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Training Format

Å Three 2-hour sessions including 

presentations and question and 

answer sessions

Å The same content will be presented at 

two different times each day. 

Å Session A will be presented in English.

Å Session B will be presented in Spanish.

ï Session A: 11:00-13:00 EST (UTC-4)

ï Session B: 14:00-16:00 EST (UTC-4)

Å Training materials and recordings will 

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

mission/training/english/arset-disaster-

assessment-using-synthetic-aperture-radar
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Homework and Certificate

Å Homework Assignment:

ï Answers must be submitted via Google Form

ï Due Date: Nov. 17, 2022

Å A certificate of completion will be awarded to those who: 

ï Attend all live webinars

ï Complete the homework assignment by the deadline (access from website)

ï You will receive a certificate approximately two months after the completion 

of the course from: marines.martins@ssaihq.com

mailto:marines.martins@ssaihq.com
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Prerequisites

Fundamentals of Remote Sensing:

https://appliedsciences.nasa.gov/join -

mission/training/english/fundamentals -

remote -sensing

Introduction to Synthetic 
Aperture Radar (Sessions 1, 2 

and 4):

https://appliedsciences.nasa.gov/jo
in-mission/training/english/arset -
introduction -synthetic -aperture -

radar

Radar Remote Sensing for Land, 

Water, & Disaster Applications 

(Session 2)

https:// appliedsciences.nasa.gov /joi

n-mission/training/ english / arset -

radar -remote -sensing-land -water -

disaster -applications

SAR for Disasters and 

Hydrological Applications 

(Session 3)

https://appliedsciences.nasa.gov/join -

mission/training/english/arset -sar-

disasters-and -hydrological -applications

https://appliedsciences.nasa.gov/join-mission/training/english/fundamentals-remote-sensing
https://appliedsciences.nasa.gov/join-mission/training/english/arset-introduction-synthetic-aperture-radar
https://appliedsciences.nasa.gov/join-mission/training/english/arset-sar-disasters-and-hydrological-applications


5NASAõs Applied Remote Sensing Training Program

Training Outline

SAR for Flood Mapping

by Dr. Erika Podest (JPL)

SAR for Oil Spill Detection

by Dr. Malin Johansson ( UiT 

The Arctic University of 

Norway)

SAR for Mapping Landslide 

Motion

By Dr. Eric Fielding (JPL)

Oct. 19, 2022 Oct. 20, 2022

Oct. 27, 2022
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Learning Objectives

By the end of this session attendees will be able to:

Å Understand the information content in SAR images relevant to flooding

Å Understand the confounding factors in SAR relevant to flooding

Å Access, process, and visually interpret SAR data

Å Generate a time series flood map using Google Earth Engine
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Outline

ÅRadar Overview

ÅRadar Signal Interaction with the Land Surface

ÅRadar and Surface Parameters

ÅDistortions

ÅConfounding Factors

ÅAvailable SAR Data

ÅSAR Time Series Flood Demo

ÅDefine Area and Time of Interest

ÅVisualize the SAR Data 

ÅGenerate Time Series Flood Maps with SAR Data



Radar Overview
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The Electromagnetic Spectrum
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Advantages/Disadvantages of Microwave Remote Sensing 

over Optical

Advantages

Å Nearly all weather capability

Å Day or night capability

Å Penetration through the vegetation 

canopy

Å Penetration through the soil

Å Minimal atmospheric effects

Å Sensitivity to dielectric properties 

(surface wetness or liquid vs. frozen 

water)

Å Sensitivity to structure

Disadvantages

ÅInformation content is different than 
optical and sometimes difficult to 
interpret  

ÅSpeckle effects (graininess in the 
image)

ÅEffects of topography
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Active and Passive Remote Sensing

Passive Sensors:

ÅThe source of radiant 
energy arises from natural 
sources

Åe.g., the sun, Earth, other 
òhotó bodies

Active Sensors

ÅProvide their own artificial 
radiant energy source for 
illumination

Åe.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

Å Each pixel in the radar image represents complex quantity of the energy that 

was reflected back to the satellite.

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

Credit: Paul Messina, CUNY NY, after Drury 1990, Lillesand and Kiefer, 1994

http://www.geo.hunter.cuny.edu/terrain/radarii.html
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Review of Radar Image Formation

1. Radar can measure amplitude 

(the strength of the reflected 

echo) and phase (the position of 

a point in time on a waveform 

cycle).

2. Radar can only measure the part 

of the echo reflected back 

towards the antenna 

(backscatter).

3. The strength of the reflected echo 

is the backscattering coefficient 

(sigma naught) and is expressed in 

decibels (dB).

Source: ESA- ASAR Handbook



Radar Signal Interaction with the Land Surface
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Flooding Definition from a Radar Perspective:

The temporary or 

permanent occurrence of 

a water surface:

Å Beneath a vegetation 

canopy (tall or short 

standing vegetation)

Å Without any standing 

vegetation (referred to 

as open water)
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SAR Signal Backscattering Mechanisms

Smooth Surface
(Specular scattering)

Double BounceRough Surface Rougher Surface Volume

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

PALSAR Image (L-band) Near Manaus, Brazil



Radar and Surface Parameters
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Parameters to Consider for a Land Cover Mapping Study

Radar Parameters

ÅWavelength

ÅPolarization

ÅIncidence Angle

Surface Parameters

ÅStructure

ÅDielectric
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Wavelength and SAR Signal Response Over Flooded Vegetation

ÅPenetration is the primary factor in 

wavelength selection.

ÅGenerally, the longer the wavelength, 

the greater the penetration into the 

target.

*Wavelengths most frequently used in SAR are in 
parentheses.

Vegetation

Dry 

Alluvium

X-band 

3 cm

C-band

5 cm

L-band

23 cm

Band Designation*
Wavelength (ɚ), 

cm

Frequency (v), GHz

(109cyclesĀsec-1)

Ka (0.86 cm) 0.8 ï1.1 40.0 ï26.5

K 1.1 ï1.7 26.5 ï18.0

Ku 1.7 ï2.4 18.0 ï12.5

X (3.0 cm, 3.2 cm) 2.4 ï3.8 12.5 ï8.0

C (6.0) 3.8 ï7.5 8.0 ï4.0

S 7.5 ï15.0 4.0 ï2.0

L (23.5 cm, 25 cm) 15.0 ï30.0 2.0 ï1.0

P (68 cm) 30.0 ï100.0 1.0 ï0.3
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Signal Penetration Over Flooded Vegetation

C-Band P-BandL-Band

Multifrequency AIRSAR data in Manu National Park, Peru

Flooded 

Vegetation

Flooded 

Vegetation
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Radar Parameters: Polarization

Image Credit: J.R. Jensen, 2000, Remote Sensing of the Environment

ÅThe radar signal is polarized.

ÅThe polarizations are usually controlled 

between H and V:

ïHH: Horizontal Transmit, Horizontal 

Receive

ïHV: Horizontal Transmit, Vertical Receive

ïVH: Vertical Transmit, Horizontal Receive

ïVV: Vertical Transmit, Vertical Receive

ÅQuad -Pol Mode: When all four 

polarizations are measured.

ÅDifferent polarizations can determine 

physical properties of the object 

observed.
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Multiple Polarizations for Detecting Inundated Vegetation

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

HH HV VV

d
B
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Multiple Polarizations for Detection of Open Water

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

HH HV VV
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Radar Parameters: Incidence Angle

Local Incidence Angle: 

ÅThe angle between the direction of the 

incident wave and the Earthõs surface 

plane

ÅAccounts for local inclination of the 

surface

ÅInfluences image brightness

ÅThe geometry of an image is different 

from point to point in the range 

direction

Images Based On: Top: Ulaby et al. (1981a), Bottom: ESA

Signal from tops, trunks, ground Signal from tops, trunks

Signal from soil & subsoil Signal from wheat & soil

1 cm Wavelength

ȇ

Ǩ = Incidence Angle
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Parameters to Consider for a Land Cover Mapping Study

Radar Parameters

ÅWavelength

ÅPolarizations

ÅIncidence Angle

Surface Parameters

ÅStructure

ÅDielectric
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Surface Parameters Related to Structure

Density

OrientationSize Relative to Wavelength
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Size Relative to Wavelength

Source: Thuy le Toan
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Size and Orientation

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

The denser the vegetation, the less likely 

for the signal to penetrate through the 

canopy. This is a function of wavelength.

ÅSaturation Problem - The signal 

saturates at a certain biomass level, 

which is wavelength dependent.

ÅC-band å 20 tons/ha (2 kg/m2)

ÅL-band å 40 tons/ha (4 kg/m2)

ÅP-band å 100 tons/ha (10 kg/m2)

Image Source: Imhoff, 1995:514)
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Surface Parameters: Dielectric Constant
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Effects of Topography and Speckle
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Geometric Distortion

Images based on NRC images.

Layover ForeshorteningAB = BC

AõBõ < BõCõ

RA > RB

RAõ > RBõ

R

RA < RB < RC

AB = BC

AõBõ < BõCõ
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Shadow

Image (left) Based on NRC
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Speckle

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

SAR images.

Image Credit: ESA

Image Credit: Natural Resources Canada
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Speckle Reduction: Spatial Filtering

Å Moving window over each pixel in the image

Å Applies a mathematical calculation on the pixel 

values within the window

Å The central pixel is replaced with the new value

Å The window is moved along the x and y dimensions 

one pixel at a time

Å Reduces visual appearance of speckle and applies 

a smoothing effect

Source: Natural Resources Canada



Confounding Factors
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Source of Confusion: Open Water and Low Vegetation

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

HH HV VV
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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
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Rain Event and an Increase in Surface Moisture

Source: SAR Handbook, Chapter 2 by Josef Kellndorfer



Available Radar Data
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Radar Data Available

Legacy:

Current:

Freely 

Accessible
Future:

Image Credit: Franz Meyer, University of Alaska, Fairbanks

2022 2022

2006-2011

2024 2023


