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ABSTRACT

An analytical approach based on Cramer-Rao Bounds (CRBs) is proposed to investigate the uncertainties in ocean color optical properties. Here CRBs are
explicitly developed using a water reflectance model corresponding to shallow waters. CRBs are shown to be consistent with the experimental estimation variances
obtained using the well known least square optimization technique. CRBs does not require to perform any inversion of the reflectance. It is shown that a priori
knowledge of bathymetry greatly improves the retrieval of bottom cover for shallow waters. CRBs are used to quantify the minimum uncertainties in the inversion
of ocean color parameters for the MSI, HICO, OLCI and MODIS configurations for a variety of oceanic and coastal waters [Jay et al., 2018]. CRBs are shown to

provide valuable information about the best inversion performances that may be expected for a given sensor.

1. REFLECTANCE MODEL
The subsurface remote-sensing reflectance p is given by the following semi-analytical model [Lee et al., 1999] (1)

_ —(kg+KSH 1 _ ~(ka+KD)H (1 Te IS the det_ep water ref_lectance, H is the depth, p, ; and pj,, are two substratgm
ro(1-e M)+ C/)[Bpoa + (1= Bppae @ albedos, B is the fractional cover of substratum, ky and k, are the attenuation

coefficients.
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A = vector of unknown ocean color parameters (i.e., H, IOPs, B). The variance of any unbiased estimator A; of any 9 9
element A, of A is bounded [Garthwaite, 2002] (2). The inverse of CRB(A ) is the Fisher information matrix IF(A) (3). (A = 8: I~ ]ﬁ @3)

I, is the covariance matrix of the environmental noise. CRB(A) thus represents the minimum uncertainty in A;. CRB includes the uncertainties relatéd to the
reflectance model, environmental noise and sensor radiometric specifications (not those related to ground truth measurements, atmospheric correction or inverse

2. DEVELOPMENT OF CRAMER-RAO BOUNDS (CRBs)

methods).

3. RESULTS
The square roots of CRBs, denoted CRB??, are actually shown since they directly provide the minimum estimation standard deviation that can be possibly

attained by any unbiased estimator A;. Estimate of the environmental noise matrix I'y has been derived from images acquired by Sentinel 2-MSI, HICO

Sentinel 3-OLCI and MODIS (figure 1).

3.A Evaluation of the performances of ocean color remote-sensing methods using CRBs
The minimum uncertainties in the inversion of ocean color parameters, as provided by the CRBs, are compared to the experimental estimation standard deviations

obtained using the LS (Least-Square) [Lee et al., 1999; Werdell et al., 2013] and MILE (MaxImum Likelihood estimation including Environmental noise) methods

[Jay et al., 2017] (figure 2).
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3.B Evaluation of the influence of a priori knowledge on the model inversion
CRBs are used to study how an a priori knowledge on given ocean color parameters could improve the estimation of unknown parameters (figure 2)
v’ Greatest gain in performance is obtained for B estimates (fig. 2d) when H is known a priori ; CRB is seven-fold lower at 15 m
V" Anpriori knowledge on both H and B significantly improves 10Ps retrieval : gain by a factor 1.6 for a,, (fig.2b) and 7 for bby, (fig. 2c) when H=1m

3.C Minimum inversion uncertainties for MSI, HICO, OLCI and MODIS radiometric configurations
CRBs are used to predict the minimum uncertainties in the inversion of ocean color parameters for various satellite sensors (figure 3, table 1)
v" MODIS shows lower CRBs than the other sensors.
v Great potential of HICO-like sensors for accurately characterizing coastal
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