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Section S1. Discussion of Figure S1 23 

A motivation of this study is the opposite annual pattern of Nd and aerosol parameters 24 

shown in Figure S1a. Notable is that sulfate AOD exceeds that of organic AOD for all months 25 

based on MERRA-2 data, which has been shown before in the region (Braun et al., 2021). The 26 

ACTIVATE airborne data show that while the total concentrations of both aerosol components are 27 

higher in the summer months (similar to related aerosol parameters in Figure S1a), a difference 28 

compared to MERRA-2 speciated AODs is that organic levels exceed those of sulfate (except 29 

January in MBL), regardless of whether the data were in the marine boundary layer (i.e., BBL and 30 

BCB legs) or free troposphere (i.e., ACT and ABL legs) (Figure S1b). Hegg et al. (1997) concluded 31 

for the month of June based on a chemical apportionment study using aerosol column optical depth 32 

data off the mid-Atlantic coast Of the United States that the three most abundant components (in 33 

decreasing order) were water, carbonaceous compounds, and then sulfate. This is an important 34 

result with implications for aerosol characteristics such as hygroscopicity. For instance, higher 35 

organic:sulfate mass ratios in the marine boundary layer correspond to suppressed hygroscopic 36 

growth factors at high relative humidities (≥ 85%)  (Hersey et al., 2009). For comparison, airborne 37 

measurements in winter and summer periods over the eastern North Atlantic showed sulfate 38 

concentrations exceeding those of organics up to the same altitudes (~1.6 km) in this study (Wang 39 

et al., 2022). 40 
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Table S1. Standard deviations and the number of points for parameters measured by the 42 

AMS instrument. Note that numbers of points refer to entire legs for which calculations 43 

were conducted using raw data rather than the raw data points per leg. Non-CAO and 44 

CAO categories include samples collected between January and March. CVI = droplet 45 

residual particle measurements in cloud; BCB = below cloud base, ACT = above cloud top, 46 

BBL = below boundary layer top, ABL = above boundary layer top. Corresponding 47 

average values are provided in Table 1 of the manuscript. 48 

CVI BCB ACT BBL ABL

Organic (μg m
-3

) - 0.63/0.43/1.84/3.93 1.06/0.14/5.08/4.50 2.13/0.69/2.58/3.25 1.01/0.57/3.92/5.86

Sulfate (μg m
-3

) - 0.52/0.50/0.68/0.83 0.45/0.16/1.04/1.30 0.38/0.35/0.53/0.82 0.27/0.42/0.71/2.10

Nitrate (μg m
-3

) - 0.82/0.44/0.07/0.16 0.37/0.07/0.27/0.15 1.05/0.82/0.19/0.18 0.25/0.48/0.25/0.18

Ammonium (μg m
-3

) - 0.52/0.33/0.25/0.37 0.32/0.08/0.50/0.45 0.58/0.50/0.22/0.38 0.21/0.36/0.35/0.67

Chloride (μg m
-3

) - 0.03/0.02/0.02/0.03 0.05/0.01/0.02/0.03 0.06/0.01/0.02/0.02 0.01/0.01/0.01/0.02

OrganicMF 0.15/0.16/0.18/0.20 0.14/0.11/0.21/0.23 0.21/0.15/0.21/0.21 0.16/0.09/0.15/0.16 0.17/0.15/0.18/0.23

SulfateMF 0.12/0.14/0.13/0.12 0.15/0.15/0.21/0.22 0.18/0.16/0.18/0.19 0.15/0.07/0.16/0.18 0.15/0.16/0.17/0.22

NitrateMF 0.05/0.06/0.06/0.05 0.10/0.08/0.01/0.02 0.09/0.07/0.03/0.03 0.08/0.11/0.02/0.02 0.04/0.09/0.03/0.02

AmmoniumMF 0.10/0.09/0.10/0.14 0.06/0.06/0.05/0.07 0.10/0.08/0.08/0.09 0.05/0.04/0.04/0.04 0.08/0.06/0.04/0.05

ChlorideMF 0.08/0.08/0.08/0.14 0.01/0.01/0.01/0.01 0.02/0.01/0.01/0.02 0.01/0.01/0.01/0.01 0.01/0.05/0.00/0.00

f44 0.14/0.21/0.51/0.59 0.12/0.04/0.07/0.11 0.19/0.11/0.09/0.11 0.02/0.04/0.03/0.04 0.09/0.03/0.03/0.08

no. points 180/96/386/228 32/21/70/41 31/22/67/41 24/8/45/27 24/12/97/53

(Non-CAO/CAO/May-Jun/Aug-Sep)

 49 
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 51 

Figure S1. (a) Monthly mean values (January 2013 – December 2017) of CERES-MODIS 52 

cloud droplet number concentration (Nd) for low-level clouds (heights below 700 hPa), 53 

MERRA-2 aerosol index, and MERRA-2 total and speciated (sulfate and organic) aerosol 54 

optical depth. Data used apply to the spatial area over the northwest Atlantic where 55 

ACTIVATE data were collected (boxes 1-3 in Figure 1). (b) Monthly mean values of sulfate 56 

and organic using ACTIVATE airborne data differentiated by marine boundary layer 57 

(BCB/BBL legs) versus free troposphere (ACT/ABL legs).  58 

 59 



5 
 

 60 

Figure S2. Midpoint locations of both below bounday layer top (BBL) legs in cloud-free 61 

ensembles and below cloud base (BCB) legs in cloudy ensembles during ACTIVATE’s 62 

deployments 1-4 in 2020 and 2021. The bottom panels show probability histograms of the 63 

location of the two leg types relative to longitude. The analagous results for above 64 

boundary layer top (ABL) and above cloud top (ACT) legs resemble these since the ABL 65 

and ACT legs occur fairly soon after BBL and BCB legs, respectively, within an ensemble. 66 

The pink stars represent NASA Langley Research Center (Hampton, Virginia) and 67 

Bermuda for reference.  68 
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 70 

Figure S3. Five day back-trajectory probability distribution maps ending at the point of 71 

the Falcon aircraft during ACTIVATE flights for the time stamps coinciding with 29,164 72 

cloud-free AMS data points. “All” shows the cumulative results of the other three panels. 73 

The January-March panel combines CAO and non-CAO days, which are separated for 74 

other parts of the study. The pink stars represent NASA Langley Research Center 75 

(Hampton, Virginia) and Bermuda for reference. 76 
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 78 

Figure S4. Altitude history of trajctories corresponding to Figure S3. The solid line 79 

represents the median and the shading corresponds to the 25th/75th percentiles. “All” shows 80 

the cumulative results of the other three panels. The January-March panel combines CAO 81 

and non-CAO days, which are separated for other parts of the study. 82 
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 84 

Figure S5. Vertically-resolved cloud-free AMS data for the different time periods of 85 

ACTIVATE deployments and boxes defined in Figure 1. Shown are (left to right) organic 86 

and sulfate concentrations, organic and sulfate mass fraction, and the ratio of m/z 44 to 87 

total organic (f44). The top row for January-March combines CAO and non-CAO days, 88 

which are separated for other parts of the study.  89 
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 91 

Figure S6. Scatterplot of organic mass fraction in droplet residuals (downstream CVI in 92 

cloud) and in aerosol sampled during the closest below cloud base (BCB) leg from 93 

ACTIVATE deployments 1-4. A total of 25 points out of a total of 110 (23%) were below 94 

the 1:1 line.  95 
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 97 

Figure S7. Summary of AMS composition in adjacent BCB, cloud, and ACT legs during 98 

back-to-back flights (Research Flights 5 and 6) in cold air outbreak conditions on 22 99 

February 2020. Shown in the bar charts are the mass fractions of AMS components in 100 

addition to either total AMS mass (for ACT and BCB legs; such data are not robust for 101 

CVI legs due to how the CVI operates) or longitude on the right y-axis. Note that some 102 

BCB and ACT legs are repeated for different cloud legs as they represent the closest leg to 103 

an individual cloud leg. On the far right are flight altitude time series along with the spatial 104 

map with numbers corresponding to the leg numbers in the bar charts. 105 
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11 
 

 107 

Figure S8. Summary of AMS composition in adjacent BCB, cloud, and ACT legs during 108 

back-to-back flights (Research Flights 10 and 11) in cold air outbreak conditions on 28 109 

February 2020. Shown in the bar charts are the mass fractions of AMS components in 110 

addition to either total AMS mass (for ACT and BCB legs; such data are not robust for 111 

CVI legs due to how the CVI operates) or longitude on the right y-axis. Note that some 112 

BCB and ACT legs are repeated for different cloud legs as they represent the closest leg to 113 

an individual cloud leg. On the far right are flight altitude time series along with the spatial 114 

map with numbers corresponding to the leg numbers in the bar charts. 115 
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