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Supplementary Figure 1. Global mean temperature during years 1300 - 1699 in the CESM1.2 

preindustrial control simulation (black) and the first 400 years in the cloud-locked 
CESM1.2 preindustrial simulation (blue). 



 
Supplementary Figure 2. Annual-mean surface temperature in the CESM1.2 preindustrial 

control simulation (top), cloud-locked CESM1.2 (middle), and cloud-locked minus 
control simulation (bottom). 



 
 
Supplementary Figure 3. Total surface and TOA cloud radiative feedback in CESM1.2 in the 

control and cloud-locked simulations. Calculated as the pointwise regression of total 
cloud radiative forcing onto sea surface temperature (SST) anomalies (colors) and 
climatological SST (contours) from the control (left) and cloud-locked experiment (right). 
Cloud radiative feedback is considered at the top-of-atmosphere (top) and the surface 
(bottom). 



 
Supplementary Figure 4. The same as Figure 5 but for the Southern Oscillation Index (SOI). The 

SOI is calculated as the standardized sea level pressure (SLP) anomalies in Tahiti minus 
those in Darwin, divided by the standard deviation of their differences. 



  

 
 
Supplementary Figure 5. Composite timeseries of variables averaged in the Niño3.4 region for 

30 months prior to and following an El Niño event. TS is anomalous sea surface 
temperature, SWCF is anomalous shortwave cloud forcing at the surface, Qocean is the 
anomalous total ocean heat transport calculated as a residual of the surface 
temperature tendency equation (𝑄𝑂𝐶𝐸𝐴𝑁 =  𝜌𝐶𝑝𝐻𝑣

𝑑𝑇
𝑑𝑡

 −  𝑄𝐴𝑇𝑀), defined as positive 



indicating a convergence of heat, and Qatm is the anomalous total surface atmospheric 
heat flux, calculated as the sum of radiative and turbulent heat flux components 
(𝑄𝐴𝑇𝑀 = 𝑄𝑆𝑊 − 𝑄𝐿𝑊 − 𝑄𝐿𝐻 − 𝑄𝑆𝐻), defined as positive down. In the calculation of 
Qocean, 𝜌 is the density of seawater (1.025e3 kg m-3), 𝐶𝑝 is the specific heat capacity of 
seawater, or 3850 J kg-1 C-1, and 𝐻𝑣 is the variable mixed layer depth taken from the 
ocean model. On average, warm SSTA persist in the control simulation last for 32 
months, while they last for 43 months in the cloud-locked simulation. Cool SSTA, on the 
other hand, last for 30 months on average in the control simulation, and 57 months on 
average in the cloud-locked simulation. 



 
 Supplementary Figure 6. Composite of anomalous surface shortwave cloud forcing (W m-2; line 

contours; solid indicates positive down) overlaid anomalous sea surface temperature 
(Deg C; colored contours) during the seasons leading up to and following the peak of the 
La Nina event (DJF1) in the control simulation (left column) and the cloud-locked 
simulation (right column). All fields are standardized by the standard deviation of the 
Nino3.4 index. 



 
Supplementary Figure 7. Composite of anomalous surface wind (m/s; vectors) overlaid 

anomalous sea surface temperature (Deg. C; colored contours) during the seasons 
leading up to and following the peak of the La Nina event (DJF1) in the control 
simulation (left column) and the cloud-locked simulation (right column). All fields are 
standardized by the standard deviation of the Nino3.4 index. 

 
 



 
Supplementary Figure 8. Shortwave feedback in 21 CMIP5 models analyzed in this study. Calculated as the surface shortwave total 

sky minus surface shortwave clearsky radiation regressed on the Nino3.4 index. Sign convention is positive down.  
  


