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1 Exercise outline

In this exercise, we will learn how to use optical and radar data from ESA

satellites to map water bodies and flood extent.

In the first part, we will learn how to distinguish water spectra by detecting

water bodies using optical image form Sentinel-2 by:

e Histogram
e Normalized Index (MNDW!I)

e Options provided by SNAP
In the second part of this exercise, we will learn how to map flood extent:

e Pre-process radar image from the past satellite mission ENVISAT and

current satellite mission Sentinel-1,

e Perform image classification for images before and after the floods,

e Extract water bodies from images.
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1.2. Background

Water is an essential component of almost every human activity. Even at
the beginning of the 21t century, scarce water resources were in high
demand for agriculture, domestic consumption, hydropower, sanitation,
industrial production, transport, recreational activities and ecosystem
services. Water can also pose dangers - whether due to flooding, pollution
or the spread of waterborne diseases. There are many, often very important,
uses of RS in water resources management.

Given the limitations of ground-based observations, the availability of RS
products serves as an important resource for researchers, water resource
managers, and related stakeholders. RS is a cost-effective method for
monitoring large water bodies with high temporal coverage and
reasonable accuracy, which is not physically possible through in-situ
measurements. Extensive coverage of areas with satellite data helps to
understand the evolution of hazards, which is critical for resource
management. This section considers three important areas, 1) quality
assessment, 2) quantity, which includes streamflow, terrestrial water
storage, and reservoir monitoring, and 3) extreme events, which include

floods and droughts.
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2 Water bodies detection using ESA satellite Sentinel 2

2.1. Study area and image download

In this exercise, we will use the optical image Sentinel-2 from 09.10.2017 for

the area in Sweden:
S2B_MSILIC_20171009T102009_N0205_R065_T33UVB_20171009T102008

This image can be downloaded from the Copernicus Open Access Hub.

[Attps//scihub.copernicus.eu/dhus/#/homel

$28_MSIL1C_20171009T102009_N0205_R065_T33UVB_20171009T102008

https://scihub.copermicus ewdhus/odata/v1/Products('ab0dabds5-16Mb-4786-9 28187C196C )/$value

_

«««««««
o

A Summary

ate: 2017-10-09T10:20:09.0272

: S2B_MSIL1C_20171009T102009_N0205_R065_T33UVB_20171009T102008 SAFE
S$2B_MSIL1C_20171009T102009_N0205_R065_T33UVB_20171009T102008

Size: 657 50 MB

 Product
Cloud ¢ ntage: 2.115
Datastrip identifier: S28_OPER_MSI_L1C_DS_SGS__20171009T135958_S20171009T102008_N02 05

Datatake

sing start: 2017-10-09T10-20:09.0272
Degraded ancillary data percentage: 0
Degraded MS| data percentage: 0

Footprint: <gmi:Pol Iyg me="http://wrw.opengis. netigmisi pgxmmaze
xamin engis netigmi*> gm\ outerBoundaryls> <gmiLins
<gmi:coordinates>! 55 9353270514140513 398563085651519 58 9A563532|533295|51552717A5271225

54.9590033589594,15.1524197 11016947 54.94906599057673,13.43801827301327
55.93532706141405,13.398563085651519</aml:coordinates> </aml:LinearRing> </aml:outerBoundarvis> </aml:Polyaon>

oo

2.2. Image pre-processing

221 Creating subset

After opening the image in SNAP, we will create a subset of the region of

interest.
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https://scihub.copernicus.eu/dhus/#/home

E [1] Sentinel 2 MSI Matural Colors RGB - 52B_MSIL1C_20171009T102009_N0205_R065_T33UVB_20171009T102008 - D'

File Edit View Analysic Layer Vector Raster Optical Radsr Tools Window Help

= % B @ .IF & 4 Band Maths... @ @; m {L‘V, 3
Filtered Band... —
Product Explorer X ‘ Pixel Info | — ||[ [1] Sentinel 2MsIN

- [1] 52B_MSILIC_20171009T 102003

Geometric
Masks

Data Conversion
Image Analysis
Classification
Segmentation
Export

Bands extractor

There are several ways to create a subset:
1. Specifying the subset area by setting the view area in the window,
2. Specifying the selection area in pixels,
3. Specifying the coordinates of the corners of the selection area,

4. Selecting the spectral band.

B specify Product Subset >

Band Subset Tie-Point Grid Subset Metadata Subset

.I < Reference Band:|B1 w
Fixel Coordinates  Geo Coordinates
Scene start X: i =
Scene start ': o=
Scene end X: 3945
Scene end Y: ELAl =
Scene step X: 15
Scene step Y 15
Subset scene width: 3585.0
Subset scene height: 342.0
Source scene width: 1830
Source scene height: 1830
[ Fix full width
Use Preview
[] Fix full height
v
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E Specify Product Subset X E Specify Product Subset hat

Spatial Subset} Band Subset Tie-Point Grid Subset  Metadata Subset Spatial Subset Band Subset Tie-Point Grid Subset Metadata Subset

Reference Band: B1 v Oes Reflectance in band B1 ~
. B2 Reflectance in band B2
Pixel Coordinates Geo Coordinates 3 0
= = P PP
Morth latitude bound: 559355
= Reflectance in band B4 ‘ i
West longitude bound: 13.399 % —
=
South latitude bound: 55.756 5
- [Jes Reflectance in band B8
East longitude bound: 13.783 %
Oer Reflectance in band B7
Scene step X: 1= s Reflectance in band B8
BETEEEDE 1= [ esa Refiectance in band B8A
Subset scene width: 395.0 e f— T
Subset scene height: 342.0 reliestance in ban
Source scene width: 1830 e Reflectance in band B10
Source scene height: &L Oe11 Refiectance in band B11
- [ Fise ful width Os12 Reflectance in band 512
Use Preview v
[ Fix full height
v [ selectal [ Select none
Estimated, raw storage size: 51.9M Estimated, raw storage size: 8.8M

Cancel Help Cancel Help

2.2.2. Reprojection to WGS-84

In the next step, the subset image can be reprojected to a suitable

geographical projection by using Geometric - Reprojection function.

We will use the global Geographic Latitude/Longitude projection - WGS 84

system.
B Reprojection X
File Help
1/0 Parameters Reprojection Parameters
Raster Optical Radar Tools Window Help Coordinate Reference System (CRS)

Band Maths... @ I@; w

Filtered Band...

f' E % E.E (®) Custom CRS

Geodetic datum: | World Geodetic System 1984

—_ ﬁ [2] Sentinel 2 MSI Natural Color

i Projection: Geographic Lat/Lon (WGS 84) v
| 008 Geographic Lat/Lon (WGS 84)
T
ST () Predefined CRS Hotine Oblique Mercator
uoset... Hotine Oblique Mercator Two Point Center
DEM Tools » () Use CRS of Hotine Oblique Mercator Two Point Matural Origin
- Krovak
Geometric % Level-3 Binning Output Settings Lambert Azimuthal Equal Area
Masks H _ |Lambert Conformal Conic v
i Preserve resolutior [FTRENTUJECT TE-JOmTT OIS
Data Conversion ¥ Reprojection
Image Analysis 3 - - Output Parameters.., No-data value: Nal
q
Classification H GeFolki Co-registration [] Add delta latflon bands Resampling method: | Nearest ~
Segmentation ¥ . .
9 Multi-size Mesaic )
Export N . Qutput Information
T Collocation Scene width: 3411 pixel Center longitude: ~ 13°33'17°E
ands extractor
Scene height: 3189 pixel Center latitude: 55547 N
CRS: WGS84{DD) Shaw WKT

Run Close
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2.2.3 Resampling

In this step, we can Resample the reprojected subset image using

Geometric—- Resampling function.
The resampling can be done by:

e reference band from source product,
e target width and height,

e pixel resolution.

We will use the resampling by reference band - B2 (with 10 m spatial
resolution).

¥ Resampling *
File Help

10 Parameters Resampling Parameters

r Raster Optical Radar Tools Window Help Define size of resampled product

Band Maths... @ I@; I&V‘. A,p"y E % ﬁ‘; (®) By reference band from source product: |B2 ~

Filtered Band... Resulting target width: 1879
- m [2] Sentinel 2 MSI Natural Color

Resulting target height: 3188

I ) -
9 By target width and height: Target width: 1,879 5
g e Target height: 3,188 =
1003 _r
Subset - Width / height ratio: 0.58940
DEM Tools > By pixel resolution {in m): 60
EeThT T N Level-3 Binning Resulting target width: 313
Mask 3 Resulting target height: 531
=l Mesaicking
Data Conversion ¥ Renoiection Define resampling algorithm
Image Analysis > e Upsampling method: Nearest v
Classification ¥ . ;
g tati N eFolki Co_regfstration Downsampling method: First ~
egmentation .. .
9 Multi-size Mosaic
Export » Collocation Flag downsampling method: First i

Bands extractor
‘ | [] Advanced Method Definition by Band

Resample on pyramid levels (for faster imaging)

Close

Now, we can compare the pixel size before and after resampling of B11 (20
m) and B2 (10 m) bands.
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Before resampling (B11 - left; B2 - right)

After resampling (B11 - left; B2 - right)
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2.3. Image enhancement

2.3.1. Creating NDWI/

NDW!I (Normalized Difference Water Index) uses the Green and NIR bands.
It is sensitive to built-up areas and can result in overestimated water areas.
For Sentinel-2 imagery the following applies:

Green — NIR _ B3 — B8
Green+ NIR B3 + B8

NDWI =

To create NDW!I band, we will use the Band Maths function.

B Band Maths *
Target product:
[2] subset_0_of S2BMEILIC_20171009T102009_MNO0205_RO65_T33UVE_20171009T 102008 w
Description:
Unit:
Spectral wavelength:|0.0
Subset... . o -
| Virtual (save expression only, don't store data
DEM Teools >
Geometric o Replace MaM and infinity results by MaM
Masks 5 [[] Generate associated uncertainty band
Data Conversion 5 Band maths expression:
B4
Image Analysis y
Classification > 3/\
Segmentation ¥ Load... Save... | ( Edit Expression.. )
Export >
Bands extractor Cancel Help
E Band Maths Expression Editor X
Product: | [4] subset_0_of S28_MSIL1C_ 201710097 102009 NO205 RO6S T33IVR 201710097 102003 _resampled ~
Data sources: Expression:
54.B1 ~ @+ @ (54.B3- $4.B8)/(54.B3+ $4.B8)
34.82
@-@ 3
24 B3
24 B4 e‘e
$4.65 2'e
34.B6 @)
FLE] Constants... v
24 B2 W
Operators... w
Show bands
Functions... w
Show masks
[[] Show tie-point grids
05 T o
Show single flags “ﬁ “ ThamEms
Cancel Help
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The result is an NDWI band with the maximized visibility of the water

surface.

For water surfaces, the values of NDWI are > 0.5. For vegetation, it gains
much smaller values, resulting in easier differentiation of vegetation from

water areas. Built-up areas take values of 0 - 0.2.

Product Explorer X | PixelInfo | =
& [1] 52B_MSILIC_20171009T102009_ND205_RO65_T33UVB_20171009T 102008
-6 [2] subset_0_of S2B_MSIL1C_20171009T102009_N0205_RO65_T33UVE_20171009T 102008
& [3] subset_0_of S28_MSILIC_20171009T102009_N0205_RD65_T33UVE_20171009T 102008 reprojected
56 [4] subset_0_of_528_MSILIC_20171009T102009_N0205_RO65_T33UVE_20171009T 102008 _resampled
- E3 Metadata
23 Vector Data
@3 Tie-Point Grids
-3 Bands
-3 sun
33 view
- @ B1 (443 nm)
-~ B2 (490 nm)
B B3 (560 nm)
- B4 (665 nm)
B 85 (705 nm)
-~ B6 (740 nm)
B &7 (733 rm)
-8 B8 (842 nm)
-~ B8a (365 nm)
B B2 (245 m)
-~ B10 (1375 nm)
B B11(1510mm)

I [ wowr I

2.3.2. Creating MNDW/

MNDWI (Modified Normalized Difference Water Index) uses Green and
SWIR bands to highlight features of open water areas due to the more
intense absorption of SWIR radiation compared to the NIR band. It reduces
the impact of built-up areas and is more suitable for detecting water bodies
in urban areas. Its disadvantage is its weaker ability to identify water bodies

with high sediment concentration.

For sentinel-2 image:

Green — SWIR1 _ B3 — B11

MW = T SWIRL -~ B3+ B11
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E Band Maths Expression Editor *

Product: | [4] subset_0_of S28_MSIL1C_20171009T10 02008_resampled i
Data sources: Expression:
54.88 ~ @+@ (54.B3- 54.B11)/(54.B3+ 54.B11)
24 BaA
2-@
54.89
*
34.810 e'e
54.811 @2/'e
54.812 (@)
54 view_zenith_mean s -
54 view_azimuth_mean| w
Operators... ~
Show bands
Functions... ~

Show masks

[ show tie-point grids

Ok, no errors,

Cancel Help

Show single flags

The result is an MNDW!I band with the maximized visibility of the water

surface.

E [4] MMDWI - subset_0_of_S2B_MSIL1C_20171009T102009_N0205_R065_T33UVB_20171009T102008_resampled - not saved - SNAP

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

A HE LA PIL AU R T LBELLTE T voa st NTR
|

[ [2] sentinel 2 MSI Natural Colors RGE | [ [4] now1 x| [ [4] mnDwT X

Product Explorer X | Pixel Info
- [1] 52B_MSIL1C_20171009T102009_N0205_RO85_T33UVE_20171009T 102008
-6 [2] subset_0_of_S25_MSIL 1C_J017100T102009_N0205_R0S5_T33UVE_20171009T 102008
&5 [3] subset_0_of 528_MSILIC_20171009T 102009_N0205_R065_T33UVB_20171005T 102008 _reprojected
-6 [4] subset_D_of 528_MSIL1C_20171009T 102009_N0205_R065_T33UVB_20171009T 102008 _resampled

3 Metadata

23 vector Data

33 Tie-Point Grids

-3 Bands
~@3 sun
- @3 view
[ B1 (443 nm)
[ B2 (490 nm)
- [ B3 (560 nm)
- B4 (565 nm)
- BS (705 nm)
- B6 (740 nm)
- B7 (783 nm)
- [ B8 (842 nm)
- [ B8A (865 nm)
[ BY (945 nm)

B B10 (1375 nm)

B B11 (1510 nm)

B B12 (2150 rm)

2.4. Image classification

2.4.1. Grayscale thresholding

We will use the histogram representation of the number of grayscale pixels
in the image, with positive NDW!I index values indicating water surface

pixels.
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Navigation - [4] NDWI | World View

| Colour Manipulation - ... [ Uncertainty Visualisation

Editor: () Basic @ Sliders () Table

R )

1)

MName: NDWI
Unit: 954 10096
Min: -0.719 T
Max: 0,551

Qe
NN

Loayy £55

Rough statistics!

©
i
@
m
[

Shifting the grey threshold increases the number of pixels marked as

"water".

This image can be exported as a GeoTiff image to a GIS software.

[ cotour L X]

on - [4] NOWI | World View

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

Bw
m

Name: NDWI
Unit:

E
g

Min: 0.719
Max: 0,551
Rough statistics!

g@27
ESP )

®

B snap - Export Image

Pracovné plo...

i

Dokumenty = >
Flename: |subset_0_of 528_MSILIC_20171008T102009_N0205_R065_T3:
Tento poditaz 15 9 VRS [ GeoTIFF - TIFF with geo-ocation (=.bf, *577) -

Image Region
O View regen

Savein: | Prednasky > £ @
o (38 cubset_1_of_52B_MSIL1C_20171009T102009_N0205_R065_T33UVB_2017]
=
Naposiedy p...

@) Ful scene

Image Resolution
View resolution
@ Full resolution

() User resolution

Save

Cancel
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2.4.2. Bit map creation

Another way to classify water surface is by bit map creation.

To do this, we wiill firstly create a New Vector Data Container with name

Water_mask.

MName: Water_mask

Description:

Import > L
Export >t

Cancel Help

Within this container, we will define a new vector data by € and define

the area of the water surface on the image.

Now we can look on the statistics of this mask.

B x

Statistics % |

NDWT with ROI-mask Water_mask
#Pixels total: 20315

Minimum:[0.1210 e AT
Maximum:  [0.5700 175 Filter: =
Mean: 0.4542 - =
Sigma: 0.0279 150 1% Viater_mask
Median: 0.4570
Coef Variation:|0.1205 125
ENL: 68.9137 0
P75 threshold: [0.4721 £
P80 threshold: [0.4761 %
P85 threshold: [0.4506 75
P30 threshold: [0.4865
Max error: |4.4895E-4 50 selectall [ Select none
25 Histogram accuracy
) — Auto acauracy
01 03 03 04 os 0 o5 50 75 100 Histogram acauracy: | 3 3
Value Percentile (20) Iﬁ @
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According to the data from this statistics, we can define the following Band

Math expression to create the final bit map image.

E Band Maths Expression Editor

Product: | [4] subset_0_of S2B_MSIL1C_20171009T102009_MN0205_R0O&5_T33UVE_20171009T 102008 _resampled
Data sources:

Expression:
S4.view_azimuth_B10 | A @+ @ if 34.NDWI = 0.3 and $4.MDWI = 1 then 1 else MaN
34 view_zenith_B11

= = Z2-@
24 view_azimuth_B11
+
$4.view_zenith_B12 a'@
S4 visw_azimuth_B12 @@
S4.NDWI @
"
FRD Constants... w
4. Water_mask_2 W
Operators.. ~
Show bands
Functions... ~
Show masks
[ Show tie-paint grids

Show single flags

:E : Ok, no errars.
Cancel Help

The final bit map image.
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2.5. Google Earth export

We can export the created NDWI image or the created bit map to Google

Earth using the *kmz format.

Geometry from WKT

Export View as Google Earth KMZ

EXpOrt View as mage

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

Copy Pixel-Info to Clipboard
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3 Water bodies detection using ESA satellites Envisat
and Sentinel-1
3.1. Study area and flood event

For this exercise, we will use images from the past ENVISAT mission during

the 2010 floods (June and September) in Slovakia, as well as the present-

day image from the Sentinel-1 satellite.

e Flood - extreme hydrological phenomenon

e May - June 2010 on middle and lower sections with catastrophic
effects

e Significance 50 - 100 years

e Valid records for monthly rainfall since 1901 were exceeded at 400
rain gauge stations

e Material damage of € 700 million in SK (Alianz - Slovak Insurance
Company), € 2.8 billion in the whole EU

e Largest number of insurance claims in TrebiSov
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3.2. Image download

For this exercise, we will use three satellite images:

ENVISAT flood event from 07.06.2010
ASA_IMS_TPNESA20100607_201155_000000182090_00100_43240_0000
ENVISAT after floods from 20.09.2010

ASA_IMS_TPNESA20100920_201155_000000182093_00100_44743_0000
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Sentinel-1 current image from 15.10.202]1

SIA_IW_GRDH_1SDV_20211015T044524_20211015T044549_040125_04CO5B_
AI10E

You can find these images in the corresponding Data Sets folder.

3.3. Envisat images

33.1. Image processing

The processing procedure is following:

1. Create a SUBSET - the image sub-area within the processing will be
performed
2. Perform preprocessing of the image by the following steps:
e Apply Orbit File - apply orbital data
¢ Remove Thermal Noise ThermalNoiseRemoval
e Perform image calibration Calibration
e Perform Speckle-Filter Noise Filtering
e Perform Terrain-Correction Terrain-Correction
e Create training region ROI - Region Of Interest
e Create water/not water bitmap

e Exportto GIS
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The example processing procedure for the ENVISAT images:

o g
-

[1] ASA_IMS_1PNESA20100607|201155_000000182090_00100_43240_0000
[2] ASA_IMS_1PNESA20100920) 201155_000000182093_00100_44743_0000

Image from 7.6.2010

Image from 20.9.2010

By using the Graph Builder ;f@ ‘, we will define individual steps in the

processing chain — Read — Apply Orbit File — Calibration — Speckle Filter —

Terrain Correction - Write

E Graph Builder : myGraph_envisat.xml X
File Graphs
"
m Apply-Orbit-File | calibration | | p Filter | | Terrain-Correction }——@
1 | “1 | 1
v
< >
Read Apply-Orbit-File Calibration Speckle-Filter  Terrain-Correction  Wirite
Sigma0_Wv "

Read Apply-Orbit-File Calibratio Speckle-Filter [Terrain-Correction Write

Sigma0_WV
Source Bands:
Filter: Lee Sigma
Mumber of Looks: |1
Window Size: 74T
Sigma: 0.9

Target Window Size: | 3,3

Speckle-Filted Terrain-Correction Jwrite

Bande: [Sigma0_vv

| Digital Elevation Model: SRTM 3Sec (Auto Download) ~
g Ll E e BILINEAR _INTERPOLATION
Image Resampling Method:

BILINEAR._INTERPOLATION w

Source GR Pixel Spacings (az xrg):  4.04{m) x 20, 14{m)

Pixel Spacing (m): 20.14
Pixel Spacing (deg): 1.809206952216716E-4
Map Projection: WGS84(D0)
Mask out areas without elevation
QOutput bands for:
Selected source band [JoeEM [ Latitude & Longitude

[ Incidence angle from elipsoid [ ] Local incidence angle  [] Projected local incidence angle

[[] Layover Shadow Mask

[] Apply radiometric normalization
Sawve Sigma0 band Use projected local indidence angle from DEM
Save Gammal band Use projected local incidence angle from DEM

Save Betal band

Load %\‘/ Clear M Note @ Save @ Help [> Run

From this processing, we got terrain corrected images, with filtered noise,

showing the Hornad River (right) and the flooded area (left).
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Product Explorer X | Pixel Info e
w2 [1] ASA_IMS_1PNESA20100607_201155_000000182090_00100_43240_0000
[2] ASA_IMS_1PNESA20100920_201155_000000182093_00100_44743_0000
S [3] ASA_IMS_1PNESA20100607_201155_000000132090_00100_43240_000
533 Metadata

Cl Vector Data

{-E sigmao_wv
S5 (TASE IV TPNESA20100920_201155_000000182093_00100_44743_000§_Orb_Cal_Spk_TC
e

43 Metacata
Cl Vector Data
= =]

-

1+ sigmao_vv

For these images, we will now use the LinearToFromdB operator that
converts bands to dB (decibels) resulting in a much more pronounced

representation of the water surface.

-3 Bands Product Explorer X | Pixel Info -
- - : @ [1] ASA_IMS_1PNESA20100607_201155_000000182090_00100_43240_0000
Ba m%ﬂ; ::::::::Ba"d 5 ---E [2] ASA_IMS_1PNESA20100920_201155_000000182093_00100_44743_0000

' =B [3] ASA_IMS_1PNESA20100607_201155_000000182090_00100_43240_0000_C

- [E3 Metad
- B2 Vector _ -2 Metadata
=23 Band< > Vector Data
i B S Linear to/from dB m
[ sc Ela Bands
] - Siomad Vv

Open Image Window m sigmad_wv_db

Add Land Cover Band BQ [

TS 100920_201155_000000182093_00100_44743_0000_C
Cut Ctrl+X i3 Metadata
Copy Ctrl+C 3 vector Data
Ctrl+V E}E Bands
Delete Delete , Sigmal_WV

Properties E} sigmao_wv_db
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i
33.2 Image classification

In this step, we will create again a mask in the form of a bit map by

supervised classification — grayscale thresholding.

We will begin with creating a New Vector Data Container defined as
“Flood"” for the image showing the floods. Using this data container, we will

draw and define the area of the flooded area on the image.

B8 New Vector Data Container >

MName: Flood|

Description:

Cancel Help
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Now we can look on the statistics of the created mask.

*
Statistics xl
Sigma0_VV_db with ROI-mask Flood_1 "
#pixels total: 6513 0.0 = .
Mnmom:—127.5473 35 be Uee ROL mask(s):
Maximum:  |-17.2458 = Fiter: =
Mean: 22,3893 30 5.0 -
Sigma: L2127 75 [dFood_t
Median: -22.3238 25 =]
Coef Variation:|-0.0542 © -10.0
ENL: 340.9198 @ o T 125
P75 thresheld: |-21.5725 £ E
P80 threshold: | 21,4076 T F 150
PG5 threshold: [-21,1913 15 g 175
P90 threshold: |-20.9235 f_>= 200
Max errort  |0.0103 10 Selectal [ Select none
-22,5
5 -25.0 Histogram accuracy
0 W -27.5 Auto accuracy
28 27 25 2a 23 2 o1 o0 ol 8 17 0 25 50 75 100 Histogram accuracy: | 313
Value Percentile (2o) @ @
Using values from the statistical view, we can then define the

corresponding Band Math expression.

E Band Maths Expression Editor

Data sources:

Sigmal_Vv @+@
Sigma0_VV_db
Oman Vv ! e-@
Flood_1
[
@/'@
@
Constants...
Operators.
Show bands
Functions...

Show masks
Show tie-point grids

Show single flags

Expression:

if Sigma0_VV_db > -26 and Sigma0_\V_db <-19then 1 else NaN

# 2

Cancel

Ok, no errors,

Help

We can apply the same procedure for the second ENVISAT image. The

resulting bit map masks for flooded (left) and not flooded (right) images:
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3.3.3 Visualisation

The final masks can again be exported to the GeoTIFF format and to Google

Earth.

E SNAP - Export Image X
Save in: Prednasky w =5 ER-
€ subset_1_of S2B_MSIL1C_20171009T102009_N0205_R065_T33UVB_2017| Image Region
;j () View region
Naposledy p... @ Full scene B sNap - export kmz e
- Image Resolution Save in: Zadanie_3 ~ ¥ ER-
Pracovna plo... ETEE @ ASA_IMS_1PNESA20100607_201155_000000182090_00100_43240_0000.data
e (®) Full resolution | ASA_IMS_1PNESA20100607_201155_000000182090_00100_43240_0000_Orb_Cal_Spk_TC.data
|j () User resolutior  NaPoskedy p.. ASA_IMS_TPNESA20100920_201155_D00000182093_00100_44743_0000.data
Dokumenty < 2 ASA_IMS_1PNESA20100920_201155_000000182093_00100_44743_0000_Orb_Cal_Spk_TC.data
File name: _000000182090_00100_43240_0000_0rb_Cal_Spk_TC_Flood. tif | Save - = Flood
. Pracovnaplo...  |= Water
Tento poditat Files of type: I GeoTIFF - TIFF with geo-ocation (*.if, . tiff) I v Cancel ﬁ
=5

Dokumenty
File name: lood|

I o Cancel

Tento Dt_:ﬁ'tzé Files of type: I KMZ - Google Earth File Format (* kmz)

The resulting flood map in Google Earth showing the floods in KoSice and
Trebisov.
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3.4, Sentinel-1image

3.4.1. Image processing

The processing procedure for Sentinel-1image is similar to Envisat images:

1. Create a SUBSET - the image sub-area within the processing will be
performed
2. Perform pre-processing of the image by the following steps:
e Apply Orbit File - apply orbital data
¢ Remove Thermal Noise ThermalNoiseRemoval
e Perform image calibration Calibration
e Perform Speckle-Filter Noise Filtering
e Perform Terrain-Correction Terrain-Correction
e Create training region ROI - Region Of Interest
e Create water/not water bitmap

e Exportto GIS

Firstly, we will open the S1image in SNAP and create a subset image using
the Use Preview function by zooming the image to the area containing

water surface.

BB [1] Intensity_VV - [S14_IW_GRDH_1SDV_20211015T044524_20211015T044549_040125_04C05E_A10E] - [D:\ESA\Deliverables\Lectures\Cvicenia\Zadanie_3\Seentinel_T\STA_IW_GRDH_15DV_20211015T044524_20211015T044

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
A D S Pe QAU RwlT LBEACRBEE YOAANNTED

Product Explorer X |Pixellnfo | =
0 [1] 51A_IW_GRDH_15DV_20211015T044524_20211015T044549_040125_DACOSB_A 10E

@02 Metadata

Vector Data

Tie-Point Grids

Quickiooks

=53 Bands

i@ Amplitude_vH

[ Intensity_VH

B amplitude_vv

i Bl mtensity_vv

(-6 [2] subset_0_of 51A_IW_GRDH_1SDV_20211015T044524_20211015T044548_040125_04C05E_A10E
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4

Image Resampling Method: BILINEAR _INTERPOLATION

Now we can use the Graph Builder with the following steps:

| Read |>—,|npply-l:lrbil_.Fi|e I_ ‘-{Thermllll i ',—)|Calibrltion |>—)}Spe:kle-FiIter |>—)}Terrlin-l:orre:tion %

\frite  Apply-Orbit-File ThermalNoiseRemoval Calibration Spedde-Filter Terrain-Correction
Source Product
Name:

[1] 51A_TW_GRDH_1SDV_20211015T044524_20211015T044549_040125_04C05B_A 10E

Data Format: Any Format

ermalMoiseRemoval  Calibration Speckle-Filter Terrain-Correction

Orbit State Vectors: | Sentinel Predise (Auto Download)

Polynomial Degree:

[[] Do not fail if new orbit file is not found

Read Write Apply-Orbit-Fil
Polarisations:

libration Spedde-Filter Terrain-Correction

3 Remove Thermal Noise

[] Re-Introduce Thermal Naise

Read Write Apply-Orbit-File ThermalMoiseRemoval peckle-Filter Terrain-Correction

Polarisations: VH
i
Read Write Apply-Orbit-File ThermalMoiseRemoval Calibrati rrain-Correction
. ; - Sigmal_VH
|ave as complex outpuy slgmao_\‘lv
Output sigmal band
[] output gamma0 band Source Bands:
[] output betad band

Filter: Lee Sigma
Mumber of Looks: | 1

Window Size: ™T
Sigma: 0.9

Target Window Size: | 3,3
i

Source Bands: Sigma0_vH

Sigma0_yV

Digital Elevation Model: SRTM 3Sec (Auto Download)

DEM Resampiing Method: BILINEAR _INTERPOLATION

Source GR Pixel Spadngs (azxrg):  10.0(m) x 10.0(m)

Pixel Spacing {m): 0.0

Pixel Spacing (deg): 5.983152841195215E-5

Map Projection:

WGSB4(DD)

Mask out areas without elevation
Output bands for: ly-Orbit-File ThermalMoiseRemoval Calibration Speckle-Filter Terrain-Correction
Selected source band [Joem [ Latitude & Longitude

[ incidence angle from elipsoid [ ] Local incidence angle [ ] Projected local incidence angle
[ Layover Shadow Mask

[ Apply radiometric normalization

Name:
Save Sigma0 band Use projected local incidence angle from DEM 7
S1A_IW_GRDH_15DV_20211015T044524_20211015T044549_040125_04C058_A10E_Orb_NR_Cal_Spk_TC
Save Gamma0 band Use projected local incidence angle from DEM
Save Betad band Save as: | BEAM-DIMAP ~

Auxiliary File (ASAR only): Latest Ausiiary File Directory:

C:\Users'\pc\Desktop
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The result is a processed image with orbital data, radiometric calibration of
the reflected signal, with noise eliminated, after terrain corrections, on

which further processing will be performed.

Product Explorer X | Pixelinfo | -
- [1] S1A_IW_GRDH_ISDV_30211015T044524_20211015T044549_040125_04C05E_A10E

1!

& [3] 51A_IW_GRDH_15DV_20211015T044524_20211015T044549_040125_04C05B_A10E_Orb_NR_Cal_Spk_TC

34.2. Water body extraction

Grayscale thresholding

Firstly, we will close all product images except "_Orb_NR_Cal_Spk_TC". Save
this file to keep it on disk.

Then, we can transform SigmaO_VV into decibels dB to create a new virtual

image.

B! (31 Sigma_W - (14 IW_GRDH_15DV_20211015T044524_20211015T044549_040125_D4C05B_A10E_Orb_NR_Cal_Spk_T
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
BN LSdPIQ A UGB WL T

Product Explorer X | Pixel Info | -
@~ [1] S1A_IW_GRDH_15DV_20211015T044524_20211015T044549_040125_04C0SE_A 10E

(@ Metodata
(23 vector Data.
=43 Bands

@ Samad_vH

Add Elevation Band
Band Maths..

Open Image Window

Add Land Cover Band

Cut CreX

Copy CileC
Ctrl+v

Delete Delete

Properties

Now open the newly created file and find out the statistics of the image.
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Open the new band SigmaO_VV_dB and in the Color Manipulation too/use

the Rough statistics.

Navigation - [3] Sigma0_VV_db | World View | Colour Manipulation - [3] Sigma0_VV_db X | Uncertainty Visualisation

Editor: ()Basic @ Siders (O Table

[B:45)
o)

4
g

®: P 2]
G el

Mame: Sigmald_vV_db
Unit: intensity_db
Min: -43.579

; ulF= B R F=
o i Rough statistics!

Vertically zoom the histogram, move the right slider to the left, and assign

it a suitable colour (blue).

Navigation - [5] Sigma0_VV_db3 | World View | Colour ion - [5] Sigma0_VV_db3 X i -
Editor: () Basic (@) Sliders () Table o'} [
B3
5536 00
it as
& &y
=N
Layg 553
@

Now we can export the enhanced image to * KMZ and GeoTIFF formats.
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Pracovné plo...

B sMaP - Export Image

bt
| Save in: Seentinel_1 v cf B
I ™ S14_IW_GRDH_15DV_20211015T044524_20211015T044549 040125 04| Image Region
= subset_0_of_S1A_IW_GRDH_15DV_20211015T044524_20211015T044549 | O View region
Naposledy p... subset_0_of S14_IW_GRDH_15DV_20211015T044524 20211015T04454 | () Full scene

subset_1_of_STA_IW_GRDH_ISDV_20211015T044524_20211015T044549 |
|3 subset_0_of S1A IW_GRDH_1SDV_20211015T044524 2021101570454 |

Image Resolution

View resolution
= @ Ful resolution

@ o () User resolution
Dolumenty

[ File name: 040125_04C0SB_A10E_Orb_NR_Cal_Spk_TC_Sigma0_VV_db. tif

Tento poditac 125 0T tYPE! | GeoTIFF - TIFF with geodlocation (*.f, . i)

Cancel

GeoTIFF - TIFF with g=o-ocation (% 4f, * i)

e

FF - Tagged Image File Format (.4, = )
[EMP - Microsoft Windows Bitmap (*.bmp)

Binary map creation

As for the previous images, we will firstly create a training area using the

New Vector Data Container, in which only water areas will be included.

Vector Raster Optical Radar Tecols Wi

Y ]
E‘% New Vector Data Container

1 Geometry from WKT | GO hY =
| | oA AN 3N
Import b
Export b |F'0I}rg|:|r1 drawing tool
pe P T e e e
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Then, we can display the statistical data of this training region and create
the mathematical condition to assign “1” to water pixels and “NaN" to non-

water pixels.

Statistics X |
Sigma0_VV_db with ROT-mask geometry [+
#Pixels total: |358459 S
Minimum: 57344 2,000 Use ROI mask(s):
Maximum:  |-13.0498 Filter: =
Mean: -22,5915 1,750 =
Sigma: 3.6149 ! geomew\f
Median: -21.9057 1,500 =-
Coef Variation:|-0. 1600 ]
ENL: 39,0574 o 1,250 E
P75 thresheld: [-20.0736 g E
P30 threshold: [-15.7228 % 1,000 =
P35 threshold: |-19.3303 Z-
PS0 threshold: |-18.866% 750 B
Max error: 0.0357 00 Selectall [] Select none
40
250 -45 Histogram accuracy
[»] Auto accurac:
0 50 ¥
50 45 40 -3 30 25 20 -15 0 10 20 30 40 S0 &0 70 B0 90 100 Histogram aceuracy: | 33
Value Percentile (%0) @ @

According to this statistics, the mathematical condition will be defined as:

B Water - Properties >

[=/ Product Node Properties -~
Mame Water

Description

Modified

[=IRaster Band Properties

Unit

Data Type fliog
Raster size - Ll

PixelValue Expression

Valid-Pixel Expression e Shomat=r—rrtmd

Mo-Data Value Used

MWo-Data Value MaM

Spectral Wavelength 0.0

Spectral Bandwidth 0.0

Ancillary Variables

Ancillary Relations ol
Pixel-Walue Expression @

Mathematical expression used to compute the raster's pixel values
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3.4.3 Visualisation

The binary map thus created is again exported either using *kmz or
GeoTIFF to other software tools such as QGIS, ArcGIS and then the resulting
map outputs can be created (for instance with the calculation of the water

surface area).

-
[Q- sexar i
7 XBroaAAINVEYOR: BV OEET Lol e MEED

Google Earth

THANK YOU FOR FOLLOWING THE EXERCISE!
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