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Table S1 Timetable of the vertical profile measurement  

Date Ascending 

start time 

Ascending start 

time 

Descending start 

time 

Descending 

end time 

6/15 14:01 14:25 15:01 15:31 

6/17 7:04 7:34 8:15 8:45 

6/17 18:03:16 18:33:39 19:15:33 19:45:47 

6/17 22:00 22:30:30 23:00:05 23:30:25 

6/18 7:00 7:31 8:15 8:45:25 

6/18 11:00 11:30:38 12:16:20 12:46:40 

6/18 18:00 18:30:30 19:15:02 19:45:20 

6/24 18:00:15 18:30:40 19:15:07 19:45:22 

6/24 22:00:05 22:30 23:15 23:45 

6/25 7:00 7:30:30 8:15 8:45:22 

6/25 11:00 11:30:37 12:15:15 12:46 

6/25 18:00 18:30:22 19:15 19:45:25 

6/27 18:30:15 19:00:45 19:45 20:15:20 

6/27 22:00:50 22:31:15 23:14:40 23:45:30 

6/28 11:00 11:30:30 12:15:09 12:45:22 

6/28 18:00:01 18:30:23 19:15:04 19:45:28 

6/29 11:00:03 11:30:30 12:15:03 12:45:20 

6/29 18:00:05 18:30:25 19:15:05 19:45:20 

6/29 22:06:10 22:36:40 23:21 23:51 

6/30 7:00:05 7:30:25 8:15:05 8:45:30 

6/30 10:59:55 11:30:30 12:15 12:45:16 

6/30 18:00 18:30:20 19:15 19:45:40 

7/1 11:00 11:30:24 12:15 12:45:12 

7/1 18:00 18:30:23 19:50 20:15:00 

7/1 22:00 22:30:28 23:15 23:45:22 

7/2 7:00 7:30:32 8:15:04 8:45:30 

7/2 11:00 11:30:30 12:15:04 12:45:30 

7/2 18:00 18:30:32 19:15 19:45:25 

7/2 22:00 22:30:30 23:15 12:45:30 

7/7 7:04 7:34:40 8:18:11 8:48:50 

7/7 11:02:16 11:32:45 12:17:06 12:47:30 

7/7 18:00 18:30:30 19:15 19:45:20 

7/7 22:00 22:30:40 23:15 23:45:30 

7/8 7:00:29 7:30:48 8:15:05 8:45:32 

7/8 11:00:11 11:30:41 12:15:10 12:45:40 

7/8 18:00:00 18:30:25 19:15:10 19:45:25 

7/8 22:00:00 22:30:23 23:15:05 23:45:25 

7/9 11:00:00 11:30:30 12:15:00 12:45:25 

7/9 18:00:02 18:30:32 19:15 19:45:30 

7/9 22:00:03 22:30:35 22:46:00 23:16:35 

7/10 11:00 11:30:28 12:15 12:45:25 

7/10 18:00 18:30:26 19:15 19:45:30 

7/10 22:00 22:30:26 23:15 23:45:20 

7/11 6:00:00 06:30:25 07:15:02 7:45 

7/11 11:00:00 11:30:26 12:15:05 12:45:30 

7/11 18:00:00 18:30:23 19:15:06 19:42:00 

7/12 22:00:00 22:30 23:15 23:45 

7/13 6:00:02 6:30:30 7:15:02 7:45:30 

7/13 11:00:02 11:30:30 12:15:02 12:45:30 

7/13 22:00:02 22:30:30 23:15:10 23:45:42 

7/14 8:00 8:30:30 9:15 9:45:30 

7/14 11:00 11:30:30 12:15:05 12:45:24 
7/14 22:00 22:30:33 23:15:00 23:45:20 

7/15 6:00 6:30:25 7:15 7:45:46 



7/15 11:03:40 11:34:00 12:15:00 12:45:20 

7/15 22:00:05 22:30:25 23:15:00 23:45:20 

 



Table S2 Brief summarize of vertical measurement about BC and its mixing state 

Measurement 

area 

 

Measurement 

description 

 

BC conc. 

 

BC core Size 

distribution 

 

Coating thickness 

 

Reference 

 

Europe Aircraft measurement 

(0-1000m), 

EUCAARI campaign. 

~6-200 ng/m3, 

decreasing with 

altitude. 

With MMD of 

150-210 nm, 

decreasing with 

altitude. 

- (Ding et al., 

2019) 

Rural Beijing Aircraft measurement 

(0- 3000m). 

~50-3000 ng/m3, 

decreasing with 

altitude. 

With MMD of 

160-230 nm, the 

vertical profile of 

MMD varied from 

cases. 

Higher coating 

thickness in the 

boundary layer 

under pollution 

conditions.  

(Ding et al., 

2019;Zhao et 

al., 2020) 

Arctic Aircraft measurement 

(0.1-5500m), 

NETCARE campaign 

1.4-50 ng/m3, 

generally 

decreasing with 

altitude, but 

existing 

concentration 

peaks at certain 

height 

With MMD of 

130-200 nm, 

decreasing with 

altitude in Spring 

but uniform in 

summer. 

- (Schulz et al., 

2019) 

Europe to 

North 

America 

Aircraft measurement 

2-20km) 

1-40 ng/m3, 

decreasing with 

altitude 

- Significant coating 

thickness increase 

during plume 

affected period 

(Ditas et al., 

2018) 

Global Aircraft measurement, 

HIPPO and Atom 

campaign  

1-10 ng rBC/kg 

air in the upper 

troposphere, 0.5-

2 ng rBC/kg in 

the lower 

stratosphere 

- - (Katich et al., 

2018;Schwarz 

et al., 

2013;Schwarz 

et al., 2017) 

      

 



Table S3 Brief summarize of the instruments in the moveable container  

Instruments Abbreviation Manufactory Measuring 

parameters 

Resolution Data process 

Single particle 

soot photometer  

SP2 

Droplet 

measurement 

technologies 

BC concentration 

MMD 

Dp/Dc 

Single particle Calculating the 

average properties 

of all observed 

particles in a 

certain time 

window (1 min or 

1 h) 

Photoacoustic 

extinctiometer  

PAX Droplet 

measurement 

technologies 

PM2.5 bsca (λ= 870 

nm) 

1 second Averaged 

(Arithmetic mean 

in 1 min) to 1 min  

Aethalometer 

AE33 
Magee Scientific 

Corp. 
babs (λ= 880 nm) 

1 second Averaged 

(Arithmetic mean 

in 1 min) to 1 min 

49i O3 analyzer 

 

Thermo Scientific O3 concentration 

1 second Averaged 

(Arithmetic mean 

in 1 min) to 1 min 

42i NO-NO2-NOx 

analyze 

 

Thermo Scientific 
NO and NO2 

concentration 

1 second Averaged 

(Arithmetic mean 

in 1 min) to 1 min 

48i CO analyzer 

 

Thermo Scientific CO concentration 

1 second Averaged 

(Arithmetic mean 

in 1 min) to 1 min 



 

Figure. S1 Diurnal variation of BLH during the observation. 

 

Figure. S2 Size distribution of BC core during the entire observation. 

 



 

Figure. S3 Meteorology conditions (0-320 m) during the observation period. 

 

  

Figure S4 Vertical profiles during 17th June. RCT denotes Dp/Dc and RCT180 denotes the 

Dp/Dc for BC with Dc = 180±10 nm. 



 

Figure S5 Vertical profiles during 18th June 

 

Figure S6 Vertical profiles during 24th June 



 

Figure S7 Vertical profiles during 25th June 

 

Figure S8 Vertical profiles during 27th June 



 

Figure S9 Vertical profiles during 28th June 

 

Figure S10 Vertical profiles during 29th June 



 

Figure S11 Vertical profiles during 30th June 

 

Figure S12 Vertical profiles during 1st July 



 

Figure S13 Vertical profiles during 2nd July 

 

 Figure S14 Vertical profiles during 3rd July 



 

Figure S15 Vertical profiles during 8th July 

 

Figure S16 Vertical profiles during 9th July 



 

Figure S17 Vertical profiles during 10th July 

Figure S18 Vertical profiles during 11th July 



 

Figure S19 Vertical profiles during 12th July 

 

Figure S20 Vertical profiles during 13th July 



 

Figure S21 Vertical profiles during 14th July 

 

Figure S22 Vertical profiles during 15th July 



 

Figure S23 The size-resolved Dp/Dc at 23:00 27th June. (a) the surface level, (b) the 240 m 

level. 

 

 

 

Figure S24 Another case of vertical mixing leading to the increase of O3 and Dp/Dc in the 

morning. 



 

Figure S25 (a)The relationship between BC concentration and babs. (b)The relationship 

between SSA and Dp/Dc. 

 

Figure S26 The variation of Eabs and SSA with Dp/Dc for BC-containing particles with 

Dc=170 nm through Mie-theory. 



 

Figure S27 The same as Fig. 4 but with error bars. 
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