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1. MAX-DOAS instruments 7 

There are four instruments installed in various areas of Shanghai. The instrument located in the 8 

campus of Fudan University is in the urban center of Shanghai (31.34°N, 121.52°E). The telescope’s 9 

azimuth angle is 0°, and the scattered sunlight is measured at ten elevation angles of 2°, 3°, 5°, 7°, 10°, 10 

15°, 20°, 30°, 45° and 90° within 15 minutes. The Nanhui site is in the suburban area (31.06°N, 121.80°E) 11 

and about 10 km southeast to the center of Shanghai. The azimuth angle is set to 2° and it takes about 15 12 

minutes for a full cycle with elevation angles of 2°, 3°, 5°, 7°, 9°, 12°, 15°, 20°, 30°, 45° and 90°. The 13 

Dianshan Lake site is located near the Dianshan Lake Scenic Area (31.10°N, 120.98°E), which is at the 14 

junction of Suzhou and Shanhai. The Chongming site is on the Chongming Island (31.50°N, 121.82°E) 15 

of Shanghai, which is China’s third largest island and located in Yangtze River estuary. The instruments 16 

in these two suburban sites (Dianshan Lake and Chongming) are operated in the same way as that in the 17 

Nanhui site, except with a fixed azimuth angle at 5° (Zhang et al., 2021; Zhang et al., 2022a; Zhang et 18 

al., 2022b; Zhu et al., 2022). 19 

The instrument operated in Xianghe is designed by BIRA-IASB and run by both BIRA-IASB and 20 

CAS-IAP. It is located in the suburban area (39.75°N, 116.96°E) of Xianghe county to the southwest of 21 

Beijing. The telescope’s azimuth direction is fixed to the north, and a full scan requiring about 15 minutes 22 

comprises nine elevation angles: 2°, 4°, 6°, 8°, 10°, 12°, 15°, 30° and 90°(Clémer et al., 2010; Hendrick 23 

et al., 2014). 24 

The instrument in Xuzhou is set on the roof of the School of Environmental Science and Spatial 25 

Informatics, China University of Mining and Technology (34.22°N, 117.14°E). It is located 6.5 km away 26 

from the urban center of Xuzhou, and about 1 km south to the Yunlong Lake Scenic Area, which is a 5A 27 

natural scenic area. It measures scattered sunlight every 5 minutes for five zenith angles: 5°, 10°, 20°, 28 

30° and 90°. This instrument is normally operated from 9:00 to 17:00 local solar time (LST) each day 29 

(Liu et al., 2020). 30 

The instrument in Hefei site was deployed in March 2008 and is run by Anhui Institute of Optics 31 

and Fine Mechanics (AIOFM), Chinese Academy of Science (CAS). It is located outdoors in the campus 32 

of AIOFM and about 10 km northwest to the center of Hefei city (31.91°N, 117.16°E). It takes 30 minutes 33 

for a cycle to measure introduced scattered sunlight with sequential elevation angles of 3°, 5°, 10°, 20°, 34 

30° and 90° (Kanaya et al., 2014). 35 
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The Fukue and Cape Hedo sites are both remote sites located far away from the major cities 36 

(32.75°N, 128.68°E and 26.87°N, 128.25°E, respectively). They are suitable for monitoring tropospheric 37 

NO2 in the background regions and outflow from Korea and China. Similar to the instrument at Hefei, 38 

the scattered sunlight is measured by rotating a prism at six elevation angles 3°, 5°, 10°, 20°, 30° and 90°, 39 

with 5 minutes for each angle and 30 minutes for a total (Kanaya et al., 2014; Choi et al., 2021). 40 
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2. Supplemental figures 41 

 42 

Figure S1. Spatial distribution of GEOS-Chem derived stratospheric NO2 ratio at each hour to the reference 43 

hour (00:00 UTC) on a 0.05°  0.05° grid in June 2021. 44 

 45 
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 46 
Figure S2. Spatial distribution of MAX-DOAS sites used in this study. Overlaid in the background is the spatial 47 

distribution of POMINO-GEMS tropospheric NO2 VCDs in JJA 2021 on a 0.05°  0.05° grid. 48 

 49 



6 

 

 50 

Figure S3. (a) Mean surface-to-total ratio of GEOS-Chem simulated NO2 in the GEMS FOV on a 0.05°  0.05° 51 

grid, and (b) mean MEE surface NO2 concentrations at filtered MEE stations in JJA 2021. 52 

 53 
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 54 

Figure S4. Number of valid days for each hour at eight sites in JJA 2021.  55 

 56 
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 57 

Figure S5. Evaluation of POMINO-GEMS derived surface NO2 concentrations. Mean surface NO2 58 

concentrations (a) derived from POMINO-GEMS VCDs and (b) taken from MEE measurements at 855 59 

stations in JJA 2021. Panels (c) and (d) are the absolute and relative differences of POMINO-GEMS relative 60 

to MEE. The sub-figures show a zoomed-in map around the Yangtze River Delta (YRD) region (118-122°E, 61 

30-34°N). 62 
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