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 1 

S1. The reason we choose PM1 of total aerosol populations as the reference 1 

In clouds, part aerosol activates into cloud droplets, and the rest of them remain as interstitial 2 

aerosols. Therefore, the scatterings of total aerosol populations in dry state 𝜎𝑠𝑝,𝑎𝑙𝑙(𝜆) can be expressed: 3 

𝜎𝑠𝑝,𝑎𝑙𝑙(𝜆) = 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟(𝜆) + 𝜎𝑠𝑝,𝑎𝑐𝑡(𝜆)                                                                          (S1) 4 

Where 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟(𝜆)  and 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟(𝜆) represent scatterings of interstitial aerosols and activated aerosols 5 

in dry sate, and 𝜆 is the optical wavelength.  6 

       If using 1 μm as the threshold of activated aerosols, 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟(𝜆) can be expressed as: 7 

𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟(𝜆) = 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟,𝑃𝑀1
(𝜆)                                                                                             (S2) 8 

Where 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟,𝑃𝑀1
(𝜆) represents scatterings of interstitial aerosols that are PM1 in dry state, and 9 

𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟,𝑃𝑀1−2.5
(𝜆) represents scatterings interstitial aerosols that are in the aerodynamic diameter 10 

range of 1-2.5 μm. And the 𝜎𝑠𝑝,𝑎𝑐𝑡(𝜆) can be expressed as: 11 

 𝜎𝑠𝑝,𝑎𝑐𝑡(𝜆) = 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀1
(𝜆) + 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀1−2.5

(𝜆)+𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀>2.5
(𝜆)                                      (S3)  12 

Where 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀1
(𝜆)  represents scatterings of activated aerosols that are PM1 in dry state, 13 

𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀1−2.5
(𝜆) represents scatterings of activated aerosols that are in the aerodynamic diameter 14 

range of 1-2.5 μm and 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀>2.5
(𝜆) represents scatterings of activated aerosols that are in the 15 

aerodynamic diameter range of >2.5 μm. Therefore, 𝜎𝑠𝑝,𝑎𝑙𝑙(𝜆) can be expressed as: 16 

𝜎𝑠𝑝,𝑎𝑙𝑙(𝜆) = 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟,𝑃𝑀1
(𝜆) + 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀1

(𝜆) + 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀1−2.5
(𝜆) + 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀>2.5

(𝜆)       (S4) 17 

If a PM1 impactor were not used after water vapor evaporated for the TSP inlet measurements. Then 18 

the ratio 𝑓𝑠𝑝 = 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟(𝜆)/𝜎𝑠𝑝,𝑎𝑙𝑙(𝜆) lower than 1 could corresponding to two scenarios: (1) part of 19 

submicron aerosols have activated with 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀>1
(𝜆) are negligible; (2) no aerosols are activated 20 

with 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀>1
(𝜆) are not negligible. That means, we could observe 𝑓𝑠𝑝 lower than 1 under both 21 

subsaturated conditions and supersaturated conditions, and this would obscure the 𝐷𝑎  retrievals in 22 

cloud conditions, especially at lower supersaturations, when 𝐷𝑎  is higher and 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟(𝜆) itself is 23 

relatively small. However, if a PM1 impactor is placed downstream of the inlet and upstream of the 24 

two nephelometers (or other optical instruments), the observed 𝑓𝑠𝑝 can be expressed: 25 

𝑓𝑠𝑝 = 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟,𝑃𝑀1
(𝜆) (𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟,𝑃𝑀1

(𝜆) + 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀1
(𝜆))⁄                                                 (S5) 26 

𝑓𝑠𝑝 be lower than 1 could only be caused by activation of submicron aerosols, therefore, facilitate the 27 

accurate retrieval of 𝐷𝑎.  28 
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     If using 2.5 μm as the threshold of activated aerosols, 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟(𝜆) can be expressed as: 29 

 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟(𝜆) = 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟,𝑃𝑀1
(𝜆) + 𝜎𝑠𝑝,𝑖𝑛𝑡𝑒𝑟,𝑃𝑀1−2.5

(𝜆)                                                        (S6) 30 

the 𝜎𝑠𝑝,𝑎𝑐𝑡(𝜆) can be expressed as: 31 

 𝜎𝑠𝑝,𝑎𝑐𝑡(𝜆) = 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀1
(𝜆) + 𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀1−2.5

(𝜆)+𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀>2.5
(𝜆)                                    (S7) 32 

A PM2.5 impactor downstream of TSP inlet after water evaporates would eliminate the influences of 33 

𝜎𝑠𝑝,𝑎𝑐𝑡,𝑃𝑀>2.5
(𝜆). However, as demonstrated in Kuang et al. (2018), the 𝜎𝑠𝑝,𝑎𝑙𝑙(𝜆) are not sensitive to 34 

changes in super-micron aerosols therefore it would be better if only submicron aerosols are included 35 

in observing the scattering fractions of interstitial aerosols and benefits for accurate retrieval of 𝐷𝑎. 36 

Therefore, no matter using 1 or 2.5 μm as the threshold, the PM1 impactor are suggested downstream 37 

of the inlet system after heating.  38 

As mentioned, In the concept design of Sect.4 of the manuscript, the interior PM1 impactor was 39 

placed downstream of the inlet system where RH of sample air was heated down to 70%. RH down to 40 

70% is to make sure selected aerosols using the PM1 impactor are very close to aerosols populations 41 

of PM1 in dry state based on the investigates of impacts of aerosol hygroscopic growth on cut-off size 42 

shift of impactors (Xu et al., 2024).  43 

 44 

 45 

 46 

 47 

 48 

 49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 



 3 

S2. Other Supplementary Figures 57 

 58 

Figure S1. (a) Supersaturation (SS) variations under different 𝐷𝑎 and 𝜅 scenarios; (b) The variations 59 

SS as a function of  𝐷𝑎 for constant 𝜅 values of 0.2,0.3,0.4, and the SS differences of 𝜅=0.2 and 60 

𝜅=0.4 with 𝜅=0.3 in the right axis.  61 
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 77 

Figure S2. Schematic of instrument setup during the AQ-SOFAR campaign, with aerosol size 78 

distributions are measured using Aerodynamic Aerosol Classifier (AAC) and Differential Mobility 79 

Analyzer (DMA) coupled with Condensation Particle Counters (CPC, TSI 3076 and 3075), and Neph 80 

represents nephelometer.  81 
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