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SNR Signal to Noise Ratio 
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UNIFI  University of Firenze  

UNIMI  University of Milano Bicocca 
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List of Symbols  

 

 Symbol Definition Dimension / units 

Geometry (see fig. 2.1) 

 l Wavelength nm 

 qs Solar zenith angle (ms = cos(qs)) degrees 

 qv, q Satellite or view zenith angle (mv = cos(qv)) degrees 

 Df Relative azimuth angle between the sun-pixel and pixel-sensor directions degrees  

Radiometric quantities 

 L(l,qs,qv,Df) Spectral radiance                                                                          W m-2 sr-1 nm-1 

 

Inherent Optical Properties (IOPs)  

 apig(442) Pigment absorption coefficient at 442 nm m-1

 

 b(l) Total scattering coefficient for wavelength l m-1 

 c(l) Attenuation coefficient for wavelength l m-1 

 bb(l) Backscattering coefficient m-1 

 

Apparent Optical Properties (AOPs) and derived quantities 

 rw(l,qs,qv,Df) Water reflectance dimensionless 

 rwn(l) Fully normalised water reflectance (i.e. the reflectance  

  if there were no atmosphere, and for qs = qv = 0) dimensionless 

 Ed(l, 0+) Downwelling irradiance, above the surface W m-2 nm-1 

 Es (ɚ) Total downwelling irradiance just above the sea surface,  W m-2 nm-1 

  denoted also as Ed (ɚ, 0
+). 

 Lw (ɚ) Water-leaving radiance sr-1 

 Lwn (ɚ) Fully normalised water-leaving reflectance  sr-1 

 Lwn_f/Q Normalised Water Leaving Radiance - f/Q corrected sr-1   

 F0(l) Mean extraterrestrial spectral irradiance  W m-2 nm-1  

 

Other atmosphere and aerosol properties 

 Ŭ Angström exponent (Ŭ < 0). Dimensionless 

 ao3 Ozone Absorption Dimensionless 

 ao2 Oxygen absorption Dimensionless 

 awv Water vapour absorption Dimensionless 

 Ů Eccentricity of the Earthôs elliptic orbit Dimensionless 

 Űa(l) Aerosol optical thickness Dimensionless 

 Űray(l) Rayleigh (or molecular) optical thickness Dimensionless 

 t
O3

(l) Ozone optical thickness Dimensionless 

 Tray (ɚ) Rayleigh transmittance Dimensionless 
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 Ta (ɚ) Aerosol transmittance Dimensionless 

 TO3 (ɚ) Ozone transmittance Dimensionless 

 Td (ɚ) Total downwelling transmittance (diffuse + direct) Dimensionless 

 Tu (ɚ) Total upwelling transmittance (diffuse + direct) Dimensionless  

 Ps Surface pressure hPa 

 uO3 Ozone concentration cm-atm   

 ),( sdT ql  Downwelling total transmittance at sea surface level   Dimensionless 

 

Air -water interface 

 n refractive index of sea water Dimensionless 

                 r
f
(q)  Fresnel reflectance at the air-sea interface for the scattering angle q Dimensionless 

  

Miscellaneous 

 ws Wind-speed just above sea level m s-1 

 ln Natural (or Neperian) logarithm  

 log10 Decimal logarithm 
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1 Introduction  

This document describes the data acquired during the S3Exp campaign carried out in June and July 
2009. The following chapters provide an overview of the campaign, the campaign participants and a 
detailed description of the data acquisitions taken from satellite, aircraft and on ground at the di f-
ferent experimental sites.  

1.1  Campaign Objectives  

In order to prepa re the Sentinel 3 mission, a data set will be generated that covers all Sentinel 3 
OLCI and SLSTR bands and that is to be used for the algorithm prototype and ground segment pro-
cessor development. This data set will be based on airborne hyperspectral measu rements, satellite 
data from ENVISAT MERIS (including MERIS band setting programmed to match OLCI bands) and 
AATSR as well as from other space platforms, and correlative ground measurements.  

The main objective of the Sen3Exp campaign is to provide a comprehensive dataset supporting 

1.  The space segment development of OLCI, SLST hardware definition. 

2.  The ground segment simulation tool development (GPP, SPS, L1b,c). 

3.  L2 and higher processor development,  

4.  Scientific algorithms development  

These objectives will be achieved through the coordinated acquisition and analysis of spaceborne 
ENVISAT MERIS/AATSR, airborne hyperspectral (O1-21: 400 ð 1040 nm, S1-6: 550 ð 2200 nm) and mul-

tispectral thermal (S7 -9: 3.7-12mm) data combined with co -located in -situ information to generate 
spectrally, geometrically and radiometrically representative data required to addressing specific 
campaign objectives. MERIS has been programmed during three  spectral campaigns to provide 
measurements in the new OLCI bands. 

A key campaign requirement is that image data collected during the campaign can be fed into the 
O-GPP and the SPS. The output data shall also support the L2 product contract through the provision 
of suitable scenes and test data sets.  

The campaign dataset serves the following  specific objectives:  

1. to generate a data set comprising  

- TOA radiances, either in form of images of single pixel measurement vectors, representative 
for ocean and land observations of OLCI and SLSTR 

- Surface reflectances corresponding to the TOA radiances 

- Corresponding bio-physical land and water properties  

- Uncertainty estimates  

2. this data set shall allow an enhanced assessment of the Level -1 processing algorithms of the 
GPP for each spectral band of each sensor (L1 a, b) and the combined data product (L1c) in clud-
ing the determination of acceptable spectral and spatial co -registration errors. In particular 
over land the flight patterns need to be optimised to address differences in geometric swath 
properties of S3 and airborne data. Over the ocean, the generati on of image is less important as 
compared to getting measurement samples covering the viewing and sun geometry of Sentinel 
3. 

3. this dataset shall allow quantification of the performance of OLCI/SLSTR of two key geo -
biophysical retrieval Level 2 algorithms, taken as representative for ocean and land processing 
branch:  

A)  Ocean water leaving reflectances (result of the atmospheric correction over water), i.e. m a-
rine reflectances above Case 1 and Case 2 waters and associated uncertainties 

B) OLCI Terrestrial Vegetation Index (OCTI) and associated uncertainties 

At lower level of priority, the following geo -physical variables shall be addressed if possible:  

C) Case 2 water IOPs and/or concentrations (result of the Case2 water retrieval)  
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D) OLCI global vegetation index 

4. this dataset shall support the validation activities for L1 VGT processor and its Algorithm The o-
retical Basis Documents (ATBDs) 

1.2  Key elements  

In order to meet these objectives, the following key elements of the campaign have been defined:  

¶ During two time windows of 3 weeks in June/July 2009 and 1 week end of July 2009 the ca m-
paign took place. Multiple flights have been performed in order to obtain airborne and ground 
measurements from land and marine sites.  

¶ During the time wind ow, the weather and me asurement conditions have given highest priority 
for taking decision on flight operations. ENVISAT overpasses had secondary priority. In all cases 
ENVISAT passed over the experimental with +-1 day or the same day of the aircraft overpass.  

¶ Two land sites and two oceanic sites representing different ground conditions, but all located in 
southern Europe, have been selected as test sites (Barrax, San Rossore, Boussole, Aqua Alta 
Ocean Tower). All sites are either permanently equipped or have been subject to a g round cam-
paign during the time window.  

¶ A MERIS spectral campaign has been performed during the experimental window. Three diffe r-
ent band sets were applied in order to test critical new bands of OLCI and to provide data for 
optimisation of the bands in the O2 absorption band. 

¶ MERIS, AATSR, and MODIS nominal data have been collected during the time window. 
Chris/Proba and ASTER data have been acquired for the land sites during the campaign time 
window.  

¶ A fire event was captured during the experimental time wi ndow in Spain. 

The airborne data have been taken at maximum flight height  of 3000ft  in order to fly as height as 
possible above or within  the tropos pheric aerosols and to maximize the pixel size. The flight pattern 
over land has been defined as a rectangular grid in order to enable construction of a simulated i m-
age. Over the ocean the flight pattern has been optimised  in order to sample various viewing and 
sun geometries. The resulting data set will be a database of measurement vectors rather than an 
image grid.  

1.3  Campaign Participants  

In t otal more than 60 people participat ed in this intense measurements period . The following table 
provides an overview of the main participating institutes and the key personnel.   

Institution  Country Role Key Personnel 

Brockmann Consult Germany Campaign lead, data processing C. Brockmann, J. Geißler, U. Krämer  

INTA Spain Airborne hyperspectral imagery  José-Antonio Gómez Sánchez, Ant o-
nio Ruíz-Verdú 

ITRES Canada SASI instrument operator J. Howse, Warren Shaw 

University Valencia Spain Ground campaign Barrax; ther-
mal ground measurements 

J. Moreno, J. Sobrino, L. Alonso 

University Bologna Italy  Ground campaign San Rossore F. Magnani, Francesco Ripullone 

ACRI-ST France MERIS spectral campaign, data 
processing 

L. Bourg 

ARGANS UK Marine ground measurements, 
data processing 

S. Lavender, K. Barker 

University Zurich  Sw APEX campaign M. Schaepman, E. Alberti 

Table 1: Key campaign participants  
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1.4  Organisational Structure  

1.4.1  Team organisation  

Dr. Carsten Brockmann is the overall project manager. The responsible co -ordinators for technical 
tasks are given in the below:  

Sen3Exp PI

Carsten Brockmann

Coordination

 

Scientific 

Coordination

C. Brockmann 

(BC)

Technical 

coordination & 

planning

J. Geißler (BC)

Campaign 

consultant

T. Ruhtz (FUB)

Ground 

Campaigns

 

Barrax

J.Moreno (UVal)

San Rossore

F. Magnani (UBol)

Ocean Sites

K. Barker 

(ARGANS)

Airborne 

Campaigns

 

CASI, AHS

J.-A. Gomez 

(INTA)

SASI

 J. Howse (ITRES)

APEX

E. Alberti (RSL)

Satellite Data

 

MERIS nominal, 

AATSR, MODIS

U. Krämer (BC)

MERIS spectral 

campaign

L. Bourg (ACRI)

Chris/Proba

 J. Moreno (UVal)

ASTER

J. Sobrino (UVal)

U. Krämer (BC)

Data Processing

 

Sen3Exp Data 

Manager

U. Krämer (BC)

INTA DM

A. Ruiz-Verdu 

UVal DM

 J. Moreno

ITRES DM 

J. Howse 

APEX DM

K. Meuleman 

(VITO)

ACRI DM

L. Bourg

ARGANS DM

K. Barker

UBol DM

F. Magnani

 

Figure 1: Sen3Exp organisational structure  

 

1.4.1  Overall Schedule  

The overall project schedule is presented in 

 

Figure 2 below. It is composed of three phases:  

Phase A: Experiment Preparation February ð June 2009 

Phase B: Experiment Campaign June ð July 2009 

Phase C: Data Processing August 2009 ð March 2010 

1.4.1  Experiment Campaign Detailed Schedule and Data Acquisition Overview  

The following calendar ( Figure 3 - Figure 5) presents the daily work performed during the exper i-
mental campaign. The lines labelled òWHEREó indicate where the main experimental activities took 
place.  It was the objective to collect in these periods as many as possible good, coincident in -situ, 
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airborne and satellite  data. It should be noted that limited activities took place outside these main 
windows, in o rder to complement the data set.  

The lines labelled òBarraxó, òSan Rossoreó and òOcean sitesó indicate that airborne and in-situ 
measurements were taken at the corresponding site. The two ocean sites AAOT and Boussole have 
been combined into one òocean sitesó entry for simplicity. The line labelled APEX indicates the 
time of the airborne and ground measurements at Lägeren, Lake Constance and Belgium of the APEX 
campaign. 

The line labelled ENVISAT indicates that either MERIS or AATSR data have been taken over the cor-
responding site during the respecti ve time window. The orbits with MERIS spectral campaign band 
setting have been indicated in a separate line.  

The lines labelled airborne and in -situ specify the days during which airborne and ground measur e-
ments, respectively, have been taken at the corres ponding sites during the respective time window.  
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Figure 2: Overall schedule  
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Aug

Week

Day 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1

Barrax

San Rossore

Ocean Sites

APEX

ENVISAT

MERIS Spectral campaign 1 1 2 2 1 3

Satellite (Chris || ASTER)

Airborn (CAS || SASI || AHS) A

APEX

in-situ land sites

in-situ ocean sites

July

25 26 27 28 29 30 31

W
H

A
T

W
H

E
N

24

June

W
H

E
R

E

 
1,2,3: Bandsetting number, A= Adjacency flight  

Figure 3: Calendar of the experiments  

Aug

Week

Day 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1

In-situ

Boussole measurements

AAOT measurements

Ship measurements

Airborne

CASI 

AHS

Satellite

MERIS nominal, AAOT, * within sunglint * * * * * * * * * *

MERIS nominal, Boussole* within sunglint * * * * * * *

AATSR, AAOT,  * within sunglint * * * * *

AATSR, Boussole * within sunglint * * * 

ASTER

28 29 30 31

A=AAOT B=Boussole

June July

24 25 26 27

 

BOUSSOLE Data not available for the buoy for the entirity of the overflight window. The 2 cruises have data available.

No data is available for the Villefranche AERONET station.

AAOT Most parameters available in either L1.5 or L2.0 format, for the full airborne period. See accompanying table for details.  

Figure 4: Detailed calendar of the data takes for the oceanic sites AAOT and Boussole  
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Week 30

Day 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

In-situ

Atmospherical properties

AOT, ozone, water vapur

AOT, water vapour

Water vapour

Meteorological ? ? ? ? ? ?

Radiosoundings (p,t,humidity)

Air pressure, air temperature

Radiometric Measurements

Spectroradiometric

Sky/Sun radiometric

Solar irradiance

Surface Reflectances

Leaf transmittance

Thermal-Radiometric Measurements

Emissivity characterisation

Land surface temperature

Radiometric

Soil Moisture

Biophysical

Plant structure

Biomass

Plant water content

LAI, FAPAR, PARFCOVER

Chl-content

Leaf/ canopy Equivalent Water Thickness

Direct/diffuse PAR

Auxillary data

Land Use Mapping

NEE, ET, Rn

Airborne

CASI A

SASI A

AHS A

Satellite

MERIS spectral 1 1 2 2 1 3

MERIS nominal, Barrax

MERIS nominal, San Rossore

AATSR

ASTER

Chris

27 28 29

F
IR

E

S=San Rossore

June July

Bx=Barrax Fire

25 26

 
1,2,3: Bandsetting number, A= Adjacency flight, ?: no  data available, Fire: additional data acquisition over a fire event  

Figure 5: Detailed calendar of the work performed at the land sites Barrax and San Rossore  
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2 Data Acquisition  

This chapter presents in detail s the activities undertaken during the experiment and the data taken 
on ground, from the aircraft  and from satellites.  

First the preparation  work is briefly summarized, concentrating on the data taken during the cal i-
bration flights. More details about the preparation in general can be found in the Experimental Pan.  

The second subchapter describes the satellite data which generally cover more than one exper i-
mental site, and which have been collected systematically on every day during the whole period of 
June and July.  

The subsequent subchapters describe the data sampled at the four experimental sites. Each of th e-
se subchapters describes the ground data, the airborne data and those satellite data which are site 
specific (Chris, Aster).  

2.1  Preparation  

2.1.1  MERIS spectr al campaign  

Prior to the experiment the  programming of  the MERIS instrument for the band setting experiments 
was done. 6 periods with non nominal band setting had to be programmed  (Table 2), requiring a 
total num ber of 60 configuration tables . These were disseminated to the ENVISAT ground segment 
on 10.06.2009. In total the MERIS instrument was programmed for non nominal band setting for 13 
orbits.  

Each of the 6 special band setting periods is associated with programming requests including 5 co n-
figuration f iles. This set of 5 files has to be submitted to switch to the special band setting at the 
start of the period, and again to switch back to normal band setting.  

Band set 1 (Table 3 top) covers all bands that are relevant for ocean processing, in particular  the 
new bands in the NIR and the band at 400nm, as well as all bands for atmospheric correction and 
ocean processing. 14 of the 15 possible MERIS bands are sufficient for this purpose. The free 15th 
band has been placed at 750nm with an enlarged width of 12.5nm (towards the shorter wav e-
lengths). This changed band has been recommended by the IOCCG to improve the atmospheric cor-
rection. Including it in the experiment provides the mean to test this hypothesis, and to possibly 
confirm the current OLCI band set ting.  

Band set 2 (Table 3 centre) covers particularly the new bands for the oxygen absorption and also 
the bands relevant for land processing.  

Band set 3 (Table 3 bottom) is dedicated to the O2 absorption band. 8 bands have been selected in 
order to sample  the band in an optimal way. The objective is to check and possibly adjust the O2 
band setting. The remaining 7 bands have been chosen in order to enable testing of novel land alg o-
rithms.  

 

Period Day First orbit  Last Orbit  # of orbits  Band set 

1 25.06.09 38 266 38 267 2 2 

2 27.06.09 38 295 38 296 2 1 

3 30.06.09 38 338 38 339 2 1 

4 03.07.09 38 381 38 382 2 1 

5 05.07.09 38 409 38 410 2 2 

6 08.07.09 38 451 38 453 3 3 

Table 2: Programmed orbits for  MERIS spectral campaign 
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SEN3EXP BAND SET1

row_max row_min Nrows central wvl width start wvl stop wvl

O1 14 3 12 400 15 392.5 407.5

O2 22 15 8 412.5 10 407.5 417.5

O3 46 39 8 442.5 10 437.5 447.5

O4 84 77 8 490 10 485 495

O5 100 93 8 510 10 505 515

O6 140 133 8 560 10 555 565

O7 188 181 8 620 10 615 625

O8 224 217 8 665 10 660 670

O9 230 225 6 673.75 7.5 670 677.5

O11 259 252 8 708.75 10 703.75 713.75

O12bis 293 284 10 750 12.5 743.75 756.25

O16 317 306 12 778.75 15 771.25 786.25

O17 388 373 16 865 20 855 875

O20 448 433 16 940 20 930 950

O21 520 490 31 1020.625 38.75 1001.25 1040

Instrument definition Theoretical spectral characteristics

 

SEN3EXP BAND SET2

row_max row_min Nrows wvl width start wvl stop wvl

O3 46 39 8 442.5 10 437.5 447.5

O6 140 133 8 560 10 555 565

O8 224 217 8 665 10 660 670

O9 230 225 6 673.75 7.5 670 677.5

O10 236 231 6 681.25 7.5 677.5 685

O11 259 252 8 708.75 10 703.75 713.75

O12 294 289 6 753.75 7.5 750 757.5

O13 298 297 2 761.25 2.5 760 762.5

O14 301 299 3 764.375 3.75 762.5 766.25

O15 303 302 2 767.5 2.5 766.25 768.75

O17 388 373 16 865 20 855 875

O18 400 393 8 885 10 880 890

O19 412 405 8 900 10 895 905

O20 448 433 16 940 20 930 950

O21 520 490 31 1020.625 38.75 1001.25 1040

Instrument definition Theoretical spectral characteristics

 

SEN3EXP BAND SET3

row_max row_min Nrows wvl width start wvl stop wvl

O3 46 39 8 442.5 10 437.5 447.5

- 115 112 4 531.25 5 528.75 533.75

- 146 143 4 570 5 567.5 572.5

- 232 225 8 675 10 670 680

- 258 255 4 710 5 707.5 712.5

- 286 283 4 745 5 742.5 747.5

- 290 289 2 751.25 2.5 750 752.5

- 295 295 1 758.125 1.25 757.5 758.75

- 297 297 1 760.625 1.25 760 761.25

- 299 299 1 763.125 1.25 762.5 763.75

- 301 301 1 765.625 1.25 765 766.25

- 304 304 1 769.375 1.25 768.75 770

- 318 311 8 782.5 10 777.5 787.5

O17 388 373 16 865 20 855 875

O21 520 490 31 1020.625 38.75 1001.25 1040

Instrument definition Theoretical spectral characteristics

 

Table 3: Wavelengths used for MERIS spectral campaigns  



 

 
Doc: SEN3EXP-FinalReport-1.1.docx 

Date:  14.01.2011 

Issue:  1 Revision:  1 Page 24 
 

 © ESA 2010 

2.1.2  Test flight of airborne sensors  

On 11th June a test flight was performed for the bank angle to test the feasibility of performing 
flight turns at different bank angles to get hyperspectral data beyond the FOV/2 angle. The CASA 
aircraft was equipped with the CASI and AHS sensors. A certain locat ion at the Barrax site has been 
chosen to simulate the buoy site, because of its vicinity to the home base of the aircraft. The flight 
height was 9000ft. The aircraft was flying a + - 60Á turn circle sector, with the òbuoyó imaged at 15Á 
off the FOV centre.  6 different bank angles from 15° to 45° in 5° steps were flown for testing pu r-
pose. 

 

Table 4: Main design pattern of turn circle test flight pattern.  

 

Figure 6: Flight pattern plan for the 15° bank angle turn (recording sector in red).  
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Figure 7: Flown pattern for the 15° bank angle  

 

Figure 8: Flown pattern fro 15° - 25° - 35° bank angles.  
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Figure 9:  AHS Quick Look of the Barrax  site for a horizontal flight line and as observed during 
the 15° bank angle turn.  

 

The result of this test flight was that it is very difficult to follow the circular trajectory and to keep 
the speed and bank angles constant. High angular accellerations o ccured in the back of the 
airplane. AHS showed recording warnings and hung up several times, even at low (15°) bank angle, 
possibly due to stress caused by the angular accellerations of the scanning motor and/or the hard 
disks. Further, the INS/GPS position and altitude module connected to the CASI -1500 failed (wrong 
flight altitude and several data gaps).  

It was very difficult to follow the 35° bank angle circle. In some sectors the airplane was very near 
to stall -speed limits even if the engines were at m aximum speed. 

In conclusion it was decided to replace the circular pattern by a U shaped pattern, to be flown at 
bank angles of 15° and 25° maximum, depending on weather conditions.  

 

Figure 10: Concluded ocean flight pattern after  the test flight.  
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2.2  Satellite Data covering multiple sites  

2.2.1  MERIS 

MERIS full resolution data (FR / FRS) including the experimental sites have either been downloaded 
from the ESA online archive or have been ordered from the archive using EOLISA after visual cloud 
checking. Quicklooks of the FR data have been produced and visually checked. During this quality 
control, t he location of the site has been identified and added as annotation data. The location is 
stored as camera index, as shown in Figure 11. 

 

 

Figure 11: MERIS quicklooks with visual overlay of the boundaries of camera seg ments.   

 

Table 5 lists all MERIS data in nominal band setting that have been acquired during the 
experimental phase. 24 L1b products from 20 different days have been collected. During 4 days 
more than one product has been collected in order to cover all areas of interest. 19 L2 products are 
available, matching the L1b products. For the 16.6., 17.6. only a L1b is available; for 18.6., 19.6. 
and 22.6. a couple plus a single L1b product is available.  The numbers in the different ôSite Fieldsõ 
indicate with  which MERIS camera the test has been acquired in the different images. If no number 
is allocated,  the repective site has not been covered within the resp ective scene. The information 
about the weather conditions has been assessed from the quicklooks for the covered test sites of 
each scene.  

During 5 days clear sky conditions provided good measurements: 18.6., 19.6., 4.7. and 29.7.  Thin 
clouds were observed during 3 days on 28.6., 28.7. and 1.8. The other days are rather cloudy.  

Three sample quicklooks are shown as example for Barrax, San Rossore (Figure 12) and the ocean 
sites (Figure 13); the quicklooks of all products are available on the project data server. 
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Figure 12:  Quicklooks of the MERIS FR scenes of 19.06. (left; Barrax site in camera4) and of 
2.7. (right, San Rossore at the very right side in camera 1).  

 

Figure 13:  Quicklook of the MERIS FR scene of 28.07. (Boussole in camera 3 and AAOT in 
camera 1 in sun glint conditions).
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Weather 
Condition  

1 MER_FRS_1PNUPA20090616_102035_000001972080_00008_38138_1290 FR 1 20090616 8 38138 5 - - - very cloudy 

2 MER_FRS_1PNUPA20090617_094844_000001972080_00022_38152_1300 FR 1 20090617 22 38152 - 3 2 4 very cloudy 

3 MER_FRS_1PNUPA20090618_091700_000001972080_00036_38166_1292 FR 1 20090618 36 38166 - - 5 - horiz. stripes  

4 MER_FRS_1PNMAP20090618_091617_000002002080_00036_38166_0001 FR 1 20090618 36 38166 - - 5 - quite clear  

5 MER_FRS_2PNMAP20090618_091617_000001972080_00036_38166_0001 FR 2 20090618 36 38166 - - 5 - quite clear  

6 MER_FRS_1PNMAP20090618_105653_000001912080_00037_38167_0001 FR 1 20090618 37 38167 1 - - - quite clear  

7 MER_FRS_2PNMAP20090618_105653_000001892080_00037_38167_0001 FR 2 20090618 37 38167 1 - - - quite clear  

8 MER_FRS_1PNMAP20090619_102813_000001942080_00051_38181_0001 FR 1 20090619 51 38181 4 - - - clear sky 

9 MER_FRS_1PNUPA20090619_102631_000001972080_00051_38181_1522 FR 1 20090619 51 38181 4 - - - thin haze 

10 MER_FRS_2PNMAP20090619_102813_000001912080_00051_38181_0001 FR 2 20090619 51 38181 4 - - - clear sky 

11 MER_FRS_1PNUPA20090620_095429_000001972080_00065_38195_1523 FR 1 20090620 65 38195 - 2 1 3 very cloudy 

12 MER_FRS_2PNUPA20090620_095429_000001972080_00065_38195_1525 FR 2 20090620 65 38195 - 2 1 3 very cloudy 

13 MER_FRS_1PNEPA20090622_103214_000001972080_00094_38224_7937 FR 1 20090622 94 38224 3 - - - cloudy 

14 MER_FRS_2PNEPA20090622_103214_000001972080_00094_38224_7939 FR 2 20090622 94 38224 3 - - - cloudy 

15 MER_FRS_1PNPDE20090622_103358_000001942080_00094_38224_8169 FR 1 20090622 94 38224 3 - - - - 

16 MER_FRS_1PNEPA20090623_095932_000001972080_00108_38238_7940 FR 1 20090623 108 38238 - 2 - 3 - 

17 MER_FRS_2PNEPA20090623_095932_000001972080_00108_38238_7942 FR 2 20090623 108 38238 - 2 - 3 - 

18 MER_FRS_1PNEPA20090624_092815_000001972080_00122_38252_7979 FR 1 20090624 122 38252 - 5 4 - horiz. stripes  

19 MER_FRS_2PNEPA20090624_092815_000001972080_00122_38252_7981 FR 2 20090624 122 38252 - 5 4 - horiz. stripes  

20 MER_FRS_1PNEPA20090626_100517_000001972080_00151_38281_7986 FR 1 20090626 151 38281 - 2 1 2 very cloudy 

21 MER_FRS_2PNEPA20090626_100517_000001972080_00151_38281_7988 FR 2 20090626 151 38281 - 2 1 2 very cloudy 
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Condition  

22 MER_FRS_1PNEPA20090628_104329_000001972080_00180_38310_7994 FR 1 20090628 180 38310 2 - - - thin clouds  

23 MER_FRS_2PNEPA20090628_104329_000001972080_00180_38310_7993 FR 2 20090628 180 38310 2 - - - thin clouds  

24 MER_FRS_1PNEPA20090629_101158_000001972080_00194_38324_7995 FR 1 20090629 194 38324 5 1 1 2 - 

25 MER_FRS_2PNEPA20090629_101158_000001972080_00194_38324_7997 FR 2 20090629 194 38324 5 1 1 2 - 

26 MER_FRS_1PNEPA20090701_104910_000001972080_00223_38353_8020 FR 1 20090701 223 38353 1 - - - - 

27 MER_FRS_2PNEPA20090701_104910_000001972080_00223_38353_8022 FR 2 20090701 223 38353 1 - - - - 

28 MER_FRS_1PNEPA20090702_101743_000001972080_00237_38367_8043 FR 1 20090702 237 38367 5 1 - 1 glint, cloudy  

29 MER_FRS_2PNEPA20090702_101743_000001972080_00237_38367_8045 FR 2 20090702 237 38367 5 1 - 1 glint, cloudy  

30 MER_FRS_1PNEPA20090704_105543_000001462080_00266_38396_8065 FR 1 20090704 266 38396 1 - - - clear sky 

31 MER_FRS_2PNEPA20090704_105543_000001462080_00266_38396_8067 FR 2 20090704 266 38396 1 - - - clear sky 

32 MER_FRS_1PNMAP20090725_095339_000002002081_00065_38696_0001 FR 1 20090725 065 38696 - 3 2 3 AAOT in glint 

33 MER_FRS_2PNMAP20090725_095339_000001972081_00065_38696_0001 FR 2 20090725 065 38696 - 3 2 3 AAOT in glint 

34 MER_FRS_1PNPDE20090727_103357_000001942081_00094_38725_7048 FR 1 20090727 94 38725 3 - - - cloudy 

35 MER_FRS_2PNPDE20090727_103357_000001942081_00094_38725_9745 FR 2 20090727 94 38725 3 - - - cloudy 

36 MER_FRS_1PNMAP20090728_095924_000002002081_00108_38739_0001 FR 1 20090728 108 38739 - 2 2 3 thin clouds  

37 MER_FRS_2PNMAP20090728_095924_000001972081_00108_38739_0001 FR 2 20090728 108 38739 - 2 2 3 thin clouds  

38 MER_FRS_1PNMAP20090729_092747_000002002081_00122_38753_0001 FR 1 20090729 122 38753 - 5 5 - clear sky 

39 MER_FRS_2PNMAP20090729_092747_000001972081_00122_38753_0001 FR 2 20090729 122 38753 - 5 5 - clear sky 

40 MER_FRS_1PNMAP20090730_103942_000001942081_00137_38768_0001 FR 1 20090730 137 38768 3 - - - - 

41 MER_FRS_2PNMAP20090730_103942_000001912081_00137_38768_0001 FR 2 20090730 137 38768 3 - - - - 

42 MER_FRS_1PNMAP20090731_100509_000002002081_00151_38782_0001 FR 1 20090731 151 38782 - 2 1 2 high glint  

43 MER_FRS_2PNMAP20090731_100509_000001972081_00151_38782_0001 FR 2 20090731 151 38782 - 2 1 2 high glint  
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Weather 
Condition  

44 MER_FRS_1PNMAP20090801_093332_000002002081_00165_38796_0001 FR 1 20090801 165 38796 - 5 4 5 thin haze 

45 MER_FRS_2PNMAP20090801_093332_000001972081_00165_38796_0001 FR 2 20090801 165 38796 - 5 4 5 thin haze 

Table 5: Aquisitions of MERIS FR data; numbers for test sites: MERIS camera; if no number is assigned, the site is not covered in the respective scene.
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During the spectral campaign the full orbit RR products and the FR products over the e xperimental 
sites were obtained from a dedicated ftp server where they were placed by ESA due to the acquis i-
tion requests.  

Table 6 gives an overview about the  acquired MERIS products of the spectral campaign. 

SEN3EXP_1           

Date abs. Orbits rel. Orbit L0 RR L0 FR   

27.06 38295 165 available available 
Boussole 
AAOT, SR 

partly cloudy 
cloudy 

27.06 38296 166 available no - - 

30.06 38338 208 available available 
Boussole, AAOT, 

SR 
clear 

partly cloudy 

30.06 38339 209 available no - - 

3.07 38381 251 available available 
Boussole, AAOT, 

SR 
partly cloudy 

3.07 38382 252 available no - - 

       

SEN3EXP_2           

Date abs. Orbits rel. Orbit RR FR   

25.06 38266 136 available no - - 

25.06 38267 137 available available Barrax clear 

5.07 38409 279 available no -  

5.07 38410 280 available available Barrax clear 

        

SEN3EXP_3           

Date abs. Orbits rel. Orbit RR FR   

8.07 38451 321 available no - - 

8.07 38452 322 available no - - 

8.07 38453 323 available available Barrax clear 

Table 6:  Data acquisition of MERIS spectral campaign.  The orbits with  ònoó in the FR column 
are intentionally not available because the orbits do not include any of the 
experimental sites.  They are required only in reduced resolution.  
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Figure 14: QL of MERIS spectral campaign data. 27. 06. (left), 30.06. (middle) , 03.07. (right)  

   

Figure 15: QL of MERIS spectral campaign data. 05.07. (left), 08.07. (middle), 3.7. (right)  
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2.2.2  AATSR 

18 AATSR products between 19.06. and 12.07. and 8 product s between 25.07. and 01.08.  have been 
acquired.  These data correspond to the MERIS data that have been acquired. 

Date Orbit  Date Orbit  

20090617 38151 20090706 38423 

20090619 38180 20090708 38452 

20090620 38194 20090709 38466 

20090622 38223 20090711 38495 

20090623 38237 20090712 38509 

20090625 38266 20090725 38695 

20090626 38280 20090726 38709 

20090628 38309 20090727 38724 

20090629 38323 20090728 38738 

20090630 38337 20090729 38752 

20090701 38352 20090730 38767 

20090702 38366 20090731 38781 

20090703 38380 20090801 38795 

20090705 38409   

Table 7:  AATSR orbits acquired during the experimental campaign phases. Note that the 
AATSR orbit numbers are sometimes different from the corresponding MERIS orbit 
numbers.  
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Figure 16: Quicklooks of AATSR of 19.06., 02.07. and 28.07. (compare with Figure 12 ).  

 

Figure 17: AATSR QL of 22.06. when the wild fire was mesured.  
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2.2.3  MODIS and SeaWiFS 

Data from MODIS Aqua and Terra, as well as SeaWiFS data, have been downloaded from the NASA 
servers. From each sensor L1b, L2 and L2 SST data have been collected.  Table 8 shows all data that 
have been acquired for each day.  

SeaWiFS data include L1A GAC and MLAC, and L2 GAC_OC, MLAC_OC and MLAC_OC_CHLOR_A prod-
ucts.  Examples of the quicklooks are shown in Figure 18: QL of SeaWiFS product of 19.06. (left, 
RGB), and 29.07.09 (centre: RGB, right: OC). 

 Terra  Aqua SeaWiFS 

Date L1A L2_LAC L2_LAC_SST L1A L2_LAC L2_LAC_SST L1 and L2  

18.06. 1 1 1 1 1 1 ok 

19.06. 1 1 1 1 1 1 ok 

20.06. 1 1 1 1 1 1 ok 

21.06 1 1 1 1 1 1 ok 

22.06. 2 2  2  2  2  2  ok 

23.06. 1 1 1 1 1 1 ok 

24.06 2  2  2  1 1 1 no  

25.06. 1 1 1 1 1 1 no  

26.06. 2  2  2  1 1 1 no  

27.06. 1 1 1 1 1 1 ok 

28.06. 2  2  2  1 1 1 ok 

29.06. 1 1 1 2  2  2 ok 

30.06. 2  2  2  1 1 1 ok 

01.07. 2  2  2  2  2  2  ok 

02.07. 1 1 1 1 1 1 no  

03.07. 2  2  2  2  2  2; SST4 no 

04.07. 1 1 1 1 1 1 no  

05.07. 1 1 1 1 1 1 no  

06.07. 1 1 1 1 1 1 no 

07.07. 1 1 1 1 1 1 no 

08.07. 2  2  2  2  2  2  no 

25.07. 1 1 1 no no no ok 

26.07. 2  2  2  2  2  2  ok 

27.07. ok ok ok ok ok ok ok 

28.07. ok ok ok ok ok ok ok 

29.07. 2  2  2  2  2  2  ok 

30.07. ok ok ok ok ok ok no 

31.07. 2  2  2  2  2  2  no 

01.08. ok ok ok ok ok ok ok 

Table 8:  MODIS Aqua and Terra, and SeaWiFS data collected during the campaign window. 
ò1ó means that one product was available. ò2ó means means that two scene are 
available covering Barrax and Italy.  òSST4ó means that in addition to the usual 
products a òSST4ó product has been downloaded. ònoó that no product was on the 
NASA server for the specific date.  òokó for SeaWiFS means that all L1 and L2 
product have been downloaded.  
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Figure 18: QL of SeaWiFS product of 19.06. (left, RGB), and 29.07.09 (centre: RGB, right: OC)  

 

2.3  Aqua Alta Oceanographic Tower ( AAOT) 

The planning of the Sen3Exp campaign had foreseen to take the airborne data over the ocean sites 
AAOT and Boussole from the Italian base in Venice, i.e. between 27.6. and 6.7.2009. Two attempts 
have been made on 30.06. to fly over AAOT and on 03.07. to fly  over Boussole. However, due to 
cloudiness and unstable weather conditions it was not possible to make the measurements.  

Thanks to the flexibility of both, Inta and ESA, and thanks to the possibility to fly over the ocean 
sites again in combination with an other project under ESA contract, an extension of the Sen3Exp 
campaign was possible. 

The ocean sites were measured by the airborne instruments twice during a day. The first overflight 
took place around the nominal overpass time of Sentinel 3, i.e. around 1 1:30 CEST. The sun is quite 
high at ~47° zenith angle. In order to simulate a Sentinel 3 overpass during a later time of the year, 
an afternoon flight was performed when the sun is lower. Because of the necessity to plan a time 
window of ~2 hours during wh ich the flight takes place, and in order to get in any case different sun 
zenith angles, the first flight window s were scheduled between 10:00 and 12:15 CEST (sun zentith 
between 48° and 29°)  and between 15:45 and 17:45 CEST (sun zenith 38° - 58°). Figure 19 
illustrates this relationship.  

 

Figure 19:  Schematic of the dependency between local time of the aircraft passing over the 
oceanic sites and the sun zenith angle.  

2.3.1  Airborne  data 

The SASI 600 instrument was no available for this extension due to other committments and 
transportation constrations of the own, ITRES. This is not a major drawback for the project because 
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all Sentinel 3 channels relevant for ocean processing are covered by the CASI-1500 and AHS 
instruments.  The flight data and sensor settings are summarized in Table 9. 

Two flight surverys have been performed over the AAOT site on 26.07.2009 with CASI-1500 and AHS 
instrumentation onboard.  There was no ENVISAT overpass on that day, but on the day before and 
the day after.  

The first survey took place between 09:00 UTC and 10: 30 UTC (Table 10 and Table 11). The aircraft 
was flying the star shaped pattern, with the lines directed in the principal plane, perpendicular and 
at an angle of 45°. The movement of the sun has been taken into account in the calculation of the 
flight directions  (Figure 20). This pattern was followed by U -shaped turn flight ( Figure 21).  

The second flight was performed in the afternoon between 14:30 and 15 :15 UTC. The same two 
pattern were repeated  (Table 12 and Table 13). While the sun was high during the morning flight, it 
was low for the afternoon flight. On the way back the aircraft was taking measurements over the 
coastal transition area from water to land, in order to get a data set including the adjacency effect 
(Figure 23 and Table 14).  

Both flights took place under ideal clear sky weather conditions.  The data of these flight are 
intended to be used as individual measurement vectors. Quicklooks of t he image data have been 
produced but are not very significant.   

The complete flight reports are included in the Annex to this report.  

 

Table 9: Flight data and sensor settings for the ocean flights (AAOT and Boussole).  

 






















































































































































































































































































































































































































































































































