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Panel: Taking an idea to orbit
August 4, 2022

• Brian Cairns – Earth Venture Suborbital and Directed Missions
• Ivona Cetinic – Earth Venture Suborbital
• Ryan Vandermuelen – Earth Venture Instruments
• Lorraine Remer - Cubesats
• Jeremy Werdell – Directed Missions



Airborne instruments

Alternatives:
1. Buy one

– They might not have what you want
– It may be too expensive
– May not exist

2. Write proposals to NASA Earth Science Technology Office
– Advanced Component Technology (ACT) program – pays for new technologies, 

some funding for in situ but really more interested in advancing spaceflight 
capabilities

– Instrument Incubator Program (IIP) – pays for development of prototype 
instruments, not necessarily capable of being used for airborne science, but can 
be

– Airborne Instrument Technology Transition – take a prototype and make it capable 
of use in NASA’s airborne science program 

2



3



Earth Venture Suborbital

Have clear objectives

Have a good plan

Make sure you have great project manager! (Mary Kleb, LaRC and Bernie 
Luna ESPO, thank you!)

It’s a big investment, there have to be people in leadership roles who have 
done this before – successfully

Don’t be discouraged, if at first you don’t succeed, it’s definitely worth trying 
again……..and some proposals that don’t succeed become directed projects 
(with some additional effort) J
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The North Atlantic Aerosols and Marine 
Ecosystems Study (NAAMES) 

Have clear objectives:

1. characterize plankton ecosystem 
properties during primary phases of the 
annual cycle and their dependence on 
environmental forcings

2. determine how these phases interact to 
recreate each year the conditions for an 
annual plankton bloom

3. resolve how remote marine aerosols and 
boundary layer clouds are influenced by 
plankton ecosystems. 
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on an improved understanding of the ocean ecosystem-
aerosol-cloud system of the western subarctic Atlantic (https://
naames.larc.nasa.gov/). Specific overarching science objectives
for NAAMES are to (1) characterize plankton ecosystem
properties during primary phases of the annual cycle and their
dependence on environmental forcings, (2) determine how these
phases interact to recreate each year the conditions for an annual
plankton bloom, and (3) resolve how remote marine aerosols and
boundary layer clouds are influenced by plankton ecosystems.

The first NAAMES field campaign began in November 2015
and the final NAAMES campaign was completed in April 2018.
The intent of this manuscript is to familiarize the broad scientific
community with NAAMES and to provide a common reference
overview of the project for upcoming publications. We begin
with brief summaries of the primary scientific motives for the
NAAMES investigation, followed by an overall description of
the experimental design and measurements, details on each of
the four field campaigns, and information on data access. Two
additional data reports (Mojica and Gaube, in review; Della
Penna and Gaube, in review) companion the current manuscript
and provide greater detail on physical features encountered
during the NAAMES campaigns.

PLANKTON ANNUAL CYCLES

The subarctic Atlantic hosts the largest annual phytoplankton
bloom in the global ocean. This bloom has captured the attention
and imagination of biological oceanographers for well over a
century (Mills, 2012). Modern satellite and autonomous sensor
technologies now provide sustained observations of the subarctic
Atlantic that have yielded new insights into the factors governing
the region’s roughly repeating annual cycle in phytoplankton
biomass. These insights have been encapsulated in the framework
of the “Disturbance-Recovery Hypothesis” (DRH) (Behrenfeld
and Boss, 2018 and references therein). Some basic elements
of the DRH are illustrated in Figure 1, which begins on the
left with summer conditions (Figure 1 circle “A”) of a shallow
mixed layer (MLD) that is nutrient depleted. During this
phase of the annual cycle, phytoplankton biomass is depressed
and phytoplankton division rates are modest and at near-
equilibrium with loss rates (e.g., grazers, virus infection). In
late summer and autumn, mixed layer depths increase and
incident sunlight decreases. During this phase (Figure 1 circle
“B”), decreasing division rates (i.e., “decelerations”) result in
decreasing phytoplankton concentrations because of a temporal
lag between changes in division and changes in loss rates
(Behrenfeld and Boss, 2018). Simultaneously, physical dilution
by mixed layer deepening reduces encounter rates between
phytoplankton and grazers. Eventually, this dilution effect has a
greater impact on loss rates than the decreasing mixed layer light
levels have on phytoplankton division rates, causing the balance
between division and loss to flip in favor of phytoplankton
growth. At this transition (Figure 1 first red line and red box “1”),
phytoplankton division first exceeds losses and biomass begins to
accumulate. However, accumulation during this phase (Figure 1
circle “C”) is only expressed as an increase in depth-integrated

FIGURE 1 | Stylized annual plankton cycle, beginning on left in midsummer

and ending in early summer. Thick black line = mixed-layer depth (MLD).

Green phytoplankton cells and green shading represent phytoplankton

concentration. Gray ciliates stand for all phytoplankton predators. Circled A =

summer condition of near-equilibrium between phytoplankton division and loss

rates. Circled B = depletion phase. Circled C = phase where division exceeds

loss but MLD is still deepening, phytoplankton concentrations are stable or

decreasing, and phytoplankton biomass integrated over MLD is increasing.

Circled D = accumulation phase. Boxed 1 = winter transition. Boxed 2 =

transition to increasing phytoplankton concentration. Boxed 3 =

climax transition.

biomass (C m−2, integrated from the surface to the MLD) and
not volumetric concentration (C m−3) because of the continued
dilution by mixed layer deepening. The next transition occurs
when winter convective mixing ends (Figure 1 second red line
and red box “2”). From this point forward to the bloom climax,
mixed layer shoaling and increasing sunlight cause division rates
to increase. This “acceleration” allows division rates to stay ahead
of loss rates (again, due to the predator-prey temporal lag) and
thus phytoplankton concentrations (C m−3) increase (Figure 1
circle “D”) (Anderson and Menden-Deuer, 2017; Behrenfeld and
Boss, 2018). The final transition in this annual cycle (Figure 1
third red line and red box “3”) corresponds to the bloom climax
and it occurs when the phytoplankton division rates reached their
annual maximum. Since this maximum corresponds to the point
when division rates stop accelerating, loss rates quickly catch
up to division, and the summertime near-equilibrium between
division and loss is rapidly established.

The above description of Figure 1 is a very simplistic
depiction of the DRH and a far more thorough account
can be found in Behrenfeld and Boss (2018). The relevant
information here is that the DRH identifies key events and
phases in bloom-forming phytoplankton annual cycles and these
events helped guide the design of NAAMES. Specifically, the
field campaigns were conducted in early winter (November-
December), early spring (March-April), late spring (May-June),
and early autumn (September) to target, respectively, the “winter
transition” (Figure 1 first red line and red box “1”), early
stages of the “accumulation phase” (Figure 1 circle “D”), the
“climax transition” (Figure 1 third red line and red box “3”),
and early stages of the “depletion phase” (Figure 1 circle “B”).
Thus, NAAMES is a field campaign designed to test the DRH
hypothesis and advance understanding of linkages between all
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NAAMES
Have a good plan: sample each season, repeat meridional transect at 40°W, co-
ordinate ship and plane – plane for context and detailed cloud in situ 
measurements, ship for ocean J
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properties measured on the ship focused on plankton stocks,
biological rates (e.g., growth, predation), physiological stress, and
community composition. Awide range of other relevant physical,
chemical, and optical properties were concurrently measured
with the ecosystem properties (Figure 4A). Ship-based aerosol
related measurements targeted in-water aerosol precursors, sea-
to-air gas flux measurements, and a detailed characterization
of above-water aerosol concentrations, composition, and cloud
condensation nuclei (CCN) (Figure 4B). Aircraft deployments
were coordinated with the ship transect (Figure 3) and provided
in situ aerosol and cloud measurements and remote sensing
measurements of the ocean and atmosphere (Figure 4C). This
coordinated effort was conducted to (1) broaden the spatial
context of ship observations toward that of satellite remote
sensing, (2) link ship-based near-surface aerosol properties to
higher-altitude tropospheric aerosols and clouds, and (3) provide
information on oceanic and atmospheric properties around ship
sampling stations prior to arrival at and following departure
from a given station. Autonomous drifters were deployed at
ship stations during each NAAMES campaign to allow water
tracking during station occupation and to provide a Lagrangian
“bread crumb trail” for later revisits by the aircraft. In addition,
19 BioARGO floats were deployed at selected ship stations
during the first three NAAMES campaigns. Each float had, at
a minimum, an instrument payload measuring conductivity,
temperature, pressure, chlorophyll fluorescence, oxygen, and
particulate backscattering. A primary objective of the float
deployments was to mechanistically link the four field campaigns
within the context of the full annual plankton cycle. Floats
deployed during a given campaign also provided station targets
for subsequent campaigns. Finally, satellite data of winds, clouds,
sea surface height, sea surface temperature (SST), and ocean
color were used for ship station and flight planning and, as
analyses continue, these data will provide context on year-to-
year variability to assess the representativeness of the NAAMES
campaigns and allow interpretation of field results in the context
of the full subarctic Atlantic basin.

The nominal ship cruise plan (Figure 3) for each campaign
entailed an initial transit from Woods Hole, Massachusetts
(USA) to 40◦ W, during which measurements were limited
to those that could be conducted underway (i.e., no station
data). The primary “science-intensive” transect (∼14 days) of
the nominal cruise plan extended between ∼40◦ N and ∼55◦

N latitude along the 40◦ W longitude line (Figure 3), which
encompasses three of the regional satellite data bins analyzed in
Behrenfeld (2010) and Behrenfeld et al. (2013).Multiple sampling
stations were occupied along the “science intensive” transect and
were numbered sequentially for each campaign (e.g., Station 4
during the third NAAMES campaign was not geographically
in the same location as Station 4 during the fourth NAAMES
campaign). A key attribute of the latitudinal span of the science-
intensive transect is that it temporally compresses developmental
stages of the phytoplankton annual cycle. Thus, the NAAMES
design traded space for time by using latitudinal gradients in
seasonal phenology to sample a broader range of conditions
during the 2-week intensive sampling period. Specifically, the
“winter transition,” “climax transition,” “accumulation phase,”

FIGURE 3 | NAAMES study region and nominal campaign plan. Red line =

ship track. White circles = ship stations. White stars = Woods Hole, MA, USA

and St. John’s, Newfoundland, Canada. Black arrows = aircraft flights heading

toward “science intensive” region bound between 40◦N and 55◦N along 40◦W

longitude. Background color shows satellite-based surface chlorophyll

concentrations for June 2002, exemplifying a typical bloom.

and “declining phase” all begin earlier at lower, relative to
higher, latitudes of the subarctic Atlantic (Siegel et al., 2002;
Behrenfeld, 2010; Behrenfeld et al., 2013).What this means is that
within the limited 14-day science-intensive transect, NAAMES
can sample a range of stages in the plankton annual cycle that
might otherwise take months to unfold at a single location. For
example, pre-climax, climax, and post-climax populations were
all encountered during the single “climax transition” NAAMES
campaign. An additional advantage of the latitudinal range
encompassed by the science-intensive transect is that it helped
ensure that the primary targeted event for a given campaign was
actually encountered despite interannual variability in the timing
of the event. For example, if the “climax transition” campaign was
scheduled for a year where bloom development was anomalously
late, then a climax community would be encountered at a lower
latitude than during a year when bloom development was earlier.

The NAAMES C-130 aircraft provided a complementary
perspective on regional variability in ocean and atmosphere
properties around the R/V Atlantis. The aircraft was based
at St. John’s International Airport in Newfoundland, Canada,
which is at the easternmost point of North America and thus
minimized flight distances to the ship. Multiple 10-h science
flights typically targeting ship stations were conducted during the
first three NAAMES campaigns. A standard flight pattern was
followed to provide reasonable spatial correspondence between
low-altitude in situ aerosol-cloud sampling and high-altitude
remote sensing of the ocean surface and overlying aerosols
and clouds. The standard flight plan is shown in Figure 5 and
consisted of a “Z-pattern” of ∼150-km-long stacked high- and
low-altitude legs with midpoints spaced approximately 50 km
on either side of the R/V Atlantis (the ship position is at the
midpoint of the Z diagonal). The outermost portions of the “Z-
pattern” each included a descending spiral where the aircraft
transitioned from the high-altitude leg to the low-altitude leg.
These two spirals provided important constraints on the vertical
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FIGURE 5 | Nominal NAAMES aircraft sampling pattern. High-altitude, remote sensing legs (∼6 km) are colored blue, while lower-level legs sampling below, in, and

above clouds are colored red. The R/V Atlantis is shown at the center of the pattern near the left-most edge of the cloud module, while a radiosonde balloon is visible

in the scene. The inset, top-down view shows the similarity of the flight pattern to the letter “Z,” when viewed from above.

S3, and S4 (Figure 6C; Table 1). Sea Sweep, a sea spray aerosol
generator (Bates et al., 2012), was deployed seven times during
the cruise, with three deployments at Station S2, one deployment
each at Stations S4 and S6, and 2 deployments at Station S7.
Five 10-h C-130 flights were executed during the campaign and
provided measurements spanning the full domain of the ship
transit (Figure 6D; Table 2).

During NAAMES 1, SST was <10◦C at the northernmost
stations and >15◦C at the southern stations (Figure 7A). High
winds and sea states were frequently encountered during this
campaign and on occasion prohibited overboard deployments.
Mixed layer depths across the science-intensive segment of
the cruise exceeded 100m. Incident photosynthetically active
radiation (PAR) was low and frequent cloud cover often
compromised airborne observations of the sea surface. During
the outbound and return transits, chlorophyll concentrations
were elevated (>1mg m−3) on the continental shelf (Figure 7A).
In the open ocean, chlorophyll levels were modest (∼0.5 to 1mg
m−3) at the northern stations and low (<0.2mg m−3) at stations
south of 45◦N (Figure 7A). Phytoplankton cell concentrations
were generally low during NAAMES 1 compared to the other

NAAMES campaigns, but these communities were taxonomically
diverse, with observations of large pennate diatoms, centric
diatoms characteristic of subpolar waters (e.g., Corethron),
prymnesiophytes, cryptophytes, silicoflagellates, picoeukaryotes,
and prokaryotes, including even Prochlorococcus at one of the
northernmost stations. Dawn values of normalized variable
fluorescence (Fv/Fm) were elevated (∼0.5) at all locations,
suggesting low levels of physiological stress.

For much of the cruise and flights, low aerosol and CCN
concentrations of a few tens of particles per cm3 were observed in
the marine boundary layer, which was often strongly influenced
by polar air advected down the Labrador Strait to the NAAMES
study region (Figure 7B). Anecdotally, scientists on the R/V
Atlantis reported being unable to see the familiar plume of
steam wafting up from their morning cup of coffee, as there
were insufficient ambient particles on which water vapor could
condense. DMS concentrations in the marine boundary layer
were low (∼30–50 pptv, Figure 7B). Clouds encountered during
NAAMES 1 appeared to consist of supercooled droplets, which
were observed to cause significant icing on aircraft inlets and
probes as the aircraft ascended and descended through the cloud
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ObseRvations of Aerosols above CLouds and 
their intEractionS (ORACLES) 

Have clear objectives:

1. Determine the impact of African BB aerosol 
on cloud properties and the radiation 
balance over the South Atlantic, to 
generate datasets that can also be used to 
verify and refine current and future 
observations.. including assessment of 
instrument concepts with potential for 
deployment to space. 

2. Improve process-level understanding and 
representation of factors that govern cloud 
micro/macrophysical properties and how 
they couple with cloud effects on aerosol.
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Figure 1. Deployment sites for the 2016–2018 ORACLES field experiments and collaborative international deployment activities (see text),
along with CALIOP curtain data visualized by Charles Trepte (NASA Langley), adapted from © Google Maps 2020. The ovals with the
letter A indicate new or refurbished AERONET sites (Holben et al., 2018).

height has been found to be biased high, based on airborne
measurements made during ORACLES as well as CALIOP
retrievals that have been constrained by above-cloud aerosol
optical thickness derived from the CALIOP data. The latter
results from the fact that, especially for the daytime retrievals
from CALIOP, there is a significant reduction in the signal-
to-noise ratio in the presence of optically thick aerosol layers.
Hence, the separation between clouds and overlying aerosols
(Fig. 2, yellow bars) is also likely biased high (see also Ra-
japakshe et al., 2017). Such observational uncertainty and the
differing conclusions one may draw based on the separation
between the BB aerosol layer and the underlying Sc clouds
in this region were a significant contributing impetus for the
ORACLES project. We include the CALIOP-derived Fig. 2
here to provide the scientific information available at the OR-
ACLES proposal stage, which partially motivated the project

in the first place and greatly influenced its design (Watson-
Parris et al., 2018).

Surface-based measurements also have limitations.
AERONET (Aerosol Robotic Network) sky radiance ob-
servations (Holben et al., 1998) are used frequently to
tune global model estimates of aerosol absorption (Bond
et al., 2013) but can be routinely performed only from
land and in the absence of clouds. Although historically
a number of AERONET stations existed near the main
African BB sources, just prior to ORACLES, there were no
operational AERONET stations in the main BB region, with
the exception of Ascension Island far downwind.

Airborne instruments provide measurements of aerosols
and clouds under co-varying meteorological conditions
that are currently impossible to obtain from space. High-
resolution airborne observations, over scales that resolve pro-
cesses of interest, provide critical constraints for parame-

Atmos. Chem. Phys., 21, 1507–1563, 2021 https://doi.org/10.5194/acp-21-1507-2021



ORACLES
Have a good plan:
Sufficient standard sampling that model comparisons are statistically viable. 
Sample through all three months of the burning season in different years.
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Figure 11. Flight tracks of the ORACLES aircraft in 2016 to 2018, overlain on a MODIS-Aqua True Color Image acquired on 13 Septem-
ber 2018. ER-2 flight tracks in 2016 (only deployment year) are shown in green, adapted from © Google Maps 2020. P-3 flight tracks in
2016, 2017, and 2018 are shown in red, orange, and blue, respectively. The 2018 P-3 flight tracks are offset by 0.1� in longitude to allow
distinction from 2017 flight tracks.

Figure 12. Schematic of flight maneuvers during research flight
linked to descriptions in Table 2 and flight synopses in Tables A1–
A3.

access: May 2020). ORACLES data are archived perma-
nently with separate digital objective identifiers (DOIs)
for each deployment year and separate DOI for the two
aircraft participating in the 2016 deployment (see refer-
ences for ORACLES Science Team, 2020–2016 P-3 data,
2016 ER2 data, 2017 P-3 data, and 2018 P-3 data). A

link to images and KMZ files for flight tracks, data from
ground-based instruments, and other auxiliary information
can be found at https://espo.nasa.gov/home/oracles/content/
ORACLES_Science (last access: May 2020). Video footage
from the P-3 front and nadir cameras is available at https:
//asp-archive.arc.nasa.gov/Oracles/N426NA/Video/ (last ac-
cess: May 2020).

4 Preliminary science findings and implications

4.1 List of golden days for various objectives

The target-of-opportunity flights, described in Sect. 4.4, usu-
ally were designed to address more focused scientific ob-
jectives within the context of the general science objectives.
Broadly, these objectives can be characterized as pertaining
to (i) the radiative interactions of aerosols and clouds (radi-
ation flights); (ii) the microphysical interactions of aerosols
and clouds as they are affected by vertical mixing, drizzle
suppression, etc. (cloud microphysics flights); and (iii) the
spatiotemporal evolution of aerosol microphysics in the BB
plume (plume evolution flights). In addition, a number of

Atmos. Chem. Phys., 21, 1507–1563, 2021 https://doi.org/10.5194/acp-21-1507-2021
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Aerosol Cloud meTeorology Interactions oVer
the western ATlantic Experiment (ACTIVATE) 

Have clear objectives:

1. Quantify relationships between Na, CCN 
concentration, and Nd, and reduce 
uncertainty in parameterizations of 
activation.

2. Improve process-level understanding and 
representation of factors that govern cloud 
micro-macrophysical properties and how 
they couple with cloud effects on aerosol.

3. Assess advanced remote sensing 
capabilities for retrieving aerosol and cloud 
properties related to ACI
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ACTIVATE
Have a good plan:
Two planes and sample the heck out of it!  ~ 200 flights over three years
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Large-Eddy Simulations regarding ACTIVATE Flight RF013

Introduction

ACTIVATE Flight RF013

Specifications

I Cold air outbreak on March 1 2020
I dropsonde circle at 38.2�N, 71.8�E

(King) and wall-pattern inside the
circle (Falcon)

Goals

I reproduce BL evolution using LES
I identify key parameters affecting

evolution
From https://satcorps.larc.nasa.gov/

F. Tornow and others | 2019-04-17, ACTIVATE Science Meeting 1

Get it done…
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PACE-Post-launch vAlidation eXperiment (PAX)

Two planes, one high one low – in situ validation and proxy validation + calibration 
evaluation. September 2024.

1. ER-2
– AirHARP, SPEXairborne, Prism 

(UV hyperspectral), Picard (SWIR 
hyperspectral), RSP (polarized 
reference), HSRL2. 

2. CIRPAS-TO
– Aerosol size (PCASP), 

scattering(TSI neph), absorption 
(TAP/PSAP), particle counters, 
Cloud precip size (CIP), droplet 
size (CAS/FSSP). Need to add 
aerosols size backup and some 
way of getting humidification.
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PACE-Post-launch vAlidation eXperiment (PAX)




