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Why it is relevant to map and monitor flood events?

 Floods: 34% world natural
hazards between 1974-2003

« Near 200 millions of affected
I::eo le each year (more than
of affected people by a
natural hazardss)

* More than 170 000 deceases
from 1980 to 2000

« W.ith climate change it would
become worse

- Fitting floods is one of the
most important environmental

(1) injured + homeless + affected
C h a I Ie n g e Source . EM-DAT - International Disaster Database
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Why it is relevant to map and monitor flood events?

« Floods: worldwide

« Important mortality in
Asia, Central- South
America, Eastern Africa

Mortality
- Important economicloss¢ | &%
in Europe, Northern — L

America as well as Asia

« Most dramatic are not the
most costly ones (Nargis:
140 000, none insurance
prime, whereas 2008
spring floods in US and P

Germany 1,1billion $ each | rcooecies
Dt
L o

e - 10"

Global Distribution of Flood Risk
(Source: Columbia University, UNDP, CRED)
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Why it is relevant to map and monitor flood events?

Floods. Europe uy_t_nmnmumm mmlmmlum - PR

Central Europe I
British Islands
South France
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Why it is important to monitor water bodies?

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

nevre 1ETE HE40TE
3 N +
Poyang Lake ey — %=
Yearly Submersion Time \
. | y',r\l 1\l| v “_
i ) \
[V a f ( \ f
[ W\ i | %) A A ‘ = [ [ | N\ \
| i f | 1 /
| |I | i1 T R A { N L { N | [ “
M O Y O L | [ b o | | A \ |
< —+ i — t [ | T
| | W, [ \/ \ ‘ ‘ '\ \ | ; | 1‘ ‘l ‘ ‘ | ‘ \
| w | | | \ [ 1 N | | | | | | \
| ¥ | 1 757 Y W . ] |7 |
[ | r \ | [ 1
\ \ | \ ‘l J ™ oy \al i\
+ A NS " Al ¢
xe | ar + i W 1A
PIBPP IR PIINOBPEFIARNGFIIRP PRI R IR PIPFERPIF I OBPD FRIL2 I FAFID B IIIINIIIININDIIINRI IS
SRS IR P IR SRSV RS ’J-"A/}f',’é” ET Sy T ER T T IR S SR ST LR TS R T Y PRI I
7éT 47 ¥ & A & & £ & £ £ i & e J &7

" ’ Poyang lake, PR China

15 years of monitoring

Important to monitor water resource as

water is a key element for human being
and life

Better understanding of water cycle
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Why it is important to monitor water bodies?

Monitoring : keys for B "g'%"I.@'PUtgf-a-i'ﬁé._ !-'6:-'3 gtlmeserlesf

hydrological modeling :-; OfEO data“ ERNENEEERENNRNNE “

N600E 1E°200E HEHOUE

e

-
Poyang Lake
Yearly Submersion Time

Water hﬁass F\ﬁoveﬁ:\ent
infilling draw off
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Why it is important to monitor water bodies?

Monitoring : keys for

long term change : lakes
are climate sentinels

Inputs-are lohgtinte seriés of EO .

... . "

2005 Submersion Time Trends
¢

20()2:'%ianm ing of lan
changes due ) Man acti

N600E ME20VE HE"0TE

!
Poyang Lake
Yearly Submersion Time

ZON

2005 : water staylonger 5005 ; Deficit of water

period due to the stay in the delta part
February flood

200N
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Why it is important to monitor water bodies?

Monitoring : keys for
epidemiology

Z0on

Inputs are |ongitirhe series of EO
data 0 o B R gl =

%7

Water = key element in
epidemiologyift Malaria,
Rift valley fever,
Schistosiomasis
Etc ...

Dynamic element=>
need to be monitor
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Why it is important to monitor water bodies?

Monitoring : keys for Inputs are fong time series of EO

Biodiversity data —

Water = key element
driving force of
sensible ecosystem
Etc ...

Input for oriented
field survey

A ¥,
T [.& ¥Deimos image .
D N f Y o s -
-‘_' ~”A‘"-.\-‘ "'-? ‘i

L
: t e U

: L3y - A
N . '

Credits ICF
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Near 30 years of exploitation of EO data
for water bodies mapping and
monitoring

Improvement from one generation to
another one

e SPOT1-3 to SPOT4-5=> SPOT 6-7
e SPOT => Pleaides VHR

e MODIS => MERIS=> S3 OCLI

e Sentinel2

ERS =>ENVISAT=> Sentinel 1A/B
H] 1C => Chang Zheng 4C
Radarsat 1 => Radarsat 2

VHR SAR TerraSar X and CSK

Improvement in term of
e Swath

e Resolution

e Radiometric quality

e Revisiting time

e Access to images

e Derived products
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Flood and lakes in the landscape
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Event signatures
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Chacter Call 1D Mo, 823424
TC-2012 C00197-PHL
Froduct No. 03

PHILIPPINES - Mindanao Island
New Bataan - Damage assessment
Typhoon Bopha/Pablo
Observed the 10/12/2012
Location Duagr ams.

tegend
Building

(probabie)

®  Probabie flood

& Probable wind
2 Flooded sum area

Other Typhoon domage
I =
(water/mud)

Interpretation
Bopha Typhoon which devastated Midanso s iwand, in southern
Philppnes, on Wednesday 05 Oecember 2012. The authorities
count acound 700 dead, 400 missing and 250,000 homeless
whter its passage.
The typhoon has badly Ve the New Bataan area: many busidegs
e flooded and wind damaged, with » slum ares being swest
wway. 8 rumber of roads alze seem serioushy aftected and the
1rwes in the area have been hit. This is evidenced after analysing
Pisades imagery scquired the 10 December 2012 0.50m)
Cartographe information
° 200 N
p——— A
Local projection: UTM 51 North , Datum: WGS 84
Geagraphic projection: Lat/Lon (DMS], Datum. WGS 84
Scale: 1.5 000 for A3 prints
Geometsic referunces:
Horizoneat: Pléiades navigation parametecs
Vertical: STM, masimum16m specification
Oata Sources
Criss fayers
Disaster impact asiesument [potentially sffected bulidings,
roads, food traces extent), OSERTIT 2012
Péades 1A image (0.50m) scquired 10 December 2012, ©
CNES 2012, distribution Astrium Services / Sgot image SA, al
nghts reserves

Framework

The products elaborated for tes Rapid Maggang Activrty are reaised
10 the best of our abiity, within @ very short time frame, during »

Mo liabiity concerning the content or the use thereof is assumed by
the croducer

Map produced the 11 December 2012 by SERTI
© SENTIT 2002 /

sectit@vartit u-strusby b
htg//vertitu-stamtig St
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Flood patterns recognition

Ireland SAFER 027, 2010

Water within bogs
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Flood patterns recognition

o NE120E suave w0 1e2vE 15
e - Charter Cai 253 - SERTIT Procuct No 04

ANGOLA
Cunene province
Ombala-yo-Mungo area

Impact map
Scale: 1:100,000
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1 sy J08 Dy ey TN waCh Vi cuiad o
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T W s wos

Cour woaase won i
Batatine mtorvratan

shars sPoT s

et e En -

Aeher Cotn AR M S 35 Mach 3007
Gucnriuing  OnsrectcsEn  Osorscticton
iy A0 A rwmee RMSE 4/, & rvmmes RMSE
Credes & Copyriam
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Wetas mckes detacted colity on e 110h of May 2000
SERAT 2000

Bk oo
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- e T o Wy 2000

Eaten 1.
e Coreraars @ 10000 160 A1 o (341 » Sdamww)

Charter action

EE e iy
e
By S e o s

o veewee
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Water within inter dune depression

U o, M govessin

UNOSAT« ‘

May 2009
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Lakes and water bodies:
Landscape variability that will be captured by EO Sensors

Niger Inner delta and river
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Lakes and water bodies: Landscape variability

Northern territories Boreal Canada

Newfoundland- '\
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Clear sky
Sunny weather
— Sentinel 2 .
. Pasive Remote
— Pléiades HR Sensing

Optical sensors

29 August 2016




= R

Cloudy, rainy weather sensing
SAR sensors

ZG‘kugUSt 201!‘--‘ & Active remote ’

Sunny weather
—>Sentinel 1
— Radarsat
—=TSX & CSK
— Gaofeng 3

4
k,

26 August 2016
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Wavelenghts pertinent for water surface
mapping/monitoring

Flood under
. Hydrology + vegetation
Mapping+ land cover/use Biomas Biomas
reconnaissance DEM under
intelligence forest
Bandes Ka K P
Fréquence
(GHz) 40-26 5 26.5-18 4-2 2-1 1-0.3
Ia::mgueur 0.75-1.1 1.1-1.67 167-24 §24-3.75 | 3.75-75 | 7515 |156-30 | 30-100
onde (cm) |
Polarisation HH, VV, HV, VH

Images acquired in X, C, S, L Bands are potentially suitable for water bodies mapping



Poland Floods May - June 2010

 [AR1

Category | Satellite Sensor/Beam Acquisition (UTC) Hes. (m])
WHRZ COSMO-Skyhed | Himage 260572010 00:00:00 1-4
HR1 RADARSAT-2Z Ultra-Fine 22052010 D5:02:47 4-10
- HR1 RADARSAT-2Z Fine 1206/2010 04:49
[HR1 RADARSAT-2Z Fine 12/05/2010 04:50
; RADARSAT-2Z Fine 15/06/2010 16:25
_‘ | HR1 RADARSAT-2Z Fine 16/0E/2010 04:33
HR1 RADARSAT-2Z Fine 18/08/2010 16:35
HR1 RADARSAT-2Z Fine 25/05/2010 16:34
HR1 RADARSAT-2Z Fine 25/05/2010 16:34
HR1 RADARSAT-2Z WL Fine 25052010 16:38:27
HR1 RADARSAT-2Z Fine 2B/06/2010 04:41
M| HR1 TerrasAR-X ScanzAR 2B052010 16:43:18
HR1 TerrasAR-X ScanzAR 205200 16:26:M
HE1 TerrasSAR-X atripmap 13062010 16:17
HR1 COSMO-SkyMed | Himage 09/05/2010 0000
=8| HR 1 COSMO-SkyMed | Himage 10/08/2010 00:00
1| HR1 COSMO-SkyMed | Himage 11,06/2010 00:00
HR1 ENWISAT ASAR | 1M 20006/2010 00:00
HRZ RADARSAT-2Z Fine 22052010 16:25:34 10- 30
HRZ RADARSAT-2Z Fine 23052010 04:33:25
HRZ RADARSAT-2Z Multi-Look 25/05/2010 05:15:23
HRZ RADARSAT-2Z WL Fine 25052010 16:38:04
HRZ RADARSAT-2Z WL Fine 26052010 04:46:04
HRZ ERS-2 SAR Standard 19/05/2010 20:3%:00
HRZ ENWISAT ASAR | 1M 16/05/2010 00:00
HRZ ENWISAT ASAR | 1M 20006/2010 00:00
M HRZ ALDS PALSAR 21052010 21:27:20
iR ENWISAT WS 25/05/2010 20:22:18 =30
Total Radar crisis data : 28
HR1 SPOTS Multispectral 10m 210572010 05:40:00
HR 1 Formosat-2 Fanchromatic 23/05/2010 03:34:00
HRZ SPOTS Multispectral 10m 210572010 05:40:00
HRZ SPOTS Multispectral 10m 210572010 05:40:00
. ||HRZ ALDS AVNIR-2 21052010 10:18:06

Total Optical crisis data: 6




Location: South of Poland - Vistula,
Odra and Warta rivers regions

Due to heavy rains, the level of
main rivers increased quickly: daily
rainfall was equal to the average
cumulative rainfall for two months

Two flood waves hit the interested
regions (higher than the century-
oldwater level)

All National Reserve of the rescue
forces of the State Fire Service were
mobilized

Damages in infrastructure,
properties, casualties,
and long term process for
revitalisation




2010 Poland Floods : Rapid
Mapping Areas and EO data

2010 Poland Floods :
Rapid Mapping Activity Summary

FLOODS in POLAND
Vistula, Odra and Warta Rivers

SAFER GERS38, GERS41

Date of Activation: 19/05/2010
(Poland National HQ of the State Fire Service)

Date of Closure: 02/07/2010

Multi Satellite Data used by SERTIT:

ERS-2

ENVISAT ASAR
RADARSAT-2
Terra SAR-x
COSMO-SkyMed
ALOS PALSAR

SPOT5
Formosat-2
ALOS AVNIR-2
LANDSAT 5

30 products provided by SERTIT :

Reference up-to-date maps
Flood extent maps
Flood dynamics maps

Flood impact maps

s

{cesa




(s,

vz s esa

Presentation outline

-,

Short cut of Physical basis for Water bodies mapping
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Why SAR is a performing tool for

water bodies and flood mapping ? f=1.3 GHz (L band)

f=5.3 GHz (C band)
------- £=0 6 GHz (X band)
Near all weather capability , _
specular behaviour Flat behaviour
Day & night capabilities 20 — :
N ! . lE :
10 T SR S e
| ] R S T
Relative large swath - ; ST o ; ; ; ; ; S
B0 7---- oo oo - SR R - - - - @
Relative good revisit ' A,y 000 o o g £
VA8 By R Ml e, 1 o [t e e o A i £ 2 s N
§ ) ; A : : ]
~30 +---- :------E-----a -V:‘MZ?L'W-WF“;E«MH.&@?;“;:&:cc;j: ----- =
On SAR data water surfaces B 4_ e —
-‘l_‘ ------ g e oo, o i . i e o i oy e
have low values of BS ; ; Lo 5 N :
e
But local weather (wind/rain) - .
. . 2l f f f ; t t f }
effect altering the signal 0 M6 A W . R 9 W

Incidence (deg.)

serai-e rapirical function of backscatter coefficient o®
as a function of incidence (for a raean sea), for 3 different radar bands
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Water backscattering inlfunction of incidence \\K&\%esa
angle

20°® Increasmge mcidence 70 a1 26°

From Sarti, 2004

Incidence effect chserved on a RADARSAT 51 (20°-27%) WSM ASAR
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s‘c]”” Water backscattering in function of incidence
angle

Tl
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s‘c]”” Water backscattering in function of incidence
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Incidence (deg.

= 26

Dongting lake
Ascending pass
27 August 2010
Local incidence angle
Plus wind and/or flooded
vegetation effect? °
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‘_(2]”,,555 Water backscattering in function of surface \
roughness

i
®
hn
Q

Signal - Surface interactions Rayleigh criterion

Specular reflection (smooth surface) A varies
h< A/ 8cos© from
Klcm X
Diffuse reflection (rough surface) 3cm C
h> A/ 8cos© 5.6cm S
10cm L <mm HJ-C
23cm P ALOS PALSAR
70cm

diffuse

Specular

[T dw ey S CCRS T CCT
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Water backscattering in function of surface
roughness

j}/ » /Ak Case of soil surface

H>A/2

f}/ W, )
Adapted from Sang-Ho Yun, NASA JPL

H>A/2
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/}‘/ \ Case of water surface
in various

Darker .
environments

@

Brighter

Adapted from Sang-Ho Yun, NASA JPL
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SAR and Urban area: December 2016 Flood in York, England, based on Radarsat 2 imagery:

N |

lllustration
of SAR

limitation in

Urban area
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SAR and Urban area: December 2016 Flood in York, England, based on Radarsat 2 imagery:

. Vi
N 3 Vi

~. _ * English Prime Minister
OPEIMICUS yjisiting the affected York

Europe’s eyes on Eartt

downtown
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SAR and Urban area: December 2016 Flood in York, England, based on Radarsat 2 imagery:

& ’/
o g
3 /
e

L

Brighter &

" Strong SAR signal in urban

Opgmlg}gn, environment no capability
for water recognition
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Water backscattering in function of surface roughness
PALSAR bande L HH/HV ~ ASAR bande C HH/HV TerraSar bande X HH/HV

Low Ieye_l of water _ Low level of water
Commision between mud Intermediate level of water Good différenciation

banks and open water between mud/water
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PALSAR bande L HH, Water backscattering in function of surface

ScanSAr mode, roughness
10h56 the 2010 03 01
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Water backscattering in function of surface

TerraSAR X: 2010 03 03 roughness

Windy Condition

Rough water surface

Backscaterring increase

(ames .
- Gafer
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ASAR ENVISAT Water backscattering in function of surface

APP HH HV, roughness
10h18 the 2010 03 04
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Water backscattering in function of surface

TerraSAR X: 2010 03 06 roughness
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SAR: All weather system
Yes but !!!]

Distortions 1n the SAR observational data come from
various factors.

\

Absorption
by the atmosphere

(_( oxygen, water vapor, and so on. ) )

i Scattering B
by the weather particle

. ( Rain, snow, fog, and hail, etc. ) )
I )

Faraday Rotation (FR)

| Phenomenon of polarization rotation
- 4

\\\\\\\\

d=esa

/

Observation| Example of Meteorqlogical FR
Frequency SAR Particle

X-Band grgassg}(lg Important | Negligible
- 1 I

) L-Band (Il)gl;zAHI;) Negligible |1mportant
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Signal attenuation by clouds and rain for smaller wavel

enghts

N N

"

N ) g \
W/l / ke M ikt 3 \

N

oré amazonienne, Brésil

o
.

)

\.",‘

i\
)

©DLR SIR-C www.cp.dIr.de/ne-hf/SRL-Z/Imaqes-SRL-Z.htmI

Bande X (3cm) Bande C (5.6 cm) Bande L (25cm)


http://www.cp.dlr.de/ne-hf/SRL-2/Images-SRL-2.html
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Water backscattering in function of water
surface roughness: rain

= CSK , Myanmar, 10 August 2015

1
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Water backscattering in function of water
surface roughness rain

CSK, Myanmar, 10 August 201
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Water backscattering in function of water
surface roughness: rain

Y T M, « f,--_
- Too. z

¥

gust 2015

G
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Water backscattering in function of water
surface roughness ram & wmd
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Water backscattering in function of water
surf

= L\
. i R e

H, 75m, Poyang Lake, China, 2006-




‘@IHEEE \\\&\i‘: cSa

Water backscattering in function of water
surface roughness rain & wmd

ENVISAT ASAR WSM HH 75m, Poyang Lake, Chlna, 2007-
08-27: wind storm cells

" Tl 2 3T
& ."r,ﬁ 13
R J A &
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Water backscattering in function of water

I surface roughness raln&wmd
Cbapd ~ == v ‘ ¥

ENVISAT ASAR WSM HH, 75m, Poyang Lake, Chma, 2007-

08-27: wind storm cells .
(S84 s MR S mir o S e WV e LS o S Le B




Water backscattering in function of water
surface roughness ra|n & wmd

CSK Huge, 100m, Poyang Lake, Chlna, 2011-08-22 wmd
stormcells
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Water backscattering in function of water
surface roughness: rain & wind

! CSK Huge, 100m, Poyang Lake, China, 2011-08-22: wind
stormcells

o o High Back-scatemng
ik b |n5|de the cloud: -
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i ,\40'00.1' y‘t
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o * -l gt "gl‘r;: -
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Water backscattering in function of water
surface roughness: rain & wind

CSK Huge, 100m, Poyang Lake, Chlna, 2011-08-22 wind
stormcells
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b
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Water backscattering in function of &“\éﬁesa
cloud /precipitation : country with contrasted

China: Poyang lake case
*1 image ASAR ENVISAT en bande C, over more than
200 analyzed

*1 image CSK Huge, bande X, over 15 analyzed...
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Water backscattering in function of dcesa
cloud / preapltatlon country with contrasted

China: Poyang lake case

*1 image ASAR ENVISAT en bande C, over more than 200
analyzed

*1 image CSK Huge, bande X, over 15 analyzed...

lvory coast
1 TerraSAr Stripmap, X band, over 5 analysed
Attenuation due to the rain fall

sertit




Water backscattering in function of \\\&&_esa
cloud /precipitation : country with contrasted

China: Poyang lake case

*1 image ASAR ENVISAT en bande C, over more th a
analyzed

*1 image CSK Huge, bande X, over 15 analyzeds...

lvory coast
1 TerraSAr Stripmap, X band, over 5 analysed..

Niger:
1 TerraSAR X ScanSAR, X band, over 3 analysed




Water backscattering in function of \
cloud /precipitation : country with contrasted

O~
®
n
QO

China: Poyang lake case
*1 image ASAR ENVISAT en bande C, over more than 200
analyzed

*1 image CSK Huge, bande X, over 15 analyzed...

lvory coast W
1 TerraSAR X Stripmap, X band, over 5 analysed.. =i5s

Niger:
1 TerraSAR X ScanSAR, X band, over 3 analysed
Attenuation and huge ackscaterring

Myanmar
1 CSK, X band
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Water backscattering in function of dcesa
cloud /precipitation : country with contrasted

Very high sensibility to rainfall and clous in X band

Be careffull!!

B backscattering and attenuation of radiation by hydrometeors in the rain cells;

] cksce of sea induced by the impact of raindrops and wind.
: = Surface
YS.. backscattering
5 s Precipitation
< backscattering
e Precipitation path
attenuation

Bakldini et al., 2012, from Meteo ltaly
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Presentation outline

&

SAR sensors for water bodies and/or flood mapping
. Past mission
. On going missions
. Future missions
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Former, actual and future SAR missions valuable for
water surface mapping/monitoring

Flood under
. Hydrology + vegetation
Mapping+ land cover/use Biomas Biomas
reconnaissance DEM under
intelligence forest
Bandes Ka K P
Fréquence
(GHz) 40-26 5 26.5-18 4-2 2-1 1-0.3
Ia::mgueur 0.75-1.1 1.1-1.67 167-24 §24-3.75 | 3.75-75 | 7515 |156-30 | 30-100
onde (cm) |
Polarisation HH, VV, HV, VH

Images acquired in X, C, S, L Bands are potentially suitable for water bodies mapping
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Former, actual and future SAR missions

NRSCC

®

8 T T T T T T
Tandem-L 2 (L/8) ee—
mm L-band mmm C-band Tandem-L 1 (L/8) I
w mm S-band mmm X - band SAOCOM-1B (L/16)
= SAOCOM-1A (L/16) ee———
© ALOS -3 (L/14) ee—
(] ALOS-2 (L/14) m—
ALOS-1.(L/46) me——
e
6 RADARSAT Constellation 3 (C/12)

RADARSAT Constellation 2 (C/12) se—
RADARSAT Constellation 1 (C/12) i
RADARSAT-2 (C/24) pessss—

RABARSAT-1(C/ N —
Sentinel-1D (C/12) s

Sentinel-1C (C/12) m———

Sentinel-1B (C/12) e ——
Sentinel—1A (C/12) m——

Envisat-ext (C/30) mummm

Envisat (C/35) m——

4}

RS-2 (C/35)

ERS-1 (C/35)

3

COSMO-SkyMed Sec. Gen. 2 (X/16) e—————
COSMO-SkyMed Sec. Gen. 1 (X/16) S —————
COSMO-SkyMed 4 (X/16) m———————————————

MO SkyMed 3 ( X/ 16 1

~SkyMed 2 (X/16)

| 18 —-—---—
2 KOMPSAT-6 (X/28) e
KOMPSAT <5 (X//2:5 ) 15—
HRWS (X/11) se—)
TerraSAR-X Next Gen. (X/11) e—
1 1 PAZ (X1 1) co———|
TerraSAR-X (X/11)
0

1993 1998 2004 2009 2015 2020

From Sang-Ho Yun, NASA JPL Year
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Former & old missions: precursors and rich archive

e 1978 : First civilian SAR, SEASAT (USA).; 108 days
e 1981 :SIR A Mission, on board on US Shuttle , band L
1984 : SIR-B, Mission, on board on the US Shuttle, Band L, 5 - 13 October 1984

e 1991:ERS-1, ESA, launch 17 of July 1991 and ended in march 2000
* 1992:J-ERS, Japan

1994 :SIRC X SAR, two shuttle’s missions (10 days: 9-04 - 20-04- 1994 and 30-09 - 11-
10-1994. Bande L, C et X

e 1995:ERS-2, in tamdem with ERS1, ended in September 2011 (16 years of operation)
e 1995 : RADARSAT 1, Canadian Space Agency

e 2000 : Mission SRTM, topographic mission on the shuttle , 11-22 February 2000

e 2002 : Envisat, Europeen Space Agency endend 12 of May 2012

e 2006 : PALSAR's L-band SAR, on ALOS mission (ended in 2011)
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NRSCC

Importance of the Archive: Flood memory
Radarsat over 1998 Yangtze historical flood

Poyang 1998: SGF, SCW,

Dongting 1998: SCN, SCW, SGF
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) 1ycis of Doz oo Jake Sumimer 2010 floesi | S -

b

2010 flood event is an important one in Poyang last decade history
2010 extent (3354 km? ) no far to the 2002 extent ( 3392 km?)
2010 much smaller in term of extent than 1998 (4116 km2)
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Seasat: L Band

Groundstation |

- Falrbanks

B Goistone g
I Merin siand [ O
I shoe Cove ( ?
- Oakhanger
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Brittany
West part of Frahce
1978-08-20
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ERS1-2

ERS 1 launch, 1991,17 of July
ERS 2 in 1995, 21 of April

C Band, VV

Cycle: 35 days
Cycle: 3 days

Cycle: 265 days, Geoid & bathymetry

Operational mode

Band

Center

Polarization

Incidence angle

Spatial

Swath width

SAR Imaging mode

SAR Wave

C-band

LV {linear vertical)

LV

23" at mid-swath

230 +0.5°

S5kmx5km

AMI-SCAT (wind)

C-band

LV

Fore/aft: 25°-28¢
Mid: 18e-47¢

500 km

\\\\\\\

-

eSa
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ERS1-2

ERS SAR data have been wordily
exploited for flood mapping

N

(cf numerous papers on ESA
conferences)

* Thames flood 1992

« Camargue flood in 1993

* Meuse flood 1993-1994

» Aude flood 1996

* Oder flood in 1997

 Chinese flood in 1998

« and many more...

Exploiting mostly the Amplitude

ERS Mosaique over the Oder river
Acquired 30-07 to 9-08-97



NRSCC

Flood mapping based on ERS 1 - 2
Camargue flood event: November 1993
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ERS: experimental 3 days mode from winter 93 to spring 94
Map of water permanency during the Meuse flood draw off in spring 1994
(Yésou et Chastanet, 2000)
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Few examples of

Coherence Flood mapping based on ERS 1 - 2 INSAR

exploitation

Aude 96 flood event

ERS-2: 7 8 1995
ERS-2: 29 01 1996

ERS-1: 28 01 1996

Acquisition near the
maximum of the s T A RO
flood A S b *’ ; & . iy Orb Ve %
H,_ - AN S % : . R - s g ] ‘b'i ‘ ‘_‘: \}\ ~
. - et : Sy 7 R s o aa ‘ o :
2 consecutives e 2 Con 1 RS o O S g P &%
iImages -~ DE P . o 2 Ny Sk

. VESue)
. . ’_i '_A <) T e & v & '.ggg},},@\y}'\i\/('[
Exploitation of the ¢ Bl P I AT
phase information: — SCHNEREETFA ARt s -
lost of coherence on | SR Sl Fo Q. & Ll i
water surface DASN N T ad F NEs R

(© CEMAGREF 1996, © ESA, 1996)

e

A{ .\\

(Marinelli et al., 97 ;
Nico et al., 2000 ;
Sarti, 2004)
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(RS S5 Actios e 38
Frodue 203

POLAND
Tamobrzeg PowaX - SancomieeZ area
Vitska River - Flood impact
Situation the 15th of May 2010
Lot Dagiams

o
Locel rrectien: UTN 34 Mo Detars WGS 84
Gt preckon Lavlon DMS) Cunsr WWGS 88

Scate 150000 ke AT prres
Dot Beurces
(Criia wasar bades axvacied fram £RE 2dska (125m)
seberie T ot oy 2010
S%RT 210

Wit s acycond (vor SPOT 4 om 120 )

Rfersca.
i (he 7545 of Warch 2T07 @35 LANDSAT 5 T dets
Go scid e 160 o pow 2410

LIRS

oy

BENES 209 Gk euden foot Irage 3 A

Reurs TANOGAT S wese B0 1

accuiies the. 1683 of Apsl 2910

9 UBGS 2090, proswarg SEATT

Pty sstwars e gy

DSERTIT 2010, ESAL Open Sroet Wap

Framework

The o sstarwm tr (Vs Rapd Magrg Achly e

e 13 T Dt of e Al WA 1 % oy 1 e Ve,

g 2 okseece

AT gmgwte heion fee WY G 1) U6 sde,

Gt 370 Ak o T 0RO S0rE AT

N0 1y COPoermg e (T O 1ve 4o et s amsres
resosst) Wy

VPG b Euoosn Com

P (PRI S073) e 4T ageaTert 1 218863

Nip sracuced the 25 of May 209 by SERTIT
PSERIT 2010
e Qe e

Thanks to ERS2
availability

1srt image acquired

1srt product
generated over
Poland Spring 2010
Flood

19 May 2010



ASAR ENVISAT: floed mapping
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ENVISAT water
recognition potential

DRAGON ESA MOST
APP image

Stripe of two images

HH-HV (diff HH-HV)

20-02-05

G
Lcesa
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ASAR ENVISAT: flood mapping
ASAR ENVISAT good successor of ERS with improvements:

1 — Better water recognition potential

'most of case HH mode >> HH-HV >>>>>VV
eparticular case of S1: HV >> HH>>>>VV

2- Better revisit thanks to:

* Multi beams

* Wide Swath mode

3 — Flooded low vegetation recognition
See for example Ferrazzoli P, Karszenbaum H., Grings F.

Also in some favourable cases, possibility of identification of flooded
forest thanks to double-bounce phenomenon
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Very few failures: Katrina: New Orleans,
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¥ 'spOT image over the

- Adour flood after the
. Klaus storm, January
2009
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 Insar Ers- Envisat tandem
Innovative product : ;
Adour flood after the Klaus storm, e
January 2009 e
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HJ1C:

(Huan Jing-1: Environmental Protection
& Disaster Monitoring Constellation

Chinese

Launch: 18-11-2012

e strip map modes: 25m /5 m

e Sband Reportedly the satellite suffered

. from an antenna problem, which
* Swath: 100 /40 km caused a lower than planned
e Single Pol HH or VV resolution. As a remedy, the orbit

was lowered.
e Cycle 31 days, revisit 4 days

e Lifetime : 3 years with Limited functionality due to damaged
antenna
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HJ 1C ScanSAR mode
11/03/2013

Relatively high level
of noise: 15-17 db

Lack of radiometric
compensation during
mosaicing phase +
blocs processing =>
patchwork of strips
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On going SAR Missions

e 2007 : June launches constellation Cosmo Skymed
constellation, and Terra SAR X December: Radarsat 2

e 2012 : l[aunch of RISAT (ISRO) , operational mode in 2015
e 2014 : Launch ALOS 2, bande L

e 2014-2016: Launches of Sentinel 1A and 1B
(Constellation Copernicus)

e 2016 : Gaofeng 3, C band (Quad Pol)
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SENTINEL 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 W, 250km, 20 m
» Extra wide EW Swath , 400 km , 25x100 m
 Wave mode, WV, low data rate, 5x20m

« Swath 250 km

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

(opermicus



Copernicus missions (ESA) exploitable for hydrology

2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027
Lm I i y 1 i i i I
@]d ..... l >entinel 1B (rec _

=

:AE : Sentinel 1C (recurrent)

Sentinel 1D (recurrent)

Sentinel 2A

77777 _——— sesses————"——"”y
AAAAAA | Sentinel 2B (

Sentinel 2C (recurrent)
 ErscE ey e ——

 EEErsesTro——
Sentinel 2D (recurrent)

Water Surface

L EL

it 0 . - o
& B D ine 30 1

Sentinel 4A delfvery to MTG-S (tbc) ’

nel 5A (on MetOp-SG A)

Sentinel 5B defvery to MetOp-Sb (tbe) m

Sentinel 5} delivery to MetOp| Senti

Water Height

Gepos | | | | | H=f=p=

Sentinel 6A
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SENTINEL 1

\ N o : LpE
@’?iﬁ'»; / /,;.a-""’"‘ Smxsm

N
N
N
=
E;\‘/ '
Sensitivity (NESZ) : 22dB il

Ambiguities (DTAR) : 2248

\\\\\\

d=esa

,’;;; “ba 20mx40m

EmxSm

Figure 129: Overview of the Sentinel-1 C-SARE;;mmonl observation scheme and operational support
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[
¢

o (dBm%m?)

.................

YA 5

e

Acquisition mode Product Resolution Resolution (range Pixel spacing No of looks ENL
type class X azi) (m) (range x azi) (m) (range x azi)
SM (Stripmap Mode) SLC - 1.7x431t036x 1.5x36t031x 1x1 1
49 4.1
GRD FR 9x8 4x4 2x2 3.9
HR 23x 23 10x10 6x6 344
MR 84 x84 40 x 40 22y 22 4647
W SLC - 2Tx2210356x22 | 23x174t03x 1 1
(Interferometric Wide 17.4
Swath)
GRD HR 20 x 22 10x10 5x1 49
MR B8 x 89 40 x 40 22x5 105.7
EW (Extra Wide SLC - TOx42to144x |59x34Tto125x 1x1 1
Swath} 43 347
GRD HR 50 x 50 25% 25 3x1 3
MR 93 x 87 40 x 40 6x2 12
W (Water Vapor) SLC - 20x48and31x | 17x41and27x 1x1 1
48 4.1
GRD MR 52 x 51 25x25 13x13 139.7

-
o

IO wwo& 70 o8 9
Incidence (ded.)



Sentinel 1 expect in term of swath coverage : standard mode

MODIS : ‘ 3 GERMANY- AUSTRIA -
20130606 - 20162608 : R CRECH REPUBRIC
g > : ) Synthetic product

PLEIADES HR
20130610

DSMO-Skymed
0130605 - 20130606

\

©@mf_"m i]ﬁ[y@a
Bligandart,

SPOT 5

20130

SPOT 6 g@z@h@m@
20130606 Lamdlamesy o

Cesa Y
9, .
> PERILS

© SERNIT 2013
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In term of swath
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ASAR WSM ENVISAT
400 km
26° - 41° ENL 10.5

Sentinel 1
250 km
30°-45ENL: 4.9

ASAR APP $4
ENVISAT

88 km
31-36°ENL1.9

108
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Envisat ASAR APP - 12.50 m
7 and/water surfaces P
discrimination '
Major land use such
as town, network,
infrastructure,
agricultural parceling

vy

K.
115°57'0°E 116°0'0°E 115°57'0"E 116°0'0"E

Acquired the 18/09/2005 - HH-HH-HV Acquired the 12/05/2014 - HH-HH-HV &
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Enwsat ASAR APP - 12 50 m Sentmel 1A 10 m 7- 5

\)’

Ship detection
, Land/water surfaces
dlscrlmmatlon
Major land use such
as town network,
mfrastructure

'
»t

Acquired the 18/09/2005 - HH-HH-HV § M Acquired the 12/05/2014 - HH-HH-HV

116°6'0"E 118°9'0°E 116°6'0"E
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Sentinel Flood mapping: a
rare example of strip map
exploitation

Bosnia and Herzegovina

May 2014

e Gpernicus

Europe’s eyes on Earth
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RISAT

Indian satellite

CBand

Launch: 01 May 2012
e Swath: 10 to 223 km
e Single : Dual Pol (HH+ HV) + Hyd Polarimetry

Resol (Az Beam
rang
SpotlLight HRS >2m 10 Dual-hybrid
Stripmap1 FRS-1 3*2m 25 Dual-hybrid
Strip map 1 FRS-2 6*4m 25 Quad pol
MediumSc MRS 25*8m 115 Dual-hybrid 6
anSAR e S ' '(‘cgé'xs.\mnx
Coarse CRS 50*8 223 Dual-hybrid 12 " o N : (©)MRS MODE
ScanSAR : 4
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RISAT-1 image of 14-Aug-2014
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Wasce X \\\&\&;esa
The VHR and polarimetric SAR:

X band VHR SAR: TerraSAR, CosmoSkymed
C BAND: RadarSAT II: VHR and Full Pol

GAOFENG 3: VHR and Full Pol

L Band : PALSAR Il bi & Full Pol, large swath ScanSAR
mode
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The VHR and polarimetric SAR: TerraSAR, CSK

X band VHR satellites

e Cosmo-Skymed: Italian, Launch: 08-06-07 , Constellation
of 4 Dual civilian-military
e Terra SAR: German, Launch: 15-06-07

Multi mode, Spotlight, Stripmap, ScanSar
Pol capabilities

ScanSAR Mode

TerraSAR 2013: New operational Imaging Modes
* Enhanced Spotlight Mode (Starring Spotlight).
* ScanSAR :expanded swath width (200 instead of 100km).
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Cosmo Skymed

5m

Po Delta, Italy

©fASI 2007
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*BabgHlu viewed B SesmoSkymed, SpotLight image
acquiredthe 31 of January 2011
¥ a1 R e e ‘
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Water bodies mapping based on Cosmo Skymed Data:

Poyang lake China
&

Fish traps on Bang Hu
viewed by
CosmoSkymed, ,
SpotLight image e T | i
acquired the 31 of X
January 2011

sertit
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Water bodies mapping

based on Tandem X INSAR
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Water bodies mapping based on Tandem X INSAR
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Water bodies mapping based on Tandem X INSAR

Cohérence
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Wide Scan SAR 200*200 km?2, 30 m 0

Strip Map mode :
SpotLight mode :

Muti resolution
approach exploiting
TerraSAR New modes

CHINE
] TerraSAR-X Wij WSC SM 5L ST (BANG HU) ST (MEIXI HU)
TerraSAR-X St JUIN 235 3
I I TerraSAR-X Sp
JUILLET 17
TerraSAR-X St§ 15 20 19 13

NOVEMERE

DECEMBRE ;z 112 ? 16

30*50 km 21 3m JANVIER g 14 13 7 18
31

5*10 k m 2 , 1 m FEVRIER 11 16 15 20 9

MARS 27 10 20 25 14

Staring SpotLight : 3*4 km?2, 25 cm AVRL D 1 3 B

MAI 15 14 19

JUIN




Multi resolution
WIMulti- temporelle
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The VHR and polarimetric SAR: Radarsat

C band : Radarsat lI: Canadian, left right looking
Launch: 14-12-07C

e High resol mode, 3m band

e Full polarimetric mode (scientific)

— All beam modes
available in both
right- and left-looking
modes.

Wide-Swath
Beams

Subsatallite Track

Extendead Baams
(Low Incidence)

Fine-Resolution
Baams (50 km Swath)

ATED-3CHRO



Exploitation of VHR SAR: Radarsat Il
Nargis typhoon Maynmar
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Exploitation of VHR SAR: Radarsat Il
Nargis typhoon Maynmar
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Exploitation of VHR SAR: Radarsat Il
Nargis typhoon Maynmar
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Exploitation of VHR SAR: Radarsat Il
Nargls typhoon Maynmar
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Polarimetric approach

Exploitation of the polarimetric information based on the entropy (valuable
technics in natural/Agricultural landscape)

Remember E. Pottier presentation

) 22/02/2010

)

|Le Mesnil

-
Sougeal s

A 0 02 05 1 Kiometers "

Figure 3- The normalized Shannon Figure 4- Temporal coe fflaent of Figure 5-The segmented SE image
Entropy (SE) image. variation of the SE parameter with the open water in blue

From Maréchal, Pottier et al., Igarss 2011; Pottier et al., Igarss Munich 2012
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Advanced Land Observing Satellite (ALOS II)
PALSAR

L Band

Phased Array type L-band

Synthetic Aperture Radar (PALSAR)
Left/right looking

WS to ultra fine (490 to 25km => 60 m to 1m)

24 May 2014 #*A
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Advanced Land Observing Satellite (ALOS II)

PALSAR

Earth pointing attitude
(without observatlon)

R = G
Right-looking ‘Lj k_* Left-looking

observation 2 minutes max observation

3 minutes max

R
"
S

\Q

Flight direction
-
N X R
ey ; Ground track
\“

‘1 25 km x 25km

3°'
' iﬁ@ e,
—_— ‘\ BN 0o A
nvisible area S 490km NS
80km \ e \ o :
, 5 0 or 70km o 6

Observable area 70° Q‘

1160km for each side : N0 ScanSAR
' swath: 350 or 490km

Spotlight
25km x 25km

Stripmap
swath: 50 or 70km
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Advanced Land Observing Satellite (ALOS II)
PALSAR

Stripmap ScanSAR
Observation Spotligh rafi .
ight Ultrafine High sensitive Fine
mode = 9 Normal Wide
[3m] [6m] [10m]
Bandwidth
84 84 42 28 14 28 14
(MHz)
Resolution 3Ix1 100
3 B 10 60
(m) (RgxAz) (3 looks)
Incidence angle
8-70 8-70 8-70 |20-40] 8-70 23.7 8-70 8-70
(deg.)
Swath 25x25 350 490
50 50 40 70 30
(km) (RgxAz) (5 scans) (7 scans)
Polarization* SP SP/DP |SP/DP/CP| FP SP/DP/CP | FP SP/DP SP/DP
NESZ (dB) -24 -24 -28 -25 -26 -23 \
S/A Rg 25 25 23 23 25 20
(dB) Az 20 25 20 20 23

# SP: HH or HV or VvV, DP: HH4+HV or VW+VH, FP: HH+HV+VH+VV, CP: compact pol. (experimental)



o
o0
o)
Q@
LN
i
)
~




ALOS 2
2016-01-06

o [ 5 .
dopl W
il

FIoodea_-?
area un‘ier'b
or with tal*

vegetati&] |

Potential I@f v

flooded




‘_@mm: ’ \\\&&; eSa

GAOFENG 3

« C band
 Full Pol SAR

« 12 imaging modes WS to ultra fine
mode with corresponding swath
ranging from 650 km to 10 km

« 09 August 2016
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Coming SAR missions

e 2017- 2018 : Radarsat Constellation Mission (RCM) , C Band, Singl, Dual,
Hybrid Pol, Revisit 4 days

@

* Italian-Argentine System of Satellites
for Emergency Management (SIASGE) constellation.
— 2018-2019 : SAOCOM de la Conae, L band (Singl, Dual Twin Pol,
revisit 4 days) two satellites A & B
— 2018- 2019 : COSMO SkyMed Second Generation , CSG (X band
Sing/Dual/Quad Pol)

e 2021 : BIOMASS P band, not suitable for flood/lake mapping too coarse
resolution (interest for DEM under forest)

e« 2021 : NISAR, indo american mission, bande L et S


https://en.wikipedia.org/w/index.php?title=SIASGE&amp;action=edit&amp;redlink=1
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COSMO SKYMED SECOND GENRATION

Fleet of 3 satellites (small plateform)

Gradual implementation with two
launches separated by 16 months

First launch expected Q3 2018

4-day Coherent Change Detection
using SAR interferometry
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COSMO SKYMED SECOND GENERATION
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Narrow field images

Wide Field Images
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CSK

High Resolution Finer Resolution
Defence Use y Defence Use ‘

Resolution: 1 m
Single Polarization
Size: 10 km x 10 km

Civilian and Defence Uge

Resolution: 3 m
Single Polarization
Size: 40 km X 2000 km

Civilian and Defence Use |

Reselution: 30 m
Single Polarization
Size: 100 km X 2000 km
or
Resolution: 100 m
Single Polarization
Size: 200 Km X 2000 km

X Civilian and Defence Use 4

CSG

Resolution : 0,8 m
Single Polarization
or
Resolufion: 1 m
Double Polarization

Size: 10 km x 10 km

Civilian and Defence Use 4

Resolution : 3 m
Double Polarization
Size: 40 km X 2500 km

Civilian and Defence Use |

Resolution : 3 m
Quad Polarization
Size: 15 km X 2500 km

Civilian and Defence use

Resolution: 4 x 20 m
Double Polarization
Size: 100 km X 3000 km
or
Resolution: 6 X 40 m
Double Polarization
Size: 200 Km X 2500 km

SPOTLIGHT

STRIPMAP

SCANSAR

nzia spaziale
ogeitoliono
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COSMO SKYMED SECOND GENRATION

Mode category Acquisition Resolution (rg x Swath (rg x az) Polarization User
technique az) type

Marrow field Spotlight
image 08mx08m 10 km x 10 km Single polarization
1T0mx1.0m 10 kmx 10 km Double polarization
30mx30m |40kmx2500km | Double polarization [ Civilian
Stripmap and
Wide field image 50mx20m 30 km x 2500 km Burst double Defense
polarization

30mx3.0m 15 km x 2500 km | Quadruple polarization

ScanSAR 40mx20m 100 km x 2500 Double polarization
km
E0mx20m 200 km x 2500 Double polarization q/_j]_l>
km agenzia spaziale

italiana
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Radarsat Mission Constellation, RMC

Fleet of 3 satellites (small plateform)

Gradual implementation with two
launches separated by 16 months

First launch expected Q3 2018

4-day Coherent Change Detection
using SAR interferometry
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Radarsat Mission Constellation, RMC

>
®
»n
0

Multi mode

Satellite

—3p- Velocity

Vector

Full Pol
RADARSAT Constellation

b e M

Sub-satellite
Ground Track|
(Nadir)

Low Resolution . Medium Resolution . High Resolution L
100m Mode  Medium Resolution 30m Mode Medium Resolution 5m Mode Very High Resolution
50m Mode 16m Mode 3m Mode

\
Low Noise/ Quad-Pol Mode Spotlight Mode

Ship Detection Mode




‘@IHEEE

Multi mode

{zesa

Radarsat Mission Constellation, RMC

Min Polarization Options
Al Nom-
Nom. | Num Nominal Tl,‘:\fﬁ i:::]' Single Pol Dual Pol Quad
Res. | Looks | SWathWidth |y . o | NEsz Pol
(accessible) ] ] ] —
Mode m Ing x az km km dB v BV VH |HHHHV | VV+VH | HESVV | Compact | pyy vy

Low Resolution 100m 100 B8xl 300 (500) 10 =22 v v v v v v v
Medmum Resolution 50 4xl 350 (500) 10 =22 v
50m
Medium Resolution 16| 1x4 30(350) 10 -25 v v v v v v v
16m
Medium Resolution 30| 2x2 125 (350) 10 -24 v v 4 v ¥ v v
30m
High Resolution Sm 5 1 30 (500)| 10 -19 v v v v v
Very High Resolution 3 @ase 1 20 (500)| 10 -17 v v v v v v
3m
Low Noise 100 4x2 350 (500) 10 =25 v v v v v v
Ship Detection var. | var. 350 (600) 10 Var. v v
Quad-Polarization NR!| NR! =20 (NRD| 10 NR! v
Spotlight 1 (az) x 1 20 (350) -17 v v v v v v

3 (md) J

@35°
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Presentation outline

Flood plain and lakes monitoring
. Short term Monitoring
. Long term monitoring
. Meteo climato parameters
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long term monitoring

of flood prone/lakes
Multisensors approach

Synergy optical - SAR ie MERIS/ASAR
or CSK/HJ1 or Deimos

Great expect into the sentinel 1 and 2

Worldwide applicable for large systems but also smallest areas:
Asia : China, Mekong system (Tonle sap lake and Delta),

Africa: Niger iner delta, Okavango, etc

Australia: Eyre Lake and Diamanta River

South America: Argentina, Rio del Plata
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Very High Resolution Very High Resolution
Optical Image Radar Image and polarimetry



Sentinel 2 > |

Highest Resolution sameas | !H
SPOT5 (10m) @ m om owm o w w m owm

Presence of two SWIR bands
(heritahe of landsat)

Large swath (MERIS
heritage)
Revisiting time 10 — 5 days (opernicus




Sentinel 2

* Resolution
depending of the
spectral coverage

Sentinel-2A : on 23 June 2015
Sentinel-2B : on 7 march 2017

10 metre spatial resolution:

0Om

Band 8 (842 nm)
Band 4 (665 nm)

Band 3 (560 nm)

Figure 1: SENTINEL-2 10 m spatial resolution bands: B2 (490 nm), B3 (560 nm), B4 (665 nm) and B8 (842 nm)

o) 01 aa ‘ plee] 120 1400 1600 1800 2000 0 20
nm am nm nm ne ) nm nm nm nn e
[Band 8b (863 nm) [—Jg“ AT

Figure 2: SENTINEL-2 20 m spatial resolution bands: B5 (705 nm), B6 (740 nm), B7 (783 nm), B8b (865 nm), B11
(1610 nm) and B12 (2190 nm)

20 metre spatial resolution:

60 metre spatial resolution:

NR

1209 1ae 1800 2108 0 2420
nm nm n nm ~m m nm
Band 10 (1375 nm)

Figure 3: SENTINEL-2 60 m spatial resolution bands: B1 (443 nm), B9 (940 nm) and B10 (1375 nm)
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Yangtze river’s monsoons lakes monitoring
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Health of Yangtze is a major concern for

" 400 000 000 of inhabitants as a fresh wa

resource.

The river basin gives
- 70% rice production

" - 40% cereal production

- 40% industry

|: - Biodiversity stakes

Climate fluctuation and man activities (ie Three Gorges dam) could have significant

impact.
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®

+550 images

Example of water body monitoring: Poyang

®MODIS
m ENVISAT MERIS FR
® Beijing-1
®mDeimos
mHI-1
B[ andsat
Alos Palsar
® ENVISAT ASAR WSM
® ENVISAT ASAR GMM

—

] s
d-esa

.

A mixed resource

In the future two major
resource Sentinel 1 et 2

= SAR data
m Optical data
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Request to a secured resource allowing to monitoring large areas
with a reduced revisiting time (10 - 15 days)
Dragon 3

® Sentinel-2
© Sentinel-1

’°° EA
7
® Cosmo-SkyMed ScanSar
Optical HR

| m Optical MR

12
21
E )
o SAR MR
G
Lz}
| 15
3
4 .
= — —— T e ————

15

1=
l )
I I )
o 4 ¥ T T ¥ ¥ :
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

2000 2011 2012 2013 2014 2015

8

-1

Moving from MR to HR

— SPOT 4&5 TakeFive, HJ1A, preparing Sentinel 2 venue
— Archive TerraSAR, New modes TerraSAR TandemX

— Cosmo Skymed from ASI (supporting Envisat Gap)

— Sentinel 1A

= First Sentinel2

— First SentinellB
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Water extent monitoring: Poyang

?

* 3GD event

-

2002 2003 3004 °U2005 " C200e U Y 2007 2008 2009 2010

Dragon 2 objectives: Continue and complete water surfaces’ monitoring
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Water extent monitoring: Poyang

?——_

2004 2005
5 3500

dcesa
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2002 2003

2007 2008

Dragon3objectives: Continue and complet water surface monitoring

2009 2010
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Dragon 3: 2014 fully integrated
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Poyang lake water surface monitoring:

Regional analysis and global interactions
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WP7 : Regional and global interactions

0,60

0,40

0,00 B T . T T T T T T T T T T T -_l
B Centrée réduite
-0,20

-0,40

060 Poyang water surface

-0,80

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
2000-2005 : positive Water surface Statistical analysis

2006-2009 : negative

2010 _2015 : variations from one extreme to another Centred reduced

164
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=> In literature draw off; Mid September, mid October
—> Draw off becomes very early over the years with a shortness of the inundation
period
—> First time observed in mid August2016
= In 2011 very short flooding period, max in 25-06
= In 2013, redraw inmid-July
= In 2015 same behaviors, max flood extent in end ofJune

1%

"EEEsEEEEEE:

Mean Water Surtace Elevation (m)
52 R @d @ I @




29°40'0°N

29'00°N

Water extent monitoring: Submersion time: resmlual anaIyS|s

v vy 1V ev U vy

P

2012 Submersion Time Trends

Water presence*

Decrease Stability Increase

* Submersion time trends during 2012 were calculated with
respect 1o average 2000 to 2010 submersion times over

N
0 10 20
A —~ Km

‘ J Payang Lake database set up with the Wetland Flood DRAGON

| _ J | ScanSAR Huge, 1 ENVISAT WSM, and 1 MERSS FR data aquired
£ between lanuary 2012 and Decermber 2012.
Shaded relief from SRTM DEM, processing SERTIT 2005.

29°20'0°N

“ xm sh

B

Yongxiu
[ Xingizhou
"' -

~—
116°40'0"E

“| 2013 Submersion Time Trends

respect to average 2000 to 2010 submersion times over

29°00'0°N
29°40'0°N

Program including 12 HI-1 A/B, 11 MODIS, 2 Cosmo-SkyMed Payang Lake database set up with the Wetland Flood DRAGON

Program including 14 -1 A/B, 12 MODIS, 6 Cosmo-SkyMed

| between lanuary 2013 and December 2013
Shaded rellef from SATM DEM, processing SERTIT 2005.

Yearly submersion time estimates by SERTIT, & SERTIT 2015

 Lrearly submersion tine estimates by SERTIT, © SERTIT 2015
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Water presence*

Decrease Stability Increase

* Submersion time trends during 2012 were calculsted with

N
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INSAR Huge, 2 SPOT-4, and 2 landsat-$ data aquired
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Monitoring sensitive areas based on
EO SAR data:
Alsatian Plain (France)

Plain flood monitoring
Biodiversity, sensitive agro natural systems
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2 missions in field, synchronous with acquisition

Réserve
Naturslle Régionale
du Ried de Sélestat
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Monitoring sensitive areas based
on EO data TerraSAR multimodes

Alsatian Plain (France)

‘\\

Muttersholtz

%' Rohrmatten

% o

Strip Map moée : 0*50 km, 3m
SpotLight mode : 5¥10 km2, 1m
Staring SpotLight : 3*4 km?2, 25 cm

TerraSAR
Spotlight
Staring Spotlight

[ staring spotLight

StrnipMap
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NRELT New TerraSAR X Staring Spot Light images
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New TerraSAR X Staring Spot Light images
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Flood occurrence map for very small wetland areas

Presence d'eau
(Ocurrance / 9 Images)
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TerraSAR multimodes data
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- Cartographle des Inondatlons
Curnul des observations entre le 26/01/2016
er le 27/02/2016
Ried Centre Alsace
B Hydrogmphie
N - Surfaces inondées cumulées
- Surfaces en eau de référence

Sources

tond cartopranhvose ; imans Sentzl-d 0 BSA acquiss @ 19
Jin 2017, résolur on 10er

Surfazes: oo e ovrzites d'images Seatinel 18 764

Couvtes v cirivllen - © ID TCPO B IGN

! N
- K 21500 5000 .
2 R

1\
| '
.

0 dcesa

Exploiting Sentinel |

Flood maximal extent
(over the period of
observation, ie one month

26-01-2016 to 27-02-2016
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Impact sur |'occupation du sol
Impact du cumul des inondations entre le
26/01/2016 et fe 27/02/2016 sur l'occupation
du sol
Ried Centre Alsace

Occupation du sol

[ cuttures arets

[T cultures drhiver

[ Forsts de feuilus

o I Forats de coniteres

- Prairias at paturages naturals
B citi cense

Bl &t cifus

- Zones industrielles et commerciales

- Surfaces en eau

Hydrographie
- Surfaces en gau da référence

Sources

tond cartorraphyons ; imans Sentnal-d D ESA acquise @ 19
Jiin 2017, résolur on 10er

Surfazes o errzites d'images Seatinel 18 T84

Couthues vae crivlles - & 0D TCPO B IGH

N Occusston dusol : Theia 030

N
2500 5000 )
A

WS

Eesa

Exploiting Sentinel |

Flood Impact analysis

opernicus

Europe’s eyes on Earth

£ EUGENIUS



Fréquence d'inondation

Ovservation dv 26/01/2016 ou 27/02/2016
Ried Centre Alsace

Pourcentage d'observation sur la période
I 5
B s+
B 27
36%
a5%
54%
h3%
| | 2%
B s
B sox
R
L4 Hydrographie
- Surfaces en eau da référence

Sources

tond cartopaniyoee | Imafe Senbzl-2 O ESA acquise 3 19
b ron 10

waarites dlimagen Seatinel 180 TS
Cotlelles - © 00 TCPO K IGN

N
2500 5000 ,
n A

Y

#EUGENIUS
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Eesa

Exploiting Sentinel |

Inundation frequency during
the exploited data set
(occurrence)
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Presentation outline

Concluding remarks
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EO derived information and medelling

Envisat derived information as an input for validation of hydraulic models

'

Carte d’inondatitl
Janvier 2003
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Optical VHR : post crisis hydrological analysis for  ={, ¢t esg
modelling «
South France flood event,

December 2003

Post crisis exploitation of
Ikonos crisis data

Identification of
*Water paths

*Flow trends

Allenbach & Battiston
2005, MEDD
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modelling

South France flood event,
December 2003

Post crisis exploitation of SPOTS5 crisis
data

« casiers » hydraulical subdivisions

SPOT5:
functionnal ones

BCEOM box:
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EO derived information and ﬁm@@@t ﬁ’@ﬁ@@@%&

Potential impact of
the October 2006
extent
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EO derived information and
impact forecast

* 6 October—11:00: Experimental product
using PREVIEW dataset is received at
coz

Estimation of:
. Affected population
. Industrial Areas

. Sensitive points as SEVESO and
High Voltage Transformer

* Night of 6 to 7 October: the flood
maximum crosses the border (France —
Luxembourg — Germany)

e 7 October: 1t crisis EO data acquisition

SERITIanes
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Concluding remarks

EO data, optical/SAR can provide very valuable information on ongoing flood
event

EO archive very rich for analyzing past event, particularly ESA archive

Not opposition/fight between optical/sar data these are to be exploited in
synergy
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Concluding remarks
Recommendations: been pro-active
eExplore EO archive
*Realize a more systematic monitoring of flood prone areas

*Propose future scenarios exploiting Medium/High resolution products in
synergy with VHR data (Cosmo Skymed, TerraSAR and Pleiades)

*MR_HR: identification and monitoring of water flow

*VHR : focus on sensitive areas (urban areas, industrial sites)



