R A2 1
RECAE Y A E O TR ) Al Dl A, 32 K
CWRF B0k B P AU b0 2 8 . [V RE, SR
A U gy B P O s T

Sy B2 UR ERE B (accumulated cyclone energy,

ACE) 24 ek BE B EEEIIS B ( power dissipation
index, PDIT) " 3P4 1803 v A i1 L2 7 R4
P SBETE B 1) TS PE43 25 % (FAR) s 4 %
(PO) [11-12] i

2 XS EEERIRI R

2.1 SEERRIE R0

la Jit CWRF FE3 A R] 32 572 5 S 34
TR A A= il S R 30T R i KX ) 91 36 73
A, WL B Aty e 30 o i R XL B3R 70 A 22

B R A A A 7E 17 ~22 m « 7' 2Z [ Y BY
0.5}F (a) W
mm ACM
Boulac
04r g MYNN
. YSU
3035 = CAM3
= VL
0.2+
0.1
0

17 22 27 32 37 42 47 52
R (m - 57

(b) —Uw —YSU
20 —ACM — CAM3
B Boulac — W

MYNN

ACEF8%K
I

1 1 1 1
1990 1995 2000 2005 2010 2015

A
120
(c) —UW —YSU
100 — ACM — CAM3
Boulac [ \— Wil
80 MYNN
=
£ 60
a
(=W

40

20

OW&%’/\%\"Q\A‘/

1990 1995 2000 2005 2010 2015
-y
LRI 2 S Iy e R IE T DR
BT (as i - 57) ACE JEHUIAERR 25
(b3 Az 10° m® - 57) 1 PDI A 4R B
(c3Hefii:107m” - 57)

Fig.1  Frequency distribution of the maximum wind speed

(a; units; m + s™") near the center and interannual
variation of the ACE index (b; units: 10* m* « s7%)
and PDI (c; units: 10° m®

cyclones  with

- s7?) for tropical
different boundary layer

parameterization schemes



20 o

% ¥

5 40 &

—AMBUNYIEE , 7E 22~52 m - 7 DL L iR
AR I A 5 B G152
m - s” I PO R R XU SR BN
WAYIE(E . CWRF BEUA R A2 T Sl i
e R XU BT 3 B v A AT S AT R OE Y
TN, 2807 SR I PO fi R XU 32 224
HITE 27 ~32 m « o7 Z JH), AN Z 7 SR I R
Xt R T TE B i R X T ) A B 5 T K
MYNN J7 SERREDL IR B e 5 J3E it 55 £ , L4001 30
HL fie R GBI R I A T 22~ 27 m - 57 Z ]
CAM3 J7 ST BT v O die K XU i 37
m -« 8™ A A4 SR A5 A T 4
1 ACM J5 28 A1 UW J5 SRS BEUGI O Fi R KU
INF A2 m - s AR I 2 O S R e L L
AT O IR KGE R S 42 m+ ™ i B SOREPT A
J7 BB R B i /o BARORE, 1 27 ~ 47
m - s™ DX IR AR 0 S T 8 A AL e R XU AR
R BEA AU T £ BG83, X 5 0
RIS FER K KGE KT 47 m - o7 1, 45
A% 1 52 T7 AU AR 33 0 0, W% U
OS5 A R REAS AL

R2 DRESBAFRGEITEAXRY

B 1b S 5 AL ACE 5 B4 P A2 1k il
2, LN 2 1 ACE $5 Bt A8 T il 26 B0 W I
AL BAFE 2 AU A I A (B B4R
&, BT CWRF BEOR REAR 45 s AL 0L 1 5 Bl Ul
(9380 R M, R4 ACE 45 % PDIP SRR 20 2 0]
0, HASH ACE $8%0R PDI AR FRAE Ak i 28 1 -1
{ECHR EE 552 B e A2 110 SF 2 2O R iR (A2,
CWRF FE P 25201 2 T7 R REAE LA PR B 1 LN
H ACE R BUFEFRAZ AL 200 A , 2 RE LAY HE 7
1988 .1993 1995, 1998 . 2010 455 Z A~ A VA M AE
1987.1994 1997 .2004 4F45 L2k . ARHRZE
TrEERLE ACE 15 804 bz 46 il 200 22 A K
CAM3 J7 ZH X 78 K 22 AR Oy h UL Y ACE 45 4%
fisi 55 , T Boulac 75 S ACE $EBUEB ZAF- (1
D7), R BEAE PDLFE AR A Pr s i 240 b o fig
FREIRRIE A RFAE (] Le) o S5 G AR RBATH
(£ 2) wr] KB, CAM3 J5 T4+ 21 1 PDI 454
1 ACE 5 %555 WL ] 4 FH 5% 2 BB A T %8 0 55 o
B, 256K F , BEEL CAM3 5 ZEBLALL Ay U lié i 2
PERERCAS o

Table 2 Correlation coefficients between observed and simulated results
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YSU 0.294 0. 645 0. 678
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Table 3 Performance  of  different boundary layer

parameterization schemes

UEZA0N TS FAR PO
CAM3 0. 439 0. 083 0. 542
YSU 0. 388 0.079 0. 598
MYNN 0. 349 0.122 0. 633
Boulac 0. 363 0.058 0. 628
ACM 0. 410 0.110 0. 568
Uw 0. 402 0.120 0. 575
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