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Multi-angle Imaging SpectroRadiometer - MISR 

Nine view angles at Earth surface:!
70.5º forward to 70.5º backward!

275 m - 1.1 km sampling!

Four spectral bands at each angle:!
446, 558, 672, 866 nm!

400-km swath: 9-day coverage!
at equator, 2-day at poles!

7 minutes to observe each scene!
at all nine angles!



Multiangle observations of aerosols and clouds 

Cloud and aerosol 
plume heights and 
motion 

“Geometric” 
approach 

Distributions, types, 
and trends of 
airborne particles 

“Radiometric” 
approach 



Geometric parallax and motion between views 

Multiangle flyover! Cloud-top heights! Cloud motion vector winds!



Jan Feb Mar 

Apr May Jun 

Jul Aug Sep 

Oct Nov Dec 

High sensitivity to low- and mid-
level clouds !

Cloud height and wind climatologies from MISR 

L. Di Girolamo, D. Wu, M. Garay!

MISR-NCEP wind comparison,!
January 2005!



Mt. Etna (2002) 

Eyjafjallajökull (2010) 

Volcano ash plume injection heights 

D. Nelson, S. Scollo!



Percentage of plumes exceeding the 
boundary layer height by >0.5 km.  

2002        10-25%! 2005          4-15%!

2006         9-28%! 2007         9-18%!

M. Val Martin et al. (2010), ACP; R. Kahn et al. (2007), JGR!

Smoke plume injection height climatology 

>3500 !
plumes!



nadir! 70º! aerosol optical depth (AOD)!

View from airplane View from MISR 

Radiometric variation with changing view angle 



MISR data show major dust 
sources in the Bodélé Basin 
and Mali/Mauritania  

M. King et al. (2007), Cambridge Univ. Press; !
C. Koven and I. Fung (2008), JGR!

Saharan dust seasonality 





Eyjafjallajökull - 19 April 2010!

Volcanic plume particle properties 



Aerosol-Cloud-Ecosystem (ACE) mission 

 Sensors 

Advanced lidar 

Advanced cloud radar 

Ocean color spectrometer 

Imaging spectropolarimeter 
“A highly accurate multiangle 
multiwavelength polarimeter…
with ~1 km pixel size” 

!"NAS Decadal Survey, January 2007 

Cloud and aerosol 
height 

Organic material 
in surface ocean 
layers 

Aerosol and cloud 
types and 
properties 

Improved climate 
models 
Local climate 
change prediction 

Ocean 
productivity 
Ocean health 

Air quality models 
and forecasts 





Aerosol sensitivity and polarimetry 

O. Hasekamp and J. Landgraf (2007), Appl. Opt.!

To add high-accuracy information content to multiangle intensity data, 
uncertainty of 0.5% or better in degree of linear polarization is required.  



MSPI polarization measurement approach 

Reflective optics and a dual-PEM 
assembly provide intensity and 
polarization imaging over broad 
spectral range and wide FOV. M1 

M2 

M3 

!"To measure DOLP accurately, we time-modulate the linear 
Stokes components Q and U – leaving intensity I unmodulated 
– using photo-elastic modulators (PEMs): 

!"This temporal modulation enables retrieval of q = Q/I (and u = U/I) 
as relative measurements 

Input light 
Time-modulated 
signal 

Polarization 
analyzer 

PEMs + 
quarter-wave plates 



Prototype camera and gimbal (GroundMSPI) 

Entrance aperture 
with baffles 

Back side of M2 

Focal Plane 
Assembly board 

Spectral bands 

355, 380, 445, 470*, 555, 660*, 865*, 935 nm (*polarimetric)   



Polarimetry using temporal modulation 

1 frame ~ 40 msec 

Measures 
both Q and I 

Measures 
both U and I 



Polarimetric calibration at 660 nm 

Uncalibrated Calibrated 

DOLP 0.9962 ± 0.0034  1.0000 ± 0.0022  



445, 555, 660 nm 470, 660, 865 nm  

GroundMSPI imagery: intensity 

January 6, 2010 



470, 660, 865 nm 
DOLP  

470, 660, 865 nm 
AOLP  

GroundMSPI generates high-quality polarimetry 

January 6, 2010 



!"AirMSPI (to fly on the NASA ER-2, upgrade of AirMISR) 

!"Similar to GroundMSPI but with: 

!"Improved mirror coatings and athermalized quarter wave plates 

!"Optical probe for controlling the PEMs in flight 

!"Flight test scheduled for late May 2010 

!"Currently developing technologies for extension of MSPI into 
the SWIR 

Camera upgrades currently in process 

  



Algorithm advances are needed too! 

Current paradigm New paradigm 

Lookup tables (LUTs) 
to relate particle 
properties to radiances 

Fast, accurate run-time 
radiative transfer calculations 
with parameter optimization 

LUTs 

!"Limitations of LUTs (Katsev et al., 2009) 

!"Lookup tables can rapidly grow to very large size, requiring large 
computer memory and intensive I/O 

!"Coarsely discretize continuously varying parameters 

!"Retrieval can be cast as an optimization of aerosol and surface 
parametric models (Govaerts et al., 2009; Waquet et al., 2009) 

!"Aerosols: At least bimodal ognormal distribution of spherical particles 
"  rc, !, nr, ni for each mode; total AOD; nonsphericity; height 

!"Surface: Parameterized BRDF constraining angular and spectral 
functionality 



Combining multiangle intensity and polarimetry 

!"Multiangle intensity and polarization data provide constraints on the 
surface boundary condition required for aerosol retrieval. 
!"Spectral invariance of angular shapes of surface bidirectional reflectance factors 
(AATSR, MISR, AirMISR, RSP) 

!"Spectral neutrality of surface polarized reflectance (POLDER, RSP) 

   

B. Cairns, L. Travis, GISS 

Reflectance Polarized reflectance 

410 nm 
865 nm 
2250 nm 



Surface BRDF model 

!"Volumetric depolarizing scattering term plus a polarizing term 
modeled as an angular distribution of specularly reflecting facets. 

Modified Rahman-Pinty-Verstraete Fresnel facets with angular probability 
distribution in tilt angle " 
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Evaluation of surface BRDF using GroundMSPI 

Truck roof 

Grass 

Analyzed time series of data 
8:44 am, 9:44 am, 10:43 am, 11:44 am,  
12:45 pm, 1:44 pm, 2:44 pm, 3:44 pm PST 
January 6, 2010 

470, 660, 865 nm 









Initial retrieval tests  
""“Truth”        Parameters retrieved using Levenberg-Marquardt optimization 

AOD=0.1 

AOD=0.5 

x10 x10 

x10 x10 

Surface Atmos. Surface Atmos. 

Surface Atmos. Surface Atmos. 



LUT vs. runtime optimization test 

!"Last year Alex Kokhanovsky conducted a “blind” retrieval 
experiment with various instrument teams 

!"Simulated  radiances  were  provided  but  aerosol  properties  were 
unknown to each team 

!"Teams used their algorithms to retrieve aerosol characteristics 

!"AOD results for MISR algorithm  

AOD558 Comment 

“Truth” 0.991 rchar = 0.1 µm, ! = 2.718, nr = 1.38 

MISR LUT – standard mixture set 
use in operational retrievals 

0.892 LUT does not contain good size 
distribution analog 

Optimization – interim result 0.981 Particle properties close to correct 
but optimization not yet converged 



Conclusions 

!"Building on MISR heritage, new technology innovations make 
it feasible to integrate multiangular, multispectral, and high-
accuracy polarimetric imaging capabilities into a single 
instrument.  

!"To  take  advantage  of  the  multidimensional  information 
content, retrievals will require: 

!"Development  of  physically  representative  surface  bidirectional 
reflectance models including polarization 

!"Rapid  optimization  of  aerosol  and  surface  parameters  in  a 
coupled retrieval, replacing LUTs with runtime RT processing 

!"GroundMSPI  and  AirMSPI  provide  unique  testbeds  for 
exploring these issues.  




