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Fig. 3 The simulation area of the atmospheric mode and the
ocean model

Tab.1 Parameterization schemes used in the WRF model
RSB TT % (DC/BLNES KA JeL e R i i 5 U P S
Kain-Fritsch Single-Moment3-class RRTM Dudhia Noah MMS similarity
&2 POM EXMESHIRE
Tab. 2 Physical parameters used in the POM model
Jerlov 7K 3l Smagorinsky ¥ & 5L KT B R 1R A IR R 5 B AR
ia 0.1 0.1 0.4 0.2
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SODA H - V¥t ftamia, 1/ 2008 45 1 H
SODA H V- XU 71 37 8K 8 g v 455 L2 W =X Gl
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2008 4 1 H M fa e il .
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2008 4 1 H 1 H 00 By JF-45, M5 6 h —ikI¥ CCMP

KUV 1 FlAE 24 h —IK A NOAA(National Oceanic and
Atmospheric Administration) f {4 & ¥ 7 (0.25°%
0.25°) 3k Al 9K gl g ez 47 2 2008 4F 7 A 25 H 06
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AWIRALEE R INIE 4 Fros, Hoh POM AR UL HY FY
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MCT #54 # 5 5 min HE47— UOBE S e (AL A 1 0L
1.1 75), I X 1 75 X Ad (24 A ks s E
A RIS P4 % —4l(Coupling Experiment 1,
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Fig. 4 Monthly mean fields of SST, salinity and stream current for June 2008
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24 h BEIRCOR ey, HAHRZEHXT Cerl 1356 551
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T 183.3 km, 126.9 km; Coupl i3 i) 4 T8 - 2 46 Xof
REW R H/NE, HARX Ctrl i{38F1 Coup2 1543
SN T 20.1%F0 72.5%.

#3 EHIKKE. BailKn
(E243I: km)

Tab. 3 The mean absolute deviation of the typhoon center

position in the control and coupled experiments

aR L E TSR E

(units: km)
Ctrl Coupl Coup2
i 24 h 56.71 61.99 110.09
tifE] 24 h 72.52 55.10 204.25
Ji24h 51.01 26.93 210.27
Eaa| 60.08 48.01 174.87
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A FE AR O . = WA I 34 R R I M B AL 5 KL
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Fig. 6 Time series of minimum pressure in the typhoon
center (units: hPa)
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Coup2 RI0 A MR 22 Fe/s, HAHXT Ctrl 356 Al
Coupl IR K7+ 510k /NT 3.51 hPa Ml 3.74 hPa; 7£H[H]
24 h FlJ5 24 h, WJE Coupl 5 MY BLIIR R ey,
SR RIR2ZE W R/ N EXT Ctrl 52 Coup2
RIS BN T 3.94 hPa Fl 1.22 hPa, J/N 48
41.4%, 17.9%) M5SEBLAIAH M FoR T, Crrl 15
F1 Coupl 55 FYAHOC REW WK T Coup2 55, i
WP 5 0 SR B 28 A B BB A T 47, b Coupl
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Tab. 4 The RMSE of minimum pressure in the typhoon
center in the control and coupled experiments
(units: hPa)

Ctrl Coupl Coup2

B 24 h 5.66 5.89 2.15
fAfa] 24 h 6.19 3.08 4.57
J5 24 h 14.65 2.66 10.05
ST 9.52 5.58 6.80

x5 ZHRE. BEREANPORERSESIRSE
HXFRE

Tab. 5 The correlation coefficient of the minimum pre-
ssure in the typhoon center between the control
(coupled) experiment and the observed value

Ctrl Coupl
LB ¥4 0.939 0.968 0.865

Coup2
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Fig. 7 The mean surface wind speed from 0000Z 26 July to 0000Z 28 July (units: m/s)
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Fig. 9 The daily mean SST on 26 July (unit: C)
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Tab. 6 The RMSE of the daily mean SST for the control
and coupled experiments (area A, units: C)

A X Ctrl Coupl Coup?2

25 H 0.96 0.94 0.95

26 H 1.08 1.07 1.14

27 H 1.28 1.31 1.38
ECEZZ 111 1110%)  1.15(-3.6%)

x7 ZXRKEBATFHEREEHARIREBE, Bhi: C)
Tab. 7 The RMSE of the daily mean SST in the control
and coupled experiments (area B units: C)

B X Ctrl Coupl Coup2

25 H 0.95 0.53 0.59

26 H 0.98 0.77 0.95

27 H 1.19 0.96 1.12
SHTFH 104 0.7527.9%)  0.89(14.4%)
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Tab. 8 The RMSE of the daily mean SST in the control
and coupled experiments (area C, units: C)

CKX Ctrl Coupl Coup2
25 H 0.88 0.52 0.58
26 H 1.09 0.72 0.95
27 H 1.37 0.88 1.08

=HY 111 0.71(36.0%)  0.87(21.6%)

B 7 SCAE VORI SRR A B O i A i X R ) TR
BERERT T, KA Winnie i . AR
IR A 2R 5 i T 20~30 m. AR SCHR R
VIR AR X TR 2R AR AT 0.5°C Y HE K
SCRAJARERY, JEorbr & Mt X5 48 h WIRA
R R AR

WK 11 FroR, Ctl 356 iR TR A T KB/

a Ctrl exp
30° . 30°

115°  120° 125° 130°

b Coupl exp

A 15 &
135°E 115°  120°

Hlu@mA RTICLE

NCEP KKk shifg vz 17, & K&t KR &
RIS, KZ7E 0~20 m, E?ﬁﬁ:bl:iﬁmw
B IZRE LA PR, 1 Coupl iR5 Al Coup2 {55 K
FH T R 55 K R AR 2 XU b 3K sl il v A 5 i 17
BN KR A2 R B 3 R, 7ERE & & Ko
O— NGB IR A E RS R 0 20 m DAL,
FEFEIE & KU B LB X, MR EE TR 50 m DA I,
Coupl IR 55 i T & KR T, 2 WG, AT
Coup2 IKBRA R HREIMRTE £ . =R H iR A 2
TR B 38 5 K XS A F 5 KU AR A N, 3 5[]
sk B3 PN T G KA X (1] 7) T3 KA X (&) 8)
HE FR PR X (B 12)34 B B XF I 56 &, X i

BRI R TR A 2 TR B S KRR R g s T B ALK
JRRE BT 9 2 S A, A 1 A R e o K fif A
SST &M, FeZad i TIRA R IR B3 fin .

¢ Coup2 exp

15° A8 LD ’ |
130° 135°E 115° 120° 125¢ 130° 135°E

IRAZIRIE 22/m

20 21 22 23 24

26 27 28 29 30

B 11 BRI 28 H 00 5 26 H 00 FHE S 2R Z 22 (B47: m)

Fig. 11

a Ctrl exp

15°
135°E 115°  120°

5
115°  120° 125° 130°

b Coupl exp

Deep-mixing difference from 0000Z 26 July to 0000Z 28 July (units: m)

¢ Coup2 exp

30°

15
130°  135°E  115°  120° 125° 130°  135°E

R 22/°C

0 0.5 1.0 1.5 20

Bl 12 AL X 28 H 00 B 5 26 H 00 IR IR Z 2067 C)
Fig. 12 Deep-mixing difference from 0000Z 26 July to 0000Z 28 July (units: C)

Marine Sciences / Vol. 42, No. 5/2018 105



Bt

4 Zi

AR MCT #i& 4%, HH T WRF-POM Jf17
Dl AR, A B R AR E B AU i
15, FECUF L E BT A KRR 1 36 sl

SR UL, A A A R X T B — ) R AR,
AR R AL T AU RUBL Y B A A R, e
A Bogus 1% Coupl IR IR SR fe b, H:
BRAR -4 4 %R 2 AH R Ctrl I IEFI Coup2 1256 43 )
W/NT 201%FH1 72.5%, 58 BE 737 35 J5 AR 152 22 AH X
Ctrl i 5 A1 Coup2 IRKI43 5N T 41.4%F1 17.9%;
M T Bogus A Coup2 I8 7E R 56 1y 1 Xt
5 Ui AL, 8 2 — B ) s AL 5 XL
B AR IR A B 22 . KA AR R U X AR
e o7 B s R e e, VR TR B R AR, X
o7 X35 B TR A JE TR A S R . R A B R A R
b B o 1 R TR S (AL R R, EOBRRE S B AL
VB VR

AR SCALER X B KRB A B AT T AR 5,
H T K 22 B0 v R e = M O I 2 A S R, R
HEAT T 4510 6] (9 X L o0 B, PR L AR 40 % v A 2 2
AR — KK 72T —2 0 TR, R ATR X
BTE Z AT S BT, SR, PR R,
A BEdE— LB IE WRF-POM X 8l 1 5 RS A = At 1
Ak, BRI RS TE L.

S Z ik

[1] Zebiak S E, Cane M A. A model El Nino-Southern os-
cillation[J]. Mon Weather Rev, 1987, 115: 2262-2278.

[2] fRaEE, MNVRE, WIRSE. -G R 2 K

A5 2 I B BUE R )] B Rl R B R,
1992, 15: 332-341.
Xu Jianxia, Sun Zhaobo, Lei Zhaochong. A numeical
experiment on the monsoon circulation using a coupled
ocean-atmosphere model[J]. Journal of Nanjin Institute
of Meteorology, 1992, 15: 332-341.

[3] sziitek, XIBeR, IR, &% XGRS
PRI T ERE HERELAE, 2012, 42(9): 1301-1316.
Peng Shiqiu, Liu Duanlin, Sun Zhaobo, et al. Recent
advances in regional air-sea coupled models[J]. Sci
China Earth Sci, 2012, 42(9): 1301-1316.

[4] Hodur R M. The naval research laboratory’s coupled
ocean/atmosphere mesoscale prediction system[J]. Mon
weather rev, 1997, 125: 1414-1430.

[5] LarsR S, Kerry A E. The ocean’s effect on the intensity
of tropical cyclones: results from a simple coupled at-
mosphere-ocean model[J]. J Atoms Sci, 1998, 56: 642-

) H@ART/CLE

651.

[6] Seo H, Miller A J, Roads J O. The scripts coupled
ocean-atmosphere regional (SCOAR) model with ap-
plications in the Eastern Pacific sector[J]. J Clim, 2007,
20: 381-402.

[7] LiY, Xue H, Bane J M. Air-sea interactions during the
passage of a winter storm over the Gulf Stream: A three-
dimensional coupled atmosphere-ocean model study[J].
Journal of Geophysical Research Oceans, 2002, 107(C11):
21-1-21-13.

[8] Warner J C, Armstrong B, He R, et al. Development of
a coupled ocean—atmosphere—wave—sediment transport
(coawst) modeling system[J]. Oocean modelling, 2010,
35(3): 230-244.

[9]1 Warner J C, Geyer W R, Lerczak J A. Numerical mod-
eling of an estuary: A comprehensive skill assessment[J].
Journal of Geophysical Research Oceans, 2005, 110(C5):
297-314.

[10] B 730, SEME, FEanm. o ROBE ¥ - SO AR X

HEREWSEMEZWIL. KR FEW], 2005, 63(4):
455-467.
Huang Liwen, Wu Guoxiong, Yu Rucong. The effects
ofmesoscale air-sea interaction on heavy rain in two
typhoon processes[J]. Acta Meteorologica Sinica, 2005,
63(4): 455-467.

[11] B/NF, XIEE, 57 OR. H— - A BT
£ X Krovanh AUREHI[T]. KA Bk, 2009, 33: 99-108.
Jiang Xiaoping, Liu Chunxia, Qi Yiquan, et al. The
impact of air-sea interactions on typhoon structure [J].
Chinese Journal of Atmospheric Sciences (in Chinese),
2009, 33: 99-108.

[12] XU&:, Peatds, d/hNI, 4. RA-TEIR -1 i 5 1

AT A — R B WU AR R0 A6 IR (0], Py AR,
2012, 61(14): 523-531.
Liu Lei, Fei Jianfang, Huang Xiaogang, et al. The de-
velopment of atmosphere-current-wave fully coupled
model and its application during a typhoon process[J].
Acta Phys, 2012, 61(14): 523-531.

[13] fFBesf, ZitF. MPT AR5 5T 30 5 IE 7 ik /i
PR IFAT AR D). 1B EEREE, 2015, 39(5): 62-67.

Fu Xiaodan, Li Hongping. A boundary correction meth-
od for the parallelization of ocean model under MPI en-
vironment[J]. Marine Science, 2015, 39(5): 62- 67.

[14] AR, TR EE- IR S B RG0S5 6 H D).
R BB TR, 2007.

Deng Jian. The research and application of a mesoscale
scale air-sea-wave coupled model system[D]. Wuhan:
Wuhan university of technology, 2007.

[15] 9 EAE, JHITIR, Wi—2F, . kRS 8) J) kit
LAEBETEI]. AR, 2008, 32(4): 653-690.
Zeng Qingcun, Zhou Guangqing , Pu Yifen, et al. Re-
search on the earth system dynamic model and some
related numerical simulat ions[J]. Chinese Journal of
Atmospheric Sciences , 2008 , 32 (4): 653-690.

[16] SCHE, Ak, BEZ), 4. Bl ROE RS- -1

106 WEERL /2018 4F /55 42 3 /45 5 )



[19]

Bt

TR A A 2 v B[], B
28(2): 211-218.
Guan Hao, Zhou Lin, Xue Yanguang, et al. An applied

AR, 2012,

study on the atmosphere-ocean-wave coupled model in
the south china sea[J]. Journal of tropical meteorology,
2012, 28(2): 211-218.

X, I, Dbz, A KA KGR AR
Fys e g FHRRFE[D]. KR, 2017, 41(1): 178-188.
Liu Lei, Fei Jianfang, Ma Zhanhong, et al. Construction
and application of a regional typhoon—ocean coupled
model[J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 2017, 41(1): 178-188.

R, MK, BB, 4 i R R BRI S
AR B X2 X — Wik 5 KLt B2 R SR [0]. <
%2242, 2008, 66(3): 342-350.

Guan Hao, Zhou Lin, Wang Hanjie, et al. A mesoscale
atmosphere-ocean wave coupling model and numerical
simulations on a strong typhoon process in South China
Sea[J]. Acta Meteorologica Sinica, 2008, 66(3): 342- 350.
B/, XVBRE, S, 55 SR IAE XY A X
SERRZ IR )], PRI, 2010, 26(1): 55-59.
Jiang Xiaoping, Liu chunxia, Mo Haitao, et al. The impact
of air-sea interactions on typhoon structure[J]. Journal of
tropical meteorology, 2010, 26(1): 55-59.

[20]

[21]

[22]

(23]

) H@ART/CLE

W IR s 3 DX A T 2 v A A B
TRMERFEMHITE[D]. Bat MR TR, 2013.
Yang Chenying.The model framework and satellite in-
formation assimilation in regional aviation short-term
climate prediction system[D]. Nanjing: PLA University
of Science and Technology, 2013.

Wang Guomin, Wang Shiwen, Li Jianjun. A bogus ty-
phoon scheme and its application to a movable nested
mesh model[J]. Advances in Atmospheric Sciences, 1996,
13(1): 103-114.

ZEM, TER, K. LREERIEEEX &R
WO [R]. REAT: fEACAFE T KFR LGS, 2014,
An Yuzhu, Wang Yanlei, Zhangren. Upper ocean tem-
perature and salinity structure response to typhoon[R].
Nanjing: College of Meteorology and Oceanography,
PLA University of Science and Technology, 2014.
Zedler S E, Kanschat G, Korty R, et al. A new approach
for the determination of the drag coefficient from the
upper ocean response to a tropical cyclone: a feasibility
study[J]. Journal of Oceanography, 2012, 68(2): 227-241.
Kelly K A, Qiu B. Heat flux estimates for the western
North Atlantic.I : As similation of satellite data into a
mixed layer model[J]. J Phys Oceanogr, 1995, 25: 2334-
2360.

The development and application of the WRF-POM regional
air-sea coupled model based on the MCT coupler

LIU Wu', YANG Cheng-yin?, LI Yao-dong®, SHI Xiao-kang®

(1. Army 96631 of PLA, Beijing 102206, China; 2. Army 93199 of PLA, Harbin 150001, China; 3. Beijing Aviation
Meteorological Institute, Beijing 100085, China)

Received: Oct. 23,2017
Key words: regional air-sea coupled model; numerical simulation; typhoon; mesoscale ocean-air interaction

Abstract: The objective of this paper was to study the application of a regional air-sea coupled model to mesoscale
air-sea interactions. Based on the MCT (Model Coupling Toolkit)parallel communication technology (MPI), this paper
developed the Weather Research and Forecasting Model/Princeton Ocean Model (WRF-POM) regional air-sea coupled
model via the MCT coupler and used this model to carry out a series of numerical simulations on Typhoon “Fung-
Wong”. The experimental results showed that the coupled model ran stably and efficiently. It also well-simulated Ty-
phoon “Fung-Wong.” Compared with the single atmospheric model (WRF), the coupled equations more accurately
simulated typhoon track and intensity. Compared with both the control experiment and the coupled experiment that
used the “Bogus Schemes”, the coupled experiment that did not use the “Bogus Schemes” performed best. Its mean
absolute error for storm path was reduced by 20.1% and 72.5% compared with the control and “Bogus Schemes” cou-
pled experiments, respectively, and its average root mean square error for intensity was reduced by 41.4% and 17.9%,
respectively. The coupled model could also accurately simulate the feedback systems between the top ocean layer and
the atmosphere. For example, model output reflected strong typhoon winds increasing the velocity of the sea surface
current, and demonstrated deepening of the mixed-layer and surface cooling through upwelling.
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