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1.0 Summary 
The formation of 1 nm-sized atmospheric clusters is an important environmental nanoscale process, with 
field measurements and modeling studies indicating that freshly nucleated particles can contribute 
significantly to the global population of aerosol and cloud condensation nuclei (Kerminen et al. 2005, 
Kuang et al. 2009, Lihavainen et al. 2003, Merikanto et al. 2010). While there have been an increasing 
number of atmospheric cluster measurements from surface-based platforms, there have been very few 
measurements of the vertically resolved ambient cluster size distribution from aerial platforms. Vertically 
resolved atmospheric cluster measurements are needed because aerosol formation in the upper 
troposphere may be a significant source of cloud condensation nuclei (Chen et al. 2018, 
Wang et al. 2016). Furthermore, these vertically resolved measurements are needed to: 

• connect the atmospheric conditions that drive atmospheric new particle formation (NPF) with large-
scale boundary-layer transport processes and meteorology 

• evaluate the extent to which surface-based aerosol measurements are representative of the 
atmospheric aerosol aloft. 

The goal of the Vertically Resolved NPF Study – Southern Great Plains (SGP) was to develop 
process-level understanding of the formation and growth of atmospheric aerosol aloft through vertically 
resolved measurements of the atmospheric cluster number and size distribution. These observations were 
carried out at the U.S. Department of Energy Atmospheric Radiation Measurement (ARM) SGP 
observatory, where frequent NPF is observed at the surface (Kuang 2018), and where strong vertical 
gradients in the aerosol number concentration are observed prior to the start of the aerosol formation and 
growth event observed at the surface (Chen et al. 2018). These vertically resolved atmospheric cluster 
observations were combined with local observations of meteorology and cloud conditions to contextualize 
the atmospheric conditions and transport processes that control aerosol formation aloft. 

Vertically resolved profiles of the atmospheric aerosol cluster concentration and size distribution were 
obtained via the deployment of a pair of water-based condensation particle counters (CPCs) on board the 
ARM tethered balloon system (TBS), as shown in Figure 1. Measurements took place at the Central 
Facility of the ARM SGP site between 15 and 26 July 2019. The pair of water-based CPCs were modified 
by the principal investigator to detect aerosol down to 3 nm and below. The CPC modification and 
characterization occurred in the principal investigator’s laboratory according to established protocols 
(Kuang et al. 2012). Atmospheric cluster number concentrations in a specified range (e.g., between 1 and 
3 nanometers) were obtained by subtracting number concentration measurements from the two water 
CPCs set at two different cut sizes. The water CPC, manufactured by Aerosol Devices, Inc. (Hering et al. 
2019), was chosen for this proposal due to its responsiveness to the requirements for guest instruments 
deployed on the TBS (weight, power requirements, and dimensions). 
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Figure 1. Water CPCs in their enclosures, attached to the TBS tether. 

During the planned measurement period, water CPC flights on the TBS occurred on 7/17, 7/21, 7/22, 
7/23, 7/25, and 7/26. Observations of atmospheric aerosol processes included new particle formation and 
biomass burning. Instrument operational issues included: overheating inside the CPC enclosure, 
under-voltage issues with the raspberry pi computer responsible for data acquisition, and under-voltage 
issues on the onboard multichannel analyzer (MCA) responsible for acquiring the raw CPC photodetector 
output. Enclosure overheating was addressed by adding enclosure fans to improve heat removal and 
wrapping the enclosure with reflective aluminum tape( Figure 2). Under-voltage issues were resolved by 
directly powering the MCA from the lithium ion battery as opposed to the raspberry pi computer. TBS 
flights were limited, on occasion, due to high winds and proximity to severe storms. 

 
Figure 2. CPC enclosures wrapped in reflective aluminum tape. 
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2.0 Results 
A particularly notable result from this campaign was the observation of a smoke plume on 7/25. 
Prevailing winds were from the south. Figure 3 presents some observational highlights from that day, 
showing the number concentration of 1–3-nm aerosol (taken as the difference between the two CPC 
concentration readings) as a function of time (blue), and the altitude (above ground level) of the CPC 
measurements as a function of time (orange). This particular example points towards the strong vertical 
heterogeneity in nanoparticle concentrations that can be associated with biomass burning. 

 
Figure 3. Profiles of 1−3-nm number concentration (blue) and altitude (orange). 
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