
• The RSP scanner rotates continuously so any given scan 
consists of views of lots of different scenes both in front 
of, and behind, the aircraft. So, as the aircraft flies over a 
given point on the surface (or cloud) it will be viewed 
from multiple angles as shown in the figure below.  These 
multiple views of the same scene are what is contained in 
the L1C files.

• Radiance and linear polarization measurements over an 
angular range of ±55° from nadir every 0.8° are provided 
for each scene.
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1. Introduction 
 
The Research Scanning Polarimeter (RSP) is a passive, downward-looking optical instrument 
intended to retrieve cloud, aerosol and surface reflectance properties. Observations are made in 
nine narrow spectral channels, whose band centers range from 410 to 2264 nm. The 
measurements provide the radiance and linear polarization of the observed scene within a ~105° 
along-track swath. Two nearly identical versions are available: RSP1 and RSP2. RSP can be 
mounted on a wide range of (NASA) aircraft.  
 

 
 
Fig. 1. One of the two NASA GISS Research Scanning Polarimeters (RSP 1), fit for 
integration on to the NASA Langley B200 King Air aircraft. 
 
 

2. Data processing 
 
The processing of RSP raw data to level-1C data consists of: 

1. Organizing all data into consecutive straight flight legs: A straight leg is determined 
using the coordinates of the ground track. Since Earth is a spheroid, “straightness” is 
determined based on the distance of the projected sectors from the corresponding great 
circle.  Once projected sectors start to veer off from the great circle, the leg is cut.  A leg 
must contain at least 100 scans with scene data (i.e., with the door being open). 
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determined from the 670 nm channel, except data of the 1880 nm channel, which is aggregated 
to the cloud top height determined with the 1880 nm channel. Hence, two sets of aggregated 
solar and viewing geometries are available in the dataset, corresponding to the aggregation 
performed for the 670 nm and 1880 nm cloud top heights, respectively.  
 

 

6. Rotation into scattering plane 
 
For some applications, it is helpful to convert (or ‘rotate’) the polarized radiances as were they 
observed in the scattering plane. In the case of single scattering, the U component of the Stokes 
vector is zero after rotation. Polarized reflectances rotated into the scattering plane are used for 
the retrievals of droplet size distribution by matching these observations directly to P12 elements 
of scattering phase matrices corresponding to various drop size distributions. The L1C files 
contain arrays in the GEOMETRY folder to perform this rotation, namely Sin_Rot_Scatt_Plane 
and Cot_Rot_Scatt_Plane. For observed values of Q and U, the rotated values Q_rot and U_rot 
are obtained as 
 
 Q_rot = Cot_Rot_Scatt_Plane * Q + Sin_Rot_Scatt_Plane * U 
 U_rot = Sin_Rot_Scatt_Plane *Q - Cot_Rot_Scatt_Plane * U 
 
For a detailed example on how to use these rotation arrays, please see section 9. Note that 
rotated Q values are readily available in the L1C data for all bands in variable 
Stokes_Q_Scatt_Plane. 
 

• The Research Scanning 
Polarimeter (RSP) is a passive, 
downward-looking polarimeter, 
with nine spectral bands 
between 410 and 2260 nm that 
scans its field of view along the 
aircraft ground track. 

RSP Radiance Data – ACTIVATE-RSP-L1C_UC12_YYYYMMDD_RX



• A feature of the RSP data is that it contains high 
angular density observations for every scene.  

• When a water cloud is present polarized 
observations of the cloud bow can be used to 
estimate the Droplet Size Distribution. 

• The RSP also has spectral bands in regions 
where liquid and ice water absorb (1.59 and 
2.26 µm) and allow for bispectral retrievals of 
droplet sizes similar to MODIS and VIIRS.

• The optical depth of the cloud is also estimated 
using a non/weakly absorbing band at 865 nm
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• The remote sensing estimates of droplet 
size distributions have been validated 
against in situ observations with  an 
agreement for effective radius ~ 0.5 µm 
and for effective variance of 0.02 
between in situ and remote sensing 
when a monomodal size distribution is a 
viable fit.

RSP Cloud Data – ACTIVATE-RSP-CLD_UC12_YYYYMMDD_RX



RSP Aerosol Data – ACTIVATE-RSP-AER_UC12_YYYYMMDD_RX

• In clear skies RSP observations are used to 
retrieve aerosol properties.

• The microphysical properties (effective 
radius, variance and complex refractive 
index) of a bimodal aerosol size distribution 
are estimated.

• In addition, the total optical depth, coarse 
mode fraction, aerosol layer height, and 
number concentration of aerosols is 
determined.

• As part of the aerosol retrieval ocean 
properties are estimated: Chlorophyll-a 
concentration, diffuse attenuation, 
hemispherical backscatter and windspeed.

• README files in pdf format are provided for 
each data set in the same location as the 
data:
• README files provide references and  

documented retrieval uncertainties
• Appendices in the README files list 

document the structure of the data files 
and list scientific data sets they contain 


