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Fig.6 PDF in negative phase of PDO in the Monte Carlo test with a sample size of 1 000 000 for models




3 AL . CMIPS/6 420X PDO il ENSO J8 & A5 R A X FR A FLPEAG 111

T 5 4 S A XS %) PDO P I BE 7 B S X FR R
BE L DL EEB UL T CMIP6 B 5 7E A5 48 PDO 1 1l
ENSO 4 & AR B AR FR:  H CMIPS # 20 firek

it

3 PDO ¥ %] ENSO & & #1 & th 4 32
i A

AR E A X O I AR = b PDO IE £ {7
HHI7E SST #1850 hPa K37 11 22 5 3k 15i B PDO i il
ENSO 8 &R fy ik f . R4 PDO 2 oAb K
VR S B RS (H B X I RO b IX
WA Y KA . LIERTSE & B, PDO X A H
DX 1 552 W) 2 3 3 08 S5 AR ARBR T 5 37 % UK &R 1Y
AR A A S AT LIN S5 4 0 A A G PR
(] RUBE 155 PDO {37 AH %5 VI AH 5 1) 1 S5 08 XU
FEPDO IEfAHH I £ EN TR SR . A7
Rl DLE Y, 7E PDO IE 7 A R, KOF 25 o 7 &R
(10°S~0°,160°E~120°W ) ] LML 51) 455 38 Fr) 75 JXL

SSTHH/C
..
-

0.4 T
06 00 06 12 1.8 24 30

JAUH R (mfs)
T AR 3K /55 MMES Fll MMES , B0 X 1% A 46 56
(S WilE 5

E7 W CMIP5 L Fil CMIP6 #53X 7F 10°S~0° , 160°E ~
120°W i il P 850 hPa &5 ] K57 1Y X 38 ~F- 24 {5 5°S~5°N |

180°~100°W 75 [l N SST S 114 X 4l S 41 1 1) 130 TR

Fig.7 Scatter diagram between the regional-averaged value of

zonal wind anomaly at 850 hPa over the region of 10°S~0°,

160°E~120°W and the regional-averaged value of SST anomaly

over the region of 5°S~5°N,180°~100°W for observation,
CMIP5 and CMIP6 models

S, I S R S I A A T v AR
(5°S~5°N, 180°~100°W ) SST ¥ 5t 37 i B 1E 57
4k, PDO v AH At FE 2L, CMIP5 1 CMIP6
PR At BEASEAEL DL b B (R Y KU
B 5 55 N A s & 5 SST 1 5t
SRS . (HJE, AHE T MMES, MMES6 X} I id
TR ARG BT Rt Xt CMIPG 58 2 (AR A% 1)
1) PDO I i il 56 71 A BT et ) S A

BRI I BRI RE B, W] AR A
HH A T e S R G I A A AL M A P XU
BH5, 51 kIR GE AR KT SST 15 st A2 ko
JEE AL A5 55, DT o8 5 A5 400 1 98 71 BE ) e BAb HL
55 DX UERA iR S AR AR

4 Fib 5t

AR SOOI 55 RS 7S Uk ) B TR 5 455 X e
BTl H piControl 175 5% T AR 3, 25 5 L 7%
KE, % PEAE T 194 CMIPS 4 28 1 23 4~ CMIP6 £
X PDO 4 il ENSO 5 2 45 3 AN Xk B 4L g
Frit— 858 T PDO WG AR . Z5E T

XL H () El Nifo 1445 & Bl % £F PDO 1FE (7))
f7 40 F ke La Nifia 22 300% (7> 73%) , iX 55 LIN 2515
PS5 A —F, 53%(78%) () CMIP5(6) =,
REASATA0L X — 4RI, A PR A R AR AR ()
fifi 7 PDO 1E (5 AH P JE I §E 77, /H MMEG 5421
45 Rtk MMES A fir el it . /R4S 7E PDO A AH T,
CMIP5 5 CMIP6 158 =X A i~ 5 X g A 400 45 SR 5 00
DAH 24, (H7E PDO IELAH R, {X A CMIP6 #5528 H 1)
AL 2 R 8 O8I 5 5, S ASEAEL L 5 00 5 SR A
2411 PDO W il B 1 (AN XF FR5E JE . 3X 5B CMIP6
FE R b CMIPS A58 % PDO 1 il ENSO 18 & i %R A
XFRRIBEHARE 1A — 2 ikt

@38 2o A 52 LI A = PDO IF 57 A 1] 7E
SST F1850 hPa X711 2 5, & 81 T PDO il ENSO
1R TR, E PDO IERIAH T, 7 18 KTV b
DX 2% tH AR A VY XU, O ok T U i P P A A
VRV I R /K 1) AR 3L, 151 5 | & AR 3l RS- P R
BB SST 5 547 th BLIE 5% A8 4k . PDO A AH 1Y 1
PR, CMIP6 A3 Xt PDO I il 1 F2 1 A5 U e
CMIP5 L= i gtk | 3 /2 CMIP6 A5 XA 1



112 HAE S (TR s 40 4

PDO il RE 1A Fr 8 A s A

LN 25 3 38 5 WL A1 CMIPS 553X A AiF 7, 4 Tl
TEAEAR BRI ] R 5 PDO {3 AH % W) AH 56 i 75 5%
VGRS 2 P 507 PDO IE AR T HU B &2 EN S5 4
BB . AT T CMIP6 B, I 4 CMIPS 5
CMIP6 i 17 b % M TS i2F — 25 UE B T V5 XU 5 7
PDO ] ] ENSO %5 J& i 5 i (1% 55 B2/ 1T, [A] B i,
W17 VG G 2P 3 5 | A v AR R F VT O S
o {HJ&, LENGAIGNE 4 "hi it ifF 5% & 3R, V5 KUAE
W SRR A M AR R o] DA™= A2 R AT TR SCE, A
T2 il A5 P 2R AT P 3 DX AR VIR S T AR S
X P KU X —VE IR AW B o IEAh, 56T PDO Y
il B8 1 R AT 7 IE 67 A AH T 52 80 AN X BR 1 R PR A
ARFRATH— L5

SE 3k

[1] BJERKNES J. Atmospheric Teleconnections from the Equatorial
Pacific[J]. Monthly Weather Review, 1969, 97(3): 163-172.

[2] WANG C Z, PICAUT J. Understanding ENSO physics - A review
[M]// WANG C, XIE S P, CARTON J A. Earth's Climate: The
Ocean-Atmosphere Interaction. Washington: American Geophysical
Union, 2004.

[BY A2 A, A%, P atf, 55 . b [E 3t i - AT 5 ENSO ) )
2 N TIETE IERE 3], RG24k, 78(3): 351-369.

REN H L, ZHENG F, LUO J J, et al. A review of research on
tropical air-sea interaction, ENSO dynamics, and ENSO prediction
in China[J]. Acta Meteorologica Sinica, 2020, 78(3): 351-369.

[4] AN S I, WANG B. Interdecadal change of the structure of the
ENSO mode and its impact on the ENSO frequency[J]. Journal of
Climate, 2000, 13(12): 2044-2055.

[5] TIMMERMANN A. Decadal ENSO amplitude modulations: a
nonlinear paradigm[J]. Global and Planetary Change, 2003, 37(1-
2): 135-156.

[6] YEH S W, JHUN J G, KANG | S, et al. The decadal ENSO
variability in a hybrid coupled model[J]. Journal of Climate, 2004,
17(6): 1225-1238.

[71 MANTUA N J, HARE S R, ZHANG Y, et al. A Pacific interdecadal
climate oscillation with impacts on salmon production[J]. Bulletin

of the American Meteorological Society, 1997, 78(6): 1069-1080.

[8] NEWMAN M, ALEXANDER M A, AULT T R, et al. The Pacific
decadal oscillation, revisited[J]. Journal of Climate, 2016, 29(12):
4399-4427.

[91 WANG L, CHEN W, HUANG R H. Interdecadal modulation of
PDO on the impact of ENSO on the East Asian winter monsoon[J].
Geophysical Research Letters, 2008, 35(20): L20702.

[10] FENG J, WANG L, CHEN W. How does the East Asian summer
monsoon behave in the decaying phase of EI Nino during different
PDO phases[J]. Journal of Climate, 2014, 27(7): 2682-2698.

[11] LIN R P, ZHENG F, DONG X. ENSO frequency asymmetry and
the Pacific Decadal Oscillation in observations and 19 CMIP5
models[J]. Advances in Atmospheric Sciences, 2018, 35(5): 495-
506.

[12] Jil K25, AR 7 2, R I e . 5 7 Ul B R A A G e )
(CMIPE)IFIR[J]. e B L AF 5k 2, 2019, 15(5): 445-456.
ZHOU T J, ZOU L W, CHEN X L. Commentary on the coupled
model intercomparison project phase 6 (CMIP6) [J]. Climate
Change Research, 2019, 15(5): 445-456.

[13] E A, XM, VTAR4L, %5 . CMIPS Fil CMIP6 1 278 77 S ik 30 T %o
AMO FI PDO FABLITAl [J]. HuBkBHF ki, 2021, 36(1): 58-68.
XIA'S, LIU P, JIANG Z H, et al. Simulation evaluation of AMO
and PDO with CMIP5 and CMIP6 models in historical experiment
[J]. Advances in Earth Science, 2021, 36(1): 58-68.

[14] HUANG B Y, THORNE P W, BANZON V F, et al. Extended
reconstructed sea surface temperature, version 5 (ERSSTv5):
upgrades, validations, and intercomparisons[J]. Journal of
Climate, 2017, 30(20): 8179-8205.

[15] TRENBERTH K E, CARON J M, STEPANIAK P D, et al.
Evolution of El Nino-Southern Oscillation and global atmospheric
surface temperatures[J]. Journal of Geophysical Research, 2002,
107(D8): 4065.

[16] CHU P S, WANG J X. Tropical cyclone occurrences in the
vicinity of Hawaii: Are the differences between EI Nino and non-
El Nino years significant[J]. Journal of Climate, 1997, 10(10):
2683-2689.

[17] BARNETT T P, PIERCE D W, LATIF M, et al. Interdecadal
interactions between the tropics and midlatitudes in the Pacific
basin[J]. Geophysical Research Letters, 1999, 26(5): 615-618.

[18] WANG B, AN S I. A mechanism for decadal changes of ENSO
behavior: Roles of background wind changes[J]. Climate
Dynamics, 2002, 18(6): 475-486.



3 645 : CMIP5/6 #5238 %] PDO ¥ il ENSO 8 4 5 A S FR AU 113

Assessment of ENSO frequency asymmetry modulated by Pacific Decadal
Oscillation in CMIP5 and CMIP6 models

HU Wei', CHEN Quanliang”, LIN Renping’, CHEN Xingrong®
(1. Chengdu University of Information Technology, Chengdu 610225, China; 2.Center for Earth System Modeling and Prediction of CMA, Beijing 100081,

China; 3. National Marine Environmental Forecasting Center, Beijing 100081, China)

Abstract: Based on the observations and the simulation outputs under piControl scenario from the phase 5 and
phase 6 of the Coupled Model Intercomparison Projects (CMIP), this study compares and evaluates the
simulation ability of 19 CMIP5 models and 23 CMIP6 models on the El Nifio-Southern Oscillation frequency
asymmetry modulated by Pacific Decadal Oscillation (PDO), and further reveals the modulation process of PDO.
The results show that the frequency of EI Nifio is 300% higher by 300% (lower by 73%) than that of La Nifia in
the positive (negative) phase of PDO. 53% (78%) of CMIP5 (6) models can simulate this feature. Although
CMIP5/6 models underestimate (overestimate) the modulation ability of PDO in the positive (negative) phase, the
simulation performance of CMIP6 on the modulation ability of PDO is improved compared with CMIP5 models.
Further work shows that in the positive (negative) phase of PDO, a strong west (east) wind anomaly will occur in
the central and western equatorial Pacific. Wind drives the warm water flow eastward through horizontal
advection, thus a positive (negative) anomaly of sea surface temperature will occur in the central and eastern
equatorial Pacific, which promotes the occurrence of El Nifio (La Nifia) event under the positive (negative) phase
of PDO.

Key words: Pacific Decadal Oscillation; Coupled Model Intercomparison Projects 5; Coupled Model Intercom-
parison Projects 6; model evaluation





