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PROJECT SUMMARY

 Southern Africa is the worlds largest emitter of biomass burning aerosols. Their westward 
transport over the remote southeast Atlantic ocean co-locates some of the largest planetary 
aerosol loadings with the least examined of the Earth’s major stratocumulus decks. While much 
of the aerosol resides above the boundary layer cloud, free-tropospheric subsidence and marine 
boundary layer deepening as sea surface temperatures warm ensure that aerosol are also 
entrained into the boundary layer. Model representations of the solar-absorbing aerosol-cloud-
atmosphere-ocean system must consider not only the direct radiative effect, but also radiative 
changes arising from cloud adjustments to the atmospheric warming and from aerosol-cloud 
microphysical interactions. ONFIRE (ObservatioNs of Fire’s Impact on the southeast atlantic 
REgion) will study the key aerosol-cloud-radiation interactions within this natural laboratory 
towards improving model representations of globally-relevant processes. ONFIRE has as a 
focal point an intensive five-week (September 2017) deployment of the NSF C-130 plane on 
Sao Tome island (00 N, 6.50 E). This ideally situates the aircraft near the latitude of maximum 
aerosol outflow located at 10S and near the stratus-to-cumulus transition region, allowing the 
detailed, comprehensive, and unprecedented sampling of a full range of aerosol-cloud 
interactions. ONFIRE is part of a funded, coordinated, international and multi-agency effort that 
includes the June, 2016 - May, 2017 DOE AMF1 LASIC deployment to Ascension Island (14.50 

W, 80 S), and the multi-year (2016-2018) NASA ObseRvations of Aerosols above CLouds and 
their interactions (ORACLES), 2016 UK CLoud-Aerosol-radiation Interactions and Forcing 
(CLARIFY) aircraft experiments based in Namibia, and the June, 2016-May, 2017 DOE ARM 
Mobile Facility deployment to Ascension Island. Further ONFIRE observations in 2017 include 
deployment-long 8X daily radiosonde launches from Ascension Island and St. Helena (50 W, 150 

S). These provide diurnal cycle context and further map the remote hazy, cloudy, southeast 
Atlantic atmosphere. A modeling component includes large-eddy-scale simulations to 
understand fundamental aerosol-cloud interactions, regional scale nested-WRF simulations and 
Lagrangian particle tracing, and climate model parameterization testbeds. A coordinated set of 
hypotheses improve understanding of biomass burning aerosol composition and absorption, 
their relationship to cloud-top entrainment, and impact on cloud microphysics. 
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Fig. 1: 600 hPa winds escort the BB 
aerosol (warm colors) from fires in 
continental Africa (green to red, 
firecounts) westwward over the entire 
south Atlantic stratocumulus deck 
(blue contours). The inset, a 4E-7E 
longitude slide, highlights the main 
aerosol outflow occurring at 10S, 
subsiding to the north as the boundary 
layer deepens. Main figure is based 
on MODIS 2002-2012 data, inset on 
2006-2010 CALIOP and CloudSat 
data.
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The three primary hypotheses are:

These will be satisfied through the following objectives: 

1.  To characterize the aerosol composition, size distribution, and absorption and scattering 
properties.

2. To characterize the cloudy boundary layer as a function of both aerosol and the larger-scale 
meteorological environment.

3. To quantify cloud-top entrainment and the free-tropospheric vertical velocity as a function of 
BB aerosol loading.

4. To characterize semi-direct and indirect effects.
5. To acquire datasets that help improve modeled boundary-layer cloud representations.

The last objective is integral to the ONFIRE modeling plan and an important resource for global 
modeling centers.

Intellectual Merit: The absorbing-aerosol-above-cloud regime remains poorly characterized and 
poorly understood, as demonstrated by the wide diversity in modeled effective radiative forcings 
for the southeast Atlantic. This emphasizes the most recent IPCC statement that aerosol-cloud 
interactions are the dominant uncertainty within estimates of future climate. The state-of-the-art 
ONFIRE datasets will support process studies and parameterization development that can 
accelerate coupled model improvement. The in-situ datasets further constrain satellite retrievals 
and promote retrieval development for a region with significant remote sensing challenges.

Broader Impact: Field campaigns focusing on the marine boundary layer are critical for 
developing more realistic climate model parameterizations, and for maintaining a pathway for 
developing necessary expertise and collaborative skill, particularly for early-career scientists 
and graduate students. ONFIRE includes local/regional outreach efforts fostering involvement, 
and video documentation will communicate the excitement of the field project to a wide 
audience. ONFIRE will be coordinated with the funded UK CLARIFY and NASA ORACLES 
aircraft experiments, leading to national and international collaborations. The field deployment 
and subsequent analysis phases will provide important training for scientists and graduate 
students. 
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Hypothesis 1 (H1): The composition of African aerosol over the south Atlantic is highly 
variable ibut as the aerosol ages offshore its single-scattering albedo approaches a single 
consistent value.

Hypothesis 2 (H2): Low cloud properties over the south Atlantic are sensitive to warming 
aloft and surface dimming by absorbing aerosol. The magnitude of this sensitivity and the 
responsible mechanisms depend on the altitude and optical properties of the absorbing 
aerosol and can be distinguished from meteorological effects.

Hypothesis 3 (H3): South Atlantic boundary layer CCN can be dominated by BB aerosols 
entrained from higher altitude plumes. These aerosols can significantly alter cloud 
microphysics, precipitation susceptibility, and cloud mesoscale organization. 



Program Rationale, Hypotheses, and Objectives

The program rationale  is primarily presented in the Scientific Program Overview (SPO), 
with a basic summary provided here. The southeast Atlantic represents a complex 
conglomoration of processes associated with the Atlantic basin, African, and American climates. 
At near-surface levels, winds rotate anticyclonically around the south Atlantic high, encouraging 
coastal upwelling that supports one of the richest fisheries on the planet.  The lower 
tropospheric winds, in contrast, are associated with a deeper anticyclone based over south 
Africa. These flow westward at low latitudes unimpeded by a low coastal range, and thereafter 
southward over the southeast Atlantic. The combination of cool sea surface temperatures and 
warm lower tropospheric winds encourage the formation of a large stratocumulus deck. The 
deck provides a maximum net cloud radiative forcing on par with that of the southeast Pacific 
despite the SEA deck’s smaller size (Fig. 1a; Lin et al., 2010). The deck is large relative to its 
basin (Fig. 1b), and the relatively small size of the Atlantic basin means that the processes 
affecting the stratus deck are closely and multiplely linked to both the African and South 
American monsoons, land and atmosphere processes. The complexity of these processes can 
arguably best be appreciated from the continuing failure of coupled GCMs to simulate the basic 
equatorial Atlantic climate.

In addition, remarkable and poorly-understood interactions with boundary layer cloud 
originate with the outflow of biomass burning (BB) aerosol from Africa over the Atlantic ocean. 
The largest consumption of biomass by fire in the world occurs in Africa (e.g., van der Werf et 
al., 2006), with the outflow peaking in September when the Atlantic stratocumulus deck is also 
its maximum size. The smoke outflow peaks at approximately 10 S and at approximately 650 
hPa, thus much of the smoke overlies the southeast Atlantic stratocumulus deck centered at 
approximately 15S (Fig. 1).  The direct radiative effect of the smoke is to warm the atmosphere 
through shortwave absorption and cool the surface through shading. At the top of the 
atmosphere, the radiative forcing from the smoke is positive (a warming) when above a bright 
cloud deck, and is negative (a cooling) when above a dark ocean surface. 

The stratus deck reaches to approximately 5S, with the cloud fraction decreasing 
significantly to the north (Fig. 1) as the boundary layer deepens in response to warmer sea 
surface temperatures (SSTs). The 24 C sea surface temperature isotherm conforms 
approximately to the northern boundary for the Atlantic stratocumulus deck, a situation that does 
not exist for the Pacific deck. The transition to cumulus occurs over the most tightly packed SST 
gradients of any of the major stratocumulus decks. This is because the Angola Current advects 
warm Gulf of Guinea waters southward, against the prevailing surface winds, until they meet the 
cooler upwelled waters brought north by the Benguela Current. This differs from the southeast 
Pacific, where the surface winds and currents are aligned with each other. In contrast, the 
aerosol layer descends slightly to the north of 10S, a response to subsidence induced by 
convection over land (Fig. 1, inset). 
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Fig. 2: Nighttime space-based CALIOP (Cloud-Aerosol Lidar with Orthogonal Polarization) snapshots 
suggests a range of cloud-aerosol interactions, with strong day-to-day variability. The stratus deck edge is 
reliably near 5S. The red square on the inset indicates the location of Sao Tome.



Cloud adjustments to the aerosol shortwave absorption depend to first-order on the 
relative vertical distribution of aerosol and cloud. When the absorbing aerosol is located above 
the cloud, the atmospheric stabilization through warming can thicken the cloud and increase the 
cloud fraction (e.g., Johnson et al., 2004). If the absorbing aerosol is within the boundary layer, 
the warming has the opposite effect of reducing the cloudiness by reducing the relative humidity 
(Ackerman et al., 2000; Johson et al., 2004, Koch and Del Genio, 2010). Thus, cloud response 
to BB aerosol depends completely on where the aerosols and clouds are located relative to 
each other. Lacking in-situ verification, satellites have been the most important source for this 
information, but space-based lidars (the best source) can have difficulty detecting the base of 
aerosol layers with confidence. Thus, although lidar datasets place most of the BB aerosol 
above the boundary layer (e.g., Meyer et al., 2013), north of 5S along 5E, the likelihood that 
convection can overshoot and that aerosol can be entrained into the cloudy boundary layer is 
far greater, than it is to the south (see Fig. 2 for examples of the individual variation possible). 
Microphysical aerosol-cloud interactions such as decreased droplet size (e.g., Constantino and 
Breon, 2013) and reduced precipitation, then become possible.

Difficulties with the low cloud representation in climate models and with the 
representation of aerosol longevity, vertical location, and transport pathways (e.g., Koffi et al., 
2012) impact climate model calculations of the global impact. The modeling of even the direct 
top-of-atmosphere (TOA) radiative forcing from the carbonecaeous aerosol is poorly known, 
even when the wavelength-dependent aerosol radiative properties and aerosol emissions are 
constrained, as revealed in recent AEROCOM intercomparisons (Fig. 3; Stier et al., 2013; 
Myrhe et al., 2013). The emission databases available are also highly variable (Granier et al., 
2011; Myrhe et al., 2013), although comparison to remote sensing observations suggests 
emissions are too low by factors of two to four (Bond et al., 2013). 

Details of aerosol-cloud and aerosol-radiation interactions also depend strongly on the 
composition of the incompletely-combusted aerosol. The particles emitted by open burning from 
grasslands, the primary source for the southeast Atlantic smoke, contain, in addition to BC, a 
substantial fraction of organic aerosol. Pure black carbon is by far the strongly absorbing of 
visible light, with a mass absorption cross section of approximately 7.5 m2 g-1 at 550 nm, 
compared to 1 and 0.01 40 m2/g for brown carbon and mineral dust, respectively (Bond et al., 
2013). The mass absorption cross section for pure carbon furthermore increases by 
approximately 50% when it becomes internally mixed with other aerosol chemical components 
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Fig. 3: 12 global model estimates of the 
August-September TOA radiative forcing from 
aerosols with prescribed radiative properties 
(Stier et al., 2013) highlight: a) the largest 
positive forcing is in the southeast Atlantic, but 
b) model results vary significantly; c) in part 
because of model diversity in cloud fraction. 
Bottom row shows selected model results.



(Bond et al., 2013). Although aerosol light absorption is dominated by black carbon, additional 
contributions from brown carbon and mineral dust must also be considered. The relative 
abundances of black and brown carbon are variable and poorly characterized.

Pure carbon by itself is also highly hydrophobic, but other aerosols, particularly the 
organic aerosols or those containing them, can coalescence with BC during transport, 
increasing its hygroscopicity, and thereby BC’s effectiveness as cloud condensation nuclei. 
Thus, the properties of carbonaceous aerosol depend strongly on those of the other substances 
that are produced in the atmosphere. Cloud processes such as nucleation and condensation in 
turn affect the aerosol mass, and feedback further into the ability of the aerosol to act as cloud 
condensation nuclei. Those properties of the carbonaceous aerosols needed to model the direct 
radiative forcing include the mass absorption and scattering cross-sections and mass 
concentration of black carbon. The modeling of their direct interactions with cloud microphysics 
includes measures of their cloud condensation nuclei activity and total particle concentration.

The ONFIRE program has as its major goal the climatological characterization of 
combustion aerosol overlying the Atlantic Ocean, and constraining and elucidating aerosol-cloud 
and aerosol-radiation interactions affecting the cloudy marine boundary layer. The observations 
will serve the key function of supporting improvements in aerosol-cloud modeling at all scales. 
Examples of key questions requiring in-situ characterization include 1) What is the composition 
of the aerosol over the southeast Atlantic and what are its absorption properties? 2) How does 
shortwave absorption by the aerosol influence low cloud properties and through what 
mechanisms? 3) What is the entrainment flux of the aerosol into the cloudy boundary layer, and 
what are the thermodynamical and microphysical consequences? 4) How does the boundary 
layer thermodynamic structure vary diurnally as a function of BB aerosol loading and can this 
knowledge help improve low cloud representations in climate models? These questions can be 
restated as the following objectives and hypotheses. The last objective is integral to the 
ONFIRE modeling plan.

Science Objectives
1. To characterize the aerosol composition, size distribution, and absorption and scattering 

properties.
2. To characterize the cloudy boundary layer as a function of aerosol and the larger-scale 

meteorological environment.
3. To quantify cloud-top entrainment and the free-tropospheric vertical velocity as a function of 

BB aerosol loading.
4. To characterize semi-direct and indirect effects.
5. To acquire datasets that help improve boundary-layer cloud representations.
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Hypothesis 1 (H1): The composition of African aerosol over the south Atlantic is highly 
variable but as the aerosol ages offshore its single-scattering albedo approaches a single 
consistent value.

Hypothesis 2 (H2): Low cloud properties over the south Atlantic are sensitive to 
warming aloft and surface dimming by absorbing aerosol. The magnitude of this 
sensitivity and the responsible mechanisms depend on the altitude and optical properties 
of the absorbing aerosol and can be distinguished from meteorological effects.

Hypothesis 3 (H3): South Atlantic boundary layer CCN can be dominated by BB 
aerosols entrained from higher altitude plumes. These aerosols can significantly alter 
cloud microphysics, precipitation susceptibility, and cloud mesoscale organization. 



Experimental Design and Observational Requirements

All facilities and participating instrumentation are listed in Tables 1 and 2, which are 
identical to the table of facilities associated with the SPO, and the roles of the participants are 
attached in an Appendix. One major platform essential to the success of the ONFIRE program is 
the NSF C-130 aircraft. The C-130 will provide detailed in-situ measurements of cloud and 
aerosol microphysics, lower tropospheric structure, and boundary-layer turbulence, and passive 
and active aerosol, cloud, and precipitation remote sensing measurements (Table 1). The other 
platforms will be on two islands in the remote Atlantic, from which representative diurnal cycles 
of the boundary layer can be attained. St. Helena Island (5W, 15S) is located within a stratus-
dominated regime and Ascension Island (14.5W, 8S) is downwind of St. Helena, within a trade-
wind shallow-cumulus-dominated regime (Fig. 13). The diurnal cycle is primarily derived through 
8x/daily radiosonde profiles.

ONFIRE is one cornerstone of a funded, international and multi-agency (NASA, DOE 
and the UK Met Office) synergistic effort beginning in 2016. The UK CLARIFY (CLoud-Aerosol-
Radiation Interactions and Forcing: Year 2016; PI James Haywood) experiment will use data 
gathered by the FAAM BAe-146 plane during August-September 2016 to improve smoke-cloud 
representations within the UK Met Office model. CLARIFY will also support additional 
radiosondes and instrumentation on St. Helena Island (50W, 150S), located to the west of the 
main stratocumulus deck. The NASA ORACLES (ObseRvations of Aerosols above CLouds and 
their interactions; PI Jens Redemann) experiment is a funded $30M multi-aircraft deployment 
studying intraseasonal variations (August to October) in aerosol-cloud interactions through three 
campaigns taking place in 2016, 2017 and 2018. ORACLES will also place a new AERONET 
station upon St. Helena. Both aircraft campaigns will be based out of Walvis Bay, Namibia 
(230S, 14.50E). Furthermore, the year-long (June, 2016-May, 2017) DOE LASIC (Layered 
Atlantic Smoke Interactions with Clouds; PI Zuidema) deployment of the ARM Mobile Facility to 
Ascension Island (14.50W, 80S) will focus on the response of marine trade-wind cumulus to the 
presence of smoke. LASIC will gather surface-based aerosol/cloud remote sensing and in-situ 
datasets and includes 4x/daily radiosonde launches, increasing to 8x/daily during a two-month 
Intensive Observation Period that overlaps with the coordinated CLARIFY and ORACLES-2016 
campaigns.

ONFIRE study region and dates

The UK and NASA deployments will be out of Walvis Bay, Namibia (23S,14.5E), and as 
such will encounter the stratocumulus deck and aerosol layer from the south. ONFIRE will 
complement those measurements with five weeks of sampling from the northern base of the 
Democratic Republic of Sao Tome and Principe (0, 6.5E). Sao Tome Island is located  
downstream of the stratocumulus deck and near the primary continental BB aerosol outflow. 
The Sao Tome location is excellent for sampling arguably the highest loading of biomass 
burning aerosol over a remote ocean of anywhere in the world. The location is also excellent for 
sampling a wide range of low cloud types and aerosol-cloud interactions. North of 5S and more 
pronounced to the west of Sao Tome, the boundary layer deepens and clouds become more 
cumuliform in response to the warming ocean surface (e.g., Sandu et al., 2010). The stratus-to-
cumulus transition region in the southeast Atlantic occurs over the most tightly packed SST 
gradients of any of the major stratocumulus decks, decreasing the spatial range needed for 
varied sampling.

In contrast to the deepening cloudy boundary layer, the peak in aerosol loading subsides 
north of 10S (Fig. 1, inset), a feature that is also evident in individual CALIOP transects (Fig. 2, 
right-hand panel). A plausible explanation is an increase in free-tropospheric subsidence.   
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Day-to-day variability in the relative vertical location of aerosol and cloud is substantial within 
the range of the C-130 plane from Sao Tome (see again Fig. 2). A strong motivation for 
deploying out of Sao Tome is a robust apriori expectation that processes associated with the full 
range of aerosol-cloud vertical separation, from BB aerosols overlying clouds without making 
contact with the cloud, to BB aerosol embedded within the boundary layer and within both 
stratus-dominated and cumulus-dominated boundary layers.

ONFIRE is proposed for September, the month when the stratocumulus cloud deck 
achieves its maximum extent and when the smoke outflow is most pronounced. We are 
targeting 2017, when ONFIRE can be coordinated with the 2017 NASA ORACLES campaign. 
The geography of the three deployments and ancillary island-based measurements are shown 
in Fig. 5, which also indicates the range of direct radiative effects the deployments expect to 
sample. The Sao Tome location is the closest to the primary aerosol outflow region, and can 
address science questions on entrainment of carbonaceous aerosol into cumulus clouds that 
are not possible from a more southerly deployment location. As such, we share complementary 
but independent objectives from the UK and NASA deployments. Preliminary feedback from 
NCAR RAF has indicated Sao Tome may be feasible, with further assessment requiring a site 
visit. Sao Tome/Principe is an independent, politically-stable democratic republic, and the island 
has been used previously for the AMMA/EGEE  project (Bourles et al., 2007; Bourles et al., 1

2008). 
 

Preliminary feedback from NCAR RAF has indicated Sao Tome is a feasible deployment 
location, with further assessment requiring a site visit. Sao Tome/Principe is an independent, 
Portuguese-speaking, politically-stable democratic republic, and Sao Tome island has been 
used previously to site a meteorological surface station for the  AMMA/EGEE project (Bourles et 
al., 2007; Bourles et al., 2008). Sao Tome has a strong tourist economy, primarily with 
Europeans. Other possibilities could be Ascension Island, which possesses an airport but does 
not appear to have adequate lodging possibilities, and St. Helena Island, which is anticipating 
an airport in 2016. These two UK Protectorate islands have a long history of working with the 
UK Met Office. Walvis Bay or Windhoek, Namibia, is another choice and one which would allow 
closer immediate coordination with the NASA ORACLES campaign.

 African Monsoon Multidisciplinary Analyses/Gulf of Guinea climate and ocean circulation study1
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Fig. 4: North-south aerosol-cloud 
cross-section missions occur along 5E 
to 15S and along 5S to 5W (in pink 
and purple respectively, representing 
approximately six and three flights 
each); entrainment flux profiling for 
stratocumulus and cumulus is shown 
in blue, approximately three flights 
each per low cloud type. The St. 
Helena and Ascension Island locations 
are shown, and one suitcase flight to 
Ascension Island is a possibility. 
MODIS imagery from Sept. 23, 2012, 
with all operationally-available aerosol 
optical depths shown for this day 
(color scale varies from 0 to 0.3), 
highlighting the need for in-situ 
information.
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C-130 Platform 

The NCAR C-130 aircraft instrument payload for ONFIRE is given in Table 1, along with 
their function and responsible investigator if appropriate. A total of 120 hours research time is 
requested for the C-130, for approximately 15 flights of eight hours duration. The C-130 will be 
equipped with the full range of in-situ meteorological, turbulence, and microphysical probes, and 
the dropsonde system will be used to provide the free-troposphere and boundary-layer  
meteorological context. Two lidars, the upward-looking 355 nm Wyoming Cloud Lidar and the 
new downward-looking Multi-function Airborne Raman lidar (MARLi) will provide high-resolution 
(<4 m) observations of aerosol layers, their depolarization ratio (which can also be used to help 
identify dust) and cloud boundaries, as shown in Fig. 6. In addition, the new MARLi will be able 
to remotely provide temperature and humidity profiles. This is an important capability, as it is 
now recognized that the aerosol layers are also humid (Fig. 7; Adeyemi et al., 2014).  The 
resolved humidity structure will also allow a fuller characterization of the thermodynamic 
structure of partially-cloud-filled boundary layers. The 95 GHz (W-band) Doppler polarization 
Wyoming Cloud Radar (WCR) will be used to detect cloud and precipitation vertical structure 
using both upward- and downward-looking beams, building on a long and successful history of 
earlier applications during, for example, the VOCALS  (Bretherton et al., 2010; Wood et al., 2

2011) and DYCOMS-II  campaigns. The sensitivity of the WCR has improved by 10 db since 3

VOCALS, furthering the ability of the radar to detect thin, precipitation-free clouds.

Passive remote sensing retrievals of cloud optical depth and cloud effective radius  will 
be made using NCAR’s Solar Spectral Flux Radiometer (SSFR; Pilewski et al., 2003) 
measurements (Kindel et al., 2010), including in the presence of absorbing aerosol  (Coddington 
et al., 2010), and cloud liquid water paths from a leased milli/microwave radiometer similar to 
one used during VOCALS-REx (Zuidema et al., 2012). The irradiance optics of the HIAPER 
Airborne Radiation Package (HARP), of which the SSFR is part, were redesigned in fall 2014 to 
be able to fly on a fixed platform. This allows the incorporation of HARP upon the C-130 upon 
the development of a stabilized platform. The SSFR measurements will be used to derive 
shortwave spectral cloud and aerosol forcing, aerosol absorption, and radiative heating rates 
(Schmidt et al., 2010). For homogeneous aerosol layers vertically separated from homogeneous 

Fig. 5: Approximate range and flight 
paths of ONFIRE and NASA 
(ORACLES) aircraft deployments 
based out of Walvis Bay, Namibia, and 
other instrumentation, superimposed 
on the estimated direct radiative effect 
based on July-October 2006-2007 
CALIOP aerosol optical depth and 
MODIS cloud fraction (0.4 and 0.8 
cloud fraction contours shown) from 
Chand et al., (2009). Box indicates 
stratocumulus region selected by Klein 
and Hartmann (1993).

 VAMOS Ocean-Cloud-Atmosphere-Land Studies2

 Second Dynamics and Chemistry of Marine Stratocumulus3
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clouds or clear sky below, the layer-averaged absorption can be calculated from a radiative flux 
divergence. When inhomogeneous clouds are present, the radiative fluxes are used together 
with a filtering approach that retains only the spectrally-consistent data. When absorbing 
aerosols are embedded within broken clouds, a combination of measurements and three-
dimensional radiative transfer is used to estimate the cloud absorption (Schmidt et al., 2009). An 
efficiency (aerosol direct radiative effect per unit aerosol optical depth (AOD)) can be estimated 
through combining SSFR measurements with a lidar-derived AOD. An SSFR is also part of the 
ORACLES instrument suite, and both instruments will be similarly calibrated, as well as 
providing opportunities for synergistic measurements and analyses, e.g. through coordinated 
flight patterns. Cloud liquid water path retrievals will provide a cloud remote sensing 
measurement that is not influenced by the presence of shortwave-absorbing aerosol and will be 
used to infer cloud thickening as the result of either the semi-direct effect, or meteorology. In all 
cases, in-situ data on the aerosol and cloud properties are used to derive spectrally-dependent 
radiative properties as inputs into radiative transfer calculations.

A comprehensive chemistry and aerosol sampling suite will be carried on the C-130, with 
a focus on measurements of black carbon and shortwave absorption, and those useful for 
entrainment studies. Measurements of light absorption by aerosols, in particular black and 
brown carbon, are key to this study, and as such overlapping measurements will be made. 
These include Single-Particle Soot Photometer (SP2; Schwarz et al., 2008a), photoacoustic, 
and filter-based measurements. The SP2 measures black carbon mass and size distributions. In 
addition, it obtains the degree of internal mixing (Schwartz et al., 2008; Schwartz et al., 2008b), 
and, with a humidified channel, information about water vapor uptake. Inferred systematic 
trends in coating and water uptake. of longitude are climatologically relevant and serve as a 
measure of aerosol aging. Complete bulk and size-dependent aerosol composition data - the 
non-refractory composition of submicron aerosol particles, both clear sky and interstitial - will be 
obtained by a compact time-of-flight aerosol mass spectrometer (AMS;Jayne et al., 2000). This 
AMS will be provided by Roya Bahreini. The AMS, along with the BC measurements, will be 
instrumental in characterizing the aerosol distribution and its chemical evolution during transport 
downwind of the sources (e.g., Bahreini et al., 2009; Bahreini et al., 2003; Bahreini et al., 2012; 
Warneke et al., 2009). Other aerosol measurements will be made by the NCAR and U of 
Wyoming instrumental suite (Scanning Mobility Particle Sizer, Giant Aerosol Impactor, and 
TSI-3025, TSI-3760, DMT-PCASP, DMT-FSSP300 and wing-tip UHSAS aerosol probes), which, 
in combination, will provide the complete aerosol size distribution. A further assessment of 

�11

Fig. 6: Example WCL imagery from the UK-
based Convective Precipitation Experiment 
demonstrating the intersection of aerosol 
layers with cloud tops. Top panel: 
attenuated backscatter. Bottom panel: 
depolarization ratio, both uncalibrated. 
Layers with higher depolarization ratio 
corresponded to trajectories originating 
from North Africa, and are consistent with 
dust. ONFIRE in-situ measurements will 
assess the ability of the WCL to detect dust 
in mixed-aerosol situations.
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aerosol composition from sized aerosol images will be made using a transmission electron 
microscope and elemental X-ray analysis (Anderson et al., 1996). Examples of black carbon 
measurements from both electron microscope and the SP2 are shown in Fig. 8.

�

	   The measurement of the single-scattering albedo (SSA) is a critical measurement for 
assessing aerosol shortwave absorption directly. Quantitative measurements of aerosol light 
absorption are challenging (see, e.g., review by Moosmuller et al., 2009), and a variety of 
approaches will be adopted. The most reliable measurements will come from a suite of 
photoacoustic measurements at three wavelengths will be combined with cavity ringdown 
extinction measurements (Lack et al., 2013; Langridge et al., 2012; Moore et al., 2012). The 
photoacoustic instrument measures the actual light absorption for the particles as they exist in 
air, including enhancements of absorption due to coatings and mixing state. The NOAA 
photoacoustic/extinction instrument also includes thermal denuders to estimate the effect of 
coatings on absorption and provide a measure of brown carbon absorption. The photoacoustic 
instrument will be fielded in cooperation with Shane Murphy of U. Wyoming, who has worked 
with the NOAA instrument and has a copy of the photoacoustic portion. A filter-based absorption 
instrument (particle soot absorption photometer or continuous light absorption photometer) will 
provide an additional redundant measure of light-absorbing carbon to the photoacoustic as well 
as a link to the extensive data sets obtained with these instruments on aircraft and long-term 
networks around the world. Another redundant measurement of the absorption, made by 
subtracting optical scattering from extinction at 450 nm, may also be made with a	  cavity 
attenuated phase-shift spectrometer (Kebabian and Freedman, 2007).

The combination of the absorption measurements with the detailed understanding of 
aerosol chemical characteristics and microphysical properties (e.g., hygroscopicity of primary 
BB aerosol) will allow for an explanation of aging of air masses (Lack et al., 2013; Langridge et 
al., 2012; Moore et al., 2012), providing important information for global aerosol models and 
satellite-based inferences (e.g., Waquet et al., 2013).  Additionally, by assessing the ratios of 
total extinction to mass of the non-refractory aerosol and black carbon (from the SP2), an 
estimate can be made of the contribution of dust to the shortwave extinction.

Assessments of the cloud-nucleating aerosol types will be made using a Counterflow 
Virtual Impactor (CVI; Ogren et al., 1985; Glantz et al., 3003). The CVI will collect and evaporate 
droplets in non-precipitating cloud regions, allowing the residual particles present within the 

Fig. 7: Scatter plot of aerosol scattering as 
measured by a nephelometer versus specific 
humidity above the marine boundary layer, 
during UK-SAFARI 2000 field experiments 
using six flights near the Namibia/Angola 
coast. In-plume biomass burning 
measurements are defined as scattering > 
0.025k/m and <0.01k/m as out-of-plume. 
Biomass burning plumes are more humid 
than their environment, a feature that has 
also been noted in collocated radiosonde-
MODIS aerosol optical depth cases at St. 
Helena Island. Plot by Steve Abel, 
reproduced from Adebiyi et al., (2014).
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stratocumulus droplets to be analyzed by any of the aerosol instruments deployed (e.g., Russell 
et al., 2000; Twohy & Hudson, 2005; Twohy et al., 2008; Baumgarder et al., 2011). The CVI 
residual particles will be analyzed in tandem with the ambient aerosol particles by the analytical 
electron microscope (e.g., Twohy et al., 2013). In this way, the aerosol particle types likely to 
form droplets, and which biomass burning particles act as CCN, can be determined directly. In 
addition, the CVI provides an independent measure of cloud water content across a wide range 
of particle sizes, under ONFIRE conditions from cloud droplets 8 µm diameter to drizzle drops 
several hundred µm in size (Twohy et al., 2003).  Precipitation measurements will also be made
with a phase Doppler interferometer (Chuang et al., 2008). Further in-situ microphysical 
measurements will be provided by the NCAR deployment pool:  the Cloud Droplet Probe, King 
Liquid Water Content Probe, and FSSP and Gerber probes. Particle sampling approaches will 
coordinate with each other towards minimizing measurement uncertainties.

Other measurements focus on constraining emission sources and entrainment rates 
from the free troposphere into the boundary layer. These include fast-response PI-provided 
DMS and CO measurements along with the CO, CO2, and O3 measurements available through 
the NCAR deployment pool. Trace gases will be measured by the NCAR Trace Organic Gas 
Analyzer (TOGA) and are applied to determine biomass burning sources. The redundancy and 
comprehensiveness is important because we will need to differentiate ocean sources from 
biomass burning aerosol sources. DMS is the most useful entrainment tracer (e.g., DYCOMS-II, 
PASE ) because DMS can typically be assumed to stem solely from ocean surface biogenic 4

emissions, with a near-zero concentration in the overlying free troposphere. In fact DMS can 
also be emitted through biomass burning (Sinha et al., 2003), but, the emission factors are 
extremely low (10-5 relative to CO), and, in addition, the 1-2 day photochemical lifetime of DMS 
is sufficiently short that its advection can be neglected quickly. DMS surface fluxes between 
5-15S are anticipated to be 1.5 − 7 μmol m-2d-1	  estimated in part from Fig. 9,	  and this is 
adequately observed using eddy covariance (Conley et al., 2009; Blomquist et al., 2010). CO is 
longer-lived, and also an important tracer of biomass-burning plumes, thereby providing a 
complementary dataset to compare against aerosol measurements inside and outside the 
boundary layer. CO flux measurements are more difficult, and two independent measurements 
of CO are proposed to further develop this approach to measuring entrainment. Ozone and CO2 
are also typically applied within entrainment studies, and during ONFIRE both are expected to 
possess a signature from biomass-burning. Comprehensive trace gas measurements from the 
PTR-MS include acetronitrile, which is particularly capable of providing a unique biomass 
burning marker (de Gouw and Warneke, 2007).  Water vapor isotope analyses will also be 
applied to assess air mass mixing and precipitation efficiency (e.g., Bailey et al., 2013). As a 

 Pacific Atmospheric Sulfur Experiment4
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Fig. 8b: BC size 
distributions measured by 
an SP2 from two different 
types of sources during the 
TexAQS 2006 campaign. 
The systematic difference 
in sizes between the two 
sources has implications 
for BC absorption 
efficiency, CCN impact, 
and lifetime. Adapted from 
Schwarz et al., 2008b

Fig. 8a. Scanning 
electron microscope 
examples of particle 
types sampled during 
VOCALS: a) 
ammonium sulfate, b) 
biomass burning, c) 
soot carbon from 
combusion. 
Reproduced from 
Twohy et al., 2013, fig. 
3.



suite, the measurements provide important and unprecedented information about the cloud-top 
entrainment behavior under different aerosol loadings aloft, as well as the entrainment fluxes of 
BB aerosol into the boundary layer.
 

�
In addition meteorological measurements are needed to serve as controls for 

distinguishing cloud dynamical responses to aerosol from meteorology. Dropsondes from the 
C-130, released at a 1.5degree resolution, will characterize the thermodynamic and kinematic 
structure pertinent to the regional dynamics and be combined with reanalyses fields.These 
serve to initialize model process studies that apply perturbations to assess equivalences in the 
cloud responses to meteorology and aerosol impacts, WRF-Chem simulations run with and 
without BB aerosol emissions, and forward trajectory modeling of passive tracers (see also 
discussion of H2 within the SPO). 

Communication with NCAR’s RAF on the payload for the C-130 is well-developed. The current 
payload draft (Fig 10) is close to final, with remaining discussion still needed to finalize the CO, 
CH4 and CO2 NCAR measurements. A PI-provided  fast-CO measurement instrument (the 
Cavity Output Spectrometer, or OA-ICOS) will also be included in the rack that contains the 
Atmospheric Pressure Ionization Mass Spectrometer (APIMS), with both measurements used 
for the quantification of the cloud-top entrainment fluxes. A Wideband Integrated Bioaerosol 
Sensor (WIBS) will also be incorporated into the rack containing the Counterflow Virtual 
Impactor (CVI) if space permits.

Fig. 9: Compilation of all seawater DMS 
concentration (nM) measurements for 
this region in NOAA’s 40-year database 
(http://saga.pmel.noaa.gov/dms)

!
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Table 1: NCAR C-130 Atmospheric Remote Sensing, Cloud and Chemistry Instrument Suite

Instrument/home Function Funding 
Source

Investigator

Aerosol Mass Spectrometer
(UCRiverside)

aerosol sizing and 
composition

NSF-Chem Roya Bahreini (UC 
Riverside)

cavity-attenuated phase-shift 
spectrometer (UCRiverside)

optical extinction and 
scattering at 450 nm

NSF-Chem Roya Bahreini (UC 
Riverside)

Scanning Mobility Particle 
Sizer (SMPS/NCAR)

8-120 nm aerosol 
sizing

Deployment Pool James Smith (NCAR)

TSI-3025 (Wyoming) aerosol sizing and 
calibration

NSF-Chem Jeff Snider 
(UWyoming)

DMT-CCN counter CCN as a function of 
supersaturation

NSF-PDM Greg Roberts
(Scripps)

Hiaper Airborne Radiation 
Package (NCAR; to adapt for 
the C-130)

spectral irradiance 
measurements 
280-2400 nm 

Deployment Pool Sebastian 
Schmidt(CU)/Sam Hall 
(NCAR)

Wyoming Cloud Radar 
(Wyoming/NCAR)

cloud microphysics and 
macrophysics

Deployment Pool David Leon 
(UWyoming)

Wyoming Cloud Lidar 
(Wyoming/NCAR)

aerosol and cloud 
vertical structure

Deployment Pool Jeffrey Snider 
(UWyoming)

Muti-function Airborne Raman 
Lidar (MARLi)

aerosol and moisture 
layer remote sensing

NSF-PDM Zhien Wang 
(UWyoming)

CDP, King, FSSP, Gerber 
cloud probes

in-situ drop size 
distribution, LWC

Deployment Pool NCAR RAF

Giant Nuclei Impactor (GNI) 1-1000 micron aerosol 
sampling

NCAR base Jorgen Jensen (NCAR)

Phased Doppler 
Interferometer

in-situ drop size 
distribution

NSF-ATM Patrick Chuang (UC-
Santa Cruz)

TSI-3760, DMT-PCASP, DMT-
FSSP300, UHSAS wing tip 
probe

in-situ aerosol sizing Deployment Pool NCAR RAF

Streaker for SEM, 3-stage 
micro-impactor for TEM & 
NanoSIMS

sized ambient and 
cloud residue aerosol 
images

NSF-Chem Jim Anderson (ASU)

Photoacoustic Absorption/
Cavity RingDown (PAS-
CRD@NOAA)

aerosol absorption/
scattering

NSF-Chem or 
NOAA

Daniel Murphy (NOAA)/
Shane Murphy (U 
Wyoming)

Single-Particle Soot 
Photometer (SP2)

black carbon mass and 
mixing state

NSF-Chem or 
NOAA

Joshua Schwarz 
(NOAA)
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Trace Organic Gas Analyzer 
(TOGA)

trace gases; emission 
characterization

Deployment Pool Eliott Atlas (UMiami)/
Eric Apel (NCAR)

Atmospheric Pressure 
Ionization Mass Spectrometer 
(APIMS)

DMS measurements 
for entrainment studies

NSF-Chem Byron Blomquist 
(CIRES) 

UV Resonance fluorescence CO emissions Deployment Pool Teresa Campos NCAR)

Cavity Output Spectrometer 
(OA-ICOS)

CO fluxes and 
emissions

NSF-Chem Byron Blomquist 
(CIRES)

Picarro cavity ring-down 
spectroscopy (CRDS)

CO2 + CH4 fluxes
+emissions

Deployment Pool Teresa Campos 
(NCAR)

NO chemiluminescence Fast O3 concentration 
& flux

Deployment Pool Teresa Campos 
(NCAR)

Picarro cavity-enhanced 
tunable diode laser abs. spec.

water vapor isotope 
analysis

NSF-ATM David Noone
(Oregon State U)

Counterflow Virtual Impactor cloud composition and 
residual sizes

Deployment 
Pool/NSF-ATM

Cynthia Twohy (NWRA)

Airborne Vertical Atmospheric 
Profiling System (AVAPS; 
NCAR)

thermodynamic profile 
characterization

Deployment Pool Zuidema (UMiami)

Miilli/microwave radiometer 
(lease)

cloud liquid water path 
and water vapor path

NSF-PDM Zuidema  (UMiami)

Wideband Integrated 
Bioaerosol Sensor (WIBS)

biological particle 
detection

NSF-ATM Cynthia Twohy (NWRA)

Instrument/home Function Funding 
Source

Investigator
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Table 2: Field facilities requested, sponsors, stratus, cost estimates, personnel.
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Facility/Instrument Sponsor & 
(Status)

TBS: To Be 
Submitted

Cost 
Estimate 

(NSF 
only)

Contact

NCAR C-130
Base facility (cloud and aerosol 

microphysics, dynamics, turbulence)
Counterflow Virtual Impacter (CVI)

flight hours (120 hours research time)

NSF 
Deployment

(TBS)

2,039,338 Paquita Zuidema 
(U Miami)

Cindy Twohy 
(CVI; NWRA)

NCAR C-130
Hiaper Airborne Radiation Package (HARP)

to adapt for C-130

NSF 
Deployment 

(TBS)

92,445 Sebastian 
Schmidt (CU)/

Sam Hall (NCAR)

NCAR C-130
Trace Organic Gas Analyzer (TOGA)

NSF 
Deployment

(TBS)

156,001 Elliot Atlas 
(U Miami)

NCAR C-130
Fast Ozone, CO, CO2, CH4

NSF 
Deployment 

(TBS)

165,763 Teresa Campos 
(NCAR)

NCAR C-130
Airborne Vertical Atmospheric Profiling 

System (AVAPS; 200 dropsondes)

NSF 
Deployment

(TBS)

250,312 Paquita Zuidema
(U Miami)

NCAR C-130
Wyoming Cloud Radar
Wyoming Cloud Lidar

NSF
(TBS)

81.4K Jeffrey French
(U Wyoming)

NCAR
1 GPS Advanced Upper-Air Sounding 
System (GAUS) @ Ascension Island
325 sondes, materials&shipping only

NSF 
Deployment

(TBS)

164,043 Paquita Zuidema 

(U Miami)

Logistical support (NCAR FPS)
Field Catalog, Data Management, limited 

Project Management & Operations Support, 
Education and Outreach

NSF Special 
(TBS)

400,000 Brigitte Baeuerle
(NCAR)



C-130 Sampling Strategy

Three distinct flight patterns will provide the range of sampling necessary to achieve 
ONFIRE objectives (Fig. 4). Two of these are aerosol-cloud cross-section mission survey 
patterns that are similar to each other except for the survey regions, and are shown in pink and 
purple within Figure 4. The north-south flights along 5E reach the heart of the stratocumulus 
deck at 15S and are designed to sample the main aerosol outflow and the evolution of the 
boundary layer along the mean flow pattern over the sharp SST gradients. The east-west flights 
along 5S, near the densest concentration of aerosol (Fig. 1), out to 5W follow the aerosol as it is 
transported westward, surveying aerosol properties as a function of longitude and age. Four to 
six north-south flights are planned and three east-west flights. The other main flight pattern 

NASA P-3 and ER-2* (ORACLES)
* P-3 deployments in 2016, 2017, 2018, 

ER-2 in 2016

NASA
Funded

$30M Jens Redemann
(NASA-Ames)

AERONET sun photometers@ St. Helena, 
Angola, Ascension

NASA
Funded

N/A Brent Holben
(NASA)

UK BAE-146 
(CLARIFY)

August-September 2016 only

UK-NERC
Funded

$7M Jim Haywood 
(UK  Met Office/

Exeter)

DOE AMF1 (LASIC)
June 1, 2016-May 31, 2017 only

Ascension Island, includes radiosondes

DOE ARM
Funded

$30M P. Zuidema 
(U Miami)

DOE AMF1 (LASIC2)
June 1, 2017 - October 31, 2017

Ascension Island, includes radiosondes

DOE ARM
TBS

N/A P Zuidema 
(U Miami)

Surface-based Instrumentation on St. 
Helena (CLARIFY)

August-September 2016 only
Doppler lidar, microwave radiometer, 94 
GHz cloud radar, radiosondes, LW&SW 

broadband radiometers, UAV, Grimm 
spectrometer

UK-NERC
Funded

N/A Jim Haywood/ 
Eleanor Highwood

(UK Met Office 
Meteorological 
Research Unit, 

Cardington)

Radio&Ozonesondes, St. Helena
September, 2017

NSF-Chem
TBS

N/A Gregory Jenkins
(Howard U.)

PIRATA radiation and flux buoy @ 8E, 6S EU/S. Africa
 Funded

N/A Noel Keenlyside 
(U Bergen)/

Matthieu Rouault 
(U S. Africa)

R/V Polarstern*
motion-stabilized Doppler cloud radar & 

radiosondes
*if cruise timing is advantageous

NOAA
(TBS)

N/A Chris Fairall
(NOAA ESRL-

PSD)
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focuses on assessing entrainment, shown in blue in Fig. 4. Of the six to eight entrainment-
focused flights, three to four are focused on stratocumulus entrainment and three to four on 
cumulus entrainment. These missions will follow the same vertical profiling flight pattern as the 
survey missions, when not focused on profiling entrainment fluxes. These flights will aim to 
sample a range of cloud-aerosol vertical separations and possible microphysical interactions. At 
an air speed of 100 m s-1, imposed to improve sampling and typical flight time of nine hours, the 
aircraft range is conservatively estimated at 1500 km. with the sampling beginning immediately 
south of Sao Tome. More detail on the two distinct flight plans is provided below.

a) North-south cross-sections along 5 E between the equator to 15S and east-west cross-
sections along 5S to 5W: 

The utility of the routine flight paths along predetermined longitude and latitude lines is that it 
eases comparison to climate models and provides systematic observation of a complete range 
of aerosol and cloud conditions. Such a strategy was successfully adopted within the VOCALS-
Rex campaign (Bretherton et al., 2010; Allen et al., 2011; Wood et al., 2011) and will also be 
used by the ORACLES campaign along 10S. Fig. 11 shows the flight plan’s vertical profile, with 
long (5-minute or 30 km) straight and level legs for in situ aerosol  and cloud sampling and 
aerosol/cloud remote sensing. A full profile of the aerosol-cloud system is expected to take 
approximately 30 minutes and encompass 150 km. This allows for approximately nine profiles 
on each of the outgoing/returning legs along 5E, reaching to 14-15S. Comparisons of the 
radiation fluxes to those from the PIRATA  buoy at 8S, 6E, will help place the aircraft 5

measurements into a longer time context. The survey missions are daytime-only missions, to be 
able to connect aerosol properties to their shortwave absorption and radiative heating rates, and 
will occur at approximately the same time of day to reduce diurnal aliasing.

b) stratocumulus and cumulus entrainment: 

Six to eight of the flights will focus on characterizing entrainment into the cloudy 
boundary layer, with three to four occurring for the stratocumulus region, and three to four for 
cumuliform clouds closer to the equator. These flights will supply the first documentation of the 
semi-direct effect upon the cloud-top entrainment velocities, a key parameter for connecting 
aerosol absorption to the adjustment in cloud properties. These calculations will rely on flux 
measurements of multiple scalars, to help address the inherent uncertainties within such a 
delicate measurement. A comprehensive suite of trace gases will be measured and examined 

 Prediction Research Moored Array in the tropical Atlantic (Bourles et al., 2008)5
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Fig.11: Survey flight pattern along 5E from equatorial Sao Tome to 15S. Six of the fifteen total 
flights will adopt this pattern, and three will turn westward at 5S and fly along 5S to 5W using the 
same vertical profiling. 



for significant concentration jumps over 50-100 km distances. These include CO, CO2, O3, and 
DMS, the TOGA trace gas measurements and analysis, and an isotopic analysis. The sampling 
serves complementary purposes: to discriminate biomass burning sources of aerosol from 
ocean biogenic sources; to assess the entrainment velocity across the cloud-top (H2); and to 
assess the entrainment of biomass burning aerosol into the boundary layer for H3.

Chevron flight plans, which characterize flux profiles along both along-wind and cross-
wind conditions and were successfully applied during the PASE mission, will be adopted (Fig. 
12). This pattern consists of 15 minutes along-wind and across-wind segments, with one leg 
above an inversion and two legs below. For the stratocumulus entrainment mission, vertical 
profiles that contribute to the survey statistics will be performed to approximately 6 S, followed 
by a 4-5 hour entrainment mission, and a ferry flight back. The cumulus entrainment missions 
may occur closer to Sao Tome and if so can add further legs to improve the entrainment 
estimates. Two to four of the entrainment missions will occur during the nighttime, to 
differentiate the effects of shortwave absorption by its absence, and focus on the longwave 
impacts of free-tropospheric moisture. The chevron flight patterns also lend themselves well to 
calculations of the aerosol heating rate profiles using the flux-gradient method (Pilewski et al., 
2003; Redemann et al., 2006). Three-dimensional radiative transfer modeling will help separate 
aerosol from cloud effects upon the spectral measurements (e.g., Kindel et al., 2011).

Assessments of the larger-scale thermodynamic and kinematic structure will be provided 
by dropsondes released every 1.5 degrees along 5E between the equator and 15S. These, 
combined with reanalyses, help distinguish aerosol from meteorological effects and provide 
model initialization.  The guidance for the individual flight missions will come in part from 15-
minute SEVIRI data from the geostationary Meteosat-10 and Meteosat-11 satellites, available 
from NASA Langley as well as from the UK Met Office through coordination with CLARIFY. 
Real-time ECMWF  forecasts will be available and chemical weather forecasts specific to 6

ONFIRE done through Lagrangian particle tracer modeling driven by forecasted winds, 
described further below.

 European Center for Medium-Range Weather Forecasting6
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Fig. 12: Entrainment flight strategies for the stratocumulus and cumulus regions, left- and right-hand sides 
respectively.. Chevron patterns are approximately 90 km on a side (15 min) with their vertices aligned with 
the mean wind, which will differ between the MBL and outflow region. Abbreviations: FT – free 
troposphere. TCL – top of cloud layer; LCL – lower cloud layer; TBL – top of boundary layer; LBL – lower 
boundary layer. 



Sampling at St. Helena Island and Ascension Island

Eight-times daily radiosondes deployed from the remote St. Helena Island (16S, 6W) and 
Ascension Island (8S, 14.5W; Fig. 13) provide a first-ever resolution of the diurnal cycle for 
southeast Atlantic stratocumulus (St. Helena) and cumulus (Ascension). Ascension Island is 
approximately downwind of St. Helena (Fig. 12), and the two sites in tandem allow for a pseudo-
Lagrangian evaluation of the boundary layer evolution. These inhabited islands of the British 
Overseas Territory have been launching radiosondes approximately five times a week for 
several decades and the DOE LASIC campaign will be increasing the radiosonde sampling to 
4x/daily throughout June 2016-May 2017, increasing to 8x/daily during August 15-October 15, 
2016. We will request an extension to the LASIC campaign through October 15, 2017, to 
provide 8x/daily radiosondes overlapping with the ONFIRE campaign. We are also requesting 
radiosondes through the NSF deployment pool request for the same time period, to ensure 
coverage, with the expectation that NSF will likely defer to DOE if the LASIC extension is 
granted. Another PI-driven proposal will request radiosondes and ozonesondes for St. Helena, 
and ozonesondes for Ascension Island.  Both islands possess AERONET sun photometers, so 
that the diurnal cycle can be characterized as a function of the BB aerosol loading.

Ship-based Sampling

PIRATA-buoy-tending cruises do not typically traverse the area of interest. The German 
R/V Polarstern does traverse the southeast Atlantic on its typical route from Bremerhaven - 
Cape Town (boreal fall) and Cape Town - Bremerhaven (boreal spring). A collaboration is 
already active between Chris Fairall (NOAA ESRL) and Andreas Macke at the Institute for 
Tropospheric Research in Leipzig, and the NOAA ESRL motion-stabilized Dopper W-band cloud 
radar (Moran et al., 2011) cloud radar is deployed upon the R/V Polarstern during the boreal 
spring of 2014 along with a ceilometer and microwave profiler (Contact person: Chris Fairall). 
These complement the OCEANET instrumentation suite consisting of a Raman lidar, microwave 
radiometer, radiation and turbulent flux measurements, a sun photometer and rain gauges. The 
cruise data will be assessed in preparation for the ONFIRE deployment. For ONFIRE an effort 
will be made to coordinate US-provided measurements, primarily the NOAA ESRL cloud radar 
and additional radiosondes, with the OCEANET measurements of Prof. Andreas Macke, upon 
the R/V Polarstern. 
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Fig. 13, left-hand panel: Sept- Oct 
1000 hPa climatological winds with an 
ensemble of September 2013 forward 
trajectories from St. Helena Island, 
calculated by HYSPLIT, superimposed; 
these pass near Ascension Island if 
weighted towards its west. right-hand 
panels depict the 2000-2012 
September-mean thermodynamic 
profiles from ~daily radiosondes 
(Integrated Global Radiosonde 
Archive)
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Project Management

Project management will begin prior to the deployment, with final payload decisions on 
the CO/CO2/CH4 measurements awaiting NCAR decisions on a possible updating to their 
current Picarro instrument. A second pre-deployment activity will be a planning meeting joint 
with CLARIFY and ORACLES scientists, towards refining and coordinating flight patterns and 
clarifying the sharing of meteorological forecasts.

During the field phase of ONFIRE, the project scientist and deputies will be responsible 
for the overall planning and coordination of the field experiment. They will work to coordinate 
activities within the broader ONFIRE science team, the C-130 aircraft manager, the NSF project 
office, and the Earth Observing Laboratory support team. EOL will be responsible for C-130 
payload management and logistical support. Data management will be provided by EOL. 
Mission planning for the C-130 flights will be coordinated by the Project Scientist, who will 
consult with the science team and other VOCALS-REx participants. Daily briefings will discuss 
the previous day’s mission and plan future missions. Mission guidance is aided by real-time 
satellite imagery (MeteoSat in particular, provided by NASA Langley), and real-time chemical 
weather forecasting using a Lagrangian particle dispersion model driven by operational model 
forecasts and analysis, by Jerome Brioude. 

Coordinated Activities

The letters of commitment included within the SPO indicate the coordination that has 
already begun with the CLARIFY and ORACLES campaigns. CLARIFY will study the combined 
aerosol-cloud system in the SE Atlantic and is motivated by the need to improve the 
representation of aerosols, clouds, and cloud feedback processes in the UK Met Office LEM 
model. The combined UK effort for 2016 is valued at $10.5M. ORACLES (ObseRvations of 
Aerosols above CLouds and their intEractionS, PI - Jens Redemann, NASA-Ames) is a $30M 
multi-year (2016-2018), multi-aircraft experiment with its two planes, a P-3 and ESR-2, also 
deployed out of Walvis Bay, Namibia. Close coordination between ONFIRE and 
ORACLES-2017 will occur, for example through surveying flights performed on the same days. 
A spring 2017 meeting will be held in Miami, FL that will be joint between CLARIFY, ORACLES, 
ONFIRE and LASIC investigators. During this time lessons from the CLARIFY experience can 
be used to fine-tune the ONFIRE campaign, and coordination on modeling plans furthered. 
Further joint post-deployment science team meetings are also anticipated.

We expect significant benefit from the coordination of the three efforts. The multi-
experiment coordination will extend the scope of the study geographically, with ORACLES 
sampling routinely along the 15S latitude line, complementing the more northern mapping by 
ONFIRE. Data comparisons will improve each campaign’s post-deployment data quality control. 
Joint science team meetings are anticipated between the three efforts. The four aircraft from two 
US agencies (NASA-ER2, NASA-P3, NSF-C-130) and the UK (FAAM BAE-146), by 
simultaneously surveying different locations of the stratocumulus deck, provide a much more 
complete and spatially-resoved depiction of the strength and variety of smoke-cloud interactions 
than would be possible from one deployment alone.

Other Linkages:

The cloudy boundary layer in the subtropical eastern ocean basins remain important 
modeling challenges, with their representation in climate models improving incrementally, also 
improving (if not removing) the eastern tropical sea-surface-temperature biases that plague 
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coupled climate models. Other projects in the region are focused on this problem, in particular a 
large EU-funded project occurring during 2013-20109 named PREFACE (Enhancing PREdiction 
oF tropical Atlantic ClimatE and its impact). This is using both oceanographic field work and 
modeling to address primarily oceanographic hypotheses for the causes of persistent SST 
biases in coupled climate model depictions of the eastern tropical ocean basins. Their research 
cruises will characterize the oceanographic mesoscale. Importantly, a new replacement PIRATA 
buoy was placed at 6S,8E in July 2013, and is capable of measuring both the shortwave and 
longwave surface radiative fluxes and winds.  This will provide a longer time series with which to 
evaluate the aerosol and cloud radiative forcing at the surface, and place the ONFIRE time 
period within a larger temporal context. PREFACE also includes extensive involvement by 
African scientists and European scientists with a long history of active research in Africa. This 
connection is already leading to a fruitful discussion with Marcek Ostrowski, a Norwegian 
scientists long active on twice-a-year coastal fishery sampling cruises off of the coast of Angola, 
which we expect will lead to the deployment of an AERONET-participating sun photometer on 
the Angolan coast. 

Data Management Plan

Data archiving for observational data and associated satellite, reanalysis and model 
output for ONFIRE will be constructed and maintained by the NCAR Earth Observing 
Laboratory (EOL). The plan is to make the ONFIRE archive available to all participants in the 
field phase and in the broader ONFIRE community as soon as possible after the field program, 
allowing for a period of a few months for quality control procedures. At some later date, 
determined through the ONFIRE planning process, the archive becomes freely available to the 
scientific community. The ONFIRE investigators will implement a real-time internet Field Catalog  
upon training from EOL. This will assist with the planning and operational phase, and offers a 
useful overview of the missions carried out in the field phase. Additional datasets will be 
gathered and made available in the data archive both during and after the field phase. These 
include satellite data (e.g., Meteosat, MODIS, MISR, CloudSat, CALIOP, SSM/I, possibly 
EARTHCARE if available), reanalysis fields (ECMWF and NCEP), and model output from 
participants running case studies based on ONFIRE observational data. Standard NSF 
procedures will be adopted for data sharing including a fair attribution of data sources.
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