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NOAA Earth’s Radiation Budget Initiative
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• ERBI Funded Activities Include
§ Model Development and Analysis

Ø Stratospheric aerosol representation
Ø Aerosol – cloud interaction

§ Laboratory studies
§ Instrument development
§ Regular balloon-sonde aerosol measurements

Ø The B2SAP Project

§ Airborne stratospheric aerosol measurements

Ø SABRE

• US Congress funding to NOAA starting in 2020
“for modeling, assessments…observations and monitoring of stratospheric conditions and the Earth's 
radiation budget, including the impact of the introduction of material into the stratosphere from changes 
in natural systems, increased air and space traffic… and the assessment of solar climate interventions.”



SABRE science goals include increasing 
understanding of:
• Stratospheric aerosol microphysics, composition, and 

optical properties 

• Stratospheric sulfur budget and non-sulfur contributions 
to stratospheric aerosol loading

• Impacts of stratospheric aerosols on ozone chemistry 
and dynamics

• Stratospheric aerosol response to perturbations 
(volcanic eruptions, pyro-convective injections, rockets)

Adapted from Kremser et al. (2016)

SABRE Science

Ø Assess and improve the representation of 
stratospheric aerosol processes in models

30 April 2024 SABRE+ACCLIP Science Team Meeting 3

2023



Bonisch et al., 2009

Ray et al., 2017
Two main branches (upper and lower) of the stratospheric 
Brewer-Dobson circulation result in a mixture of ages and 
source regions in the extratropical LS.

The entire mass of the mesosphere descends 
through the polar vortex every winter

Stratospheric Transport – Targeting Aged Air
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SABRE 2023 Payload

SABRE+ACCLIP Science Team Meeting 5

• Aerosol size distribution from 3 nm to 
super-micron

• Direct aerosol extinction measurement

• Aerosol composition from PALMS and 
BC number and mass from SP2

• Aerosol impactor for off-line particle 
analysis

• SO2 and OCS

• Dynamical tracers N2O, CH4, SF6

• NO, NO2 and NOy

• I– CIMS measuring halogen species 
(ClO, BrO, ClONO2) and N2O5
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SABRE 2023 – Feb/March
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• 3 flights from Ellington Field, Houston

• 12 flights from Eielson AFB, Fairbanks

• 4 Transit/Science flights

Ø 106 total flight hours

• Latitude range 17 – 81° N

• Arctic winter stratosphere is warm…
which limits aircraft altitude

• 3 day night photochemistry flights

• 1 attempted rocket plume intercept
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Kerosene-LOx Rocket Plume
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Attempting to sample an invisible rocket plume…
at night…

without real-time data…

+   Launch coordination and info
+   good timing on range entry (~4 min post-launch)
–   advection of plume
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Ming Lyu, Drew Rollins

• Rocket plume intercepted twice at ~ 45 min after launch
• SO2 provides clear distinction between rocket and WB-57 exhaust

Rocket

WB-57



Sampling Aged Stratospheric Air
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§ Sudden stratospheric warming in February

§ Sampled polar vortex air on 5 flights in 7 
days

§ Potential temperatures up to 484 K

§ O3 mixing ratios up to 3500 ppb

§ Measured N2O values down to 100 ppb

§ OCS values near zero
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N2O Fred Moore, Eric Hintsa



Tracer – Tracer Relationships
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N2O Fred Moore, Eric Hintsa

• O3 - N2O tracer - tracer correlation 
reveals a range of values 
reflecting different histories of air 
sampled

▻ Upper (solid red) line 
represents a typical mid-
latitude relationship

▻ Lower (dashed red) line 
characteristic of polar vortex air

• NOy (mostly HNO3) vs N2O 
relationship indicates 
denitrification had occurred in the 
vortex air (dark blue points)

NOy Eleanor Waxman and Drew Rollins



Particle Size Distributions
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Ming Lyu, Adam Ahern, Chuck Brock

■ In the Arctic stratosphere, two modes of 
particles contribute significantly to the total 
aerosol surface area

► Small particle mode: surface-weighted mean 
diameters from ~0.09 to 0.22 µm

► Large particle mode: surface-weighted mean 
diameters from ~0.35 to 0.66 µm

■ The detailed size distribution measurements 
allow analysis of the contribution of different 
modes/types of aerosol to the total aerosol 
radiative effects and stratospheric chemical 
processes



Particle Composition
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• PALMS-NG characterization of particles types 
from measurement of individual particle 
composition 

• Particle type at O3 < 500 ppb dominated by 
sulfate-organic

• Large fraction of particles in aged ( = high O3) 
stratospheric air observed to contain 
meteoric metals

– in agreement with large refractory aerosol fraction 
observed in prior Arctic airborne missions
(Weigel et al, 2014)
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Gregg Schill, Mike Lawler, Maya Abou-Ghanem and Dan Murphy



Particle Composition
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• PALMS-NG has a relative organic to 
sulfate mass calibration
(Froyd et al, AMT 2019)

• Tropospheric model with organic mass 
fraction > 40% persists up to ~ 1 ppm 
ozone (very stratospheric, ~ 2 years 
mean age) before beginning to fall off

• A mode of nearly pure sulfate 
(organic mass fraction < 0.1) appears 
at O3 > 500 ppb and dominates at O3 
> 1 ppm
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Mike Lawler, Gregg Schill, Maya Abou-Ghanem and Dan Murphy



Particle Composition
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• Separate the low organic mass fraction 
sulfate particle type from other sulfate-
organic since it seems to be a different 
particle type

• Composition measurements are 
combined with size distribution 
measurements to provide size-resolved 
composition for further analysis
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Gregg Schill, Mike Lawler, Maya Abou-Ghanem and Dan Murphy



Stratospheric Sulfate Aerosol Formation
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Colin Gurganus, Chuck Brock, Ming Lyu, Pengfei Yu
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Photo:  Max Dollner

Photo:  Nic Beres

Photo:  Samantha Lee

§ Space industry metals in aerosols
(Murphy et al., PNAS)

§ Aerosol formation and growth in descending 
polar vortex air
(Lyu et al., in review)

§ Influence of meteoric smoke particles on 
stratospheric aerosol size distribution
(Lawler et al., in review)

§ Stratospheric sulfur budget
(Gurganus et al., in prep)

§ Halogen and reactive nitrogen heterogeneous 
chemistry
(Decker et al., in prep)

Ø Combine SABRE 2023 data with other (satellite, 
prior airborne missions) observations for 
synergistic analysis

SABRE 2023 Data Analysis


