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Supplemental material

S1 Conversion of mobility diameter measured at Labrador Sea and Lancaster Sound to aerodynamic diameter
The SMPS measured mobility diameter rather than aerodynamic diameter, while both the APS and the MOUDI measured
aerodynamic diameter. To allow comparison between the SMPS data, the APS data and the INP data, the mobility diameter,
5

Dm, measured by the SMPS was converted to aerodynamic diameter, Dae, using the following equation (Khlystov et al.,
2004):
𝐷!" =

!!,!"
!!!

𝐷! ,

(S1)

where χ is the dynamic shape factor that accounts for the non-spherical particle shape; 𝜌! is the unit density of 1 g cm-3; and
𝜌!,!" is the particle density at the sampling RH. In all cases, we assumed a dynamic shape factor of 1. The particle density at
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the sampling RH, 𝜌!,!" , was calculated using the following equation:
𝜌!,!" = 𝜌! + (𝜌!,!"# − 𝜌! )

!
!" !

,

(S2)

where 𝜌! is the density of water; 𝜌!,!"# is the density of the dry particles; gf is the hygroscopic growth factor. The
hygroscopic growth factor was based on the numerical model developed by Ming and Russell (2001) assuming the sampled
aerosol consisted of sea spray aerosol with a 30 % organic mass content, following the assumption made in DeMott et al.
15

(2016). This assumption results in growth factors of 1.2 at 70 % RH, and 2.4 at 95 % RH, which are consistent with
measurements made in the Arctic summer marine boundary layer by Zhou et al. (2001) (1.23 ± 0.09 at 70 % RH, 2.05 ± 0.11
at 90 % RH). For the density of the dry particles, we also assumed a sea spray aerosol with a 30 % organic mass content,
resulting in a dry density of 1.87 g cm-3. To determine the sensitivity of the size distribution to the assumed composition of
the aerosol, calculations were also carried out assuming a sea spray aerosol with a 10 % organic mass content and a 50 %

20

organic mass content. The difference in the resulted size distributions assuming 10 %, 30 %, and 50 % organic mass content
is small (see Fig. S7); hence, data shown in the main text only correspond to an assumed composition of a sea spray aerosol
with a 30 % organic mass content.

S2 Conversion of mobility diameter to aerodynamic diameter and correction for hygroscopic growth at Amphitrite
Point
25

At Amphitrite Point, dryers were used prior to sampling with the SMPS. As a result, SMPS data needs to be corrected for
hygroscopic growth, and the mobility diameter needs to be converted to aerodynamic diameter. The equation to correct for
hygroscopic growth is the following:
𝐷!,!" = 𝑔𝑓×𝐷!,!"# ,

(S3)
1

where, 𝐷!,!" is the mobility diameter at the sampling RH; 𝐷!,!"# is the mobility diameter under dry condition. The
relationship between mobility diameter and aerodynamic diameter is given in Eq. (S1). Combining Eq. (S1) and Eq. (S3)
results in the following:
𝐷!",!" = 𝑔𝑓
5

!!,!"
!!!

𝐷!,!"# = 𝑥𝐷!,!"# ,

(S4)

where 𝐷!",!" is the aerodynamic diameter at the sampling RH, and 𝑥 = 𝑔𝑓

!!,!"
!!!

.

Equation (S4) illustrates that the relationship between the dry mobility diameter and the wet aerodynamic diameter is a
simple factor 𝑥. To determine 𝑥, we varied this factor until the optimum fit was obtained between the SMPS and the APS
data where overlap occurred (0.7 to 0.93 µm). This type of approach has been used successfully in the past to merge the
SMPS and APS data (Beddows et al., 2010; Khlystov et al., 2004). Note, we did not use this approach in Sect. S1 since there
10

was no overlapping size range between the SMPS and APS data measured at Labrador Sea and Lancaster Sound to allow an
optimization of the fit.

S3 Conversion of ns values based on dry, geometric diameters to ns values based on wet, aerodynamic diameters
The ns values of sea spray aerosol reported in DeMott et al. (2016) and the ns values of mineral dust reported in Niemand et
al. (2012) are based on dry, geometric diameters. In the following, we investigated how much ns values based on dry,
15

geometric diameters (𝑛!_!"#,!"# ) overestimate ns values based on wet, aerodynamic diameters (𝑛!_!",!" ).
Assuming the particles are all spherical, the mobility diameter of a particle is the same as its geometric diameter. Thus, Eq.
(S4) can be written as the following:
𝐷!",!" = 𝑔𝑓

!!,!"
!!!

𝐷!"#,!"# = 𝑥𝐷!"#,!"# ,

(S5)

where 𝐷!"#,!"# is the dry, geometric diameter, and 𝑥 = 𝑔𝑓
20

!!,!"
!!!

.

The ns values based on wet, aerodynamic diameters can be calculated using the following equation:
𝑛!_!",!" =

[!"#$]
!!"!,!",!"

=

[!"#$]
!
!!!",!"
!!"!

=

[!"#$]
!
!! ! !!"#,!"#
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!!_!"#,!"#
!!

,

(S6)

where [𝐼𝑁𝑃𝑠] is the concentration of INPs; 𝑆!"!,!",!" is the total surface area based on wet, aerodynamic diameters; 𝑁!"! is
the total number of aerosol particles, 𝑆!"!,!"#,!"# is the total surface area based on dry, geometric diameters.
According to Eq. (S6), ns values based on dry, geometric diameters overestimate ns values based on wet, aerodynamic by a
25

factor of 𝑥 ! .
For sea spray aerosol, we assumed a 30 % organic mass content, which resulted in 𝑔𝑓 of 2.4, and 𝜌!,!" of 1.1 g cm-3 at the
highest sampling RH (95 %) in this study. For these conditions, 𝑥 ! is approximately 6.

2

For mineral dust, we assumed mineral dust is non-hygroscopic (therefore 𝑔𝑓 is 1) with a density of 2 g cm-3 (Khlystov et al.,
2004). For these conditions, 𝑥 ! is 2.

3
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Table S1. The correction factors 𝒇𝒏𝒖,𝟏  𝒎𝒎 and 𝒇𝒏𝒖,𝟎.𝟐𝟓!𝟎.𝟏  𝒎𝒎 for MOUDI stages 2-8 when using substrate holders. For 𝒇𝒏𝒖,𝟏  𝒎𝒎 ,
the numbers in the square brackets are the uncertainties, which aas the standard deviations.

MOUDI
Stages

µ =  

5

𝑵𝒖 𝑻
𝑵𝟎

𝑓!",!  !!

𝑓!",!.!"!!.!  !!

2

0.74, [+0.18, −0.12]

0.1225exp(−11.29µ)+1.065exp(−0.06412µ)

3

0.72, [+0.08, −0.08]

0.04718exp(−14.15µ)+1.023exp(−0.02347µ)

4

1.18, [+0.09, −0.14]

0.04252exp(−13.06µ)+1.024exp(−0.02386µ)

5

0.97, [+0.03, −0.10]

0.03023exp(−14.97µ)+1.015exp(−0.01515µ)

6

0.75, [+0.19, −0.02]

0.5799exp(−10.57µ)+1.148exp(−0.1408µ)

7

0.84, [+0.07, −0.11]

0.1151exp(−10.66µ)+1.072exp(−0.07029µ)

8

1.01, [+0.03, −0.12]

1.03exp(−12.79µ)+1.268exp(−0.2422µ)

, where 𝑵𝒖 𝑻 is the number of unfrozen droplets at temperature T, and 𝑵𝟎 is the total number of droplets in one freezing

experiment.
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Figure S1. The 3-day HYSPLIT back trajectories initiating at 50 m above ground level for Amphitrite Point (red dot), Labrador
Sea (green dot) and Lancaster Sound (yellow dot). The back trajectories were calculated for every hour during the MOUDI
sampling period. The starting points are labeled as coloured dots, and the altitude is shown using a colour scale.

6

Figure S2. The 3-day HYSPLIT back trajectories initiating at 150 m above ground level for Amphitrite Point (red dot), Labrador
Sea (green dot) and Lancaster Sound (yellow dot). The back trajectories were calculated for every hour during the MOUDI
sampling period. The starting points are labeled as coloured dots, and the altitude is shown using a colour scale.
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Figure S3. Comparison of the average aerosol particle number and surface area size distributions measured during MOUDI
sampling periods in this study (a, b) with the average aerosol particle number and surface area size distributions measured at a
mid-latitude North-Atlantic marine boundary layer site (c, d) (O’Dowd et al., 2001). Case 1 from O’Dowd et al. (2001) corresponds
to clean marine air measured under moderate humidity (80 %) and wind speeds (6 m s-1) conditions, Case 2 corresponds to
anthropogenically influenced maritime air measured at wind speeds in the order of 2-4 m s-1, and Case 3 corresponds to
anthropogenically influenced maritime air during a nucleation burst measured at wind speeds of 4 m s-1.
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Figure S4. Concentrations of (a) aerosol number, N, and (b) surface area, S, as a function of aerodynamic diameter, Dae, using the
same bin widths as the MOUDI. Each data point was calculated by averaging the numbers from Fig. 4 that were within the
corresponding size bin. The plotted x-values represent the midpoints of the size bins from the MOUDI. The x-error bars represent
the widths of the size bins, and the y-error bars are propagated uncertainties from the error bars in Fig. 4. In most cases, the yerror bars are smaller than the size of the symbols.

9

Figure S5. ns values of sea spray aerosol as a function of temperature taken from DeMott et al. (2016). Shown is a linear fit to the
data and 95% prediction bands.
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Figure S6. ns values of mineral dust as a function of temperature taken from Niemand et al. (2012). Shown is a linear fit to the data
and 95% prediction bands.

11

Figure S7. The average number size distribution measured at Labrador Sea (a) and Lancaster Sound (b) with the mobility
diameter measured by the SMPS converted to aerodynamic diameter assuming a sea spray aerosol with 10 %, 30 %, and 50 %
organic mass content.
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