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( A renseigner AVANT la mission / Fill before the cruise )
1. PARAMETRES CONCERNES / PROJECT TITLE
(1 ligne par paramètre / 1 line per parameter)
(LiCOR)

99
Spectral Downward Irradiance Ed (LiCOR) 

262
Spectral Diffuse attenuation coefficient Kd (LiCOR)

434 Irradiance (global)(underwater)PAR(Z)

435 Reflectance R(Z) 

2. OPERATION & CAMPAIN

BIOSOPE

3. PROJET  ETUDE / PROJECT TITLE
Determination of the in situ water-leaving radiance for satellite calibration and validation. 

4. RESPONSABLE SCIENTIFIQUE / PRINCIPAL INVESTIGATOR
	Nom /name
	adresse /address
	Téléphone/Phone
	fax /fax number
	mél /email

	André Morel
	LOV, UMR 7093, BP 8, La Darse, 06234, Villefranche sur mer, France
	33 4 93 76 37 11


	33 4 93 76 37 39
	morel@obs-vlfr.fr


5. BREVE DESCRIPTION DU PROJET / BRIEF DESCRIPTION OF THE PROJECT

The main objectives are :

Measure the water-leaving radiance using above- and in-water methods. 

(A compléter APRES la mission / Fill before the end of the cruise or after the cruise )
6. DESCRIPTION DES PARAMETRES /  PARAMETER DESCRIPTION
6.1 Measurements

6.1.1 Instruments:      

- Spectroradiometer LI-1800 UW, LI COR Instruments (Lincoln, Nebraska)

 - PNF-300, Biospherical Instruments, Inc. (San Diego, California)

6.1.2.  Parameters:

- Spectral planar irradiance (downward, and upward) at discrete depths

- Scalar PAR irradiance, continuous vertical profiles

- Planar PAR irradiance on the deck

- Upward radiance at 683 nm (chlorophyll fluorescence signal)

6.2 Sampling strategy 

        The two instruments, (PNF-300 and LI-1800 UW) were attached together, and simultaneously immersed by using a  rope. The PNF-300 is equipped with a pressure gauge, so that the immersion of the whole package is known with an accuracy of about 10 cm. The package was deployed near the port quarter, from a crane operated with its maximal extension (about 10 m) toward the sun direction.  The ship was oriented in such a way that the sun was on the port beam (120-140° from ship’s heading). While the PNF sensor performs measurements in a continuous manner and provides vertical profiles, the LI-COR instrument must be stopped at discrete depths for the spectral irradiance determinations (indeed, scanning the spectrum lasts about 30 s). The normal protocol was to lower the package without halt down to a maximal depth (135 m at the maximum, because of the limitation by the length of the LICOR electric cable) and then during the ascent to stop at selected levels to operate the spectroradiometer. In a few occasions, the PNF instrument was used separately to reach deeper levels (down to 200 m). 

6.3  Methodology 

       The PNF-300 is a submersible instrument which aims at the nadir and measures the upwelling radiance within a spectral domain (665-740 nm, approximately) that encompasses the chlorophyll-a fluorescence band. This radiance (called Lu683) is expressed as amount of photons m-2 s-1 sr-1. It also measures the scalar irradiance, E0PAR,with a spherical collector and for the spectral PAR domain (Photosynthetically Available Radiation, i. e. the 400-700 nm band ). E0PAR is expressed as photons m-2 s-1. Both signals are recorded in a continuous way and vertical profiles for Lu683 and E0PAR are thus obtained. Another (in-air) PAR sensor, equipped with a cosine collector,  mounted on ship’s superstructure monitors the incident solar irradiation during the entire experiment. With this information, the under-water determinations can be corrected for the shift in impinging irradiance. 

         The calibrated hyper-spectral spectroradiometer (LI-1800 UW), equipped with a cosine collector,  was used to determine spectrally (from  300 to 800 nm) the planar irradiance, with a resolution ranging from 4 nm (in the UVdomain) to 8 nm (near-NIR domain) (Note that the measurements between 300 and 305 or 310 nm are generally noisy). The immersion factors were provided by the manufacturer. 

Downward and upward spectral irradiances, Ed(λ,z) and Eu(λ,z) respectively, expressed as W m-2 nm-1, were measured at discrete depths during two separate casts, effected in rapid succession, one with the collector facing upward and receiving the downward flux, the other one after having turned the instrument upside down in such a way that it receives the upward flux. The data, recorded every 2 nm, were corrected for changing irradiance at the surface, thanks to the gimbaled PNF-PAR sensor, that monitored the solar radiation incident upon the deck. Slight shifts in incident radiation during the Ed(λ,z) and Eu(λ,z) experiments, are easily corrected for, and the Ed(λ,z) and Eu(λ,z) spectra are all normalized with respect to the same incident irradiance). In favorable (sea and sky) conditions,  the duration of an entire experiment (including the two casts for up and down irradiance) was on average 45 min. 

 The downward irradiance, Ed(λ,0+), was also measured several times above the surface (denoted 0+). The irradiance just beneath the surface, Ed(λ,0-) is obtained by applying a spectrally neutral transmission coefficient (0.97). Theoretically, the values just below the surface (at 0-) are related to those above the surface (at 0+) through

                                        Ed(0-,() = Ed(0+,()  (1-(a) / (1 – (w R)

In this equation (1-(a) is the global (sun + sky) air-water transmittance (typically 0.96), (w represents the water-air Fresnel reflectance (about 0.48), and R is the irradiance reflectance (Eu/ Ed, typically a few percent, or less). For solar elevation above 30°, and for low to moderate wind speeds, the above equation can be safely approximated, with an accuracy better than 1%, by 

                                          Ed(0-,() =  0.97 Ed(0+,()                             (1)

 From these quantities, the attenuation coefficient for downward irradiance, Kd(λ) is computed for the upper layer to a certain depth z as
                               Kd(λ)  =  (1/z) ln [ Ed(λ,z) / Ed(λ,0-)]                     (2)

and the irradiance reflectance R(λ,z’) at a depth z’ is computed as

                               R(λ,z’) =  Eu(λ,z’) / Ed (λ,z’)                                 (3)

In practice, z (Eq. 2) is the minimal depth allowing a measurement of Ed(λ,z) to be free from the noise due to wave focusing effects (z about 30 or 40m in clear waters, with blue skies and high sun; or about 10-15 m for uniformly overcast skies). In contrast, such a noise does not affect the upward irradiance measurements, and the depth z’ (Eq. 3) is the minimal depth compatible with waves, swell, and ship’s roll conditions. It  is generally of the order of 1-2 m. To compute R(λ,z’), Eu(λ,z’) is combined with Ed (λ,z’), that has been logarithmically interpolated from Ed(λ,0-) by using the available Kd(λ) spectrum. On the first hand, this numerical procedure provides more stable values of  R, compared to those obtained by extrapolating  Eu(λ,z’) from z’ to 0-, and on the other hand, R(z’) is identical to R(0-) (see e.g. Morel and Gentili, 2004), when z’ is small enough and the water is homogeneous at this scale.

      Note that the uncertainties resulting from any imperfect radiometric calibration of the instrument completely disappear when producing quantities like R((), or the diffuse attenuation coefficients Kd(() and Ku(() (for downward and upward irradiance, respectively), because such quantities are obtained as ratios of irradiance spectra, and thus are independent from the calibration. 

7. FICHIERS / FILES
7.1. Nom de fichier de données / file name
Afin de lever le doute ou toute confusion dans le cas de paramètres identiques, spécifier aussi l’appareil ou la méthode.

7.2. Explication des têtes de colonne, des unités et des abréviations utilisées dans le fichier de données / data file structure
8. RESULTATS PRELIMINAIRES

9. REFERENCES

(séparer par d’une ligne blanche chaque article)

