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Flood mapping and monitoring

Challenging...

Diversity of :

* Size
 Landscapes

* Dynamics

e Scale of analysis

Lot of approaches both in optical and Sar domain
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Detecting water surfaces

Water bodies
e Unique target by complex target
e Water bodies as observed at a T time

e EO Ressources (all !!!)
*SAR MR/HR/THR

e Tools
e Thresholding and screen validation

e Auto processing (Otsu /VSM / change detection, snake..)

eAnalyze of the accuracy depending of data’s types and resolution
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Aims of Flood mapping and monitoring training course

Thematic goals:
— Flood extent
— Flood monitoring exploiting EO time series
— Flood analysis

— Approach of time series

Prepare the exploitation
— Sentinell
— Sentinel2
— HJ1 A&B
— Cosmo Skymed
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Aims of Flood mapping and monitoring training course

Image Procesing part:
Image Visualisation and Manipulation
Flood water extraction

— Optical and Radar

— Mono-date and Multidate
Thresholding
Change detection
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Short term goal of flood mapping and
monitoring training

Exploitation of the Sentinel series

Sentinel 1 : SAR
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Context: Yangtze river’s monsoons =@
lakes monitoring

- 6000 Lakes, pound, reservoirs
+259% freshwater of SE Asia

"+1 ha to 3500 km?

‘Large flooded lakes: 30-40 % of
“i{ area, 2 majors and 4 small ones

1 *‘Water services:

| « 330 000 000 inhabitants
+Public health
‘*Biodiversity stakes

Whithin climate change and
water management (3GD)
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Test sites: Poyang Lake (PR China), Alsatian Flood Plain (Fr)

Monsoon lake 15 years of monitoring

e
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@m Monitoring water bodies based on EO A
resource

Request to a secured resource allowing to monitoring large
areas with a short revisiting time (10 days)

W Cosmo- SkyMed ScanSAR
Optical HR

m Optical MR

W SARMR
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Near Half SAR and optic: 2000-2012

=>ENVISAT, Beijingl and HJ thanks to
DRAGON
— + opportunistic approach to insure

I revisit, AO JAXA, DEIMOS, TakeFive, AO

m SAR data
m Optical dat:

CSK ASI
— Oppen EO database. MODIS. Landsat




‘Qfm Monitoring water bodies based on EO resource
2012-2014 ...

Request to a secured resource allowing to monitoring large areas
with a short revisiting time (10 days)

Sentinel-1
B Cosmo-SkyMed ScanSar 12

Optical HR
M Optical MR
= SAR MR
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Movmg from MR to HR
=, SPOT 4 TakeFive, HJ1A, preparing Sentinel 2 venue

— Archive TerraSAR, New modes TerraSAR TandemX
— Cosmo Skymed from ASI (supporting Envisat Gap)
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NTINEL 1

The Sentinel-1 series : part of the GMES programme
SentinellA, 2014 SentinellB, 2016

Priority : ensure continuity for C-band data
Improvement of SAR signal (30% better than ENVISAT)

Multi mode

 Strip map: 80 km swath , 5m

* Interferometric Wide swath mode IW, 250km, 20 m
« Extra wide EW Swath , 400 km , 25x100 m
 Wave mode, WV, low data rate, 5x20m

* Swath 250 km

Polarisation modes:
* VV or HH in wave mode
« Selectable dual pol for all other mode HH+HV; VV+VH

(Lopernicus
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Copernicus missions (ESA) exploitable for hydrology
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Figure 129: Overview of the Sentinel-1 C-SAR instrument observation scheme and operational support
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Sentinel 1: High temporal
revisit TO, +5, +7
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Sentinel 1 data availability

(acquisitions from beginning until 14.06.2017)
Sentinel-1A/B SAR-C, GRD, 818 Scenes, 1.2 TB data volume
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Case of the Yangtze
monsoon lakes
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Interest of High temporal
revisit for monitoring
hydrological behaviors

Intra annual changes
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hydrological behawors ‘

-""Inter annual changes
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Ends: Water surfaces monitoring
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Analysis of temporal variations of water surfaces from 2000 to 2014.
Our core information is 15 years of surface extents with a high
frequency scoring (10 days in average)
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Water surfaces monitoring

Both in spatial and temporal domains
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Normal hydrological year, wetness and dryer successions

=> Trends analysis in conjunction with meteo parameters ...
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“< Water extent monitoring: Submersion time, occurrence maps
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Water extent monitoring
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Yearly Residual analysis

2014 Submersion Time Trends

Water presence®

Decrease Stability Increase

* Submersion time trends during 2012 were calculated with
respect to average 2000 to 2010 submersion times over

N
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A o

Poyang Lake database set up with the Wetland Flood DRAGON
Program including 25 Cosmo-SkyMed ScanSAR Wide and 18
Sentinel-1A data aquired between January 2014 and
December 2014,

Shaded relief from SRTM DEM, processing SERTIT 2005,

Yearly submersion time estimates by SERTIT, © SERTIT 2015.
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Water extent monitoring: Submersion time: residual analysis
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2012 Submersion Time Trends

Water presence*

Decrease Stability Increase

* Submersion time trends during 2012 were calculated with
respect to average 2000 to 2010 submersion times over

N
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) Kkm

g

] & Poyang Lake database set up with the Wetland Flood DRAGON

Program including 12 HJ-1 A/B, 11 MODIS, 2 Cosmo-SkyMed
ScanSAR Huge, 1 ENVISAT WSM, and 1 MERIS FR data aquired
between January 2012 and December 2012.

Shaded relief from SRTM DEM, processing SERTIT 2005.

Yearly submersion time estimates by SERTIT, © SERTIT 2015.
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“ 2013 Submersion Time Trends

Water presence®

Decrease Stability Increase

* Submersion time trends during 2012 were calculated with
respect to average 2000 to 2010 submersion times over

N

0 10 20
A o

Poyang Lake database set up with the Wetland Flood DRAGON
Program including 14 Hi-1 A/B, 12 MODIS, 6 Cosmo-SkyMed
ScanSAR Huge, 2 SPOT-4, and 2 landsat-8 data aquired
between January 2013 and December 2013.

Shaded relief from SRTM DEM, processing SERTIT 2005.

Yearly submersion time estimates by SERTIT, © SERTIT 2015.
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Multi source & multiscale optical and SAR

SPOT4/ HJ/Deimos and Pleiades HR
TerraSAR, Wide ScanSAR to Staring Spot

Vin Light

SPOT-4 /

B VHR SAR or Optical imagery

’ allow to validate the HR derived
Pléiades flood extent

IPPOTE COrIOS/E
Lor-rrrersves/E

Echelle spalitle’

Acquisition mensuelle

&
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Schematic processing flow for Sentinell Sar data

PreProcessing

DEM

Amplitude
texture
Polarmetric
primitives
Coherence

vy

':“-Mu-'l‘ti temporel;- l

Coherence —
Methods — Exraction [+ POLSARPRO V. 5.0 i3
|
Geometry

Geometry —

\ [
<_

Validation _| Database {# Water product
Validation
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Objectives of training course

- Open SPOT-5 images in ESA SNAP Toolbox E
- Edit different RGB views

- Interpretation of the surface’s spectral behaviour based on the reference image

- ldentify the spectral signature of permanent water bodies
- Creation of an image subset

- Extraction of permanent water bodies

- ldentify the spectral signature of flooded areas

- Extraction of flooded areas

ADVANCED LAND REMOTE SENSING INTERNATIONAL TRAINING COURSE TeitiIA” TR B R ) |

20-25 November 2017 | Yunnan Normal University Kunming, Yunnan Province, PR. China Dr H. YESOU 2017E11B208—1B258 =RIFEAS, +E, B



-&g]fmypﬂ v

Recognition of water surface
water flooded vegetation and floating vegetation

>

saentinel-1A

2L & g‘
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Recognition of water surface
water flooded vegetation and floating vegetation

Sentinell VV less apparent water than on VH
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Recognition of water surface
water flooded vegetation and floating vegetation

Sentinell band C VV = CSK band X HH
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Recognition of water surface
water flooded vegetation and floating vegetation

&« © Erv Evans
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Recognition of water surface
water flooded vegetation and floating vegetation
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Recognition of water surface
Wet area after water redraw
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Recogmtmn of water surface
Wet area after water redraw
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Interest of High temporal
revisit for monitoring

hydrological behaviors

9

o

Intra annual changes
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2| sla_iw_grdh_lsdv_20150816t101837_20150816t101902_007287_009fd6_c32e.tif.aux Document XML 3 Ko
2 sla_iw_grdh_lsdv_20130828t101838_20150828t101903_007462_00a492_b9a2.tif Document XML 7 Ko
2 sla_iw_grdh_lsdv_20150828t101838_20150828t101903_007462_00a492_b9a2.tif.aux Document XML 3 Ko
£ sla_iw_grdh_lsdv_20150909t101838_20150909t101903_007637_00a962_ddda.tif Document XML 7 Ko
2 sla_iw_grdh_lsdv_20150909t101838_20150909t101903_007637_00a962_ddda.tif.aux Document XML 3 Ko
[ 4 sla_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8f26.t4f ERDAS IMAGINE d... 30 896 Ko
e s1 a_iw_grdh_lsdwv_20150629t101835_20150629t101900_006587_008c5>c_foefc.tif ERDAS IMAGINE d... 31 029 Ko
™ 4 sla_iw_grdh_lsdwv_20150711t101835 20150711t101900_006762_009129 cBal.tif ERDAS IMAGINE d... 30 981 Ko
4 sla_iw_grdh_lsdv_20150723t101836_20150723t101901_006937_00962c_0Ofe5.tif ERDAS IMAGINE d... 31 044 Ko
[ 4 sla_iw_grdh_lsdv_20150816t101837_20150816t101902_007287_009fdo_c32e.tif ERDAS IMAGINE d... 31 263 Ko
™ 4 sla_iw_grdh_lsdwv_201508281101838 20150828t101902_007462_00a492_b9a2.uf ERDAS IMAGINE d... 31 227 Ko
™ 4 sla_iw_grdh_lsdv_201509091101838_20150909t101903_007637_00a962_ddda.tif ERDAS IMAGINE d... 31 179 Ko
sla_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8T26.aux Fichier AUX 9 Ko
sla_iw_grdh_lsdv_20150909t101828_20150209t101902_007637_00a9262_ddda.aux Fichier AUX 9 Ko
sla_iw_grdh_lsdwv_20150612t221505_20150612t221530_006346_0085a2_8f26.rd Fichier RRD 39 4324 Ko
sla_iw_grdh_lsdv_201509091101838_201502909t101903_007637_00a962_ddda.rrd Fichier RRD 434 Ko
sla_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8f26.tfw Fichier TFW 1 Ko
sla_iw_grdh_lsdv_20150629t101835_ 20150629t101900_006587_008c5c_fofc.tfw Fichier TFW 1 Ko
sla_iw_grdh_lsdwv 20150711t101835_ 20150711t101900_006762_009129_c8al.tfw Fichier TFW 1 Ko
sla_iw_grdh_lsdv_201507231t101836_20150723t101901_006937_00962c_0OfeS.tfw Fichier TFW 1 Ko
sla_iw_grdh_lsdv_20150816t101837_20150816t101902_007287_009Td6_c32e.tfw Fichier TFW 1 Ko
sla_iw_grdh_lsdv_20150828t101838_20150828t101902_007462_00a492_b9a2.tfw Fichier TFW 1 Ko
sla_iw_grdh_lsdwv_20150909t101838 20150909t101902_007637_00a962_ddda.tfw Fichier TFW 1 Ko

® sla_iw_grdh_lsdv_20150612t221505_20150612t2215230_006346_0085a2_8f26 Fichier TIF 118 5304 Ko
) sla_iw_grdh_lsdv_20150629t101835_20150629t101200_006587_008c5c_TfoTc Fichier TIF 118 193 Ko
) sla_iw_grdh_lsdv_20150711t101825_20150711t101900_006762_009129 c8al Fichier TIF 118 586 Ko
) sla_iw_grdh_lsdv_20150723t101836_20150723t101901_006927_00962c_0fes Fichier TIF 118 891 Ko
® sla_iw_grdh_lsdv_201530816t101837_20150816t101902_007287_009fd6_c32e Fichier TIF 119 176 Ko
) sla_iw_grdh_lsdv_20150828t101838_20150828t101203_007462_00a492_b9a2 Fichier TIF 119 522 Ko
) sla_iw_grdh_lsdv_20150909t101828_20150909t101903_007637_00a962_ddda Fichier TIF 119 260 Ko
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Available SAR Sentinell data
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6 Subset of Sentinell images acquired in 2015

®| sla_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8f26 Fichier TIF 118 504 Ko
®| sla_iw_grdh_lsdv_20150629t101835_201506.29t101900_006587_008c5c_fofc Fichier TIF 118 193 Ko
®| sla_iw_grdh_lsdv_20150711t101835_20150711t101900_006762_009129_c8al Fichier TIF 118 586 Ko
®| sla_iw_grdh_lsdv_20150723t101836_20150723t101901_006937_00962¢c_0Ofe> Fichier TIF 118 891 Ko
®| sla_iw_grdh_lsdv_20150816t101837_20150816t101902_007287_009fd6_c32e Fichier TIF 119176 Ko
®| sla_iw_grdh_lsdv_20150828t101838_20150828t101903_007462_00a492_b%a’ Fichier TIF 119 522 Ko
®| sla_iw_grdh_lsdv_20150909t101838_20150909t101902_007637_00a%62_ddda Fichier TIF 119 260 Ko
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File Edit View Analysis Layer Vector Raster Optical Tools Window Help

ag oniEecl e ANV EREYER N IEED

Product Explorer | Pixel Info | =1
|=] SNAP - Open Product 5

Look in: | subset_Sentinell v: ok E-
I sla_iw_grdh_1sdv_20150612t221505_20150612t221530_006346_0085a2_8f26.aux & sla_iw_grdh_lsdv_|
e sla_iw_grdh_1sdv_20150612t221505_20150612t221530_006346_0085a2_8126.rrd sla_iw_grdh_1sdv_|
I sla_iw_grdh_1sdv_20150612t221505_20150612t221530_006346_0085a2_8f26.tfw & sla_iw_grdh_lsdv_
[ sla_iw_grdh_1sdv_20150612t221505_20150612t221530_006346_0085a2_8f26 @ 51a_iw_grdh_lsdv|
| @ s1a_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8f26.tifaux ek sla_iw_grdh_lsdv_
Bureau | o s1a_jw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8126.1if @ 51a_iw_grdh_lsdv|
: @ s1a_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8f26.1if sla_iw_grdh_1sdv_|
Navigation % | Colour Manipulation | Uncertainty Visualisation | WorldWi £ sla_iw_grdh_1sdv_20150629t101835_20150629t101900_006587_008c5c_fefc.tfw ® sla_iw_grdh_1sdv |
Mes docu... (@ s1a_jw_grdh_lsdv_20150629t101835_20150629t101900_006587_008c5c_f6fc @ s1a_iw_grdh_lsdv|
. @ sla_iw_grdh_lsdv_20150629t101835_20150629t101900_006587_008c5c_fefctifaux o sla_iw_grdh_lsdv.
A o s1a_iw_grdh_1sdv_20150629t101835_20150629t101900_006587_008c5c_fefc.tif @ sla_iw_grdh_lsdv|

Ordinateur

sla_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8726.aux
sla_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8f26.rrd
sla_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8f26.tfw
[ sla_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8f26
@ sla_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8f26.tif.au
of sla_iw_grdh_lsdv_20150612t221505_20150612t221530_006346_0085a2_8f26.tif
@ sla iw_grdh_lsdv 20150612t221505_20150612t221530 006346_0085a2_8f26.tif
sla_iw_grdh_lsdv_20150629t101835_20150629t101900_006587_008c5c_f6fc.tiw S— SE—
® sla_iw_grdh_lsdv_20150629t101835_20150629t101900_006587_008c5c_f6fc Teitkla” R KNSR E R
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Analyse landscape elements

12 of June 2015
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File Edit View Analysis Layer Vector Raster Optical Tools Window Help

aP ERELILIEBr e AXNTRYOR = N

Product Explorer & | Pixel Info |

.

|£| SNAP - Open Product

==)

i
Documents...

Bureau

Navigation # | Colour Manipulation Uncertainty Visualisation

WorldWin

| 3

1:27.76

Mes docu...

A

Lo~

Ordinateur

Réseau

DVANCED LAND REMOTE SENSING INTERNATIONAL TRAINING

Look in: [

subset_Sentinell

v: |‘=_=fiv

7F_009fdb_c32e.tfw
F_009fd6_c32e
F_009fdb_c32e.tif.aux
F_009fd6_c32e.tif
F_009fd6_c32e.tif
P_00ad492_b9a2.tfw
P_00a492_bY9a2

P 00a492_b9a2.tif.aux
P_00ad492_b9a2.tif
P_00a492_b9a2.tif
F_00a962_ddda.aux

1

sla_iw_grdh_lsdv_20150909t101838_20150909t101903_007637_00a962_ddda.rrd
sla_iw_grdh_lsdv_20150909t101838_20150909t101903_007637_00a962_ddda.tfw
® sla_iw_grdh_lsdv_20150909t101838_20150909t101903_007637_00a962_ddda
& sla_iw_grdh_lsdv_20150909t101838_20150909t101903_007637_00a962_ddda.tif.aux
et s1a_iw_grdh_1sdv_20150909t101838_20150909t101903_007637_00a962_ddda.tif
# sla_iw_grdh_lsdv_20150909t101838_20150909t101903_007637_00a962_ddda.tif
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e Edit View Analysis Layer Vector Raster Optical Tools Window Help
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Product Explorer | | Pixel Info ‘ E”E [1]RGB |
} [1] sta_iw. grdh Isdv 20 0 00 ‘ :
[+-@ Metadata
[+ Vector Data

(+-@ Bands

1:48.67

X 3202 Y 866 Lat 29°14'27" N_Lon 116”10 51" E Zoom 1:48.7 Level 2

ADVANCED LAND REMO itx4" e bkt R ) | B
20-25 November 2017 | Yunnan Normal University Kunming, Yunnan Province, PR. China Dr H. YESOU 201711B208—11825H =EIHEAY, +E, B




Water

Dykes
Wuchen island
Paddy fields
Sandy hills

Boats
Fish nets

N il “Teitild” SRS R PR

gL ROt Sicy il ‘ e 1‘-..6, ':l\ ‘\.lvm;ru ’? e L}? I l\‘.'.i‘ Cowo W 2017%11B208—11B25H Eﬁl}fﬁféxﬁy 41@’ 26




=
-
a

e
®
n
Q

(' NRSCL v S

od &4 4 % ¥

|

09 of September 2015 VV

Water

Dykes
Wuchen island
Paddy fields
Sandy hills

Boats
Fish nets

“Teitild” SRS R PR

201711B208—11B25H =EIMEAE, +E, B



od &4 4 % ¥

(0

('NHSL'L‘ v 5L &%—- eéSa

09 of September 2015 VH

Water

Dykes
Wuchen island
Paddy fields
Sandy hills

Boats
Fish nets

“Teitild” SRS R PR

201711B208—11B25H =EIMEAE, +E, B




‘nggm SAR Flood mapping based on SAR data

* Water extraction by thresholding
performed on:

e Amplitude data (mediane

fenetre glissante) |
[ Coherence :: s Histogrammecomputation

and analysis

l

Threshold
definition

e Polarimetry approach
(Shannon Entropy)

e Methods of classification

e Supervised v
e None supervised e
e Oriented object methods @
e SVM ]

e Snake detection aren

INDIVIDUALISATION
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‘ Product Explorer | Pixel Info & \

|| Snap to selected pin
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sla lw_grdh‘%zg%nﬁ 21505_20
e Edit View Analysis Layer Vector Raster Optical Tools Window Help

SR NnELASR e ANV ESCR > \(IEEDO

‘oduct Explorer # ‘ Pixel Info } = E [11RGB s [ [1] band_1 | RIS E3] =)

= [1] s1a_iw_grdh_1sdv_20150612t221505 20150612t221:
+-E2 Metadata
- Vector Data
=& Bands
[ band_1
[ band_2

Aueiqr] 3anpo.d éﬂ

Target product:
[1] sia_iw_grdh_1sdv_20150612t221505_20150612t221530_006346_0085a2_8f26 v

Name: new_e]

Description:

Jabeuepy Jaieq ()

Unit:
Spectral wavelength:/ 0.0

[¥] virtual (save expression only, don't store data)

Jabeuel dsel Iy

m V| Replace NaN and infinity results by

ﬁ Generate associated uncertainty band

wigati... % | Colour Man...| Uncertainty... | WorldWind ...

Band maths expression:

Yy

[ Load... H Save... Edit Expression...

[ OK H Cancel H Help ]

¥ o

X —-Y - Lat  -- Lon - Zoom - Level - (%]
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Extraction of permanent water bodies

- Go to Utilities> Create Band from Math Expression

Target product:
:[ﬂ subset_1_SPOTS_HRG2_XS_20150808_N1_TUILE_BraiaCazasuRomaniaD0000BO000

Mame: mask_water

Description:

nit:

Spectral wavelength:| 0.0

Virtual (save expression only, don't store data)
Replace MaM and infinity results by

Band maths expression:

[ Edit Expression. .. ]

[ QK ” Cancel ” Help ]
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Extraction of permanent water bodies

- Click on Edit Expression

Data sources: Expression:

band 1

band 2

g - @
band 3

£
band 4 e e

I

(@i

Constanta. . .

tora_ __
Show bands ;Dpera °E=

Functions. . .
[] Show masks -

Show tie-point grids

Show single flags

[ QK ” Cancel ” Help ]
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Extraction of permanent water bodies

- Create a conditional expression on Sentinel bands in order to generate a binary
mask. Surfaces corresponding to water have to be coded by a 1, and to non-water

by a O.
- Band Maths Expression Editor ﬂ
Data sources: Expression:
band 1 ’ B+ @ ] if band_1 <= then 1 elae Ell |
band 2 ’ @ - @ ]
| e-e | |
’ @y @ ]
’ (@) ] I
Constents. . v if band_1 <= 110 then 1 else O
Show bands :DPEIMME' — h
Functicns. ..
|| show masks :
Show tie-point grids
— Y i N
Show single flags = (Wl @ AR i P
’ OK ” Cancel ” Help ]
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File Edit View Analysis Layer Vector Raster Optical Tools Window Help

ELEZY ¥ 54 TN R W RN W W

iMEHEO

Q~ Search (Ctrl+I)

Navigati... % |wOrmmnd___|cmour Ma... |UHDertaint_.. | E (1] reE =2|E [1] band_1 ==| [ [1] mask_water_

Flepppp

--fif Mean 7x7

--§8E Median 33

--HE8 Median 5x5

--§if Median 7x7

--§#8 Standard Deviation 33
--§8 Standard Deviation 5x5
 -J8 Standard Deviation 7x7
E} ‘Morphological Filters

--H8 Erosion 3x3

--§i Erosion 5x5

--§8 Erosion 7x7

--H8R Dilation 3x3

--§8R Dilation 5x5

--§88 Dilation 7x7

-8 Opening 3x3

--§Hf Opening 5x5

--§8l Opening 7x7

-l Closing 3x3

- g Closing 5x5

-8 Closing 7x7

(I Product Explorer g2 Pixel Info th
P

Band name: water_100_?

Number of iterations: :1

-

Cancel ” Help ]

)

1:55.14 I r 2@
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Best approach
Speakle filtering and
majority threshold
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- Speckle filtering

File Help

1@ Parameters| Processing Parameters |

Source Bands:

Edge Threshold: sg00.0
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