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Table S1. Information of observation sites for sulfate, nitrate, and black carbon concentrations 

used for model evaluation. EANET, Acid Deposition Monitoring Network in East Asia. 

Site Species Year Lon (°) Lat (°) References 

Beijing 
Sulfate, 

Nitrate 
2006/2008/2010 116.33-116.37 39.95-39.99 

Zhang et al. (2013), Hu 

et al. (2016), Sun et al. 

(2010), Huang et al. 

(2010) 

Beijing 
Sulfate, 

Nitrate 
2016 116.32 39.95 Liu et al. (2018) 

Beijing BC 2008-2016 116.37 39.97 Xia et al. (2020) 

Zhengzhou 
Sulfate, 

Nitrate 
2010 113.52 34.8 Geng et al. (2013) 

Tianjin 
Sulfate 

Nitrate 
2008 117.17 39.01 Gu et al. (2013) 

Nanjing Sulfate 2015 118.71-118.75 32.01-32.21 

Ge et al. (2017), Wang 

et al. (2016), Zhang et 

al. (2017) 

Hangzhou Sulfate 2016 120.21 30.21 Li et al. (2018) 

Chengdu 
Sulfate, 

Nitrate 
2006 104.04 30.65 Zhang et al. (2012) 

Changde 
Sulfate, 

Nitrate 
2006 111.71 29.17 Zhang et al. (2012) 

Jinsha 
Sulfate, 

Nitrate 
2006 114.2 29.63 Zhang et al. (2012) 

Shanghai BC 2008-2016 121.59 31.18 Wei et al. (2020) 

Fukue 

Island 
BC 2010-2016 128.68 32.75 Kanaya et al. (2019) 

Xiamen 
Sulfate, 

Nitrate 
2008, 2016 118.13 24.47 EANET 

Rishiri 
Sulfate, 

Nitrate 
2008, 2016 141.20 45.12 EANET 

Ochiishi 
Sulfate, 

Nitrate 
2008, 2016 145.50 43.15 EANET 

Tappi 
Sulfate, 

Nitrate 
2008, 2016 140.35 41.25 EANET 

Sado-seki 
Sulfate, 

Nitrate 
2008, 2016 138.40 38.23 EANET 

Happo 
Sulfate, 

Nitrate 
2008, 2016 137.80 36.70 EANET 

Ijira 
Sulfate, 

Nitrate 
2008, 2016 136.68 35.57 EANET 

Oki 
Sulfate, 

Nitrate 
2008, 2016 133.18 36.28 EANET 

Hedo 
Sulfate, 

Nitrate 
2008, 2016 128.25 26.87 EANET 

Tokyo 
Sulfate, 

Nitrate 
2008, 2016 139.75 35.68 EANET 

 



Table S2. Comparison of modeled surface sulfate and nitrate concentrations in PM2.5 (in 

parentheses) with corresponding observations at available sites shown in Table S1 during 2008 

and 2016. Note that even in the same city, the observation site and associated sampling methods 

were likely different during the study period. 

 Sulfate (μg m-3) Nitrate (μg m-3) 

City 2008 2016 2008 2016 

Beijing 15.8 (17.8) 8.70 (6.86) 13.2 (6.42) 10.8 (12.9) 

Nanjing - 5.70 (8.15) - - 

Tianjin 19.1 (31.4) - 12.0 (9.39) - 

Zhengzhou 25.7 (33.8) - 16.7 (10.8) - 

Chengdu 40.5 (21.5) - 15.1 (6.68) - 

Changde 28.8 (20.9) - 8.5 (10.1) - 

Jinsha 26.6 (15.2) - 7.2 (4.80) - 

Hangzhou - 5.60 (5.95) - - 

Xiamen 13.4 (5.40) 10.7 (3.69) 7.80 (2.36) 7.16 (3.34) 

Rishiri 2.94 (2.12) 2.04 (1.64) 0.76 (0.33) 0.63 (0.49) 

Ochiishi 2.73 (1.73) 1.94 (1.33) 0.71 (0.48) 0.66 (0.66) 

Tappi 4.64 (3.43) 3.07 (2.65) 1.25 (0.81) 1.30 (1.11) 

Sado-seki 4.17 (4.59) 2.84 (3.55) 1.09 (0.48) 1.02 (0.71) 

Happo 2.53 (4.70) 1.75 (3.89) 0.25 (1.18) 0.37 (1.52) 

Ijira 4.82 (4.74) 2.88 (4.01) 0.40 (1.53) 0.46 (1.86) 

Oki 4.54 (7.09) 4.65 (5.52) 1.20 (0.48) 1.93 (1.06) 

Hedo 6.03 (6.16) 4.54 (5.15) 1.60 (0.02) 1.60 (0.12) 

Tokyo 5.21 (6.08) 3.22 (5.41) 4.05 (0.61) 3.22 (0.81) 

  



Table S3. China’s historical emissions for 2016 and the future emission scenario SSP1-RCP2.6-

BHE for 2030 and 2050 provided by Tong et al. (2020) 

Unit: Tg 2016 2030 2050   2030/2016 2050/2016 

BC 1.3 0.49 0.28  0.38 0.22 

SO2 13 5.9 2.3  0.44 0.17 

NOx 23 10 6.1  0.46 0.27 

OC 2.3 1.2 0.66  0.50 0.29 

VOC 28 20 13  0.70 0.45 

PM2.5 8.1 3.9 2.0  0.48 0.24 

NH3 10 8.5 6.1  0.85 0.61 

CO 142 92 69   0.65 0.49 

 

 

  



Table S4. Differences of changes in BC and sulfate burdens and their DRF estimates between the 

Exp08-Exp16 and Exp08-Exp16m cases over eastern China. The Exp08-Exp16 represents the 

influences of only the variation in anthropogenic emissions during 2008‒2016 and the Exp08-

Exp16m represents the joint influences of emissions and meteorological conditions.  

 Differences of burdens (mg m‒2) Differences of DRF (W m‒2) 

 Exp08-Exp16 Exp08-Exp16m Exp08-Exp16 Exp08-Exp16m 

BC −0.36 −0.33 ‒0.33 −0.24 

SO4
2− −7.0 −6.5 0.58 0.55 

 

  



 

Fig. S1 Comparison of simulated vertical BC concentration profiles in the year 2008 with 

observations from five HIPPO campaigns during 2009‒2011 over northern Pacific Ocean. The 

monthly mean BC concentrations in our simulation were obtained at the same months with the 

HIPPO observations but in different years. Both observations and simulations were averaged in 

the region of 160ºE–150ºW and 20ºN-60ºN. The grey colors denote the positive standard 

deviations of observations.  



 

Fig. S2 Comparison of monthly cycles of normalized SO2 columns in East China between OMI 

and CAM5 for the year 2008. The normalized SO2 values were obtained from the corresponding 

monthly SO2 column concentrations dividing by their annual mean for both simulations and 

observations. Because OMI measurements were provided once a day around 1:45 p.m. local time 

and CAM5 results were monthly averaged, we used the normalized results for the comparison to 

reduce the bias introduced by the inconsistency of sampling intervals.  

 

0

0.5

1

1.5

2

2.5

1 2 3 4 5 6 7 8 9 10 11 12

N
o

rm
a

li
ze

d
 S

O
2

co
lu

m
n

s

Month

OMI

CAM5



 

Fig. S3 Simulated annual mean surface concentrations (unit: μg m-3) of PM2.5 nitrate (a-b), 

ammonium (c-d), and organic aerosols (e-f) between emission years 2008 (left) and 2016 (right). 

Measurements of nitrate concentrations are shown in colored dots for comparison.  

 



 

Fig. S4 Comparison of modeled AOD at 550 nm with MISR and MODIS observations in the 

years 2008 and 2016. Note that the modeled annual mean AOD for 2016 was derived from the 

simulation using the anthropogenic emissions in 2016 for China and the emissions in 2008 for 

other countries. The areas without the observation records are show in white color.  

 

 

 

 



 

Fig. S5 Absolute differences between modeled annual mean AOD at 550 nm and the 

corresponding observations from MISR (left) and MODIS (right) for 2008.  

 

 

 

 

 

 



 

Fig. S6 Inter-annual variation in AOD at 550 nm retrieved by MISR over eastern China during 

2008‒2016. The mean values (dots) and standard deviations (vertical lines) were calculated 

using the gridded AOD and standard deviation from the Level-3 MISR product with a one-year 

temporal resolution. The black line represents the linear fit of the AODs (T-test: α=0.013<0.05).  



 

Fig. S7. Comparison of modeled vertical profiles of aerosol extinctions (sim08 and sim16) over 

eastern China in the Exp08 and Exp16 cases with the corresponding CALPSO measurements 

(obs08 and obs16). As the dust extinctions were found to be largely underestimated in our model 

compared to the dust subtype of CALIPSO observations (Fig. S8), their contribution was 

subtracted from the simulated and observed profiles.   

 

 

 

 

 

 



 

Fig. S8. Comparison of simulated seasonal mean dust extinction profiles (sim08 and sim16) with 

the corresponding CALIPSO data (obs08 and obs16) between 2008 and 2016. Note that the dust 

extinction observations shown here were derived from the “dust” subtype in the CALIPSO 

retrievals, while some natural and anthropogenic dust aerosols mixed with other components 

(like sea salts and biomass burning compounds) were classified as “polluted dust” and not 

included. Therefore, these dust extinction observations were a lower bound of total dust 

extinction and the gaps between simulations and observations should be even larger than those 

shown in the plots.  

 



 

Fig. S9 Map of DRF from total aerosols (a), BC (b), sulfate (c), nitrate + ammonium (d), and OA 

+ dust (e), and aerosol-induced clouds effects (f) due to the reduction of SO2 emissions in China. 

DRF, direct radiative forcing.  

 



 

Fig. S10 The same with Fig. S9, but due to the reduction of BC emissions.  
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