
In-Flight Calibration/Validation Concept 

In-flight calibration/validation of Mueller Matrix elements 
(MMEs): Use relationship between polarization and 
measured reflectance from 
a)  External data (POLDER/PARASOL) 
•  Nadir only, PMDs 2,3,4,7 
•  NOTE: subject to potential errors in PARASOL data, 

sampling errors 
b)  Extrapolation to modeled limits (Rayleigh atmosphere, 
ocean BRDF with wind speed of 7 m/s) using fit function 
•  NOTE: potentially large extrapolation errors 
Acquire 2-dimensional distribution of polarization signal 
(PMD/Science ch. ratio) vs. (q,u) 
Bilinear fit f(q,u) =µ1(1+µ2q+µ3u) determines offset µ1 and 
effective MMEs µ2, µ3 

Effective MMEs contain contributions from PMDs and 
science channels, no separation possible. 

Examples for 
extracted 

polarization 
signals vs.(q,u) 

Background: SCIAMACHY Polarization 

Integrated and 
scaled science 
channel signal 

PMD Signal PMD polarization sensitivities 

Average (over PMD band width) 
science ch. polarization sensitivities 

(q,u) = norm-
alized linear 
Stokes com-
ponents 

SCIAMACHY on ENVISAT 2002 – 
2012,  measurement modes: 
Nadir: ESM scan across track 
Limb: ASM scan, ESM step up 
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Predisperser prism divides beam to: 

Measure polarization by matching science channel to 
PMD radiance using end-to-end Mueller Matrix: 
 
µi: relative to unpolarized response 

Broad band Polarization 
Measurement Devices  
(PMD) 
Almost fully  polarized 
PMD 1-4 (300-950nm): q 
PMD 7: 750-950nm: u 

High resolution science 
channels, partially polarized 
Measured radiance needs to 
be corrected for polarization 
sensitivity to obtain accurate 
radiances 

S ~ C(t) 1,µ2 ,µ3,µ4( )(t) ⋅ I 1,q,u,v( )T

One of the biggest remaining issues of SCIAMACHY is the accurate absolute radiometric calibration of its (ir)radiances, thereby accounting 
for the polarization sensitivity of the instrument. The polarization response of the spectral channels and the PMDs had been calibrated on 
ground, but comparison of in-flight data with model data in Limb revealed that those measurements may have been compromised or that the 
response changed from on ground to in-flight conditions. In order to understand and monitor the instrument behavior, several statistical 
methods have been applied to attempt an in-flight calibration of the polarization response. They make use of the in-flight limb and nadir 
data and reference data from radiative transfer models and instruments such as  PARASOL. Triggered by the observed inconsistencies 
between on-ground and in-flight data, the on-ground measurements have been reanalysed at SRON**. 

Reanalysed end-to-end Mueller Matrix elements for Nadir, 
August 2002 

      µ2, αESM≈-30° 
      µ2, αESM≈+30° 
      µ3, αESM≈-30° 
      µ3, αESM≈+30°   

   µ2, PMD 1-4 
   µ3, PMD 1-4 
   µ2, PMD 7 
   µ3, PMD 7 
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Results: Limb 
Fit results for effective MMEs vs. scan angle 

<µ2>=Sensitivity to Stokes q, <µ3>=Sensitivity to Stokes u  

Uncertainties in fit results due to: 
! Functional form of extrapolation function 
! Sparse data sampling and error weighting 
! Limb: Spatial stray light contamination? 
! Quality of PARASOL data?  

NADIR: 
! SRON Mirror Model data are more consistent with in-flight 

results  
!  In general relatively small difference between original and 

SRON data within uncertainties 
! Results using PARASOL differ from extrapolation results 
NOTE: At small scan angles artifacts due to sparse sampling 

LIMB: 
! No external references in limb 
! TH dependence≈20% 
! Even with large uncertainties, the discrepancies between the 

original calibration and in-flight data are prominent. These 
are not due to in-flight changes, but a result of errors in the  
on-ground calibration data 

! Clear improvement with SRON data 

To do: 
! Assess/mitigate uncertainties in extrapolation algorithm, due 

to aerosols etc. 
! Assess uncertainties of PARASOL measurements 
!  Investigate sun glint (Nadir) 
! Further options for Limb? 

Limb, 2003 yearly average Nadir, August 2007 

        : 
Level 1 data 
        : 
SRON Model  

Extrapolation 
    TH≈28 km 
    TH≈35 km 
    TH≈38 km 
    p0,1,2 free 
    p0=1   p2=1 

  Extrapolation 
  PARASOL 
 reference 

Results: Nadir Science Channels Time Dependence 

Conclusions 

Example for time 
dependence of  PMD1 
polarization sensitivity 
in Limb (TH=28 km) 

Strong time dependence (in particular µ3) due to changing thicknesses of 
contaminant layers on ESM and ASM mirrors, in Limb and Nadir 

The SRON Mirror Model analysis considerably improves the polarization 
sensitivities compared to the original calibration, in particular for the Limb 
measurements. In Nadir, both PMD and science channel sensitivities are 
well reproduced. It is currently not clear whether the remaining 
discrepancies w.r.t. in-flight data (mainly in Limb) are due the relatively 
large uncertainties in the in-flight calibration or point to deficiencies of the 
model. 
 
Because of the large sensitivity to u in UV-VIS an adaptation of the 
polarization algorithm is necessary to retrieve both q and u, within the 
uncertainties mainly driven by the calibration uncertainties, i.e. ~20%.  
With the original data, the limb polarization in UV-VIS was near zero, with 
the new data more realistic values can be obtained to significantly increase 
the accuracy of polarization correction for radiances 

Nadir: Use ratio of SCIAMACHY to co-located MERIS 
reflectances as polarization signal. Map vs. (q,u)(I) from 
PARASOL 

Example for fits to ISCIA/IMERIS(q,u)PARASOL for 2 wavelengths in 
SCIAMACHY channels 3 (510 nm) and 5 (885 nm) 

Example for ISCIA/IMERIS(q,u)PARASOL* at 510 
nm. This also shows the potential radiance 
errors without polarization correction 
*use modeled q(510nm)=f(q(490nm)) 
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PMD 1 2 3 4,7 
<λ> [nm] 350 480 655 860 

*  P. Liebing et al., Polarization Data from SCIAMACHY Limb Backscatter observations compared to 
vector radiative transfer model simulations, AMT 6, 1503-1520, 2013 

** J. M. Krijger et al, Mirror contamination in space I: mirror modelling, AMT., 7, 3387-3398, 2014 

Polarization signals for PMD 4 and PMD 7 vs. (q,u)(I) 
from PARASOL 865 nm channel in Nadir 

Extrapolated polarization signals for PMD 1 and PMD 4 
vs. modeled (q,u) in Limb 

Extrapolated polarization 
signal for PMD 4 in Nadir 

PMD 7, Nadir 
ESM angle≈+10° 

PMD 4, Nadir 
ESM angle≈+10° 

PMD 4, Nadir 
ESM angle≈+10° 

PMD 4, Limb 
ASM angle≈+10° 

PMD 1, Limb 
ASM angle≈+10° 


