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GLOSSARY 
The Glossary contains definitions of acronyms, abbreviations and terms used throughout the 
document. 
AAOT  Acqua Alta Oceanographic Tower 
BOUSSOLE BOUée pour l’acquiSition de Séries Optiques à Long termE  
BRDF  Bi-directional Reflectance Distribution Function 
BRF  Bi-directional Reflectance Function 
Cal/Val  Calibration and Validation  
CEOS  Committee on Earth Observation Satellites 
ENVISAT ENVIronment SATellite 
EO  Earth Observation 
ESA  European Space Agency 
ITT  Invitation To Tender  
IVOS  Infrared and Visible Optical Sensors 
LES  Land Equipped Site 
LNES  Land Non Equipped Site 
MAVT  MERIS & AATSR Validation Team 
MERIS  Medium Resolution Imaging Spectrometer  
MOBY  Marine Optical Buoy  
PMP  Project Management Plan 
RMS  Root Mean Square 
RT  Radiative Transfer 
RTC  Radiative Transfer Code 
Sentinel Family of ESA spacecrafts 
SES  Sea Equipped Site 
SNES  Sea Non Equipped Site 
SOW  Statement Of Work 
TBC  To Be Confirmed 
TBD  To be Defined 
TOA  Top Of Atmosphere 
VIS  Visible  
VOS  Visible Optical Sensors 
WGCV  Working Group on Calibration and Validation 
WP  Work Package 
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1. INTRODUCTION 

1.1 Overview of the project: purpose and scope  

This study is part of the ESA strategy for ensuring the quality (calibration, validation and 
operational quality) of data developed for current and future missions within the Explorers 
and GMES framework.  

The scope of the project is to select, identify and characterise reference test sites that will be 
used for the calibration and characterisation of different sensor types. The characteristics of 
the sites that will be provided at the end of this study will be incorporated in the Cal/Val 
portal. 

The project is composed of four tasks.  

�  The first task (WP100) aims at identifying the needs per sensors in terms of external 
(vicarious) calibration.  

�  The second task (WP200) aims at identifying and, characterising remote test sites that 
can be used for external calibration according to the needs previously described in 
WP 100. 

�  The third task (WP300) will perform the synthesis adapted to Sentinels satellites. The 
output of this task will help ESA in the definition of the strategy for external calibration 
of Sentinel instruments. 

�  The fourth task aims at giving ESA the support for the integration of identified sites 
into the ESA Cal/Val portal. 

WP 100 is achieved and documented in RD.19. This document is a part of WP 200. 

1.2 Objectives of the WP 200: “Identification and c haracterisation of 
remote test sites” 

WP 200 aims at identifying and characterising the reference test sites used for vicarious 
calibration of sensors belonging to the sensor class 2 or 31, which are defined in RD.19. 

For this, several steps are chaining in order to affine the characterisation, then the choice of 
reference test sites.  

�  In WP 210, the reference test sites used for vicarious calibration have been identified, 
and classified based on their intrinsic properties. 

�  WP 220 reviews the calibration methods used and identifies the appropriate sites, 
respectively for the radiometric (WP 221), geometric (WP 222), spectral (WP 223) and 
image quality (WP 224) aspects. 

�  WP 230 assesses the adequacy of the choice criteria of the sites in order to identify 
sites that minimize the source of errors in the calibration process.  

�  The objective of WP 240 is to collect information about available site equipment and 
required auxiliary data to lead correct calibration processes. 

�  WP 250 objective is to study the interest of grouping some sites presenting same 
characteristics in order to answer to technical requirements, limit efforts of 
coordination or ensure homogenised maintenance. 

                                                      

1 Class 2 is low spatial resolution sensors, class 3 is high spatial resolution sensors. 
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�  An error budget for four calibration sites is made in WP 260, accounting for surface 
and parameters.  

Output of WP 200 will be used in WP 300 in order to define a strategy for vicarious 
calibration of the Sentinel mission (Figure 1). 

 

 
Figure 1: WP 200 activities for defining the vicari ous calibration strategy used for 

S2/S3 sensors.  

1.3 Objectives of the WP 240 

WP 240 aims at defining the equipment or data which are to lead required to correct 
calibration processes. Previous activities allowed to identify the sites, and classify them (WP 
210). Their adequacy regarding the calibration method (defined in WP220) has been 
assessed in WP 230. It is logical that the following step in the site classification addresses 
the equipments and auxiliary files needed per site, and the operational condition of use.  

The objective of this WP is then to collect information about available site equipment and 
required auxiliary data.  
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2. SITES EQUIPMENT OR PROVISION OF AUXILIARY DATA  

2.1 Site classification and location 

The information is collected for the sites located over Land and Ocean, which are equipped 
(LES and SES), or not equipped (LNES and SNES).  

The location in latitude and longitude of the sites has been provided for each of the classes 

in the RD.17. Site location is displayed on Figure 2. 

 

Figure 2: Site location. Oceanic sites (SES and SNE S) are represented with green and 
blue squares, Land sites (LNES and LES) are represe nted with diamonds. Yellow, 
pink, and cyan colours are for the sub group of LNE S2: desert, china, others 
respectively, red colour is for LES.  

2.2 Equipped sites  

Equipped sites are sites where calibration campaigns are regularly organised or the sites 
which are permanently equipped with instrumentation that allows acquiring systematic data. 

To collect information on the site usage, questionnaires have been sent to key people 
responsible of vicarious calibration. Questionnaire content is reported in Table 1.  

                                                      

2 Sub classes have been defined for the LNES corresponding to the 20 desert sites 

(Cosnefroy et al., 1998, RD.20), the 38 sites identified in china (Wu and Zhong, 1999, 

RD.18), the others.  
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Table 1: Information content of questionnaires 

Questionnaire Content Description LES SES 

Site location x x 

Logistic information x x 

Site climatology x x 

Site instrumentation x x 

Measurement accuracy x x 

Site usage x x 

Contact information x x 

Data availability x x 

References x x 

2.2.1 LES 

Based on the site characterisation established in WP 210 (table 36, RD.17), and 
questionnaires sent to PI, the Land Equipped Sites which are regularly used are reported in 
Table 2.  

Table 2: LES site usage. CEOS site are written in b lue. 
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Sensor
Class 3 SPOT-4

SPOT-5 HRG
AWIFS (Resourcesat-1 (IRS-P6))
ALOS AVNIR-2 (PRISM)
Formosat-2
UK_DMC (DMC)
Landsat 4, 5
ETM+
IKONOS-2
Hyperion
CBERS
ALI
Aster
Chris Proba

Class 2 ERS2/ATSR2
ENVISAT/MERIS
SPOT/VEGETATION
NOAA 9, 11 AVHRR
Terra/MISR
Aqua/Terra MODIS  

The exploitation of the questionnaires (when information is available), and the description of 
the instruments and protocols made in WP220 are summarised hereafter.  
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In addition to the information collected in the first step, we wanted to address another point 
which concerns first the cost of a calibration campaign and the schedule calibration activities 
of a specific site. A second questionnaire has been written. The template is available in 
Appendix 1.  

A companion file has been joined to the questionnaire in order to document the future 
calibration activities using all LES identified sites.  

Project Calibration Test Site Selection and Characteris ation 1 8 15 22
WP 240 Calibration activity documentation 2 9 16 23
Contact beatrice.berthelot@vegatechnologies.fr 3 10 17 24

richard.santer@univ-littoral.fr 4 11 18
5 12 19
6 13 20
7 14 21
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HR SPOT-4
SPOT-5 HRG
SPOT-5 HRS
Pleiades
Venµs
LISS-3 (Resourcesat-1 (IRS-P6))
LISS-4 (Resourcesat-1 (IRS-P6))
AWIFS (Resourcesat-1 (IRS-P6))
CARTOSAT-2
ALOS AVNIR-2 (PRISM)
Formosat-2
Rapid Eye
EnMap
THEOS
UK_DMC (DMC)
DMC-UK2
ETM+ x x x x
Seosat
EROS-A
EROS-B
Quickird-2
Worldview-1
Worldview-2
IKONOS-2
GeoYey-1
KOMPSAT-2
Sentinel-2

RR ERS2/ATSR2
ENVISAT/AATSR
ENVISAT/MERIS
Sentinel-3/OLCI
Sentinel-3/SLTSR
SPOT/VEGETATION
Polder/Parasol
NOAA18/AVHRR3
METOP/AVHRR-3
Meteosat-5/-6/-7 G
MSG 2/SEVIRI
Terra/MISR
Aqua/Terra MODIS
Orbview2/SeaWiFS
OceanSat-2/OCM

ERS Atmospheric
ENVISAT Atmospheric
METOP (HIRS/4, AMSU-A, MHS, IASI, GOME-2)

Sechura desert

Barreal Blanco
Sonoran desert

Amburla

Dunhuang
Dome C
Salar de Uyuani

Dunrobin
Warrabin
Winton

White Sands
Roger Dry Lake
Frenchman Flat

Bonneville Salt 
Brookings
Tarp
Negev
Tuz Gulu
Lake Frome
Tinga Tingana 

La Crau
Railroad Valley
Lunar playa
Ivanpah playa

TarpLa Crau Railroad Valley Ivanpah playaLunar playa BrookingsWhite Sands Roger Dry Lake Frenchman Flat
Bonneville Salt 
Flats

 

 

2.2.1.1 Need 

2.2.1.1.1 Measurements 

Measurement sets to be done for LES are: 

�  Atmospheric state 

�  Instantaneous measurements 

�  Langley plots 

�  AOT 

�  Integrated water vapour content 

�  Ozone content 

�  Radiance and irradiance  

�  Total and diffuse downwelling irradiance (hemispherical) 

�  Upwelling and downwelling radiance (directional) 

�  Surface directional spectral reflectance 
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�  Environmental parameters 

�  Air pressure, temperature and relative humidity 

�  Wind speed 

�  Soil moisture  

2.2.1.1.2 Instruments 

The instruments allowing the measurements listed below are reported in Table 3. 

Table 3: Instrumentation of LES. RaBVC stands for R adiance based method, ReBVC 
stands for Reflectance Based method. 

 Term to estimate RaBVC or ReBVC 

Ozone content TO3(m) Meteorological Institutes 

Water vapour content TH20(m) Meteorological Institutes 

Surface pressure Molecular optical depth  

t Ray(l ) 

Meteorological station 

Aerosol extinction coefficient t aer(l ) Sunphotometer 

Aerosol type a SAM + t aer(l ) 

Aerosol Phase function P(x) Sunphotometer 

Surface Leaving radiance Lg(t,x,y,qv,f v) 

Lg(xo,yo,t) 

Radiometer calibrated  

before and after campaign 

Second radiometer  

for solar irradiance variation 

Surface reflectance r g(t,x,y,qv,f v),  

r o(t,qv,f v) 

Radiometer  

Reference panel 

Solar irradiance Es(t) Sun photometer 

Sky radiances Lsky(t,qv,f v), Sun photometer 

Atmospheric transmittance 

 and luminance 

Tatm, Latm RTC 

2.2.1.2 Equipment description 

2.2.1.2.1 Instrumentation used on the site 

Table 4 reports the instrumentation used on sites. 

Table 4: Instrumentation used on the site 
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Instruments
Weather Station

Rain collector
Temperature sensor
Humidity sensor
Barometer
Anemometer
Solar radiation sensor
UV sensor
Solar panel

Sun photometer
Radiometer

ASD 350-2500
ASD 3501050
LSPEC
Licor - 1800
Exotech

Pyranometer
Reference panel
Sunphotometer+radiometer

Station CIMEL
Goniometer

Parabola
Grass
Chinese instrument

GPS
DGPS  

2.2.1.2.2 Instrument description 

2.2.1.2.2.1 Meteorological station 

Weather information includes temperature and humidity, rainfall amount, wind speed, 
wind direction and wind chill factor and barometric pressure.  

2.2.1.2.2.2 Sun Photometers 

Sunphotometers are used is to characterize the atmosphere in the vicarious calibrations. 
Data estimated are the amount of aerosols, total amount of ozone and water vapor, and 
the sizes of aerosols.  

�  Solar radiometer 

The Atmospheric Remote Sensing Laboratory built the instrument for University of 
Arizona.  
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Figure 3: Solar radiometer developed by University of Arizona.  

�  CIMEL 

The CIMEL Electronique 318A spectral radiometer is a solar-powered, weather-hardy, 
robotically-pointed sun and sky spectral sun photometer. Cimel sun photometers are 
available in two 8-filter models: 

o CE-318-1 Standard Model with 1020-870-675-440-936-500-340-380 nm 
filters 

o CE-318-2 Polar Model with 1020-870P1-675-440-870P2-870-936-870P3 nm 
filters, where P indicates a polarized filter. 

 

Figure 4: CIMEL instrument 

Information is available at URL: http://www.cimel.fr/ 

2.2.1.2.2.3 Radiometers 

�  ASD FieldSpec Spectral Radiometers 

Analytical Spectral Devices (ASD) FieldSpec spectral radiometers are used to 
measurements of surface reflectance properties of various vicarious calibration target 
sites. The instrument is a portable array-based spectrometers consisting of a 
spectrometer unit, computer interface, and 2-m long fiber optic probe inserted into a 
foreoptic.  

Several models exists and are described at this URL: http://www.asdi.com/products-
FS3.asp 

�  FieldSpec® 3 (350-2500 nm) 

ASD's flagship model, the industry standard for a wide range of challenging Remote 
Sensing/Earth Science applications, offers superior signal-enhancing features and 
high resolution with a 350 nm - 2500 nm spectral range. 

�  FieldSpec® 3 JR (350-2500 nm) 
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This lower resolution alternative to the FieldSpec® Pro FR is well suited for many 
plant physiology, agronomy and forestry applications. 

�  FieldSpec® 3 VNIR (350-1050 nm) 

A fully upgradeable FieldSpec® 3 model that makes it possible for users with a lower 
budget to purchase the instrument and then upgrade the spectral range as budget 
allows. 

�  FieldSpec® 3 Hi-Res (350-2500 nm) 

The high-resolution alternative in the FieldSpec® 3 line is ideally suited for mineral/soil 
analysis, and other applications requiring higher resolution spectra. 

 

Figure 5: Field measurements with an ASD (Source 
http://www.optics.arizona.edu/rsg/resources.php?con tent=asd ) 

�  The Exotech four channel radiometer model 100BX produces analog voltage 
responses to scene radiance in 4 spectral bands. The 4 wavebands are 
approximately 0.5-0.6, 0.6-0.7, 0.7-0.8 and 0.8-1.1 um (Landsat MSS bands). The 
wavebands have silicon detectors. The Exotech's dimensions are 12.7 cm by 12.7 
cm by 21.6 cm and weighs approximately 2.3 Kg. The Exotech was equipped with 
a 15 degree field-of-view. 

�  LSPEC 

The LSpec sensors measure surface reflectance at several VNIR bands, and the 
accompanying atmospheric measurements allow the production of top-of-atmosphere 
radiance estimates to calibrate space-borne sensor products. Data are distributed via 
the Internet, and are available to the calibration community (Helminger et al. 2007, 
RD.28). 
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Figure 6: Radiometric and Meteorological Instrument s are placed at the target site 
along with electronic power and communication infra structure 

(http://www.techbriefs.com/component/content/article /2926) 

The instrumentation at the facility includes a light-emitting-diode spectrometer (LSpec), 
which consists of eight tripod-mounted, ground-viewing radiometer units containing 
LEDs biased to operate as photodetectors (instead of light emitters) at their respective 
wavelengths. The LSpec provides a continuous stream of measurements at eight 
discrete wavelengths. 

�  ROSAS 

The instrument is a modified CE-318 sun photometer in order to characterise the 
ground surface.  

 

Figure 7: Cimel Station in La Crau (Six, 2003, RD.2 9) 

2.2.1.2.2.4 Spectralon panels  

SpectralonTM are used as a white reference source for ground based measurements 
used in vicarious calibration. 

2.2.1.2.2.5 Goniometers 

Goniometers are designed to determine the angular reflectance characteristics of a 
particular surface. Several instruments exist: 

o The stepladder equipped with a compass 

 

Figure 8: Old style BRDF measurement (White Sands, Source R. Santer) 



CALIB-TN-WP240_VEGA Calibration Test Sites Selection a nd Characterisation 
Issue 001 Site equipment and Auxiliary data 

Page 22 of 63  VEGA Technologies SAS 
   © 2009 VEGA Group PLC  

o the Field Goniometer System (FIGOS) (Sandmeier et al. 1999, RD.27),  

o the ground-based Portable Apparatus for Rapid Acquisition of Bidirectional 
Observations of Land and Atmosphere (PARABOLA) (Abdou et al. 2000, 
RD.24). The PARABOLA instrument is a sphere-scanning radiometer that 
views the entire radiant environment in all directions. 

 

Figure 9: PARABOLA instrument mounted at the top of  a tower.  

o the Automated Spectro-goniometer (ASG) (Painter et al. 2003, RD.26) 

o The Gonio RAdiometric Spectrometer System (GRASS) (Pegrum-Browning 
et al., 2008, RD.23) 

 

Figure 10: NPL Gonio radiometric spectrometer syste m 

2.2.1.2.2.6 Pyrometer 

An Eppley pyronometer is used to measure downwelling irradiance. 

2.2.1.2.2.7 GPS and DGPS 

GPS and DPGS are used for accurate localisation of the measurements. 
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2.2.1.2.3 Data acquisition protocol 

2.2.1.2.3.1 Data acquired by weather station 

These stations are automatic and record continuously the measurements.  

2.2.1.2.3.2 Data acquired by sunphotometer 

Three measurement protocols are used:  

�  Direct sun measurement 

�  Sky radiance  

�  Almucantar 

Protocol is described at AERONET URL:  

http://aeronet.gsfc.nasa.gov/new_web/system_descriptions_operation.html 

The radiometer makes two basic measurements, either direct sun or sky, both within several 
programmed sequences. The direct sun measurements are made in eight spectral bands 
requiring approximately 10 seconds. Eight interference filters at wavelengths of 340, 380, 
440, 500, 670, 870, 940 and 1020 nm are located in a filter wheel which is rotated by a direct 
drive stepping motor. The 940 nm channel is used for column water abundance 
determination. A pre-programmed sequence of measurements is taken by these instruments 
starting at an air mass of 7 in the morning and ending at an air mass of 7 in the evening.  

A sequence of three measurements is taken 30 seconds apart creating a triplet observation 
per wavelength. During the large air mass periods direct sun measurements are made at 
0.25 air mass intervals, while at smaller air masses the interval between measurements is 
typically 15 minutes.  

In addition to the direct solar irradiance measurements that are made with a field of view of 
1.2 degrees, these instruments measure the sky radiance in four spectral bands (440, 670, 
870 and 1020 nm) along the solar principal plane (i.e., at constant azimuth angle, with varied 
scattering angles) up to nine times a day and along the solar almucantar (i.e., at constant 
elevation angle, with varied azimuth angles) up to six times a day. The approach is to 
acquire aureole and sky radiances observations through a large range of scattering angles 
from the sun through a constant aerosol profile to retrieve size distribution, phase function 
and aerosol optical depth. More than eight almucantar sequences are made daily at an 
optical air mass of 4, 3, 2 and 1.7 both morning and afternoon. Sky radiance measurements 
are inverted with the Dubovik and Nakajima inversions to provide aerosol properties of size 
distribution and phase function over the particle size range of 0.1 to 5 µm. 

2.2.1.2.3.3 Data acquired by radiometer 

The surface reflectance is referenced to those of a Spectralon panel of known reflectance. 
The site has to be sampled in regular (discrete or continuous) measurements within a 
surface appropriate to the scale of the pixel of the high resolution imager to measure a mean 
reflectance of the site.  

An example of sample strategy for UK-DMC measurement in Tuz-Gulu site is reproduced 
here after.  
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Figure 11: Sampling strategy for UK-DMC imager’s me asurements (NPL report, RD.30) 

The sampling approach an area of 1km is illustrated in Figure 12 and Figure 13.  

 

Figure 12: Schematic showing size of a typical test  site used for vicarious calibration 
of a small-footprint sensor (ETM+). 1km footprint i s shown for reference. Dotted lines 
within Landsat site indicates paths walked to sampl e surface reflectance, (Thome et 
al., 2003, RD.31). 

 

Figure 13: Surface reflectance sampling approach in  RRVP, Thome et al., RD.32 

The data acquisition by the Cimel station in la Crau is represented in Figure 14. The 
scanning mode is:  

�  Pointing to the South 

�  For a view angle, facing the ground, from 5 to 60 degrees by step of 5 degrees 

�  For each of five filters: 440, 550, 670, 870, 1600 

�  Ground measurements on 360 degrees with an azimutal steps of 5 degrees 
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Figure 14: Reflectance at 550 nm, represented in po lar coordinates. Circle diameter is 
around 20 m.  

2.2.1.2.3.4 Data acquired by goniometer 

An entire scan of both sky and ground hemispheres generates 2664 (37 x 72) 8-band data 
samples in about 3.3 minutes (Bruegge et al., 2000, RD.43). PARABOLA repeats these 
scans continually from dawn until the operator shuts it down at sunset. 

A reflectance standard can be placed beneath the instrument within its field of view to obtain 
reflectance ratios from the measured DNs. The reflectance standard measurements are 
included as part of regular scans. 

 

Figure 15: Parabola data from Sua Pan site, note th e bright targets of the sun and the 
reflectance standard at the base of the sensor (Hel minger et al, 2000, RD.33) 

2.2.1.2.4 Data controls 

Several controls are made to check the quality of the data acquired by the instruments.  

�  Quality assessment by examining raw data  

�  Control of instrument calibration after calibration campaigns 
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�  Control of the directional reflectance of reference reflectance panels 

�  Data intercomparison if several instruments are used at the same time.  

2.2.1.3 Cost 

Costs of a calibration campaign are separated in five categories: 

�  Instrument 

�  Campaign preparation 

�  Mission cost 

�  Data analysis 

�  Auxiliary data cost 

�  Maintenance of operational sites 

2.2.1.3.1 Instrument quotation  

Table 5: Cost of instruments 

Instrument Cost 

FieldSpec®Pro  59,820.00 USD 

Spectralon, 3.62"Dia. Round 
x 5mm Un Cal / 128001  

120.00 USD 

Spectralon, 5x5 in 
(12.7x12.7cm) 

800 USD 

Weather station  1200 USD 

GPS 200 euros 

Sun photometer 20000 euros 

ROSAS 40000 euros 

Goniometer 4000 euros 

 

2.2.1.3.2 Campaign preparation 

Time for preparation is estimated to 10 days. 

Table 6: Data analysis Cost  

Instrument Cost Total 

Staff salary [1000-2000] euros/day [10000-20000] 
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2.2.1.3.3 Mission cost 

The mission cost is related to the number of people who participates to the campaign.  

The per diem per day and per person could be evaluated to 200 euros/day 

Travelling to the site has a cost. Depending on the location, cars or flight + cars + shipment 
of equipment in another country 

Table 7: Mission Cost for 2 weeks 

Instrument Cost Total 

Salary [1000-2000]/day [10000-20000] 

Per diem based on 1 people, 14 days 150x14 2100 

Travel by Flight  1500  1500 

Travel by Car 200 200 

Rental Car 1000 1000 

Shipment 1000 1000 

Little Material purchase 1000 1000 

2.2.1.3.4 Data analysis 

Time for analysis is estimate to 5 days 

Table 8: Data analysis Cost  

Instrument Cost Total 

Salary [1000-2000] euros/day [5000- 10000] euros 

 

2.2.1.3.5 Auxiliary data cost 

Auxiliary data is needed if data is not estimated by in situ instruments. It could be purchased 
to Meteorological institutes. 

If radiosoundings have to be done, this implies to set up logistics with instruments, 
processing etc.   

Radiosounding cost is estimated to 150 euros, including the set of radiosondes and 
balloons. The computer and software for data processing, the helium for the balloon, the 
radio system are estimated to 15000 euros. 

Table 9: Radiosounding cost  

Instrument Cost Total 

Balloon 150 x 14 2100 

Material (software, helium 
etc) 

15000 15000 
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2.2.1.3.6 Maintenance of operational sites 

�  K. Thome estimates the cost for a campaign in RRVP to 20000 USD (Oral 
communication at IVOS 19, 2008).  

�  For ROSAS, the cost for maintenance is assessed to 5000 euros, including the 
control of CIMEL calibration every 6 months.  

Table 10: Cost for site maintenance  

Instrument Total 

RRVP 20000 USD 

La Crau 5000 euros 

 

2.2.1.4 Data access 

The contractual conditions of use have to be discussed before the campaigns to determine 
whether the data access is public or restricted. 

2.2.1.4.1 Public data  

If data is public, a data policy has to be decided before the campaign. Points that have to be 
discussed are: 

�  Data access  

�  to campaign participants: All members of calibration campaign will have 
unrestricted access to all submitted data as soon as they have sent their own data 
to the database. 

�  Time restriction to data to be in the public domain has to be discussed :( about 6 
months, one year?) 

�  To satellite data bought during the campaign: the access may be subject to 
copyright restrictions which are more limiting than the established data policy. 

�  Quality control procedures have to be specified. 

�  Publication co-author ship 

�  Acknowledgments 

Then data access could be made through a dedicated portal (Cal/Val) first to PI, then to 
public. 

This is the case of data acquired in Lspec Frenchman site by JPL. To have access to the 
data, the users has to be registered, and has to request for an login and password (see 
Figure 16) 



Calibration Test Sites Selection and Characterisati on CALIB-TN-WP240_VEGA 
Site equipment and Auxiliary data Issue 001 

VEGA Technologies SAS  Page 29 of 63 
© 2009 VEGA Group PLC    

 

Figure 16: Form to fill to have access to LSPEC dat a 

When registered, the user can order data (Figure 17) 
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Figure 17: Home page of LSPEC  

 

Data are delivered in ASCII file. An example is printed hereafter (Figure 18) 
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Figure 18: Public Data from LSPEC site available in  file  

2.2.1.4.2 Restricted data 

If data is not public, PI of the site has to be contacted to discuss the possibility to obtain an 
access to the required data. Agreement has to be found on: 

�  Data costs, 

�  Intellectual rights 

�  Publication 

�  Data exchange (satellite or ground) 

 

Contact for data access is indicated in Table 11.  
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Table 11: Contractual conditions of data use (R sta nds for Restricted, P stands for 
Public) 
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Agency PI E.mail
CNES Patrice Henry Patrice.henry@cnes.fr
NASA/GSFC Kurt Thome kthome@email.arizona.edu
NASA/JPL Carrol Bruegge Carol.J.Bruegge@jpl.Nasa.Gov
Ben Gurion University Arnon Karnieli karniely@bgu.ac.il
TUBITAK UZAY Selime Gurol selime.gurol@uazy.tubitak.gov.tr
CMA Xiuqing Hu huxq@cma.gov.cn  

2.2.2 SES 

Based on the site characterisation established in WP 210 (table 38, RD.17), and 
questionnaires sent to PI, the Sea Equipped Sites which are used regularly are reported in 
Table 12. These are the three main sites BOUSSOLE, MOBY and AAOT. The others sites 
belong to the AERONET_OC network3 and the last one (Indian site) is being built for future 
calibration activities.  

Table 12: SES site usage 
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Sensor

Class 2 ENVISAT/MERIS
Orbview2/SeaWiFS
OceanSat-2/OCM  

Questionnaires have been sent to collect information on the sites in the first phase of the 
project (WP210). The exploitation of these questionnaires (when information is available), 
and the description of the instruments and protocols made in WP220 are summarised 
hereafter.  

In addition to the information collected in the first step, A second questionnaire has been 
written to document the cost of a calibration campaign and the schedule calibration activities 
of a specific site.. The template is available in Appendix 1.  

A companion file has been joined to the questionnaire in order to document the future 
calibration activities using all SES identified sites.  

                                                      

3http://aeronet.gsfc.nasa.gov/new_web/ocean_color.html 
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Table 13: Excel document accompanying the second qu estionnaire 

Project Calibration Test Site Selection and Characterisatio n 1
WP 240 Calibration activity documentation 2
Contact beatrice.berthelot@vegatechnologies.fr 3

richard.santer@univ-littoral.fr
1 2 3
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RR ENVISAT/MERIS
Polder/Parasol
Aqua/Terra MODIS
Orbview2/SeaWiFS
OceanSat-2/OCM

Boussole Aeronet_OC MOBY

Boussole
Aeronet_OC
MOBY

 

 

2.2.2.1 Need 

2.2.2.1.1 Measurements 

Measurement sets to be done for SES are: 

�  Atmospheric state 

�  Instantaneous measurements 

�  Langley plots 

�  AOT 

�  Integrated water vapour content 

�  Ozone content 

�  Marine reflectance 

�  downwelling irradiance  

�  upwelling irradiance  

�  water leaving radiance  

�  Sky radiance 

�  Chlorophyll concentration 

�  Environmental parameters 

�  Air pressure, temperature and relative humidity 

�  Wind speed 
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2.2.2.1.2 Instruments 

The instruments allowing the measurements listed below are reported in Table 3. 

Table 14: Instrumentation of SES. RaBVC stands for Radiance based method, ReBVC 
stands for Reflectance Based method. 

 Term to 
estimate 

RaBVC or ReBVC 

Ozone content TO3(m) Meteorological Institutes 

Water vapour content TH20(m) Meteorological Institutes 

Surface pressure Molecular 
optical depth  

t Ray(l ) 

Meteorological station 

Wind Windspeed Meteorological station 

Aerosol extinction coefficient t aer(l ) Sunphotometer 

Aerosol type a SAM + t aer(l ) 

Aerosol Phase function P(x) Sunphotometer 

Solar irradiance Es(t) Sun photometer 

Water Leaving radiance Lg(t,x,y,qv,f v) CIMEL Radiometer  

Downwelling and Upwelling 
irradiance 

r g(t,x,y,qv,f v),  Spectro irradiance meter 

Sky radiances Lsky(t,qv,f v), Sun photometer 

Atmospheric transmittance and 
luminance 

Tatm, Latm RTC 

Chlorophyll concentration Chl.a Laboratory measurement 

Or fluorescence measurement 
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2.2.2.2 Equipment description 

2.2.2.2.1 Instrumentation used on the site 

Table 15 reports the instrumentation used on sites. 

Table 15: Instrumentation used on the site. Green c ases indicate that instruments are 
located over land. 
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Instruments
HR Weather Station

Temperature sensor
Barometer
Humidity sensor
Anemometer

PAR
Sun photometer
Radiometer above the surface
Radiometer

Satlantic 200 series
MOBY
SeaPrism
Opt 

Conductancemeter, T, P
Fluorometers 
Transmissometers
Backscatteringmeter  

2.2.2.2.2 Instrument description 

2.2.2.2.2.1 Meteorological station 

Weather information includes temperature and humidity, wind speed, wind direction and 
wind chill factor and barometric pressure.  

2.2.2.2.2.2 Spectro-Radiometers 

Instruments are described in section dedicated to buoy description.  

2.2.2.2.2.3 GPS  

GPS is used for accurate localisation of the buoy. 

2.2.2.2.2.4 Sun Photometers 

See section 2.2.1.2.2.2. 
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2.2.2.2.2.5 Instrumentation in Boussole 

Table 16: Buoy instrument (Antoine et al., 2008, RD .34) 

 

 

 

Figure 19: Instrumentation in BOUSSOLE (Antoine et al., 2008, RD.34) 
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2.2.2.2.2.6 Instrumentation in MOBY 

MOBY is a 14-meter long buoy system developed and instrumented to measure upwelling 
radiance and downwelling irradiance at the sea surface and at three deeper depths. The 
arms can be positioned along the central column at varying depths, but are typically 
positioned at depths of 1 m, 5 m, and 9 m. Submarine light is transmitted by fiber optics to 
the MOBY spectrograph for continuous energy measurements at subnanometer resolution 
from 340 (ultraviolet) to 950 (near-infrared) nanometers. Standard meteorological 
observations are collected concurrent with the submarine light measurements, and 
supplemental oceanographic measurements, such as natural phytoplankton fluorescence, 
are also collected.  

The buoy consists of six major components. Those components are a new dual 
spectrograph, the fiber optic multiplexer, the top-end buoy with solar panels and controlling 
software, a GOES (Geostationary Operational Environmental Satellite) data relay system 
with data acquisition software, fiber optic radiance and irradiance collectors, and a dichroic 
water mirror for the dual spectrograph. The optical system uses two spectrographs with a 
dichroic ("water") mirror to measure radiometric properties with high spectral resolution and 
stray light rejection. This "water" mirror is designed to transmit the red (630 to 900 nm) and 
reflect the blue (380 to 600 nm) portions of the spectrum, making the transition from 
reflectance to transmittance between 590 and 650 nm. Thus potential for stray light is greatly 
reduced by splitting the visible spectrum at the beginning of the water absorption region 
since most of the short wavelength energy is diverted from the entrance slit of the long 
wavelength spectrograph. The splitting also allows the spectrographs to be optimized for the 
two distinctive spectral domains. Internal calibration and ancillary sensors (temperature, 
inclination, pressure, etc.) are included.  

Table 17: Measurements in MOBY 

MOBY Buoy MOBY Mooring 

Spectroradiometer to measure 

Es, Lu (at four depths), Ed (at three depths) 

Photosynthetically Active Radiation 

CCD parameters (integration time, bin factor, 
temperature) 

Sea surface conductivity 

Temperatures (instrument and sea water) Sea surface temperature 

Attitude (x, y tilt; pressure at top arm; compass heading) Relative humidity 

System housekeeping (battery status, coolant flow, etc.) Air temperature 

Time (onboard, GPS) Surface pressure 

 Wind velocity 
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Figure 20: Instruments in MOBY and MOBY Mooring  

2.2.2.2.2.7 Instrumentation in AAOT 

An autonomous system for making above-water radiance measurements has been produced 
by adding a new measurement scenario to a CIMEL CE-318 sun photometer. The system, 
called the Sea-viewing Wide Fieldof- view Sensor (SeaWiFS) Photometer Revision for 
Incident Surface Measurement (SeaPRISM), combines the normal CE-318 capability for 
measuring direct sun irradiance and sky radiance, with a new capability for measuring 
above-water radiance for the retrieval of water-leaving radiance (Zibordi et al., 2004, RD.35) 

 

Figure 21: The SeaPrism CIMEL instrument 
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2.2.2.2.2.8 Instrumentation in Karavatti OCM  

In order to develop the Cal/Val activities for IRS sensors and Oceansat, a permanent Cal-Val 
site is being set up near Kavaratti in Lakashdweep Sea (Navalgund et al., 2008, RD.36). 
Following instruments will be installed: 

�  An Optical buoy is deployed to collect hyperspectral observations of light, 
chlorophyll-a, temperature and aerosol optical depth. The sun photometers will be 
set in Karavatti Islands.  

�  Extensive Ship campaigns will also be organized for validation of geophysical data 
products. 

 

Figure 22: Meteorological and Optical buoys  

2.2.2.2.3 Data acquisition protocol 

Description of the operational condition of use of the instrumentation: i.e. the description of 
the data acquisition protocol 

2.2.2.2.3.1 Data acquired by weather station 

These stations are automatic and record continuously the measurements.  

2.2.2.2.3.2 Data acquired by sunphotometer 

See section 2.2.1.2.2.2 

2.2.2.2.3.3 Data acquired by SeaPrism 

The CE-318 radiometer manufactured by CIMEL (France, Paris) for the characterization of 
the aerosol optical properties, has also been shown capable of performing measurements 
suitable for the determination of the water leaving radiance (Zibordi et al. 2004, RD.35). 
These measurements include sky and sea radiance observations made in daylight 
conditions every 30 minutes at 7 center-wavelengths l  (i.e., 412, 440, 500, 555, 670, 870, 
and 1020 nm) chosen to support both atmospheric and marine applications. The specific 
CE-318 radiometer allowing for the execution of above water radiometric measurements is 
called SeaWiFS Photometer Revision for Incident Surface Measurements (SeaPRISM). The 
system supports data transmission through satellite link and provides the capability of 
programming some of the parameters defining the measurement protocol (i.e., the viewing 
angle q and the relative azimuth with respect to the sun j , the gain for each channel, and, 
the numbers NT and Ni of above-water and sky measurements, respectively). 

The full list of acquired data is reported in Table 18. 
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Table 18: Seaprism data 

 

The measurement sequence develops through successive steps:  

1. A series of direct sun measurements acquired at all channels for the 
determination of the direct sun irradiance E(f 0,q0,l)  with f 0 and q0 sun azimuth and 
zenith, respectively;  

2. A sequential set of NT radiance measurements for determining LT(j,q,l ), Ni 
sky radiance measurements for determining Li(j,q¢,l ), and one dark measurement 
for the channel corresponding to the center wavelength l ; 

3. Step 2 is sequentially repeated for each channel included in the sea-viewing 
scenario.  

If the sun is cloud covered, which is detectable through step 1, the measurement sequence 
is cancelled. For clear-sky conditions, the E(f 0,q0,l)  data allow for the determination of the 
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aerosol optical thickness, t A(l ), which is needed for computing the normalized water-leaving 

radiance )(lSP
WNL  . 

The viewing geometry for the SeaPRISM systems operated on the Acqua Alta 
Oceanographic Tower (AAOT) is defined by q=40° (with q¢=p-q) and j =90°, respectively. In 
addition, Ni=3 and NT=11 are chosen, so the execution of a complete measurement 
sequence of sky and sea measurements takes approximately 6 minutes.  

The determination of the water leaving radiance ),,( lqjSP
WL  from SeaPRISM 

measurements is made in agreement with Hooker et al. (2004, RD.39) and Zibordi et al. 
(2004, RD.35) with    

),',(),,,(),,(),,( 0 lqjqqjrlqjlqj iT
SP
W LWLL -=                       (1) 

where LT(j,q,l ) results from averaging of the 20% of the NT observations exhibiting the 
lowest radiance values, Li(j,q¢,l ) results from averaging of the Ni observations, and 
r(j,q,q 0,W) is the sea surface reflectance, mostly a function of the measurement geometry 
(identified by j, q, q 0) and wind speed W. The surface reflectance, r(j,q,q 0,W) at a given q 
and j,  is determined as a function of q0 and W using the theoretical results of a study on 
above-water measurements (Mobley 1999, RD.37). Given that the radiance field emerging 
from the ocean is not isotropic (Morel and Gentili 1996, RD.38), the computation of a nadir-

transformed water-leaving radiance, )(lSP
WL  , from ),,( lqjSP

WL  is made using  

),,,,,,(),,()( 0 WChlaCLL aQ
SP
W

SP
W tqjqllqjl Â=  ,                             (2) 

where the correction term ),,,,,,( 0 WChlaC aQ tqjqlÂ  removes the dependence 

associated with the viewing geometry during data acquisition (Morel et al. 2002) and is given 
by   
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Â
=Â                   (3) 

The quantities Â(q,W) and Â 0 (i.e., Â(q,W) at q=0) account for surface reflectance and 
refraction, and primarily depend on q and W. The quantities Q(l,q,j,q0,t a,Chla) and 
Qn(l,q 0,t a,Chla)  are the so-called Q-factors at viewing angle q and at nadir (i.e., q=0), 
respectively. The Q-factor mostly depends on j, q, q 0, t a, and chlorophyll a concentration 
Chla (used here to express the dependence on the seawater inherent optical properties), 
and describes the anisotropic distribution of the in-water radiance field.  

The determinations of the Â(q,W)  and Q(l,q,j,q 0,t a,Chla)  terms in (3) are made using look-
up tables (Morel et al., 2002, RD.40) produced for a clear sky with aerosol optical thickness 
t A=0.2 at 550 nm, for various q0, q, j , Chla, and l .  The value of Chla is estimated through 
an iterative process.   

The computation of the normalized water leaving radiance )(lSP
WNL  is made using  

( ) 1

0
2

0 cos)(),,,()()(
-

= qltqlll dAQf
SP
W

SP
WN tDChlaCLL  (4) 

where the correction term ),,,( 0 ChlC AQf tql  accounts for the bidirectional effects, and is 

defined by  
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where f(l,q0,t A,Chla) is a function relating the apparent optical properties (and specifically 
the irradiance reflectance) to the inherent optical properties (Morel et al., 2002, , RD.40). The 
quantity f(l,q0,t A,Chla) is mostly a function of l, q0, t A, and Chla (where Chla still expresses 
the dependence on the inherent optical properties). The quantities ),,(0 Chlaf Atl  and 

),,(0 ChlaQ Atl  are the ),,,( 0 Chlaf Atql  and ),,,( 0 ChlaQ An tql  values defined for 

q0=0. The ratios ),,(0 Chlaf Atl / ),,(0 ChlaQ Atl  and ),,,( 0 Chlaf Atql / 

),,,( 0 ChlaQ An tql  are also obtained from look-up tables (Morel et al. 2002, RD.40). The 

term 2D   in (4) accounts for the variations in the Sun-Earth distance as a function of the day 
of the year, while the quantity td(l ) is the atmospheric diffuse transmittance. 

2.2.2.2.3.4 Data acquired in BOUSSOLE 

The set of measurements performed offshore either from the ship or from the buoy are 
summarised hereafter (http://www.obs-vlfr.fr/Boussole/html/boussole_data/collected.php) 

�  Ship measurements 

The set of parameters directly derived from the measurements made by the SeaWiFS 
Profiling Multichannel Radiometer (SPMR) to 200m depth and the SeaWiFS 
Multichannel Surface Radiometer (SMSR) will be (with l s meaning the band set, i.e., 
(380, 411, 443, 456, 491, 510, 532, 560, 620, 665, 683, 705 779 and 865) nm.  

�  Above surface radiometers: Es(l ); and 

�  In-water radiometers: Ed(l ), Eu(l ). 

From profiling with the CTD rosette to 400m, the parameters collected will be 
chlorophyll fluorescence, CDOM fluorescence, attenuation and absorption 
coefficients (412, 440, 488, 510, 532, 555, 630, 676, 715 nm), bb(440), bb(532), 
bb(650), temperature, conductivity and derived salinity, oxygen concentration, and 
surface PAR. 

Samples are collected and filtered for subsequent determination of the phytoplankton 
pigments and particulate absorption. Water samples are also collected for subsequent 
lab measurements of CDOM absorption. 

�  Buoy measurements 

The set of parameters directly derived from the measurements will be (with �  meaning 
the band set, i.e., 412, 443, 490, 510, 560, 665 and 683 nm) : 

�  Above surface : Es(� ); 

�  At 4 meters : Ed(� ), Eu(� ), Lu(� ), chlorophyll fluorescence; beam attenuation 
(660 nm) 

�  At 9 meters : Ed(� ), Eu(� ), Lu(� ), chlorophyll fluorescence, beam attenuation 
(660 nm), bb(443) and bb(560), conductivity, temperature, pressure (CTD), 
two-axis tilt and compass. 

From these measurements, various AOPs or IOPs might be derived, as the diffuse 
attenuation coefficients for upwelling and downwelling irradiance, Ku and Kd, the 
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attenuation coefficient for upwelling radiance, KL, the diffuse reflectance just below 
the sea surface, R, the nadir Q-factor, Eu/Lu, the attenuation and backscattering 
coefficients, c and bb. The absorption coefficient, a, will be tentatively derived 
through inversion of the AOPs (using for instance Kd and R, assuming that they are 
accurately derivable from the 2 measurement depths of the buoy). 

An example of data is represented in Figure 23.  

 

Figure 23: BOUSSOLE measurements (http://www.obs-
vlfr.fr/Boussole/html/boussole_data/datadisp_buoy.p hp?) 

2.2.2.2.3.5 Data acquired by MOBY 

MOBY measures the upwelling radiance and downwelling irradiance at three levels below 
the ocean surface plus the incident solar irradiance just above the surface. The radiance 
standards for MOBY are two integrating spheres with calibrations based on standards 
traceable to the National Institute of Standards and Technology (NIST). For irradiance, the 
MOBY project uses standard lamps that are routinely recalibrated at NIST. Wavelength 
calibrations are conducted with a series of emission lines observed from a set of low 
pressure lamps. Each MOBY instrument views these standards before and after its 
deployment to provide system responses (calibration coefficients). During each deployment, 
the stability of the MOBY spectrographs and internal optics are monitored using three 
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internal reference sources. In addition, the collection optics for the instrument are cleaned 
and checked on a monthly basis while the buoy is deployed. Divers place lamps over the 
optics before and after each cleaning to monitor changes at the system level (Clark et al., 
2001, RD.41) 

 

Figure 24: MOBY measurements at four depths 
(http://physoce.mlml.calstate.edu/moby/moby242/moby. html ) 

2.2.2.2.4 Data processing and controls 

Data quality assurance/quality control protocols are performed for moored radiometric data: 

�  Clear sky test 

For incident spectral irradiance above the sea surface, Ed(� , 0+), a comparison of the 
magnitudes of measured Ed(� , 0+) with clear-sky model Ed(� , clear-sky) estimates  are 
done. Data were labelled as suspect if the incident measurements exceeded a threshold 
factor of 1.25 × Ed(� , clear-sky). 

�  Inspection of data 

The time-series data have to be inspected and scrutinized for obvious data dropouts 
from instrument/power failure and symptoms of salt or other depositions on the optical 
windows of the radiometers.  

�  Test for consistency 
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The time-series of normalized spectra and wavelength-to-wavelength ratios from each 
surface and subsurface data set have to be analyzed to determine the consistency and 
shape of each spectrum. 

�  Control of instrument fouling 

Subsurface radiometric data were subjected to the test for fouling 

�  Seaprism Quality Levels  

(http://aeronet.gsfc.nasa.gov/new_web/ocean_levels_versions.html)  

Normalized water-leaving radiances (Lwn) are provided in three levels: Level 1.0, 1.5, 
and 2.0.  

�  Level 1.0 data include Lwn determined from sequences of sea measurements 
taken with viewing geometries minimizing the platform perturbations.  

�  Level 1.5 data include screen Lwn corresponding to Level 1.0 products from 
measurement sequences not affected by a) cloud perturbations as determine from 
direct sun irradiance measurements, b) high variability in sea observations 
indicating elevated wave perturbations, or c) high Lwn values in the near infrared 
suggesting the presence of obstacles in the optical path between the instrument 
and the water surface.  

�  Level 2.0 data refer to fully quality-assured Lwn, corresponding to a) Level 1.5 
products originated from SeaPRISMs exhibiting differences smaller than 5% 
between the calibration coefficients determined before and after typical one-year 
deployment periods, b) coincident aerosol optical depth of Level 2.0, and c) 
quality-assured statistical assessment according to the algorithm described by 
D'Alimonte and Zibordi 2006, RD.42. 

 

2.2.2.3 Cost 

Costs of a calibration campaign are separated in five categories: 

�  Instrument 

�  Campaign preparation 

�  Mission cost 

�  Data analysis 

�  Auxiliary data cost 
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2.2.2.3.1 Instrument quotation  

Table 19: Cost of instruments 

Instrument Cost 

SeaBird 19 plus:19plus SEACAT PROFILER pumped 
conductivity temperature, depth recorder (includes SBE 5M 
submersible pump, 8 MB memory, 2.5 meter data I/O cable, 
SEASOFT software, and complete documentation  

�  600 meter plastic housing  

�  350 meter strain gauge pressure sensor  

�  4 differential A/D channels, (0-5v inputs)  

�  Substitute SBE 5T pump for SBE 5M pump  

�  Wet-pluggable connectors (4) for data, pump and 4 
differential A/D channels  

�  WET Labs cs-25-660-p(red) C-Star transmissometer, 
600 meter, 25 cm path  

�  WET Labs WET Star Chlorophyll fluorometer, 600 
meter, 75 � g or 150 � g range  

�  SBE-43 Dissolved Oxygen sensor  

�  BOT Integration fee  

 

31,151.00 USD 

Spectro radiometer  4000 Euros 

Spectro radiometer TRIOS-RAMSES 10000 Euros 

Weather station  1200 USD 

GPS 200 euros 

Sun photometer 20000 euros 

AERONET_OC Cimel 40000 euros 

 

2.2.2.3.2 Campaign preparation 

Time for preparation is estimated to 20 days. 

Table 20: Data analysis Cost  

Instrument Cost Total 

Staff salary [1000-2000]/day [20000-40000] 

 

2.2.2.3.3 Mission cost 

The mission cost is related to the number of people who participates to the campaign.  

The per diem per day and per person could be evaluated to 200 euros/day 
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Sailing to the site has a cost. Depending on the location, cars or flight + cars + shipment of 
equipment in another country, and the cruise cost.  

Table 21: Mission Cost for 2 weeks 

Instrument Cost Total 

Salary [1000-2000]/day [10000-20000] 

Per diem based on 1 people, 14 days 200x14 2800 

Travel by Flight  1500  1500 

Travel by Car 200 200 

Rental Car 1000 1000 

Shipment 1000 1000 

Little Material purchase 1000 1000 

   

2.2.2.3.4 Data analysis 

Time for analysis is estimate to 5 days 

Table 22: Data analysis Cost  

Instrument Cost Total 

Salary [1000-2000] euros/day [5000- 10000] euros 

2.2.2.3.5 Auxiliary data cost 

See section 2.2.1.3.5 

2.2.2.3.6 Maintenance of operational sites 

Maintaining a permanent optical mooring is costly. It necessitates to visit regularly the site 
(cruise cost), check the instruments (dive cost), remove the instruments for calibration 
control in laboratory, be equipped for the system rotation (mooring line and buoy). 

For BOUSSOLE, the system rotation is done twice a year. 

For MOBY, the system rotation is done every 3-4 months. In-water diver calibrations are also 
performed. 

The maintenance necessitates at least 1 or 2 people for instrument control when they are 
not immerged. 

Data processing, even operational, necessitates one person full time for checking, 
processing, reporting etc 

Cost cruise is assessed to 20000 euros.  

Table 23: Cost for site maintenance  

Instrument Total 

Cruise cost 20000 euros 
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2.2.2.4 Data access 

Two cases are envisaged: the case of a specific cruise programmed for a calibration 
campaign, and the case of data delivery for measurements made at buoy. Data policy is not 
the same.  

The contractual conditions of use have to be discussed before the cruise campaigns or to 
determine whether the data access is public or restricted. 

2.2.2.4.1 Public data  

Data access is made through a dedicated portal (Cal/Val) for MOBY, AAOT and 
BOUSSOLE.  

2.2.2.4.1.1 AERONET_Ocean Color data 

For AAOT and the CIMELS of this network, data access is made through the AERONET 
web site.  

 

Figure 25: AERONET Ocean Color Web site 
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Data usage is clearly specified on the site and state that due to the research and 
development phase characterizing AERONET Ocean Color, use of these data requires 
offering co-authorship to the Principal Investigator. 

2.2.2.4.1.2 BOUSSOLE data 

For BOUSSOLE, data access is made through the BOUSSOLE web site at the following 
URL: http://www.obs-vlfr.fr/Boussole/html/boussole_data/login_form.php 

Registration is mandatory to access the data.  

Once on the site, data from BOUSSOLE, from the cruises are accessible.  

 

Figure 26: BOUSSOLE data access web pages 

 

Figure 27: Data from cruise 

 



CALIB-TN-WP240_VEGA Calibration Test Sites Selection a nd Characterisation 
Issue 001 Site equipment and Auxiliary data 

Page 50 of 63  VEGA Technologies SAS 
   © 2009 VEGA Group PLC  

² 

Figure 28: Data from buoy 

2.2.2.4.1.3 MOBY data 

MOBY data are not available through web sites. However, the site 
http://physoce.mlml.calstate.edu/moby/moby242/index.html delivers satellite band averaged 
data: water-leaving radiance, surface irradiance and solar normalized water-leaving radiance 
for MODIS, SeaWIfs and MERIS sensors. Hereafter is an example of data file and daily 
variations. 
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Table 24: MOBY DATA integrated for MERIS 

File: 242_MERIS_TOTAL_LW.MAT 

 53 Variables, 32 Data Points 
   FhdS 1: MOBY242 MERIS Total-Band Averaged Data File     
   FhdS 2: Water-Leaving Radiance, Lw1, is calculated from LuTop and Kl1(LuTop-LuMid)       

  FhdS 3:                                                                                  

  FhdS 4: DATA INCLUDED:     Good and Questionable Data                                    

  FhdS 5: PROCESSING: Jan 2005                                                             

  FhdS 6: All data are STRAY LIGHT CORRECTED with version 4.021                            

  FhdS 7:                                                                                  

  FhdS 8:                                                                                  

  DscS  1: Year                                                                             

  DscS  2: Julian Day                                                                       

  DscS  3: GMT Time (HH.hh)                                                                 

  DscS  4: Observation Date (YYMMDD.HHMMmm)                                                 

  DscS  5: MOBY deployment                                                                  

  DscS  6: Latitide (DD.MMmm) (+N/-S)                                                       

  DscS  7: Longitide (DD.MMmm) (-W/+E)                                                      

  DscS  8: Data Status (1 = Good and 2 = Questionable)                                      

  DscS  9 to 23 : MERIS Water Leaving Radiance Band 1 to Band 15 (µW/cm²/sr/nm)                      

  DscS 24 to 38: MERIS Surface Irradiance Band 1 to Band 15  (µW/cm²/nm)  

  DscS 39 to 53: MERIS Solar Norm Water Leaving Rad Band 1 to Band 15 (µW/cm²/sr/nm)                     

 

 

Figure 29: Solar irradiance in MERIS channel 
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Figure 30: Luminances and Normalised luminances in MERIS channels 

2.2.2.4.2 Contact for data access 

Contact for data access is indicated in Table 25. 

Table 25: Contractual conditions of data use  
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LOV D. Antoine antoine@obs-vlfr.fr
JRC G. Zibordi giuseppe.zibordi@jrc.it
NOAA D. Clark dennis .k.clark @NOAA.gov  

2.3 Non equipped sites 

Non Equipped Sites are mainly used for intertemporal calibration and inter sensors 
calibration. No instrumentation is set up in these sites and no calibration campaigns are 
envisaged.  

Two types of data are envisaged:  

�  Data used as for characterising the sites, for which indicators have been presented in 
WP230. These data corresponds to climatological datasets. 

�  Data used in the operational calibration process.  
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2.3.1 LNES 

Based on the site characterisation established in WP 210 (table 37, RD.17), the Land Non 
Equipped Sites which are used regularly are reported in Table 27.  

These sites are used in for intertemporal calibration and inter sensors calibration. Aerosol 
scattering and the surface BRDF are unknown.  

Table 26: LNES site usage 
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Class 3 SPOT-4
SPOT-5 HRG
ALOS AVNIR-2 (PRISM)
Formosat-2
UK_DMC (DMC)
Landsat 4, 5
ETM+
KOMPSAT-2
ALI
CBERS
COMS

Class 2 ERS2/ATSR2
ENVISAT/AATSR
ENVISAT/MERIS
SPOT/VEGETATION
Polder/Parasol
NOAA18/AVHRR3
NOAA 9, 11 AVHRR
NOAA 14 AVHRR
METOP/AVHRR-3
MSG 2/SEVIRI
Terra/MISR
Aqua/Terra MODIS
Orbview2/SeaWiFS  

2.3.1.1 Auxiliary data 

Operational calibration requires to know the following fields:  

�  Pressure 

�  Water vapour content 

�  Ozone content 

�  Site BRDF 

�  Aerosol 

2.3.1.1.1 Meteorological data 

Pressure, water vapour content and ozone are provided within the satellite data and are 
issue from Meteorological center (ECMWF, NCEP etc) 

2.3.1.1.2 Aerosol  

No aerosol data is available. Retrieval from satellite data failed over bright targets, and no 
sunphotometers is available in the vicinity of the desert sites. A constant value is used.  

2.3.1.1.3 Surface BRDF 

Surface BRDF is an input of calibration method. It is now estimated from satellite data (POLDER4, 
MODIS), and data are distributed through ftp server or Archive data center (Daac).  

                                                      

4 POLDER's multidirectional measurements provides with the BRDF of every point on Earth 
for viewing angles up to 60°-70°, and for the full azimuth range, at a spatial resolution of 
about 6km. 
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We recommend several solutions to fit the BRDF. Some have been suggested in WP200. 

1. Use POLDER/PARASOL BRDF database (Postel web site, RD.45).  

A database compiles the most significant BRDFs acquired by PARASOL/POLDER-3 on 
a maximum number of sites describing the natural variability of continental ecosystems, 
at several seasons whenever possible. This database contains typical BRDF shapes for 
the correction of directional effects on reflectance measurements, or the correction of 
surface reflectance and atmospheric scattering coupling. The database is implemented 
on the basis of the 22 biomes of the “Global Land Cover for the year 2000” (GLC2000) 
classification 4 broad latitude bands (0-20°, 20-40 °, 40-60°, 60-90°) 12 months from 
November 2005 to October 2006. 

The database provides the sun and view geometry together with the surface 
reflectances at 490, 565, 670, 765, 865 and 1020 nm. The measurements have been 
corrected for molecular and aerosols scattering, as well as atmospheric absorption.  

The databases are available on the website: http://postel.mediasfrance.org. The 
databases also exist with “IGBP”. An example of the bi-directional reflectances (%) at 
670 nm (left) and 865 nm (right) in the angular space for bare soil at different period of 
the year is shown in Figure 31. Variations of the reflectance in the principal plans are 
represented in Figure 32.  

 

Figure 31: POLDER BRDF  

 

Figure 32: Reflectance in the principal plan 
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2. Use of POLDER as a transfer radiometer, and make use of its spectral and 
directional capability to compute reference reflectances which will be compared to 
the measured reflectance from the other sensor. This is the principle of SADE 
database.  

3. For intertemporal vicarious calibration, one can select data of a sensor only in the 
same geometrical conditions. The same sun geometry occurs twice a year and it 
possible to select identical view geometry. For classes 2 and 4, the revising time is 
good enough. For class 3, it is in most of the case nadir views. 

4. For inter sensor vicarious calibration, a linear fit on the TOA reflectance versus the 
scattering angle models quite well the BRDF. 

2.3.1.2 Cost 

The contractual conditions have to be discussed for SADE data access. SADE is a restricted 
database developed by CNES. Agreement has to be defined to obtain data.   

2.3.2 SNES 

Based on the site characterisation established in WP 210 (table 38, RD.17), the Sea Non 
Equipped Sites which are used regularly are reported in Table 27.  

These sites are used in Rayleigh calibration. Molecular scattering is predicted. Aerosol 
scattering and the water body contribution are either estimated from climatological data of 
aerosol and chlorophyll content.  

Table 27: SNES site usage 
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2.3.2.1 Auxiliary data 

Operational calibration requires to know the following field:  

�  Pressure 

�  Water vapour content 

�  Ozone content 

�  Water leaving radiance 

�  Aerosol 
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2.3.2.1.1 Data available in the climatological data base 

�  Chlorophyll content estimated from MERIS level 3 products 

�  Aerosol model estimated from MERIS level 3 products  

2.3.2.1.2 Meteorological data 

Pressure, water vapour content and ozone are provided within the satellite data and are 
issue from Meteorological center (ECMWF, NCEP etc) 

2.3.2.1.3 Level 3 Aerosols 

Two suggestions have been made in WP 220 to develop a L3 AERONET database 

�  AERONET can be used to propose a climatology of the aerosol models (among 
SAMs).  

�  AERONET can be used to build a local climatology of the aerosol inherent optical 
properties  

2.3.2.1.4 Aerosol from AERONET network Use of L1 AE RONET data 

One suggestion has been made in WP 220. 

�  AERONET CIMEL can be used as well in the satellite match ups for: 

�  Flagging the situation with too high aerosol turbidity. 

�  Selecting a SAMs, through the Angstroem coefficient in the NIR. 

�  Using the CIMEL AOTs in the blue. 

Some potential site candidates have been listed in WP 220, RD.44. 

 

2.3.2.2 Cost 

The cost of the activity defined in section 2.3.2.1.3 and 2.3.2.1.4 is 10000 euros.  
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3. SYNTHESIS 

This report provides a list of equipment and auxiliary data required per site classes and the 
operational conditions of use. Instruments which are used in an operational mode over LES 
and SES have been described with the provided data and the acquisition protocol. Data 
access has been described in it is public, and data owner identified is the use of data is 
restreint. Instrument and site maintenance cost have been assessed too.  

Table 28 presents a synthesis of the data which are mandatory in the calibration process, for 
the four classes of sites. Data are measured either with instruments or acquired through 
institutions or external database. The source is indicated in legend of the table. 

Two conclusions are obtained from this table.  

Conclusion 1 

At this time, there are data used and mandatory to reach the calibration specification method 
that are not available for some classes of sites. These are the red, green orange cases. For 
these sites, there are solutions: 

- Green: Apply the protocol  systematicaly to the measurements to obtain the desired data 

- Red: Install atmospheric instruments  near the buoy. This implies to find new sites.  

- Orange : AERONET_OC instruments provide upwelling radiance that have to be set in the 
same geometry as the one of the sensor. The protocole results from a consensius of the 
oceanographic community. We propose to add instrument  which will acquire data in all 
viewing directions. This instrument is equivalent to the ROSAS one for sea. 

- Purple : No accurate auxiliary data are available for aerosol estimation over bright surface. 
It could be an AERONET priority to equip these parts of the world with sunphotometers.  

 

Figure 33: Location of Aeronet sunphotometers in th e desert 

Conclusion 2 

At this time, there are data used and mandatory to reach the calibration specification method 
that are available for the four classes of sites. Yellow cases of  Table 28 present the overall 
dataset that could be put and shared in common in a database.  
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Common data Need to share 
protocol 

Need to add 
instruments 

Need for site No auxiliary 
data 

     

 

Table 28: Data belonging to a common database. M.I.  stands for Meteorological 
institute. SP for Sunphotometer, WS for Weather Sta tion, L3 for climatological data, 
RS for radiosondage, F for Fluorescencemeter, RTC f or radiative transfer code 

Group of 
data 

Data LES LNES SES  

buoy 

SES  

boat 

SES  

platform 

SNES 

Ozone M.I M.I M.I MI MI M.I 

Water vapour 
M.I 

SP 
M.I M.I SP, MI SP, MI M.I 

Pressure 
M.I 

WS 
M.I M.I WS WS M.I 

Meteologicical 
data 

Windspeed   MI WS WS MI 

AOT SP -  SP SP L3  

Aerosol 
Angstroem 
coefficient 

SP -  SP SP L3 

Single scattering 
albedo SP -  SP SP - 

Aerosol phase 
function 

SP -  SP SP  

Solar irradiance SP  R SP SP  

Sky radiances SP   SP SP  

Water vapour 
profile RS  RS    

Atmosphere 

Aerosol profile RS  RS    

BRDF R, G L3  SP SP  

Chlorophyll 
content 

  F L3 L3 L3 

Surface leaving 
radiance at nadir 
or specific 
angles 

SP  R SP SP RTC 
Surface 

Downwelling 
irradiance 

SP  SR SP SP  
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4. APPENDIX 1 : QUESTIONNAIRES TEMPLATES 
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Table 29: Excel document accompanying the questionn aire 

Project Calibration Test Site Selection and Characterisatio n 1 8 15
WP 240 Calibration activity documentation 2 9 16
Contact beatrice.berthelot@vegatechnologies.fr 3 10 17

richard.santer@univ-littoral.fr 4 11 18
5 12 19
6 13 20
7 14 21
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HR SPOT-4
SPOT-5 HRG
SPOT-5 HRS
Pleiades
Venµs
LISS-3 (Resourcesat-1 (IRS-P6))
LISS-4 (Resourcesat-1 (IRS-P6))
AWIFS (Resourcesat-1 (IRS-P6))
CARTOSAT-2
ALOS AVNIR-2 (PRISM)
Formosat-2
Rapid Eye
EnMap
THEOS
UK_DMC (DMC)
DMC-UK2
ETM+
Seosat
EROS-A
EROS-B
Quickird-2
Worldview-1
Worldview-2
IKONOS-2
GeoYey-1
KOMPSAT-2
Sentinel-2

RR ERS2/ATSR2
ENVISAT/AATSR
ENVISAT/MERIS
Sentinel-3/OLCI
Sentinel-3/SLTSR
SPOT/VEGETATION
Polder/Parasol
NOAA18/AVHRR3
METOP/AVHRR-3
Meteosat-5/-6/-7 G
MSG 2/SEVIRI
Terra/MISR
Aqua/Terra MODIS
Orbview2/SeaWiFS
OceanSat-2/OCM

Sechura desert

Barreal Blanco
Sonoran desert

Amburla

Dunhuang
Dome C
Salar de Uyuani

Dunrobin
Warrabin
Winton

White Sands
Roger Dry Lake
Frenchman Flat

Bonneville Salt Flats
Brookings
Tarp
Negev
Tuz Gulu
Lake Frome
Tinga Tingana 

La Crau
Railroad Valley
Lunar playa
Ivanpah playa

La Crau Railroad Valley Ivanpah playaLunar playa White Sands Roger Dry Lake Frenchman Flat
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