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Supplementary Figure 1. Model and simulator daytime aerosol optical depth climatology. 
CAM5_clim (a) and CAM5_orb (b) are in good agreement (correlation coefficient = 0.96) with 
some differences evident over the Andes, Taklamakan Desert, and eastern China. Compared with 
CAM5_cld (c), CAM5_det (d) shows a deviation from the model truth with global mean error of 
0.011. CAM5_aer (e) resembles the model’s true AOD climatology (correlation coefficient = 
0.86) with global mean bias of 2%, but significant biases are observed over land and subtropical 
ocean.  
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Supplementary Figure 2. Frequency of occurrence of observational, model, and simulator 
estimates of aerosol optical depth in different geographical regions. The definition of regions 
is provided in Fig. 3, which includes a Artic, b Europe, c Asia, d North Pacific, e North 
America, f North Atlantic, g Africa, h Tropical Pacific, i Tropical Atlantic, j Indian Ocean, k 
Oceania, l South Pacific, m South America, n South Atlantic, and o Southern Ocean and 
Antarctica. Global samples are shown in p. The C3M1,2 CALIPSO AOD3 over ocean and model 
AOD when incrementally accounting for GOCAP sampling and retrieval procedures are shown. 
Atmospheric columns covered only by liquid clouds (i.e., no ice cloud) are sampled. Numbers in 
the parentheses are regional means. CAM5_det shows large deviation from CAM5_orb in all 
AOD bands. CAM5_aer produces reasonable results in most ocean basins, and produces large 
biases over land. Incremental global mean AOD error of CAM5_cld, CAM5_det, and 
CAM5_aer (compared with the previous simulation) are 0.003, 0.007, and 0.009, respectively 
(panel p). Globally, more than half of the modeled observed samples have AOD < 0.1.   



 4 

 
 
Supplementary Figure 3.  Modeled global and regional effective radiative forcing due to 
aerosol-cloud interactions and aerosol optical depth. The ERFaci (a) is computed by 
differencing the shortwave cloud forcing at the top of the atmosphere from two CAM5 
simulations, one with present-day and one with pre-industrial aerosol emissions. AOD (b) from 
the two model simulations are shown. 
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Supplementary Figure 4. Model regional mean susceptibility of cloud droplet size and 
susceptibility of precipitation probability evaluated against observations. Susceptibility 
estimates of a CAM5_orb, b CAM5_cld, c CAM5_det, and d CAM5_aer evaluated against 
observational estimates derived from C3M. SRe estimates are presented on the left and bottom 
axes and SPOP estimates are presented on the right and top axes. Symbols represent different 
geographical regions defined in Fig. 3.   



 6 

 
Supplementary Figure 5. Scatter plots and linear regressions of natural logarithm of 
effective radius against natural logarithm of aerosol optical depth. Data points are from a 
CAM5_orb and b CAM5_MODC5 at CERES footprints over the globe (See Methods for details 
on sampling at CERES footprints), with LWP between 20 and 25 g m-2. Results for the other 
LWP bins show the same characteristics. For better visualization of the scatter plots, AOD and 
Re on every fifth CERES footprint along the satellite orbit are plotted. The correlation and 
regression coefficients are computed based on all data samples. The correlation and regression 
coefficients represent the SRe for this LWP bin for all samples and polluted (AOD > 0.1) 
samples. The differences between CAM5_orb and CAM5_MODC5 are caused by the MODIS 
Collection 5 uncertainty.   
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Supplementary Figure 6. Scatter plots of aerosol optical depth comparing model and 
simulator estimates. The scatter plots show that lower AOD samples are affected significantly 
by a applying the GOCAP detection threshold, and b imposing the MODIS Collection 5 
uncertainty4. 
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Supplementary Figure 7. Altitude-dependent detection thresholds and the corresponding 
maximum undetected aerosol optical depth below 3km. Scattering ratio values representing 
the detection threshold functions are reduced by a factor of 2, 4, 8, 16, and 32 (a). The 
corresponding maximum undetected AOD below 3km (b) have median values of 0.041, 0.02, 
0.01, 0.005, 0.002, and 0.001, respectively, for lidar ratio of 45. Vertical bars depict the AOD 
range associated with the range of lidar ratio between 20 and 70.    
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Supplementary Figure 8. Daytime and nighttime aerosol optical depth climatology as a 
function of detection threshold. The a daytime GOCAP AOD climatology is compared with 
the AOD climatology derived from lowering the detection threshold by a factor of b 2, c 4, d 8, e 
16, and f 32. The g nighttime GOCAP AOD climatology is compared with the AOD climatology 
derived from lowering the detection threshold by a factor of h 2, i 4, j 8, k 16, and l 32. Results 
show that daytime AOD climatology is much more sensitive to the reduction of detection 
threshold than nighttime AOD climatology due to solar background.    
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Supplementary Figure 9. Annual mean daytime aerosol optical depth in 2008 from various 
satellite data products. The a MODIS Collection 64,5, b MISR Version 46-8, c SeaWIFS Version 
49-11, d CALIPSO Version 3.00 Level 3 (cloud-free)3,12, e Satellite-AERONET composite13, and 
f GOCAP AOD products are compared. Global, over land, and over ocean means are provided. 
Asterisks denote the means are computed only over areas where all 6 data products contain valid 
data. Results show that GOCAP daytime AOD climatology falls within the spread of other 
commonly used satellite-based estimates. 
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Supplementary Figure 10. Correlations between aerosol optical depth and cloud 
condensation nuclei, aerosol index and cloud condensation nuclei, and cloud condensation 
nuclei and cloud droplet number concentration. Aerosol index (AI) is defined as AOD 
multiplied by Angstrom exponent. CCN at 0.2% supersaturation is used. Correlations between 
column-integrated a AOD and CCN, b AI and CCN, and c CCN and cloud droplet number 
concentration (CDNC), and near-surface d aerosol extinction and CCN, e AI and CCN, and f 
CCN and CDNC are shown. AOD and surface layer aerosol extinction are reasonably good 
proxies for column-integrated and surface layer CCN, respectively, and AI is an even better 
proxy. This suggests that multi-wavelength measurements are valuable. The correlation between 
CCN and CDNC improves significantly when we correlate the CDNC at a given altitude with 
CCN below the cloud layer, suggesting that vertical distribution of aerosols and clouds obtained 
from active remote sensors are useful information for constraining aerosol-cloud interactions, as 
proposed in a previous modeling study14.  
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