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Mélin & Franz 2014 Δ: RMS difference 

MODIS-A multiple 
sensors 

MERIS  
MEGS7/8  
+ GLI 

different  
ACs 

Jamet et al. RSE 2011 

Goyens et al. RSE 2013 

Comparison with in situ data (validation) 

Gordon et al. Appl. Opt. 1983: comparison CZCS and ship Lw at 3 stations 



RRS validation results f
n of  

Case1/Case2, ssa, τa, geometry… 

RRS validation results f
n  

season, geometry…. 

Mélin et al. RSE 2007 

Zibordi et al. RSE 2012 

MODIS-T 

SeaWiFS 

MODIS-A 



Validation results fn of optical water types (classes) 

class 1 class 2 class 4 

Goyens et al. RSE 2013 
MODIS over coastal waters  
for 3 ACs 

Mélin & Franz 2014 
MODIS at AAOT 

Moore et al. RSE 2015 
SeaBASS 

Moore et al. RSE 2009 
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Application to the OC Climate Change Initiative (CCI) 

Definition of uncertainty for each optical water type  
                                                         Moore et al. (2009) 

- Compute class membership wk,i   
   for each class k and each match-up i 

- Compute validation stat for each class k: 
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difference  
between  

satellite and  
field values 

RMSD 

BIAS 

V1 

V2 

Moore et al., RSE 2009 

Jackson et al., in prep 



RRS: RMSD per class and λ Chla: RMSD per class 

V1 



- For pixel p, compute class membership wk,p for each class k 

- Compute uncertainty for pixel p: 
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Jul. 2003 

Dominant optical  
water type 

bias – log10Chla RMSD – log10Chla 

Application to any grid point: 

See 
poster! 
Jackson 
et al. 
#64 



Algorithm-based approach – Hu et al. RSE 2013 

Based on the comparison of the outputs of 2 Chla algorithms: 
 OC4v4 and OCI (3-band subtraction method) 

Uncertainties (relative and absolute): Standard deviation of differences  
                                    with respect to these ‘true’ data, as fn(Chla)  

Hypothesis: If ~identical outputs, then RRS close to ‘true’ value 



Other methods 

 Sensitivity analyses, simulated datasets, boot-strapping... 
 

 
 

 This session: 
 
 Bayesian method 
 

 Uncertainty propagation 
 

 NN-based method 

Frouin & Pelletier  RSE 2015 

Gordon & Wang, Appl. Opt. 1994, Bulgarelli & Zibordi, IJRS 2003,   

Bulgarelli et al.,  Ocean. 2003,  IOCCG #10, 2010,  Steinmetz et al. OE 2011, etc… 

Neukermans et al. OE 2009, RSE 2012 
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Uncertainty Estimates by Colocation 

Total number of match-ups 
SWF/MOD 2003-2007 

Inter-Comparison per cell (1/3rd deg.) and day 

SeaWiFS, MODIS-A, MERIS data 
Remote Sensing Reflectance RRS(λ) expressed on common λ‘s 
by a band-shifting process Mélin & Sclep, Opt. Exp. 2015 

SeaWiFS 

MODIS Aqua 

MERIS 



mean relative difference  
(relative bias) 

mean difference  
(bias) 

[sr-1] 

[%] 

mean absolute  
relative difference  
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comparison 
metrics 

Sensor 1 (xi)i=1,N and Sensor 2 (yi)i=1,N: 

Mélin & Franz 2014 
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 α: additive bias 
β: multiplicative 
ε, ζ: random error 

xyy

xyx
















22

22 1

Mélin, IEEE GRSL, 2010 

Mélin & Franz 2014 
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σ can be estimated by a colocation analysis 

1
2

2











solved with the assumption: 

random error 
 

(part of the uncertainty budget  
not affected by bias) 

σ [sr-1] 
Intrinsic property 
of each data set 

See 
poster! 
#95 
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σ 

comparison SWF/MOD 
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 Characteristic U-shape for |ψ| 

 Small spatial variability for σ 



AAOT 

GDLT HLT 

Mélin et al., RSE submit 
Gergely & Zibordi Metrology 2014 

Comparison with validation results and OC-CCI 

σ 

vs 
Δu 
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Comparison with OC-CCI and Hu et al. RSE 2013 

σ 

vs 
Δu 

vs 
Ω 



  σ between 0.9 10-3 sr-1 at 412 nm and  
            0.05-0.1 10-3 sr-1 at 670 nm 
            in λ-n with n~4-5 

 Small variability for σ 

 Coherence between σ and other estimates 

 σ/<RRS> ~7% for 412-490 nm for Chla<0.3 mg m-3 
             ~5% for 412-490 nm for Chla<0.1 mg m-3 
             ~11% at 555 nm 
             ~22% at 670 nm 

express requirements  
in units of RRS? 



General Conclusions 

 Variety of methods for RRS uncertainty estimates 
   (should need to be clear about what they produce) 
 

 General coherence of results, but differences should be understood 
 

 Not many cases of methods ready to be applied on a grid-point basis 
 

 Even less applied in actual processing 



References 
Bulgarelli, B., G. Zibordi (2003). Remote sensing of ocean colour: accuracy assessment of an approximate atmospheric correction 
code. Int. J. Remote Sen., 24, 491-509 
Bulgarelli, B., Mélin, F., Zibordi, G. (2003). SeaWiFS-derived products in the Baltic Sea: Performance analysis of a simple atmospheric 
correction algorithm. Oceanologia, 45, 655-677. 
Frouin, R., B. Pelletier (2015). Bayesian methodology for inverting satellite ocean-color data. Remote Sens. Environ., 159, 332-360. 
Gergely, M., G. Zibordi, G. (2014). Assessment of AERONET-OC LWN uncertainties. Metrologia, 51, 40-47. 
Gordon H.R., et al. (1983). Phytoplankton pigment concentrations in the Middle Atlantic Bight: comparison between ship determinations 
and Coastal Zone Color Scanner estimates. Appl. Opt., 22, 20-36. 
Gordon H.R., M. Wang (1994). Retrieval of water-leaving radiance and aerosol optical thickness over the oceans with SeaWiFS: a 
preliminary algorithm. Appl. Opt., 33, 443-452. 
C. Goyens, C. Jamet, T. Schroeder (2013). Evaluation of four atmospheric correction algorithms for MODIS-Aqua images over contrasted 
coastal waters. Remote Sens. Environ., 131, 63-75. 
C. Jamet, H. Loisel, C.P. Kuchinke, K. Ruddick, G. Zibordi, and H. Feng (2011). Comparison of three SeaWiFS atmospheric correction 
algorithms for turbid waters using AERONET-OC measurements. Remote Sens. Environ., 115, 1955-1965. 
Hu, C., L. Feng, Z.-P. Lee, (2013). Uncertainties of SeaWiFS and MODIS remote sensing reflectance: Implications from clear water 
assessments. Remote Sens. Environ., 133, 168-182. 
IOCCG (2010). Atmospheric correction for remotely-sensed ocean colour products. IOCCG Report #10, Ed. M. Wang. 
Mélin, F., G. Zibordi, J.Berthon (2007). Assessment of satellite ocean color products at a coastal site. Remote Sens. Environ., 110, 192-215. 
Mélin, F. (2010). Global distribution of the random uncertainty associated with satellite derived Chla. IEEE Geosci. Remote Sens. Lett., 7, 
220-224. 
Mélin, F., B.A. Franz (2014). Assessment of satellite ocean colour radiometry and derived geophysical products, in Optical Radiometry for 
Oceans Climate Measurements, chap. 6.1, G. Zibordi, C. Donlon, A. Parr, eds., Elsevier Physical Science Series, 609-638. 
Mélin, F., G. Sclep (2015). Band shifting for ocean color multi-spectral reflectance data. Opt. Exp., 23, 2262-2279. 
Moore, T.S., J.W. Campbell, M.D. Dowell (2009). A class-based approach to characterizing and mapping the uncertainty of the MODIS ocean 
chlorophyll product. Remote Sens. Environ., 113, 2424-2430. 
Moore, T.S., J. Campbell, H. Feng (2015). Characterizing the uncertainties in spectral remote sensing reflectance for SeaWiFS and MODIS-
Aqua based on global in-situ match-up data sets. Remote Sens. Environ., 159, 14-27. 
Neukermans, et al. (2009). Mapping total suspended matter from geostationary satellites: A feasibility study with SEVIRI in the southern 
North Sea. Opt. Exp., 17, 14029-14052. 
Neukermans et al. (2012).Diurnal variability of turbidity and light attenuation in the southern North Sea from the SEVIRI geostationary 
sensor. Remote Sens. Environ., 124, 564-580. 
Steinmetz, F., Deschamps., P.-Y., Ramon, D.: Atmospheric correction in the presence of sun glint: Application to MERIS. Opt. Exp., 19, 9783-
9800, 2011. 
Zibordi, G., F. Mélin, J.-F. Berthon (2012). Intra-annual variations of biases in remote sensing primary ocean color products at a coastal site. 
Remote Sens. Environ., 124, 627-636 


