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SPACEASDGS % Outline

1. Flood information products for the entire disaster
management cycle

2. Radar remote sensing basics

3. Hands On:

UN-SPIDER Recommended Practices on SAR-based flood
mapping using Google Earth Engine

4. Further learning opportunities
5. Q&A and discussion

g@ UNITED NATIONS
NS2Z Office for Outer Space Affairs




Flood trends @) VN0 NATIONS SPACE4SDGS

ffice for Outer Space Affairs

Figure 2

Occurrence by disaster type: 2021 347 < 432

compared to the 2001-2020 annual average 2001 {0 2020 in 2021
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Centre for Research on the Epidemiology of Disasters (CRED). Disasters in Numbers 2021, p.4. Brussels: CRED; 2022.
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Flood information for the entire disaster

17 UNITED NATIONS
management cycle %Y office for Outer space Affairs  OPAGEASDGS

Geoinformation for

Early Warning systems

arF: ée“\;‘;?gz?on Preparedness
Recommended Practice on Copernicus Global Flood
Flood Hazard Mapping Disaster Awareness System, FANFAR,
etc.
management
cycle

Recovery

Geoinformation for

Post Disaster Needs
Assessment (PDNA)/ ‘
Damage and Loss Response

Assessment (DalA)

Geoinformation for

: _ Recommended Practices on Flood
Recommended Practices on Rap'_d LEILS AL | Mapping (SNAP, Python), NOAA global
Flood Mapping and Damage and impact flood map products, Dartmouth Flood

Assessment (GEE) Observatory
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Satellite remote sensing sensors B e N ons cenvars SPACEASDBS

Q Passive Sensors Q Active Sensors
Sensors detect only what is emitted from the landscape, or Instruments emit their own signal and the sensor measures
reflected from another source (e.g. reflected sunlight). what is reflected back to the sensor (e.g. Synthetic Aperture
Radar, SAR).
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Satellite remote sensing sensors B ofice for outer space afiars SPACEASDGS
O Passive Sensors O Active Sensors (e.g. Synthetic Aperture Radar, SAR)
+ Easy interpretation + Independent of weather and lighting conditions
- Depends on weather and lighting conditions - Requires pre-processing
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Flood information for the entire disaster

management cycle

NITED NATIONS
ffice for Outer Space Affairs SPABE4SDGS

Prevention
and Mitigation

Recommended Practice on
Flood Hazard Mapping Disaster

management
cycle

. . Recove
Geoinformation for Y

Post Disaster Needs

Assessment (PDNA)/
Damage and Loss Response
Assessment (DalA)

Ge)information for
Ra|iid mapping: Extent
and impact

Recommended Practices on
Flood Mapping and Damage
Assessment (GEE)

Geoinformation for

Early Warning systems

Preparedness

Copernicus Global Flood
Awareness System, FANFAR,
etc.

Recommended Practices on Flood
Mapping (SNAP, Python), NOAA global
flood map products, Dartmouth Flood
Observatory
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Flood mapping using optical imagery (&) uimonaons SPACEASDGS

Office for Outer Space Affairs

O Landcover classification or

Q Calculation of indices that make use of spectral
reflectance of water

O Reflectance higher in visible than in NIR and
SWIR channels

Q Using the Normalized Difference Water Index
(NDWI)

O Near-infrared (NIR) and short-wave infrared
(SWIR)

O Orgreenand NIR
O NOAA global flood map products

(https://floods.ssec.wisc.edu/?products=RIVER-
FLDglobal.75&center=0,0&zoom=2&basemap=s

atellite&labels=-&timestep=1d)
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No backscatter, double No cloud penetration
bounce or overlay issues

Easily separates water from  NDW!I cannot separate well
soil and vegetation water from built-up areas
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https://floods.ssec.wisc.edu/?products=RIVER-FLDglobal.75&center=0,0&zoom=2&basemap=satellite&labels=-&timestep=1d
https://floods.ssec.wisc.edu/?products=RIVER-FLDglobal.75&center=0,0&zoom=2&basemap=satellite&labels=-&timestep=1d
https://floods.ssec.wisc.edu/?products=RIVER-FLDglobal.75&center=0,0&zoom=2&basemap=satellite&labels=-&timestep=1d
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SAR principles @) neonaons re SPACEASDGS

Interpretation: Advantages and Limitations

10:30 am 14:30 pm 22:30 pm

Optical SRS
Image &

COSMO-SkyMed
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SAR principles B irce o werspsceavrs SPACEASDES

How does a radar image work?

Send and receive




N

SAR principles @) neonamons s SPACEASDGS

Ground parameters (variable)

Topography

Surface roughness
Object geometry
Object orientation

Dielectric constant (water content
ependant)

o v & W NP

Colima Volcano- México TerraSAR-X, band C, view angle:
33°




SAR principles

Backscattering

Corner Reflector

Specular Reflection _

Diffuse Reflection

Source: CCRS -
Canada Centre for Remote Sensing, Natural Resources Canadaliill GL‘BEAR Canada Centre for Remote Sensing, Natural Resources Canadall GL?BEAR

Speckle

(Globe —=SAR 2006)
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SAR Reflection Types B e e Souce s SPACEASDGS *
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O Specular Reflection QO Diffuse Reflection
Occurs on smooth surfaces (e.g. water) Occurs on rough surfaces (e.g. soil)
Appears dark due to low backscatter intensity Appears bright due to high backscatter intensity
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0 . : A Z&®)Y UNITED NATIONS
Limitation: Double bounce backscatter Ofice for outer space Aftars SPACEASDGS
Q Urban Areas O Flooded Vegetation
Multiple reflections at urban geometries Multiple reflections in vegetation
Appears bright due to high backscatter intensity Appears bright due to high backscatter intensity

L
i
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UNITED NATIONS

SA R p rl n Cl p I eS ' Office for Outer Space Affairs

O Radar Parameters: Polarizations (o amtcnma .
: . . . polanzed encrgy’ ' t“:"u
. HH: Horizontal Transmit, Horizontal Receive VV v e e s

HV: Horizontal Transmit, Vertical Receive
VH: Vertical Transmit, Horizontal Receive
VV: Vertical Transmit, Vertical Receive

Quad-Pol: all polarizations are measured

vertical filter
L

backscaticred vertically
polanzed encrgy from canth

Q For the UN-SPIDER Recommended Practice we use e P
transaits honzootally
VV HH polarized eocrgy _
toward the carth hortzontal

ﬁ
Tty

honzontal filter
rocave . - -

(Applied Remote Sensing Training Program- NASA)
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Composite
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Atmospheric artifacts
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Cloud penetration Backscatter signal of rough
water surfaces

Daylight independence Geometric distortions
Open data & free access to Double-bounce effect in
archive vegetated or urban areas

Dielectric constant alteration Radar shadow
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Methods for flood identification @)oo s SPACEASDES

Principal methods for flood mapping:

1. Thresholding - Radiometric correctlon and settlng of db I|m|t on after event image

@ GeoSarMex X
@ Copernicus - Sentinel 1A %




Methods for flood mapping
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Principal methods for flood mapping:

(&N UNITED NATIONS
‘\Q&J Office for Outer Space Affairs SPABE4SDGS

2. Ratios and change detection (using before and after-event SAR images)
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UN-SPIDER Recommended Practices (@D, e SPACEASDES '

SAR flood mapping

O Radar-based Flood Mapping
O https://www.un-spider.org/advisory-

support/recommended-
practices/recommended-practice-radar-based-
flood-mapping b e
QO Uses Sentinel-1 SAR data obtained from Open .+ Vemriztman
ACCESS HUb Spatial subset oot Tk
v v
Q SNAP (free desktop software) or Python (Jupyter Radomeiri clp all datato
Notebook online) 7 -
0 Result can be imported into QGIS / Google Earth Specklefiter Bl
v v
Terrain correction asDSZ’;‘;me
Binarization

WWW.UN0O0Sa.org 20 February 2023


https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-radar-based-flood-mapping
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-radar-based-flood-mapping
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-radar-based-flood-mapping
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-radar-based-flood-mapping
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UN-SPIDER Recommended Practices @SN ... SPACEASDGS
O Flood Mapping and Damage Assessment Using Sentinel-1

SAR Data in Google Earth Engine

FPopulation
density

Cropland

Intersect
layers

Y

Automatic

O https://un-spider.org/advisory-support/recommended- _ LM:DISLCJ/
practices/recommended-practice-google-earth-engine- e

flood-mapping /?W /Meimd 7 /E,,f,gu T pro 7| - 7
! v

O Uses Sentinel-1 SAR data obtained from Google Earth v v )
Engine (delayed data provision) e . e e [N ot M| i

O Result can be imported into QGIS or other software o i
damage assessment
‘ Difference
=
@
extent layer
/ DEN /Lb \!\ﬁtxhc LU giﬁa:oapse

v

Global Exclude
Surface Water permanent water

Exclude pixels with
= 4 neighbours

-
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https://un-spider.org/advisory-support/recommended-practices/recommended-practice-google-earth-engine-flood-mapping
https://un-spider.org/advisory-support/recommended-practices/recommended-practice-google-earth-engine-flood-mapping
https://un-spider.org/advisory-support/recommended-practices/recommended-practice-google-earth-engine-flood-mapping

Hands-on exercise

Google Earth Engine training script: https://tinyurl.com/unspider-flood-training2023

ol g

Google Earth Engine

Q,  Search places and datasets

Scripts [l T UNU_Course_SAR_FloodMapping Get Link -l
T 00_FloodMapping_Practice_Original L ik e =
¥ FloodMapping_Practice_Gambia i UNU-EHS COURSE: GIS AND MAPPING
& malawi 1 NAME :
& malawi (copy) 5 Enter your name here, and save the script in your GEE account afterwards.
B script 6 22
~ users/martinhilljegerdes/rec_practice_droughts 7
.ch, J ieg reo-pH -croug 8 This script is ba SPIDER recommended practice "Flood Mapping and Damage
index 9 A nt Using Data in Google Earth Engine”
& vCl_index 10 Link to recommend /un-spider.org/advisory-support/recommended-practices/
& VHI_index 11 recommended-pr: -flood-mappi
~ users/martinhilljegerdes/UNU_Course_2022 12 Link to complete
I UNU_Course_SAR_FloodMapping %i The original scr
s UNU_Course_SAR_FloodMapping_commented 15 How use this training code:
& UNU_GIS_data_prep 16  The steps of this workflow are commented out, the same way this text is. Sections that are
~ Writer % 17«
— \ marica Altinar
° Mutare provavandun Chitengo Maiongué
O 9 ~ ¥ B pangamwura L Badols
© M o . Gondola
+ Chimoio
f m
- Mecararandengo fiiza: ]
i Inchope
Cambeca Papozo
Matanda Vila Machado ..
o
- ) Chave Bingué
( Sussundenga  Candeeiro . Macolara
L Sussendenga
) ¢ -
\ [h240] :
Mutambara PR @ : fambisse
Tandal Dondo TN
Hot Springs y _Crusado “Fanaca
eTECy
el Alfinet
Sarury % it Antunes Nhahgsu
Nyanyadzi = Guncha
Chimanimani [ - s
- ] Gogiffs Beira
Tilbury | Machave
Birchenough (110] Chibué Ch‘-blé'a
m Bridge Dombe
5] —
- Réango
wuli Ranch ¥ Boda
Chipinge Ceavaca Chissinguane
{ 260}
) Dima m Gororo
; Muiose
Rupis| Ivorie Paulo Ambanhe
Nova Golega
< /

WWW.Uunoosa.or

Use print(...) towrite to this console

Tiles selected:
from 2019-83-02
} ImageCollection

Tiles selected:
from 2012-03-19
» ImageCollection

Before Flood (4)
to 2019-83-07
COPERNICUS/S1_GRD

After Flood (4)
to 2019-e3-20
COPERNICUS/S1_GRD

Layers Map

. Run -l Reset - S Console

I

(4 e.

w
n

lite

&
o

S:

20 February 2023



https://tinyurl.com/unspider-flood-training2023

Hands-on exercise

Export and visualize the data in QGIS or Google Earth Pro

(2 *Untitled Project — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DEARRY OPL2LAPP "R Ba IO

= Ele E6t View Tooks Add Help
BV, ZwE @ V4 =
_ Get Directions  History
v By v B~ v v i AL RS T - 4 ® & A = ¥ Places
=R PN Y-8 N 04 @4t -3 Sl ¢t E R ARG B TOIE o
Browser @® ( » | @ Sghtsesing-
E(]’ e Y 1 0 & GloFAS Flood Forecast
- . { ) Unsitied Polygon
< Favorites GéRdola A, \ & Uniitied Image Overlay
» 1% Spatial Bookmarks io—~ ~"  Amatongas s > 7188 Tmporary Plac
» [6] Home
» O cA Metuchira
» [ E\ (Volume) Inchope :
@ GeoPackage Zinvari —Nhamatanda 'y
/7 Spatialite W \
@ PostGls ~ )
M SAP HANA t Ximana =
P mssaL 53 \
@ Oracle ?
> @ WMS/WMTS %
B Vector Tiles
4 : \ N ol N B Rl | + ¢
: Miguel \ IR
. R Dondo NSRS\, (15 ¥ Layers
FS/ OGC API - Features N Y N 3 AN " i ~ 8% Primary Database
&) ArcGIS REST Servers S e B Amouncements
& * * 4P Borders and Labels
3¢ GeoNode JInhamizua A P
MVHHD?,:' . » L1% photos ca: Saboma
Layers o8 A P foscs
Béira £ D) 0 botatne Chissinguane
" ® & v H ! > B Weather e
¢« 3O VE&E-RAL ) v g Gallery
flooded vec A v O :J More
~ V| ¥ OSM Standard -

Mussariamba

Chibabava

Ambanhe
Muxungue i

Chissiduana

Ziamechia
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Learning resources @) UumeoNAToNs v SPACEASDGS

O EO College MOOC Echoes in Space — Introduction to Radar é’fﬂm o
Remote Sensing (https://eo-college.org/courses/) in-sroer KNOWLEDGE PORTAL

Space-based information for Disaster M:

Q University of Alaska Fairbanks — Synthethic Aperture Radar:
Hazards (https://www.edx.org/course/sar-hazards)

O NASA ARSET (https://appliedsciences.nasa.gov/what-we-
do/capacity-building/arset)

O Copernicus Research and User Support (RUS) (https://rus-
copernicus.eu/portal/)

/" Home Space Application Risks & Disasters  Links & Resources ~Advisory Support Network Projects  News & Events  About Us

O Regularly updated list of free online training opportunities i ot Wi s e o -
Ca tegO ri 7 e d by h a 7 a rd at h tt p S ://u n _S p i d e r . O rg/l i n ks_a n d _ ;T);ovi::! nby :mrd“pjmis that airn tor:uppon njsers m:i:,:g skils : using s;pat‘:e data and rer:va?t aopiicatj:ns t: ds:ve\:phmvormation ;;rodduct‘s, - ;
re S O u rc e S/O n | i n e _t ra i n i n g_ O p p O rt u n it i e S The courses are offered by a wide range of organizations and are displayed below for information purposes.
Hazard type Satellites and sensors
O UN-SPIDER YouTube channel e )
(https://www.youtube.com/channel/UCTwI1AI7To1f2hISrLOOz )
M) , ARSET - Satelite Observations and Tools for Fire Risk, ~ 11/05/2021 NASA ARSET
D N a t U ra I Re SO u rC e S Ca n a d a ( N R CA N ) T u to ri a | S E :Tj; antd Anjl\im Sentinel-1 27/04/2021 Copernicus Reseach and User Support (RUS)

(https://www.nrcan.gc.ca/maps-tools-and-
publications/satellite-imagery-and-air-photos/tutorial-
fundamentals-remote-sensing/9309 )

WWW.UN0O0Sa.org 20 February 2023



https://eo-college.org/courses/
https://www.edx.org/course/sar-hazards
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
https://rus-copernicus.eu/portal/
https://rus-copernicus.eu/portal/
https://un-spider.org/links-and-resources/online-training-opportunities
https://un-spider.org/links-and-resources/online-training-opportunities
https://www.youtube.com/channel/UCTwI1Al7To1f2hlSrLOOzzw
https://www.youtube.com/channel/UCTwI1Al7To1f2hlSrLOOzzw
https://www.nrcan.gc.ca/maps-tools-and-publications/satellite-imagery-and-air-photos/tutorial-fundamentals-remote-sensing/9309
https://www.nrcan.gc.ca/maps-tools-and-publications/satellite-imagery-and-air-photos/tutorial-fundamentals-remote-sensing/9309
https://www.nrcan.gc.ca/maps-tools-and-publications/satellite-imagery-and-air-photos/tutorial-fundamentals-remote-sensing/9309

Before we head to coffee break... @) nonatons  cers SPACEASDEGS

Q Prepare for Victor’s session...

WWW.UN0O0Sa.org 20 February 2023



Hands-on exercise

Google Earth Engine original (full) script: https://tinyurl.com/unspider-flood-full

Q,  Search places and datasets 0 = ‘

2 vocs_ e o sty T e e O O

& 00_FloodMapping_Practice_Original = L V¥ ~ Useprint(...) towrite to this console.

Google Earth Engine

& FloodMapping_Practice_Gambia % UNU-EHS COURSE: GIS AND MAPPING
3
:mala"'-" 4 NAME: ) Tiles selected: Before Flood (4) Ison
.ma!a:w(copy) g Enter ya‘;; name here, and save the script in your GEE account afterwards. from 2019-03-82 to 2019-03-07 &9
L ) 7 = » ImageCollection COPERNICUS/S1_GRD (4 e.
~ users/martinhilljegerdes/rec_practice_droughts gt i
®TCLind 8 This script is ba PIDER recommended practice "Flood Mapping and Damage
index 9 A nt Using Data in Google Earth Engine” .
& vCl_index 10 Link to recommend /un-spider.org/advisory-support/recommended-practices/ Tiles selected: After Flood (4)
& VHI_index 11 recommended-pr: -flood-mappi from 2012-03-19 to 20129-83-20
~ users/martinhilljegerdes/UNU_Course_2022 g #]HK 0 mﬁlet- » ImageCollection COPERNICUS/S1_GRD (3 e
I UNU_Course_SAR_FloodMappin: S QLGS SR
& Joodvaops d L
UNU_Course_SAR_FloodMapping_commente: 15 How use this training code:
W UNU_GIS_data_prep 16 The steps of this workflow are commented out, the same way this text is. Sections that are Y
~ Writer % 17« 4
— \ manica Al
& Mutare provavandun Chitengo i Maiongué
v B BVAR AN - | Dangamvura \__ Taila Layers Map Satellite
&3] M o Gondola
i = | |
+ ) Chimoio (]
| 10 ]
- Mecararandengo fiiza:
i Inchope
Cambeca Papozo
Matanda Vila Machado , ..
o
®m ) Chave Bingué
( Sussundenga  Candeeiro . Macolara
& Sussendenga
l ¢ -
Mitarnbars Rotanda Paéol o - afamblsse
Tandal Dondo TN
Hot Springs y _Crusado . Panaca
eTECy
= Alfi
Saruru C jnste Antunes Nhahgdu
Nyanyadzi = Guncha
Chimanimani [ = B
Gogiffa eira
<] m =
Tilbury | Machave T
Birchenough (110] Chibué Chiisino
m Bridge Dombe
5] -
- Réango
wuli Ranch ¥ Boda
Chipinge Ceavaca Chissinguane
{ 260}
) Dima m Gororo
; Muiose
Rupis| Ivorle

Paulo ﬁ Ambanhe

Nova Golega
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https://tinyurl.com/unspider-flood-full
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Thank you

Martin.Hilljegerdes@un.org

@un_spider
facebook.com/unspide
r
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