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Section S1 Calculation of the H₂SO₄-related photochemical proxy 

Because gaseous H₂SO₄ was not directly measured, a relative H₂SO₄-related photochemical proxy was calculated to 

examine the possible association between sulfur-containing precursor availability and new particle formation (NPF) during 

the autumn observation period. The proxy was based on the approximate balance between the photochemical production of 

H₂SO₄ through OH-initiated oxidation of SO₂ and its condensational loss to the pre-existing aerosol population (Petäjä et al., 

2009; Dada et al., 2020): 

𝑃(𝐻2𝑆𝑂4) = [𝑆𝑂2] 𝐽(𝑂(1𝐷))/𝐶𝑆 (S1) 

where [SO₂] is the molecular number concentration of SO₂, J(O(¹D)) is the O₃ photolysis frequency, and CS is the condensation 

sink. J(O(¹D)) was used as an indicator of daytime photochemical OH production because tropospheric OH concentrations are 

often closely related to solar ultraviolet radiation and O₃ photolysis (Rohrer and Berresheim, 2006). The proxy therefore 

represents the potential photochemical production of H₂SO₄ relative to its condensational loss. 

The SO₂ mixing ratio was converted from ppb to molecular number concentration according to 

[𝑆𝑂2] = 𝜒(𝑆𝑂2) × 10−9 × 𝑃/(𝑘𝐵𝑇) × 10−6 (S2) 

where χ(SO₂) is the SO₂ mixing ratio in ppb, P is atmospheric pressure in Pa, T is air temperature in K, and kᵦ is the Boltzmann 

constant. A representative pressure of 650 hPa was used for the TU site, and the factor 10⁻⁶ converts molecules m-3 to molecules 

cm-3. 

SO₂, temperature, J(O(¹D)), and CS were synchronized and averaged to a common 30 min time resolution. Negative SO₂ values 

were excluded. Negative J(O(¹D)) values attributable to instrumental noise were set to zero, and periods with non-positive or 

missing CS were excluded. Missing spectral measurements were not interpolated. The proxy was therefore calculated only 

when concurrent valid measurements of all required variables were available. 

The spectral measurements used to derive J(O(¹D)) were available only during part of the autumn observation period. 

Consequently, the proxy analysis does not provide continuous coverage of the entire autumn campaign and was not used to 

compare the autumn and spring observation periods. Undefined and Non-Event days were combined as non-NPF days for this 

supplementary comparison. 

No site-specific empirical coefficient relating J(O(¹D)) to OH or relating the proxy to measured H₂SO₄ was available. Therefore, 

P(H₂SO₄) was used only as a relative photochemical proxy and should not be interpreted as an absolute gas-phase H₂SO₄ 

concentration. The proxy also neglects other potential H₂SO₄ sources, such as stabilized Criegee intermediate chemistry, and 

losses associated with molecular clustering. These omitted pathways may be important, particularly in urban environments 

(Dada et al., 2020). 
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Figure S1: PNSDs for all NPF days. Each panel represents one day. The black dots indicate the median particle 

diameter.   



 

Figure S2: PNSDs for all Undefined days. Each panel represents one day. The black dots indicate the median particle 

diameter.  



 

Figure S3: PNSDs for all Non-Event days. Each panel represents one day. The black dots indicate the median particle 

diameter. 



 

 

 

Figure S4: Diurnal variations of (a) SO2, (b) NO2, and (c) O3 during the autumn observation period on NPF days and 

non-NPF days. The upper and lower bars indicate the 75th and 25th percentiles, respectively, and the markers 

represent the average values. 

 

Figure S5: H₂SO₄-related photochemical proxy during periods with available spectral measurements in the autumn 

observation period. (a) Time series of the 30 min proxy values on NPF and non-NPF days. (b) Ratio of the hourly mean 

proxy on NPF days to that on non-NPF days.  

 

 



 

Figure S6: Diurnal variations of (a) SO2, (b) NO2, and (c) O3 during the spring observation period on NPF days and 

non-NPF days. The upper and lower bars indicate the 75th and 25th percentiles, respectively, and the markers 

represent the average values. 

 

 

Figure S7. Sensitivity of estimated CCN concentrations and critical activation diameter to the assumed particle 

hygroscopicity parameter (κ) and supersaturation (S). Panels (a) and (b) show the median estimated CCN 

concentrations, with error bars representing the interquartile range, under different κ and S assumptions during the 

autumn and spring observation periods, respectively. Panel (c) shows the percentage change in median CCN relative 

to the baseline assumptions of κ = 0.12 and S = 1.2 %. Panel (d) shows the corresponding critical activation diameters. 



 

 

Figure S8. Diurnal variation in estimated CCN concentrations on NPF days with relatively high and low N₂₅–₁₀₀. Lines 

and shaded areas represent the medians and interquartile ranges across days, respectively.  
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