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Primary Goals: 
• Interpret and enhance ~19 years of satellite aerosol retrieval products 

• Characterize statistically particle properties for major aerosol types 
globally,
    to provide detail unobtainable from space, adding value to all satellite 
aerosol data:

  -- Improved aerosol property assumptions/initialization in satellite retrieval 
algorithms 

  --  More robust translation between satellite-retrieved aerosol optical 
properties and 
species-specific aerosol mass and size tracked in aerosol transport & climate 
models  

SAM-CAAM  Concept
[Systematic Aircraft Measurements to Characterize Aerosol Air 

Masses]

[This is currently a concept-development effort, not yet a project]

Kahn et al., BAMS 2017



SAM-CAAM is feasible because:
Unlike aerosol amount, aerosol microphysical properties tend to be repeatable  
                    from year to year, for a given source in a given season 

Kahn et al., BAMS 2017

Obtain aerosol intensive property PDFs required for key 
aerosol science objectives, but cannot be retrieved with adequate precision, 

or are entirely unobtainable, from remote sensing*

• Hygroscopicity* – Particle ambient hydration, aerosol-cloud interactions

• Mass Extinction Efficiency* – Translate between retrieved optical properties
                                                 from remote sensing & aerosol mass book-kept in 
models

• Spectral Light-Absorption – Aerosol direct & semi-direct forcing, 
                                                 atmospheric stability structure & circulation

• CCN Properties* – At least part of the CCN size spectrum is too small to be 
                                         retrieved by remote-sensing

SAM-CAAM  Objective
[Systematic Aircraft Measurements to Characterize Aerosol Air 

Masses]



AeroCom Model Mass Extinction 
Efficiencies 

CCSP 2009

Table 3.3

Sulfate

Table 3.4
Similar situation
    for particle:

• Hygroscopicity

• Light Absorption

MEE values 
for aerosol 
species are 

uncertain by 
factors of 3 

or more



• Dedicated Operational Aircraft – routine flights, 2-3 x/week, on a continuing basis

• Sample Aerosol Air Masses accessible from a given base-of-operations, then move;
     project science team to determine schedule, possible field campaign participation

• Process Data Routinely at central site; instrument PIs develop & deliver algorithms, 
     upgrade as needed; data distributed via central web site, as with EOS data

• Parallels the relationship between AERONET and MODIS / MISR during EOS era

• Fills gaps in satellite remote-sensing as IceBridge did for cryosphere

• Peer-reviewed paper with notional payload demonstrating feasibility;
      subsequent selections based on agency buy-in and available resources

SAM-CAAM is feasible because:
Unlike aerosol amount, aerosol microphysical properties tend to be repeatable  
                    from year to year, for a given source in a given season 

Kahn et al., BAMS 2017

SAM-CAAM  Implementation
[Systematic Aircraft Measurements to Characterize Aerosol Air 

Masses]



SAM-CAAM 15 Required Variables 

[Systematic Aircraft Measurements to Characterize Aerosol Air Masses]

Abbrev. Required Variable

1 EXT Spectral Extinction

2 ABS Spectral Absorption

3 GRO Hygroscopic Growth

4 SIZ Particle Size

5 CMP Particle Type (a composition constraint)

6 PHA Single-scattering Phase Function

7 MEE Mass Extinction Efficiency

8 RRI Real Refractive Index

1. AEROSOL PROPERTIES FROM IN SITU MEASUREMENTS 
& INTEGRATED ANALYSIS 
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SAM-CAAM 15 Required Variables 

[Systematic Aircraft Measurements to Characterize Aerosol Air Masses]

Abbrev. Required Variable

9 CO Ambient Gases (CO + O3 + NO2)

10 T; P; RH Standard Ambient Meteorological Variables

11 LOC Geographic Location

2. METEOROLOGICAL CONTEXT 

3. AMBIENT REMOTE-SENSING CONTEXT 

Abbrev. Required Variable

12 A-EXT &
A-ABS

Ambient Spectral Extinction & Absorption

13 A-PHA Ambient Particle Phase Function

14 A-CLD Ambient Cloud & Large-Particle Size/Type

15 HTS Aerosol Layer Heights

Kahn et al., BAMS 2017
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• Item #1 aimed at meeting the 2017 Decadal Survey objectives :

“Understanding clouds and aerosols and their impacts on climate and weather”

• Item #1 under five priority mission observables  identified in the Survey:
 Aerosols and their effect on climate and air quality

• To characterize long-term trends and variations in global, vertically-resolved 
speciated particulate matter :

“Combine advanced space-based observations, aircraft & ground-based 
observations with chemical transport modeling…”

• Assessing the adverse effects of poor air quality : 

“It is a challenge to provide observations from space-based platforms alone... The 
strategy requires a combination of space-based observations, and expansion of 
aircraft and ground-based observations, in conjunction with… modeling...

SAM-CAAM  2017 Decadal Survey Impetus
[Systematic Aircraft Measurements to Characterize Aerosol Air 

Masses]



A Notional SAM-CAAM Payload Could 
Fit on a NASA Shorts C-23B Sherpa  



Notional Payload 
Accommodation

Schematic of a notional layout of the SAM-CAAM Payload Option C in the NASA C-23B Sherpa aircraft. 
Two-bay racks are shown in red, in-cabin floor-mounted instruments in green, external probes in blue, 
and the aerosol inlet in gold.  The point of this notional payload is to demonstrate feasibility.

Kahn et al., BAMS 2017



SAM-CAAM 15 Required Variables 

[Systematic Aircraft Measurements to Characterize Aerosol Air Masses]

1. AEROSOL PROPERTIES FROM IN SITU MEASUREMENTS 
& INTEGRATED ANALYSIS 
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SAM-CAAM 15 Required Variables 

[Systematic Aircraft Measurements to Characterize Aerosol Air Masses]
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SAM-CAAM 15 Required Variables 

[Systematic Aircraft Measurements to Characterize Aerosol Air Masses]
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