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Training Format

A

Three 2-hour sessions including
presentations and guestion and
answer sessions

The same content will be presented at
two different times each day.

Session A will be presented in  English.

Session B will be presented in  Spanish.

I Session A: 11:00-13:00 EST (UTeA)
I Session B: 14:0616:00 EST (UTe&?)

A Training materials and recordings will

be available from:
https://appliedsciences.nasa.qov/join-

mission/training/english/arset-disaster-

assessment-using-synthetic-aperture-radar

NASAGs Applied Remote Sensing Training Program

ARSET - Disaster Assessment Using Synthetic
Aperture Radar




Homework and Certificate

A Homework Assignment:

I Answers must be submitted via Google Form
I Due Date: Nov. 17, 2022

A A certificate of completion will be awarded to those who:
I Attend all live webinars
I Complete the homework assignment by the deadline (access from website)

I You will receive a certificate approximately two months after the completion
of the course from: marines.martins@ssaihg.com
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Prerequisites

Fundamentals of Remote Sensing: Radar Remote Sensing for Land,
Water, & Disaster Applications

https://appliedsciences.nasa.qov/join - (Session 2)

mission/training/english/ffundamentals -
remote -sensing https:// appliedsciences.nasa.qov /|oi

n-mission/training/ enqlish/arset -
radar -remote -sensing-land -water -
disaster -applications

Introduction to Synthetic SAR for Disasters and
Aperture Radar (Sessions 1, 2 Hydrological Applications
and 4): (Session 3)
https://appliedsciences.nasa.gov/|o https://appliedsciences.nasa.gov/join -
In-mission/training/english/arset - mission/training/english/arset _ -sar-

introduction -synthetic -aperture -
radar

disasters-and -hydrological -applications
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Training Outline
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Learning Objectives

By the end of this session attendees will be able to:
A Understand the information content in SAR images relevant to flooding

A Understand the confounding factors in SAR relevant to flooding
A Access, process, and visually interpret SAR data

A Generate a time series flood map using Google Earth Engine

NASAGs Applied Remote Sensing Training Program



Outline

ARadar Overview
ARadar Signal Interaction with the Land Surface
ARadar and Surface Parameters
ADistortions
AConfounding Factors
AAvailable SAR Data

ASAR Time Series Flood Demo
ADefine Area and Time of Interest
AVisualize the SAR Data
AGenerate Time Series Flood Maps with SAR Data

NASAGs Applied Remote Sensing Training Program



A -~
5 ' s
\ .
¥ \ - v
R o
+ '
-~
‘ oA
» \
et Bl |
. R s
K vy
" Yo
L N
. .
D R
! o
G
R B { o
= = -
B! N

Radar Overview




The Electromagnetic Spectrum
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Advantages/Disadvantages of Microwave Remote Sensing

over Optical

Advantages
Nearly all weather capability
Day or night capability

Penetration through the vegetation
canopy

Penetration through the soill
Minimal atmospheric effects

o Io Do Po Io Io

Sensitivity to dielectric properties
(surface wetness or liquid vs. frozen
water)

Sensitivity to structure

NASAG6s Applied Remote Sensing Training

Disadvantages

A Information content is different than
optical and sometimes difficult to
Interpret

A Speckle effects (graininess in the
Image)

A Effects of topography

Program

.




Active and Passive Remote Sensing

Passive Sensors:

AThe source of radiant
energy arises from natural
sources

Ae.g., the sun, Earth, other
ohot 6 bodi es

‘\‘\ Active Sensors

Instruments emit their own signal and the A PrOVIde thelr OW” artIfICIaI

Passive| Sensors detect only what is emitted from  Active
the landscape, or reflected from another sensor measures what is reflected back. .
source (e.qg., light reflected from the sun). Sonar and radar are examples of active rad Iant energy Sou rce for
SENsors. . . .
Illumination

Ae.g., radar, synthetic
aperture radar (SAR), LIDAR
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Basic Concepts: Down -Looking vs. Side -Looking Radar
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Basic Concepts: Side -Looking Radar

.

A Each pixel in the radar image represents complex quantity of the energy that
was reflected back to the satellite.

A The magnitude of each pixel represents the intensity of the reflected echo.

2 3 4 5 6 7 8 9 10111213 14

4
Credit: Paul Messina, CUNY NY, after Drury 1990, Lillesand and Kiefer, 1994
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http://www.geo.hunter.cuny.edu/terrain/radarii.html

Review of Radar Image Formation

T

1. Radar can measure amplitude
(the strength of the reflected
echo) and phase (the position of

a point in time on a waveform
cycle). NN AN

RADAR TRANSMITS APULSE MEASURES REFLECTED ECHO (BACKSCATTER)
2. Radar can only measure the part

of the echo reflected back

towards the antenna vae/ A\WW 74 s

(backscatter). — v S S
3. The strength of the reflected echo - _ |

is the backscattering coefficient g T

(sigma naught) and is expressed Iin | /\ - /\ |

decibels (dB). \/ v \
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Radar Signal Interaction with the Land Surface




Flooding Definition from a Radar Perspective:

The temporary or
permanent occurrence of
a water surface:

A Beneath a vegetation
canopy (tall or short
standing vegetation)

A Without any standing
vegetation (referred to
as open water)

NASAGs Applied Remote Sensing Training Program




SAR Signal Backscattering Mechanisms

Smooth Surface Rough Surface Rougher Surface Volume Double Bounce

Volume scattering in Specular double-bounce
F ‘"Wa':;“**:"ﬂs Diffuce scattering y a vegetation canopy t::dl;::xldmgs facing the
y e _/// on rough water surface y

—

Double-bounce
Specular ty
Diffuce scattering ES
y on “rough” surface _ﬂ/

Source: CEOS Systems Engineering Office (SEO)
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SAR Signal Scattering Over Inundated Regions

PALSAR Image (L-band) Near Manaus, Brazil

%
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Radar and Surface Parameters




Parameters to Consider for a Land Cover Mapping Study

Radar Parameters Surface Parameters
AWavelength A Structure
A Polarization A Dielectric

Alncidence Angle

NASAGs Applied Remote Sensing Training Program



Wavelength and SAR Signal Response Over Flooded Vegetation

A Penetration is the primary factor in

wavelength selection.

A Generally, the longer the wavelength,
the greater the penetration into the

Band Designation*

Wavel eng

[ Arequeray (v), GH,

cm (10°cycl ey A
Ka (0.86 cm) 0871 1.1 40.07 26.5
K 1.17 1.7 26.571 18.0
Ku 1.71 2.4 18.07 12.5
X (3.0cm, 3.2cm) 2471 3.8 12571 8.0
C (6.0) 381 7.5 8.01 4.0
S 751 15.0 4071 2.0
L (23.5 cm, 25 cm) 15.071 30.0 2071 1.0
P (68 cm) 30.071 100.0 1.071 0.3

target.
v | M| |
Dry | ddd | oA |
Alvum | i | D | RN
X-band | C-band L-band
3Ccm 5c¢cm 23 cm

*Wavelengths most frequently used in SAR are in

parentheses.
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Signal Penetration Over Flooded Vegetation

In Manu National Park, Peru

frequency AIRSAR data
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Radar Parameters: Polarization

A The radar signal is polarized.
A The polarizations are usually controlled
between H and V:

| HH: Horizontal Transmit, Horizontal
Receive

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

A Quad -Pol Mode: When all four
polarizations are measured.

A Different polarizations can determine
physical properties of the object
observed.

NASAG6s Applied Remote Sensing Training

radar antenna
transmits vertically

polarized energy vertical
VV toward the earth send
= S —>

vertical
vertical filter
receive «—

backscattered vertically
polarized energy from earth
is received by the antenna

radar antenna
transmits horizontally

HH polarized energy
toward the earth

horizontal
send

A
S
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\\\ >~

horizontal
horizontal filter
receive <
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Image Credit: J.R. Jensen, 2000, Remote ~ Sensing of the Environment
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Multiple Polarizations for Detecting Inundated Vegetation

Images from Palsar (L-band) over Pacaya -Samiria in Peru

NASAGs Applied Remote Sensing Training Program




Multiple Polarizations for Detection of Open Water

Images from PALSAR (L-band) Near Manaus, Brazil

NASAGs Applied Remote Sensing Training Program




Radar Parameters: Incidence Angle

Local Incidence Angle:

1 cm Wavelength

AThe angle between the direction of the
|l nci dent
plane

A
-
-
=
-
-
-
-
-

a1 g

"TI1000 o

wave and t he

A Accounts for local inclination of the
surface

Signal from tops, trunks, ground Signal from tops, trunks
Alnfluences image brightness - e,
. . . 'Ji A e ‘.." Yy ,:"W
AThe geometry of an image is different S abu o
from point to point in the range
direction

Signal from soil & subsail Signal from wheat & soil

K = lIncidence Ancg

Images Based On: Top: Ulaby et al. (1981a), Bottom: ESA
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Parameters to Consider for a Land Cover Mapping Study

Radar Parameters Surface Parameters
AWavelength A Structure
A Polarizations A Dielectric

Alncidence Angle

NASAGs Applied Remote Sensing Training Program



Surface Parameters Related to Structure

i

Size Relative to Wavelength
O O
Density

NASAGs Applied Remote Sensing Training Program

Orientation




Size Relative to Wavelength

X band L band P band

Austrian pine = Bidiin =27 cm A=70 cm

Source: Thuy le Toan
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Size and Orientation

~olarization

RELATIVE SCATTERING STRENGTH BY POLARIZATION:

Rough Surface Scattering 15 17154 1215, 1 0r [S,, |

Double Bounce Scattering  |S, [>|S,, [>[S,, | or[S,, |

Volume Scattering Main source of |S,,, | and |S,, |

Shorf/ Long
Radar Wave (s Wave o €
Scatterin
Intensity |_|

Source: Walker, W. Introduction to Radar Remote Sensing for Vegetation Mapping and Monitoring Source: SAR Handbook

NASAGs Applied Remote Sensing Training Program 30.




Vegetation Density

Broadleaf Evergreen and Coniferous Forest

The denser the vegetation, the less likely C - band

0 0
for the signal to penetrate through the g J | T 8
canopy. This is a function of wavelength. éo E&* ; %
2 Qearapeenes S
A Saturation Problem - The signal i §=
saturates at a certain biomass level, §° : 1= ‘
which is wavelength dependent. B e e M o We 0 50 050100 150 200 250 300 30

Biomass (tons/ha) Biomass (tons/ha)

AC-band & 20 tons/ ha ( .=
Al-band & 40 tons/ ha (-
APband &4 100 tons/ ha

0 C-HH Conlifer
a C-YV Conifer
a C-HY Conlfer
® C-HH Broedical evergreen

® C-VV Broadieal evergreen

4 C-HY Broadieaf evergreen

Backscattering CoefTicient (dB)
Clr'- .

. sl EVTUTEUVIVE PPRTE P
50 0 50 100 150 200 250 300 350
Biomass (tons/ha)

NASAds Applied Remote Sensing Training Program Image Source: Imhoff, 1995:514)



Surface Parameters: Dielectric Constant

Dielectric Properties of Materials

S ©
100 if = 1GHz % %
90 | 100__‘ m ‘(gj% = — Re(eps); T=0C
— cC .
= — im(eps); T=0C
80 + water S 80- ‘ D‘S -c% (eps)
% 201 g - O & Re(eps) Ice
— )
2 60 O X
S 5ol % 40
O
5 40+ 3 20
2 30+ O o1 i = -
a 9L . 1 10 100 1000
rocks
10 - /soil | >dry Frequency (GHz)
vegetation materials
snow )
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Effects of Topography and Speckle




Geometric Distortion

Layover AB =BC Foreshortening RA<RB<RC
AO0OBO < BOCO AB =BC
RA > RB AOBGOG < BOCO

RAO > RBO

Images based on NRC images.
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Shadow

Image (left) Based on NRC

NASAGs Applied Remote Sensing Training Program



Speckle

Speckle is a granular 'noise' that inherently exists in and degrades the quality of
SAR images.

RESULT

Destructive Interference

RESULT

Example of Homogenous Target

Constructive interference Deslructive inlerlerence

A

B Image Credit: Natural Resources Canada

. . Varying degrees ol interfer
Image Credit: ESA P > o inierierence
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Speckle Reduction: Spatial Filtering

o I

o I

Moving window over each pixel in the image

Applies a mathematical calculation on the pixel
values within the window

The central pixel is replaced with the new value

The window Is moved along the x and y dimensions
one pixel at a time

Reduces visual appearance of speckle and applies
a smoothing effect

NASAGs Applied Remote Sensing Training Program
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Confounding Factors




Source of Confusion: Open Water and Low Vegetation

Images from PALSAR (L-band) Near Manaus, Brazil
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Source of Confusion: Urban Areas and Flooded Areas

Images from PALSAR (L-band) Near Manaus, Brazil
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Source of Confusion: Topography and Inundated Vegetation

NASAGs Applied Remote Sensing Training Program 41




Rain Event and an Increase in Surface Moisture

Sentinell C-Band Data over Ecuador

Band 3: 2016-02-17 Band 35: 2017-02-17

Band 59: 2018-02-12 RGB: 2016-02-17 2017-02-17 2018-02-12

Source: SAR Handbook, Chapter 2 by Josef  Kellndorfer
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Avalilable Radar Data




Radar Data Available

2006-2011

Legacy:

Current:

2024 2023

: Freely
Future: [ ] _
Accessible

Image Credit: Franz Meyer, University of Alaska, Fairbanks
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