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Practical case: December 2015 Yorkshire flood {tesa

EMS Copernicus, EMSR 150: A series of downpours
leading to extensive flooding in the Yorkshire area
(Area Descriptor: Northern England) with the City of
York, City of Selby, the River Ouse and West Yorkshire
along Calder and Aire rivers (Bradfoods and Leeds
cities)

2 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING \1 Sertit
N I QICU3E

10-14 September 2018 | University of Leicester | United Kingdom



Ao © et
Pt GESELEY 1 Expon

@k ter NA
Selby - UNITED KINGDOM
Flood - Situation as of 31/12/2015 H
Delineation Map - Monit01

4
> ¥4

http'/ergency cpernicus eu/ab
plng/llst of-components/EMSRlSO

P WICU3E

10-14 Septem



See also

Multi-temporal synthetic aperture radar flood mapping using
change detection
M.A. Clement' %, C.G. Kilsby" and P. Moore'

Journal of

DOI: 10.1111/jfr3.12303
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Data access: Sentinel 1 & 2

ESA Coolae Policy. This website uses cookies to track visits, no personal information is collected.

{ 0
/ ,f By continuing to use the site you are agreeing to our use of cookies. Find out more
Y

https://scihub.copernicus.u

Welcome to the Copernicus Open Access Hub

The Copernicus Open Access Hub (previously known as Sentinels Scientific Data Hub) provides complete, free and open access to Sentinel-1,
Sentinel-2 and Sentinel-3 user products, starting from the In-Orbit Commissioning Review (IOCR).
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Sentinel 2 like search : ie Landsat search \\Q&i

GLOVIS

USGS Home
Contact USGS

¢ P 7 T i § ] Search USGS
science for a changing world % L % e -3 : . 3 :
GloVis
GloVis  Take Tour Release Notes FAQ Feedback Login Help
Welcome to GloVis New Features
Since 2001, the USGS Global Visualization Viewer (GloVis) has been available to users for accessing remote sensing data. In 2017, it was s Jump directly to a known scene ID within a data set
redesigned to address changing internet technologies. With easy-to- use navigation tools, users can instantly view and download scenes. * Timeline view of results for temporal and co-disovery visualization

» Keyboard shortcuts for more efficient scene and timeline navigation
* Full screen mode for maximum map size

» Use existing EROS Registration System (ERS) credentials to sign in The release notes page has a more complele list of new features

« Narrow down results by limiting your parameters on the Interface Control

« View multiple scenes at once and step through time using the controls in the lower right-hand corner
« View metadata and download the full-band source imagery

« Adjust settings to customize the user experience

This viewer allows you to:
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Privacy

U.S. Department of the Interior | U.S. Geological Survey
Page Accessed: 2018-06-29T10:01:30-05:00

URL: https://glovis.usgs.gov

Page Contact Information: custserv@usgs.gov

Page Last Modified: 05/08/2018
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Sentinel 2 like search : ie Landsat search
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Sentinel 2 like search : ie Landsat search
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Sentinell data processing

Preprocessing steps:
« Calibration

« Terrain correction

« Speckle correction
 Subset

Water extraction procedure
 Image analysis (VV versus VH)
« Simple threshold

Dynamic

N
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Flood mapping based on SAR data
- v
Water extraction by thresholding
performed on:

e Amplitude data (median
sliding window)

e Coherence

Histogrammecomput
ation and analysis

I

e Polarimetry approach
(Shannon Entropy)

Methods of classification

eSupervised
. definition

*None supervised v

eOriented object methods e

eSnake detection

A\ 4
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Schematic processing flow for Sentinell Sar data "' esa
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Sentinell data processing

Preprocessing steps:
« Calibration

Terrain correction

Speckle correction
Subset
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Opening one image
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Preprocessing steps: Calculation of geocoded backscatter &\“ esa
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Preprocessing steps:Calculation of geocoded backscatter
coefficients (sigma0).
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Sentinell data processing

Preprocessing steps:
« Calibration
 Terrain correction

« Speckle correction
 Subset

Water extraction procedure
 Image analysis (VV versus VH)
« Simple threshold

Dynamic
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Flood mapping based on SAR data
- v
Water extraction by thresholding
performed on:

e Amplitude data (median
sliding window)

e Coherence

Histogrammecomput
ation and analysis

I

e Polarimetry approach
(Shannon Entropy)

Methods of classification

eSupervised
. definition

*None supervised v

eOriented object methods e

eSnake detection
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Schematic processing flow for Sentinell Sar data "' esa
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Compare VV and VH bands

e
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VV : villages more structured

VH : More influence of vegetation
(hedges, submerged vegetation)
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Scatter Plot

g :
) 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20
Sigma0_VH in intensity

-

X-Axis
Auto min/max
Min: (0.0
Max: |2.06
: [5]subset_0_o...
sigma0_VH
¥-Axis
Auto min/max

Min: (0.0
Max: |37.61

: [5]subset_0_o...

DY se @

-

-

-

lages more structured

2.00
X-Axis
1.75 Auto min fmax
VH : More influ{ - s [0.0
‘& 1.50 I s
(hedges, subm{ & v 761 |
£ 125 [5]subset_0_o... - |
£ Sigmad_Wv v.
T 1.00 -
>I -Axis
R 075 [¥] Auto min/max
.5 5 Min: (0.0
% o3 Max: |2.06
0.25 [S]subset 0_o... = |
> 8th ADVANCED TR e
0,00 = J|
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P :
VV Gamma filtered 3*3 : Iesﬁt'npisy W __
) ‘ N - M. e ;‘“ .. .
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Water extraction

Thresholding based on VV db
filtrered Gama 7*7

if Sigmald VW _db «= —h.'?-‘..SEi then 1 elae HaN
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File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

a2 D@

o ol

L@ lF 2 SBEALATE T

aASNvER9eR

RSBV AEETACOLO W NIEEHD

Product Explorer % | Pixel Info

2 Metadata

22 vector Data
=& Bands

i--B sigmao_vH
B sigmao_vv
A sigman_vv_db
A sigman_vH_db

=]

2 Metadata
22 vector Data
=& Bands

i--B sigmao_vH
Sigma0_vV
B sigmao_vv_db
Sigma0_vH_db
« i

&4 [6] subset_0_of S1A_IW_GRDH_1SDV_20151225T061403_20151229T
&4 [7] subset_0_of S1A_IW_GRDH_1SDV_20151225T061403_20151229T
&4 (3] subset_0_of S1A_IW_GRDH_1SDV_20151225T061403_20151229T

‘Colour

- [7] Sigma0_VV_db

- [7] Si...

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

% More Options
o -

Geometry from WKT

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
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201512297061403_20151229T061428_008253_0

Spk - D\Herve \ESA_leicester 2018 flood\New Folderz

['GRDH_15DV_20151229T061403_20151229T061428 000253 00D598_CC2A Orb_Cal_ Ml

Search (Ctri+)

yer Vector Raster Optical Radar Tools Window Help

ELHo)

S dPIR I

D@ T AR LTRRE

ik

@ A o

NYBRY@RE: kB OEZET Lol e IEHD

Product Explorer = | Pixelinfo | o) ...Rae|[F] [3] Dual Pol Ratio Sigma0 vv-+viRe8 2| [F] [5] Dual Pol Ratio Sigma0 wi-+vH RGE | (] [5] Sigmao_vrt = [ 5] Sigmao_wv = [ 5] Sigma0_wv_cb 2s| [ [5] Sigma0_v1_cb | [ [7] sigmao_wv_db 32| [E] [¢] Sigma0_wv_cb 2| 13
T | — = :
(2 Metadata b = K . = - " " E
3 vector pata K- . e /
=3 Bands . ’ ¢ o - :
B sgreo_wi . : i ) |
B sigma0_w . . e .
[ sigmao_w_db (" L]
iy > SNAP - Export Image ¢
] Sigme0_vH_db . A port Imag: . :
[6] subset_0_of _S1A_IW_GRDH_1SDV_20151220T061403_201512297| Save in: ESA_Icicester_2018_fiood - X . . H
)_of_51A_TW_GRDH_15DV_20151223T051403_20151229T) L 3 * \ . 1
[&] subset_D_of_S1A_IV_GRDH_1SOV_20151220T081403_201512297 = o - Nem Taile | Type déiément | Modifiéle Image Regon . . - - H
3 Metadata e ) flood-Landsat 8 Dossier defic.. 19/07/2018 Viewregion 4
(2 vector Data - Documentsr. flood-Sentinel .. Dossier defic.. 20/07/20180, Fullscene B
& Bands Flood-Sentinel Dossier de fic... 22/08/2018 1. . !
, Image Resolution
Sigma0_VH New Folder Dossier defic.. 07/09/20181.. | . .
B sgnao_w N [ ] processed 52 Dossier defic... 07/09/20181 i . v .
B sigmao_w_db L . Bureau Full resolution \
[ Somao_w_db -l User resolution - -
e — \ - .
N Y Image Dimension T .
Navigation - [7] Sigma0_VV_db | Colour Manipulation -[7] Si.. % | || * < ) .
- Mes documents Width: 1482 N
2@ : -
Height: 509 . o . N
= .
& Y ;
9536 1003 R
e ees Ordinateur ‘
@y &y [ ] ] v ) . r .
Q Q File name: 53_00DS98_CC2A_Orb_Cal_ML_TC_Spk_Sigma0_VV_db.tf Save e R L
R C .
Lo 555 5% Flesof type: [GeoTIFF ~TIFF with geodocation (%6, "t = Cancel
M - o)

[PNG - Portable Network Graphics (*png)
PPEG - Joint Photographic Experts Group {*.jpg, = jpea)
[TIFF - Tagged Image File Format (*.tif, . tiff)

STIFF - TIFF with geosocation (= tf, > tff)
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Home work to be done... flood monitoring:

Preprocessing steps to be done

18 [8] subset_0_of_S1A_IW_GRDH_1SDV_20151229T061403_20151225T061
-3 Metadata
-3 Vector Data
=& Bands
@ sigmao_vH
@ sigmao_w
B sigmao_w_db
[ Sigma0_VH_db
+-[@} water_vvdb_gam7_1753
16 [9] S1A_IW_GRDH_1SDV_20160127T062203_20160127T062228_009676

B 514 IW_GRDH_15DV_20151229T061403_20151229T061428_009253_00D59B_CC2A
| B s14_W_GRDH_15SDV_20160101T174941_20160101T175006_009304_00D70A_60DE
B s1A_IW_GRDH_15DV_20160103T062204_20160103T062229_009326_00DTAC_COF2
B 514 IW_GRDH_15DV_20160106T175807_20160106T175832_009377_00D920_8394
B 514 W_GRDH_15DV_20160110T061404_20160110T061433_009428_00DA93_B5C5
| B S1A_IW_GRDH_15DV_20160113T174946_20160113T175011_009479_00DCOB_EBST
| B 1A IW_GRDH_15DV_20160125T174940_20160125T175005_009654_00E129_BT1B
|| B s14_IW_GRDH_15DV_20160127T062203_20160127T062228_009676_00E1DO_343F

avigation - [9] RGB | Colour Manipulation - [9] Dual Pol Rati... % | &

@Red () Green () Biue PR

B
[ 4

£
g

Name: Intensity_WV
Unit: intensity

Max: 4430161.0
Rough statistics!
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File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

ORIl > IRETALES W e ki <lv OEET
Product Explorer % | Pixelinfo | = || [3] Dual Pol Ratio Intensity WW+VHRGB 52| [ [10] Dual Pol Ratio Sigma0 VW+VHRGE 5| [ (8] Dual Pol Ratio Sigma0 W+VHRGB 3| [ [11] Dual Pol Ratio Sigmad VV+VH RGB x\‘_* -
2 Metadata = / o 2 ” . 5 P . 7 P
332 Vector Data " ' !
& Bands
[ sigma0_vH
@ sigma0_w
; Sigma0_W_db
i@ sigma0_vH_db
B3 water_vvdb_gam7_1753
[5] S1A_IW_GRDH_1SDV_20160127T062203_20160127T062228_0096)
[10] S1A_IW/_GRDH_1SDV_20160127T062203_20160127T062228_009
[11] subset_2_of_S1A_IW_GRDH_1SDV_20 1601277062203_20160127‘

Add Elevation Band
Band Math:

Filtered Band...

Linear to/from dB

Open Image Window

Add Land Cover Band

Cut CtrleX

Copy CtriC
Ctrl+V

Delete Delete

Properties
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Home work to be done... more flood monitoring:

20160103

20160101

20160125
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Home work to be done... more flood monitoring:
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Layer stack tool N\

o = N oCcP poa GCP B o7 X~ 101 GCP
D L P o Pl QBELASe XEm rea AN VEBYOR= ARV OEETAcLiON
»
Product Explorer | Pixelinfo | Speckle Filtering ’
0 [1] subset_0_of_S1A_IW_GRDH_1SDV_20160103T06 e » Coregistration
4 [2] subset_2_of_S1A_IW_GRDH_1SDV_20160113T17] s 5
4 [3] subset_3_of_S1A_IW_GRDH_1SDV_20160101T17] 51 TOPS Coregistration i’
S [4] subset_5_of S1A_IW_GRDH_1SDV_20160125T17] el 4 DEM-Assisted Ceregistration  +
& [5] subset_6_of_S1A_IW_GRDH_15DV_20160110T06| Geometric b Stack Tools > Create Stack
a BEY Sentinel-1 TOPS. b Cross InSAR resampling Stack Averaging
Sl [7] subset_0_of_S1A_TW_GRDH_1SDV_20151229T05 ENVISAT ASAR » ——
Sl [8] subset_0_of_S1A_TW_GRDH_1SDV_20151229T08 SAR Applications s fac ol
SAR Utilities »
SAR Wizards »
Complex to Detected GR
Multilooking
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Navigation 2 | Colour Mani |
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Layer stack tool

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
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Product Explorer | Pixel Info
[=W (1] subset_2_of S1A_IW_GRDH_1SDV_20150113T174945_20160113T175011_00

\_IW_GRDH_15DV_20160101T174941_20160101T 175006 _00¢]

="W[6] subset_6_of 51A IW_GRDH_15DV_20160110T061404 20160110T061433 004

‘ i ] v

on - [10] Sigmab... | &

@
e
e

ion - [10] Sigma0_VV_sl... # Colour

r
& Create Stack

===

THrodiciietReader | 2-reatestack | 3-write|

File Name
subset_2_of S1A_IW_GRDH_1SDV_20180113T174946_20160113T175011_009475_00..

subset_0_of_S1A_IW_GRDH_1SDV_20160103TD62204_20160103T062229_009326_00...

subset_0_of_S1A_IW_GRDH_15DV_20150 103T062204_20 160103T062225_009325_00...

subset_3_of 51A_IW_GRDH_15DV_20160101T174941_20160101T175006_003304_00...

subset_5_of S1A_IW_GRDH_1SDV_20180125T174940_20160125T 175005_003654_00...

subset_6_of_S1A_IW_GRDH_1SDV_20160110T061404_20160110T061433_009428_00...

1-ProductSet-Reader | 2-CreateStack | Mrim|

re|

« 5 8

File Mame
subset_3_of S1A_IW_GRDH_1SDV_20150101T174941_20160101T175006_009304_00...

subset_0_of_S1A_IW_GRDH_15DV_20160103T062204_20160103T062229_009326_00...

subset_6_of_S1A_IW_GRDH_15DV_20160110T061404_20160110T061433_009423_00...

lsubset_2_of_S1A_IW_GRDH_15DV_20160113T174946_20160113T175011_D09479_00...

subset_5_of S1A_IW_GRDH_15SDV_20160125T174940_20160125T175005_0095654_00...

Ranking by dates
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Optical data for flood mapping
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Spectral basis for water bodies mapping: VIS & SWIR &\:_esa

Actual and future optical sensors more or less suitable for water
surface mapping

E!; PLEIADES h—
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Sentinel 2 data processing

Preprocessing steps:
« Reading

« Tile identification

« Resampling
 Subset

Water extraction procedure on optical image

«  Bands combination

- Simple threshold on MNWDI and AWAEI

*  Double threshold AWAEI and BRIGNTNESS
Dynamic : Sentinel2 and Landsat
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Sentinel 2 data processing

Preprocessing steps:
« Reading

« Tile identification

« Resampling
 Subset
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scihub.conernicus.euldhus/Zham X\ P — 1— — 1

: Reading Sentinel2 image

Que doit faire Firefox avec ce fichier 7

*) Quvrir avec | WinRAR archiver (par défaut)
S2A_OPER_PRD_MSIL1C_PDMC_20151229T185657_R137_V20151229T111920_20151229T111920 registrer le fichier

Toujours effectuer cette action pour ce type de fichier,

hitps://scihub.copernicus.eu/dhus/odata/v1/Products('ac:

~ Footprint

i
Ug )

Antwer

e % sy A
R : = (o i,
* ik

# Summary i S2A_OPER_PRD_MSIL1C_PDMC_20151...111920_20151229T111920.SAFE

Date: 2015-12-29711:19:20.000Z

Instrument: MS|

Image from December 2015: former S2
data format... many tiles.. 18!

v Product




J 52A_OPER_PRD_MSILIC_PDMC_20151229T185657_R137_V20151229T111920_20151229T111920.5AFE

, AUX_DATA

. DATASTRIP

. GRANULE

. HTML

. rep_info
|| INSPIRE

|| manifest.safe

[Ma] 524_OPER_BWI_MSILLC_PDMC_20151229...
|| 52A_OPER_MTD_SAFL1C_PDMC_2015122...

29/12/2015 18:57
29/12/2015 18:56
29/12/2015 18:56
29/12/2015 18:57
29/12/2015 18:57
29/12/2015 18:57
29/12/2015 18:57
29/12/2015 18:57
29/12/2015 18:57

ssier de fichiers
ssier de fichiers
ssier de fichiers
ssier de fichiers

Daossier de fichiers

Document XML
Fichier SAFE
Image PMG

Document XML
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19 Ko
844 Ko
1690 Ko
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J 52A_OPER_PRD_MSILIC_PDMC_20151229T185657_R137_V20151229T111920_20151229T111920.5AFE

29/12/2015 18:49 Dossier de fichiers
29/12,/2015 18:52 Dossier de fichiers

29/12,/2015 18:56 Dossier de fichiers

TD_L1C_TL_5G5_20151229T151742_A002708_T30UXE 29/12/2015 18:49 Docurment XML 997 Ko
|| S2A_ OPER_MSI_L1C TL_S5G5_20151229T151742_A002708_T30UXE_BO1.jp2 29/12/2015 18:49 Fichier IP2
|| S2A_OPER_MSLLIC_TL_SGS_20151229T151742 AD0Z708_T30UXE_BO0Z,jp2 29/12/201518:01 Fichier JP2
|| S2A_OPER_MSILIC_TL_SGS_20151229T151742_AD02708_T30UXE_BO3.jp2 29/12/201518:51 Fichier JP2
|| S2A_OPER_MSILIC_TL_SGS5_20151229T151742_AD02708_T30UXE_BO4.jp2 29/12/201518:51 Fichier JP2
|| 52A OPER_MSI_LIC_TL_SG5_20151229T151742_A002708_T30UXE_B05.jp2 29/12/201518:50 Fichier JP2
|| S2A_OPER_MSI_L1C TL_5G5_20151229T151742_A002708_T30UXE_BOG.jp2 29/12/2015 18:49 Fichier IP2
|| S2A_OPER_MSLLIC_TL_SGS_20151229T151742 AD0Z708_T30UXE_BO7.jp2 29/12/201518:20 Fichier JP2
|| S2A_OPER_MSILIC_TL_SGS_20151229T151742_AD02708_T30UXE_BO8.jp2 29/12/201518:52 Fichier JP2
|| S2A_OPER_MSI_LIC_TL_SG5_20151229T151742_AD02708_T30UXE_BEA.jp2 29/12/201518:50 Fichier JP2
|| 52A OPER_MSI_LIC_TL_SG5_20151229T151742_A002708_T30UXE_B09.jp2 29/12/2015 18:49 Fichier JP2
|| S2A_ OPER_MSI_L1C TL_SG5_20151229T151742_A002708_T30UXE_B10.jp2 29/12/2015 18:49 Fichier IP2
|| S2A_OPER_MSLLIC_TL_SGS_20151229T151742_AD0Z708_T30UXE_B11.jp2 29/12/201518:20 Fichier JP2
|| S2A_OPER_MSILIC_TL_SGS_20151229T151742_AD0ZT08_T30UXE_B12.jp2 29/12/201518:50 Fichier JP2
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J 52A_OPER_PRD_MSILIC_PDMC_20151229T185657_R137_V20151229T111920_20151229T111920.5AFE

X [It

r W
. : 7‘;

, 52A_OPER_MSLL1C_TL_SGS_20151229T151742_AD02708_T30UVC_MO02.01 d‘

| S2A_OPER_MSI_L1C_TL_SGS_20151229T151742_AD0Z708_T30UWC_MN02.01

| S2A_OPER_MSI_L1C_TL_SGS_20151229T151742_AD0Z708_T30UWD_MN02.01

| S2A OPER_MSI L1C_TL SGS_20151229T151742_AD0Z708_T30UWE_ND2.01

. 524 OPER_MSI_LIC_TL_SG5_20151229T151742_AD02708_T30UXC_MN02.01

. AUX_DATA 29/12/2015 18:57 Dossier de fichiers | 524 OPER_MSLLIC TL _SGS_20151229T151742_AD02708_T30UXD_MO2.01
. DATASTRIP 29/12/2015 18:56 Dossier de fichiers . 52A_0OPER_M SI_IJ.C_TL_SG5_201512@T151?42_A002?08_T30UXE_NU?_.UII
. GRANULE 29/12/2015 18:56 Dossier de fichiers ) 524 _OPER_MSI_1C_TL_SGS_20151229T151742_AD02708_T30UYC_N02.01
, HTML 29/12/2015 18:57 Dossier de fichiers , 52A_OPER_MSI_L1C_TL_SG5_20151229T151742_AD02708_T30UYD_MN02.01
. rep_info 29/12/2015 18:57 Dossier de fichiers . 52A_OPER_MSLLIC TL_SGS_20151229T151742_AD02708_T30UYE_M02.01
|| INSPIRE 29/12/2015 18:57 Document XML 19 Ko , 52A_OPER_MSLLIC_TL_SGS_20151229T151742_AD02708_T31UCT_MO02.01
|| manifest.safe 29/12/2015 18:57 Fichier SAFE 844 Ko , 52A_OPER_MSI_L1C_TL_SG5_20151229T151742_AD02708_T31UCU_M02,01
|R&| S2A_OPER_BWI_MSILIC PDMC_20151229... 29/12/2015 18:57 Image PMNG 1690 Ko . 52A_OPER_MSIL1C_TL_5G5_20151229T151742_AD02708_T31UCV_N02.01
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Third step: Sentinel2 Image : subset AOI \\mk

i Spatial Subset || Band Subset | Metadata Subset|

W st s 5%

Pixel Coordinates | Geo Coordinates

Scene start X:
Scene start Y

Scene end X:

Al ff] o)

Scene end Y:
Morth latitude bound: 54,127 =
Scene step X:
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Scene step ¥:
subset scene width: South latitude bound: 53.636 =
Subset scene height: 5296.0 East longitude bound: -0.5620
Source scene width: 10980 <
Source scene height: 10980 Scene step X: 1=
7] Fix full width EEEEEDE 15
Use Preview ] ] ) Subset scene width: 6118.0
[ Fix fuil height Subset scene height: 5296.0
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Third step: Sentinel2 Image : subset AOI: k
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B1

B2

B3

B4

BS

BE

B7

BS

BEA

B9

B10

B11

B12
view_zenith_mean
view_azimuth_mean

sun_zenith

Reflectance in band B4
Reflectance in band B2
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Sentinel 2 data processing

Preprocessing steps:
« Reading

« Tile identification

« Resampling
 Subset

Water extraction procedure on optical image

-  Bands combination

« Simple threshold on MNWDI and AWEI

« Double threshold AWEI and BRIGNTNESS
Dynamic : Sentinel2 and Landsat
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Water bodies recognition and extraction

Analyze the water spectral answer exploiting different Color Composites
Such as....

- B4, B3, B2 : Natural color composite, in RGB

- B8, B4, B3: classical false color composite

- B12, B11, B8 or BSA

- B8, Bl11, B4

2 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING ‘_ Sertit
P’ RICU3E
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3 Good |nd|cators
ﬁ to exploit
SWIR or IHS

Nétural color comp05|te
B4 83 BZ in RGB



e A
SWIR—NIR comp05|te
812 Bll BSA in RGB

Water. dark tones
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Sentinel 2 data processing

Preprocessing steps:
« Reading

« Tile identification

« Resampling
 Subset

Water extraction procedure on optical image

« Bands combination

« Simple threshold on MNWDI and AWEI
« Double threshold AWEI and BRIGNTNESS
Dynamic : Sentinel2 and Landsat
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Flood mapping based on thresholding of raw channel and /or indice \ =
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Saturation/brightness

Histogrammecomput
ation and analysis

I

Fundamentals: : water areas can be very
bright if containing suspended materials

Extraction of water bodies from:
e Thematical indices

¢ First component of a PCA,

e Saturation indices of a HIS

- \ 4
transformation

2 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING \. Sertit
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Classical water bodies related indices \
Index Equation Remark

Normalized Difference NDWI = (Green — NIR)/(Green + Water has positive value
Water Index NIR)

Normalized Difference NDMI = (NIR — MIR)/(NIR + Water has positive value
Moisture Index MIR)

Moditfied Normalized MNDWI = (Green — MIR)/(Green Water has positive value

Difference Water Index + MIR)
Water Ratio Index WRI = (Green + Red)/(NIR + Value of water body 1s
MIR) greater than |

Normalized Difference
Vegetation Index

NDVI = (NIR — Red)/(NIR + Red)

Water has negative value

Automated Water
Extraction Index

AWEI =4 x (Green-MIR) — (0.25
« NIR + 2.75 x SWIR)

Water has positive value

2 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING

w Sertit
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Selected indices: MNWDI indice
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®
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Q

MNWI= (Green - SWIR) /(Green + SWIR)
(B3 -B11)/(B3+B11)

'a Band Maths Expression Editor |_E
III Data sources: Expression:
B1 = ’ B+ e ] (B3 -B11)/ (B3+B11)
B2 E
— ’ B -2 ]
B3
| lza ’ g > e ]
B2 ’ @ s @ ]
I BEA ’ (@) ]
BS . 2
Conatants. .. -
Bll - |k
t —
Show bands :Dpera — T
Functi -
Show masks | e i
Show tie-point grids —
e -
show single flags — Ok, no errors,

[ K ” Cancel ” Help ]
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Selected indices: AWEI indice &\gesa

AWEI,, = Blue,,., + (2.5  Greeny,, ;) — 1.5 % (NIRy,,4 + SWIR1,., ) — (0.25 + SWIRZ,....,)
B2 + (2.5 * B3) - (1.5 * (B8 + B11)) - (0.25 * B12)

@aths Expression Editor qul

Data sources: Expression:
Bl : g+ @ B2 + (2.5* B3) - (l.5*{(B2 4+B11l)) - {D.EE*EIE”
Bl count
s @ = @
BZ =
BZ count Bt
B3 @ s @
B3 count (@)
B4 r
Constanta. .. -
B4 count | :
t - -
Show bands ;Gpera °E= T
Functi I
Show masks - - =)

Show tie-paint grids
Ok, no errors.

I | ok || cancel ][ﬂ




Selected indices: AWEI indice W
B2 + (2.5 * B3) - (1.5 * (B8 + B11)) - (0.25 * B12) eSda

Product Explorer % | Pixel Info o (B icobswirnirRee x[E [awei x|
& [1] DEffffeep
& [2) subset_0_of S2A_OPER_MTD_L1C_TL_SGS_ 20151229T151742_A00270:
-0 Metadata
@@ Vector Data
=@ Bands
@ sun
- view
[ B1(443nm)
@ 52 (450 nm)
i@ 83 (560 nm)
[ 84 (665 nm)
i@ B8 (342rm)
[ B8 (865nm)
[ B9 (945nm)
[ 511(1610nm)
[ 812 (2190 nm)
B awei

ol i

Navigation - [2] awei % |

TEL AL L.
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File Edit [View] Analysis Layer Vector Raster Optical Radar Tools Window Help

\\\\\\\\__‘

Y

\ =

&3 | Tool Windows » Developer
v | Statusbar Optical
Product
v | Synchronise Image Cursors Radar
[ positf sMos
% || ¥| SynchroniseImage Views
ol S u In-Situ Data Access
% Product Library
9. Colour Manipulation
Full Screen Al Shift+Enter | ) : o
T TRvSTIE BETT D Uncertainty Visualisation
P Layer Editor
S LayerManager
i [’
‘ Invalid pos.d £ Mask Manager
| Invalid pos.|
[\ Tie-Point Grids %, GCP Manager
+1Flags /| PinManager
&> Quicklooks
IB  Navigation
% PixelInfo
E Soep o selecied pn E Product Explorer
= ipulation (2] awei | oA View Projects
wigation - [2) awei | Colour -2 awei
@ WorldMap
Editor: @ Basic () Siders () Table @ WorldWind Analysis View
Colour ramp: World View
unnamed | | @] Properties
| Log Output
Display range
Min: Max:
-0.51102500%; 0.213827685

Range from File Range from Data

A More Options

) yiloz [E_]

ZoLeolee NEEND
EREE g

Ateign prpoid

abeueyy ke )

Ctrl+4

Zoom - Level —
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File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q-

Al @ @ w £ X

& W ' s} 2

Product Explorer Pixel Info %2

Invalid pos.|

|Latitude
|Map-X
Map-Y

|(F.Time

|[=Bands
|B12
ei

T Tie-Point Grids

|1 Flags

Snap to selected pin

Navigation - [2] awei | Colour Manipulation - [2] awei %

Editor: @) Basic Sliders Table
Colour ramp:
from JET .
.
Display range
Min: Max:
-0.51102500¢ 0.213827685

Range from File Range from Data

A More Options
2 A

Bv
@

Logyg

HE:mr»oQAA YNV ERYCR 2

[awei = (ENI3| B3|

2] rgb swir nir RGB %




MU a LA a0 000 O T s (S

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

= b d P =R or Al @ R w £ X

Product Explorer Pixel Info ® [2] rgb swir nir RGB % [2] awei

(= Position

Image-X | 574/pixel

Image-Y | suazpo@\

Longitude Wdegree

thmﬂe N degrerer

Map-X _om

Map-Y -0fm

(£ Time.

(= Bands

B12 L 0.07220/d

awei -0.41070|

-\ Tie-Point Grids

(EFiags.

Snap to selected pin

Navigation - [2] awei Colour Manipulation - [2] awei ® ‘

Editor: Basic @) Sliders Table @
Name: awei B =
Unit: 95%
Min: -1,127
Max: 0.473

Rough statistics!

w2

A More Options




File Edit View Ana

Product Explorer Pixel Info &

falue

Snap tr

Navigation - [2] awei

Editor: B @ Slide




Remarks: MNDWI versus AWEI d:esa

Editor: (7 Basic @ Sliders () Table )
- - - Mame: awei

Unit:

Marne: MMDWT

MNDW]I AWEI Jan=

Rough statistics!

Min: -0, 577
Max: 0,88
Rough statistics!

Water
(B3 -B11)/(B3+B11) B2 + (2.5 *B3)- (1.5 * (B8 + B11)) - (0.25 * B12)
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: N P WICU3E

10-14 September 2018 | University of Leicester | United Kingdom



=
z

—

®
o
D

=

Sentinel 2 data processing

Preprocessing steps:
« Reading

« Tile identification

« Resampling
 Subset

Water extraction procedure on optical image

« Bands combination

« Simple threshold on MNWDI and AWEI

- Double threshold AWEI and BRIGNTNESS
Dynamic : Sentinel2 and Landsat

2 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING ‘_ Sertit
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Water bodies mapping based on optical data :
combination of indices

=
17

v
"
o)

Water indicess BRIGHTNESS or
Fundamentals: water areas RATURATION
- - Channel XS2 Channel XS1
can be very bright if Channel XS3 Channel X52
_ Channel XS3
containing suspended v 3
mate I‘ials NDVI . Brightness
computation /Saturation Indice
. . tati
Extraction of water bodies N\
from: Hetogramme

Fae
LUTTTPHLalr

e Brightness Standard or o o
Tasseled Cap deftion

\ 4

v /
e First component of a @ @
PCA, '
—

.

e Saturation indices of a
HIS transformation

Combination

i Differentiation Differentiation
{ ]
Indlces water/none bright/dark
water areas
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Selected indices: AWEI and Brightness indices

D
n
Q

AWEL, = Blue, 4 + (2.5 * Greenyg,q) — 1.5 % (NIRygng + SWIR1yanq) — (0.25 * SWIR2, )
B2 + (2.5 * B3) - (1.5 * (B8 + B11)) - (0.25 * B12)
! Band Maths Expression Editor _ %Maths r—— m %

Data sources: Expression:
51 j= €+ e B2 + (2.5% BI) - [1.5*(B8 +Bl1)) - (0.25*B12)| PamGiiEs Expression:
B count B1 = e +e sqrt(((B4*B4) + (B3+B3))/2)
- 51_couns
52 E = e-e
= 52_coue
Constants. - - - a1 L
B4_count - 4 Constantseee =
Operators. .. - B4 count -
Show bands b 4 = E— -
Functions. .. - Show bands b
Show masks A [ S———— —
i Show masks L
Show tie-point grids
it = Show tie-point grids
Show single flags D po S et — ok, -
Show single flags = M :
Ok Cancel Help
_ o] (snopeci] stice |

For brightness indices:
Different formula can be applied Bl - /(Redfamr*Redband)+(Greenfamr*Greenband)

sqrt(((B4*B4)+(B3*B3)+(B2*B2))/3 sqrt (((B4 * B4) + (B3 * B3)) / 2)

2 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING \ Sertit .
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Water bodies mapping based on optical data
combination of indices
Band Maths * » ]

=
7

[

/’

£ CSd

%‘

Target product:
| [10] subset_0_of_S2 _mosaic_20170621_bis -
- e Wat ke ti
. ater mask generation
Description:
| —_— —
e ﬁl\daths Expression Editor ﬂ
l Spectral wavelength: 0.0 —
Data sources: Expression:
/| virtual (save expression only, don't store data| X - N
CasS b ) B3 - ’ e+ e ] if((awei>0.178) and (brightness <0.485))
Replace MaM and infinity results by Wal BA count ’ then 1 | else NalN
= @ - @ ]
[] Generate assodated uncertainty band Bl1l
@+ e ]
Band maths expression: Bll_ccunt | ’
if{{awei>0. 178) and (brightness <0.485)) then 1 else NaN Blz ’ @ s B ]
BlZ count = [ (@) ]
awei r

brigh - ad
E Band Maths Expression Editor WEEH: ors... v

hetionsa. - . -
| Data sources: Expression:
EE&_count e I B+ @ ] if ({awei»0.178 and brightness<0.118)
B1l I then 1 else NaN1 Ok, no errors,
B -8 ]
Bll count
B1z ’ B * @ ] [ OK H Cancel ][ Help ]
BlZ_count b l g/ B ]
awei = I (@) ]
brightness r 1
—| |Constants. .. -
water - P |
Operators. .. -
[¥] Show bands | ) T t d . ff t
Functi R
Show masks L srEiens o e S I e re n
I R
values on IB
[ 1 1 (]
e T < -
Show single flags - 1. d Ok, no errors.
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File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
Z2Leolle @ MEAED

B DCE Lhd P AWWNORLLE ARELASENE® »0A AT VEIORE . ¢y 0EZT
@ [@ArgoswirnrRes x| H [ anei x| - EEE g

Product Explorer | Pixel Info 5 | e

= Position

Image-X 254|pixel

Image-Y 338|pixel

Longitude 1°20'26" wdegree H
Latitude 54°05'22" N/degree ~<
iMap-X 608545.0/m

e 59247550 s
(| Time. -
[=)Bands 2
B12 | 0.008&0d Z
awei I 0.34000] H
(| Tie-Point Grids. e

(e

[] Snap to selected pin

Navigation - [2] awei %

TELELP,
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Sentinel 2 data processing

Preprocessing steps:
« Reading

« Tile identification

« Resampling
 Subset

Water extraction procedure on optical image

« Bands combination

« Simple threshold on MNWDI and AWAEI
« Double threshold AWEI and BRIGNTNESS
-  Dynamic : Sentinel2 and Landsat
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Comparison of Landsat 7 and 8 bands with Sentinel-2 a USGS

science for a changing world

100

Sentinel-2 MsI

Landsat 8

o }OL' s { I
B oy, |

Atmospheric Transmission (%)

400 900 1400 1900 2400 10000 11000 12000 13000
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% Landsat @

Schihub ESA %5 AWS S2 Amazon IZLY - Le paiement sur
o s 5 s

ST ] S

USGS Home
Contact USGS
Search USGS
Page Expires In
Home Take Tour Release Notes

Feedback Login  Help
nterface Controls Selected Scenes (0)
.

Choose Your Data Set(s)

t Filter

() Landsat 15 MSS C1 Level-1 @
() Landsat4-5TM C1 Level-1 @
(@ Landsat 7 ETM+C1 Level-1 @

@ Landsat 8 OLITIRS C1 Level-1 © =]
1 scenes match your criteria

Q) orbview-30

Q) sentinel-2 @

i

Metadata Filter

Date Range Withernsea
12/20/2015 to 01/312016

= Skm
Cloud Cover 7
0 to 30 Leaflet | lap data © OpenStreetMap contributors, USGSEROS

Landsat 8 OLUTIRS C1 Level-1Lcos_L1TP_203022_20160129_20170330_01_T1 al-
Months 1
H

APPLY || CLEAR

Landsat 8 OLUTIRS C1 Level-1

2015 2016
Timeline View

Current Scene Opacity Time Scale
K € 20160129 9 W

MONTH
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ile Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q. Search (Ctrl+)
aFDEJUIPIL [/ Zerl@Bw*Y QRBAGCE XER v e ANNTBRYCR\N BV 2T Ao lo@ NEHD

Product Explorer % | PixelInfo | =
oS [1]LC08_LITP_203022_20160129_20170330_01 T1
- (30 Metadata
(23 Flag Codings
-3 Vector Data
=3 Bands
- coastal_aerosol (440 nm)
B blue (480 nm)
-8 green (560 nm)
- red (555 nm)
[ near_nfrared (365 nm)
- swir_1 (1610 nm)
BB swir_2 (2200 rm)
- panchromatic (550 nm)
M drrus (1370 nm)
- thermal_infrared_(tirs)_1 (10895 nm)
[ thermal_infrared_(tirs)_2 (12005 nm) -

--[@ flags
8 voss |§ LCOE_1TP 203022 20160129 20170330 0... 19/07,/2018 16:49 WinRAR archive 849 275 Ko

Navigation | Colour Manipulation %

[ 35
P,

This tool window is used to manipulate the
colouring of images shown in an image view.
Right now, there is no selected image view.

Reading LCOB_L 1TP_203022_20150129_20170330_01_TL.tar.gz |- om




SNAP &
ile Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

= " b % ®1®llz 3

lé) ﬁ [i] Landsat-8 red,green, blue RGB ®

M

Product Explorer 2 | Pixel Info
2-& [1]LCo8_L1TP_203022_20160129_20170330_01 T1 -
(2 Metadata
(33 Flag Codings
D Vector Data
1-&3 Bands
coastal_aerosol (440 nm)
blue (480 nm)
green (560 nm)
red (655 nm)
near_infrared (865 nm)
swir_1 (1610 nm)
(2200 nm)
panchromatic (590 nm)
cirrus (1370 nm)
thermal_infrared_(tirs)_1 (10895 nm)
B thermal_infrared_(tirs)_2 (12005 nm)
@ flags
- (33 Masks

Navigation - [1] RGB ‘ Colour Manipulation - [1] Landsat-8re... # ‘

© Red Green Blue

Max: 238.218
Rough statistics!
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A More Options



o2 Al @ B e £ 3 ASNvER9en
Product Explorer % | PixelInfo | = ]Eﬁl] Landsat-8 red,green,blue RGB %

[2 =G| LCOB_LlTP_ZG3OZZ_20160 129_20170330_01 ] A
-3 Metadata
+-[C3 Flag Codings
4-(3 Vector Data
Bands
[ coastal_zerosol (440 nm)
blue (480 nm)
green (560 nm)
red (655 nm)
near_infrared (865 nm)
swir_1 (1610 nm)
swir_2 (2200 nm)
panchromatic (590 nm)
cirrus (1370 nm)
thermal_infrared_(tirs)_1 (10895 nm)
thermal_infrared_(tirs)_2 (12005 nm)

4 (33 Masks

Navigation - [1] RGB Colour Manipulation - [1] Landsat-3 re.

The functionality you have chosen is not supported for products with bands of different sizes.

You can use the Resampling Operator to resample this product so that all bands have the same size,
which will enable you to use this feature.

Do you want to resample the product now?

© Red Green Blue & ¥ . /

More info about this issue and its status can be found in the SNAP Issue Tracker.

() ]

A More Options




Resampli

wm

=

"

—

ng 30 m

P

129_20170330_01_71] - [CAUsers\herve\AppData\Local\Temp\snap- herve\1536336508152-0\LCOB_L1TP_203022_20160129_20170330_0111_MTL1
. Q; d 1

Optical Radar Tools W

Help

W@ Oz

2o b

21 |[B 11 tandsat-8 red green blue RGE 5|

Product Explorer % | Pixel Info
58 [1]LC08_L1TP_203022_20160129_20170330_01 T1
- Metadata
- (3 Flag Codings
@ (@2 Vector Data
=& Bands
B coastal_zerosol (440 nm)
[ blue (480 nm)
B green (560 nm)
[ red (655nm)
B near_infrared (865 nm)
B swir_1(1610 nm)
B swir_2 (2200 nm)
B panchromatic (590 nm)
B crrus (1370 nm)
B thermal_infrared_(tirs)_1 (10895 nm)
[ thermal_infrared_(tirs)_2 (12005 nm)
@ faos
(3 Masks
| avigation - (1] RGB | Colour Manipulation - [1] Landsat 8 re... % |
@Red ) Green () Blue o)
|
Name: virtual_re At
| =

null

lax:
Rough statistics!

a
0 L
S

A More Options

™ € B 9]

Ate1qr Pnpoid

I

1abeuey ake ()

File Help
1/0 Parameters | Resampling Parameters

Define size of resampled product

By reference band from source product:

for @ By pixel resolution (in m):
& A Resulting target width:
Q Resulting target height: 7971

Upsampling method:
Downsampling method:

Flag downsampling method:

Bicubic
First
First

V] Resample on pyramid levels (for faster imaging)

Zoom - Level - @

- 10

07/09/2018

LU 1% JOCPLEINUCI . CULO | VIIIVEIDILY Ul Leftesier | vlliLeu NIHyuwon




Subset *\&S{Ees

74 3] Landsat-8 red green bl C08_L17P_203022 20160129 20170330 01 T1. resampled - D:\Herve\ESA
File Edit View Analysis Layer Vector [Raster| Optical Radar Tools Window Help
=L { =gV Band Maths...

&b < PRkl Y SBIE AASNVEYER: BV OIEEZT Ao e @ MEEAD
Filtered Band...
Convert Band N [2) awel g | Q- [2) Sentigel 2 MSL Nabaal Color (2 w1 x| [ [3] Landsat-5 red,green,blue RGB (2) 2| [ [3] Landsat-8 red,green,blue RGE | [ [4] Landsat-8 red,green blue RGE 5|

LT IEE ™

Product Explorer # | Pixel Info
& subset_0_of 52A_OPER_MTD_L1C Tl

4=
v i Propagate Uncertainty... g
- O Voot Dl Geo-Coding Displacement Bands... 2
5B Bands Subset... H
& [3]LC08_L1TP_203022_20160123 20 Geometric Operations N
& [4] subset_0_of LCO8_L1TP_203022 | DEM Tools

Masks
Data Conversion
Image Analysis

e e ()

Classification

Segmentation
Export

8 Specify Product Subset

Band Subset I Metadata Subsetl
_Pixel Coordinates | Gee Coordinates
Morth latitude bound: 54,127
West longitude bound: -1.47
South latitude bound: 53.636
< in ’ East longitude bound: 0,562
Navigation - [3] RGB_ | Colour Manipulation - [3] Landsat$ re... % | &
© Red Green Blue Scene step x: ]
] Scene step Y: ]
Min: -2.642
e Subset scene width: 61
Subset scene height: 52
Source scene width: 1
Source scene height: bl
[ Fixc full width
Use Preview ]
[] Fix full height

Estimated, raw storage size: 11

10-14 September 2018 | University of Leicester | United King v [ F



valiion

b, -

&

> 8th ADVANCED TIl

10-14 September 2018 | U

= Sertit
N I QICU3E



Landsat 8
29 JanV|er 2016

! ~_

»
0_7'!5\"1
A







National Centre for ; UNIVERSITY OF
Earth Observation LE I CE STER

2 8th ADVANCED TRAINING COURS
ON LAND REMOTE SENSING

10-14 September 2018
University of Leicester | United Kingdom

E

Flood mapping pratical
Dr Hervé YESOU

14 September 2018 herve.yesou@unistra.fr

8

—

,
e

Z—=

\




