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Investigating the Ocean Color from Space

1. Sentinel data for water quality

Sentinel-3 OLCI display

Atmospheric effects

L2 processing and analysis: C2RCC

Simple retrieval of water quality parameters

1.
2.
3.
4.
D.
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Investigating the Ocean Color from Space

The aim of this exercise is to process an OC image (S3-OLCIl) from L1 data to L3, going
step by step and understanding the implications of each pre-processing and processing
step necessary to retrieve water quality products.

We will use SNAP tools and processors for both processing and analysing the results.

https://step.esa.int/main/download/snap-download/
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Exercises
1.1 Sentinel-3 OLCI display
1.2 Atmospheric effects
1.3 L2 processing and analysis: C2RCC
1.4 Simple retrieval of water quality parameters
1.5 Validation

Material

S3B_OL_1_EFR 20190618T093412_ 20190618T093712 20190619T143145 0179 026 307
1980 _MAR_O_NT_002.SEN3
S3B_OL_2 WFR 20190618T7093412_ 20190618T093712 20190619T163055 0179 026 307
1980 _MAR_O_NT_002.SEN3
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Import or open in SNAP the OLCI image (Xfdumanifest.xml):

S3B_OL 1 _EFR 20190618T093412 20190618T093712_ 20190619T143145 0179
026_307_1980 MAR_O NT_002.SENS3

Product explorer shows the file > O Meudata
content and detail information Gt
about the, metadata, bands, Sttt
mask, flag coding, vector data et
and tie-point grids of the g
product. E F,E:;E,,"‘g
@ atitude
Click on the (+) sign in each N
item and the different bands ol
per folder will be shown.
Click in one of the bands of Heves. © |oimmtenltocsmnliuisteniHS
folder “Oa*radiance” and the 2:
image will be displayed in the @,
right panel. @
£
@‘

1:2.2 0*
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Edit View Analysis Layer V

DEM » x
= ::Pe" p':dud“--- GEenE Farsas Lookin: 53A_0L_1_B=R_20180925T103827_20180928”04127_201&.d‘ B~ Drag and dr_0p3 It allows FO
eopen Product ? _____
P Optical Sensors 7,\” geo_coordinates.nc 0al5_radiance.nc bset SeIeCt a 83 Image sto red n
4 Product Library : | instrument_data.nc | Oal6_radiance.nc an Speclflc Slte_
* Recent Items 0a01_radiance.nc 0al7_radiance.nc
0a02_radiance.nc 0a18_radiance.nc
Landsat 0a03_radiance.nc 0a19_radiance.nc
RapldEye 0a04_radiance.nc 0a20_radiance.nc
Desktop 0a05_radiance.nc 0a21_radiance.nc
Seadas 0al6_radiance.nc qualityFlags.nc
= 0a07_radiance.nc removed_pixels.nc
Sentinel-2 o = 0a08_radiance.nc tie_geo_coordinates.nc
= ¥ AN Documents 0a09_radiance.nc tie_geometries.nc
Session > Sentlnel 3 % 0a10_radiance.nc tie_meteo.nc
P ‘ 'La 0al1_radiance.nc .nc
rojects > — 0al12_radiance.nc = xfdumanifest
Import Moy Sentinel-3 ‘:l’ This PC _| 0a13_radiance.nc
’@ - p 0al4_radiance.nc )
e ey : Once selected the xml file
Sentinel-3 SLSTR L18 (500m) e Seiiisiaidn |
en i ’
Network  Checoftoe: (Al v — you must apply Import
Product to open S3 image

xfdumanifest: S3 metadata file. It
is on xml format. The file gathers
together metadata associated with
the instrument and file processing.
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&3 Metadata

#- @) Abstracted_Metadata
@9 Manifest

@€ oa01_radiance

#- €9 0a02_radiance

Metadata: it contains a
detailed spacecraft technical
information (acquisition period,

orbit reference, etc.) and
dataset —variable attributes of
each band (start time, stop
time, units, etc.)

+- ) 0a03_radiance

&3 Flag Codings
@ quality_flags

Flag coding: special values containing flag
coding metadata for quality control datasets
(bright, sun glint risk, coastline, etc.)

=]

[E) quality_flags_land
m quality_flags_coastline

Masks: the quality flags are
showed as a raster layer. It has a
boolean value: true or false.

&3 Vector Data

@ pins

[ ground_control_points

Bands: it contains data
by each band as
radiance, characterized
wavelength band, full
widths at half maximum,
solar irradiance, detector

Vector data: it contains all geometries of
a product: pins, ground control points and
geometric figures.

MAIN FOLDERS IN | |
s3oL L1 / |
- &4 [1]S3A_OL_1_EFR___ 20180928T103827_201
& [ Metadata
+- (] Flag Codings
- (C3 Vector Data
- (3 Tie-Point Grids
& (33 Bands
[+ D Masks \
&3 Bands
-3 Oa*_radiance
-3 lambda0
&3 Tie-Point Grids ’ S Fwm
-3 atmospheric_temperature_profile -0 solar_fux
[ TP_latitude - altitude
[ TP_longitude M lotitude
[ oaa
[l OzA
i saa

Tie-point grids: it contains all tie point grid
raster datasets of meteorological data
(atmospheric temperature profile, horizontal
wind, humidity, sea level pressure, total ozone)
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index, geographic data,
etc.




Investigating the Ocean Color from Space

Product Explorer

e | TE [o o Select RGB-Image Channes |

> @ Matadat Band Maths... Profile:
» (23 Flag Codings Add Elevation Band OLCI L1 - Tristimulus B [E] ﬁl‘
> m Vector Data Add Land Cover Band

: g 'I;'iaen—dPsoint Grid v Group Nodes by Type Red: 07 * 0a09 _radiance + 0.04 * 0al0_radiance) {

> G Masks Open RGB Image WlndOW Green 03 * 0a09_radiance + 0.02 * Oalo_radiance) C

Open HSV Image Window Blue: 47 * 0a04_radiance + 0.16 * 0a05 radiance) {

Close Product

Close All Products Store RGB channels as virtual bands in current product
Close Other Products

Save Product

Save Product As... WO  cancel Help

Create an RGB composition by right-clicking on the name of the products and selecting “Open RGB Image
Window”.

Select the profile by default (OLCI L1 - Tristimulus) since it contains the best band combination for each
colour to be assigned.
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In the bottom left you
will find the Navigation
label, click on it to
have an overview of
the whole scene.

Naviga... ©! | Colour M... [ Uncertain... | World Viewl =

frame_oftset

EEEE
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Zoom-in

Zoom-out

Central zoom

Show the whole image
Synchronization of view

Synchronization of
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Product Explorer & | Pixelinfo | | @ (1) oLCIL1 - Tristimulus ... AT @ (1) 0201_radiance = M0 @ (1] 0206_radiance I :
8:2::::::::::::‘: e With the Windows | [T §
W ol Arrangement tools we
@ 0a11_radiance (708.75 nm) . R . .
=ga:§_u:unceg::.;: nm) can visualise side by side E
)al3_radiance .25 nm) .
B out¢rdirce 764375 the different open bands: i
et View > Toolbars>
8 o s 500 Window Arrangement. | | 0
@ 0a20_radiance (940 nm)
i " -— 3 e TS Only if the views are
> EZ‘Z'Z.?;"_‘;E._,S |8 (1 0at1radiance ) Ll lRl B (1] 0a17_radunce & Sl Re Bl B (1] Oa21radiance & [l bll synchronized the
longitude . . -
B ke navigation tools will
Navigatio. ] Colour._ - affect all open windows.
Red Green © Blue ' E
NARE MEALER ; “; To see the cursors 'ﬁ
L%ﬁ}?ﬁ; . synchronized in all views, %
satsticsinl &, & .
; : @ select the arrow with the
chain label.
A More Options @‘ ’
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Investigating the Ocean Color from Space

0a01_radiance
0a06_radiance
Oall_radiance
Oal7_radiance
0Oa21_radiance

-+ Tie-Point Grids

= Flags
quality_flags.land
quality_flags.coastline
quality_flags.fresh_inlan...
quality_flags.tidal_region
quality_flags.bright

aualitv flaas.stravliaht ri..

Product Explorer | Pixel Info £ |
I=I Position
Image-X 3026 pixel
Image-Y 930 pixel
Longitude 5°50'19" E degree
Latitude 52°36'28" Ndegree
=l Time
Date 2017-05-27 YYYY-MM-DD
Time (UTC) 10:12:36:20... HH:MM:SS:mm ...
I=| Bands

71.18273 mW.m-2.sr-1....
58.61878 mW.m-2.sr-1....
60.71601 mW.m-2.sr-1....
98.87688 mW.m-2.sr-1....
72.14543 mW.m-2.sr-1....

true
false
false
true
false
L false

The pixel information can be seen from the

Pixel Info tab:
View = Tool Windows - Pixel Info

Moving the cursor over the image will
continuously change the values in the Pixel

Info
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2017-95-27 YYYY-MM-DD
Time (UTO 10:12:51:29. .. MMM SS:mm

390. 23184 miW.m-2 51

quatey_flags.

Snap 10 selected pin
Nawigato,., | Comour.. © | Uncertam,.. | Workd View |
Edtor Bk O Siders  Table 9 @

m 006 ndiance — ‘
| -
F n

It is possible to improve the visualisation of bands using the Colour Manipulation tool:
View = Tool Windows - Colour Manipulation.

Stretching the histogram or normalized the contrast will enhance the visualization by
'stretching’ the range of intensity values it contains to span a desired range of values (the
range of the pixels in the current image).
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Product Explorer | Pixelinfo || 3] @ (1) OLCI L1 - Tristimulus RGBS 3

te ' Right click over the
iImage and select >
Spatial Subset from
View...

) Frem e e [T WKT from Geametry

Export Mask Pixels
Export View as Google Earth KMZ
Export View as Image
Export Colour Palette as File

Spatial Subset from View...
Copy Pixel-Info to Clipboard

CTEEE

Mg\
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Modify the area to be subseted using the
rectangle on the view or introducing

coordinates.

(@ ®

Band Subset

Specify Product

South latitude bound:

East longitude bound:

Scene step X:
Scene step Y:

Subset scene
Subset scene
Source scene
Source scene

Hlen Densdd

Tie-Point Grid Subset

Pixel Coordinates

North latitude bound:

West longitude bound:

Subset

Metadata Subset

56.047 _

-2.426

49.689 C

9.303 ¢

113

1]
width: 3425.0
height: 1761.0
width: 4865
height: 2728

Fix full width

Estimated, raw storage size: 478.0M

Cancel Help

It is possible to subset also for the bands,
tie-point grids or metadata. We need
everything this times.

Specify Product Subset

Spatial Subset Tie-Point Grid Subset

Metadata Subset

0a01_radiance
0a02_radiance
0a03_radiance
0a04_radiance
0a05_radiance
0a06_radiance
0a07_radiance
0a08_radiance
0a09_radiance
0al0_radiance
Oall_radiance
0Qal2_radiance

Select all

TOA radiance for OLCI acquisition band Oa01
TOA radiance for OLCI acquisition band Oa02
TOA radiance for OLCI acquisition band 0a03
TOA radiance for OLCI acquisition band 0a04
TOA radiance for OLCI acquisition band Qa05
TOA radiance for OLCI acquisition band Oa06
TOA radiance for OLCI acquisition band 0a07
TOA radiance for OLCI acquisition band 0a08
TOA radiance for OLCI acquisition band 0a09
TOA radiance for OLCI acquisition band Oal0
TOA radiance for OLCI acquisition band Oall
TOA radiance for OLCI acquisition band Oal2

Select none

Estimated, raw storage size: 478.0M

SUINIOAS Traming Course on Ocean Remote Sensmg | 17-21 Jun
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Cancel
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Investigating the Ocean Color from Space

Sta. ALOHA: U = 10 m s™'; clear sky; 6, = 30W

T T T

0.8
0.7 |
0.6
05
0.4
03[
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surface

fraction of L,

0.1 7 /
0-0 A A A 1 A A A 1 " A A A A A AN LA

400 600 800 1000 1200 1400
wavelength [nm]

Figure 2.3: The fraction of Ly due to various processes, for the particular simulation of Fig. 2.2.
(Need to add a curve for total atmos plus glint.)

Atmospheric path radiance: 70-90% of L.

Below 500 nm and over 1350 nm Rayleigh scattering is the
largest contributor. In between aerosols are the greatest
contributors.
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Algorithm Specification

The conversion from TOA radiance (L. _.,) to TOA reflectances (RTo A) done by the

TOA
following equation:

T Ly (A)
E,(A) cos(6)

Rro4(A) =

where E0 and 6 are the solar spectral irradiance and the sun zenith angle,

respectively.

The conversion from reflectances to radiances simply follows the inverse of this
equation.

For all sensors supported by the Radiance-to-Reflectance Processor, the sun
zenith angle is provided per pixel with the L1b products. The solar spectral
irradiance values are provided per pixel in case of OLCI L1b products, taken from
the L1 product metadata in case of SLSTR products, and taken from auxiliary data
in case of MERIS products.

m Radar Tools

|+ Spectrum View
[ Spectral Unmixing

Geometric
Preprocessing
Thematic Land Processing
Thematic Water Processing

‘@ @
File Help

RLSIEEUE T  Processing Parameters

Source Product
Name:
(1) subset_0_of_S3A_OL_1_EFR___201705... [ ..

Radiance-to-Reflectance Processor

Target Product
Name:

3T181727_0119_018_122 MRI_R_NT_002_radrefl

) Save as:  BEAM-DIMAP &
Directory:
demy/20180412_BSH_Copernicus/data/wasser ...

Open in SNAP
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Window Help

2 = o 100% @ == spanis|

Rayleigh Correction

Masking >
MERIS Radiometric Correction
Radiance-to-Reflectance Processor
Reflectance to Radiance

File Help

1/0 Parameters

Sensor: oLci

<

Conversion mode: RAD_TO_REFL $
v Copy tie point grids
v Copy flag bands and masks

v Copy non spectral bands
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File Help

1/0 Parameters §processing Parameters
Source Product

. Source Product: By default, it is associated to the
msmol1eR__ wmssroEz_. | .. ==p | OPEN iMage. You can select another image.

[
Optical Radar Tools Window Help Torget Product
'; Spectrum View @ L I # ¥ i€ a4 Name:

35_0178_036_165_2340_MAR_O_NT_002.SEN3 _radrefi sl

Spectral Unmixing

Target Product: By default, the name corresponds

Geometric > - | ‘ [J save as: |BEAM-DIMAP
Preprocessing - Masking A Drector to the same open image name plus _radrefl suffix.
‘e C:\Users\marcels \documents\sen2cor
Thematic Land Processing % Sentinel-2 Radiometric Uncertainty Tool
. [4] Open in sNaP
Thematic Water Processing > MERIS Radiometric Correction
Orteoloolboi 2 Radiance-to-Reflectance Processor Y

7
Reflectance to Radiance @ Close

Rayleigh Correction

:‘ Radiance-to-Reflectance Processor

B Apply the 3 Copy options to conserve all the original
Uopmem data in the reflectance product. Finally, Run the process.

Sensor: oLcr v 1
Conversion mode: RAD_TO_REFL v

Copy tie point grids

If the process is correct:
[4] Copy flag bands and masks

. SNAP - Radiance-to-Reflectance Processor X

e The target product has successfully been created and opened in SNAP.

Actual processing of source to target data will be performed only on demand,
for example, if the target product is saved or an image view 15 opened.

[ Bon't show this message anymore.)
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®"e [Empty]
a S hod PR Aerlll &R Iw (¥ 2 QBB sirzvr asan ()
Product Explorer © | Pixelinfo | "I @ (2] OLCI L1 - Tristimalus RG € Open the tWO

- ., B
» (3 Metadata <
» (3 Flag Codings

» (O Vector Data

» (2 Tie-Point Grids

» (2 Bands

» O Masks

W (2] subset_0_of S3A_ OL_1_EFR___20170527T101155

products (RGB
composite) and
arrange the view
horizontally

Aseagr 1nposd

Jabrueyy Jake lL()

A

Navigat... © | Colour Ma.... | Uncertaint... | World View |

®

VTN, — 1ar — lan o Taam —_ laual __
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 Draw a line with the Line drawing tool.
« After drawing the line select again the cursor appearance.

« Select band Oa06_reflectance and the line will appear. Click on the
profile plot icon

201705277T101155_20170527T7101355_20171018T181727_0119_.018_122 MR1_R_NT_00

il @0 lr T QML vvisisivas

SUINIOAS Traming Course on Ocean Remote Sensmg | 17-21 Jun 2023
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Investigating the Ocean Color from Space

Export Transect Pixels

Export Mask Pixels

Export View as Google Earth KMZ
Export View as Image

Export Colour Palette as File
Export Colour Legend as Image
Spatial Subset from View...

Copy Pixel-Info to Clipboard

[P
e (s
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® SNAP - Export Transect Pixels

How do you want to export the pixel values?
= ’ 1050 transect pixels will be exported.

Create header
Export tie-points
Export wavelengths + solar fluxes

[fy Copyto Clipboard [ Write to File Cancel

Export the geometry (line) as a
transect and save in the same
directory.
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@ ® [[ & Open Product... ___20170527T101155_20170527T101355_20171018T181

ﬁ =~i~4 Reopen Product > ;,l ’ o) A j ;:{; oA m m k

' T4 Product Library

prp—
Product Expl
= (1) subs
[2] subs:
1 Meta
@ Flag!  Save Product

Q Save Product As...
p

Close Product
Close All Products
Close Other Products

@ ® Import CSV file

wasser ™

70527710115
70527710115

S3A_OL_1 EFR___20170527T101155_201705277101355_201710187181727_0119_018_122 MR1_R_NT_002.SEN3
S3A_OL_1 EFR___20170527T101155_20170527T101355_201710187181727_0119_018_122 MR1_R_NT_002.SEN3_rayl... ...

4vvid

S3A_OL_2_WFR___20170527T101155_20170527T101355_20171109T035451_0119_018_122 MR1_R_NT_002.SEN3

@ g SESSIon > subset_0_of S3A_OL_1_EFR___20170527T101155_201705277T101355_20171018T181727_0119_018_122 MR1_R_NT_O...

» (2 Tie-I Projects [
< a Ban ImpOrt ’ DEM ’ : subset_0_of S3A_OL_1_EFR___20170527T101155_20170527T101355_20171018T181727_0119_018_122 MR1_R_NT O... ...

| 2 D Ia EXpOrt | 3 Genefic Formats ’ subset 0 of S3A OL 1 EFR 201705277T101155_201705277T101355 20171018T181727 0119 018 122 MR1 R NT O...

> O Fwrm | Optical Sensors >

» O solar_flux SAR Formats >

v Q3 0a*_reflectance SAR Sensors > File Format:  Plain text (*.txt,*.dat,*.csv)

B 0a01_reflectance (400 nm) gugvrEEr e »  Vector from CSV

Bl 0a02_reflectance (412.5 nm) cancel  (ORSEN
B 0a03_reflectance (442.5 nm)
Bl 0a04_reflectance (490 nm)
ﬂ 0a05_reflectance (510 nm)
B 0a06_reflectance (560 nm)

B 0a07_reflectance (620 nm)

ESRI Shapefile
MERMAID Extraction File
SeaDAS 6.x Track
SeaBASS Data

Import the transect in the TOA reflectance
image.

Import the standard L2 product (located in the same directory), open band Oa06_reflectance
and import the vector geometry.
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| @ @ Import CSV Data

The vector data are not associated with a coordinate reference system (CRS).
Please specify a CRS so that coordinates can be interpreted correctly.

Coordinate Reference System (CRS)
© Use target CRS WGS84(DD)
Custom CRS

Geodetic datum; World Geodetic System 1984

Projection: Geographic Lat/Lon (WGS 84)

Projection Parameters...

Predefined CRS Select...

“— oK Cancel Help

® 0 Point Data Interpretation

SNAP can interpret the imported point data in various ways.
Please select:

Leave imported data unchanged

Interpret each point as vertex of a single line or

© polygon
(This will remove all attributes from points)

Interpret each point as track point

“ Cancel Help

Import the transect: Interpret each point as vertex of a single line or polygon

IINIOAS Traming Course on Ocean Remote Sensing | 17-21 Jun 2023
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Profile Plot € I Profile Plot £3 |
Profile Plot for 0a06_reflectance « Profile Plot for 0a06_reflectance «

_ 06 0.07
9 0.06
£05

€ 0.05
§ 0.4 8
] g 0.04
% 93 & 0.03

, 0.
=02 3 /
©  0.02
g 0.1 0.01
0.0 0.00 .
0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,30C
Path in pixels Path in pixels

— 0a06_reflectance — 0a06_reflectance
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Profile Plot €3 VProﬁIe Plot ]
Profile Plot for 0a06_reflectance Profile Plot for CHL_NN
0.10
0.09 05
g 0.08 E
§ 0.07 EH
8 0.06
0.05 £3
| B -
| 0.04 z 2
-4 |
Q 0.03 -
© 0.02 5.
0.01
0.00 0
0 50 100 150 200 250 300 350 400 450 500 550 600 650 50 100 150 200 250 300 350 400 450 500 550 600 650
Path in pixel Path in pixels
BOA reflectance CH
Profile Plot £ 3
Profile Plot for T865 L «
0.06
0.05
0.04
I
8 0.03
-
0.02
0.01
0.00 -
0 50 100 150 200 250 300 350 400 450 500 550 600 650

Import “second_transect.csv” on the L2 product.
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Path in pixels

AOT
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The atmosphere contributes more than 90% of the top of atmosphere
radiance. The atmospheric correction over the ocean is a very critical
processing step.

A good indicator of the quality of the atmospheric correction is the decoupling
of the atmospheric signal (e.g. Aerosol optical thickness) from the water
leaving reflectance.

SNAP provides the spectrum view to quickly investigate spectral quantities.
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If we open the L2 standard product, besides the reflectance (atmospherically corrected radiance), we have
geo-physical variables like chlorophyll (CHL), CDOM absorption (ADG), total suspended matter (TSM),
transparency (KD490), aerosol optical thickness (T865) and so on.

Product Explorer £3

Click on the CHL fOIder, there @ subsu_o_of_szA_OL_1_£ra_zo1705271’10?
@ (2] subset 0_of S3A_OL 2 WFR___20170527T10:
are two products: > O Metadaa

» (2 Flag Codings

CHL_OC4ME and its > O Vector Daua

» (2 Tie-Point Grids

equivalent uncertainties Ml
(CHL_OC4ME_err); CHL_NN > Q2 Oa_relectance e
and its uncertainties -
(CHL_NN_err). Bokocne
These two CHL images are B T
calculated with different Sl
algorithms. CHL_OC4ME uses G i
the standard OC4 algorithm -
developed by NASA and

adjusted to OLCI bands;

CHL_NN is a product of the

Case 2 Regional Coast Colour

neural net processor.

1:4 0*
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L] Spectrum View

C2RCC NN is one of the processors SIS Wit
available in SNAP to | CICERRT oo

Thematc Land Prooessi
atmospherically correct and Themet Warer Processd
retrieve bio-geophysical

parameters from L1 images.

The C2RCC processor uses a large
database of radiative transfer
simulations inverted by neural

networks as basic technology.

Optical > Thematic Water

Processing - C2RCC Processor
- OLCI

C. Brockmann at al. Evolution of the C2RCC neural network for
Sentinel 2 and 3 for the retrieval of ocean colour

products in normal and extreme optically complex waters Living
Planet Symposium 2016
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@ @ C2RCC OLCI Processor Salinity: 35.0 psu
File Help Temperature: 15.0 C
Processing Parameters Ozone: 330.0 puU
I n ut Ll OLCI le product: Air Pressure: Modlfy 1000.0 hPa
. p (1] subset_0_of_S3A_OL_1_EFR 20170527T10115... ﬂ TSM factor bpart: manua”y 1.72
it: o3
ImageS Ozone interpolation start product (TOMSOMI): (optional) IoMfactorwit: |f known 2
ﬂ CHL exponent: 1.04
S 3 - CHL factor: 21.0
Ozone interpolation end product (TOMSOMI): (optional)
ﬂ; Threshold rtosa OOS: 0.05
Threshold AC reflectances OOS: 0.1
Air pressure interpolation start product (NCEP): (optional
E £ g g ey ! — Threshold for cloud flag on transmittance down @865: 0.955
ﬂ Atmospheric aux data path:
Air pressure interpolation end product (NCEP): (optional) Altermative NN Patfﬂ
Target Product [ Output AC reflectances as rrs instead of riffow
Name: Derive water reflectance from path radiande and transmittance
'0170527T101355_20171018T181727_0119_018_122 MR1, Use ECMWF aux data of source product T N N
R "4 Output TOA reflectances WO
Saveas: BEAM-DIMAP i 8 outp )
) Output gas corrected TOSA reflectances cO nf|g ur
Directory: A
Output gas corrected TOSA reflectances of auto nn atlonS
Isers /Anita/Desktop/ESA Academy/20180412_BSH_Coper
Output path radiance reflectances
S Output downward transmittance
BEAN o

NOutnut nmward trancmittancea
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Investigating the Ocean Color from Space

« The C2RCC processor breaks
down into two major parts: the
atmospheric correction part, and
the in-water part.

« The main input to the
atmospheric part are the top-of-
atmosphere
radiances/reflectances of the
sensor.

« The in-water part gets as input
the directional water leaving
reflectances from the
atmosphere part.

\J
Check R_tosa 00S —> R‘”fﬁoos > Rw—g?s-"”
Rw_NN
Rtosa - Rw
T
Rw from standard » Check Rw_OOR 3 Rw_OOR
AC All inputs (53}
- IOP_NN
Rw — 10Ps apands optional
‘ Check IOPs at imit 1OPs at imit Check kds at imit kds at imit
ofNN [P [5) Tl @
lo | 10P_Rw_for_NN
P ioPs - Rw
]
Compare Rw Rw_O00S Rw_00S_flag
wihRw | > m ™ (i)
Uncertainty
"lops s PRCKN
| o ap.ad.ag.bp,bw
I » Uncenainty
1 Chi, TSM
| Uncertainty
| uncNN_combi
P 10Ps _ uncertainties ™| i‘:&aag“’; 02;2[1‘

Figure 3: C2RCC processor architecture. Neural nets
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Investigating the Ocean Color from Space

» [ Flag Codings
Output AC reflectances as rrs instead of rhow » (2 Vector Data
Derive water reflectance from path radiance and transmittance . g Tle—dPOInt Grids
v Bands
Use ECMWF aux data of source product v & iop
Output TOA reflectances ® iop_apig
Output gas corrected TOSA reflectances m iop_adet
Output gas corrected TOSA reflectances of auto nn @ iop_agelb
Output path radiance reflectances @ iop_bpart
: B iop_bwit
Output downward transmittance X
] iop_adg
Output upward transmittance m iop_atot
Output atmospherically corrected angular dependent reflectances m iop_btot
Output normalized water leaving reflectances v &3 conc
Output of out of scope values M} conc_tsm
- A g @
Output of irradiance attenuation coefficients
» (3 rhown
Output uncertainties v &3 unc
B unc_apig
. B unc_adet
We will get only a few of the B unc_agelb
: H H unc_bpart
outputs, this will automatically W unc_bp:
- ) B unc_bwit
retrieve the water quality B unc_adg
B unc_atot
parameters too. B unc brot
Bl unc_tsm
L] unc chl
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(23 Tie-Point Grids
» (3 Bands
» (3 Masks

Investigating the Ocean Color from Space

= [2] subset_0_of S3A_ OL 2 WFR___20170527T10:
=l [3] subset_0_of S3A _OL_1_EFR 20170527T101

» (1 Metadata
» (3 Flag Codings
» [ Vector Data
» (1 Tie-Point Grids
v &3 Bands
» (3 iop
& conc
[ conc_tsm
» (3 rhown
> (3 unc
@ quality_flags

Editor:  Basic @ Sliders Table

Name: conc_chl
Unit: mg mA-3
Min: 4.97E-4
Max: 22.422

— Rough statistics!
A7\—A /\

N n { g
e - H

IINIOAS Traming Course on Ocean

95
i pl

@ &y
1 (:l

@ ¢

—

Logyy 373G A,

»

k ;ér
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Investigating the Ocean Col "om Space

@ Name Type Colour Tran... Description Mask Manager
qua:!ty_:ags_land & Ma‘:s - %3 qua:fty_:ags.land " o) | @ Name Type Colour  Tran... Description
qua[:ty_ﬂags_«f:oasht mel d :aths fr—] g: qualnty_ﬂags.:oasht mT . quality_flags_saturated_Oal6 Maths _ 0.5 Copied from OLCI
i i t tl /i i . i t - . .
e f‘y‘ e res =i én WalRt e qra fw‘ ags res =i a,n —water = quality_flags_saturated_Oal7 Maths _ 0.5 Copied from OLCI
quality_flags_tidal_region Maths - 0.5 quality_flags.tidal_region lity i d 0al8 Math _ 0.5:Copléd # oLcl
quality_flags_bright Maths [ 0.5 quality_flags.bright o qua ?[y' ags_satrated_Oa atis : Opfe rom
quality_flags_straylight_risk Maths [ ] 0.5 quality_flags.straylight_risk L qualrty_ﬂags_saturated_Oa19 Maths _ 0.5 Copfed from OLCI
quality_flags_invalid Maths [ 0.5 quality_flags.invalid = quality_flags_saturated_0a20 Maths - 0.5 Copied from OLCI
o . :
quality_flags_cosmetic Maths | | 0.5 quality_flags.cosmetic g | uality flags_saturated_Oa21 Maths - 0.5 Copied from OLCI
quality_flags_duplicated Maths [ 0.5 quality_flags.duplicated Q Rtosa_OOS Maths [ 0.5 The input spectru
quality_flags_sun_glint_risk maths [ 0.5 quality_flags.sun_glint_risk D Rtosa_OOR Maths | 0.5 The input spectru
quality_flags_dubious maths [ 0.5 quality_flags.dubious ‘ Rhow_OOR Maths | 0.5 One of the inputs
quality_flags_saturated_0a01 Maths 0.5 quality_flags.saturated_Oa01 ‘ Cloud_risk Maths 0 High downwelling
quaIfty_ﬂags_saturated_OaO2 Maths - 0.5 qualfty_ﬂags.saturated_OaOZ "h lop_OOR Maths : 0.5 One of the IOPs is
qualfty_ﬂags_salurated_OaO3 Maths - 0.5 qualfty_ﬂags.sa(urated_0a03 w | Apig_at_max Maths | 0.5 Apig output of the
quality_flags_saturated_0Oa04 Maths - 0.5 quality_flags.saturated_0Oa04 o P — Maths - 0.5 Adet output of the
quality_flags_saturated_0a05 Maths - 0.5 quality_flags.saturated_0a05 g‘ - "; - E Math [*J 0'5 gl £t
quality_flags_saturated_0a06 Maths _ 0.5 quality_flags.saturated_0a06 = gelb_at_max @) amhs +200e70- QUtpULOV |
0 quality_flags_saturated_0a07 Maths - 0.5 quality_flags.saturated_0a07 g_ Bpart_at_max qt Maths - 0.5 Bpart output of th
() quality_flags_saturated_0a08 Maths | | 0.5 quality_flags.saturated_0a08 o Bwit_at_max n Maths [ 0.5 Bwit output of the
(] quality_flags_saturated_0a09 Maths 0.5 quality_flags.saturated_0a09 < | Apig_at_min ()] Maths :’ 0.5 Apig output of the
(v quality_flags_saturated_0al0  Maths | | 0.5 quality_flags.saturated_0al0 Adet_at_min (o] O Maths | | 0.5 Adet output of the
- quality_flags_saturated_Oa11 maths [ 0.5 quality_flags.saturated_Oa11l [ Agelb_at_min Y— O maths [ 0.5 Agelb output of t
- quality_flags_saturated_Oa12 Maths [ 0.5 quality_flags.saturated_Oa12 = Bpart_at_min ; o d Maths [ 0.5 Bpart output of th
quality_flags_saturated_Oal3 Maths ) 0.5 quality_flags.saturated_Oal3 - Bwit_at_min ()] N Maths | 0.5 Bwit output of the
quality_flags_saturated_Oal4 Maths 0.5 quality_flags.saturated_Oal4 g Rhow_00S Z U Maths - 0.5 The Rhow input s|
quality_flags_saturated_Oal5s Maths | 0.5 quality_flags.saturated_Qal5 (] Kd489_OOR Maths :J 0.5 Kd489 is out of r:
quality_flags_saturated_Oal6 Maths - 0.5 quality_flags.saturated_Oal6 = 2 e
: z o Kdmin_OOR Maths - 0.5 Kdmin is out of ra
quality_flags_saturated_Oal7 Maths I 0.5 quality_flags.saturated_Oal7 = 1
R s Ty Mnstig B 05 quality_flags.satrated_Oal8 g Kd489_at_max Maths - 0.5 Kdmin is at max
_________________________ B 0.5 quality flags.saturated 0al9 2 Kdmin_at_max Maths

LA ]
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Investigating the Ocean Color from Space

Use SNAP‘s command-line tools:

 From a command-line shell

* From shell scripts

 From Python, IDL, MatLab...using dedicated systems
Many advantages

v" No intermediate files written, no 1/0 overhead

v" Reusability of processing chains

v" Simple and comprehensive operator configuration
v" Reusability of operator configurations

Graph xml: Graph_idepix_c2rcc.xml
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Investigating the Ocean Color from Space

€:\Progran Files
1M0{ 2015-02

* Look into ${SNAP-HOME}/bin directory: Erm—r—— :

= JAI tile scheduler parallelism set to 8

INFO] 2015-02
x-xro1 2015-02 xmmm CoastColour nuxl'lmrv data

SNAP operators and chain of operators et e

apt <op>|<graph-Files [options] [<source-file-1> <source-file-2s ...]

2

CoastColour auxiliary data

= = - INFOY 2015-02 stalled CoastColour auxiliary data 'aux

° 1o} 2015-02 stalled CoastColour auxiliary data 'aux
nFo} 2015-02 stalled CoastColour auxiliary data 'aux

- InFo) 2015-02 na\led CoastColour auxiliary data :-ux

Description:
This tool is used to execute BEAM raster data operators in batch-sode. The
operators can be Ex directed acyclic graph
(030). Processing graphs . More info about

he operator AT, and the graph ML formst can be found

ESA SNAP/SNAP command line>gpt —h & i R

“paph-files gperator graph FiTe Gon format),

<source-file-ix th source product file. The actual nusber of source
file arguments is specified by <op>. May be optional for
operators which use the =S option.

pptions: i e
h Displays command usage. If <op> is given, the specific

* pconvert-> used to convert product files into « e

t <files l?!l file. Default value is 'target.din'.
f <format> le mm\. e.g. 'GeoTIFF", 'HOFS

- - Qutput
"BEAM-DIMAP' . If not spacified, format will be darived
other data and imaage formats uick-loo e s et ey | bl
default format is 'BEAM-DIMAP' . Ony used, i the graph
in <graph-files does not spacify its own 'Write’

-p <file> A (ava Properties) file containing processing paraneters
generation TR ey (e covsiny s
i h

paraseter DOM for the Operators. entries. In this File are
overwritten by the -Penamess<value> comsand-line option
(zee belon). The following variables are substituted in
the parancters il

${zysten. <ju y,~proo ey

s c-pcr“o:\wc, Cgiven by G <op> arquent)

${graphFile} (given by the <graph-files argument)
sitargeteile} (pull path given by the -t option)
P -

(derived from -t option)
y st (argstrornat) (given by the -f gption)
¢ <cache-size> Sets the tile he size in bytes. value can be suffixed

« snappy-conf-> SNAP application configuration
launcher for snap-py Bt fop o, oSl S R o

cache size is 'S1M
q <parallelisms  Sats the maximum parallelism used for the computation,
0. the maxisun number of garallel (native) threas.
The default parallelism is
x Cloars the internal tile cache after writing a complete
fon of tilas to the carget product file. This option may
be useful if you run into mesory probleds.
Defi target product, valid for gmpm only. <target>
st Be the Jaentorier of a node n The graph.” The node's
will be written to <files.
+'a source product. <sources iz specified by the
operator or the graph. raph, all occurrences of
s } will be replaced with references to a source = |

~T<targetss<files

-S<sourcers<filer
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Investigating the Ocean Color from Space

* Look into ${SNAP-HOME}/bin directory:
* gpt (.exe in Windows)—->used to execute various

SNAP operators and chain of operators

ESA SNA Go to your SNAP folder and look

Call gpt

other data . .
generation)

. snappy-co terminal)
launcher for snap-py

Sensing | 17-

21 Jun 2023

B Command Prompt

c:
Installed Coastcolour

stalled CoastColour
stalled CoastColour
stalled CoastColour
1:40.829+0100 - crg.esa.bean, framenork. gpf.OperatorSpi

2+0100
0. r,U«t- 0100

WARNING] ‘u
Vsage:

apt <op>|<graph-Files [options] [<source-file-1> <source-file-2s ...

Description:
This tool
operat
(04G) .

used to exec

© of an oper
rator araph iie va format

- JAL tile scheduler parallelism set to 8

auxiliary data 'aux
auxiliary data 'aux
auxiliary data 'aux
auxiliary data 'aux
auxiliary data 'aux
auxiliary data 'aux

¢ below for the list of

]

o BEAM raster data operators in batch-sode. The
4z 2 directed acyclic graph

XML, More info about
operator APT, and the oraph YA format can be found
ion

“oprs.

»th source product file. The actual nusber of source

e “arquaents. i5 specified by <op>. May be optional for

rators which use the -S option.

usage is displaye
plays wore detailed error messages.
u. "3F an_exception occurs.

n the target filename extendion, if am
ault format is 'REAM-DIMAP'. Ory used,

fi

ancter OOM for the operator Entries in thi
lue> comsand-line option
5 are substituted in

reritten by the -Penamess
e below). The following variable
parancters fil

${zysten. <java-sys-property>}

$loper atockame] (Ggiven by the <op>
£

vén by the <gra
Huil path given
from

argetBaseName) (derived from

C <cache-size>  sets the tile
with 'K, %
available heap space, If equal to or
caching will be completely disabled.
cache size is ‘51,

he size in

s command usage. If <op> is given,

containing proce:

e is 'target.dim

. nvert- ,. .
pconvert (if only one SNAP instance on your computer, s e

the specific

isplays a stack

otherwise the
if the graph
<graph-files does not spacify its own 'Write’

just type gpt on the command line; on Mac 2 ot i
you need to type the full path in your

sing par aseters
-

arquaent)
ilex argument)
y the -t option)
t option)
from -t option)
t option)
argetfornat) (given by the -f option)

1 Pytes. value can be suffixed

Tess than zero, tile
The default tile

q <parallelism  Sets the maximum parallelism used for the computation,
.. the maximn nusber of parallel (native) threads.

The default parallelism is

row of tiles to the target produ
be useful if you run into memor

f|'l»

prol
~T<targetss<files Defines a target product, valid for qrx'vm only

must be the identifier of a node in the graph. The ek

output will be written to «<files.
-S<sourcers<file» Defines a source product

Ciaiy the itternal tite. cache aftar writing a comlate
This option may

<sources s specified by the
gperator or the graph. In an XML graph, all occurrences of
${<sourcer} will be replaced with references to a source




Investigating the Ocean Color from Space

. Most important SNAP batch-mode tool
. Usage:
gpt <op>|<graph-file> [options] [<source-file-1> <source-file-2> ...]
. Which operator are available?
gpt —h
. List of operators may vary depending on installed SNAP plug-ins
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Investigating the Ocean Color from Space

\progra~1\snap6.0-PREVIEWE\bin\gpt.exe Idepix.Sentinel3.
org. esa, snap.core.gpf, operators tooladapter.ToolAdapterIo; In1t1a1121ng external tool adapters

gpt Idep1x Sentinel3.01ci [options]
Description:
Pixel identification and classification for OLCI.

Source Options:
-SsourceProduct=<files The OLCI L1b source product.
This is a mandatory source.

Parameter Options: . . . .
-pPcloudBufferwidth=<int> The width of a cloud ‘safety buffer' around a pixel which was classified as cloudy.
valid interval is [0,100].

Default value is '2

-PcomputeCloudBuffer=<boolean> Sets parameter corputec1oud8uffer to <boolean>.

Default_value is_‘true
-PcomputeCloudshadow=<boolean> 1f applied, a cloud shadow is computed. This requires the cloud top pressure operator (Python plugin based on CAWA) t
be installed. Stil]l experimental.

Default value is 'false’
-PcomputeCtp=<boolean> Compute cloud top pressure (time consuming, requires Python plugin based on CAWA).

Default value is ‘false’
-pollputschillerNNvalue=<booleans If applied, write NN va1ue to the target product |

Default value is 'false’
-PradianceBandsToCopy=<string,string,string,...> The list of radiance bands to write to target product.
Value must be one of '0a0l_radiance', '0a02_radiance', '0a03_radiance’, '0a04_radiance', '0a05_radiance', '0a06_radian
ce '0a07_radiance', '0a08_radiance', '0a09_radiance', ‘'0alO_radiance', ‘'Oall_radiance', ‘0al2_radiance', '0al3_radiance', '0Oald_radiance', '0OalS_radiance', '0Oalé_radiance
", 'oal7_radiance’, '0al8 radiance', '0al9_radiance', '0a20_radiance’', '0a2l_radiance’
—Pref1Band'Tocopy-<string.str1ng.str1ng,..A> The 1ist of reflectance bands to write to target product.

value must be one of '0a0l_reflectance', '0a02_reflectance', '0a03_reflectance', '0a04_reflectance', '0a05_reflectance

'0a06_reflectance’, '0a07_reflectance', '0a08_reflectance', '0a09_reflectance', '0al0_reflectance', '0Oall_reflectance', '0al2_reflectance', '0al3_reflectance', '0ald_ref

lectance’, ‘OalS_reflectance’, 'Oalé_reflectance’, 'Oal7_reflectance®, '0al8_reflectance’, 'Oal9_reflectance’, '0a20_reflectance’, '0a2l_reflectance’

raph XML Format:
<graph id="someGraphId">
O</version>
omeNodeId">
<operator>Idepix.sentinel3.0lci</operator>
<sources>
<sourceProduct>${sourceProduct}</sourceProduct>
</sources>
<parameters>
<radianceBandsToCopy>string,string,string,...</radianceBandsToCopy>
<ref1BandsToCopy>string,string,string,... </ref1sand'Tocop
<outputsSchillerNNvalue>boolean</outputSchillerNNvalue>
<computeCloudBuffersboolean</computeCloudBuffers
<cloudBufferwidth>int</cloudBufferwidth>
<computeCtp>boolean</computeCtp>
<zcomputeCloudShadow>boolean</computecCloudShadow>
</parameters>
</node>
</graph>
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Investigating the Ocean Color from Space

IPS C:\> C:\progra~l\snap6.0-PREVIEWE\bin\gpt.exe Idepix.Sentinel3.
INFO: org.esa,snap.core.gpf.operators. too]idapter ToolAdapterIo: In1t111121ng external tool adapters

Usage:
gpt Idepix.Sentinel3.0lci [options]

Description:
Pixel identification and classification for OLCI.

<graph id="Olci_ HSC">
<version>1.0</version>
<node id="idepix">
<operator>Idepix.Sentinel3.0Olci</operator>
<sources>
<sourceProduct>$ {sourceProduct}</sourceProduct>
</sources>

<parameters>
<computeCloudBuffer>true</computeCloudBuffer>

<cloudBufferWidth>2</cloudBufferWidth>
</parameters>
</node>

<computeCloudBuffer ean</computecCloudBuffers
<cloudBufferwidth>i ToudBufferwidth>
<computeCtp>bool puteCtp>
<zcomputeCloudShadow>boolean</computecCloudShadow>
parameters>
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Investigating the Ocean Color from Space

File | Help Q-

a P

Product Explorer X | Mask Manager Pixel Info -

XRa
«
«
«
¢

Load Parameters... Laters

[ Save Parameters,..
v rash_inland_water)
Display Parameters..
Salinity: 35.0 PE

Temperature: 15.0 C

Ay Pposd ¢

Ozone: 330.0 D4
Ar Pressure: 1000.0 hF
TSM factor bpart: 1.72

TSM factor bwit: 3.

CHL exponent: 1.04

wheuey wie) m

CHL factor:
Threshold rtosa O0S: 0.008
Threshold AC reflectances 00S: 0.1
Navigation Colour ...  Uncertai.. Worl X | Time Se.. - Threshold for doud flag on transmittance down 8865: 0.955
e Atmospheric aux data path:
NS AS!A Alternative NN Path:
North Atlantic Oceand B [[] Output AC reflectances as rrs instead of rhow
[[] Derive water reflectance from path radiance and transmittance
7] Use ECMWF aux data of source product
SOUTH AMERICA [ Output TOA reflectances

[] Output gas corrected TOSA reflectances

South Atlantic Ocean

! [ output gas corrected TOSA reflectances of auto nn

[[] Output path radiance reflectances

Southern Ocean

[[] Output downward transmittance

Off Globe

[ Output upward transmittance
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Investigating the Ocean Color from Space

oy~ |9 cZrec.ola Parameters X
] File | Help
P { <parameters> e
a Y W9 . = Load Parameters... || <veldPixelExpression>!quality_flags.invaid 8& ('quality_flags.land || quality_flags. fresh_inland_water) </validPixelExpression > &
Seve P, " <salrity > 35,0 </salinity >
ave Parameters - 3 ;
Product Explorer X | Mask Manager Pixel Info - d s -tte«vmati‘v\e >15.0</temperature > ¥
[\, Display Parameters... <ozone>330.0</ozone> ?
“Tinity: <press >1000.0</pres: f
Y <TSMfakBpart>1.72</TSMfakBpart> 3
T <TSMfakBwit >3, 1</TSMfakBwit> 5
rature:
o <CHiexp>1.04</CHLexp> r
Ozone: <CrLfak>21.0</CriLfak> |
<thresholdR tosa005 >0.005 < /thresholdR toss00S >
Ar Pressure: <thresholdAcReflecOos >0, 1 </thresholdAcReflecOos >
- <thresholdCloudTDown865 >0, 955 < thresholkdCloud TDown865> @
TSM factor bpart: <outputAsRrs >false </outputAsirs > ;
TSM foctor bwit: <deriveRwFromPathAndTransmittance > false </deriveRwFromPathAndTransmittance > i
: . <useEamwfAuxData > true < fuseEcmwiAuxData > 3
CHL exponent: <outputRtoa>true <joutputRtoa> |
<outputRtosaGe >false <foutputRtosaGe > !
CHL factor: <outputR tosaGeAann >false < foutputR tosaGecAann >
<outputRpath >false </outputRpath
Threshold rtosa O0S: <outputTdown >false < foutputTdown >
X <outputTup>faise </outputTup>
Threshold AC reflectances 00S: tAcReflectance > true < foutputAcReflectance >
Navigation | Colour ... | Uncertai.. Worl.. X Time Se... - Threshold for doud flag on transmi | <OutPutRhown >true </outputithown >
P T Atmospheric aux data path:
EUROPE  aqia
. Alternative NN Path: <jparameters>
North Atlantic Oceanli h [ Output AC reflectances as rrs

[[] Derive water reflectance from

7] Use ECMWF aux data of source product.
SOUTH AMERICA [ Output TOA reflectances

[] Output gas corrected TOSA reflectances

South Atlantic Ocean

[ output gas corrected TOSA reflectances of auto nn
[[] Output path radiance reflectances

Southern Oc

[[] Output downward transmittance

Off Globe

[ Output upward transmittance

IINIOAS Traming Course on Ocean Remote Sensing | 17-21 Jun 2023
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a ki DP

Product Explorer X | Mask Manager Pixel Info

Save your parameter setting
from SNAP and copy them

iInto your graph for ease of

use.

EUROPE

North Atlantic Oceans

SOUTH AMERICA

South Atlantic Ocean )

Southern Ocean

Off Globe

IINIOAS Tramning Course on Ocean Remo

e~ e ———

{9 cZrec.ola Parameters

se<foutputRtoa>
>false <foutputRtosaGe>
Aann >false < foutputR tosaGcAann >
dlse </outputRpath >
false < foutputTdown>
e <joutputTup>
tance >true </outputAcReflectance >
true </outputRhown >
e < foutputOos >
Aoy s e A s g e R Joutputid >
<outputUncertanbes > true < foutputUncertainbes >
Alternatve NN Path: <[parameters>

[[] Output AC reflectances as rrs

[[] Derive water reflectance from

7] Use ECMWF aux data of source product.

[ Output TOA reflectances

[] Output gas corrected TOSA reflectances

[[] Output gas corrected TOSA reflectances of auto nn
[[] Output path radiance reflectances

[[] Output downward transmittance

[ Output upward transmittance

Sensing | 17-21 Jun 2023

File = Help
<parameters > -
Load Parameters... || <valdPixelExpression>iquality_flags.invaid 8& (Iquality_flags.land || quality_flags. fresh_inland_water) </valdPiceExpression> 5
<salrity > 35,0 </salinity >
Save Parameters <temperature >15.0</temperature >
23 v
Display Parameters... <ozone>330.0</ozone> >
"S‘m(v: <press>1000.0 R e 1§
<TSMfakBpart>1 SMfakBpart> !
Temperature: MfokBwt :
<CHLexp>1 / ¥
rva falnay 0 t
005 >0.005 </thresholdR toss00S >
JecO0s >0, 1</thresholdAcReflecOos >
TDoWn865>0,955 < /threshokiCloud TDOwn865>
alse < /outputAsRss> '
‘athAndTransmittance > false </deriveRwFromPathAndTransmittance > i
ata>true <fuseEcmwfAuxData> t
I
t

- Lon - Zoom -~ Level -




Investigating the Ocean Color from Space

| cZrec.ola Parameters

2rcc">
or>c2rec.oleci</operator>

ceProduct>$§ (sourceProduct)</sourceProduct>

05-:;“: r :—;7-:; 1dRto=a00s>
»'quality_flags.invalid AND ('quality_flags.land || quality_flags.fresh_inland_water)</validPixe

[[] output downward transmittance

[[] Output upward transmittance

tat -lon -

Zoom - Level -
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e I="c2rcc">
c2rcc.olci</operator>

Product>$(sourceProduct)</sourceProduct>

" Just uncomment the parameters
you want changed, the others
can remain commented out
Do (USING <!-- --> )to keep the
default values
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B <node id="final merge">

<operator>Merge</operator>

B <sources>
<masterProduct>c2rcc</masterProduct>
<sourceProducts>idepix</sourceProducts>

- </sources>

- </node>

~'graph>

This operator is ONLY available from the
command line
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${sor duct } £/

C:\progra—1\snap6.0-PREVIEWG6\bin\gpt.exe
C:\Users\bc\Desktop\HIGHROC\Training\olci_c2rcc.xml -t
“C:\Users\bc\Desktop\HIGHROC\Training\c2rcc_graph_te
st.dim* “path/to/your/.SEN3”

J] <validPixelExpression>!quality flags.invalid AND ('quality flags.land || quality flags.fresh inland water)</validPixelExpression>
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* Running on several images (batch mode):

— Use Excel or other spreadsheet /editor for making
a list with all products to be processed

o
k, R SN Y T2 W " ;; Py

.
97T oraph_The o S OIMTS ¢ GURRMIFA 4 o o
3 concatenate(B.C.0 1) call gt processor i and evy wel fie source de and e Narget die and fhe
¢ DALOG ; 5 ot DARCOSISNAPACE processortim 2 3 0500 e - OO

— Compile a bat or shell file for running in the
command line(merisc2rcc-gpt-bat.bat)=2>go to d

where the bat file is and call it from the terminal:

>merisc2rcc-gpt-bat.bat
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u SNAP / ... / Processing @

Bulk Processing with GPT

Marco Peters

Zuletzt geandert 2017-07-27

Bulk Processing with GPT

This little tutorial gives an introduction on bulk processing with the command shell on Windows and Unix systems. The provided scripts try
to stay very generic in order to serve multiple processing requirements. However, not every edge case can be covered. The intention is to
cover at least the main use cases. The scripts can probably be improved at multiple points but they can give you a starting point to write
your own scripts. If you know improvements to the scripts or have questions regarding the usage of the script you are kindly invited to
the SNAP Forum.

A general introduction to GPT and graphs can be found at Creating a GPF Graph.

The four files mentioned below are attached for download.

® processDataset.bat (Windows)
® processDataset.bash (Unix)

® reasmple_
® resample 20m.properties

xml

Table of Contents

® The Windows Script
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Investigating the Ocean Color from Space

)

| Filze1 Dperator }—'I Wiite I

Target Procuct

Narne:

Crectory:
D:\Data

[] Openin NEST DAT

vl
2
g read 1 58 Spedde Fker 2
kg varke 3 %G Fiter Operator 4 ' Write 5

[V] Save as; | BEAM-DIMAP v

@

[ 'E Load
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msa«e M 0?» Chear II i:f{hoccs: I

.
E. Graph Builder

File Graphs

Right click here to add an ope!

»
Read |{Viite |

Target Product

Name:

target

V| Save as: | BEAM-DIMAP

v

Directory:

i\Schulungen\training courses\20150709_Ifremer\Day_1_070915\SMOS\Data_S2\SST-L4_9days_Jan || ...
V| Open in SNAP

Graph is incomplete

(B [ B [ [Ere | @ | D
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oo . -

File Name Type Acquisition Track Orbit ] Add ' .
|
| | \(r .

‘- </Batch Processing
IfO Parameters | Calibration | SRGR | Multilook
File Name Type Acquisition Track Orbit
ASA_GM1_IPNPDE200907...|ASA_GM1_1P |14.1ul.2009 \ 403 38533/ | Remove
|ASA_GM1_IPNPDE200907...|ASA_GM1_1P |15.1ul.2009 417 38547
|ASA_GM1_IPNPDE200907...|ASA_GM1_1P |16.1ul.2009 432 38562
|ASA_GM1_IPNPDE200907...|ASA_GM1_1P |16.1ul.2009 445 38575

‘ |ASA_GM1_IPNPDE200907...|ASA_GM1_1P |16.1ul.2009 445 38575

Target Folder |ASA_GM1_1PNPDE200907...[ASA_GM1_1P [17.1ul.2009 1 446 38576

Save as: BEAM-DIMAP

Directory:

C:\Users\Ana

Load Graph

Target Folder

Directory:

c:\data\output [:]
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 There are several ways of obtaining chlorophyll _a and other water quality
parameters using empirical or semi-analytical algorithms.

 Input bands can be atmospherically corrected or not, depending on the
method selected. This selection will depend on the final objective, for
instance, to detect cyanobacteria in lakes, MCI could be a good solution.

 The selection of the algorithm would also depend on the availability of in
situ data to calibrate them.

« The optical water type pre-knowledge is always recommended. The OWT
classifier could be used in case we do not know the area.
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* Apply in-water algorithms for the detection and
quantification of chlorophyll-a and related algae blooms.

- Empirical algorithms: apply a simple band ratio algorithm
to retrieve a proxy to chlorophyill

« Understand the MCI algorithm.

*  Write algorithm in the band math with and without the valid
pixel expression.

« Compare results with standard product.
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« Open OLCI L1C image and analyse the contents
« Convert TOA radiance to TOA reflectance

« Create a new band containing a chlorophyll index with
band math operator

 Design a good colour palette for the index
 Copy the band into the L2 product

« Comparing chlorophyll index with chlorophyll bands from
OLCI L2 product
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1007 )
OC4 version 4
10 ) : !
C = 10.0"a(0) + a(1)*R + a(2)*R"2 + a(3)*R"3 + a(4)*R"4)
R = ALOG10((Rrs443>Rrs490>Rrs510)/Rrs555)
1
§ a = [0.366.-3.067.1.930.0.649.-1.532]
o
0.1
i, VO Generate three band ratios with Band
0.01 £\ Maths and select the highest values
: of the three per pixel.
0.001 S S U S (N O ) U S N AN U B N ¥
ol L JH.0 Reflec 443/Rellec 560

((Rrs443>RrsR490>RrsR510)/Rrs555) s :
Reflec 490/Rellec 560

Refkec 510/Reflec 560
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¥

{3 Band Maths X
Target product:
'[253A_OL_1 FFR___20180928T103827_20180928T104127_20180929.., +

Name: MCl index

Description:
Unit:
Spectral wavelength: 0.0
Virtual (save expression only, don't store data)

[ Replace NaN and infinity results by | Nal

[[] Generate associated uncertainty band

Band maths expression:

Load... Save...

Investigating the Ocean Color from Space

SO ST GRS 1 3ens /{)

constants operators

Constants... v

al functions

Operators... v Functions...
. PI A sig = @ (@)
Target Product: By default, it corresponds to the ||. ?"@@ﬂ;c ‘e s & :’:s@j@‘
- in 1L en else ie)
open image. You can select any S3 product. Nal e 1l e ampl e, @)
true @ or @ asin(@)
" " . false e sz @ atan(@)
Name: it is the band name that will be create. e @ and @ atanz (e, @)
Here, MCI index. ¥ e<e avg ()
LAT v @ <= g v bit_set (@, @)

.
ﬁ Band Maths Expression Editor |

32.0a04_reflectance

Data sources: S3 original data
(bands, tie-point grids and flag
select
specific data to generate an [+2 oa12

values). You should

expression.

32.0a0€_reflectance

32.0a07

32.0a05_reflectance
3 _reflectance

Constants
reflectance

eXators. ..
$_reflectance b

Functions.

|32.0a11_reflectance

/] Show bands
] Show masks

[[] Show te-pont grids
[[] Show single fiags
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Expression: area to set up the math
expressions. Here you can apply:
mathematical constants, unary operators
and mathematical functions.

Tools to edit expressions:
« Select all

* Clear

* Undo

« Scroll history up

« Scroll history down
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Assign a new name to the
band f

Target product: I
[1] subset_0_of_S3AJOL_1_EFR 20170527T101155_20170527T101355_20171018T181727_0119_018_122 MR1_R_NT_002.SEN3_radrefl ¢
Name: 0C4
o Description: @ o Band Maths Expression Editor
" Unit: Data sources: PO
l solar flux band 17 @+ @ max(max(reflec_443/reflec_560,reflec_490
N Spectral wavelength: solar_flux_band_la /reflec_560),reflec_490/reflec_560)
7' Virtual (save exp solar flux band 19 e - @
solar_ flux band_20
v Replace NaN and |solar_flux_band_21 @ + @ NaN
reflec 443
q Cenerate assocCid refiec 490 e /e
Band maths expressii reflec 510
reflec_560 (8) v
Show bands Constants... E R R
Show masks = | Edit expression
Operators... B
Load... Sa Show:tle=polnt.grids I e e
. X e 1 &< 5 .
: Show single flags Functions... H = ;m: @ ‘ Ok, no errors.
o
i LLOK Cancel Help 2 Help
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Profile Plot for 0C4 «
2 W
S |
o, i
0-L
0 250 500 750 1,000 1,250 1,500 1,750

Path in pixels

— 0C4

B (1) OLCI L2 W - Tristimulus RGB £
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Using the band math, copy the OC4 band into the L2 product. This would allow a direct
comparison of their values in the Pixel Information Window.

Ecemredies
[3] subset_0_of_S3A_OL_2_WFR 20170527T101155_20170527T101355_20171109T035451_0119_018_122 MR1_R_NT_002.SEN3 e
Name: 0OC4_ratio
Description:
Unit:
© @ Band Maths Expression Editor
Producl [1] subset_O_of_S3A_OL_1_*R 20170527T101155_20170527T101355_20171018T181727_0119_018_122 MR1_R_NT_002.SEN3_radrefl ﬂ
Data sources: Expressi)n:
$l.reflec_ 443 &% @ s1.0c4|
Sl.reflec 490 _I
$l.reflec_510 e - @
$l.reflec_560
$1.0C4 e ~ @
$1.quality flags_land
$1.quality flags_coastline LR
$l.quality flags fresh inland water
$l.quality flags_tidal region (€)
Show bands Constants... @
Show masks Operators... a
Show tie-point grids umd e e
Functions... e il @ '_

] 21 Jun 2023
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[3] CHL_OCA4ME

e
*\_a
A

w7
?

LA
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« Open OLCI L1C image and analyse the contents
* Apply MCI to L1 data using the graphic interface
« Manual calculation of MCI with Band Math

« Comparison of both products

S3B_OL_1 EFR 20190618T093412 20190618T093712 20190619T143145 0179
_026_307_1980 MAR_O_NT_002.SEN3
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0.014
oo1ol B B FLH/MCI
0.01| HA The fluorescence line height and maximum
. 0'008_2; chlorophyll index algorithms exploit the height
g of the measurement in a certain spectral band
3 0% above a baseline, which passes through two
0004]§, © other spectral bands.
e The maximum chlorophyll index (bands 680.5,
JEE S8 B 8 21T 708 and 753nm), which can be applied, for
Ao oA\ B0 TEED. gD 200 700 7900 _exqmple, to L1b measurements can help to
indicate red tides.
Relevant wavelengths: 680nm, 708nm, 753nm
LineHight =L, - L, - (L, - L )( A= A)
(4-4)
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@ < Open Product... [Empty]
| 3 GeP 5 \ . g D Gep = A ) b 7%
Reopenproduct > oz @iet Wik 9 Q AT\ VB Q@B =N\ M-
A Product Library
Produ )

Session >

DEM > .
Export > Generic Formats > SNAP - Import Product
Landast % :
SAR Formats > | RapidEye > S3A_OL_1_EFR____201608... [}
SAR Sensors »  Seadas %
Vector Data > Sentinel-2 » Subset... Name ~  Date Modified
Sentinel-3 »  Sentinel-3 W o
Spot >  Sentinel-3 SLSTRL1B (1km) gleslze =1 W
Navigatio... l Colour... £ [Unceruln... [ World View | Aquarius Sentinel-3 SLSTR L1B (500m) =
@ [@ HICO L1B ™
b MODIS L1B
B3 OCM2 L18B -
VIIRS (SDR, EDR) :
Deimos &
This tool window is used to manipulate ATSR Product I
the NOAA-AVHRR/3 L1B
cplouring of images shown in an image ALOS/AVNIR-2 Product :
view.
Rjght now, there is no selected image ghglsé;g:bh: Product xfdumanifest.xml , September 26, 2016 ...
view.

File Format: Sentinel-3 products (*.x... ﬂ

Cancel | iiROIBGOGUCN
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M Radar Tools Window Help = o 100% @@ = spanish - 1SO

5277101 Ld Spectrum View 727_0119_018_122 MR1_R_NT_002] - [/Us¢
Spectl’a| UnmiXing B g 5 B S0P : : : f
E Geometric v e e % ’ ‘ .

— .
CILL-Tris  Preprocessing

| 2

| 2
Thematic Land Processing > —

>

Thematic Water Processing (A)ATSR SST Processor
ARC SST Processor

FLH/MCI Processor

C2RCC Processors >
S2 MCI Processor

MERIS FUB/WeW Water Processor
MPH/CHL Processor

FU Classification

OWT Classification

IINIOAS Traming Course on Ocean Remote Sensing | 17-21 Jun 2023



Investigating the Ocean Color from Space

@ o FLH/MCI Processor o ® FLH/MCI Processor o @ FLH/MCI Processor
File Help File Help File Help
HLZEa e Processing Parameters 1/0 Parameters 1/0 Parameters
Source Product -
Source product: Preset: v None § Preset: OLCI L1b MCI ©
[1] subset_0_of_S3A_OL_1_EFR__201705... |& Lower baseline band name ~ McRl> L1b MCI J Lower baseline band name:  Oal2_radiance 2]
subset_0_of_S3A_OL_1_ . C MERIS L2 FLH ower baseline band name: 4
Upper baseline band name__ MERIS L2 MCI Upper baseline band name:  0al0_radiance o
Target Product Sionl bard Gl bard Oal1.radi o
- : n
s ignal band name gtg: t; LLE: Signal band name: all_radiance %)
3T181727_0119_018_122 MR1_R_NT_002_flhmci Line height band name: Line height band name: ~ MCI
Saveas: BEAM-DIMAP E Generate slope parameter Generate slope parameter
Directory: Slope band name: Slope band name: MCI_slope
demy/20180412_BSH_Copernicus/data/wasser ... Mask expression: Mask expression: lity_flags.invalid
Open in SNAP Cloud correction factor: 1.005 Cloud correction factor: 1.005
Invalid FLH/MCI value: NaN Invalid FLH/MCI value: NaN
QRUnl  Close QRiR  Close _.Run__ Close

L A

Cloud correction factor: 'If we use K=1, then FLH increases as radiance rises in thin cloud. We
correct this using K=1.005. This is what I mean by "reducing the effect of thin cloud.” We then find
a mask at band 7 level 1 at about 50 radiance units gives a good picture. Using the same formula on
level 2 reflectance data requires a mask at about .017 reflectance in band 7. , J.F.R. Gower.
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Expression: Use the basic operations to add the

MCI index. You must replace each @ by selecting
Basic operations: models by default. required radiance bands.
You must replace "@” by specific data. 1 ‘
Excluding land and bright pixels
1’ Band Maths Expression Editor Without any COﬂStraint&: (indicator for CIOUdS):
Data sources: Expression: Expression: - -
?Oa‘JB_zadiance ~ e+ @ Oall_radiance - Oal0_radiance - (0al2_radiance ‘quallt'i'j-.lags_land_or 3“61_'1:%'—’lagf-brlght ?
loaos radiance - 0al0_radiance)*(708.7-681.25)/ (753.75-681.25) [Rallizz:0all_radiance:~ Oalf radisnce:-
. ; N7 i=is {0al2_radiance -
Oal0_radiance = - Oal0_radiance)* (708.7-681.25)/(753.75-681.25
IOaLL_:adiance @ ere
IOal:_:adiance e/ e
EERT (@)
{Cal4_radiance
I Constants... v
|Oals_radiance v
o baris Operators. .. v
Showmasks Functions. .. v
[[] Show tie-point grids P m 7% v =
e == g Missing 7.
[] show single flags = L @ i@
o 1 heb

Once you have added the expression, it is
automatically evaluated. If it is successful the

result is “Ok, no errors” and you can apply it.
OK to run the process.

If the expression is not correct, the
error will be pointed. Here, we need a
final parenthesis.
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1. Without any constraints:

Oall radiance - OalO_radiance - (Oal2_radiance -
OalO_radiance)*(708.7-681.25)/(753.75-681.25)

2. Excluding land and bright pixels (indicator for clouds):
quality flags land or quality flags bright ? NaN :

Oall radiance - OalO_ radiance - (Oal2_radiance -

OalO_radiance)*(708.7-681.25)/(753.75-681.25)
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Colour manipulation: is used to add a il S - il ® s gg Edtor: O Basic () Siders @ Table )

color palette or modify it. The colour e el e [ coor Value B3
. . . . Min: -29.477 T a853
manipulation label is found besides the - & &y ‘_} Ojg-j
o ough statstcs —_— :

Navigation label. There are three modes @ &, ) 0.543

to change the palette: basic, sliders and oo 573 | 2411
table. \ = 014
Basic: Drag and drop it to select a I 1_% o2
specific palette. Several colour palettes - |

are stored by default.

Display range: establish a Table: the value
PO T AT ) minimum an_d maximum value. range can be edited
Explore the image values. manuallv and
Colour ramp: @ % - . . . . y
= Sliders: As the white diagonal line . .

derived from cz_ch ] : . adjusted it
F . @ above the histogram indicates, the di
Sigiay cange colour palette will be linearly accor |.n_g to your
Min: Max: applied to the samples of the necessities.

0.6 0.4 current band. By moving a slider

4 with the mouse you can change its
Range from File Range from Data Sample value.
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« Parameters to be validated (most common): water leaving radiance or reflectance (Lw, pw),
transmittance (t), inherent optical properties (absorption —a- and (back)scattering —b-of several
substances), chlorophyll-a, suspended matter, yellow substance, turbidity, transparency.

* Methods used: linear regression statistics and its representation in scatter plots, histograms,
time series plots, target diagrams, transects, etc.

Target diagram:
0.882 0.864 ¢
-
[}
5 e
3 31
g il =
C2R (1 peeal,2 hours) FUB (3 pecals, hours) ; 1 [ ‘
! 3 I [
30 | |, \ M
- whk wan | k‘) \
0.956 0.846 ] ‘#h A [} ) ‘ _
’y‘f [® ’ o\ 3 o~ Summercruise 2012
@ JJ c"t-'aw %'vww D\-,\Qo“’o q,v"-}t"mk»‘f’ ™ o
3 [Ty = 0.9430x + 0.2857 |
M4 Dally entorophyll concentration 2010 Poth i pheeds o R? = 0.5668 - - —
— o s @ non otV EATIOL e s ’/
7 :;,) 40 25 ~ —
7 g T
15F (6 pxels, 3 hours) MC (6 pixels, 6 hours) " = 30
H 20 >
i. ge it
10 ' 4
00

I
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Name Lon Lat Label CHL TSM -GSV,
« Tabstop separated Station 1 8.433142 54.063217 Station 1 20 40 Xt
o A CSV file must have a header line Station_2 8.248533 54.270275 Station_2 10 20
specifvina the column names Station_3 8.100735 54.493687 Station_3 8 25
P ying Station_4 7.9993324 54.6678 Station_4 12 20
« Latitude: 'lat' or 'latitude’ Station 5 8.017196 54.945965 Station 5 13 18
R Longitude' 'lon’ 'Iong' or Station_ 6 8.073449 55.284126 Station 6 14 1
g itud ,' ’ Station_7 7.724219 55.33581 Station_ 7 16 4
Oﬂgl ude Station 8 7.6007733 55.081173 Station_8 14 2
 Column(s) with in-situ values Station 9 7.526144 54.820965 Station 9 20 3
. . Station 10 7.4434566 54.583225 Station 10 1 5
* Points, Lines, Polygons S - < S -
Station_ 11 7.329495 ©54.252396 Station 11 1 6
Station_ 12 7.2102094 53.997543 Station 12 4 2
Station 13 7.622393 ©53.926735 Station 13 6 5
Station 14 £.13969 53.970703 Station_ 14 3 15
# MULTIPOLYGONS
#
Vector f||e # Product: subset_1 MER RR__1PQBCM20030809 101416 000002002018 00466 07534 0168
# Created on: Thu Apr 12 14:48:36 CEST 2012
# Wavelength: 884.94403
org.esa.beam.Multipolygon Name:String Geometry:MultiPolygon radiance_l4:Double
0 multipolygon 1 MULTIPOLYGON (((10 47, 0 43, 6 40, 10 47)), ((2 39, 3 39, 2.5 38, 2 39))) 59.383057
1 multipolygon 2 MULTIPOLYGON (((8 38, 2 45, 8 42, 8 38)), ((3 35, 5 36, 3.5 39. 3 35))) 59.383057

IINIOAS Traming Course on Ocean Remote Sensing | 17-21 Jun 2023




Investigating the Ocean Color from Space

« Shapefile

ESRI shapefile

Points, lines, polygons

Import of elements as a whole or separately
-  MERMAID Extraction file

Points

PROCESSING_VERSICN;site;PI;lat_IS;lon_ IS;TIME IS;thetas_IS;POC;MOC;chl_IS;

MEGS_
MEGS_

G

n
m
O 0 0 0 0 o

7]

B e e
W QW
[ ]

.0;BOUSS0LE; DavidAntoine; 43.

.0;BOUSSCLE; DavidAntoine; 43

« SeaDAS 6.x Track

Points

367:7.

.367;7.
_8.0;BOUSSOLE;DavidAntoine;43.
.0;BOUSSOLE;DavidAntoine;43.
.0;BOUSSOLE;DavidAntoine;43.
.0;BOUSSCLE;DavidAntoine;43.

367:7.
367:7.
367:7.
367:7.

9;20030907T130033Z;42.
9;20030908T100033Z;41.
9;20030910T101533Z;41.
9;20030911T110034Z;38.
9;20030914T100033Z;43.
9;20030916T101535Z;43.
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237999;P00000100;M110110101101111010;1.
848999;P00000100;M110110101101111010;1.
10%001;P00000100;M110110101101111010;1.
824001;P00000100;M110110101101111010;1.
737999;P00000100;M110110101101111010;9.
101002;P00000100;M110110101101111010;9.

12E-01;
10E-01;
05E-01;
03E-01;
60E-02;
10E-02;
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@ snap M Edit View Analysis Layer Vector Raster Optical Radar Tools Wi

' [1] & OpenProduct..  _20170527T101155_20170527T101355_20171018T181727
. : — | Reopen Product > : : : -
a s | ; o & I T7 2 er €
With the cursor on & "8 | o) Product Library P or Al @ 18 |w

the name of the
iImage, go to File
- Import 2>

= Close All Products

» [ Metada
’roducts
Vector Data =2 > & FlagCd
Vector from CSV » [C1 Vector  Save Product
» (21 Tie-Poi  Save Product As...

3 Bands
» 1 iop Session
v &3 con Projects

Import file:
fake NorthSea 2
012 import _in-

VRAVY VY

o | DEM >
situ.txt Fd = Export Generic Formats >
» (22 rhown Optical Sensors >
» 23 unc SAR Formats > M
[ quality_flags SAR Sensors > #
[E c2rec_flags Vector Data > Vector from CSV
(1 Masks

ESRI Shapefile
MERMAID Extraction File
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Investigating the Ocean Color from Space

'® @ Import CSV Data

The vector data are not associated with a coordinate reference system (CRS).
Please specify a CRS so that coordinates can be interpreted correctly.

Coordinate Reference System (CRS)

With the cursor on © Use target CRS  WGS84(DD)

the name of the CLEOMCES

|mage, gO to Fl Ie Geodetic datum: World Geodetic System 1984

9 I mpO I’t 9 Projection: Geographic Lat/Lon (WGS 84) ' .

Vector Data = [ ® Point Data Interpretation

Vector from CSV SNAP can interpret the imported point data in various ways.
predefined oS Please select:

Import f”e:_ & © Leave imported data unchanged

faked—lnSItu—ZOj‘ Interpret each point as vertex of a single line or

90618.txt polygon

(This will remove all attributes from points)
Interpret each point as track point

“ Cancel Help
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Investigating the Ocean Color from Space

(3 Metadata

X
(3 Flag Codings Station9
& Vector Data
a3 pins
th ground_control_points X
th fake_NorthSea_2018_import_in-situ Station'-10
(2 Tie-Point Grids

3 Bands
» (23 iop
v & conc
E1 conc_tsm
Ed conc_chl
» (2 rhown
» (3 unc

-4

0° ol(2) 5 2
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Investigating the Ocean Color from Space

View > Tool Windows —2>Layer Manager
Product Explorer £ [ Pixel Info | ’ﬁ [1] conc_chl € Layer Manager @
- v : 1] R v Vector data +
» [ Metadata ) - % pins -
» (3 Flag Codings S tion p i pdi =
v G Vector Data ground_control _pomt '
e =3
[=N ground_control_points v Masks . QC
[=N fake_NorthSea_2018_import_in-situ quality_flags_land
» (2 Tie-Point Grids quality_flags_coastline ﬁ
v &3 Bands quality_flags_fresh_inland_water
» O3 iop quality_flags_tidal_region I
v & conc quality_flags_bright .
Ed conc_tsm quality_flags_straylight_risk
E] conc_chl \ quality_flags_invalid =
» (3 rhown ptation=it quality_flags_cosmetic
» (3 unc . 3 quality_flags_duplicated
ptationsg Station 14 g quality_flags_sun_glint_risk
blaiiaa .. ICoIour... IUncert... ]warld ILay... L__ / StationW5 e quality_flags_dubious
[ Fill: | il Station'12, ¥Stationk13 » quality_flags_saturated_0a01
= e : 5 o quality_flags_saturated_0a02
Zopacily: = quality_flags_saturated_0a03
Stroke: quality_flags_saturated_0Oa04
Stroke-opacity: .0 quality_flags_saturated_0a05
2 quality_flags_saturated_0a06
SHoke it - quality_flags_saturated_0a07
Symbol: circle B quality_flags_saturated_0a08
Transparency:
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Investigating the Ocean Color from Space

Investigate how the satellite data and in situ data match by using the
correlative plot: Analysis = Correlative Plot

; ®0e [Empty]

= L dkd P QY o 4] |82 II\J_»‘_ Y, & BB Y v ¥ ¥¥ v |QsSerch(@+)
= ' . =

» [ Metadata

» [ Flag Codings

Station'9
v &3 Vector Data
th pins
£ groun
B fake_| Correlative Plot €3 I
» [ Tie-Point .
it Correlative Plot ¥
> O iop 1.01|
v & conc ’ Use ROI mask:
O c .3 quality_flags_land =4
El co - 0.8]| a
» £ rhown + No correlative plot computed yet. oTaioe 12
» (@ unc <E 0.7 To create a correlative plot X slize: v
SoElert R L Point data source:
- ~ g‘ 0.6 ~Select vector data (e.g., a SeaDAS 6.x track)
Naviga... £ | Col & -Select the data as point data source o)
= 05 -Select a data field
5 For more information about this plot Data field:
| 0.4 hit the help button at the bottom right. =
c | TIP: To zoom within the chart, draw a rectangle <
8 0.3 with the mouse or use the context menu.
X-Axis
0.2
v Auto min/max
nn
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Investigating the Ocean Color from Space

® @0

Correlative Plot £ I

The box size

. = indicates the
Correlative Plot ¥ = » .
- == number of pixels
18 1] quality_flags_land A ,:7:1; around the central
7] Bokslzat 5 Ioca_tlo_n to calculate
16 o . statistics: mean,
15| oint data source: , t dard d iati
Vi fake_NorthSea_2018_import_in-situ ia Sstandar evia -IOﬂ
: (plotted as vertical
5 Damafield: ) lines from the
$ 12 CHL i int)
E — oint).
2 i X-Axis (CHL) b
£ 1: Auto min/max 4 Indicate the source
5 ./ Min: 0.0 of the point data to
¢ | R plot together with
8 4l togT0recaed the satellite data.
51| Y-Axis (conc_chl)
4 ‘ Auto min/max
| Min: 0.0
2 i
11| Max: 18.842
0t Log10 scaled

- ) - 6 7 8 9 10 11 12 13 14 15 16 17
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Investigating the Ocean Color from Space

Correlative Plot

Correlative Plot = [ »

18 1 fake_NorthSea_2018_import_in-situ K

i Data field:

il ,} CHL i The uncertainty

15 { :

o] e allowed boundaries

) ; ALTo min max can also be plotted
7 12] e O and percentage
E g4 M7 3 change to match
E 10 conventions.
c Log10 scaled . .
= 91 The regression line
5 8 Y-Axis (conc_chl)
d : can also be shown.
e 7] Auto min/max
8 61 Min: 0.0

51 Max: 18.842

4 Log10 scaled

3 |

2 P

y = 0.73683494x + 0.22946693
11 R? = 0.73531 Show tolerance range J
0k - - - - - - - - - — 4 I' 2U.U
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
CHL Show regression line
_._line regression line ® CHL : : [Zf @ E; @‘
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Investigating the Ocean Color from Space

[ )

Extraction of data with Pixel Extraction Tool: using pin locations, we will extract

information from the image and expert in a .csv or .txt file

For extraction of match-ups and time series generation using external tools.

Station1 1 ageswei te

SPM Konzentration (ug/l)
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Investigating the Ocean Color from Space

Raster - Export - Extract Pixel Values

® @ Pixel Extraction
Optical Radar Tools Window Help = o File Help
Band Maths... T181727_0119.018_122 Ruliyeliioligy  Parameters
5 Q; ]ﬁ{ Z Q% E Source Paths: (1] subset 0_of S3A OL 1 EFR__ 20170527T1011 P &

Propagate >ertainty..
I
i Geo Codlng Dlsplacement Bands...
Subset...
Geometric Operations >
DEM Tools > = e - o T
Ime extraction: xtract time from product filename
Masks | 2 St . 2
. ate/ lime pattern:
Data Conversion > vy
/Yyyviviaa
Image Analysis > )
e i Time extraction pattern in filename:
Classification > T T
: ${startDate}*${endDate}
Segmentation > : I
= utput directory: 4 H i
Export > Extract Pixel Values p ry: ademy/20180412_BSH_Copernicus/data/wasser

Mask Pixels ©  File prefix: PiXEX
Transect Pixels §

Pixel-Info to Clipboard

WSS o v
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Investigating the Ocean Color from Space

Raster - Export - Extract Pixel Values

® o
File Help

Coordinates:

Allowed time differ...

Export:

Window size:

Pixel value aggrega...

Expression:

Sub-scenes:

Google Earth export:

Match with original...

Pixel Extraction

Input/Output BElE G E G
S —
Name Latitude Longitu... DateTime (UTC)

<
<«
<«
<«

N

Use time difference constraint

Bands Tie-point grids Masks
E]
no aggregation )
Use expression Edit Expression
Note: The expression might not be applicable to
Use expression as filter
Enable export Border size: 0

Export output coordinates to Google Earth (...

Include original input

Close

AUU COOTamdie
Add coordinates from file...

3x3

Help
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® o

nput/Output [IETEUETEY

Coordinates: Name Latitude Longit... DateTime (UTC) +
Station_1 54.0632 8.4331
Station_2 54.2703 8.2485
Station_3 54.1937 8.1007

Station_4 54.2679 7.9993

Allnuind tima Aiffar

1en Slonn diffacamcn canctontias

Pixel Extraction

File Help

ra T

Input/Output

Allowed time differ... Use time difference constraint

Export: Bands Tie-point grids Masks
Window size: 3liic
Pixel value aggrega.. gvames aggregation ’
; mean

Expression: 5

min

max

median

USE eXpression as TIter

Sub-scenes: Enable export Border size: 0

Google Earth export:

Match with original... Include original input

Export output coordinates to Google Earth (...

3x3



Investigating the Ocean Color from Space

® ® Expression Editor
- . ble of d pixel Il band
Data sources: Expression: Table of extracted pixels, all bands
i lquality_ flags.la 1 f i d d
quality flags.land ¢ and ¢ Iquality flag * List of input products (product ID
uality flags.coastline : .
q = Y 9 quality flags.bri
quality flags.fresh_inland water R or @ ght
quality flags.tidal region
quality flags.bright not @ 800 pixEx C2RCC_OLCL measurements.
- - - Insert  Page Layout  Formutas
quality flags.straylight risk rpEsTE
7 T 7 @ ” Calibri (Body) = 12+ A= A = | &= 79 Weap Text General . b v . i ~° Ay
quality flags.invalid (&) . - * o ? =pete +  §v 2
= = paste B I U+ _+ S LA = = = eE eE [ MegebCewer G % ) %5 5 Conditonsl Format O S . sona
quality flags.cosmetic > - Formatting 35 Toble Styles & Format 7" e
Constants. .. & PP i staton1 -
Show bands X . e ; ‘ ; G " « x o a "
Operators... B 1 % SNAP el extraction export table
Show masks B 2
3 8 Window sire: 3
" s ( 4 8 Dxpression: Iquality_flags land or quality_flags bright
Show tie-point grids Functflons. .. | © e 5 (Bt
5= mod
i —p 1l 7 8 Wavelengt 0 @
Show single flags e — e e o o
# [Station 1 BAINAY 54063217 Station 1 165 40 POINT (843! o 54065451 430802 28085 2005 27/05/2017 101205 22629760 0013277
o 10 | Station_1 8433142 54063217 Station 1 165 40 POINT (8432 o 54.064759 95 2005 27/05/2007 101205 272629760 00114532
“ Cancel He|p 11[Stvon 1 BA3NA2 54063217 Statien 1 165 20 POINT (8.43: 0 $4.064086 25105 2605 27/05/2017 101205 272629760 00113430
12 | Station_1 BA3NA2 54063217 Station_1 165 40 POINT (843! o 54062918 28085 2415 27/08/2007 101205 272629760 00114993
1sttiond  BANIAY 54063217 Statien t 165 0 POINT (843! o 4062226 WS 2415 27/05/200 101205 2162970 Q010K
14 | Station_1 BA33142 54063217 Statien_ 1 165 40 POINT (8431 L S4061534 8105 2415 27/05/2007 101205 272629760 00121494
o v ¥ ~ 15 [ Station_1 BA3342 54063217 Station 1 165 40 POINT (8.43: 0 54.060385 28085 2425 27/05/2007 101205 272629760 0.0121606
Expression: v Use expression Edit Expression... 16[station 1 BA33E2 54063217 Staton 1 165 0 POINT (8,431 o 54059633 28005 2425 /05/2007 101205 272629760 00120606
17|Station 1 8433142 54063217 Station 1 165 40 POINT (43! o s4.055001 W05 2425 27/05/201) 101205 27262970 00123635
18 Station_2 B248533 54270275 Station 2 03 20 POINT (8281 ) S4.273741 27415 1765 27/05/2007 101203 272629760 00100260
19 Station_ 2 8248533 54270275 Station 2 6 20 POINT (824 o 54273055 7S 1765 27/05/2007 101203 272629760 0.0113544
20 Station 2 8248533 54270275 Station 2 6 20 POINT (824 o 54272369 27435 1765 27/05/2007 101203 272629760 00114355
U 21 Station_2 B248533 54270275 Station_2 6 20 POINT (8284 ) $4.271206 7418 1775 27/08/20017 101203 272629760 00084598
2 8248533 54270275 Stavion 2 6 20 POINT (8241 o 4200519 nas 1775 27/08/2007 101203 272629760 Q.00%SI%
. . . 4 8268533 54270275 Statien 2 6 20 POINT (8241 0 54260834 7435 1775 27/05/2017 101203 272629760 0.0081E
Note: The expression might not be applicable to... » 8288533 54270275 Statien 2 6 20 POINT (821 0 54268669 7418 27/05/2007 101203 272629760 00082025
8245533 54270275 Station 2 6 20 POINT (8281 0 54.267583 27425 27/05/2017  10:1203 272629760 0.0086623
g B248533 56270275 Staven_ 2 6 20 POINT (824 o 4029 s /0872007 101208 272629760 00101738
A e ), RI0073S 54193687 Station_3 51 25 POINT (830 ) 5420771 mss 27/05/2017 101204 A194304 0.0074666
l Use expression as filter = 8100735 54193687 Stavion 3 51 25 PONT (81X 0 54197033 65 27/05/2017 101208 4194304 00093413
s 8100735 54193687 Station_3 s1 25 POINT (810 o 54196357 s 27/05/2007 101204 4194304 0.007805
8100735 54193687 Station_3 51 25 POINT (8100 o 4195173 mss ajos 207 10:12:04 ALM304 00065454
. 8300735 54193687 Staton_3 1 o 54194496 mes /812007 101204 4194304 000623
Sub-scenes: Enable export Border size: 0 e s e = o L e e e
Google Earth export: Export output coordinates to Google Earth (... 3 3 . . | . . h ” b d f h |
Match with original... Include original input ] I? bl
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Investigating the Ocean Color from Space

*  Without independent validation, satellite data products lack credibility.

« The main problem for a good validation is the scarcity of matched data sets consisting of
reliable in situ measurements, and the estimate of the same variable retrieved from
satellites.

* Another problem is the mismatch between a single point sample and the area average
acquired from the remote sensor

* The definition of match-ups: is the value of an ocean variable determined from EO with
an in situ measurement coincident in space and time.

* The algorithm should be tested using data spanning the whole range of variable values,
and this is often difficult to achieve (several in situ campaigns).

* Some limits should be establish when interpreting data. Usually a +35% of permissible
limit is established.
« Validation activities should continue over the whole like of a mission.

+ Consistency in the treatment of the complete time series of data from a mission should
be ensured (several re-processing and validation tests, even when the mission has
ended).
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Investigating the Ocean Color from Space

2. Ocean synergy
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Investigating the Ocean Color from Space

Spatial and temporal aggregation for analysis of time series and trends
Study correlation between parameters
Working with different sensors: collocation
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Investigating the Ocean Color from Space

1. Spatial and temporal aggregation
 Open three OLCI WRR L2 images
« Calculate the average product (L3)

« Parameters of interest: chlorophyll concentration, suspended matter
concentration

« Investigate the L3 product and find the sources of artefacts
2. Combination of products:

« Collocation of OLCI and SLSTR products

« Analysis of the combined product:

« overlay the chlorophyll concentration with the SST band

« analyse both parameters by swiping and blending

« show the correlation of both parameters in a scatterplot
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Investigating the Ocean Color from Space

Spatial and temporal aggregation

S3A_OL 2 WFR 20190622T101006 20190622T101306 20190623T203014 0179 046 122 1980
_MAR_O_NT_002.SEN3

S3B_OL 2 WFR 20190618T093412_ 20190618T093712_20190619T163055 0179 026 307_1980
_MAR_O_NT_002.SEN3

Combination of products:
S3A _OL_2 WFR 20170508T151414 20170508T151614 20171108T175554 0119 017 239
_MR1_R_NT_002.SEN3

subset_0_of S3A SL_2 WST 20170508T022010_20170508T040109 20180929T011826 6059 0
17 231 MR1_R_NT_ 003
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Investigating the Ocean Color from Space

Temporal and spatial aggregation is needed for several applications. It reduces
the scatter in time and space and is therefore good for analysing large data
sets, e.g. full satellite archives. The temporal interval and the spatial resolution
iIs driven by the question to be answered. Often those products used for further
analyses such as heatmaps or time series plots and can be correlated to other
data sets.

NLC2 1 2 3 4 5 6 7 8 9 10 11 12
2006 95 45 105 3.5 41 40 37 39

ABE, spatial aggregate
2007 3.0 23 40 99 76 46 54 29 36 36
T 2008 11 27 56 128 82 74 52 49 38 29 36

2009 29 32 61 88 110 51 40 44 28 17 29

2006

5

2008

»iﬂsﬂ
. BT
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2010| 30 20 62 113 46 110 85 58 50 44 37 56

2011| 38 21 2As- 63 66 46 35 35

mean Coast Colour turbidity [FNU|




Investigating the Ocean Color from Space

m Vpuvai nauai 1w vuavw neiy 0
Band Maths... N
| Band: QA Click here to add
the WRR products

Geo-Coding Displacement Bands..

Subset...

Geometric Operations > Level-3 Binning

DEM Tools > Mosaicing GCP  am .

Masks > Reprojection - @ '@ (Y iviviviyi| Q-Search (38
Data Conversion > Resampling . ) N : : : :

Image Analysis > Multi-size Mosaic SR Filter Conflgu ration

Classification > Collocation

Segmentation >

Export > 4

@® ® Add product

[1]1 S3A_OL_2_ WRR___20170811T104539_20170811T104739_20171221T224636_0119_021_051 MR1_R_NT_002.SEN3
[2] S3A_OL_2_ WRR___20170819T103812_20170819T104012_20171221T232557_0119_021_165 MR1_R_NT_002.SEN3
[3]1 S3A_OL_2_ WRR___20170831T102659_20170831T102859_20171222T002326_0119_021_336 MR1_R_NT_002.SEN3

v Select all Select none

- Canral
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Investigating the Ocean Color from Space

@ S Binning
File Help

1/0O Parameters m Configuration

Spatial Filter / Region
© Compute the geographical region according to extents of input products

Use the whole globe as region

Enter WKT:
Specify region:
Temporal Filter
Time filter method: NONE ﬂ
Start date yyyy-MM-dd( HH:mm:ss

“ Close Help
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Investigating the Ocean Color from Space

Selection of bands to be averaged

Specification of the aggregator

Definition of intermediate
variables (e.g. band combinations)

Valid pixel expression
(important!!)

Spatial resolution: In our case we
will use a 10km/pixel

IINIOAS Traming Course on Ocean Remote

File Help
1/O Parameters Filter Configuration

@+

Aggregator Source Bands Parameters

Target Bands

AVG TSM_NN

AVG CHL_NN targetName =

weightCoeff = 0.0
outputCounts = false
outputSums = false

CHL_NN_mean

weightCoeff = 0.0 CHL_NN_sigma
outputCounts = false

outputSums = false

targetName = TSM_NN_mean

TSM_NN_sigma

Intermediate Source Bands (optional)
¥ b

Name Expression

Valid pixel expression:
#Rows (90N - 90S): 40076
Spatial resolution (km/px): |p.5

Super-sampling: 1

'GIN and not WQSF _Isb.OCNN_FAIL

default

Sensing | 17-21 Jun 2023

Help

Edit Aggregator

AVG

Source band name: CHL_NN

Target band name prefix (optional):
Weight coefficient:
[] Output counts

[] output sums

Cancel

{3 Expression Editor
Datasources:
[WQSF_1sb.INVALID ~
[WQSF_1sb.WATER
[WQSF_1sb.LAND

@ and @
@ore

WQSF_1sb.CLOUD =
WOSE_1sb.CLOUD_AMBIGUOUS (@

[WQSF_1sb.CLOUD_MARGIN Constants. ..
[WQSF_lsb.SNOW_ICE
QST 1s — Operators. ..

WQSF_1sb.INLAND WATER v

Functions. ..

[[] show bands

[J Show masks

[ Show tie-point grids
Show single flags

Expression:

not WQSF_1sb.CLOUD and not
WQSF_1sb.CLOUD_AMBIGUOUS and not
WQSF_1sb. MARGIN and not

- .OCNN_FAIL and not
WQSF_msb.ANNOT_TAUO#

Ok, no errors.

Cancel Help




Investigating the Ocean Color from Space

CHL_NN and TSM_NN,
with 10 km/pixel
sy

spatial resolution

&) (4] CHL_NN_mean ENEN EX (=) @ (4] CHL_NN_sigma ¢

~
~
-
-
Ot
CJ
%

. Y 4
|||\_\" Lo

Product Explorer € | Pixel Info | 5
» & [1]S3A_OL_2_WRR___20170811T104539 201708111
» &= [2]S3A_0L.2 WRR__20170819T103812_201708191
» & [3]S3A_0OL_2_WRR__20170831T102659_201708311
v = [4] level-3
» (1 Metadata
» (21 Vector Data
v {3 Bands
B num_obs
2 fnum_passes|
B CHL_NN_mean
&4 CHL_NN_sigma
TSM_NN_mean
B TSM_NN_sigma
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Combining information from different sources is key for a good analysis of the environment.
The influence of the temperature and upwelling on the chlorophyll production is one example.
Where phytoplankton grow depends on available sunlight, temperature, and nutrient levels.

When cold and nutrient rich deep water reaches the surface, phytoplankton starts to grow in
the combination with sun light.

Coastal upwelling systems represent less than 1% of the total area of the oceans, but are

responsible for about 11% of the world oceanic primary production (Chavez and Toggweiler,
1995).
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Investigating the Ocean Color from Space

The collocation tool enables to combine two different data sets to the
same raster. The raster is defined by the master product.

LCOC Optical Radar Tools Window Help 3 = o 84 1@ @

Collocation
I Band Maths... 183524_0179_021_051_2340_M. ! File Help
' Filtered Band... 9 @ l&: l._. Z \} SourceProdicts

tainty — Master (pixel values are conserved):
l: Geo-Coding Displacement Bands...

| [6] subset_0_of_S3A_SL_2_WST. 20170508T022010_2017050... E
Subset... |

DEM Tools > Slave Products
Level-3 Binning [1]S3A_OL_2_ WFR___20170508T151414_20170508T151614_20171108" 4

Masks »  Mosaicing -
[ Data Conversion > Reprojection

Image Analysis > Resampling

Classification >  GeFolki Co-registration Target Product

Segmentation > Multi-size Mosaic Name:

Spa | chockion collocate_SST_CHL

Saveas: BEAM-DIMAP %)
l Directory:

/Users/Anita/Desktop/OTC2019_Creece/Data/SLSTR_L2/SLSTR_L2

The bands of the input products °”*”'"fss”"" —
. Renaming of Source Product Components
can be pre or post fixed

Rename slave components:  S{ORIGINAL_NAME}_SS{SLAVE_NUMBER_ID}

Rename master components: ${ORIGINAL_NAME} M

Resampling

Specification of interpolation
| method

Method: Nearest neighbour resampling E

I yee— Claca
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Investigating the Ocean Color from Space

sea_ice_fraction_M
sea_ice_fraction_dtime_from_sst M

sses_bias_M
sses_standard_deviation_M
sst_algorithm_type_M
sst_dtime_M
sst_theoretical_uncertainty_M
wind_speed_M
wind_speed_dtime_from_sst_ M
WQSF _Isb_S
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Mask Manager ¢ l

Investigating the Ocean

Color from Space

@ Name
WQSF_Isb_WATER_S
WQSF_lsb_LAND_S
WQSF_Isb_CLOUD_S
WQSF_Isb_CLOUD_AMBIGUOUS_S
WQSF_Isb_CLOUD_MARGIN_S
WQSF_Isb_SNOW_ICE_S
WQSF_Isb_INLAND_WATER_S
WQSF_Isb_TIDAL_S
WQSF_Isb_COSMETIC_S
WQSF_Isb_SUSPECT_S
WQSF_Isb_HISOLZEN_S

[7) CHLLNN_S

Type Colour Tran... Description

maths [ 0.5 WQSF_Isb.WATER

Maths [ 0.5 WQSF_Isb.LAND

Maths 0 WQSF_Isb.CLOUD

Maths 0 WQSF_Isb.CLOUD_AMBIGUOUS
Maths 0 WQSF_Isb.CLOUD_MARGIN
Maths 0.5 WQSF_Ish.SNOW_ICE
Maths [ 0.5 WQSF_Isb.INLAND_WATER
Maths [ 0.5 WQSF_Isb.TIDAL

Maths | 0.5 WQSF_Ish.COSMETIC
Maths B 0.5 WQSF_Isb.SUSPECT

Maths | 0.5 WQSF_Isb.HISOLZEN

Product Explorer ¢ ] Pixel Info

f(x) [x]
N

v & [7] collocate_SST_CHL
(2 Metadata

3 Index Codings

(3 Flag Codings

(23 Vector Data

3 Bands

il

4

4VvVYyYy

*nedt*_M
*Oa*_reflectance*_S*
*0a*_reflectance_err*_S*
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Investigating the Ocean Color from Space

What to do:

« overlay the chlorophyll concentration with the SST band
« analyse both parameters by swiping and blending
« show the correlation of both parameters in a scatterplot

Products:

« Computed collocation product: collocate SLSTR_OLCI.dim
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Investigating the Ocean Color from Space
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Investigating the Ocean Color from
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Investigating the Ocean Color from Space
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Investigating the Ocean Color from Space

Scatter plots can be generated
for a region of interest defined by
a mask or a region.

Input bands need to be quality
controlled for a generating a valid
scatter plot.

Select are of interest using a

geometry. This will be
automatically converted into a

mask.
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Investigating the Ocean Color from Space

« The L3 binner is one of many processors that are available in SNAP. They follow all
the same structure (input/output, parameters) and they generate new products. All
processors can also be called by command line by using the gpt framework of SNAP.

« Aggregated products are a first step for further analyses of large data archives. The
quality of the input products is very important and a good valid pixel expression is
mandatory.

* Overlays can be a good tool to combine visually different parameters. Products need
to be in the same raster, this can be reached by the collocation operator.

« All analyses of data need a careful data handling and quality control by eliminating
invalid pixels. The scatter plot tool is one option to analyse two data sets.

« SST and CHL have an inverse correlation in the upwelling zone at the Portuguese
coast.
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Investigating the Ocean Color from Space

With appreciation and thanks to

ESA

A. Ruescas, K. Stelzer, C. Brockmann

| hope you learnt a lot!
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