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Flood mapping and monitoring

Challenging…

Diversity of :
• Size
• Landscapes
• Dynamics
• Scale of analysis 

Lot of approaches both in optical and Sar domain 
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Water bodies

• Unique target by complex target

• Water bodies as observed at a T time

• EO Ressources (all !!!) 
•SAR MR/HR/THR

• Tools
• Thresholding and screen validation
• Auto processing (Otsu /VSM / change detection, snake..)

•Analyze of the accuracy depending of data’s types and resolution

Detecting water surfaces
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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
– Sentinel1
– Sentinel2
– HJ1 A&B
– Cosmo Skymed
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Image Procesing part: 

Image Visualisation and Manipulation

Flood water extraction

– Optical and Radar

– Mono-date and Multidate

Thresholding

Change detection

Aims of Flood mapping and monitoring training course
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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 

Wucheng/Shenjiang Lakes
Poyang lake

Dongting Lake Poyang lake

• 6000 Lakes, pound, reservoirs

•25% freshwater of SE Asia

•1 ha to 3500 km2

•Large flooded lakes: 30-40 % of 
area, 2 majors and 4 small ones

•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)

Poyang lake, Monsoon lake 15 years of monitoring 
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Monitoring water bodies based on EO 
resource

2000-2012Request to a secured resource allowing to monitoring large 
areas with a short revisiting time (10 days)  

53,5  
46,5  

Near Half SAR and optic: 2000-2012 

=>ENVISAT, Beijing1  and HJ thanks to 
DRAGON
 + opportunistic approach to insure 
revisit, AO JAXA, DEIMOS, TakeFive,  AO 
CSK ASI
 Open EO database, MODIS, Landsat
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Request to a secured resource allowing to monitoring large areas 
with a short revisiting time (10 days)  

Moving 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)

 Sentinel 1

Monitoring water bodies based on EO resource
2012-2014 … 
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SENTINEL 1

The Sentinel-1 series : part of the GMES programme

Sentinel1A, 2014   Sentinel1B, 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
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Water Surface

Water Height

Copernicus missions (ESA) exploitable for hydrology
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SENTINEL 1
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20140921 20140926

20141003 20141008

20141015

20141015

2014110120141108

20141020

20141113
20141120

20141125
20141202

20141207
20141214 20141219

20141226

Sentinel 1: High temporal 
revisit T0 , +5, +7
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Sentinel 1 data availability
(acquisitions from beginning until 14.06.2017)

Dongting Lake Poyang Lake

Courtesy of Juliane Huth DLR

Case of the Yangtze 
monsoon lakes
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Change within 10 days

Change within 40 days

Interest of High temporal 
revisit for monitoring 
hydrological behaviors

Intra annual changes
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CSK 2013-10-01

1626 km2

Mapping Water Bodies from Space - MWBS 2015 

Interest of High temporal 
revisit for monitoring 
hydrological behaviors

Inter annual changes
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Sentinel 1 2014-10-03

Interest of High temporal 
revisit for monitoring 
hydrological behaviors

Inter annual changes

2718 km2

Mapping Water Bodies from Space - MWBS 2015 
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Sentinel1

Interest of High 
temporal revisit for 
monitoring 
hydrological
behaviors

Intra annual
changes based on 
coherence analysis

Courtesy
M. Foumelis
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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)

Ends: Water surfaces monitoring

Mapping Water Bodies from Space - MWBS 2015 
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Analysis of temporal variations of water surfaces from 2000 to 2014
Normal hydrological year, wetness and dryer successions

=> Trends analysis in conjunction with meteo parameters ...

Water surfaces monitoring 

Both in spatial and temporal domains 
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Water extent monitoring: Submersion time, occurrence maps 

Yearly Residual analysisYearly time of submersion
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Yearly Residual analysis

Ten years averaged of  time of 
submersion

Water extent monitoring: Submersion time: residual analysis Water extent monitoring: Submersion time: residual analysis 

Given year: 2014
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Water extent monitoring: Submersion time: residual analysis 
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SPOT4/ HJ/Deimos and Pleiades HR

TerraSAR, Wide ScanSAR to Staring Spot 

Light

Multi source & multiscale optical and SAR

VHR SAR or Optical imagery

allow to validate the HR derived

flood extent

Suivi des eaux continentales et détection des surfaces en eau, CNES, Toulouse, 6-01-2015
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Sentinel-1

PreProcessing

Validation

Amplitude
texture

Polarmetric
primitives
Coherence

ESA SciHub

DEM

Extraction

Database

Water productDatabase

Geometry

Data 
ingest

Primitives
Image 

features/
patterns

Methods

Validation

Geometry

Schematic processing flow for Sentinel1 Sar data

Amplitude

Entropie

Multi temporel -
Coherence
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Objectives of training course

- Open SPOT-5 images in ESA SNAP Toolbox

- Edit different RGB views

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

- Identify the spectral signature of permanent water bodies

- Creation of an image subset

- Extraction of permanent water bodies

- Identify the spectral signature of flooded areas

- Extraction of flooded areas
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Recognition of water surface
water flooded vegetation and floating vegetation
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Sentinel1 VV less apparent water than on VH 

Recognition of water surface
water flooded vegetation and floating vegetation
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Sentinel1 band C VV = CSK  band X HH
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Nymphoides Pelatum

Recognition of water surface
water flooded vegetation and floating vegetation
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Jacynth

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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Recognition of water surface
Wet area after water redraw

Transitional areas between dry 
land and open water surface in 
very flat areas
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Change within 10 days

Change within 40 days

Interest of High temporal 
revisit for monitoring 
hydrological behaviors

Intra annual changes
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12 of June 2015
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29 of June 2015
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11 of July 2015
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23 of July 2015
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28 of August 2015
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9 of September 2015
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Available SAR Sentinel1 data 
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Available SAR Sentinel1 data 

6 Subset of Sentinel1 images acquired in 2015
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Analyse landscape elements

Water 
Dykes
Wuchen island
Paddy fields
Sandy hills

Boats

…

12 of June 2015
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Analyse landscape elements

Water 
Dykes
Wuchen island
Paddy fields
Sandy hills

Boats

…

12 of June 2015: VV
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Analyse landscape elements

Water 
Dykes
Wuchen island
Paddy fields

Boats

…

12 of June 2015: VH
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09 of Septembr 2015

Water 
Dykes
Wuchen island
Paddy fields
Sandy hills

Boats
Fish nets

…
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09 of September 2015  VV

Water 
Dykes
Wuchen island
Paddy fields
Sandy hills

Boats
Fish nets

…
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09 of September 2015  VH

Water 
Dykes
Wuchen island
Paddy fields
Sandy hills

Boats
Fish nets

…
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SAR Flood mapping based on SAR data

• Water extraction by thresholding
performed on:

• Amplitude data (mediane
fenetre glissante)

• Coherence

• Polarimetry approach 
(Shannon Entropy)

• Methods of classification 

• Supervised 

• None supervised 

• Oriented object methods

• SVM

• Snake detection

• …

Threshold 
application

Threshold 
definition

Histogrammecomputation 
and analysis

WATER 
INDIVIDUALISATION

Histogramme 
NIR or SWIR
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Extraction of permanent water bodies

- Go to Utilities> Create Band from Math Expression
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Extraction of permanent water bodies

- Go to Utilities> Create Band from Math Expression
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Extraction of permanent water bodies

- Click on Edit Expression
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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 0.

if band_1 <= 110 then 1 else 0
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Threshold
85
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Threshold
110
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Median 3*3
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Median 3*3

Best approach
Speakle filtering and 
majority threshold
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Replay the exercise  
after applying a speckle 
filter (lee or gamma, 
woth a 5*5 window) 
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