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Simulation and Projection of the Pacific Decadal Oscillation
Based on CMIPS Coupled Models

CHEN Hong

Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

Abstract Historical simulation outputs from the Coupled Model Intercomparison Program Phase 5 (CMIPS) climate
models with a categorization method were used in this study to evaluate the performance of coupled models in simulating
the Pacific Decadal Oscillation (PDO). While several of the 40 models under examination failed to reproduce the
characteristics of PDO pattern, the majority of the models can reproduce the interdecadal cycle of PDO well. The good
performance of the category-1 models in simulating the PDO pattern can be attributed to the relationship of the SSTA
(sea surface temperature anomaly) between tropical Pacific and North Pacific being captured by these models. Further,
the impact of the decadal SST variation in the tropic Pacific on the SST variation in the North Pacific via atmospheric
teleconnection was reproduced using these models. In contrast, the models with poor simulation for the PDO pattern

failed to reproduce the tropics—extratropics linkage in the SST anomalies that was induced by atmospheric
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teleconnection. This result indicates the importance of the decadal SST variation in the Tropic Pacific for the formation of
PDO. Under RCP4.5 (Representation Concentration Pathway Scenarios 4.5), it is suggested that the first EOF (empirical

orthogonal function) of SST variability over the North Pacific for the 21st century is a uniform positive pattern with a

corresponding time series indicating an upward trend. Meanwhile, the second leading pattern of the 21st-century EOF

analyses shows the spatial variability of the PDO diploe pattern.

Keywords PDO (Pacific Decadal Oscillation), Tropic Pacific, Teleconnection, Projection
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Fig. 1
North Pacific onto the observed PDO index
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Fig.2 Power spectra of the PDO indices from (a) the observations and (b) CMIPS (Coupled Model Intercomparison Program 5) models ensemble

mean. The dashed lines represent the 90% confidence level



4 1 WRZL: CMIPS f A 2O AT AR AR ARk 3 H B, 5 T Al
No. 4 CHEN Hong. Simulation and Projection of the Pacific Decadal Oscillation Based on CMIP5 Coupled Models 787

&1 CMIP5#3XXTF PDOAE A 4 TS
Table 1 Predictive skills for PDO patterns provided by
the CMIPS models

izl
Fe5 R AR FEAK  (op/o)  SITH

1 NorESM1-ME 0.88 1.09 0.78
2 GISS-E2-H-CC 0.86 0.82 0.72
3 CMCC-CMS 0.85 1.02 0.72
4 IPSL-CM5A-MR 0.88 1.40 0.70
5 HADGEM2-AO 0.78 1.09 0.63
6 HADGEM2-CC 0.79 1.17 0.63
7 MPI-ESM-MR 0.79 0.76 0.60
8 FGOALS-g2 0.75 0.96 0.59
9 CESM1-CAMS-1-FV2 0.86 0.60 0.58
10 BNU-ESM 0.74 1.09 0.57
11 CMCC-CESM 0.82 1.56 0.56
12 NorESM1-M 0.86 0.57 0.56
13 CMCC-CM 0.74 1.10 0.56
14 INMCM4 0.73 1.20 0.54
15 CESMI1-WACCM 0.74 1.35 0.52
16 GFDL-ESM2G 0.78 1.53 0.52
17 GISS-E2-R-CC 0.68 0.94 0.51
18 FGOALs-s2 0.70 0.85 0.51
19 GFDL-ESM2M 0.72 1.40 0.49
20 BCC-CSM1-1-m 0.66 0.96 0.48
21 FIO-ESM 0.79 0.56 0.48
22 Cam5 0.65 1.03 0.46
23 CESM1-BGC 0.63 0.91 0.44
24 BCC-CSM1-1 0.65 0.79 0.44
25 MIROCS 0.71 0.64 0.43
26 CESM1-FASTCHEM 0.71 0.62 0.43
27 MPI-ESM-P 0.70 0.67 0.43
28 MPI-ESM-LR 0.68 0.61 0.40
29 ACCESS1-3 0.61 1.30 0.39
30 ACCESSI-0 0.59 0.84 0.38
31 CCSM4 0.75 0.49 0.36
32 MRI-CGCM3 0.68 0.50 0.33
33 GISS-E2-R 0.86 0.38 0.33
34 IPSL-CMS5B-LR 0.51 0.86 0.32
35 GISS-E2-H 0.64 0.33 0.16
36 GFDL-CM3 0.46 0.23 0.08
37 CNRM-CM5 0.67 0.20 0.07
38 HadCM3 0.53 0.24 0.07
39 CanESM2 0.29 0.23 0.03
40 IPSL-CM5A-LR 0.27 0.25 0.04
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Fig. 3

Regressed SSTA (sea surface temperature anomaly) over the North Pacific based on the PDO index (units: °C): (a) Category-1 models

(models with values of skill score S greater than 0.6) ensemble mean; (b) category-2 models (models with values of skill score S less than 0.3)

ensemble mean
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Table 2 Correlation coefficients between the NPI (Index
of the averaged SSTA over the North Pacific) and decadal

ENSO (El Nifio—Southern Oscillation) index for
simulations
H—FER R REL H R R REL
GISS-E2-H-CC -0.19 GFDL-CM3 0.33
IPSL-CM5A-MR -0.10 CNRM-CM5 0.29
MPI-ESM-MR -0.41 GISS-E2-H -0.01
CMCC-CMS -0.36 IPSL-CM5B-LR 0.11
HADGEM2-CC -0.28 HadCM3 0.26
HADGEM2-A0 -0.26 CanESM2 0.20
NorESM1-ME -0.40
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