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11. SAR and optical remote sensing
for post-flood assessment and recovery




SAR and optical for flood/postflood mapping

RADAR SATELLITES
Weather & illumination independence Use: Detection of water surfaces

Penetration through cloud cover Changesin waterlevels
Radio waves Infrared Ultr@violet X-rays Gamma rays
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OPTICAL SATELLITES ‘
Weather & illumination dependence Use: Flood extent, flood patterns, flood impacts
No penetration through cloud cover Analyzing changes before and after flooding events
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SAR and optical for flood/postflood mapping

Radar satellites, unlike optical ones, utilize microwave radar technology to capture data, enabling

them to penetrate through clouds and atmospheric barriers. This distinct capability allows radar
satellites to acquire flood mapping data even in adverse weather conditions.
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Radar Parameters to Consider for a Flood Mapping

Signal interacton

Analyzing the signal intensity from these various polarizations provides insights into the
composition of the observed surface, as it relates to the following types of scattering:

Double Bounce
RELATIVE SCATTERING STRENGTH BY POLARIZATION:

Rough Surface Scattering IS, 1718 1715, 1 or |S,. |

Double Bounce Scattering IS 1215, 1215, 1 or S, |
Volume Scattering Mainsource of |S,, | and |S,, |

Rough Surface

‘‘‘‘‘
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* most sensitive to VV scattering

Rough surface scatterin )
g g » caused f.e. by bare soil or water

* most sensitive to cross-polarized data like VH or HV

Volume scatterin .
g » scattering by the leaves and branches

* most sensitive to an HH polarized signal

DELIE (BB EE » caused by buildings, tree trunks, or inundated vegetation



Radar Parameters to Consider for a Flood Mapping

Signal interacton

» Calm water surfaces appear smooth, resulting in specular reflection and low backscatter in radarimages

In contrast, the surrounding land surface appears rougher, causing higher backscatter due to the
scattering of radar waves by surface irregularities

* This difference inradar signatures allows for the mapping of water and other land surfaces

TYPES OF REFLECTION

NORMAL
REFLECTED RAY

INCIDENCE

SPECULAR REFLECTION DIFFUSE REFLECTION



Radar Parameters to Consider for a Flood Mapping

Signal interacton

E] [b]
Examples of radar interaction
with aquaculture ponds: (@)
. specular reflection (smooth water

surface); (b) cornerlembankment;

and (c) diffuse reflection (rough

[d] el water surface). (Bottom) SI1A

STAERGe kil B'”a’y'mage“h'eSh°'d = image (d); related histogram and

classification threshold (e); and

binary image of water and non-

water  after application  of

threshold (f). (Modified from
Ottinger et al.
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Radar Parameters to Consider for a Flood Mapping

Smooth, Level Surface
(Open Water, Road)




Radar Parameters to Consider for a Flood Mapping

Inund ated Vegetation




Radar Parameters to Consider for a Flood Mapping

Penetration through land covers as a Function of Wavelength and dielectric characteristics

: , : Vegetation A
 The penetration depth is depending on - m
wavelength and dielectric characteristics
of objects
* Penetration - predominant consideration DLy
Alluvium

when selecting a wavelength

» Typically, longer wavelengths result in greater
penetration into the target

Dry Snow  xx: i R
Ice -
Flood Monitoring: —“
» X-band mostly scatters at the tops of trees X-band e L-band
+ C-and L-band signals penetrate increasingly 3cm 5 cm 53 6m

* Longerwavelength - better mapping of
inundation under forest canopies



Radar Parameters to Consider for a Flood Mapping

Flooding under Vegetation Canopies

Flooded Vegetation VS, Non-flooded Vegetation

’( L-8and ’(

C-band:
~6cm, 4-8GHz

Flooded Forest Flooded Grassland/Shrubland L-band:

o - o ~23cm, 1-2GHz

Enhanced return if tree cover
underlain by water (double bounce
effect — smooth water surface —
Non-Flooded Grassland/Shrubland vertical vegetation structures

Non-Flooded Forest




Radar Parameters to Consider for a Flood Mapping

Flooding under Vegetation Canopies

Canopy

Trunk

Surface

Surface backscattering Volume backscattering Double-bounce backscattering

Nonflooded condition

Flooded condition
+ Signal scattering in the crown and on the ground

+ Submerged wetland/open water
» Strong double-bounce reflection between
the tree trunks and the water surface




Radar Parameters to Consider for a Flood Mapping

Innundation in Crops and Meadows

Surface backscattering Double-bounce backscattering Specular scattering

Diffuse backscattering Diffuse backscattering Specular scattering

 Backscatterincreases with soil moisture

« With increasing water level, backscatter becomes weaker with more specular reflection
(scattering away from the sensor)




Optical Parameters to Consider for a Postfloods/Flood Mapping

Physical basis for Water bodies mapping

+ Water absorbs the longer wavelengths of visible and NIR and SWIR domains
+ Reflectsthe shorter wavelengths of the visible domain (blue, green)
» Water color depends on: depth, materials in suspension, vegetation
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Optical Parameters to Consider for a Postfloods/Flood Mapping

Inidices for floods/postfloods mapping

Index Equation Remark
Normalized Difference NDWI = (Green — NIR)/(Green + Wsber Basrpositive vt
Water Index NIR)
Normalized Difference NDMI = (NIR — MIR)/(NIR + Wi lensrasiiivevlie
Moisture Index MIR)
Modified Normalized MNDWI = (Green — MIR)/(Green Water hias positive vale
Difference Water Index + MIR)
WRI = (Green + Red)/(NIR + Value of water body is

W t 'Rc t I d
ater Ratio Index MIR) greater than 1

Normalized Differ :
e 1ze. SRR NDVI = (NIR —Red)/(NIR + Red) = Water has negative value
Vegetation Index -

Automated Water AWEI = 4 x (Green-MIR) — (0.25

1 Wct 'lc' t' 71
Extractlon Index % NIR e 275 x SWIR) aler nas positive valuc




Earth Observation Applications for Post-Flood Recovery

« Satellite imagery and data products have
played a crucial role in addressing the floods
along, facilitating effective response efforts

 The varied spatial, temporal, and spectral
resolution of Earth observation (EO) data
enables numerous applications for flood
recovery

+ Key areas where EO can aid in flood recovery
efforts:

mapping flood extent

monitoring impacts

reducing flood risk

evaluating flood-related adaptation programs
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Global deaths from disasters over more than a century
The size of the bubble represents the estimated annual death toll. The largest years are labeled with this total figure,
alongside large-scale events that contributed to the majority - although usually not all - of these deaths.

Our World
in Data

Now, in most years 10,000 - 20,000 die. Years with very
large-scale events record tens to hundreds of thousands.
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3.72 million 1.9 million

1.26 million deaths _1.5 million deaths

19DOBer|ga|lmm|€ /1942 Indian famine
Droughts . .. . RITIEE i
~20,000 deaths
\ 430,000 deaths 2010 Somalian famine
.

1.9 million deaths 15 million deaths 1983 Ethiopian famine
1928 S mllion deaths 1943 Ezngladcshl famine 1965 Indian famine

In the 20th century an annual death toll in the millions was common,
usually as the result of floods, droughts or famine.

All disasters @‘”"
1.2 million:

Floods oeerr @B enibeerresatnsesseensaiensessansisrbesnrres
35,000 deaths
37 million deaths 3 500,000 deaths Zm‘”m denth 1999 Vargas flood, Venezuela
1931 China floods wwrhmaﬂond 1959 Chwmﬂoo(ls and famine

Earthquakes a@- ool -0 c@ @ oo v n ......... ...’........‘..........

183,000 deaths/ 151,000 deaths 277.000 deaths } 227,000deaths” % 227,000 deaths
1920 Gansu, China 1923 Tokyo, Japan 1976 Tangshan, China 2004 Boxing Day tsunami 2010 Haiti earthquake
Volcanic . PRUR
activity 38,690 deaths 21,800 deaths

Mount Pelée, Martinique Armero, Colombia

Storms e @oriac-@ervecre-or e ....... vt s lrercterssancif)eans

100,000 deaths? 304000deaths} 146,000 deaths | 141,000 deaths
1922 cyclone, China 1970 cyclone, Bangladesh 1991 cyclone, Bangladesh 2008 Cyclone Margis, Myanmar
Extreme o=t
temperature . . . feeeees . L. N Y.
P 75,000 deaths 57,000 deaths
2003 European heatwave 2010 Russian heatwave
Landslides oo oo
Wildfires

Wildfires can cause significant economic, ecological and infrastructural damage. But death tolls are typically low.
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Year

Data source: EM-DAT, CRED / UCLouvain, Brussels, Belgium - www.emdat.be (D. Guha-Sapir)

OurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the author Hannah Ritchie.



Earth Observation Applications for Post-Flood Recovery

Monitoring impacts

T

Caguas, PR o 3Km Gurabo,PR ¢ ' im Arecibo, PR u sk Utuado, PR S L4 Varlatlon N eleCtnClty

outages for  different
locations in Puerto Rico
following Hurricane Maria
based on time series of
NASA Black Marble
nighttime light imagery.

Bayamén, PR ¢ * TruplloAIto PR f W= Guaynabo,PR [T, Carolma PR ¢ " 7 3 Image from Roman et al
g A e (2019).
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Number Of Days Without Electricity



Earth Observation Applications for Post-Flood Recovery

Flood Risk Reduction

Cuvette, & Plateaux

Nov 1st 2019-
Dec 15th 2019

Irptonco

«««««

Flooded Crop Below Avg NDVI (ha)
[] NoData
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An example of Earth
Observation to provide flood
recovery decision support.
Series of Sentinel-2 imagery
in a flood-affected area before
the December 2019 flood in
January 2019 (a) and after in
January 2020 (b) in the
Republic of Congo



Improving flood forecasting with Earth observation data

Hydrological models to improve flood forecasting

- River discharge is a variable that is not N
typically easy to measure from satellites.
However, new models using a combination of
optical data from MODIS, to estimate river
velocity, and radar altimetry measurements,
to assess river levels rising — the same way
scientists monitor sea levels rising

40 N

* Deweloping new models and leveraging
cutting-edge sensor technology is crucial,
especially with the deployment of new

i i C3S Soil Moisture Anomalies ~ * < g
satellite constellations oo o
10 E , 15 E
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Improving flood forecasting with Earth observation data

A Framework to Guide EO Monitoring of Flood Recovery

Framework to guide Earth Observation
monitoring flood recovery and redress
inequitable post-flood recovery outcomes

Pre-Flood

years, months prior

Post-Flood
years, months, days post

Planning Phase

[ Establish agreed-upon roles|

Allocate or apply for
sustained funding

| Define recovery indicators |- -

v

Determine
recovery benchmarks
and evaluation process

2

Testing Phase

- >| Identify EO-based proxies |

¥

| Generate pipeline to process EO data I

Implemention Phase
(triggered by flood)

l Monitor post-flood recovery |

Develop algorithm
Validate algorithm

Evaluate recovery benchmarks
and identify differential
recovery progress

Collect non-EO data to supplement
and contexualize EO-based recovery proxy

Expand and stregthen existing
flood risk reduction actions

Knowledge Appraisal Phase

] Construct pre-flood baseline trends |

Archive pipeline

v

Seek remedy to inequitable
recovery and enforce
distributional accountability

| Refine framework |

l Strengthen theories of flood recovery




Improving flood forecasting with Earth observation data

Operational Entities Monitoring Post-Flood Recovery

EO can bolster effective disaster risk
management, as demonstrated by
established protocols that integrate
EO into disaster response and
recovery

Notably, initiatives like the
Committee on Earth Observations
Satellites (CEQS) Recovery
Observatory and Copernicus
Emergency Management Service
(CEMS) Risk and Recovery Mapping
offer recovery mapping services.

= Who can use the service

= How to use the service

= Portfolio: Rapid Mapping

= Portfolio: Risk and Recovery
= Quality control

= User Guide

RAPID MAPPING

= List of Activations

= Online Manual

_opernicus

Europe’s eyes on Earth

S

The Emergency Management Service - Mapping

The Copernicus Emergency Management Service (CEMS) uses satellite imagery and other geospatial data to
provide free of charge mapping service in cases of natural disasters, human-made emergency situations and
humanitarian crises throughout the world. It covers in particular:

= Floods

= Earthquakes

= Landslides

= Severe Storms

= Fires

= Technological disasters
= Volcanic eruptions

= Humanitarian crises

= Tsunamis



Improving flood forecasting with Earth observation data

Improve understanding of disaster risks and costs to society

« Access to reliable and openly ST

accessible data regarding disaster gy > v el
risks, expenses, impacts, and et

public investments in recovery and P pe———
resilience is crucial for enhancing — e

awareness and planning =

]
i
i

* While there have been notable : —
advancements in data quality for e
certain hazards, such as state- G o st
wide flood mapping, limitations ]
persist in terms of data availability,
consistency, and usability across :

various natural disaster risks =)
= Tt FINAL
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Improving flood forecasting with Earth observation data

Improve understanding of disaster risks and costs to society

PO MapLayers

FloodCheck is an online tool developed by Geoscience Australia, providing
access to flood mapping and related information for Australia. It offers
interactive maps and datasets to help users understand flood risks, monitor
flood events, and support decision-making related to flood preparedness and ff‘:_m:"_mjj’:m
response. FloodCheck integrates various data sources, including satellite .
imagery, rainfall data, and topographic information, to provide comprehensive | A visualisation of the rood plume in
flood information to the public, emergency responders, and policymakers. Moreton Bay.
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