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Supplemental Material 

In Fig. S1, to quantify the influence of Stokes number (𝑆𝑡) and impaction (𝐸𝐼𝑀) formulations on dry deposition 

velocities, a comparison of the combination of 𝑆𝑡 and 𝐸𝐼𝑀 have been tested on the deciduous forest surface category. 

Observed parameters and 𝑉𝑑 are from Matsuda et al. (2010). In order to pair with measured study, modeled 𝑉𝑑 of all 

combinations are calculated using single diameter as the same as the measurement study (𝑑𝑝 = 2.5 𝜇𝑚). Detailed 10 

formulations are presented in Table S1. From these comparisons, the variation in deposition velocity due to the formulation 

of the impaction factor exceeds that of the Stokes number formulation.  

The daily variations of assumed 𝑤⋆ for three measurement studies discussed in section (2.2.2) were unavailable and 

thus we approximated them using data from the WRF meteorological model above corresponding land-use types. The 

approximate 𝑤⋆ for grass and forest surfaces are presented in Fig. S2. Deciduous and coniferous forests are considered to 15 

have the same 𝑤⋆ from the forest. All 𝑤⋆ acquired from WRF outputs are UTC-based and were converted to the local time at 

the locations where measurement studies were conducted.  

The sensitivity of bin size in the sectional model on three land-use surface categories is presented in Fig. S3. We 

used the PR11 scheme to test the influence of bin size on numerical diffusion by comparing different particle numbers from 

10 to 10000. Particle volumes were converted from particle numbers using Eq. (26) based on given particle numbers. When 20 

we configure the box model with 10 size bins, the numerical artifact is large in the sectional model, particularly over the 

deciduous forest case where the 10 size bin case overestimates the more detailed models by a factor of 3. When we assume 

large numbers of bins (at least 100) in the sectional model, the predictions converge.  

Daily variations of dry deposition velocities calculated for single-diameter particle populations over three land-use 

surface categories have been presented in Fig. S4. For the grass and deciduous forest cases, we see that the PR11 and 25 

VGLAI schemes are better able to capture the diurnal variation in deposition velocity observed, while the Z01 scheme 

predicts relatively uniform trend throughout the day. For the coniferous forest case, the observations do not suggest an 

afternoon peak as in the other cases, and all of the schemes appear able to roughly capture the deposition magnitude. The 

PR11 scheme underpredicts this coniferous forest case by about a factor of 3-8 depending on the time of day, and the 

VGLAI case performs much better, although slightly overpredicting, by less than a factor of 2.  30 
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Table S1. Stokes number (𝑺𝒕) and impaction (𝑬𝑰𝑴) formulations of different studies. 

Source Slinn 

(1982) 

Binkowski and Shankar 

(1995) 

Giorgi 

(1988) 

Peters and Eiden 

(1992) 

Stokes 

Number 

Formula 

𝑆𝑡 =
𝜏𝑢⋆

𝐴2
 𝑆𝑡 =

𝑢⋆
2𝑉𝑔

𝑔𝑣
 𝑆𝑡 =

𝜏𝑢⋆
2

𝑑𝑐
 𝑆𝑡 =

𝜌𝐷𝑃
2

9𝜇𝑑𝑐
 

Source Slinn 

(1982) 

Wiman and Argen 

(1985) 

Giorgi 

(1988) 

Peters and Eiden 

(1992) 

Pleim and Ran 

(2011) 

Impaction 

Factor 

Formula 

𝐸𝐼𝑀 =
𝑆𝑡2

1 + 𝑆𝑡2
 𝐸𝐼𝑀 =

𝑆𝑡

3 + 𝑆𝑡
 𝐸𝐼𝑀 = (

𝑆𝑡

0.6 + 𝑆𝑡
)

3.2

 𝐸𝐼𝑀 = (
𝑆𝑡

0.8 + 𝑆𝑡
)

2

 𝐸𝐼𝑀 =
𝑆𝑡2

400 + 𝑆𝑡2
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Fig. S1. Diurnal variations of median Vd on the deciduous forest for different combinations of 𝑺𝒕 and 𝑬𝑰𝑴. 
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Fig. S2. Diurnal variations of assumed 𝒘⋆ on forest and grass surface. 
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Fig. S3. Sensitivity test of bin size in the sectional model, A) Vong et al. (2004) on grass for particle number, B) Lamaud et al. 

(1994) on the coniferous forest for particle number, C) Matsuda et al. (2010) on the deciduous forest for particle volume. 
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Fig. S4. Diurnal variations of dry deposition velocities calculated using single diameter on three different land-use surface 

categories, A) instantaneous hourly Vd on grass, B) instantaneous hourly Vd on coniferous forest, C) median Vd on deciduous 

forest. 
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