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Abstract Earth system model has become one of the important tools in studying climate change of
tropical cyclone (TC) activities. Previous studies found that the high-resolution version of NUIST
Earth system model (NESM) can well simulate global SST distribution and the climate
characteristics of TC activity. By compared with TC activity observed from 1967 to 2016, the study
analyzed the interannual variability of TC activity in the Northwest Pacific Ocean simulated by
NESM model. The results show that the high-resolution version of NESM model can well simulate
the mean SST in Northwest Pacific and the SST anomaly associated with ENSO events. The model
can simulate the generation frequency and the path distribution of TC in Northwest Pacific when El
Nifb events occur, and it can also simulate that the generation position of TC in El Nifb years is
easter than in La Nifa years. However, the correlation between the mean life of TC and NINO3.4
SST could not be simulated. Moreover, NESM model simulated TC generation easter in La Nifa
years, the main reason is model simulated monsoon trough is easter. The results are helpful for

further improving NESM model and using NESM model to study TC activities.
Keywords ENSO; Tropical Cyclone; NUIST Earth system model



3

]l

H Etad 80 FEAHINLICK, ARMEX A AIE (TC WENEREZELCEAREZIIR
(Landsea, 2000), FE53F 1 JE/RK it I T S (ENSOYR TC G sl 52 m  BF 7T & 3. 1E El
Nifp ©F, PHILRFPE TC WA R B 2R, A b T IEH 4 4y; 1/E La Nifa 5, PUdbk
SV X AR AR R T IE H R 43 (Chan and Johnny, 1985, 2000; Wu and Lau, 1992). Lander
(1993) %X ANEE L4 T BisE, /R4 El Nifo WA TC A RIXIBARR, H2TEILAR P
F M4 TC #i% 5 ENSO FREUL A ¥ A<, Chan etal. (1997) I 0.5°CAE %4> NINO3 Hh[X
VP TR LV I e 5 (AR, R IWAE El Nifo 4EA)[¥) 6-8 ] TC B BAL#, 9-11 H TC &
WAL B AR, AH A ATE R BORMN TR R, 151 5 B85 ENSO SF 155 ENSO Fh2
H] ) %% 5 . Camargo and Sobel (2005) Z3#7 7 1950-2002 4F (i) ENSO X} Ph b AP IX TC 5%
BERIRZm, RIAE El Nifo 4 TC [5EEE L La Nifa sF 855, H TC B B 5 Rkmt 7 K I,
AIXHEEE AR A El Nifo S5 K TE TC A B A #2113 5 J5 [l (Camargo and Sobel,
2007).

Wang et al. (2013) ¥ TC i&Ea)ZE 1540 AR e i, S0 1 2R R PE i il S i xT
VEAE R TCIEBh RIS, KA ENSO #G 3t TCIGzhfem A& mylgdi 18] 4 K17
g (%) RS FEURM AR TC s, srE A dr I IN () AR RE ] b R -F Ve

(V) W2 FBURFE RIR TC #8. s BEAIAE dn A 138 m - (Jlzb) . Zhao et al. (2010) 0L T
14 /> EI Nifo 1 14 4~ La Nifa 4 TC 4 SR 42, 7E EINifo 45, 20N PARHEX TC 1)7E3)
B 0, EINifp FiF 2 520 TC Bg421A Pu# 3, M La Nife S+ 521210 1L 3] . Tao et al.
(2012) KILLE El Nifo 4, FEE=EEHI5E TC AARMEIL L, IEF H AR ST TC
¥Z, MAE LaNife 4, PUILACFRETR TC A MAMEOR T IR % 4. PUAL R KAE FI IR
T8 P K SURE) AL AR A% 2 T B0 TC S A A e for B R 4% 1) = 225 A

Krishnamurthy et al. (2016) {51/ GFDL #5-& 54 ENSO X TC [F52m, 45 R R W 5
El Nifo S EIG LA TC AR B 2R . (H La Nifa S0 A TC I 520
HAUIE . AL LK, 2T T A SO 723U TC G320 1 52 T A
2 —(Yamada, 2010; Manganello et al., 2014; Murakami et al., 2015; Yamada et al., 2017). 41,
Oouchi et al. (2010) FJH HASR)T 20km 73 #3514 B3RO BB AU A BRAZIE X 6 XIS 3 )
Somn; RSO AR ZTH, Murakami et al. (2012) &3 20km 73 550 FE 48 ] DA
R G Ko BEA TR R IERA R SOE, 3 UER AT IR & B 2Bk AR R G
W T AR AE AR KT TCIESh M. Biltn, Kim et al. (2014) FIfH GFDL #& S 1B B
ZFR TC %3, Murakami et al. (2017) i HfE il S AN SRIESh Al REsg 98 1 Bl B2 AAigf) TC
G

A B TR R F R KA A (NUIST-ESM, NESM)2 e 7 {5 5 LA Kt Bk R
G, AE RN PRI RA, AT (RJA54%, 2019) KI: NESM



T 73 R B PRA ] DU A0 tH A BRI 5340 22 TC & B I SURFHIE « AR FLdE—2 ot 1
NESM 1Bk 5 G 2 70 P S FRAS AL P AR TC WG ) IR BRAR AL, I 73 B s U
(1) ENSO S50 PUAL KT TC IEsh I, A Fe4h A B Tt — 20 ik NESM AR
HI NESM #5057 &5 X 31
1 &R

AHE TS R B R A NUIST-ESM 151 70 #F 2R i A s BTk (Cao et al., 2015), A H
ECHAM V5.3 R NEMO v3.4 IR M CICE va.l ik, @i
OASIS3-MCT HATHE & 8 &M . b ECHAM v5.3 KA 5 %8 T159L31, H
AP HEEON 0.7520.75S FEEZHON 31 2, BTN 10hPa; NEMO v3.4 #iVERE 0y NEMO
ORCA2 L&, TEFRESMUX /KTl 290S HRiEhX A a4 055 EH
JZ¥09 31 JZ; CICE vA.1 UK AT 70 #5508 190.59 AHT TR A2 CICE B Z =
WOVETTSR, EEETT N EAEHE 1ZEM 4 Z0K.

N T RS R A RO A AR Ze AR R, AE R THAEG I, SR ] e B4R SR Cn
T %A KRB # SRR FREPRESSE) kIR, I SR S50k 5845 2 1990
FERFNSE, OFERERAREEPREGE . AT mRoh AR B E-FERIRES, e
AR I 4R72K B 1000 SFAK 73 HF R MCAR SRRy, R #)iRk B
Fotrsikl. 23 NESM #E 0% 100 2 )5, BOHFEE 50 Rl Rk a5
o

A TCHL Z2RHEITWC(Joint Typhoon Warning Center) i 75 Jb A SFRETCREAE B KL,
e 1967-20164F [A]iA B TSHR FE LA ETC R A $17.2 m/sel PL E), S5 EHITS
s EC L F I TCIA et AT H L. b4, &M 3 1 HadISST(The Hadley Centre Global Sea Ice and
Sea Surface Temperature) [¥] H *F ¥ ¥ i % Kl 1 NCEP(National Centers for Environmental
Prediction) X7 f- 73 M BERE, S5 AU IR AN X7 BEREEA T XT L 2347

2 El Nifo(La Nife)SEH4-a5 %

2.1 EINifo(La Nife) BRI X754

PEAL AT IX 1) TC 152 5 R MR FE 57 A % VI 5 R (Chan et al., 1997), FoRpidbk
ST R X R S A = ANES: NINO 3 #5241, NINO 3.4 Fa40f1 NINO 4 f5%1, 7l
78 X 38(5B~5N,90 W~150 W) | [X 15,(5 B~5 N, 120 IW~170 W) F1 [X 15,(5 B~5N, 150 W~160 E)
PR . BONARAR A SRR R A L, TAZIGR 7% A & (Graham and Barnett,
1987; Wang and Li, 1993), AfLA NINO 3.4 XIS [¥iEiE 7% 5 TC i&sh A Lk NINO 3 Al
NINO 4 XIREE&f. Rk, FAIMEH NINO 3.4 X3k i = 4 /F A bsiExt El Nifo(La Nifa)SF
PEEAT 535
2.2 EINifp(La Nife) BRI HKER

BT AR ARG TCIGSIMFEZER, ATLAT 206 TC WM B T At Suit 7 7Ed0R



SEEEANE H 3 ) TC AE i,  BARVE ALK X FE R A #8 TC AR, H 2 R 1)
TC fE 6-11 A 2 A4 R, Hid 4 4F AR TC (1) 85%, iX L Lander (1994a) W Fi45 HAH . 1R
VAL TC A iy A 34, AT 7 8 AU 6-11 [, 9 AEZE (6-8 ) Al
K (9-11 ) BT, THEASHRIUIN 50 4E (8] i L AT P E BRI ZE K NINO 3.4 #5441,
1) H B TR P 51 0 A, an ] 1 s

OBS SIM

NINO3.4 SSTA(°C)

1967 1973 1979 1985 1991 1997 2003 2009 2015

Kl 1 RS NINO3.4 FREI I T FR 41 o3 A ()WL, (D)RAil. PETrh £t SEZ Rl € i 42 70 ) 9 H 252
AIEKZE NINO3.4 155 1 -1 bt 22l (W FUAE00 70 FbRifEIED «

Fig. 1 Time series distribution of NINO3.4 index in summer and autumn (a) observation, (b) simulation. The
red solid line and blue dashed line are the value of 1 and -1 standard deviation of the NINO3.4 index in summer and
autumn (the threshold value of the classification standard for the study year).
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Table 1 Classification results of EI Nifd (La Nifa) years in summer and autumn
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1967. 1968. 1969. 1976. 1979. 1980. 1981. 1967. 1968, 1980. 1981. 1989.
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Fig. 2 The summer average sea surface temperature anomaly in Northwest Pacific and the distribution of TC
generation locations during the El Nifb (La Nife) event (a) Observation of EI Nifd, (b) Simulation of EI Nifb, (c)
Observation of La Nifg, (d) Simulation of La Nifa. The shaded in figure is the average sea surface temperature
anomaly, the black dots are the locations where the TC is generated, the black dashed line is the dividing lines of

different areas, and the dotted shaded area is the area passed 5% significance test.
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Fig. 3 Same as Fig. 2, but for autumn.
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Table 2 Frequency of TC generation in different subregions of Northwest Pacific in EI Nifo and La Nifa years
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Fig. 4 Annual average generation location of TC in summer (a) Observation, (b) Simulation. The red square in
the figure represents the average generation position of TC in El NifD year, the blue hexagon represents the average
generation position of TC in La Nif® year, and the black dots represent the average generation position of TC in other

years.
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Fig. 5 Same as Fig. 4, but for autumn.
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Table 3 The deviation of the average generation position of TC in El Nifb and La Nifa years
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Fig. 6 Correlation between TC average life and sea surface temperature anomaly in NINO3.4 area (a) observation, (b)
simulation. The black dot in the figure represents every year, the dashed line is the one-variable linear regression line,
the equation is the regression equation, the observed correlation coefficient passes the 5% significance test.
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Fig. 7 Frequency distribution of summer TC paths in Northwest Pacific during the El Nifp (La Nif®) event (a)
Observation of El Nifb, (b) Simulation of El Nifb, (c) Observation of La Nif#g, (d) Simulation of La Nifa
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Fig. 8 Same as Fig. 7, but for autumn.
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Fig. 9 The 850hPa average wind field in Northwest Pacific during the La Nifa event (a) Observation in summer, (b)



Simulation in summer, (c) Observation in autumn, (d) Simulation in autumn. The contour line in figure is the sea
temperature anomaly, the black solid line is the monsoon trough line.
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