Background and Objectives T U

o Kinghir

* NASA's Aerosol Cloud meleorology Interactions oVer the
western ATlantic Experiment (ACTIVATE): 162 joint research

flights with two spatially coordinated aircraft over three years
(2020 -2022)

* Question: Can cloud condensation nuclei (CCN)
concentrations be predicted using particle size spectra and
chemical composition over the northwest Atlantic?

* (Goal: Advance understanding of droplet activation in the
northwest Atlantic, a complex region with diverse meteorology
and influence from continental and marine aerosol sources

* The hygroscopicity parameter, k, describes the ability of a
particle to uptake water

* Korg=0.12£0.02 and Kjnorq = 0.63 £ 0.01 perform well globally
(Pohlker et al., 2023)
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Predicti ng CCN - Pohiker ot al. (2023)

1. Merge data

Size Distribution: Scanning Mobility Particle Sizer 2. kK = Z EiKi
(SMPS) [10-100 nm] + Laser Aerosol Spectrometer ]
(LAS) [100-3000 nm]

Chemistry: Aerosol Mass Spectrometer (AMS) D’ - D) 40/ My
Cloud Screening: Fast Cloud Droplet Probe (FCDP) 3. S)= D3 — D31 — k) =P ( RTpy,D

)

CCN Concentration: CCN spectrometer Petters & Kreidenweis (2007)

2. Calculate bulk k using Kk, and ki, from Pohlker et al.
(2023)

3. Calculate critical activation diameter (D) for 4
supersaturation (SS) of the CCN spectrometer using k-
Kohler theory

4. Integrate SMPS+LAS size distribution for D,>D to get CCNtheory
predicted CCN concentration

Kulkarni et al. (2023)

Finding Observed k

1. Back-integrating LAS+SMPS until the concentration equals the CCN concentration gives us

observed D,
2. Plugging into k-Kohler, along with SS of CCN spectrometer, gives us kg,

SS of CCN

1. 2. Spectrometer
Number
concentration of
CCN / —>
Spectrometer
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Figure 2. Same as Fig. 1 but categorized by season.
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Figure 3. Spatial distribution of median (a) ks, (D) Kams, (C) their difference, and (d) OMF
across all ACTIVATE flights. The two major bases of operations are shown with markers:
NASA Langley Research Center (LaRC) in Hampton, Virginia and Bermuda. Each pixel has
latitude by longitude dimensions of 0.16° by 0.23°.

CCN Closure Analysis for the ACTIVATE Campaign
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Figure 4. Box plots of observed k segmented by

AMS OMF. The number of points (N) is shown at the
top of the plot for each OMF bin. Boxplots are shown
only when there were > 75 observations. K, of 0.12
and Kinorg Of 0.63 (adopted from Pohlker et al. (2023))

plotted in red and green horizontal lines, respectively.
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Figure 5. Same as Fig. 4 but separated by

Season.
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Figure 6. This figure uses data when OMF < 0.3. Panels a—c display median size distributions with
the shaded regions representing the 75" and 25" percentiles. The blue line is the median D,, ;. with
the shaded region representing the 75" and 25" percentiles. The red dashed line is the effective
diameter. The Roman numerals mark the locations of the peaks from largest to smallest. Panel d
displays boxplots of CO concentrations corresponding to the adjacent seasons in panels a—c.

(CCNoreq/ CCNops = 0.83).

Conclusions

* Assuming internally mixed particles and k values from Pohlker et al. (2023) produced to a

CCN,ed/CCNgyg near unity (1.03) when using the entire dataset . The May—Jun season
performed best (CCN,.o/CCN,,s = 1.04) and Bermuda measurements performed worst

* When averaged across the entire campaign, K., aligned with K,yg across the full spectrum
of OMF. Spatially, the median difference between k. and Kays Was minimal near the coast,
but near Bermuda, particles were much more hygroscopic than predicted by the AMS.

*  Kops had the highest variability at low OMF fractions, with K,,s >> Kj,oq In Bermuda and
Kobs < Kinorg fOr Nov—Apr when OMF < 0.3. These variations in k could have arisen from
differences in continental emissions and mixing states between seasons.




