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Practical case: December 2015 Yorkshire flood

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)



http://emergency.copernicus.eu/map
ping/list-of-components/EMSR150



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



Data access: Sentinel 1 & 2

https://scihub.copernicus.eu






https://apps.sentinel-hub.com/eo-browser/






Sentinel 2 like search : ie Landsat search

GLOVIS

https://glovis.usgs.gov/



Sentinel 2 like search : ie Landsat search



Sentinel 2 like search : ie Landsat search

LIBRA

https://libra.developmentseed.org/



Sentinel 2 like search : ie Landsat search

LIBRA



EO training data covering the flood event (none exhaustive)

Sentinel 2
Sentinell
« 2015 12 29
e 201512 29
. 2016 01 01
. 2016 01 03
205010
« 201601 10 Landsat data
. 2016 01 13 « 2016 01 29 (cloudy)

« 2016 01 25
- 2016 01 27



Sentinell data processing

Preprocessing steps:
« Calibration

« Terrain correction

« Speckle correction

* Subset

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

« Dynamic



Flood mapping based on SAR data

Water extraction by thresholding
performed on:

e Amplitude data (median
sliding window)
e Coherence

e Polarimetry approach
(Shannon Entropy)

Methods of classification
eSupervised
eNone supervised
eOriented object methods
SVM
eSnake detection
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Schematic processing flow for Sentinell Sar data
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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



Opening one image

Drag it!!!

B s14_IW_GRDH_15DV_20151229T061403_20151229T061428_009253_00D59B_CC2A
B s1A_IW_GRDH_15DV_20160101T174941_20160101T175006_009304_00D70A_60DE
B s14_IW_GRDH_15DV_20160103T062204_20160103T062229_009326_00DTAC_COF2
& s1A_IW_GRDH_15DV_20160106T175807_20160106T175832_009377_00D920_8394
B 514 IW_GRDH_15DV_20160110T061404_20160110T061433_009428_00DAI3_B5C5
B s14_W_GRDH_15DV_20160113T174946_20160113T175011_009479_00DCOB_EB97
& s1A_IW_GRDH_15DV_20160125T174940_20160125T175005_009654_00E129_B71B
B 514 IW_GRDH_15DV_20160127T062203_20160127T062228_009676_00E1D0_343F



Opening one image






Preprocessing steps: Calculation of geocoded backscatter
coefficients (sigmaO).

SNAP Graph Building

Right click to add operators
from
the context menu:

» Calibration

* Thermal Noise Removal
+ Deburst & Merge

* Multilook

+ Range Doppler Terrain
Correction

* Connect the graph



Preprocessing steps:Calculation of geocoded backscatter
coefficients (sigmaO).






| Read | Apply-orbit-File | calbraten | Multiook | Terrain-Correction |{Virite |

Target Product

Name:

514 _IW_GRDH_15DV_20151229T051403_20151229T06 1428_009253_00D5SB_CC2A_Orb_Cal ML_TC

Save as: BEAM-DIMAR -
Directory:

|D:Werve\ESA_Ieicesber_20 18_flood\Mew Folder

Load ]@ Save

Low [Eme ] @ | Do)

Zomputing raster data...

37%

[













Sentinell data processing

Preprocessing steps:
« Calibration

« Terrain correction
 Speckle correction
 Subset

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

« Dynamic

28



Flood mapping based on SAR data

Water extraction by thresholding
performed on:

e Amplitude data (median
sliding window)
e Coherence

e Polarimetry approach
(Shannon Entropy)

Methods of classification
eSupervised
eNone supervised
eOriented object methods
SVM
eSnake detection
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Schematic processing flow for Sentinell Sar data
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Compare VV and VH bands



Compare VV and VH bands



VV : villages more structured

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



VVH : villages more structured

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






VH




L8

VV Gamma filtered 3*3 : Iesghq_pisy VV










Water extraction

Thresholding based on VV db
filtrered Gama 7*7

if Sigmald VW _db «= —Il'?.53 then 1 elae HaN









Home work to be done... flood monitoring:

Preprocessing steps to be done

B 514 IW_GRDH_15DV_20151229T061403_20151229T061428_009253_00D59B_CC2A
B s14_W_GRDH_15DV_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 514 IW_GRDH_15DV_20160125T174940_20160125T175005_009654_00E129_B71B

| E 51A IW_GRDH_15DV_20160127T062203_20160127T062228_009676_00E1D0_343F
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Home work to be done... more flood monitoring:



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



Layer stack tool



Layer stack tool

Ranking byR@&tdgg by date...



Flood dynamic analysis based on multitemporal composite



Flood dynamic analysis based on multitemporal composite






Spectral basis for water bodies mapping: VIS & SWIR
Actual and future optical sensors more or less suitable for water

surface mapping
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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



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



Reading Sentinel2 image

Image from December 2015: former S2



. 52A_OPER_PRD_MSIL1IC_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

Dossier de fichiers
Dossier de fichiers
Dossier de fichiers
Dossier de fichiers
Dossier de fichiers
Document XML
Fichier SAFE
Image PMG
Document XML

19 Ko
844 Ko
1690 Ko
54 Ko
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J 52A_OPER_PRD_MSILIC_PDMC_20151229T185657_R137_V20151229T111920_20151229T111920.5AFE

N\

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_5GS5_20151229T151742_A002708_T30UXE 29/12/2015 18:49 Docurnent XML 997 Ko

|| 528_OPER_MSI_L1C_TL_S5GS_20151229T151742_AD02708_T30UXE_B0L.jp2
|| S28_OPER_MSI_L1C_TL_SGS_20151229T151742_AD02708_T30UXE_B0Z,jp2
| | S28_OPER_MSI_L1C_TL_SGS_20151229T151742_AD02708_T30UXE_B0Z.jp2
| | S28_OPER_MSI_L1C_TL_SGS_20151229T151742_AD02708_T30UXE_B04.jp2
| | 524 OPER_MSI_L1C_TL_SGS5_20151229T151742_AD02708_T30UXE_BO05.jp2
|| 528_OPER_MSI_L1C_TL_S5GS_20151229T151742_AD02708_T30UXE_B0G.jp2
|| S28_OPER_MSI_L1C_TL_SGS_20151229T151742_AD02708_T30UXE_BO7.jp2
|| S28_OPER_MSI_L1C_TL_SGS_20151229T151742_AD02708_T30UXE_B0&.jp2
| | S28_OPER_MSI_L1C_TL_SGS_20151229T151742_A002708_T30UXE_BSA.jp2
| | 524 OPER_MSI_L1C_TL_SGS5_20151229T151742_AD02708_T30UXE_B09.jp2
|| 528_OPER_MSI_L1C_TL_S5GS_20151229T151742_AD02708_T30UXE_B10.jp2
|| S24_OPER_MSI_L1C_TL_SGS_20151229T151742_AD02708_T30UXE_B11.jp2
|| S28_OPER_MSI_L1C_TL_SGS_20151229T151742_AD02708_T30UXE_B12,jp2

29/12/2015 18:49
29/12/201518:01
29/12/201518:51
29/12/201518:51
29/12/201518:50
29/12/2015 18:49
29/12/201518:20
29/12/201518:52
29/12/201518:50
29/12/2015 18:49
29/12/2015 18:49
29/12/201518:20
29/12/201518:50

Fichier JP2
Fichier JP2
Fichier JP2
Fichier JP2
Fichier JP2
Fichier JP2
Fichier JP2
Fichier JP2
Fichier JP2
Fichier JP2
Fichier JP2
Fichier JP2
Fichier JP2
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J 52A_OPER_PRD_MSILIC_PDMC_20151229T185657_R137_V20151229T111920_20151229T111920.5AFE

, AUX_DATA

. DATASTRIP

. GRANULE

. HTML

. rep_info
|| INSPIRE

|| manifest.safe

Ba| 52A_OPER_BWI_MSILLC_PDMC_20151229...
|| 52A_OPER_MTD_SAFL1C_PDMC_2015122...

29/12/2015 18:57
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29/12/2015 18:57
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Dossier de fichiers
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Dossier de fichiers
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Document XML
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Image PMG

Document XML

19 Ko
844 Ko
1690 Ko
54 Ko

| S2A_OPER_MSI_L1C_TL_SGS_20151229T151742_A002708_T30UVC_N02.01
| S2A_OPER_MSI_L1C_TL_SGS_20151229T151742_A002708_T30UWC_N02.01
| S2A_OPER_MSI_L1C_TL_SGS_20151229T151742_AQ02708_T30UWD_N02.01
| 524 OPER_MSI_L1C_TL_5GS_20151220T151742_A002708_T30UWE_N02.01
| S2A_OPER_MSI_L1C_TL_SGS_20151229T151742_A002708_T30UXC_N02.01
| 524 OPER_MSLL1C_TL SGS_20151229T151742_AQ02708_T30UXD_N02.01

| 52A_OPER_MSI_L1C_TL_SGS_20151229T151742_AD02708_T30UXE_N02.01]

| S24_OPER_MSI_L1C_TL_SGS_20151229T151742_AQ0Z708_T30UYC_NO2.01
| 524 OPER_MSI_L1C_TL_5GS_20151229T151742_A002708_T30UYD_N02.01
| S2A_OPER_MSI_L1C_TL_SGS_20151229T151742_A002708_T30UYE_N02.01

| S2A_OPER_MSI_L1C_TL_SGS_20151229T151742_A002708_T31UCT_N02.01
| S2A_OPER_MSI_L1C_TL_SGS_20151229T151742_AD02708_T31UCU_N02.01
| 524 OPER_MSI_L1C_TL_SGS_20151229T151742_AQ02708_T31UCV_N02.01
| 524 OPER_MSI_L1C_TL_5GS_20151229T151742_A002708_T31UDT_N02.01
| S2A_OPER_MSI_L1C_TL_SGS_20151229T151742_AD02708_T31UDU_N02.01
| S24_OPER_MSI_L1C_TL_SGS_20151229T151742_A002708_T31UDV_N02.01
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F g [ -
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window

AP H@E Fdd Py e

Product Explorer & | Pixel Info |

S [1]52A_OPER_MTD_LIC_TL_SG5_ 20151229T151742_A0D2708_T30UVC
[2] 52A_OPER_MTD_L1C_TL_SG5_ 20151229T151742_AD02708_T30UWC
[3] 52A_OPER_MTD _LIC_TL 5G5_ 20151229T151742_ADD2708 T30UWD
[4] S2A_OPER_MTD_L1C_TL SGS_ 20151229T151742_AO02708 T30UWE
[5] 52A_OPER_MTD_L1C_TL_SGS_ 20151229T151742_AD02708_T30UXC
[6] 52A_OPER_MTD_L1C_TL_SGS_ 20151229T151742_AD02708_T30UXD
[7] 52A_OPER_MTD_L1C_TL_SGS__20151229T151742_ADD2708_T30UXE
(8] 52A_OPER_MTD_L1C_TL_SG5_ 20151229T151742_AD02708_T30UYC
[9] 52A_OPER_MTD_LIC_TL 5GS_ 20151229T151742_AD02708 T30UYD
[10] S2A_OPER_MTD_LIC_TL_SGS_ 20151229T151742_AD02708_T30UYE
[11] S2A_OPER_MTD_LIC_TL_SGS_ 20151229T151742_AD02708_T31UCT
[17] S2A_OPER_MTD_L1C_TL_SGS_ 20151229T151742_AD02708_T31UCU
[13] S2A_OPER_MTD_L1C_TL_SGS_ 20151229T151742_A0D2708_T31UCY
[14] S2A_OPER_MTD_L1C_TL 5GS_ 20151229T151742_AD02708_T31UDT
[15] S2A_OPER_MTD_L1C_TL SGS_ 20151229T151742_A002708_T31UDU
[16] S2A_OPER_MTD_LIC_TL_SGS_ 20151229T151742_A00Z708_T31UDV
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First step: Sentinel2 Image resampling: 10m VIS NIR SWIR bands

Input/Output
parameters



Verification 10 m



Step 2 visualization of resampled data

NIR, SWIR, VIS Colr Comp



Save the resampled data



Third step: Sentinel2 Image : subset AOI



Third step: Sentinel2 Image : subset AQl: bands selecti




Third step: Sentinel2 Image : subset verification

NIR (8) SWIR 1
(11), RED (4)



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



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 B8A

- B8, B11, B4



83



Good indicators _
to exploit Natural color composite

SWIR or IHS B4, B3, B2 in RGB

Ve

Ve
7

From very bright to very brown: none blue water...

e



SWIR-NIR composite
B12, B11, B8A in RGB

Water: dark tones



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



Flood mapping based on thresholding of raw channel and /or indice

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

Extraction of water bodies from:
e Thematical indices
e First component of a PCA,

e Saturation indices of a HIS
transformation

Saturation/brightness

Histogrammecomput
ation and analysis

I

Threshold
definition

«

Threshold

A\ 4

WATER
INDIVIDUALISATI
ON




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)
Modified Normalized MNDWI = (Green — MIR)/(Green Water has positive value
Difference Water Index + MIR)
Water Ratio Tndex 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




Selected indices: MNWDI indice

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









Selected indices: AWEI indice

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



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












Editor: (7) Basic (7 Sliders @ Table

Colour Value

| -0.511
| 0.245

| | 0,259




Remarks: MNDW!I versus AWEI

MNDWI AWEI

O O

Water
(B3 -B11)/(B3+B11) B2 + (2.5 *B3)- (1.5 * (B8 + B11)) - (0.25 * B12)



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



Water bodies mapping based on optical data :
combination of indices

Water indicess BRIGHTNESS or
ATURATION
Fundamentals: water areas 2
. . Channel XS2 Channel XS1
can be very bright if Channel XS3 Channel XS2
.. Channel XS3
containing suspended v 3
materials NDVI Brightness
computation /Saturation Indice
- - tati
Extraction of water bodies N
from: stograrme g

compptatt

e Brightness Standard or o
Tasseled Cap definition

\ 4

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

.

e Saturation indices of a
HIS transformation

Combination

P i Differentiation Differentiation
I ndlces water/none bright/dark
water areas

WATER



Selected indices: AWEI and Brightness indices

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)

For brightness indices:
Different formula can be applied

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



Water bodies mapping based on optical data :
combination of indices

Water mask generation

Test different
values on IB






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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achanging world
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science for a changing world



Comparison Sentinel2 and Landsat family: spatial






|g LCO8_L1TP_203022_20160129_20170330_0... 19/07/2018 16:49 WinRAR archive 848 275 Ko










Resampling 30 m



Subset



Subset validation



Landsat 8
29 Janvier 2016



Sentinel 2
29 December 2015
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