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Text S1. DOAS method for retrieving DSCDs of trace gases 

Differential optical absorption spectroscopy (DOAS) is an optical remote sensing 

technique that can identify trace gas concentrations by separating narrow-band (differential 

absorptions) and broad-band structures. The basic DOAS equation can be expressed as follows: 
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Where  I    and  oI    represent incident intensity and original intensity (solar 

intensity in this study) at wavelength   respectively; *
j   and j   represent narrow-band 

and broad-band absorption cross sections of trace gas j   respectively; jc   represents the 

averaged concentration of j  ; R   and M   (broad-band structures) represent the Rayleigh 

and Mie scatter coefficients respectively; and l  represents the light path. We can define *I  

as the intensity without differential absorption. Therefore, formula (1) can be transformed as 

follows: 
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Where SCD j jc dl     represents slant column density (SCD), and  
 

*

ln
I

D
I


 


 

represents the differential optical density. The corresponding SCDs can be retrieved by fitting 

D  using the least-squares method. The sequential zenith spectrum is generally used as the 

reference spectrum for DOAS fitting to eliminate Fraunhofer absorption, thus obtaining the 

differential SCD (DSCD): 

     90DSCD SCD SCD         (3) 

Where   denotes the off-zenith elevation angles. 

  



Table S1. The detailed parameters of DOAS fitting for O4, NO2, and HCHO. 

Parameter Data source Trace gases 
  NO2 HCHO O3 O4 
Fitting Interval (nm)  338–370 336.5–359 320–340 338–370 

Polynomial order 5 √ √ √ √ 
Offset Constant √ √ √ √ 

O3 223 K, 293 K (Bogumil et 
al.,2003) 

√ √ √ √ 

NO2 298 K (Vandaele et al., 1996) √ √ √ √ 
O4 293 K (Thalman and Volkmer, 

2013) 
√ √ √ √ 

HCHO 297 K (Meller and Moortgat, 
2000) 

√ √ √ √ 

BrO 223 K (Fleischmann et al., 2004) √ √ √ √ 
Ring Calculated using Ring.exe √ √ √ √ 

 

  



Table S2. The detailed regime transitions and contributions of VOC-limited, NOx-limited, 

and VOC-NOx-limited regimes at lowest 1 km. 

Height 
(km) 

R Polynomial Peak 
Regime 

transition 

VOC-
limited 

(%) 

NOx-
limited 

(%) 

VOC-NOx-
limited 

(%) 

0–0.1 0.69 y=59.8+43.9x+4.8x2-4.1x3 2.33 2.21–2.46 87.47 7.59 4.94 

0.1–0.2 0.67 y=30.1+103.4x-23.4x2+1.5x3 3.22 3.01–3.44 80.82 11.34 7.84 

0.2–0.3 0.66 y=63.2+105x-16.9x2+0.5x3 3.78 3.49–4.06 66.15 26.09 7.76 

0.3–0.4 0.62 y=75+77.7x-12.3x2+0.6x3 4.33 3.90–4.79 59.08 31.29 9.63 

0.4–0.5 0.58 y=77.8+52.3x-7.6x2+0.3x3 4.70 4.27–5.15 55.33 33.76 10.91 

0.5–0.6 0.53 y=117.7+1.8x+0.4x2-0.1x3 4.96 4.43–5.47 57.03 30.69 12.28 

0.6–0.7 0.56 y=88.3+12.6x+0.2x2-0.2x3 5.54 5.08–5.97 72.89 18.50 8.61 

0.7–0.8 0.50 y=70.5-22x+11.9x2-1.1x3 5.77 5.38–6.14 85.93 8.95 5.12 

0.8–0.9 0.49 y=40.2+0.8x+7.6x2-1.1x3 4.72 4.41–5.01 88.49 8.53 2.98 

0.9–1.0 0.51 y=57.3-31.6x+24.9x2-3.8x3 3.66 3.42–3.89 88.66 8.10 3.24 

 

  



 

Fig. S1. An example of typical spectral fitting. 



 

Fig. S2. The typical averaging kernels of aerosol (a), NO2 (b), HCHO (c), and O3 (d) retrievals. 

  



 

Fig. S3. Linear regression analyses between measured and simulated DSCDs of NO2 (a), 

HCHO (b), and O3 (c). 

  



 

Fig. S4. Regime transitions of 0–0.1 km (a), 0.1–0.2 km (b), and 0.2–0.3 km (c). 

  



 

Fig. S5. Regime transitions of mid-layer (0.4–0.5 km, left panel) and top-layer (0.9–1.0 km, 

right panel). 
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