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Tables 

Table S1. Model performance statistics for meteorological parameters in the YRD 

region at the horizontal resolution of 9 km for January, April, July and October 

2016. 

Variable Statistics January April July October Benchmark 

Wind speed 

Mean OBS (m/s) 2.59  2.51  2.39  2.56    
Mean MOD (m/s) 2.76  2.65  2.51  2.71   

Bias (m/s) 0.17  0.14  0.12  0.15   
RMSE 0.47  0.42  0.49  0.42  ≤2.0a 
IOA 0.87  0.86  0.81  0.85  ≥0.6a 

Wind direction 

Mean OBS (°) 173.94  148.47  152.54  143.31   
Mean MOD (°) 158.56  146.30  152.63  121.96   

Bias (°) -15.38  -2.18  0.09  -21.35   
RMSE (°) 36.82  25.96  23.72  39.86  ≤44.7b 

IOA 0.81  0.85  0.85  0.78   

Temperature 

Mean OBS (℃) 3.31  16.11  26.99  17.90   
Mean MOD (℃) 3.95  16.62  27.31  19.02   

Bias (℃) 0.65  0.51  0.33  1.12   
RMSE (℃) 1.01  1.56  2.57  1.41   

IOA 0.96  0.89  0.80  0.88  ≥0.8a 

Relative 
humidity 

Mean OBS (%) 72.96  73.69  76.15  81.03   
Mean MOD (%) 70.19  79.92  82.63  86.35   

Bias (%) -2.78  6.24  6.48  5.32   
RMSE 8.54  10.84  10.69  6.94   
IOA 0.84  0.76  0.72  0.77  ≥0.6a 

Note: a from Emery et al. (2001); b from Jiménez et al. (2006). OBS and SIM 
indicate the results from observation and simulation, respectively. The Bias, IOA and 
RMSE were calculated using following equations (P and O indicates the results from 
modeling prediction and observation, respectively):  
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Table S2. The summary of SNA observations collected and applied for AQM 

evaluation for the YRD region. 

Site Location Sampling period Instrument/method Temporal 
resolution Reference 

JSPAES 118.74°E, 
32.05°N 

January, April, July 
and October 2016 MARGA Hourly Unpublished 

SORPES 118.95°E, 
32.12°N 

January, April, July 
and October 2016 MARGA Daily Ding et al., 

2019 

NUIST 118.70°E, 
32.20°N 

Mar 2016- Mar 
2017 MARGA Seasonal Zhang, 2017 

HZS 120.10°N, 
30.20°N 

Sep 2015-July 
2016 Ion chromatography Seasonal Li, 2018 

CZS 119.60°N, 
31.72°N 

July 2016-Aug 
2016; Jan-Feb 2017 Ion chromatography Seasonal Liu et al., 

2018 

SZS 120.63°N, 
31.30°N 

Apr 2015; Aug-Sep 
2015 Oct-Dec 2015 Ion chromatography Seasonal Wang et al., 

2016 
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Table S3. The cases of sensitivity analysis of O3 formation to its precursor emissions 

in the YRD region. 

 NOX emissions VOCs emissions 

Case 1 -30% No change 

Case 2 No change -30% 

Case 3 -30% -30% 

Case 4 -30% -60% 

Case 5 -60% -30% 

Case 6 -60% No change 

Case 7 No change -60% 

Case 8 -60% -60% 
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Table S4. The cases of sensitivity analysis of SNA formation to its precursor 

emissions in the YRD region. 

 NOX emissions SO2 emissions NH3 emissions 

Case 9 -30% No change No change 

Case 10 No change -30% No change 

Case 11 No change No change -30% 

Case 12 -30% -30% -30% 
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Figures 
Figure S1. The NO2 TVCDs in July 2016 for the YRD region derived from POMINO 

v1. The map data provided by Resource and Environment Data Cloud Platform are 

freely available for academic use (http://www.resdc.cn/data.aspx?DATAID=201), © 

Institute of Geographic Sciences & Natural Resources Research, Chinese Academy of 

Sciences. 
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Figure S2. Scatter plots of the observed and simulated annual mean surface NO2 

concentrations with the bottom-up and top-down NOX emission estimates. The 

intercept was set to 0 when performing the regression. 
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Figure S3. The observed and simulated daily O3 concentrations for the case of 

reducing 50% of BVOCs emissions for July 2016. 
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Figure S4. The observed and simulated hourly NO2 and O3 concentrations based on 

the bottom-up and top-down estimates of NOX emissions for July 2016 at JSPAES. 
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Figure S5. The observed and simulated hourly NH4
+ concentrations based on the 

bottom-up and top-down estimates of NOX emissions for January, April, July and 

October 2016 at JSPAES. 
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(a) January 
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(c) July 
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(d) October 
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Figure S6. The observed and simulated hourly SO4
2- concentrations based on the 

bottom-up and top-down estimates of NOX emissions for January, April, July and 

October 2016 at JSPAES. 
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(c) July 
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Figure S7. The observed and simulated hourly SO2 concentrations based on the 

bottom-up and top-down estimates of NOX emissions for January 2016 at JSPAES. 
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