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RSP-MAPP aerosol and ocean remote sensing 
products for NAAMES & SABOR field campaigns

• Outline of RSP-MAPP philosophy and the “complex, coastal 
waters problem”
• RSP-MAPP ocean model
• Overview of RSP (polarimeter) and HSRL (lidar) ocean products 

for community feedback
• For researchers focused on aerosol/aerosol-cloud studies
• Outline aerosol products and suggest an area for 

collaboration



Airborne polarimeter and lidar
• RSP is a multi-channel polarimeter with 7 

window channels (410-865, 1594, 2264).
• RSP is hyper-angular: it makes measurements 

at 100+ angles between +/- 55 degrees.
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Airborne RSP: Instrument and Overview 
•  Prototype for APS on Glory  
•  Two versions built in 1999 and 

2001 
•  152 viewing angles per scene + 

dark reference and unpolarized 
calibrator views on every scan 

•  9 bands in visible and shortwave 
infrared:  

•  410, 470, 555, 670, 864, 960, 1593, 
1880, 2263 nm for aerosols and  clouds 

•  960 nm for column water vapor 
•  1880 nm for cirrus (lower atmosphere 

screened by water vapor absorption) 

•  14 mrad Field of view 
•  Accuracy: polarimetric <0.5%, 

radiometric <5% 

SWIR 
cooling 
dewar 

Scanning 
system 

• HSRL ocean products (Kd532 and bbp532)
• Completely different technique that 

does not invoke the same assumptions.
• HSRL backscatter, extinction and lidar ratio 

are useful for validation and detection of 
aerosol type including absorbing aerosol.
• Aerosols are the number one source of 

uncertainty in passive ocean remote 
sensing products.
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The RSP-MAPP approach for 
complex, coastal waters

• MAPP stands for Microphysical Aerosol Properties from 
Polarimetry. However, to get accurate aerosol
microphysical properties, the ocean has to be 
accurately characterized.
• Make the “forward model” as accurate as possible:

• Accurate vector radiative transfer: no “Rayleigh corrections” 
or other approximations used.

• Accurate Mie modeling for aerosols.
• Accurate ocean modeling via physically-consistent Mie 

calculations (albeit this does assume spherical particles.)
• Use optimal estimation to invert all total radiance and 

polarized radiance measurements simultaneously.
• Coupled atmosphere-ocean retrieval approach: e.g., 

retrieval of negative water-leaving radiances is 
physically impossible.
• Retrieval using a coupled system is the best way to 

reliably and accurately retrieve ocean products in 
complex coastal zones.
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Why do we need a coupled approach?

S. Stamnes, C. Hostetler, R. Ferrare, S. Burton, X. Liu,
J. Hair, Y. Hu, A. Wasilewski, W. Martin, B. van
Diedenhoven, J. Chowdhary, I. Cetinić, L. K. Berg, K.
Stamnes, and B. Cairns, "Simultaneous polarimeter
retrievals of microphysical aerosol and ocean color
parameters from the “MAPP” algorithm with
comparison to high-spectral-resolution lidar aerosol
and ocean products," Appl. Opt. 57, 2394-2413
(2018), https://doi.org/10.1364/AO.57.002394

14 14.5 15 15.5 16 16.5

0.1

0.2

0.3

0.4

RSP 555 v1.22
RSP 555 v1.21
HSRL 532

14 14.5 15 15.5 16 16.5

0.8

0.9

1

S
S

A
 5

5
5

RSP fine v1.22
RSP fine v1.21

14 14.5 15 15.5 16 16.5
0.1

0.15

0.2

0.25

re
ff

RSP fine v1.22 RSP fine v1.21

14 14.5 15 15.5 16 16.5

1.4

1.5

1.6

re
a
l p

a
rt

 5
5
5

RSP fine v1.22
RSP fine v1.21

SABOR 20140731, 658 retrievals, MAPP
v1.22, 92.1% converged

• Changing the ocean model 
causes retrieval differences in 
SSA of 0.02 or more!

• However, total aerosol optical 
depth is unchanged.

https://doi.org/10.1364/AO.57.002394


RSP-MAPP coupled ocean model
• 1-parameter model: Chla. 

We also retrieve the windspeed
(surface-slope), and can model 
whitecaps either via a Lambertian 
term, or fraction of slopes that 
have Fresnel reflection.

• New 5-parameter ocean model: 
Chla, bbp440, bbp slope, 
cDOM440, cDOM slope.

• MODIS retrievals assume a fixed 
cDOM slope. Bbp slope maximum 
at 2.0. Non-absorbing aerosols at 
a fixed location.
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RSP-MAPP SABOR products

Research Article Applied Optics 10
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Fig. 3. SABOR July 31, 2014 flight. a) HSRL-1 atmosphere backscat-
tering coefficient and ocean diffuse attenuation coefficient. b) HSRL-1
aerosol typing algorithm, where we can see that the aerosol structure
for this day is complex with multiple layers and a lofted smoke plume.
c) The atmosphere/ocean results from RSP MAPP and HSRL for this
entire day. The following masks are also displayed, where the color
indicates the presence of: clouds-above-aircraft (cyan), aircraft not at
cruising altitude (magenta), aircraft turns/course corrections (yellow),
and clouds below the aircraft (blue).

RSP	one-to-one	line	

HSRL	Kd	and	bbp	
measurements	

Fig. 4. RSP MAPP ocean retrievals and HSRL-1 ocean products plot-
ted as Kd vs bbp. The RSP C2012 ocean bio-optical model retrieval
result is super-imposed against the HSRL-1 measurements HSRL-1
column-averaged hKdi and hbbpi. Only scenes for deeper waters, de-
fined as having an ocean bottom greater than 30 m, are included.
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Fig. 5. RSP MAPP aerosol retrievals vs HSRL-1 aerosol products for
a time-series of retrievals between 14 UTC and 17 UTC on 7/31/2014.
From top: aerosol (a) optical depth, (b) single-scattering albedo at
555 nm, (c) (b) effective radius, (d) real part of the refractive index at
555 nm. The first set of results (v1.21) employed the one-parameter
Chowdhary ocean model from 0 to 3 mg/m3 chlorophyll concentra-
tion, while the second set of results (v1.22) employed the extended
range from 0 to 10 mg/m3.

  0 0.1 0.2 0.3 0.4 0.5

RSP AOD 532

0

0.1

0.2

0.3

0.4

0.5

H
S

R
L

 A
O

D
 5

3
2

 (
h

i)

# points = 1459
Bisect. slope = 1.11 +/-0.015
Bisect. intercept = -0.0592 +/-0.004
R = 0.861
RMS deviation = 0.056

18

26

27

28

30

31

01

04

  0 0.1 0.2 0.3 0.4 0.5

RSP AOD 532

0

0.1

0.2

0.3

0.4

0.5

H
S

R
L

 A
O

D
 5

3
2

 (
lo

)

# points = 1425
Bisect. slope = 1.03 +/-0.015
Bisect. intercept = -0.0656 +/-0.0039
R = 0.854
RMS deviation = 0.0729

18

26

27

28

30

31

01

04

  0 0.1 0.2 0.3 0.4 0.5

RSP AOD 532

0

0.1

0.2

0.3

0.4

0.5

H
S

R
L

 A
O

D
 5

3
2

# points = 665
Bisect. slope = 1.08 +/-0.015
Bisect. intercept = -0.0323 +/-0.0039
R = 0.933
RMS deviation = 0.0372

18

26

27

28

30

31

01

04

  0 0.1 0.2 0.3 0.4 0.5

RSP AOD 532

0

0.1

0.2

0.3

0.4

0.5

H
S

R
L

 A
O

D
 5

3
2

# points = 659
Bisect. slope = 1.01 +/-0.015
Bisect. intercept = -0.0412 +/-0.0038
R = 0.93
RMS deviation = 0.0512

18

26

27

28

30

31

01

04

SABOR 2014 all AAO, MAPP v1.37
2447 retrievals, 63.5% converged
SABOR 2014 all AAO, MAPP v1.37
2447 retrievals, 63.5% converged
SABOR 2014 all AAO, MAPP v1.37
2447 retrievals, 63.5% converged
SABOR 2014 all AAO, MAPP v1.37
2447 retrievals, 63.5% converged



13 13.2 13.4 13.6 13.8 14 14.2 14.4 14.6 14.8 15

0.05

0.1

0.15

0.2
RSP AOT 555
HSRL AOT 532

13 13.2 13.4 13.6 13.8 14 14.2 14.4 14.6 14.8 15

UTC

0

0.005

0.01

0.015

b
b
p

RSP bbp 532

HSRL <bbp 532>

13 13.2 13.4 13.6 13.8 14 14.2 14.4 14.6 14.8 15

0.1

0.2

0.3

K
d

RSP Kd 532

HSRL <Kd 532>

NAAMES2 20160601, 753 retrievals, MAPP v1.23, 47% converged

RSP-MAPP NAAMES products  0 0.1 0.2 0.3 0.4 0.5
0

0.1

0.2

0.3

0.4

0.5

13

29

01

03

  0 0.1 0.2 0.3 0.4 0.5
0

0.1

0.2

0.3

0.4

0.5

13

29

01

03

  0 0.1 0.2 0.3 0.4 0.5
0

0.1

0.2

0.3

0.4

0.5

13

29

01

03

  0 0.1 0.2 0.3 0.4 0.5
0

0.1

0.2

0.3

0.4

0.5

13

29

01

03

NAAMES2 2016 all AAO, MAPP v1.63
979 retrievals, 50.1% converged
NAAMES2 2016 all AAO, MAPP v1.63
979 retrievals, 50.1% converged
NAAMES2 2016 all AAO, MAPP v1.63
979 retrievals, 50.1% converged
NAAMES2 2016 all AAO, MAPP v1.63
979 retrievals, 50.1% converged

NAAMES2 AOD 532



The issue of thin cirrus (NAAMES 2016)
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Thin cirrus is a major issue for aerosol microphysical properties (SSA) and detailed ocean properties.



Lidar + Polarimeter: Aerosol Number 
Concentration

• HSRL (lidar) measures the aerosol extinction 
coefficient (𝛽"#$), aerosol vertical location, and 
retrieves the aerosol typing that is used to 
partition the coarse mode (sea salt) and fine 
mode aerosol extinction coefficient.
• RSP (polarimeter) retrieves the fine mode 

and coarse mode (sea salt) aerosol extinction 
cross-section (𝜎"#$).
• The aerosol number concentration is 

assumed to be constant throughout the 
planetary boundary layer (PBL), so using the 
RSP fine and coarse cross-sections (and AOD) 
we can separate the fine-mode extinction 
from the coarse mode extinction:

• 𝑁' =
)*+,,./0*
1*+,,./0*

INTRODUCTION
• Recent interest in developing correlations between CCN number 

concentration and satellite observables (e.g., aerosol optical depth, 
aerosol extinction) to constrain models (esp. in remote regions)

• Airborne and ground-based field campaigns provide comprehensive 
datasets upon which to develop and test these correlations

METHODS
Here, we synthesize combined lidar, polarimeter, and in situ 
observations from NASA NAAMES, SEAC4RS, KORUS-AQ, and 
DISCOVER-AQ flight campaigns to evaluate relationships between 
aerosol number & volume concentrations and optical properties.

RESULTS
• The HSRL backscatter coefficient nicely tracks the in situ coarse 

aerosol volume measured by the Cloud Droplet Probe
• A substantial number of sub-0.1-µm-diameter particles act as CCN 

at 0.5% supersaturation (a reasonable value for NAAMES clouds)
• RSP fine mode retrieval holds promise, albeit large data scatter
• In situ aerosol extinction measured during NAAMES reaches a lower 

limit of 5-10 Mm-1, even for conditions where particle  
concentrations are extremely low.

CONCLUSIONS & FUTURE WORK
• NAAMES observations fill in the lower end of the dynamic range in 

particle concentrations as compared to other studies
• A key challenge is unravelling the small CCN mode signal from the 

much larger coarse aerosol mode signal in HSRL observations
• Next steps include the use of empirical models using prescribed 

aerosol size distributions as well as further examination of 
advanced, combined active/passive HSRL and polarimeter retrievals
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A handful of giant particles dominate 
LIDAR signals, but do not contribute 
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Deriving CCN from High-
Spectral Resolution Lidar 
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Bastiaan Van Diedenhoven, Jacek Chowdhary, Brian Cairns, 
John Hair, Sharon Burton, Richard Ferrare, Chis Hostetler, 
Luke Ziemba, Ewan Crosbie, Edward Winstead, Lee Thornhill, 
Yohei Shinozuka, and Bruce Anderson

NASA Langley Research Center
21 Langley Blvd.
Hampton, VA 23681
richard.h.moore@nasa.gov

NAAMES #2, 01 June 2016 Case:

Overall Submicron Synthesis:
Comparison of in situ 
measurements of sub 1-µm aerosol 
extinction to particle number and 
volume. NAAMES campaigns cover 
maritime conditions, while SEAC4RS 
and KORUS-AQ reflect higher 
loadings found over continental 
regions.



Summary

• Airborne data (HSRL and polarimeter) is critical for evaluating aerosol and 
ocean products, and works well when conditions are cloud-free.
• Retrieval of single-scattering albedo from polarimetry is possible, but the 

ocean properties need to be accurately characterized in complex waters.
• Aerosol number concentration is possible using HSRL extinction / aerosol 

layer heights and RSP fine and coarse mode cross sections and AOD.
• Beyond that, future work involves combined RSP, HSRL and GCAS 

retrievals. But there are no current plans for such a field campaign, so 
NAAMES is everything we have.
• Simultaneous correction for above aircraft thin cirrus, which is a major 

issue for low-flying aircraft remote sensing data, will be developed.



PolCube-CoastalAQ (LaRC/GISS/KASI/KAIST)
• 5 wavelengths UV-VIS-NIR (380, 440, 555, 

670, 865 nm)
• 4 viewing angles
• I, Q, U Stokes components
• 3% total radiance accuracy, 0.5% DoLP

accuracy
• ~190 km swath
• LaRC+GISS+KASI OE/VRT algorithm for 

aerosol absorption / air quality and coastal 
ocean properties (Stamnes et al., 2018)

• Thin cloud detection using the polarized 
reflectance in the backscatter direction (Sun 
et al., 2014)

• Ideal orbit: Sun-synchronous
• altitude = 566.90 km
• inclination = 97.66 deg
• local time of ascending node 10:30 am
• ground repeat of one day

• 6-12U form factor
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Backup slides



RSP: sensitivity to cDOM

Wei et al., 2016, “Spectral slopes of the absorption coefficient of colored 
dissolved and detrital material inverted from UV-visible remote sensing 
reflectance”
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