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CMIP5 Model 1920-1999 alpha 

FIO-ESM -0.51 

GFDL-ESM2M -0.43 

MIROC5 -0.42 

CESM1-CAM5 -0.40 

CCSM4 -0.38 

GFDL-CM3 -0.27 

CMCC-CMS -0.25 

FGOALS-s2 -0.23 

bcc-csm1-1-m -0.23 

GISS-E2-H -0.21 

GISS-E2-R -0.20 

IPSL-CM5B-LR -0.20 

CNRM-CM5 -0.18 

CMCC-CM -0.17 

CMCC-CESM -0.15 

bcc-csm1-1 -0.13 

MRI-CGCM3 -0.13 

HadGEM2-AO -0.12 

FGOALS-g2 -0.10 

CESM1-BGC -0.09 

MPI-ESM-MR -0.08 

MPI-ESM-LR -0.06 

ACCESS1-0 -0.05 

IPSL-CM5A-MR -0.03 

NorESM1-M -0.03 

NorESM1-ME -0.02 

IPSL-CM5A-LR -0.02 

MIROC-ESM-CHEM -0.02 

MIROC-ESM -0.01 

GFDL-ESM2G -0.01 

HadGEM2-CC 0.01 

HadGEM2-ES 0.03 

ACCESS1-3 0.05 

CanESM2 0.07 

Observations 

20CRv2c -0.24 

CERA20C -0.29 

ERA20C -0.26 

ERSSTv3b -0.25 

HadISST 1.1 -0.29 

 

Supplementary Table S1. Historical (1920-1999) alpha values from CMIP5 models and five 

observational reanalysis datasets. Models in bold blue are the 17 selected models analysed in the 

main text which were originally analysed by Cai et al., 2018. 

  



 

Supplementary Figure S1. (a) Ensemble mean pattern of the leading EOF mode from all 40 CESM-LE 

runs. (b) As in (a) but for the 2nd EOF pattern. (c), (d) As in (a), (b), respectively, but for all 99 MPI-GE 

runs. The EOF patterns are calculated for each run/member before calculating the ensemble mean. 

  



 

Supplementary Figure S2. (a) Historical relationship between alpha and E-index standard deviation. 

(b) As in (a) but for C-index standard deviation. (c), (d) As in (a), (b), but for E-index and C-index 

skewness, respectively. The red cross represents the ensemble mean from 5 reanalysis data sets. The 

solid blue, pink, and orange circles represent the CMIP5, CESM-LE, and MPI-GE ensemble means, 

respectively. All available realizations for the 17 selected CMIP5 models (36 members) are used.  



 

Supplementary Figure S3. (a) Historical relationship between alpha and Niño3 standard deviation. (b) 

As in (a) but for Niño4 standard deviation. (c), (d) As in (a), (b), but for Niño3 and Niño4 skewness, 

respectively. The red cross represents the ensemble mean from 5 reanalysis data sets. The solid blue, 

pink, and orange circles represent the CMIP5, CESM-LE, and MPI-GE ensemble means, respectively. 

  



 

Supplementary Figure S4. (a) Historical alpha ensemble mean and percentiles for the 17 selected 

CMIP5 models using all available realisations (36 members), 40 CESM-LE, and 99 MPI-GE simulations. 

(b), (c), (d), and (e), As in (a) but for E-index standard deviation, E-index skewness, C-index standard 

deviation, and C-index skewness, respectively.



 
Supplementary Figure S5. (a) Future minus historical ensemble mean change in SST for CESM-LE. (b) 

Future minus historical ensemble mean change in ocean temperature along the equatorial Pacific (5°S-

5°N) for CESM-LE.  (c), (e) As in (a) but for the 99 MPI-GE members and 17 selected CMIP5 models, 

respectively. (d), (f) As in (b) but for the 99 MPI-GE members and 17 selected CMIP5 models, 

respectively. (e) Relationship between SST warming pattern intensity, using the ensemble mean from 



each ensemble, and the change in mean vertical temperature gradient. (f) As in (e) but for the SST 

warming pattern intensity using the ensemble mean of all 17 CMIP5 models, all 99 MPI-GE members, 

and all 40 CESM-LE members. The black box in (a) represents the region used to calculate the SST 

warming pattern intensity. The black box and line in (c) represent the regions used to calculate the 

mean vertical temperature gradient. All changes are normalized by the difference in global mean SST 

for each member/model.  



 

 

Supplementary Figure S6. Future minus historical change in tropical Pacific mean SST for top/bottom 

25% of members/models with the weakest/strongest SST warming pattern intensity. (a) Bottom 10 

CESM-LE members. (b) Top 10 CESM-LE members. (c) CESM-LE ensemble mean. (d), (g) As in (a) but 

for the bottom 25 MPI-GE members and bottom 4 CMIP5 models, respectively. (e), (h) As in (b) but 

for the top 25 MPI-GE and top 4 CMIP5 models, respectively. (f), (i) As in (c) but for MPI-GE and CMIP5 

ensembles, respectively.  



 

Supplementary Figure S7. (a) Relationship between historical E-index standard deviation and C-index 

standard deviation. (b) Relationship between the future minus historical change in E-index standard 

deviation and the change in C-index standard deviation. Open pink, orange, and blue circles with 

crosses represent CESM-LE members, MPI-GE runs, and CMIP5 models, respectively. Solid circles 

represent their respective ensemble means. The red plus sign in (a) represents the ensemble mean 

from 5 observational data sets. The changes in (b) are normalized by the difference in global mean SST 

for each member/model. 

  



 

Supplementary Figure S8. Composite time series of strong El Nino events where the December to 

January (DJF) E-index is greater than 1.5. The red line represents the monthly E-index and the blue line 

represents the monthly C-index. 


