Responses to Reviewer 2

Reviewers’ comments are in black. Responses are in blue with changes to the text of the paper in blue italic. All line
numbers in the responses refer to the revised version, not the original.

General comments:

This paper provides an overview of the engineering effort to operate a UAS for atmospheric observation from a ship
and the Tillamook UAS test range. The capability development is very exciting and shows great potential for using a
UAS to support the Marine atmosphere study. The paper is well written. There are excessive efforts involved with
the UAS program development. However, the scientific aspect of this paper can be strengthened with major
revision. The main concerns are listed below:

1. The manuscript didn't provide enough detail about the isokinetic inlet system. This inlet is the most critical
component to ensure representative aerosol collection.

We have added a more complete description of the isokinetic inlet in Section 2.2.1. (lines 105 — 112):

“An isokinetic inlet is mounted on the nose cone of the FVR-55 to bring sample air into the payload under vacuum
(See Figure 2). No changes in particle number concentration coinciding with the UAS transitioning from large
spirals (I to 2 km) to level leg flights were observed, indicating the performance of the isokinetic inlet was not
impacted by a spiral flight pattern. Since particle number concentrations are dominated by the submicron size range
this metric does not rule out effects in supermicron size ranges. In addition, the slow air speed of the UAS (25 m sec’
!) is expected to decrease impacts of the flight pattern on transmission of submicron particle through the inlet into
the payload.”

2. Experimental design issues

1. TItis unclear how to sample the aerosol during a cloud flight. Is there a CVI inlet? How do you
prevent the small droplet from getting into the inlet and ensure only the aerosol, not small droplets
passes through?

The following text has been added to Section 2.2.1. (lines 114 - 116):

“Sample air first encounters an inline water trap where water droplets are removed through impaction. The water
trap has two outlets -- one outlet is for the sample line, which is under vacuum. The larger outlet exhausts
condensate through a drain line that also allows excess ram air to passively exit the sampling system.”

2. How does the aerosol sampling behave during the spiral flight pattern? Does the isokinetic inlet
work properly? Usually, the isokinetic inlet works well during a leveled flight leg only.

See the response to comment 1 above.

3. When the aircraft is circling at one altitude, how do you prevent sampling the aircraft exhaust?

Engine exhaust is readily identifiable by short-lived increases in particle number concentration. We removed all data
during these contaminated periods. We have added the following text to the paper (lines 87 — 90):

“A “pusher engine” is used to minimize contamination of sample air in flight by exhausting the engine aft while the
UAS flies forward. When the flight track includes circles or spirals engine contamination can occur but is readily
identifiable by short-lived bursts in particle number concentration. We removed all data during these contaminated
periods.”

Specific comments:



Abstract: this UAS capability development is essential to ensure the success of the scientific study. The abstract
doesn't emphasize its importance. Although the data and results are limited, there are many lessons learned that
should be shared.

The following text has been added to the abstract (lines 19 — 21):

“The development of this UAS technology for flights from ships and coastal locations is expected to greatly increase
observations of aerosol radiative effects in the marine boundary layer over both temporal and spatial scales.”

Section 2.2, How was the isokinetic inlet controlled? Passive or active? Please provide the characteristics of the
performance and operation ranges.

Pleases see the response to comment 1 above about control of the inlet. The performance and operation ranges of the
isokinetic inlet have not yet been fully characterized. Future wind tunnel tests are planned for this purpose. We have
added the following text (lines 111 - 112):

“Wind tunnel tests are planned for the determination of the particle passing efficiency as a function of air speed and
particle size.”

Section 2.2.1, what is the sample rate for this payload? 1 Hz?

The following text has been added to the description of the Clear Sky payload (now in Section 2.2.2.) (lines 160 —
163):

“Sampling rates were 1 sec for all real time instruments while filter samples were collected over a period of minutes
to hours.”

Line 159-172, what is the detection limit for the chemical analysis? How long will the flight last to provide
reasonable chemical composition data?

We define the detection limit for the chemical analysis as 2 times the standard deviation of the blanks. Flight
duration needed to be above detection limit depends on the aerosol loading being sampled. Obviously more ions are
detectable in fire plumes (as was the case reported here) than in clean remote marine air.

We have added the following text to the paper:

Lines 210 - 211: “Only ion concentrations above 2 times the standard deviation of the filter blank are reported
here.”

Section 2.2.2, How does the mSEMS sample the ambient acrosol? RH range? What is the mSEMS operating
condition? Such as flowrates, sampling rate, and scanning cycle?

We have added the following text to better describe the mSEMS measurements in the Cloudy Sky payload (Section
2.2.3., lines 236 — 239):

“The RH of the sheath air was measured during operation. The RH of the dried sample air depended on ambient
conditions but ranged from 35 to 45% for the flights from Tillamook. Operating conditions for the mSEMS included
a sheath flow rate of 2.5 Ipm, sample flow rate of 0.36 lpm, and a size scan of 30 bins at 1 sec per bin resulting in a
sampling rate of 30 sec for each size distribution.”



Line 234, how do you determine the uncertainties in the bench and UAS measurements for this study? From
literature?

The following text has been added to Section 3 (line 283):

“...the uncertainties in the bench and UAS measurements, respectively, as reported in Tables 1 and 2 and taken
from manufacturer specifications.”

Line 256 -258, What are the density and chemical composition values used with this study? From the in situ
measurements or literature from 2002?

Text has been changed to (line 312):

“...based on the range of measured chemical compositions reported by Quinn et al. (2002).”

Line 264-266, please double-check the precision in the percentage. Can you really get +-0.86% variance?
The text has been changed to “0.9% " (line 320).

Line 271, what size range is used for the Cloudy Sky integrated number concentration? How does it compare with
the Magic CPC?

As shown in Figure 3, the integrated number concentrations for diameters greater than 0.005 um from the MAGIC
CPC and the Cloudy Sky integrated number from the mSEMs were compared. R? for the comparison was 0.86.

Line 278, again, what is the size range used for the DMPS/APS compared to the Cloudy Sky POPS?

Figure 3 also shows the comparison between the DMPS/APS and the Clear Sky POPS for diameters greater than
0.14 um. R? for the comparison was 0.90.

Fig 2, why not include a similar 1:1 plot as Fig. 3b?

The 1:1 plot for the bench PSAP and UAS STAP comparison was shown because of the inherent noise in low levels
of absorption. The time series in Figure 3 (formerly Figure 2) have much less noise making the comparison clearer
so that a 1:1 plot was not needed.

Fig 3, Does this plot compare PSAP and STAP or PSAP with miniSASP? Some errors with the labels and legend.

Thank you for pointing this out. The legend and axis labels have been corrected.



