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Primary variable of interest in water colour 
remote sensing is Rrs, defined as:

Rrs(Ѳv, Фv, λ) = Lw(in air, Ѳv, Фv, λ) (1)
Eg(in air, λ)

Rrs(Ѳv, Фv, λ) = Lt(Ѳv, Фv, λ) - ρLsky(Ѳ180-v, Фv, λ)          (2)
Eg(in air, λ)

The two or three variables can be measured by an equal number 
of cross-calibrated sensors or by a single sensor not requiring 
absolute calibration, using a sintered PTFE reference to estimate 
Eg (3).

(1) (2)

(3)



̶ Uncertainty budgets for Eg, as a normalization factor for Rrs in each method, in the 

visible range:
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Source Uncertainty (%)
(expected)

Uncertainty (%)
(observed)

Absolute sensor calibration 2.5 to 3.1

4.1 to 6.4
(average)

Non-cosine response 2.0

Tilt effects (0 to 5º) 3.0 to 4.5

Quadrature sum 4.4 to 5.8
Zibordi et al., 2012

Two or three sensors method

Plaque method

Under ideal conditions:

- Relatively low SZA;

- Clear skies;

- Moderatly low sea

state.

Source Uncertainty (%)
(expected)

Uncertainty (%)
(observed)

BRDF effects ?

10 to 30
(average)

Shadow effects ?

Tilt effects (0 to 12º) ?

Combined effects ?
Doxoran et al., 2004
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Equation (1) is a good 
approximation as:

or/and

"Black sky"

Real

(1)

Shadow and Tilt will affect 
apparent Es and Li

(2)



̶ Zibordi & Voss (1989) RT approximation with updated atmospheric 
treatment;

̶ OPAC aerosol model for maritime environment, with τa(550) = 0.12 ;
̶ From 350 to 1000 nm, SZAs from 0º to 80º;
̶ Surface reflectance for coastal waters;
̶ Overcast condition as Cardioidal distribution;
̶ BRDF measurements by Germer (2017);
̶ Polarization effects not included.

Statistics presented for recommended sky conditions (clear sky, 30º ≤ SZA ≤ 
60º) and best performing view geometry for each plaque.
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λ = 550 nm
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λ = 532 nm
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Uncertainty (%) in the visible range under 
clear skies and 30º ≤ SZA ≤ 60º:

White Grey

Eq. 1 0.18 (±0.11) 0.71 (±0.39)

Eq. 2 1.07 (±0.63) 4.02 (±1.96)
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λ = 532 nm

Direct beam (Es) 
shadowing 
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40º 0º
0.48 (±0.23) 1.04 (±0.52)

Uncertainty (%) in the visible range under 
clear skies and 30º ≤ SZA ≤ 60º:
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λ = 532 nm

Uncertainty (%) in the visible 
range under clear skies and 
30º ≤ SZA ≤ 60º:

Average for tilts from 3 
to 12º and all azimuths

3º 3.1 (±2.3)
6º 4.6 (±3.9)
9º 6.2 (±5.4)
12º 7.8 (±7.0)

Max. tilt



21

Uncertainty (%) in the visible range under 

clear skies and 30º ≤ SZA ≤ 60º and tilts up 

to 12º:

White Grey

Eq. 1 8.9 (±7.8) 7.4 (±6.9)

Eq. 2 8.9 (±7.6) 9.1 (±6.8)



22

COSBY Cruise - Long Island Sound, 
Connecticut, 27 to 29/06/2017

7 stations with temporaly matching data



̶ Grey plaque, 0º/90º and 40º/90º view;
̶ ASD FieldSpec 4;
̶ HyperOCR radiometers on ship and buoy;
̶ Sky conditions from clear to 0.6 cloud fraction;
̶ SZA from 20 to 30º;
̶ Moderatly low sea state;
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̶ Uncertainty budgets for Eg, as a normalization factor for Rrs in each method, in the 

visible range:
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Source Uncertainty (%)
(expected)

Uncertainty (%)
(observed)

Absolute sensor calibration 2.5 to 3.1

4.1 to 6.4
(average)

Non-cosine response 2.0

Tilt effects (0 to 5º) 3.0 to 4.5

Quadrature sum 4.4 to 5.8
Zibordi et al., 2012

Two or three sensors method

Plaque method

Source Uncertainty (%)
(expected)

Uncertainty (%)
(observed)

BRDF effects 0.18 / 0.71

3.1 to 10
(average)

Shadow effects 0.48 / 1.04

Tilt effects (0 to 12º) 7.8

Combined effects 8.9 / 7.4
This study; Doxoran et al., 2004 White / Grey

Recommended conditions:

- 30º ≤ SZA ≤ 60º;

- Clear skies.
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Plaque White PTFE Grey PTFE
View geometry Ѳv = 40º, Фv = 90º Ѳv = 0º, Фv = 90º
Conversion Eq. 2 Eq. 1
Sky Clear, 30º ≤ SZA ≤ 60º

Measurements require care to avoid high elevation angle of surrounding
structures in order to reduce shadow, and to keep the plaque horizontal to
reduce tilt. If broken clouds are present, the direct beam should be
unobstructed and because measurements of different targets are sequential,
sky conditions should be stable. Vessel should be oriented in the Sun
plane, to so that the most of its inclination will be in the cross-plane of the
Sun, reducing tilt errors.
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