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Table S1. Model settings in different simulation scenarios 

 Meteorology field Gaseous chemistry Aerosol chemistry Dry and wet depositions 

GEOS-Chem GEOS-5 

NOx-Ox-Hydrocarbon-Aerosol mechanism 

Explicit mechanism, including 116 species and 311 

reactions. 

The globchem.dat file in GEOS-Chem adjoint v35d run 

directory 

RPMARES  

3 modes: aitken, accumulation 

and coarse  

Binkowski et al., 2003 

Wang et al., 1998 

Wesely, 1989 

Liu et al., 2001 

WRF-Chem 

Online WRF 

RADM2 

Lumped mechanism, including 63 species and 145 

reactions, VOC species are categorized based on their 

reactivity with OH radical  

Stockwell et al., 1990 

SORGAM 

3 modes: aitken, accumulation 

and coarse  

Schell et al., 2001 

Easter et al., 2004 

Zaveri et al., 2005 

Online WRF 

SAPRC99 

Lumped mechanism, including 74 species and 211 

reactions, VOC species are categorized based on their 

reactivity with OH radical 

Carter et al., 2000a 

Carter et al., 2000b 

MOSAIC 

8-bin: from 0.04 m to 10 m 

Zaveri et al., 2008 

Easter et al., 2004 

Zaveri et al., 2005 

Online WRF 

SAPRC99 

Lumped mechanism, including 74 species and 211 

reactions, VOC species are categorized based on their 

reactivity with OH radical 

Carter et al., 2000a 

Carter et al., 2000b 

MOSAIC 

+ heterogeneous sulfate 

8-bin: from 0.04 m to 10 m 

Zaveri et al., 2008 

Wang et al., 2016 

Easter et al., 2004 

Zaveri et al., 2005 

CMAQ Offline WRF 

SAPRC11 

Lumped mechanism, including 139 species and 351 

reactions, VOC species are categorized based on their 

reactivity with OH radical 

Carter and Heo, 2012 

AERO6 

3 modes: aitken, accumulation 

and coarse  

Carlton et al., 2010 

Foley et al., 2010 

 



Table S2. Observed and simulated vertical column SO2 (DU), surface SO2 (ppb) and AOD.  

 

Observation 

Prior  Posterior 

 WRF-

Chem 

RADM2 

WRF-

Chem 

SAPRC99 

WRF-Chem 

SAPRC99-

het 

CMAQ 

SAPRC11 

 WRF-

Chem 

RADM2 

WRF-

Chem 

SAPRC99 

WRF-Chem 

SAPRC99-

het 

CMAQ 

SAPRC11 

Vertical column SO2 

Jan 0.30 1.27 1.20 1.09 0.92  0.51 0.47 0.42 0.48 

Apr 0.19 0.74 0.65 0.61 0.82  0.34 0.29 0.27 0.41 

Jul 0.14 0.51 0.50 0.50 0.75  0.23 0.23 0.22 0.32 

Oct 0.22 0.86 0.79 0.73 0.87  0.44 0.37 0.35 0.44 

Annual 0.21 0.84 0.79 0.73 0.84  0.38 0.34 0.31 0.41 

Surface SO2 

Jan 22.2 33.7 34.2 33.1 40.3  13.0 13.0 12.6 20.7 

Apr 12.9 21.6 21.7 21.2 31.5  9.9 9.8 9.6 13.0 

Jul 9.2 21.5 20.1 20.6 23.2  10.1 9.6 9.5 12.1 

Oct 12.7 26.3 26.0 25.4 36.4  12.1 11.9 11.7 17.1 

Annual 14.3 25.8 25.5 25.1 32.9  11.3 11.1 10.8 15.7 

AOD 

Jan 0.27 0.30 0.30 0.30 0.33  0.29 0.29 0.30 0.33 

Apr 0.51 0.56 0.56 0.57 0.50  0.54 0.55 0.56 0.49 

Jul 0.36 0.45 0.36 0.39 0.44  0.41 0.35 0.36 0.41 

Oct 0.27 0.31 0.33 0.34 0.35  0.30 0.32 0.33 0.34 

Annual 0.35 0.40 0.39 0.40 0.40  0.39 0.38 0.39 0.39 



Table S3. Correlations of spatial distribution between GEOS-Chem result and other 

model results using prior SO2 emissions.  

 
WRF-Chen 

RADM2 

WRF-Chem 

SAPRC99 

WRF-Chem 

SAPRC99-het 

CMAQ 

SAPRC11 

Vertical column SO2 

GEOS-Chem 0.84 0.82 0.82 0.82 

Surface SO2 

GEOS-Chem 0.67 0.66 0.66 0.81 

 

  



 

 

 

 

 

 

 

 

 

 

 

Figure S1. Framework of this study showing that the DA is conducted in one host 

model (GEOS-Chem) and the efficacy of the resultant top-down emissions are 

evaluated by two regional models that are different from the DA host model, WRF-

Chem and WRF-CMAQ; for WRF-Chem, the evaluations are further conducted by 

using three sets of different chemistry mechanism.  

 

 



 

Figure S2. The model domain and region settings, including the Sichuan basin (SB), 

North China Plain (NCP), Central China (CC), Yangtze River Delta (YRD), Northwest 

China (NW), Northeast China (NE), Southwest China (SW), and Southeast China (SE). 

 



 
Figure S3. Monthly SO2 emissions in 2009. The prior emission is from MEIC emission inventory, and the posterior emission is the satellite-

constrained SO2 emission using GEOS-Chem adjoint model. Regional emission totals are shown inset in red. The ratios of emission differences 

are shown in the grids where the differences are larger than 10 Mg mon-1.



 

Figure S4. Annual vertical column SO2 (DU) from OMI, surface SO2 concentration from MEP observation network, and AOD from MODIS 

averaged for 2009.



 

Figure S5. Annual vertical column SO2 (DU) in China averaged for 2009. The left two 

columns are from prior and posterior simulations using different models and 

mechanisms and the right two columns are the differences between prior and posterior 

results. The ratios of differences are shown in the grids where the differences are larger 

than 0.1 DU. 

 



 

Figure S6. Annual surface SO2 (ppb) in China averaged for 2009. The left two columns 

are from prior and posterior simulations using different models and mechanisms, and 

the right two columns are the differences between prior and posterior results. The ratios 

of differences are shown in the grids where the differences are larger than 1 ppb.  

 

 



 

Figure S7. Scatter plot of simulated monthly mean surface SO2 using prior (black) and 

posterior (red) emissions versus surface observations for January, April, July and 

October 2009. The slope (s) and intercept (d) of each trend line are also shown. 

 

  



 

Figure S8. Annual AOD in China averaged for 2009. The left and right columns are 

from prior and posterior simulations using different models and mechanisms, 

respectively. 

 

 

  



 

Figure S9. Simulated monthly surface sulfate ( g m-3) in China averaged for 2009 

using different models and mechanisms. The left and right are from prior and posterior 

simulations, respectively.  

  



 

Figure S10. Simulated monthly surface PM2.5 ( g m-3) in China averaged for 2009 

using different models and mechanisms. The left and right are from prior and posterior 

simulations, respectively.  
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