SAR para el Mapeo de Inundaciones Utilizando
Google Earth Engine
Erika Podest, Ph.D., Jet Propulsion Laboratory, California Institute of Technology

Sean McCartney, NASA Goddard Space Flight Center
28 de agosto de 2019




Objetivos de Aprendizaje

Al finalizar esta presentacion los participantes podrdn entender:
« el contenido informdtico en las imagenes SAR relevante a las inundaciones
« cOMO generar un mapa de inundacidon usando Google Earth Engine
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Inundacion Definida desde Una Perspectiva de Radar

La presencia temporal o
permanente de una
superficie acudfica:

* bajo un dosel de
vegetacion (vegetacion
establecida alta o bagja)

« agua sin vegetacion
(conocida como agua
abiertq)

NASA's Applied Remote Sensing Training Program 3
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Dispersién de la Seiial de SAR sobre Areas Inundadas

~

Superficie Lisa Superficie Aspera

Fuente de la Imagen: superior: Ulaby et al. (1981a)
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Superficie Mds Aspera
(Rugosa)

Dispersion
por Volumen

Doble Rebote
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Ejiemplo de la Dispersion de la Senal de SAR sobre Regiones Inundad

Imagen Palsar (L-band) cerca de Manaos, Brasil

2
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Caracteristicas de la Superficie Relacionados a Estructura

Tamano Relativo a la Longitud de Orientacion

Onda
© © N &

Densidad
@9 @
O @ "‘
O Q’Q
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La Relacidn entre la Longitud de Onda y la Senal de Radar Sobre
Vegetacion Inundada

- La penetracion es el factor principal en | pesignacién de | Longitud de FreCUGG“HC‘G (V).
la seleccion de la longitud de onda Bandas* onda (A), cm (107 ciclosseg)
« Generalmente, mientras mas larga la Ka (0.86 cm) 0.8-1.1 40.0-26.5
longitud de onda mayor la penetracion K 1117 26.5-18.0
Ku 1.7 - 2.4 18.0-12.5
X (3.0 cm, 3.2 cm) 2.4-38 12.5-8.0
Vegetacion m m m C (6.0) 38-7.5 8.0— 4.0
S 7.5-15.0 40-20
Aluvion SAa N ha SRR L (23.5¢cm, 25¢cm) | 15.0-30.0 20-1.0
Seco S “ £iiin P (68 cm) 30.0 - 100.0 1.0-03

Banda-X| Banda-C | Banda-L

*las longitudes de ondas mas comunmente
3cm 5cm 23 cm

utilizadas en SAR se encuentran en
paréntesis

NASA's Applied Remote Sensing Training Program 7
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Polarizacion

La senal de radar es polarizada

Las polarizaciones normalmente se

controlan enfre Hy V:

— HH: Transmitida Horizontalmente, Recibida
Horizontalmente

— HV: Transmitida Horizontalmente, Recibida
Verticalmente

— VH: Transmitida Verticalmente, Recibida
Horizontalmente

— VV: Transmitida Verticalmente, Recibida
Verticalmente

Configuracion Quad-Pol: Cuando se miden
las cuatro polarizaciones

Diferentes polarizaciones pueden ser
utilizadas para determinar las propiedades
fisicas del objeto observado

Fuente de la Imagen: J.R. Jensen, 2000, Remote Sensing of the Environment

NASA's Applied Remote Sensing Training Program

radar antenna
transmits vertically

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

vertical
vertical filter
recelve «—

backscattered vertically
polarized energy from earth
1s received by the antenna

radar antenna
transmits horizontally

HH polarized energy .
toward the earth horizontal

horizontal
horizontal filter
receive  a
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Ejemplo de MUultiples Polarizaciones en la Deteccidon de
Vegetacion Inundada

Imd&genes de Palsar (L-band) sobre Pacaya-Samiria en el Peru

NASA's Applied Remote Sensing Training Program
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Polarizaciones Multiples para la Deteccion de Vegetacion
Inundada

Imdagenes de Palsar (Band-L) sobre Pacaya-Samiria en el Peru (HH-HV-VV)

NASA's Applied Remote Sensing Training Program 11
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Polarizaciones Mulliples para la Deteccion de Agua Abierta

Imdagenes Palsar (Banda-L) cerca de Manaos, Brasil

NASA's Applied Remote Sensing Training Program o
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Angulo de Incidencia

Angulo de Incidencia Local:

« El dngulo entre la direccion de
iluminacion del radar y la vertical de |a
superficie del terreno

« foma en cuenta la inclinacion local de
la superficie

* influye la infensidad de la imagen

 El dngulo de incidencia cambia
dependiendo de |la altura del sensor

« Por ello la geometria de la imagen
varia de punto a punto en la direccion
de rango

Imd&genes basadas en: superior: Ulaby et al. (1981a), inferior: ESA

NASA's Applied Remote Sensing Training Program
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El Efecto de la Variacién del Angulo de Incidencia

lado lado
cercano lejano al
al radar radar

enfinel-1 Angulo de Incidencia (grados)

NASA's Applied Remote Sensing Training Program omfﬁ.‘:é
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Imdagenes de Palsar (Banda-L) cerca de Manaos, Brasil
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Fuente de Confusion: Agua Abierta y Vegetacion Baja

Imdagenes de PALSAR (Banda-L) cerca de Manaos, Brasil

“SRSHRRS
-« HH
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Las Areas Urbanas como Fuente de Confusidn

Imagen HH de Palsar (L-band) de Manaos, Brasil y sus alrededores

YEARS
OF TRAINING,
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as Areas Urbanas con Diferentes Polarizaciones
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El Huracdn Harvey en Houston, Texas — Agosto de 2017

Imdagenes de Sentinel-1 (VV)

18 de Ago. 2017 30 de Ago. 2017 5 de Sept. de 2017
Antes del Evento) (Durante el Evento) (Después del Evento)

NASA's Applied Remote Sensing Training Program 19
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El Huracan Harvey en Houston, Texas — Antes y Durante el Evento
Imdgenes del Radar Sentinel-1, RGB: 30 Ago. (R), 18 Ago. 18 (G), 30 Ago. (B)

NASA's Applied Remote Sensing Training Program QG



https://arset.gsfc.nasa.gov/

El Huracan Matthew en la Costa Este de EE.UU. — Inundacion Costera

Imagenes del Radar Sentinel-1

4 oct. 2016 16 oct. 2016
(Antes del Evento) (Después del Evento)

\ N
3
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Distorsiones Geomeéiricas

Inversion AB = BC Desplazamiento RA <RB <RC
por Relieve A'B'<B'C’ de Estructuras AB = BC
(Layover) RA > RB (Foreshortening) A'B'<B'C’

RA’ > RB’

Imagenes basadas en imdgenes de la NRC

NASA's Applied Remote Sensing Training Program
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Sombra

Imagen (izg.) basada en imdgenes de la NRC

NASA's Applied Remote Sensing Training Program
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Distorsion Radiometrica

Imagen Radar de Sentinel-1 sobre los Andes

NASA's Applied Remote Sensing Training Program op.(:.s.‘:é
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Datos de Radar Disponibles

Antiguos:

Actuales:

SeaSAT

SAOCOM
2018

JERS-1
1992-1998

Radarsat-2
2007

Fuente de la Imagen: Franz Meyer, Universidad de Alaska, Fairbanks

NASA's Applied Remote Sensing Training Program

ERS 1/2
1991-2011

COSMO-SkyMed
2007

Futuros:

ENVISAT
2002-2012

ALOS-1
2002-2012

Sentinel-1
2014

Biomass
2021

h/'ri

Radarsat-1
1995-2013

2018

ACCeso
libre
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NISAR - Una Mision de SAR de la NASA y la ISRO

« Resolucion espacial alta (10-30 metros)
y resolucion temporal de 12 dias

Fecha de lanzamiento : finales del
2021/comienzos del 2022

Radar de Apertura Sintética (SAR) de

bandas L-y S

— SAR de Banda-L de la NASA y SAR de
Banda-S de ISRO

3 anos de operaciones cientificas

Todos los datos cientificos serdn de
acceso libre y gratuito

Diapositiva Cortesia de Paul Rosen (JPL)

NASA's Applied Remote Sensing Training Program

NISAR Characteristic:
L-band (24 cm wavelength)

S-band (12 cm wavelength)

SweepSAR technique with
Imaging Swath >240 km

Polarimetry
(Single/Dual/Quad)

12-day exact repeat

3-10 meters mode-dependent

SAR resolution

3 years since operations (5
years consumables)

Pointing control < 273
arcseconds

Orbit control < 500 meters
>30% observation duty cycle

Left/Right pointing capability

Noise Equivalent Sigma Zero <

-23db

Would Enable:

Low temporal decorrelation and

foliage penetration
Sensitivity to light vegetation

Global data collection
Surface characterization and
biomass estimation

Rapid Sampling

Small-scale observations

Time-series analysis

Deformation interferometry

Deformation interferometry

Complete land/ice coverage

Polar coverage, North and South

Surface characterization of
smooth surfaces
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Mauritania Mali

Burkina
Faso

Guinea,

Namibia Zimbig

Iindian
Botswana

gcean

South
Atlantic
Ocean

Ejercicio Practico con Google Earth Engine



Google Earth Engine

hitps://earthengine.google.com

< > C 88 @ earthengine.google.co 5 oL B

* ES UnO plOTgformO de procesamlenTo Google Earth ngir Datasets FAQ Timelapse Case Studies Platform Blog @
geoespacial en la nube —

« Estd disponible para cientificos, |
investigadores y desarrolladores para A planetary-scale plathrm

estudios de nuestro planeta B RESrth coion oo & i

 Contiene un catdlogo de analysis
Imégenes SOTelITOleS y COHJUHTOS de Powered by Google's cloud infrastructure
datos geoespaciales (incluyendo Loy
P Watch Video
Sentinel-1):

e hitps://developers.google.com/ear
th-engine/datasets/catalog/

« Utiliza JavaScript — editor de cddigo

» Puede abrir una cuenta (gratuita) Meet Earth Engine

NASA's Applied Remote Sensing Training Program
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Editor de Codigo en Google Earth Engine

hitps://code.earthengine.google.com

Search for datasets or places

Script manager Get a link (URL) to the script
S th int Help button
API| documentation ave the scrip e i s
: u
Asset manager Run the script |
> h Engiry l s om

T e e ] oo e ——

s "C 0 d e e ] Task manager

Console output

g = "E‘ditor S Inspect

t e By oy locations, pixel
3 reteon maps-cpast e () oIS BAONT values, objects
e S et ‘ 2 e 9 | on the map
Geometry —»§~ = |
Tools
Zoom

Layer manager

Fuente de la Imagen: Google

NASA's Applied Remote Sensing Training Program
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Datos Sentinel-1

Dos satélites: Ay B
 Datos en Banda-C

« Cada satelite tiene una cobertura
global de cada 12 dias

« Al utilizar ambos satélites la cobertura
global es de 6 dias sobre la linea
ecuatorial

Fuente de la Imagen: ESA

NASA's Applied Remote Sensing Training Program

Flight Direction

Sub-Satellite Track

Orbit Height
~700 km

©, ' o Extra Wide Swath
S 2 >
‘ - e
>
Mode

Interferometric Wide Swath
Mode
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https://sentinel.esa.int/web/sentinel/missions/sentinel-1/instrument-payload

Datos Sentinel-1

Diferentes Modos:

« Extra Wide Swath (barrido extra
ancho) — para monitorear océanos y
costas

 Strip Mode (Modo Franja) — solo por
pedido especial (e.g. para desastres)

« Wave Mode (Modo Onda)-
observaciones rutinas de los océanos

 Interferometric Wide Swath (Barrido
Ancho Interferométrico) —
observaciones rutinas de la cobertura
terrestre (este es el que deben utilizar
para mapear inundaciones)

Fuente de la Imagen: ESA

NASA's Applied Remote Sensing Training Program

Flight Direction

* e
’eﬁ:NnNFl 7

Sub-Satellite Track

Orbit Height
~700 km

Wave Mode

Interferometric Wide Swath
Mode

31
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Catdlogo de Sentinel-1

hitps://developers.google.com/earth-engine/datasets/catalog/COPERNICUS S1 GRD

< C 88 [ ["Wldevelopers.google. gi COPERNICUS_S1_GRD @ O &L E
The Sentinel-1 mission provides data from a dual-polarization C-band Synthetic Aperture Radar (SAR) instrument. This collection includes the S1 Ground ) .
Range Detected (GRD) scenes, processed using the Sentinel-1 Toolbox to generate a calibrated, ortho-corrected product. The collection is updated weekly. Earth Engine Data Catalog Q  search LANGUAGE ~  ALLPRODUCTS } e
This collection contains all of the GRD scenes. Each scene has one of 3 resolutions (10, 25 or 40 meters), 4 band combinations (corresponding to scene HOME VIEW ALL DATASETS BROWSE BY TAGS LANDSAT MODIS SENTINEL API DOCS SEND FEEDBACK

polarization) and 3 instrument modes. Use of the collection in a mosaic context will likely require filtering down to a homogenous set of bands and
parameters. See this article for details of collection use and preprocessing. Each scene contains either 1 or 2 out of 4 possible polarization bands, depending

on the instrument's polarization settings. The possible combinations are single band VV or HH, and dual band VV+VH and HH+HV: Sentine|_1 SAR GRD C_band Synthetlc Aperture Radar AR AR A S A A d
1. WV: single co-polarization, vertical transmit/vertical receive Ground Range Detected, |og scaling

2. HH: single co-polarization, horizontal transmit/horizontal receive
3. VV + VH: dual-band cross-polarization, vertical transmit/horizontal receive Dataset Availability

4. HH + HV: dual-band cross-polarization, horizontal transmit/vertical receive 2014-10-03T00:00:00 - Present

Each scene also includes an additional ‘angle' band that contains the approximate viewing incidence angle in degrees at every point. This band is generated
by interpolating the 'incidenceAngle’ property of the 'geolocationGridPoint' gridded field provided with each asset.

Dataset Provider

European Union/ESA/Copernicus

Each scene was pre-processed with Sentinel-1 Toolbox using the following steps: < .
Earth Engine Snippet

1. Thermal noise removal ee.ImageCollection("COPERNICUS/S1_GRD") [

2. Radiometric calibration

Tags
3. Terrain correction using SRTM 30 or ASTER DEM for areas greater than 60 degrees latitude, where SRTM is not available. The final terrain-corrected
values are converted to decibels via log scaling (10*log10(x). radar sar backscattering polarization eu esa
For more information about these pre-processing steps, please refer to the Sentinel-1 Pre-processing article. copernicus  sentinel
This collection is computed on-the-fly. If you want to use the underlying collection with raw power values (which is updated faster), see

COPERNICUS/S1_GRD_FLOAT. DESCRIPTION BANDS IMAGE PROPERTIES TERMS OF USE

I YEA

RS
OF TRAINING,

NASA's Applied Remote Sensing Training Program 32
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Area de Enfoque

Nuestra demostracion se enfoca en las inundaciones ocurridas en marzo de 2019
en Mozomblque ocasionadas por el ciclon Idai

%!

e e

A

)
\ N 7, <
e y
m

\

Malawi_a’ .Mozamblque Path of storm

: LllongWe —‘_.—- ' Storm becomes QoY A : g : - i :
Zambia B \ Nampula ! a cyclone DR S S T e m* s S
,»—1_ > /J g ; . s . ' ; R :
2 ‘y_,:/_": ________ Wind speeds
- / Harares v ‘:;: — 120 km/h
7 77 “March 4 90 km/h
3 ——60km/h .
. Zimbabwe Y\ T4 .- [ Indian Ocean
%
L\\_ ".
Botswana = S / ¥ Storm hit land Madagascar
| near Beira on
\ ! Thursday 14 March
{ « Maputo
South Africa L cade ol
400 miles

Fuente de las Imdgenes: (izg.) Global Disaster Alert and Coordination System:; (der.) Casas inundadas en el distrito Buzi fuera de Beira, Mozambigue. Fuente: Reuters/Siphiwe Sibeko/Foto de Archivo

NASA's Applied Remote Sensing Training Program
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Visualice los Datos de Sentinel-1

< 83 @ code.earthengine.google.com

Google Earth Engine | sentinet| Lk

1. Empiece por abrir Google Earth
Engine:

r Suggest
h -I--I' D S :// C O d e . e O r-I- h e n q i n e . q O O q | e . C O m f”;i:::j” Sentinel-1 SAR GRD: C-band Synthetic Aperture Radar Ground Range Detected, .. import »
» Wri
, il
2. Busque datos Sentinel-1 g .
o« 7 . f ¢ ~ % Sentinel-1 SAR GRD: C-band Synthetic Aperture Radar Ground Range Detected,
3. Se abrird una ventanilla con una log scaling
. . 7 * The Sentinel-1 missior? provides data‘ froma ci'ual-‘polarization C-band Synthetic Data availability (time)
descripcion de los datos mostrando: . i === s e e i S
calibrated, ortho-corrected product. The collection is updated weekly. Provider Otti
. ) Eur
—_— | O S p O S O S q U e S e S I g U I e ro n p O ro This collection contains all of the GRD scenes. Each scene has one of 3 resolutions UiigsjggA/Copemicus T°'8"t°

procesar los datos (remocion de ruidos

térmicos, calibracion radiométrica,

correccion topogrdafica)
— Bandas y resolucion

— metadatos (los pardmetros importantes
son el modo vy las propiedades orbitales
— descendente o ascendente)

NASA's Applied Remote Sensing Training Program

(10, 25 or 40 meters), 4 band combinations (corresponding to scene polarization) and
3 instrument modes. Use of the collection in a mosaic context will likely require
filtering down to a homogenous set of bands and parameters. See this article for
details of collection use and preprocessing. Each scene contains either 1 or 2 out of 4
possible polarization bands, depending on the instrument's polarization settings. The
possible combinations are single band VV or HH, and dual band VV+VH and HH+HV:

1. VV: single co-polarization, vertical transmit/vertical receive

2. HH: single co-polarization, horizontal transmit/horizontal receive

3. VV + VH: dual-band cross-polarization, vertical transmit/horizontal receive
4. HH + HV: dual-band cross-polarization, horizontal transmit/vertical receive

Each scene also includes an additional 'angle’ band that contains the approximate
viewing incidence angle in degrees at every point. This band is generated by
interpolating the 'incidenceAngle’ property of the 'geolocationGridPoint' gridded field
provided with each asset.

Each scene was pre-processed with Sentinel-1 Toolbox using the following steps:

1. Thermal noise removal

2. Radiometric calibration

3. Terrain correction using SRTM 30 or ASTER DEM for areas greater than 60
dearees latitude. where SRTM is not available. The final terrain-corrected values

Tags

eu, esa, copernicus, sentinel,
radar, sar, backscattering,
polarization

PE|

ImageCollection ID
COPERNICUS/S1_GRD

34
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Seleccione su Area de Interés

H 4 H 4 [Nt} Docs | Assets New Script * Get Link vl Save v. Run -I Reset -r
Defina su area de interes R
’ va LinearRing, 6 vertices

» Owner (1) i

4. Amplie la zona de Beira en i 0
Mozambigue

~ Image

5. Seleccione el icono “draw a line”

6. Dibuje un rectangulo similar a este
sobre el drea de interés

/. Cdambie el nombre de “geometry” a

“rol” (siglas de: region of interest) — m
tal como se le indica aqui

Runde
o

NASA's Applied Remote Sensing Training Program
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Filire los Datos Sentinel-1

// Load Sentinel-1 C-band SAR Ground Range collection (log scale, Vvv, descending)
var collectionvv = ee.ImageCollection('COPERNICUS/S1_GRD')
.filter(ee.Filter.eq('instrumentMode', 'Iw'))

.filter(ee.Filter.listContains('transmitterrReceiverpPolarisation', 'vw'))
.filter(ee.Filter.eq('orbitProperties_pass', 'DESCENDING'))
.filtermetadata('resolution_meters', 'equals' , 10)

.fi]terBounds(roi)
.select('vw');
pr1nt(co11ect1onvv "Collection wv');

// Load Sentinel-1 C-band SAR Ground Range collection (log scale, VH, descending)
var collectionvH = ee.ImageCollection('COPERNICUS/S1_GRD"')
.filter(ee.Filter.eq('instrumentMode', 'Iw'))
.filter(ee.Filter.listContains('transmitterReceiverpPolarisation', 'VH'))
.filter(ee.Filter.eq('orbitProperties_pass', 'DESCENDING'))
.filterMetadata('resolution_meters', 'equals' , 10)

.fi]terBounds(roi)

.select('VH'");

print(collectionvH, 'Collection VH');

NASA's Applied Remote Sensing Training Program
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Filire los Datos Sentinel-1

8. Copie el cddigo de la diapositiva anterior al editor de codigo

9. Seleccione Run en el menu superior
— La ventanilla derecha mostrard los resultados para VV 'y VH
— El nUmero de imdagenes va a variar segun el tamano de su drea de interés

Z N\
Mozambique * Get Link v. save ~ (" Run dd E 3§ inspector [0 Tasks

» var roi: LinearRing, 6 vertices Use print(...) to write to this
1 // Load Sentinel-1 C-band SAR Ground Range collection (log scale, VV, desce console:
2 var collectionVV = ee.ImageCollection('COPERNICUS/S1_GRD') . .
3 .filter(ee.Filter.eq('instrumentMode', 'IW')) ImageCollection COPERNICUS/S1_G.. JsON
4 .filter(ee.Filter.listContains('transmitterReceiverPolarisation', 'VV') type: ImageCollection
5 .filter(ee.Filter.eq('orbitProperties_pass', 'DESCENDING')) id: COPERNICUS/S1 GRD
g .ii{terl‘getaﬂa%a(';’esolution_meters', 'equals' , 10) version: 1562418891163285

. filterBounds(roi bands: []

8 ) .select('\_/V'); . § » features: Lis€ (561 elements)
9 print(collectionVV, 'Collection VV'); ) properties: ObJ& sropETiies)
10
11 // Load Sentinel-1 C-band SAR Ground Range collection (log scale, VH, desce Collection VV JSON
12 var collectionVH = ee.ImageCollection('COPERNICUS/S1_GRD") )
13 .filter(ee.Filter.eq('instrumentMode', 'IW')) ¥ ImageCollection COPERNICUS/S1 G.. Json
14 .filter(ee.Filter.listContains('transmitterReceiverPolarisation', 'VH') type: ImageCollection
15 .filter(ee.Filter.eq('orbitProperties_pass', 'DESCENDING')) id: COPERNICUS/S1 GRD
16 . filterMetadata('resolution_meters', ‘equals' , 10) version: 1562418891163285
17 .filterBounds(roi) bands: []
18 .select('VH'); Pfeatu:.ces- Lis€ (396 elements)
19 print(collectionVH, 'Collection VH'); i i —
20 properties: Obje properties)
21 Collection VH JSON

[A14] ’ %

NASA's Applied Remote Sensing Training Program
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Filire los Datos Sentinel-1 por Fecha

.

//Filter by date

var beforevv = collectionvv.filterbate('2019-02-15", '2019-02-24");
var aftervv = collectionvv.filterbDate('2019-03-15"', '2019-03-21");
var beforevH = collectionVvH.filterDate('2019-02-15", '2019-02-24");
var aftervH = collectionVvH.filterbDate('2019-03-15"', '2019-03-21");
print(beforevv, 'Before vv');

print(aftervv, 'After vv');

print(beforevH, 'Before VH');

print(aftervH, 'After VH');

h NASA's Applied Remote Sensing Training Program
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Filire los Datos Sentinel-1 por Fecha

10. Copie el coddigo de la diapositiva anterior al editor de codigo

11. Seleccione Run en el menu superior

— La ventanilla derecha mostrard los resultados para: antes (VV y VH) 6 imagenes
después (VV y VH) 6 imagenes

Mozambique* Get Link _l Save v.@) l Reset v (LI Tu GT Console [ET G

.filter(ee.Filter.listContains(" transmltterRecelverPolarlsatlon » 'VH")) v ImageCollection COPERNICUS/S.. Json
15 .filter(ee.Filter.eq('orbitProperties_pass', 'DESCENDING')) & & i Gollects
16 . filterMetadata('resolution_meters', 'equals' , 10) .Z?e' maget-o /ei Lon
17 . filterBounds(roi) id: COPERNICUS/S1_GRD
18 .select('VH'); version: 1562418891163285
19 print(collectionVH, 'Collection VH'); bands: []
20 . » features: Lis{.G elements))
21 //Filter by date » properties: Objec! Fproperti...
22 var beforeVV = collectionVV.filterDate('2019—02—15', '2019-02-24"); Before VV TSON
23 var afterVV = collectionVV.filterDate('2019-03-15', '2019-03-21');
24 var beforeVH = collectionVH.filterDate('2019-02-15', '2019-02-24'); o Collecti COPERNICUS/S
25 var afterVH = collectionVH.filterDate('2019-03-15', '2019-03-21'); Tegetes, sction _ == R
26 print(beforevVv, 'Before VV'); type: ImageCollection
27 print(aftervv, 'After VW'); id: C_lOPERNICUS/Sl_GRD
28 print(beforeVH, 'Before VH'); version: 1562418891163285
29 print(afterVH, 'After VH'); bands: []

(6 elements

—— B R ~e e e SR S

30 » features List

I I neaka 2 R )
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Muesire los Datos Sentinel-1 por Fecha

//Display each image from before and after search

function addimage(image) { // display each image in collection
var 1d = 1mage.id;

var image = ee.Image(image.id);

Map.addLayer(image) ;

}

beforevv.evaluate(function(beforevv) { // use map on client-side
beforevv. features.map(addImage)

)
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Visualice las Imagenes Individuales

12. Copie el coédigo anterior al editor de
codigo
13. Seleccione Run en el menu superior

— Habrdn 6 imagenes de antes VV
visualizadas

NASA's Applied Remote Sensing Training Program

I Mozambique * Get Link vl Save v. Run vl Reset

31 //Display each image from before and after search

32 - function addImage(image) { // display each image in collection

33 var id = image.id;
& 34 var image = ee.Image(image.id);

35 Map.addLayer(image);

36 }

37 - beforeVV.evaluate(function(beforeVVv) { // use map on client-side
i 38 beforeVV.features.map(addImage)

i 39 1)
40
Mazabuka °
= Tete Blantyre
Lugela
Choma )
(o]
o
Belotio Mozambique
Queli(r;nane

Zimbabwe

o
weru

G
Bulawayo
o

Thohoyandou
o

Angoche
Island
o

Mozam
Chan
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Visualizar el Mosaico

.

Filtrar los Datos Sentinel-1 por Fecha y Crear un Mosaico para Antes y Después

//Filter by date

var beforevv = collectionvv.filterbate('2019-02-15", '2019-02-24").mosaic();
var aftervv = collectionvv.filterDate('2019-03-15"', '2019-03-21").mosaic();
var beforevH = collectionVvH.filterbDate('2019-02-15"', '2019-02-24").mosaic();
var aftervH = collectionVH.filterbDate('2019-03-15", '2019-03-21"').mosaic();

// Display map

Map.centerObject(roi, 7);

Map.addLayer(beforevv, {min:-15,max:0}, 'Before flood vv', 0);
Map.addLayer(aftervv, {min:-15,max:0}, 'After flood wvv', 0);
Map.addLayer(beforevH, {min:-25,max:0}, 'Before flood VH', 0);
Map.addLayer(aftervH, {min:-25,max:0}, 'After flood VH', 0);
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Visualice el Mosaico

21 //Filter by date Use print(...) to write f

1 A 1 1 1 Mozambique * GetLink ~ |8 Save ~ Run ~ | Reset
14. Copie el codigo previo al editor de | ST e L= M= 1 e

, R 22 var beforeVV = collectionVV.filterDate('2019-02-15', '2019-02-24').mosaic(); console.
23 var afterVV = collectionVV.filterDate('2019-03-15', '2019-03-21').mosaic();
CO Igo 24 var beforeVH = collectionVH.filterDate('2019-02-15", '2019-02-24').mosaic(); » ImageCollection COPERNII
25 var afterVH = collectionVH.filterDate('2019-03-15', '2019-03-21').mosaic(); Collection VV
26
27 // Display map » ImageCollection COPERNII

* 4 hd s s "
15. Seleccione Run en el menu superior B N RIS s, et riood W cottetion v
30 Map.addLayer(afterVVv, {min:-15,max:0}, 'After flood VV');
31 Map.addLayer(beforeVH, {min:-25,max:0}, 'Before flood VH');

32 Map.addLayer(afterVH, {min:-25,max:0}, '‘After flood VH');

16. Vaya al panel de Layers (capas) en 5
la parte superior derecha del mapa ;o

Ouelimane _
]

Norton After flood VH
R i e /" Before flood VH
. Marondera
17. Deseleccione todas las capas it
erore 1loo

18. Seleccione Before flood VH N

Map data ©2019 AfriGIS (Pty) Ltd 50 km
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Visualizar RGB (rojo-verde-azul)

Map.addLayer (beforevH.addBands (aftervH) .addBands (beforevH), {min: -25, max: -8},
'"BVH/AVV/AVH composite', 0);

Map.addLayer(beforeVH.addBands (afterVH) .addBands(beforeVH), {min: -25, max: -8},

19. Copie el codigo en la parte

Pebane

I 1 s 1 o™ o, ) . >
superior al editor de codigo ™~ P Mozambique  aoyome: i
20. Seleccione Run en el menu  ;" o Coohia
superior mae - A

21. Vaya al panel de control de
Layers (capas) en la parte superior
derecha del mapa

22. Deseleccione todas las capas
que tengan numero (Layer 6, Layer + .
/, Layer 8 etc.) o o L

23. Seleccione BVH/AVV/AVH
composite

NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Aplique un Filtro para el “Speckle”

//Apply filter to reduce speckle
var SMOOTHING_RADIUS = 50;
var beforevv_filtered = beforevv.focal_mean(SMOOTHING_RADIUS, 'circle', 'meters');

var beforevH_filtered = beforevH.focal_mean(SMOOTHING_RADIUS, 'circle', 'meters');
var aftervv_filtered = aftervv.focal_mean(SMOOTHING_RADIUS, 'circle', 'meters');
var aftervH_filtered = afterVvH.focal_mean(SMOOTHING_RADIUS, 'circle', 'meters');

//Display filtered images

Map.addLayer (beforevv_filtered, {min:-15,max:0}, 'Before Flood vv Filtered',h0);
Map.addLayer(beforevH_filtered, {min:-25,max:0}, 'Before Flood VH Filtered',60);
Map.addLayer(aftervv_filtered, {min:-15,max:0}, 'After Flood VvV Filtered',0);
Map.addLayer(aftervH_filtered, {min:-25,max:0}, 'After Flood VH Filtered',0);
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Apligue el Filtro “Speckle”

. 7 L[] .
24. Copie el codigo anterior EEEE TS EmIE BRI
L] 33 I“Idp.dUULdyU!\Uelulevn.duuudllub\dlLefan.duuudllub\uelult‘vﬂl, ning £0, Max: ¥ 3 DVRA/AVV/AVR C
34
Ve
M M 35 //Apply filter to reduce speckle
O e | Or e CO |go 36 var SMOOTHING_RADIUS = 50;
37 var beforeVV_filtered = beforeVV.focal_mean(SMOOTHING_RADIUS, 'circle', 'meters');
38 var beforeVH_filtered = beforeVH.focal_mean(SMOOTHING_RADIUS, 'circle', 'meters');
M 39 var afterVV_filtered = afterVV.focal_mean(SMOOTHING_RADIUS, 'circle', 'meters');
e ec‘ Ione Un en e 40 var afterVH_filtered = afterVH.focal_mean(SMOOTHING_RADIUS, 'circle', 'meters');
* 41
s . 42 //Display filtered images
menU SU erlor 43 Map.addLayer(beforevVv_filtered, {min:-15,max:2}, 'Before Flood VV Filtered',®);
44 Map.addLayer(beforeVH_filtered, {min:-25,max:0}, 'Before Flood VH Filtered',9);
45 Map.addLayer(afterVV_filtered, {min:-15,max:0}, 'After Flood VV Filtered',®);
46 Map.addLayer(aftervVH_filtered, {min:-25,max:0}, 'After Flood VH Filtered',®);
26. Vaya al panel de Layers &
. 48 //var DIFF_UPPER_THRESHOLD = -3;
49
(capas) : | =
A12 < «J(n_<
. o) - 42 \ M S b. Pebane
Chinhoy KAt T - °
27. Deseleccione todas las ~ ! qeambique  Jmre g
Harare r{ Quelimane
CO pOS ch.:'.or Avhmmm ‘5’ °
Ci\l(ungwiﬂzlj TR k} Mertarten
28. Sel ' Bef flood “ Py
.oeleccione befrore 1oo | ;
o~
b b S Mutare e Chimoi
o ut Ll .
VH y Before flood VH babwe
/
° 3weru l/
o . ~3
Filtered L
o 3

29. Amplie un drea
especificay active y
desactive las capas una
por una

NASA's Applied Remote Sensing Training Program

[T Console [l

Use print(...) to write to this console.

» ImageCollection COPERNICUS/S1_GRD (561 el.. &
Collection VvV J¢

» ImageCollection COPERNICUS/S1_GRD (396 el.. o
Collection VH J

Satellit

After Flood VH Filtered
After Flood VV Filtered
Before Flood VH Filtered
Before Flood VV Filtered
BVH/AVV/AVH composite
After flood VH

Before flood VH

After flood VW

Before flood VW
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Resultado del Filiro para el “Speckle

Original Con Filtro
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Calcular la Diferencia entre Antes y Después

= MG

(f fl red), {mil

// Calculate difference between before and after

>>>>>

var differenceVH= %2 Map.addLayer (4L Terancet; {nin: o,nax:2%, ‘»-’bdb‘}i’f‘;l’r’;néetveﬁefi{tm-, o i e
aftervH_filtered.divide(beforevH_filtered); - ; 5

Map.addLayer(differencevH, {min: O,max:2},
'difference VH filtered', 0);

30. Copie el coddigo en la parte superior al
editor de codig0

31. Seleccione Run en el menu superior
32. Vaya al panel de Layers (capas)
33. Deseleccione todas las capas

34. Seleccione difference VH filtered
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Apligue un Umbral

//Apply Threshold
var DIFF_UPPER_THRESHOLD = 1.25;
var differencevH_thresholded = differencevH.gt (DIFF_UPPER_THRESHOLD) ;

Map.addLayer(differencevH_thresholded.updatemMask(differencevH_thresholded),{palett
e:"0000FF"}, 'flooded areas - blue',1);

//Apply Threshold

var DIFF_UPPER_THRESHOLD = 1.25;

var differenceVH_thresholded = differenceVH.gt(DIFF_UPPER_THRESHOLD) ;
Map.addLayer(differenceVH_thresholded.updateMask(differenceVH_thresholded),
{palette:"@000OFF"}, 'flooded areas blue',1);

35. Copie el cddigo en la parte superior al

editor de cédigo : :’f’m 2 M‘owz‘jambiqueq‘f |
36. Seleccione Run en el menuU superior L
37. Vaya al panel de Layers (capas) L

38. Deseleccione todas las capas | |

39. Seleccione flooded areas - blue e
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Sobreponga la Imagen SAR

40. Vaya al panel de Layers (capas)
41. Deseleccione todas las capas

42. Seleccione flooded areas - blue y After
Flood VYV Filtered
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Contactos

» ARSET- Desastres
— Erika Podest: erika.podesi@jpl.nasa.gov
— Amita Mehta: amita.v.mehta@nasa.gov
— Sean McCartney: sean.mccartney@nasa.gov

« Preguntas Generales sobre ARSET
— Ana Prados: aprados@umbc.edu

« Padgina Web de ARSET:
— hitp://arset.agsfc.nasa.gov
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