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3 Description of GRAPES-CUACE-4D-Var 

3.2 Observations 

 

 

 

Figure S1. Simulation domain over North China. The bule stars denote locations of 5 BC surface 

monitoring sites from CAWNET. The details of the 5 sites in CAWNET are shown in Table S1. The dots 

denote locations of 48 PM2.5 surface monitoring sites from MEE with the city names labelled around. 

The red dots represent the 36 cities that are put into the assimilation system, and the green dots represent 

the 12 cities that are not put into the assimilation system and are used for validation of the effect of 

emission inversion. 

 

Table S1. Information of the 5 sites in CAWNET. 

Station Longitude Latitude 

Beijing 116.47°E 39.8°N 

Zhurihe 112.9 42.4 

Yushe 112.98 37.07 

Huimin 117.53 37.05 

Zhengzhou 112.9 42.4 

 

  



To improve the performance of emission inversion, adequate observations are needed for constraining 

the model. Due to the limited BC monitoring sites in North China, we used the surface PM2.5 

concentrations at 48 cities described above and the BC/PM2.5 ratio to obtain the hourly BC concentrations 

for July 1-31, 2016 at 48 cities in North China.  

First of all, under the premise that the observations at the BC sites can represent a regional condition, we 

divided the region where the 5 BC sites are located into 5 areas (Beijing Area, Zhurihe Area, Yushe Area, 

Huimin Area, and Zhengzhou Area, Table S1), and considered each BC site to be the center of the area 

(Fig. S2). Then for 48 PM2.5 sites, we calculated the distance between each PM2.5 site and the 5 BC sites, 

and divided the PM2.5 site into the area where the nearest BC site is located (Fig. S2). In each area, we 

used the observations at the BC site and its nearest PM2.5 site to calculate the BC/PM2.5 ratio, and we 

assumed that all PM2.5 sites in the same area share the same BC/PM2.5 ratio. Finally, we used the BC/PM2.5 

ratios and PM2.5 concentrations to calculate BC concentrations at the 48 sites where PM2.5 sites are 

located.  

The BC/PM2.5 ratio calculated in this study was compared with other documents. The BC/PM2.5 ratios in 

Zhurihe Area and Huimin Area are about 2%, which are consistent with Xu et al. (2020) and Yang (2008). 

The BC/PM2.5 ratios in Beijing Area, Yushe Area and Zhengzhou Area are relatively higher, with the 

values about 6-7%, which are consistent with He et al. (2001), Yang et al. (2011), Chen et al. (2016), Liu 

et al. (2018) and Xu et al. (2020).  

In addition, we compared the monthly BC concentrations in July 2016 calculated in this study and from 

the MERRA-2 (Modern-era Retrospective Analysis for Research and Applications, Vision2) reanalysis 

data (Fig.S3). It can be seen that the values of BC concentration calculated in this study (1-5 μg/m3) is a 

little lower than that of MERRA-2 data (1-8 μg/m3), but the spatial distribution of BC concentration 

calculated in this study is highly consistent with the MERRA-2 data. The highest BC concentrations are 

mainly located in Beijing Area. The BC concentrations in Zhengzhou Area and Yushe Area are also 

relatively high. While the BC concentrations in Zhurihe Area and Huimin Area are much lower. Overall, 

the BC concentration calculated by the BC/PM2.5 ratio method in this study is reasonable. 

 

 

Figure S2. The distance between the BC sites and the neighbouring PM2.5 sites. 

 



 

Figure S3. The comparison of monthly BC surface concentration in July 2016 (a) calculated in this study 

and (b) from the MERRA-2 (Modern-era Retrospective Analysis for Research and Applications, Vision2) 

reanalysis data. The monthly MERRA-2 products containing BC surface concentration, with the 

horizontal resolution of 0.5 ° × 0.625°, can be accessed through NASA website 

(https://daac.gsfc.nasa.gov). 

References 

Chen, Y., Schleicher, N., Fricker, M., Cen, K., Liu, X. L., Kaminski, U., Yu, Y., Wu, X. F., and Norra, S.: 

Long-term variation of black carbon and PM2.5 in Beijing, China with respect to meteorological 

conditions and governmental measures. Environ. Pollut.,  212, 269–278, doi: 

https://doi.org/10.1016/j.envpol.2016.01.008, 2016. 

Liu, Z.R., Gao, W.K., Yu, Y.C., Hu, B., Xin, J.Y., Sun, Y., Wang, L.L., Wang, G.H., Bi, X.H., Zhang, 

G.H., Xu, H.H., Cong, Z.Y., He, J., Xu, J.S., and Wang, Y.S.: Characteristics of PM2.5 mass 

concentrations and chemical species in urban and background areas of China: emerging results from 

the CARE-China network. Atmos. Chem. and Phys., 18, 8849-8871, doi:10.5194 / acp-18-8849-

2018, 2018. 

He, K., Yang, F., Ma, Y., Zhang, Q., Yao, X., Chan, C. K., Cadle, S. H., Chan, T. and Mulawa, P. A.:  

The characteristics of PM2.5 in Beijing, China. Atmos. Environ., 35, 4959-4970, doi: 10.1016 / 

S1352-2310（01）00301-6, 2001. 

Xu, X., Yang, X., Zhu, B., Tang, Z., Wu, H. and Xie, L.: Characteristics of MERRA-2 black carbon 

variation in east China during 2000–2016. Atmos. Environ., 222, p.117140, doi: 10.1016 / 

j.atmosenv.2019.117140, 2020. 

Yang, F., Tan, J.H., Zhao, Q.Q., Du, Z., He, H., Ma, Y., Duan, F. and Chen, G.: Characteristics of PM2.5 

speciation in representative megacities and across China. Atmospheric Chemistry and Physics 

Discussions. 11. 1025-1051. 10.5194/acpd-11-1025-2011. doi:10.5194 / acpd-11-1025-2011 

Yang, F., Tan, J., Zhao, Q., Du, Z., He, K., Ma, Y., Duan, F. and Chen, G.J.A.C.: Characteristics of PM2.5 

speciation in representative megacities and across China. Atmos. Chem. and Phys., 11, 5207–5219, 

doi:10.5194/acp-11-5207-2011, 2011. 

Yang, L.: Characterization and source apportionment of PM2.5 and its impact on visibility in Jinan, PhD 

thesis, Shandong University, Jinan, 2008 (in Chinese). 

https://doi.org/10.1016/j.envpol.2016.01.008
https://www.researchgate.net/deref/http:/dx.doi.org/10.5194/acp-18-8849-2018
https://www.researchgate.net/deref/http:/dx.doi.org/10.5194/acp-18-8849-2018

