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Figure S1 Standard deviation of December-February averaged SSTA in the Nino3.4 region in running 30-year 

windows from 1851-2023. Years indicate end of the window (e.g., 1960=1931-1960). Colors represent 

different model large ensembles, with thick curves for ensemble mean values and shading for one standard 

deviation spread across the ensemble. Cyan curves show the observed values from four different observational 

products. The black curve is the observational average. 

  



 

Figure S2 Linear regression of (a)-(c) surface temperature anomalies, (d)-(f) precipitation anomalies, and (g)-

(i) 500mb stream function anomalies on the normalized Nino3.4 index in CESM1-LE, MPI-GE, and GFDL-

ESM2M, respectively. Regressions are for the period 2071-2100 (results are similar for regressions during the 

period 1921-1950). Note that pattern correlations reported in the main text are based on the absolute value of 

these maps. 

 



 

Figure S3 (a)-(e) Ensemble mean potential forecast skill of surface temperature anomalies in CESM1-LE as 

measured by ACC calculated across all months in the period 1921-1950. (f)-(j) As in (a)-(e), but for the period 

2071-2100. (k)-(o) Change in ACC between past and future periods. Skill values in (a)-(j) are only shown when 

95% significant. Stipples in (k)-(o) indicate where 90% of the CESM1-LE ensemble agrees on the sign of the 

change.  

  



 

Figure S4 As in Figure S3, but for CESM2-LE.  



 

Figure S5 As in Figure S3, but for GFDL-SPEAR.  



 

Figure S6 As in Figure S3, but for GFDL-ESM2M.  



 

Figure S7 As in Figure S3, but for MPI-GE.  



 

Figure S8 (a)-(e) Ensemble mean potential forecast skill of precipitation anomalies in CESM1-LE as measured 

by ACC calculated across all months in the period 1921-1950. (f)-(j) As in (a)-(e), but for the period 2071-2100. 

(k)-(o) Change in ACC between past and future periods. Skill values in (a)-(j) are only shown when 95% 

significant. Stipples in (k)-(o) indicate where 90% of a the CESM1-LE ensemble agrees on the sign of the 

change.   



 

Figure S9 As in Figure S8, but for CESM2-LE. 

  



 

Figure S10 As in Figure S8, but for GFDL-SPEAR. 

  



 

Figure S11 As in Figure S8, but for GFDL-ESM2M. 



 

Figure S12 As in Figure S8, but for MPI-GE. 

  



 

Figure S13 (a)-(e) Ensemble mean potential forecast skill of 500mb stream function (𝜓500) anomalies in 

CESM1-LE as measured by ACC calculated across all months in the period 1921-1950. (f)-(j) As in (a)-(e), 

but for the period 2071-2100. (k)-(o) Change in ACC between past and future periods. Skill values in (a)-(j) 

are only shown when 95% significant. Stipples in (k)-(o) indicate where 90% of a the CESM1-LE ensemble 

agrees on the sign of the change.  

  



 

Figure S14 As in Figure S13, but for CESM2-LE.  



 

Figure S15 As in Figure S13, but for GFDL-SPEAR.  



 

Figure S16 As in Figure S13, but for GFDL-ESM2M.  



 

Figure S17 As in Figure S13, but for MPI-GE. 
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Figure S18 Signal values (˚C) for surface temperature anomaly forecasts (i.e., the numerator of Eq. (1) in main text). (a)-(c) Ensemble mean Signal values 2 

of surface temperature forecasts in CESM1-LE calculated across all months in the period 1921-1950. (d)-(f) As in (a)-(c), but for the period 2071-2100. 3 

(g)-(o) Percent change in Signal values between past and future periods for (g)-(i) CESM1-LE (j)-(l) MPI-GE (m)-(o) GFDL-ESM2M. Stipples in (g)-(o) 4 

indicate where 90% of a respective model’s ensemble agrees on the sign of the change.5 
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Figure S19 As in Figure S18, but for Noise values (˚C) for surface temperature anomaly forecasts (i.e., the denominator of Eq. (1) in main text).  7 
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