UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 13 - TUTORIAL

Marine applications: deriving nearshore bathymetric
model with Sentinel 2 data using SNAP software

- UNIVERZITA FUNDED BY EUROPEAN SPACE AGENCY UNDER
@ esa (@f USTAV GEOGRAFIE PAVLA JOZEFA SAFARIKA THE PLAN FOR EUROPEAN COOPERATING STATES,
Pr

rodovedeckd fakulta UPJS v Kogiciach V KOSICIACH 7l AL FOIR ELOWAR



1 | Exercise outline

In this exercise,we will:

Learn the basic steps to derive near-shore bathymetry based on S2
images

Preprocess the image to correct for atmospheric effects

Identify and select appropriate bands for bathymetric analysis,
particularly focusing on near-infrared (NIR) and shortwave infrared
(SWIR) bands which penetrate water more effectively.

Utilize empirical relationships to estimate water depth based on
reflectance values in selected bands.

Visualize the derived bathymetry map to interpret and analyze
water depth variations across the coastal area.
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2 | Background

Deriving bathymetry using Sentinel-2 data

Deriving bathymetry, or the measurement of water depth, using Sentinel-
2 data involves leveraging the satellite's multispectral capabilities,
particularly in the near-infrared (NIR) and shortwave infrared (SWIR)
bands, to penetrate water and assess bottom reflectance. While Sentinel-2
imagery is primarily designed for land observation, it can still provide

valuable information for coastal and shallow water applications.

Our approach to derive bathymetry from Sentinel-2 data involves
exploiting the attenuation of light with depth in water. Water absorbs and
scatters light as it penetrates deeper, with longer wavelengths like NIR
and SWIR being less affected. By analyzing the reflectance values of these
bands in shallow coastal areas, researchers can estimate water depth

based on the relationship between reflectance and depth.

For bathymetric estimation in this exercise we use satellite imagery and
empirical models that establish relationships between satellite-derived
refleccance values and measured water depths from field surveys. By
calibrating the model with ground truth data, researchers can predict

water depth from reflectance values in Sentinel-2 bands.

Challenges in deriving bathymetry from Sentinel-2 data include
atmospheric effects, water surface roughness, and bottom substrate
variability. Additionally, accurate ground truth data for calibration and
validation are essential for ensuring the reliability of bathymetric

estimates.

Despite these challenges, Sentinel-2's frequent revisits and high spatial
resolution make it a valuable tool for coastal and shallow water
bathymetry mapping, aiding in coastal zone management, environmental
monitoring, and habitat mapping. Ongoing research continues to refine

and improve bathymetric estimation techniques using Sentinel-2 data.
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2.1 Study area and data used

For this exercise, we will use Sentinel-2B image of the area Is Arenas
Biancas, south of Cagliari, with its expanse of white sand, a vivid blue
seabed and dunes covered in greenery behind it, using the Tile Number
*32SMJ* downloaded for 26 August 2023 from the Dataspace Copernicus
Open Access Hub [@https://dataspace.copernicus.eu/].

2.2. SNAP - Sen2Coral
Open SNAP Desktop and check if the Sen2Coral Toolbox that we will need
for this exercise is installed. The Sen2Coral Toolbox is a SNAP extension
dedicated to the mapping (habitat, bathymetry, and water quality) and
detection change for coral reef health assessment and monitoring.
Navigate to Tools - Plugins and check whether the Sen2Coral Toolbox is
Installed in the Installed tab. If it doesn’t appear there, go to Available
plugins and install it. To complete the installation process, restart of the
application is needed. After that, you can check if it was installed
succesfully - Navigate to Optical - Thematic Water Processing -
Sen2Coral plugin should be there.

B Piugins X

Updates Available Plugins (32) Downloaded Installed (8) Settings

Check for Newest Search:
B 1 i B T«
Install Name Category Source !
'| Sen2Coral Toolbox Kit Module
[[] NovaSAR Product Reader SNAP Commu... i A
¥  Sen2Coral Toolbox Kit Module ~ SNAP Support... i) m Community Contributed Plugin
[] Ssentinel-2 Toolbox OTB Adapt... SNAP Support... gy
[J 1dePix ProbaV SNAP Support... i Version: 1.0.0
[ Sentinel-2 SEN2COR 2.11.0P... SNAP Support... (i Date: 7/6/22
[[] Sentinel-2 SEN2COR Processor SNAP Support... (i Source: SNAP Supported Plugins
[ 1dePix MODIS SNAP Support... iy https: //qithub.com/senbox-ora/sen2coral /sen2coral-kit
[] Sentinel-2 SENZTHREE Proces... SNAP Support... (i
[J IdePix Spot VGT SNAP Support...  {f Plugin Description
[] IdePixLandsat8 SNAP Support...  {f
[ IdePix virs SNAP Support... (i The Sen2Coral Toolbox is a SNAP extension dedicated to the
a mapping (habitat, bathymetry, and water quality) and detection
[ 1depix OLCI SNAP Support...
~ change for coral reef health assessment and monitoring.
[] Ssentinel-2 SEN2COR280 Proc... SNAP Support... g v

1 plugin selected, 1IMB
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2.3. SNAP - Open and explore product

Open SNAP Desktop, click Open Product and open downloaded Sentinel-2
product (unzipped) by double click on the metadata ,MTD_MSIL2A.xml|"
inside the folder. The opened products will appear in Product Explorer

window.
S2B_MSIL2A_20230826T100559 _NO509_R022_T32SM] 20230826T134424.SAFE

Display the product using e.g. True color composition:
Right click on the product - Open RGB Image Window - select Sentinel 2

MSI Natural Colors.

¥ select RGB-Image Channels % B 111 84 - [S2B_MSIL2A 20230826T100559_N0509_R022 T32SMJ_20230826T134424] .. — m] X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help |Q~ Search (Ctrl+1
Profile: ~ N - ~op [ A ae
. e T S e L - @ GCP g ="=< o< D GCP N\ vy
Sentinel 2 MSI Natural Colors M| El ﬂ = %> ﬁ % ‘® ® '® x" oax k| & (D‘ }+ W AR D D'- ¥
Red: B4 o Pro«fuct Explorer X - IH [1] Sentinel 2 MSI Natural ColorsRGB X} v O =
+-& [1] S2B_MSIL2A_20230826T 100559 % ¢ |~
o <
[] fixed range { &
g
Green: B3 v %
[[] fixed range g - 2
X =
Blue: B2 v Q
[[] fixed range Q
[[] Store RGB channels as virtual bands in current product ®"
1:294.21 I 00 = @
= S Zoom - Level - Pixel Spacing: —m —m @

For this exercise, only bands with a spatial resolution of 10 meters will be
employed: the Visible Blue (B2), Green (B3), Red (B4), and Near Infrared
band (B8) due to their strong linear correlation with water depth. The
NIR band is utilized for land masking.

To view these four bands in the View Window, navigate to the Bands
folder of the image and double-click on them (B2, B3, B4, B8). Ensure
synchronization of views by going to the Navigation tab in the lower left
(red arrow) and confirming that the cursor and views are linked.

@ (183

o

Product Explorer X — || (182
@ 81 (443.0nm) ~ : TN
[ 52 (4%0.0nm)
B 83(560.0 nm)
[ B84 (665.0nm)
[ 85 (705.0 nm)
[ 86 (740.0 nm)
B 87 (783.0nm)
B 88 (842.0 nm)
B ssA (865.0 nm)

1abeueyy 124e [m

BR_on inac A v
X =
&
e
|
@ |
S
By
1:355.34 | | o H@
Zoom - Level — P;el Spacing: --m --m 2
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2.4 Resample

The Sentinel-2 products consist of 13 bands with varying resolutions,
impacting their sizes. Since several operators in the SNAP toolbox cannot
handle products with bands of different sizes, it is necessary to initially
resample the bands to ensure uniform resolution.

Navigate to Raster - Geometric - Resampling.

In the I/O Parameters tab, set the name for the "Target Product," as
S2B_20230826_resampled and set the Directory where the resampled
product will be saved.

In the Resampling Parameters tab, under "Define size of resampled
product,"” select: By reference band from source product: B2.

Click Run. After the process is completed, if a window appears, dick OK.
Close the Resampling Window.

A new product [2], named S2B_20230826_resampled appeared in
the Product Explorer Window.

B Resampling X EResampling X
File Help File Help
1/O Parameters Resampling Parameters 1/O Parameters Resampling Parameters

Source Product Define size of resampled product

Name:

® < B2
[1] S28_MSIL2A_20230826T100559_N0509_R022_T325M]_20230826T 134424 = [ M T R = AR e
Resulting target width: 10980
Ot Orachict Resulting target height: 10980
Name: (O By target width and height: T

IR

$2B_20230826_resampled Target

Save as: BEAM-DIMAP v

Directory: (O By pixel resolution (in m):
2Z:\ESA_ENEUM\exerdise_13

Open in SNAP

Define resampling algorithm

Upsampling method: Nearest v

Downsampling method: First v

Flag downsampling method: First ~
[[] Advanced Method Definition by Band

Resample on pyramid levels (for faster imaging)

Run Close Close

2.5 Subset

The initial phase of the methodology involves reducing the original size
and number of bands in the image. To accomplish this, choose the
Sentinel-2 resampled product in the Product Explorer, then proceed to
Raster -> Subset.
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In the Spatial Subset tab select the Pixel Coordinates tab, set the
following parameters:

Scene start X: 4000

Scene start Y: 6000

Scene end X: 8000

Scene end Y: 10000

In the Band Subset tab, choose only the bands that we will need: B2, B3,
B4, B5, B8 and click OK:

E Specify Product Subset X E Specify Product Subset X
Spatial Subset  Band Subset Tie-Point Grid Subset Metadata Subset Spatial Subset Band Subset Tie-Point Grid Subset Metadata Subset
Oe1 Reflectance in band 81 A
i£5]] Gen Coordnates B2 Reflectance in band B2
i
""""""" — B3 Reflectance in band B3
Scene start X: 4000 (5
E 000 = B4 Reflectance in band B4
5 4% 20002 BS Reflectance in band BS
cene end X: -
Scene end Y: 10000 & [Jes Reflectance in band 86
[Jer Reflectance in band B7
Scene step X: 1%
5 tep Y b B8 Reflectance in band B8
cene step Y: =
BSA Reflect band B8A
Subset scene width: 4001.0 O sfiectancs inban
Subset scene height: 4001.0 [Jee Reflectance in band B9
Source scene width: 10980 D B11 Reflectance in band B11
Source scene height: 10980
ey H 2
[ Fix full wicth [Je12 Reflectance in band B12 v
Use Preview < >
] Fix full height
[]selectal [ ]Select none
v
Estimated, raw storage size: 3999.8M Estimated, raw storage size: 977.3M

Cancel Help Cancel Help

Right-click on the subset product that will appear at the Product Explorer
and click Open RGB image window and from the dropdown menu select
Profile: Sentinel 2 MSI Natural Colors (B4, B3, B2) and click OK. Now
we can see it contains only the area we selected to create subset.

Product Explorer X — | |[# [3] Sentinel 2MSI Natural ColorsRGB X A=
'@ [1] S2B_MSIL2A_20230826T 100559_N0509_R02
¥ [2] S2B_20230826_resampled

+-& [3] subset_0_of S2B_20230826_resampled

12beueyy 124e LL[]

< >

Navig... | Colo... | Unce... | Laye...
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2.6 Sun Glint Correction

Sun glint is a common phenomenon in satellite images and it essentially
refers to the specular reflection of the sun on water surfaces. The water-
leaving reflectance can be difficult to observe due to the reflection of
direct sunlight on the air-water interface (sunglint) in the direction of the
satellite. The viewing geometry of Sentinel-2 satellite makes it vulnerable
to sunglint contamination. Sun glint removal is a pre-processing step of
multispectral images which is necessary when the amount of sun glint
prevents the visibility of the sea bottom, usually in cases of marine habitat
mapping.

There are several available sun glint removal methods for high resolution

images and coastal applications. In this exercise we will apply the deglint
methodology using SNAP plugin Sen2Coral.

To apply the correction we have to use one or more image samples of sun
glinted regions to scale the relationship between the NIR signal and sun
glint.

Right-click on the last subset product and click Open RGB image window
and from the dropdown menu select Profile: Sentinel 2 MSI Natural Colors
(B4, B3, B2) and click OK.

As you can see in the image, there are bright areas on the deep water -
sunglint

Product Explorer X — || [ [3] Sentinel 2 MSI Natural Colors RGB X
78 [1] S2B_MSIL2A_20230826T100559_N0509_R022_T325M]_202308 ‘
-8 [2] 528_20230826_resampled

+-&4 [3] subset_0_of S2B_20230826_resampled

1abeueyy ade ([f)

< >
Navig... X }Colour «. | Uncertai Layer Ed... | World Map - ‘

@

®

@,

>

1:47.32 I 0o |2 @

Lat -Lon - Zoom -- Level - Pixel Spacing: --m —-m

Now, we will create samples from those pixels as well as glint-free pixels.
Go to Vector - New Vector Data Container

B snap

File Edit View Analysis Layer Vector Raster Optical Radar Tools

T =4

“ N
o E{é} r‘l} ::g} E‘% New Vector Data Container
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Set the parameters for new vector layer:
Name: Glint samples
And click OK.

B New Vector Data Container X |"'“?"_’"“>t Explorer X | B
78 [1] S2B_MSIL2A_20230826T100559_N0509_R022_T325MJ_202 A

. +-& [2] 528_20230826_resampled
Name: Glint_samples ie IS5 S
== W3] subset_0_of S2B_20230826_resampled
Description: 1 (@ Metadata
-1-&3 Vector Data

ﬂi pins

o ground_control_points

o Glint_samples

(32 Tie-Point Grids v
oK Cancel Help < >

The new vector data container layer ,,Glint_samples™ has been added in the
Vectors folder of our subset product in the Product Explorer Window.

Let "s create some glint samples. For that, you can use RGB composition as
well as one of the bands, e.g. band 8 (try to play with histogram to better
see the sunglint ares)aClick on the Rectangle drawing tool icon int he Menu
bar and draw the samples (at least 4) that includes sunglint and also glint-
free pixels.

SH IWEATS N R 0QAAINTR:

’ Product Explorer X — \m [3] Sentinel 2 MSI Natural Colors RGB X} =

75 [1] S2B_MSIL2A_20230826T100559_1 A | |l &
-8 [2] S2B_20230826_resampled 3
- [3] subset_0_of _S2B_20230826_resz
- [0 Metadata
=23 Vector Data
@ pins
th ground_control_points
Glint_samples <

< >

1abeuepy .IOAE'|. Lm

Navi...| Col... | Unc... | Lay... X =

Zoom - Level - Pixel Spacing: —-=m —m

After that, we will use Deglint processor tool. (Note: if the product involves
Tie-pont grids folder with some data, delete it first)
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Navigate to Optical - Thematic Water Processing — Sen2Coral - Processing
modules - Deglint processor

Optical Radar Tools Window Help
ke Spectrum View

Spectral Unmixing

Geometric >
Preprocessing >
Thematic Land Processing >
Thematic Water Processing > | Sen2Coral > Processing modules > Deglint Processor

In the I/O Parameters tab, select the last subset product. In the Processing
Parameters set the following parameters:

Sun Glint Areas: Glint_samples
Source Bands: select B2, B3, B4, B5
Reference Bands: select B8

After that, new product with ,deglint" at the end is created in which land
areas are also masked automatically. You can open an RGB image if you
want before and afterapplying the sunglint correction and compare them.

Product Explorer X - ﬂ [3] Sentinel 2 MSI Natural Colors R v o E [4] Sentinel 2 MSI Natural Colors R Al =]
78 [1] S2B_MSIL2A_20230826T 100559_N0509_R022_T325MJ_20230826T1344] E
-8 [2] S2B_20230826_resampled 1
+-& [3] subset_0_of S2B_20230826_resampled

+-& [4] subset_0_of S2B_20230826_resampled_deglint

1abeueyy 1aie L[\n

< >

Navigation... | Colour... X | Uncertaint... | Layer Editor | World Map =

(ORed () Green (@ Blue

Name: B2

Unit: dl

Min: 0.0

Max: 0.202
Rough statistics!

HMEDER 3

15 Al
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2.7 Dark-Object Atmospheric Correction

Dark Object Subtraction (DOS) is a practical method for atmospheric
correction, assuming that dark objects reflect atmospheric scattering. By
subtracting the atmospheric offset, calculated as the histogram's cut-off
point at the lower end, from each pixel in a band, this method effectively
corrects for atmospheric interference. Optically-deep water, with an
anticipated zero reflectance, is considered the most suitable dark target for
this purpose (Chavez, 1998).
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Now, let "s mask the clouds.

Navigate to Optical — Thematic Water Processing — Sen2Coral - Processing
modules — LandCloudW hiteCapMaskOpt

E LandCloudWhiteCapMaskOp X E LandCloudWhiteCapMaskOp X
File Help File Help
1/O Parameters Pprocessing Parameters 1/O Parameters Processing Parameters

Source Product
Source product:
[4] subset_0_of _S2B_20230826_resampled_d... ~ ...

Source Bands:

Target Product
Name:
subset_0_of_S2B_20230826_resampled_deglint_mask
Save as: BEAM-DIMAP v :;
Directory: B4
C:\Users\UGE\Documents O B5

Open in SNAP

Maximum valid value: |0.05]
Mask all negative reflectance values
Indude reference bands

[[] inverse mask (by default water=1 Land/Cloud...=0)

Close Close

Now, we have create the new product. If we open the folder Bands for this
new product in the Product Explorer, we will see that new layer was
created. Double click to see it.

Product Explorer X — || [5] LandCloudwhiteCapMask_B8 x vOo g
- [5] subset_0_of S28_20230826_resampled_deglint_r A ; > W=
+ G Metadata : E

+ G Vector Data . §
-3 Bands 4 é
B B3 (842.0 nm) t e

ﬁ LandCloudWhiteCapMask_B8
B B2 (4%0.0nm)
B B3 (560.0 nm)
B B4 (665.0 nm)

B 85 (705.0 nm) v
< >

Naviga...  Colour... | Uncert...
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Now, open the RGB composition for the last product and RGB composition
of the original resmapled product without any correction. Tile Windows
Horizontally and set the histogram for RGB of the last product similar to
the histogram of the original resampled product without any correction.

We can see that residuals (clouds, sunglint) have been corrected correctly.

O | @ (5] Sentinel 2 MSI Natural ColorsRGB X v o

Product Explorer X - l [ (3] Sentinel 2 MSI Natural Colors RGH

&8 [3] subset_0_of_S2B_20230826_resampled A

48 [4] subset_0_of_S2B_20230826_resampled_deglint
=& [5] subset_0_of_S2B_20230826_resampled_deglint_mask
- (@ Metadata
+ (:] Vector Data
--&3 Bands
B 88 (842.0nm)
B LandCloudwhiteCapMask_B8
B2 (450.0 nm) v

Navigati... | Colo... X | Uncerta... LayerE... |World ... -

1abeueyy sa4e ()

(ORed ()Green (@) Blue

Name: B2
Unit: dl
Min: 0.01
Max: 0.631

NENERS)

:]6
S
X

Rough statistics!
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However, if we visualise e.g. B2, we can see that there are still some couds
that need to be removed. We will create the final mask which will contain
all the invalid features.

Right click on the product — Band Maths:
Name: mask_all
Deselect Virtual and click on Edit Expression

E Band Maths X E Band Maths Expression Editor X
Target product: Product: [5] subset_0_of S2B_20230826_resampled_deglint_mask v
[5] subset_0_of S2B_20230826_resampled_deglint_mask v
Data sources: Expression:
Name: mask_all $5.88 e+@ if$5.82 > 0.01 &&
Description: $5.LandCloudWhiteCapMask_B8 @-@ $5.LandCloudWhiteCapMask_B8 == 1
= - then 1 else 0|

Unit: $5.82

’ e'e
Spectral length:|0.0 B8
pectral wavelength: 0.

¢ ss.84 ee

[ ¥irtual (save expression only, don't store data) $5.85 @

Replace NaN and infinity results by NaN $5.Glint_samples e —

Generate assocdiated uncertainty band Operators...
Band maths expression: Functions...

if §5.82 > 0.01 && $5.LandCloudWhiteCapMask_B8 == 1 then 1else 0 Show bands
Show masks

Load... Save... Edit Expression...

Cancel Help Cancel Help
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The final mask will appearin the new Window.

| Product Explorer X = | B (5] mask_all X 5
--& [5] subset_0_of_S2B_20230826_resampled_deglint_mask . - =
i3 Metadata 3
- [ vector Data %3,
--&3 Bands §

B 88 (842.0nm)

[ LandcloudwhiteCapMask_B3

B 82 (4%0.0 nm)

B 83 (560.0nm)

B 54 (s65.0 nm)

B 85 (705.0 nm)

B mask_al ]

Navigati... | Colo... X | Uncerta... | Layer E... | World ... -—

Editor: (O)Basic (@) Sliders (O) Table

MName: mask_all

T I

Unit:
Min: 0.0
Max: 1.0

=
S
R

|

-
o

@rLeu]

—- -
o o

2.8 Empirical Bathymetry

Navigate to Optical — Thematic Water Processing — Sen2Coral - Processing
modules — EmpiricalBathymetry processor

In the I/O Parameters tab select the resampled and sun-glinted mask

In the Processing Parameters choose bands B2 and B3 to estimate the
bathymetry that give us the best trade-off between the water penetration
depth and the spatial resolution

Then, choose the .csv file containing the set of bathymetry point data
(latitude, logitude, depth) - these data have been derived using Coastal
Relief Model Mosaic from https://www.ncei.n .gov/m rid-extract

N value: 10000.0 (default)

B ermpiricalBathymetryOp X [ EmpiricalBathymetryOp X
File Help File Help
1/0 Parameters Processing Parameters /O Parameters Processing Parameters
Source Product Ba
Source product: lLandCloudWhiteCapMask_B8
[5] subset_0_of_S2B_20230826_resampled_deglint_mask L 1 B2
B3
|B4
Target Product Bands to use: IB5
MName: imask_all

subset_0_of_S28_20230826_resampled_deglint_mask_empBathymetry

Save as: BEAM-DIMAP ~

Directory:

Bathymetr int data: Z:\ESA_ENEUM\exercise_13\bathymetry_point_data.csv || ...
Z:\ESA_ENEUM \exercise_13] et S

N value: 10000.0
Open in SNAP

Close Close
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https://www.ncei.noaa.gov/maps/grid-extract/

Product Explorer X - ‘ B (7] EmpiricalBathymetry_B2 B3 X v O

+ [3] subset_0_of _S2B_20230826_resampled ~
[4] subset_0_of_S28_20230826_resampled_deglint
[5] subset_0_of S28_20230826_resampled_deglint_mask
[6] subset_0_of_S2B8_20230826_resampled_deglint_mask_
[7] subset_0_of_S2B_20230826_resampled_deglint_mask_
+- (3 Metadata
+ D Vector Data
-3 Bands

ﬂ EmpiricalBathymetry_B2_B3
i1-(C2 Masks

D o

& - &

D 0

1abeueyy ke ({f)

<

Navi... X | Colour ... | Uncerta... | Layer E... | World ...

T XY YNe

1:89.31

®

Now, we will mask the bathymetric product with the final mask

Right click on the bathymetric product — go to Band Math

Unselect virtual raster

Go to Edit Expression and type in the following expression like in the image

E Band Maths X E Band Maths Expression Editor X
JE0et procuct Product: |{7] subset. 0 of $35 20230826 resampled degint mask_empBaty iv
[7] subset_0_of_S2B_20230826_resampled_deglint_mask_empBathymetry v DR — Expression:
Name: empirical_bathymetry_masked $7.EmpiricalBathymetry_B2_B3 e+e if $5.mask_all == 1 then
Description: $7.Glint_samples a-@ $7 EmpiricalBathymetry_B2_B3 else NaN
Unit: $7 deep ec
$7.same_type

Spectral wavelength: 0.0 @'e
E] Virtual (save expression only, don't store data) @)

Replace NaN and infinity results by NaN Constants... v

Gene sted uncertainty band Operators... v
Band maths expression: Show bands Functions. ~
if $5.mask_all == 1 then $7.EmpiricalBathymetry_B2_B3 else NaN Show masks

Load... Save... | Edit Expression... i Show tie

é) :@ Ok, no errors.
OK Cancel Help Cancel Help
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In the Product Explorer Window, the new product is created. Double dick
on its band to visualize it.

Go to the Colour Manipulation tab and select the colour palette. Set the
range according the data. Explore the values of the final output on
bathymetry in this area

Product Explorer X —_— Iﬂ [7] empirical_bathymetry_masked X} =
|5 & [7] subset_0_of 52B_20230826_resampled_deglint_mask_ A 2 B
+- (3] Metadata E;
+1-[E3 Vector Data §
-3 Bands §

B EmpiicalBathymetry_B2_B3
B empirical_bathymetry_masked
<

Navi... X | Colour... | Uncerta... LayerE... World

: =
&,

A @,

. ¥

by

] 2)

1:116.91 I 0° = 2
Product Explorer X — | | [7] empirical_bathymetry_masked X v a =
T = TRTENMNESTY 1T AY SR AT7AIR A FEEamnES ST masey )i 1
< > c
' Navigati... | Colo Uncerta ' Layer E _ World _ §
o
Editor: (O) Basic (@) Sliders (O Table @ s
Name: empirical_bathymetry_masked Logyq
Unit: | )
Min: 5.029 2e
Max: 13.032 LI
3o,
& a
10096

P22

Z6'9
L9'8
vE'6
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A More Options

For more information, see the lecture: 13. Marine applications: nearshore

THANK YOU FOR FOLLOWING THE EXERCISE!
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https://uge-share.science.upjs.sk/webshared/ESA_ENEUM/Applications_ESA_sensors/Lectures/Lecture_13.pdf

