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Agenda

.

« 16 de marzo - Fundamentos de *LIDAR y el Acceso y Andlisis de Datos LIDAR de
*ICESat-2

« 18 de marzo — Acceso y Andlisis de Datos LIDAR de *GEDI

« 23 de marzo - Los Fundamentos de |la Fluorescencia Inducida por el Sol (*SIF por
sus siglas en inglés) y sus Aplicaciones

« 25 de marzo - Acceso y Andlisis de datos de SIF para Estudios de la Vegetacion

*LIDAR: Light Detection and Ranging

*|ICESat: Ice, Cloud,and land Elevation Satellite
*GEDI: Global Ecosystem Dynamics Investigation
*SIF: Solar Induced Fluorescence
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Objetivos de Aprendizaje

Al final de esta presentacion, usted podrd entender:
* Los conceptos fundamentales de LIDAR

» Las aplicaciones de datos de LIDAR

« Las caracteristicas de los datos LIDAR de ICESat-2

« COmMo acceder y analizar datos LIDAR de IceSAT-2
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Sensores Activos y Pasivos

Sensores Pasivos Sensores Activos
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LIDAR - Determinando la Distancia

(tiempo de recorrido) * (velocidad de la luz) ‘
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Fuente: NEON

NASA's Applied Remote Sensing Training Program



LiDAR — Determinando la Elevacion

Fuente: NEON

NASA's Applied Remote Sensing Training Program



Multiples Ecos

Un pulso de luz = Varios retornos

ler Retorno

2do Retorno

3er Retorno

4to Retorno

Fuente: NEON
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Penetracion a fraves
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Fuente: www.awatfrees.com
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Plataformas de LiDAR

Instrumento
Espacial

Instrumento

Geometria de
observacion

Fuente: Shang y Chazette, 2015
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Longitud de Onda de LiDAR

El Espectro Electromagnetico

- Infrarrojo Cercano

Fuente: NEON

di
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Modalidades de Detectores de LIDAR

Discretos (Discrete)
« Registran retornos individuales representando los picos en la curva de la onda.

« Un sistema discreto puede registrar de 1 a 5 retornos de cada pulso del [aser. Una coleccion
de puntos de retorno de LIDAR discretos se conoce como una nube de puntos LIDAR.

Retorno de Onda Completa (Full Waveform)
« Registra la distribucion de la luz retornada.

« Los datos son mdas complejos para procesar pero puede que contengan mas informacion
que sensores de LIDAR discretos.

Conteo de Fotones (Photon Counting)
» Pulso laser de baja potencia.
« Los detectores son sensibles al nivel de un solo foton.

« Registra el tiempo de llegada asociado con la deteccidn de un fotdbn que ocurre en
cualqguier lugar dentro de la distribucion vertical de la senal reflejada.

.-. . NASA’s Applied Remote Sensing Training Program 11 ads )




LIDAR Discreto

-El pulso representa picos en la energio

-El pulso retornado se clasifica como uno o mas refornos discretos: 2%
* |Infensidad x, vy, z

* Losretornos se registran cuando Brirmer Retorno
|O infensidgd Sobrepgsg Un g x (. ................................................
umbral del sistema predefinido 3 ¥ o Segundo Retomo
« Se registran varios retornos ‘:f
(normg|men’[e enfre 1y 5) LOS ‘El A T— Tercer Retorno i
Ultimos son especialmente = .. Cuarto Retorno.

importantes para la deteccion
del suelo. Energia Retornada

Fuente: NEON
NASA's Applied Remote Sensing Training Program




LiDAR Discreto (cont.)

Fuente: NEON
NASA's Applied Remote Sensing Training Program




LiDAR de Retorno de Onda Completa

« Laforma de onda es la TSR A At S
distribucién del retormno. iy N .
+ Se puede extraer mdas l s e )
informacion util de la forma 2 ez 3
de onda entera que de _ ‘ :
retornos discretos. §g- // Cgl| ¢
- El procesamiento de datoses ¢ |/ DO A |
complejo. Hay que aplicar ; &
algoritmos para filtrar los e T
datos y extraer informacion : |
Uftil. 5 2 & 5 a4

Waveform Amglitude

Fuente: Ralph Dubayah, Universidad de Maryland, College Park
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Interaccion de un Pulso Laser

Fuente: NASA Goddard Space Flight Center
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Comparacion de LiDAR Discreto y de Retorno de Onda Complekﬂ

Discreto Retorno Onda Completa

Foto

TP

Fuente: Renslow, 2012
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Contando Fotones

Echo Waveform Discrete Returns Photon Counting

i ?
laser pulse

Constant Fraction
Discriminator

A,

KQ

distance (m)

y
& -

Fuente: ICESat-2 ATBD - adaptado de Harding, 2009 ‘
17
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Diferencias entre LIDAR y Radar

LiDAR
-Frecuencias opfticas: IR
Cercano y Verde

(longitudes de onda de
532y 1064 nm).

-Haces enfocadas de
alta frecuencia permiten
una resolucion espacial
elevada.

-Esta limitado a
condiciones atmosféricas
despejadas. Funciona de
dia o de noche.

h NASA’s Applied Remote Sensing Training Program

Radar
-Frecuencias de
microondas: ~250,000
maAs largas que IR
cercano.

-El ancho del haz y el
tamano de la antena
(aun sintetizado) limitan
la resolucion espacial.

-Puede operar bajo casi
cualqguier condicion
meteorologica. Funciona
de dia o de noche. i ‘




Aplicaciones de LiDAR

« Incendios — pérdida de vegetacion

« Caracterizacion de hdabitat (componentes estructurales y verticales)
» Secuestro de carbono

* Inventario Forestal

« Cambios en la deformacion de la superficie
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Altura de la Vegetacion

0 5 10 1520 25 30 35 40 45 50 55 60 B

Fuente: GEDI
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Fraccion de la Cobertura

0° 45° 90° 135° 180°

Fuente: GEDI
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Caracterizacion de Habitats

ATL03_20190319234325_12450208_206

Bosque Bosque
: donde /TI’ODICCH

21 28
Along-track distance (km)
Photon classifications

Raw data
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Fuente: Amy L. Neuenschwander y Lori A. Magruder, 2019.
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Amy Neuenschwander, Universidad de Texas en Austin

16 de marzo de 2021



La Mision ICESat-2

land-based margin
g teenb

Z:a
Ryder Gl

e
Hall Land, j é %‘t.
=
H‘ -

."Z'f/
" “5,’
Fnze

[mfyr]
Csatho, pers. comm.

Un objetivo cientifico es medir elevaciones y cambios en la
elevacion de las capas de hielo y del hielo marino.

ICESat-2 lanzado el 15/09/2018 de |la base ¢




La Mision ICESat-2

R ICESat-2 lanzado el 15/09/2018 de la base @
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ICESat-2; Orbita y Cobertura
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https://arset.gsfc.nasa.gov/

ICESat-2

-Mide cambios en la altura
-Resolucion espacial alta
-Resolucion temporal baja
-NASA Goddard

. . NASA’s Applied Remote Sensing Training Program



ICESat-2: Resumen de la Mision

Carga util

ATLAS - “Advanced Topographic Laser oy i

Support Struts

Lateral Transfer
Retroreflectors (LTRs)

| LRS Radiator

Altimeter System” desarrollado por GSFC

Mide el tiempo de vuelo de pulsos d

< Composite Box
7 Structure

Mide la direccion de apuntar

Deteccion sensitiva a fotones individuales
6 haces en 3 pares ;
Repeticion de pulsos a 10 kHz \§ /-y IJ —— o
Huella ~12 m S e
Espaciado de 0.7 m a lo largo del recorrrao
Longitud de onda de 532nm

Implementacion
Fecha de lanzamiento: 15 de septiembre de 2018

Vida qtil: 3 afios, con productos consumibles para 5+

Orbita: 454 km, no heliosincrona, inclinacién de 92°

Repeticion: Repeticion exacta - 91 dias, subciclo de ~30-dias

Datos Cientificos: 1 TB/dia

Sistema de Apuntamiento: Control =45 m (14.3 m, CBE)
Conocimiento = 6.5 m (4.0 m, CBE)

NASA’s Applied Remote Sensing Training Program
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| k:*‘,r
+—-———__.) —
~3.3km 3 ‘-\Q 2
~3 3 km L & Strong
/

- @ Weak
@ Sub-satellite point

light direction

- 1
Pulso de laser singular de 532nm dividido en 6 haces.
Deteccion sensitiva a fotones singulares

Espaciado de ~3 km entre pares brinda una cobertura
espacial

Espaciado de pares de ~90 m para determinacion de
pendiente (2° de guifiada)

Haces de alta potencia x) para un

mejor rendimiento sobre objetos de baja reflectividad.




Productos de ICESat-2

v

PPD

POD

N~

ATLO3

Geolocated Photons

ATLO4
Calibrated
Backscatter

Profiles

v

ATLO6
Land Ice
Height

ATLO7
Sea Ice
Elevation

ATL10
Sea Ice
Freeboard

|

|

!

ATLO9
Atmospheric
Characteristics
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ATLO8
Land/
Water/
Vegetation
Elevation

ATL13

Inland

Water
Elevation

ATL12
Ocea_n
Elevation

Ext. Input




Datos ATLO8

« ATLO8 - Nivel-3 (A lo largo del
Recorrido)

— Productos computados por
orbita/por haz

 Fotones clasificados

« Pardmetros estadisticos del
dosel y el terreno en base @
una distancia fija de 100 m
para capturar la
geomorfologia a alta escala

» Segmentos del100 m de
distancia

« Indices de fotones
efiguetados se mapean con
referencia a ATLO3

NASA’s Applied Remote Sensing Training Program

Grupo GT 1
(izg.,der.)

Grupo GT 3 !

(izg., der.)

Tierra

Canl

_

o
o

Dosel




Ejemplo de ATLO3 y ATLOS

ATLO3 20181119173324 07950114 953 01 (gtlr)

Planicie Aluvial Amazonica 0]  ATws undasifie
‘ ATLO3 Ground
: L AP 2017 . ATLO3 canopy
o ol b 1 ap 4 ATLO3 Top of Canopy , QI'D RI’O ;
. s :g, 20 : e i -
resolucion F sl [ A Al
de los ko p bl ARG vy N S RERD
fotones d Kig  amp A1 Y PR LR Y e Y
ortones de 10 E ; ;
ICESat-2 ofrece un —20 4 . . . . l : : .
mueSTreO COSi 380.5 381.0 381.5 382.0 382.5 383.0 383.5 384.0
. Time (sec)
COI’\TII’\.U'O de la ATLO3_20181119173324_ 07950114 953 01 (gtlr)
;Jfl:é?;’f_l(%le Z-; 9 50 4 @ ATLOB Max Canopy
cion © ATLOE Terrain Best Fit
Los fotones de ICESat-@samrido. En este 40 1 ATLO3 Unclassified
asignados un color utiientaaelse puede ATLO3 Ground

ATLO3 Canopy

algoritmo de ATLO8 (Ti?ﬂ%\,l-ermimar ol T Top of Canopy
Vegetacién). Los dOTOFé?HiVGl@S

de una adauficighiios
diurna.

Height (m)

El grdfico inferior incluye los
mismos fotones que el panel dgram

e —

Time {sec)



Bosque Tropical, Brasil

Foto del Bosque
Nacional Tapajos

ATLO3 20181018065939 03000108 953 02 (gtlr)

Imcs et |
1 - ATLO3 Canopy
I_OS fo’rones o : ATLO3 Top of Canopy '.u: it Y
de ICESat-2 E | .;‘*,*“" ' fﬁ . H Ny
son asignados | | PR T Y
un color "1V Planicie Aluvial del Ra@ Amozorﬂ@% W EY
utilizando el °] Wi " SV i Rio Curua-Una &
NQI@@mm@s@@m.mng 2 4 3 ® 0 P “ P

. Time (sec)



Deforestacion Observada por ICESat-2

1otons gt2l

Bosque Donde Hay Tala

.. Bosque
Tropical
Intacto

400

£ 350

=
= B PP
5 a8
& 300
m A
20 s f
200 k= Lt L. ! il | ! ! |
127 128 129 130 131 132 133 |
Delta Time (s) ;
1
Photon classifications "y
D i
450 _ : Raw data |
_' = Canopy . '1 ‘
400 = . Canopy top| -, *

Ground

.
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|

Image Lanl:l’s
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Altura de la Vegetacion a Nivel Mundial por LiDAR Espacial

|CESat-2 bin median canopy height 2019-2020

~y —

45

o — e O

0 5 10 15 20 25 3035 40 45 50 55 60

-45°

-135° -90° 45 0 45 90° 135 180°

Altura de la vegetacion segun GEDI (2019)

Canopy height [m] (median, ATLOS:h can)

T
—i

4 -z 0 2
Altura de la vegetacion segun ICESat-2 s
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Herramientas de Python para ICESat-2 (PhoREAL)

* Photon Research Exploitation and Analysis Library (PhoREAL) .
C,Q.dJ.g.QrEIbE

_'_] PhoREAL v3.25 - Applied Research Labs {The University of Texas at Austin) x /

Home Stats Plot Help About

Get ICESat-2 Data Input Get Reference Data Input r hﬂ'DSI//QIThUb.Com/ICGSOT-QUT/PhORE/A

ATLOS3 File Type: [hifies  ~| ™ Use Existing Buffer Buffer Size (m): [s0 ¥ Save Reference File

R E—— rowse| hitps://utexas.box.com/v/DownloadP

Bm—mJ Find ICESat-2 Offsets Relative to Reference Data r
Cross-Track Bounds {m). [.s0, 50 Along-Track Bounds (m)
Browse I i

™ Use Fixed Vertical Shift Vertical Shift (m): fo
Ground Track Numbers: V¥ #1 P #3 W #5 H A 1 ]
Select By: [ vJ - #2 r #4 r#6 Grid Resolufion(s) (m): [s,4 21 Use ICESat-2 Heights: | Ellipscidal (HAE ‘ O r

Output Directory:

1 en IPECat A Cinnal Manfidannn Valnfct

Trim ICESat-2 Data Options: Min Max ATL03_20181126114738_08990103_003_01 PhoREAL current capabilities

* None ™ Manual I~ Latitude Degrees 1 120 T T T GTR T T —

™ Auto I~ Time [ Seconds R *  Ground Truth ;

* Canopy Truth * Calculate geolocation offsets
ey - ; *  ATLO3 Ground

Create Output Fllea‘ ¥ ATLO3 kmi File I~ ATLO8 kmi F_lle o . ATLO3 Canopy |+ Subset ATLO3/ATLO8 data

¥ ATLO3 las File I ATLO3 csvFile I~ ATLO8 csv File © ATLO3 High Canopy + Reproject ATLO3/ATLO8 data to different
ATLO3 Unclassified N
Truth 98th Percentile Height coordinate system
ATLOB Canopy * Map classification values to ATLO3

photon cloud

* Calculate terrain and canopy height
statistics at photon rate based on
distance/time

* Calculate height residuals against
reference airborne lidar data at any
spatial resolution

* Calculate height residuals against
reference DEMs at any spatial

16 16.5 17 17.5 18 18.5 resolution
Along track (km)

Z (m)
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https://github.com/icesat-2UT/PhoREAL
https://github.com/icesat-2UT/PhoREAL
https://utexas.box.com/v/DownloadPhoREALGUI

Aplicaciones de ICESat-2- jInvolucrese!

Programa de Usuarios Aplicados de ICESat-2
:Usted cémo utiliza datos de ICESat-2?

« QObtenga apoyo de un miembro
del equipo Science Definition Team
(SDT) o el Project Science Office

(PSO)
Proceso de « Participe en webinars trimestrales
Observacion Sintesis Decision « Esté al fanto sobre ICESat-2

« Obtenga acceso a datos de
Circuitos de Retroalimentacion calibracion y validacion (CG|/VG|)

T « Referencie las lecciones aprendidas

hitps://icesat-2.gsfc.nasa.gov/applications Punto de Contacto: sabrina.delgadoarias@nasa.gov

Colabore con cientfficos de la mision ICESat-2 mieniras descubre datos de ICESat-2.

NASA’s Applied Remote Sensing Training Program 36 ‘



mailto:sabrina.delgadoarias@nasa.gov
https://icesat-2.gsfc.nasa.gov/applications

Usuario Destacado: Birgit Peterson, Earth
Resources Observation Science

bpeterson@us
gS ggs\/in« R2s Moderate Severty, R2s Mapeo de severidad de un incendiq%ﬁ/on ICESat-2

[ unbumed

o s * 2 : Low Severity
) 1 o Moderate Severity
2 e e ot : - [ High Severity
“r : R o 4 Increased Greenness
| N . 2

Frequency
20
20

r T . r , ’ - - - | +  ATLAS ground tracks
0 L] 10 15 20 bl 0 ] 10 15 20
Height (m} Height (m)

High Severity, R25

J Histograma

. s de la

altura de la
incendio del T+ vegetacion
Lago Legon, derivada

2017 d
§!is e ICESat-2
(quy (altura Transectos de ICESat-2 .
r) NASA's Applied Remote Sensing Training Program relqtivq de q-l-rqvesqndo el Incendio del 37




/" National Aerona‘l}tics and Space Administration

ICESat-2: Servicios y Acceso a Datos

Nicholas Kotlinski,
Especialista en Soporte de Datos, Servicio al Usuario
NASA National Snow and Ice Data Center DAAC

16 de Marzo 2021



Descubrimiento y Acceso a Datos

.

Primer Caso: Quiero visualizar los datos de elevacion de ICESat-2 durante un tiempo
y un area de interés muy especificos antes de descargarlos.

Segundo Caso: Quiero acceder y personalizar (subconjunto y / o reformatear) un
pedido de datos masivo.

Tercer Caso: Quiero hacer todo esto con un programa, para poder accedery
analizar datos en el mismo flujo de trabajo basado en Python.

h NASA’s Applied Remote Sensing Training Program




* Mational Snow and lce Data T X :%. | National Snow and Ice Data OpenAltimetry ICESat-2 X OpenAltimetry |CESat

=5 N D & https://nsidc.org

=

|i\'_‘}i[)L". National Snow & lce Data Center RESEARCH

Web pages

Scientific Data for Research

Search for data sets Gol Select a data collection

Advancing knowledge of Earth's frozen regions

NSIDC manages and distributes scientific data, creates tools for
data access, supports data users, performs scientific research,
and educates the public about the cryosphere.

NASA’s Applied Remote Sensing Training Program




S ICESat-2 Data Sets st NSIDC | 11 X Nation at ] t + = a

\_'("i' = ¢ @ |® & https://nsidc.org/data/ficesat-2/data-sets o @ W In @O & =

ICESat/GLAS Data

ATLO2 ATLAS/ICESat-2 GLOBAL 2018/10/13to Not applicable Not Engineering
IceBridge Data L1B Converted present applicable  Telemetry

Telemetry Data, Ancillary Data
Version 3

ATLO3 ATLAS/ICESat-2 GLOBAL 2018/10/13to 70 cm 91 day TERRAIN
L2A Global present ELEVATION
Geolocated
Photon Data,
Version 3

ATLO4 ATLAS/ICESat-2 GLOBAL 2018/10/13to 280 m 91 day LIDAR
L2A Normalized present BACKSCATTER
Relative
Backscatter

Profiles, Version

3
ATLOG ATLAS/ICESat-2 GLOBAL 2018M10/14t0  20m 91 day GLACIER
L3A Land Ice present ELEVATION/ICE
Height, Version 3 SHEET ELEVATION
ATLO7 ATLAS/ICESat-2 NORTHERN 2018/10/14to  Varies 91 day SEA ICE
L3A Sealce HEMISPHERE present ELEVATION
Height, Version 3 SOUTHERN
HEMISPHERE
ATLOS ATLAS/ICESat-2  GLOBAL 2018/10/14to  Varies 91 day Canopy Height,
L3A Land and present TERRAIN
Vegetation ELEVATION
Height. Version 3
ATLO9 ATLAS/ICESat-2 GLOBAL 2018/10/13t0  280m 91 day CLOUD
L3A Calibrated present PROPERTIES,
Backscatter LIDAR
Profiles and BACKSCATTER
Atmospheric
Layer
Characteristics,
Version 3
ATL10 ATLAS/ICESat-2 NORTHERN 2018/10/14to | Varies 91 day FREEBOARD
L3A Sea Ice HEMISPHERE present
Freeboard, SOUTHERN

4]

Version 3 HEMISPHERE
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Web pages -

A On Wednesday, March 3rd from 9:00 a.m. to 1:00 p.m. (USA Mountain Time), the following data collections may not be available due to planned system maintenance: AMSR-E. Aquarius, High Mountain Asia, lceBridge, ICESat/GLAS, ICESat-2, MEaSUREs, MODIS, NISE,
SMAP, SnowEx, and VIIRS.

A i ith thi = (=
For a list of known issues with this product, see the Known Issues document under the Technical References tab.
Mailing List Print

A Selected granules for ATLO2 and associated products (ATLO4, ATLOG, ATLO7, ATLOS, ATLOS, ATL10, ATL12, ATL13) have been recalled and will be released at a later time. For a list of recalled data, see the 'Retracted Data File List' document under
Technical References.

@ ATLAS/ICESat-2 L3A Land and Vegetation Height, Version 3

This data set (ATLO8) contains along-track heights above the WGSE4 ellipsoid (ITRF2014 refe[%me frame) for the ground and canopy surfaces. The canopy and ground surfaces are processed in fixed 100 m data segments. which typically contain more than 100 signal
photons. The data were acquired by the Advanced Topographic Laser Altimeter System (ATLAS) instrument on board the Ice, Cloud and land Elevation Satellite-2 (ICESat-2) observatory.

This is the most recent version of these data.

Version Summary: See more ¥

Download Data

Login to Earthdata Other Access Options

Filter by date: From | 10/14/2018 To | 03/02/2021 '3 10 files selected (~680 MB) *0531* f)
Filter spatially by bounding box: W| -107.64 | S 38.26 E[-104.38 | N|41.09 = = Bl - - ; 3 I
Filter spatially by drawing a bounding box or polygon: = I l I l - l —
Note: Blue-green overiay shows the dotaset coverage, unless it is global. ATLO08_20201028230327_05310906_003_01.h5 81.4 2020-10-28 23.03:27 2020-10-28 23:11:58 |
d ! ! ! |
ATLO8_20200730032339_05310806_003_01.h5 713 | 2020-07-3003:23:38 2020-07-3003:32:09
ATLO8_20200430074350_05310706_003_02.h5 BB.A4 i 2020-04-30 07:43:57 - 2020-04-30 07:52:20 ‘
ATLO8_20200130120405_05310606_003_01.h5 45.0 2020-01-30 12:06:35 2020-01-30 12:12:35
[ ATLO8_20191031162419_05310506_003_01.h5 : - O5.3 2019-10-31 16:24:119 - 2019-10-31 16:32:49 |
ATL0O8_20190801204424_05310406_003_01.h5 . 56.2 . 2019-08-01 20:44:24 2019-08-01 20:

. 42




K ATLAS/ICESat-2L3A Land and - X
< c @ t o, ATLOB/versions/3 B .- T mn o ®

B For a list of known issues with this product, see the Known Issues document under the Technical References tab

A Selected granules for ATLO3 and associated products (ATLO4, ATLO6, ATLO7, ATLOS, ATLOS, ATL10, ATL12, ATL13) have been recalled and will be released at a later time. For a list of recalled data, see the ‘Retracted Data File List' document under

Technical References.

@ ATLAS/ICESat-2 L3A Land and Vegetation Height, Version 3

This data set (ATLO8) contains along-track heights above the WGS84 ellipsoid (ITRF2014 reference frame) for the ground and canopy surfaces. The canopy and ground surfaces are processed in fixed 100 m data segments, which typically contain more than 100 signal

photons. The data were acquired by the Advanced Topographic Laser Altimeter System (ATLAS) instrument on board the Ice, Cloud and land Elevation Satellite-2 (ICESat-2) observatory.

This is the most recent version of these data.

Version Summary: See more ¥

Overview I,}

LANDSCAPE > Canopy Height i HDF5 Geographic Coverage
LANDSCAPE > TERRAIN ELEVATION

N:90, 5:-90, E: 180, W:-180 > ICESat-2

Varies ATLAS

14 October 2018 to present ( V3

91 day View Metadata
Record

Amy Neuenschwander, Katherine Pitts, Benjamin Jelley, John Robbins, Brad Klotz, Sorin Popescu, Ross Nelson, David

Harding. Dylan Pederson

Stay Current Learn About Snow and lce

ve satellite data)
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K ATLAS/ICESat-2 L3A Land and - X Mational

<« c @

A ror alist of known issues with this product, see the Known

=
(]
)3
8
@
i

+//nsidc.org/d

Issues document under the Technical References tab

A Selected granules for ATLO3 and associated products (ATLO4, ATLO6, ATLO7, ATLOS, ATLOS, ATL10, ATL12, ATL13) have been recalled and will be released at a later time. For a list of recalled data, see the ‘Retracted Data File List' document under

Technical References.

@ ATLAS/ICESat-2 L3A Land and Vegetation Height, Version 3

This data set (ATLO8) contains along-track heights above the WGS84 ellipsoid (ITRF2014 reference frame) for the ground and canopy surfaces. The canopy and ground surfaces are processed in fixed 100 m data segments, which typically contain more than 100 signal

photons. The data were acquired by the Advanced Topographic Laser Altimeter System (ATLAS) instrument on board the Ice, Cloud and land Elevation Satellite-2 (ICESat-2) observatory.

This is the most recent version of these data.

Version Summary: See more ¥
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Neuenschwander, A. L., K. L. Pitts, B. P. Jelley. J. Robbins, B. Klotz, S. C. Popescu, R. F. Nelson. D. Harding. D. Pederson, and R. Sheridan. 2020. ATLAS/ICESat-2 L3A Land and Vegetation Height. Version 3. [Indicate subset used]. Boulder, Colorado USA. NASA National Snow

and Ice Data Center Distributed Active Archive Center. doi: https://doi.org/10.5067/ATLAS/ATLD8.003. [Date Accessed].
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Track—an imaginary line halfway between the actual location of the left and right beams (see
figures 1 and 2). Pair fracks are approximately 3 km apart in the acress-track direction

The beams within @ach pair have different fransmit energies—so-called weak and strong beams—
with an energy ratio between them of appreximalely 1:4. The mapping belween the strong and
weak beams of ATLAS, and their relative position on the ground, depends on the orientation (yaw)

of the ICESat-2 observatory. which is changed approximately twice per year to maximize solar

ilumination of the solar panels. The forward orienfation corresponds to ATLAS traveling along the
+x coordinale in the ATLAS instrument reference frame (see Figure 1). In this orientation, the weak
beams lead the strong beams and a weak beam is on the left edge of the beam pattern_ In the
backward origntalion, ATLAS traveis along the -x coordinale, in the instrument reference frame.
with the strong beams leading the weak beams and a sirong beam on the left edge of the beam
patiern (see Figure 2). The first yaw flip was performed on December 28, 2018, placing the

into the i ion, ATLOS reports the spacecraft orientation in the sc_orient

parameler stored in the forbit_infol data group (see Section 1.2.4 Data Groups). In addition.
the current spacecrafl orientation, as well ag a history of previous yaw flips, is available in

the ICESat-2 Major Activities tracking document ( xisx)

The Reference Ground Track (RGT) refers fo the imaginary track on Earth af which a specified unit
- vector within the observatory is pointed Onboard software aims the laser beams so that the RGT is

always between ground tracks 2L and 2R (i.e. coincident with Pair Track 2). The ICESat-2 mission
acquires data along 1,387 different RGTs. Each RGT is targeled in the polar regions once every 91

days (i.e. the satellite has a 91-day repeat cycle) to allow elevation changes to be detected. Cycle
numbers track the number of 91-day pericds that have elapsed since the ICESat-2 observatory

entered the science orbit. RGTs are uniquely identified, for example in ATLOG file names, by
appending the two-digit cycle number (cc) to the RGT number, e.g. 0001¢c to 1,387¢c.

Under normal operating conditions, no data are collected along the RGT; however. during
spacecraft slews, or off-pointing, some ground tracks may intersect the RGT. Off-pointing refers lo
a series of plans over the mid-lalitudes that have been designed to facilitate a global ground and
canopy height data product with approximately 2 km track spacing. Off-poinfing began on 1 August
2019 with RGT 518, after the ATLASNCESat-2 Precision Pointing Determination (PPD)} and
Precision Orbit Determination {POD) solutions had been adequately resolved and the instrument
had pointed directly at the reference ground track for a full 91 days (1,387 orbits).

¥ Users should note that between 14 October 2018 and 30 March 2019 the spacecraft pointing
control was nol yet oplimized. As such, ICESal-2 dala acquired during that time do not lie aleng the
nominal RGTs, but are offset at some distance from the RGTs. Although not along the RGT. the

geolocation information for these data is not degraded.

= National Snav and ice Data Cener Page3oi1d
| & oty
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A Selected granules for ATLO3 and associated products (ATLO4, ATLO6, ATLO7, ATLO8, ATLOS. ATL10, ATL12, ATL13) have been recalled and will be released at a later time. For a list of recalled data. see the 'Retracted Data File

Technical References.

@ ATLAS/ICESat-2 L3A Land and Vegetation Height, Version 3

This data set (ATLO8) contains along-track heights above the WGS84 ellipsoid (ITRF2014 reference frame) for the ground and canopy surfaces. The canopy and ground surfaces are processed in fixed 100 m data segments, which typically contain more than 100 signal
photons. The data were acquired by the Advanced Topographic Laser Altimeter System (ATLAS) instrument on board the Ice, Cloud and land Elevation Satellite-2 (ICESat-2) observatory.

This is the most recent version of these data.

Version Summary: See more ¥

Technical References

ICESat-2 Major Activities (includes yaw flips), 13 January 2021
Data Product Algorithm Theoretical Basis Document (ATBD for ATLO8 | V03)

ATLO8 Data Dictionary (V03)

ATLO8 Known Issues (V03)

ATLO3/ICESat-2 Data Gaps for V03 (applies to all ICESat-2 products) - last updated 26 February

Retracted Data File List - 07 December 2020 %

Stay Current Leamn About Snow and lce

Data Coll

NASA's Applied Remote Sensing Training Program




"n_ =

%
&«

https://nsidc.org/data/

ATLAS/ICESat-2 L3A Land and X

c @

SMAP, Snowkx, and VIIRS.

A For a list of known issues with this pro

will be released at a later time. For a list of recalled dat;

A Selected granules for ATL

Technical References.

@ ATLAS/ICESat-2 L3A Land and Vegetation Height, Version 3

This data set (ATLOB) contains along-track heights above the WG584 ellipsoid (ITRF2014 reference frame) for the ground and canopy surfaces. The canopy and ground surfaces are processed in fixed

photons. The data were acquired by the Advanced Topographic Laser Altimeter System (ATLAS) instrument on board the Ice, Cloud and land Elevation Satellite-2 (ICESat-2) observatory.
This is the most recent version of these data.

Version Summary: See more ¥

Downlgad Data
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Filter by date: From | 10/14/2018 To | 03/02/2021 D

566 files selected (~17 GB)

Filter spatially by bounding box: W -180 S/ -90 E
Filter spatially by drawing a bounding box or polygon:
i ATLO8_20201110053154_07180911_003_01.h5

Note: Blu

green overlay shows the dotoser coverage, unle

ATLO8_20201030053115_05500911_003_01.h5
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ATLO8_20201028233203_05310910_003_01.h5

ATLO08 20201028231157_05310907_003_01.h5

ATLO8_20201028230327_05310906_003_01.h5

versions/37qt-data_set_tabs=1qt-data_set tabs

. @

, see the 'Retracted Data List' document

100 m data segments, which typically contain

Login to Earthdata
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SMAP, snowkx, and VIIRS.

A For a list of known issues with this product, see the Known Issues document under the Technical References tab.

Technical References.

@ ATLAS/ICESat-2 L3A Land and Vegetation Height, Version 3

This is the most recent version of these data.

Version Summar}r: See more ¥
Download Data

Filter by date: From | 10/14/2018 To | 03/02/2021 e
Filter spatially by bounding box: W -180 S| -90 E| 180 N| 90 ":)

Filter spatially by drawing a bounding box or polygon:

Note: Blue-green overlay shows the dotoser coverage, unless itis globall
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566 files selected (~17 GB)
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A Selected granules for ATLO3 and associated products (ATLO4, ATLO6, ATLO7, ATLOS, ATLOS, ATL10, ATL12, ATL13) have been recalled and will be released at a later time. For a list of recalled data, see the 'Refracted Data File List' document under

This data set (ATLO8) contains along-track heights above the WGS84 ellipsoid (ITRF2014 reference frame) for the ground and canopy surfaces. The canopy and ground surfaces are processed in fixed 100 m data segments, which typically contain more than 100 signal
photons. The data were acquired by the Advanced Topographic Laser Altimeter System (ATLAS) instrument on board the Ice, Cloud and land Elevation Satellite-2 (ICESat-2) observatory.

D @®

=k

Print

Login to Earthdata Other Access Options

D

ATLO8_20201110053154_07180911_003_01.h5

ATLOS8_20201030053115_05500911_003_01.h5

ATLO8_20201029200531_05440911_003_01.h5

ATLO8_20201025005317_05320908_003_01.h5

ATL08_20201028235910_05310914_003_01.h5
ATLO08_20201028234527_05310912_003_01.h5

ATLO8_20201028233944_05310911_003_01.h5

ATLO8_20201028233203_05310910_003_01.h5

ATL08_20201028231157_05310907_003_01.hS

ATLO8_20201028230327_05310906_003_01.h5

98.7

1128

85.8

33

3.0

53.0

106.2

12.1

81.4

2020-11-10 05:31:53

2020-10-30 05:31:14

2020-10-29 20:05:30

2020-10-29 00:58:4%

. 2020-10-29 00:01:45
2020-10-28 23:45:27
! 2020-10-28 23:39:44
2020-10-28 23:38:13

2020-10-28 23:11:57

2020-10-28 23:03:27

2020-11-10 05:37:37

2020-10-30 05:36:30

2020-10-29 20:11:14

2020-10-29 00:53:06

2020-10-29 00:02:03

2020-10-28 23:48:31

2020-10-28 23:45:28

2020-10-28 23:39:45

2020-10-28 23:_
2020-10-28 23:178

-~

48




| National Snow and Ice Datz x OpenAltimetry ICESat-2 OpenAltimetry ICESat

ps://openaltimetry.org/data/icesat2

[

® atioe
® ano7
O amios
® atLi0
® aniz
® aTL13

Product info

| 5000 km | 2020-11-11

Lat: 24,6094, Lon: 26.3672

. . NASA’s Applied Remote Sensing Training Program




TLAS/ICESat-2 L34 Land ar @ Ope CESat-2 Sl i | National Snow and lce Dat X OpenAltimetry ICESat-2 OpenAltimetry ICESat

ttps://openaltimetry.org/dat

OPENALTIMETRY

i

® atios
® ano7
O atios
® atL10
® a2
® aTi13

Product info

Su Mo Tu We Th

| 5000 km | 2020-11-11

Lat: 60.4688, Lon: 79.8047

. . NASA’s Applied Remote Sensing Training Program




penAltimetry ICESat-2

< ¢ @

OPENALTIMETRY

s @ﬂ
= RlGaII'lll.

-

® atio6
® atLo7
O arLos
® ATLi0
® atL12
® atuis

2

Product info

£ Input map extents and center

Search by name (e.g. City, Country)

Zoom to bounding extents

B0 o 0 N

Le -lefr: Lon: L ] Lac
Upper-right Lon: | Lag|
Update map

(V0 |

Ger cyrrent map extents & center

Center map on a point

Lon:

NASA’s Applied Remote Sensing Training Program




() OpenAltimetry ICESat
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s;//openaltimetry.org/data/ices

OPENALTIMETRY MENU

ELEVATION PROFILE ATLO3 PHOTON HEIGHTS

Drag zoom on the plots below to view more detail.

ATLO8: Ground Elevation and Canopy Surface
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Download data as CSV Download subsetted HDF5 (via N5IDC)
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Drag zoom on the plots below to view more detail.
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Drag zoom on the plots below to view more detail.

ATLO8: Ground Elevation and Canopy Surface
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H1 = fe | h_canopy uncertainty

4 A B c | B | E | F G H | J | K L | M
1 Jsegment_id_b segment_ longitude latitude h_te_besth_te_uncch_canopy|h_canopy_uncertainty ltrack_id beam file_name
2 775687 775691 -105.821 40.75381 2923.693 41.69689 12.73462 35.878815 531 gidr processed_ATLO8_202010282
3 775692 775696 -105.821 40.75291 2910.845 21.56973 14.2981 29.688202 531 gt3r processed_ATLOS_ 2020102823
4 775697 775701 -105.821 40.75201 2915.783 43.50781 14.96314 51.66225 531 giar processed_ATLO8_ 2020102823
5 TI5702 775706 -105.821 40.75111 2911.842 36.39536 12.71021 50.341843 531 gi3r processed_ATLOS_2020102822
6 | FIS707 775711 -105.821 40.75021 2915.361 23.72511 13.98486 30.838808 531 gi3r processed_ATLO8_2020102823
i | 775712, FI5716) -105.822 40.74932 2960.833 24.91552 16.05444 32.527348 531 gtar processed_ATLO8_2020102822
8 775717 775721 -105.822 40.74842 2968.337 17.26026 531 gt3r processed_ATLOB_2020102823
al 775722 75726 -105.822 40.74752 2957.655 18.85006 531 gtar processed ATLO8_2020102823
10 775727 75731 -105.822 40.74662 2978.269 35.42798 531 gtar processed ATLO8_2020102822
11 TI5732  TI5736 -105.822 40.74572 2986.238 25.31112 11.25317 34.39861 531 gtar processed ATLO8 2020102822
12 775737  TI5741 -105.822 40.74482 2958.795 33.70071 10.44358 45.726315 531 gtar processed ATLOE 2020102823
13 775742 775746 -105.822 40.74353 3013.688 45.00288 12.33081 60.197376 531 gtar processed_ATLO8_2020102822
14 775747 TI5751 -105.822 40.74303 3037.979 23.5532 531 gtar processed ATLOB_2020102823
15 775752 75756 -105.823 40.74213 3050.661 17.83988 531 gtar processed_ATLO8_2020102823
16 775757 75761 -105.823 40.74123 3055.314 16.69658 531 gt3r processed_ATLO08_2020102823
17 TI5762  TI5766 -105.823 40.74033 3054.7 15.5856 531 gtar procassed_ATLOS_ 202010282
% TI5767 75771 -105.823 40.73%943 3053.286 18.84598 531 gi3r processed_ATLO8_ 2020102823
19 TJI5772  TI5776 -105.823 40.73854 3042251 19.88903 15.80811 27.824842 531 gi3r processed_ATLO8_2020102823
20 FI5TI7 TI5781 -105.823 40.73764 3033.967 25.71967 17.49561 34.98349 531 gi3r processed_ATLO8_2020102823
21| 775782 775786 -105.823 40.73674 3037.948 21.86233 531 gt3r processed_ATLO8_2020102823
22 | 7i5787 775791 -105.823 40.73584 3045.108 23.06864 531 gtar processed_ATLOS_ 2020102823
23 775792 775796 -105.823 40.73494 3040.05 17.83343 16.69165 24.343435 531 gt3r processed_ATLO8_2020102822
24 | 775797 775801 -105.824 40.73404 3035.489 12.14196 15.30957 17.009188 531 gtar ‘processed ATLOS 2020102823
25 775802 775806 -105.824 40.73315 3035.07 10.61248 531 gtar processed ATLO8 2020102823
26 | 775807 775811 -105.824 40.73225 3038.816 16.87958 531 gtar processed_ATLOS_2020102823
27 775812 775816 -105.824 40.73135 3049.651 16.84736 531 gtar processed ATLO8_2020102823
28 775817 775821 -105.824 40.73045 3060.087 17.4867 13.4104 24.212337 531 gtar processed_ATLOB_2020102823
29 775822 775826 -105.824 40.72955 3064.879 13.53405 531 gi3r processed_ATLO8_2020102823
30 775827 775831 -105.824 40.72865 3066.406 16.66365 531 gtar processed ATLO8_2020102823
31 775832 775836 -105.824 40.72776 3063.608 18.6809 531 gi3r processed_ATLOS_2020102823
32 775837 775841 -105.824 40.72686 3061.407 18.78264 15.40161 25.521767 531 gi3r processed_ATLO8_2020102823
33 775842 775846 -105.825 40.72556 3059.957 19.36622 15.29452 26.765176 531 gi3r processed_ATLOS_202010282
34 775847 775851 -105.825 40.72506 3057.649 20.38428 16.51245 27.770195 531 gtar processed_ATLOS_202010282
35 775852 775856 -105.825 40.72416 3054.024 15.42391 15.52881 21.222025 531 giar processed_ATLO8_2020102823
36 T75857 775861 -105.825 40.72327 3052.612 20.08527 11.30762 28.273638 531 gtar processed_ATLOS_2020102823
a7 775862 775866 -105.825 40.72237 3059.544 23.17621 531 gtar processed_ATLOS 2020102823
38 775867 775871 -105.825 40.72147 3069.838 23.08039 531 gt3r processed_ATLOS_2020102822
39 775872 775876 -105.825 40.72057 3074.085 18.29493 531 gt3r  processed_ATLOS_2020102827%
40 775877 775881 -105.825 40.71967 3069.216 17.34256 13.36304 24.293106 531 gt3r processed ATLOB_2020102823
41 775882 775886 -105.825 40.71877 3065.005 17.617 11.76636 24.689591 531 gtar processed_ATLO8_2020102823
42 | 775887 775891 -105.826 40.71788 3062.335 16.52092 13.40747 23.461857 531 gtar processed ATLOB_2020102823
43 775892 775896 -105.826 40.71698 3064.566 16.38661 531 gtar procassed ATLOB_ 2020102823
44 775897 775901 -105.826 40.71608 3067.648 16.06103 17.57959 21.62873 531 giar ‘processed ATLOS_2020102823
45 775502 775806 -105.826 40.71518 3070.64 18.83978 16.45581 25.506124 531 gi3r processed ATLOB 2020102823
46 775507 775911 -105.826 40.71428 3071.378 15.7509 13.40137 21.865532 531 gt3r  processed ATLO8 2020102823

elev_2020-10-28_t531_1615220066 (] 2 [ ¥

Ready Boispaysettingg B @ @ - 1 + 100%

F)

File Edit

g R o

View History

Bookmarks

Plot Window Help

Remove Remove All  Hide Info

Create Plob Combine Plot  Open Dataset
Datasets Catalogs Bookmarks
Name Long Name Type
¥ [Eprocessed_ATLOB_20201028230... SET_BY_META Local File Variable ..h_'_:a nopy"
> [ ancillary_data andllary_data =
= ds_geosegments Geosegments D In file
@ ds_metrics Metrics i) "processed_ATL08_20201028230327_05310906_003
w ds_surf_type Surface Type Dimension Sc... 1D .h5"
> EEatil gtll —
b =gty atir = Variable full name: gt3r/land_segments/canopy/h_canopy
: :3:2 :::_ i float h canopy(delta time=272);
[ ot _ :_FillValue = 3.4028235E38f; // float
v Sotr ot - icoordinates = "../delta_time ../latitude
tdescription = "98% height of all the ind
¥ Eland_segments ot/ - :long name = "height canopy":
& s apparent surface reflectance GeoTraj :source = "Land ATBD section 4.127;
& atlas_pa atlas pointing angle GeoTraj junits = "merers";
& beam_azmuth beam azimuth GeaTraj :_ChunkSizes = 10000U; // uint
& beam_coelev beam co-elevation GeaTraj
& brightness_flag brightness flag GeoTraj
¥ [ canopy ot3rfland_segments/ =
& canopy_flag canopy flag GeoTraj
& canopy_h_metrics  canopy height metrics 1]
& canopy_h_metrics... canopy absolute height me... i
& Canopy_openness  Canopy openness GeoTraj
& canopy_rh_conf canopy relative height con... GeaTraj
& centroid_height centroid height GeoTraj
. height canopy GeaTraj
& h_canopy_abs absolute segment canopy ... GeaTraj
& h_canopy_quad canopy quadratic mean GeoTraj
& h_canopy_uncert... segment canopy height un... GeaTraj
& h_dif_canopy canopy diff to median height GeoTraj
& h_max_canopy maximum canopy height GeoTraj
& h_max_canopy_abs absolute maximum canopy ... GeoTraj
& h_mean_canopy mean canopy height GeoTraj
& h_mean_canopy_... absolute mean canopy height GeoTraj
& h_median_canopy  median canopy height GeaTraj
& h_median_cancpy... absolute segmentmedian ... GeoTraj
& h_min_canopy minimum canopy height GeoTraj
& h_min_canopy_abs absolute minimum canopy ... GeaTraj
& landsat_flag landsat flag GeoTraj
& landsat_perc landsat percentage canopy GeoTraj
& n_ca_photons number canopy photons GeaTraj
& n_toc_photons number top of canopy pho... GeaTraj
& subset_can_flag subset canopy flag 1D
@ toc_roughness top of canopy roughnass GeoTraj
& doud_flag_atm doud flag atm GeoTraj
& doud_fold_flag doud folding flag GeoTraj
« delta_time mean pass time 1D
& delta_time_beg delta time begin GeoTraj
& delta tima snd delta time end GenTrai
Show: | All variables b
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Acceso a Datos: Open Altimeiry

Tutoriales mas Detallados de Open Altimetry:

Open Altimetry: Servicios avanzados de descubrimiento, procesamiento y
visualizacion de datos ICESat-1 e ICESat-2

hitps://www.youtube.com/watchev=/anKXhl1oQYc

Tutorial de Open Altimetry del NSIDC sobre Arboles Alrededor del Mundo - Una
Campana de Investigacion Estudiantil del Programa GLOBE

hitps://www.youtube.com/watchev= kTgFeK42c8&t=1055s

h NASA’s Applied Remote Sensing Training Program



https://www.youtube.com/watch?v=ZanKXh1oQYc
https://www.youtube.com/watch?v=_kTgFeK42c8&t=1055s

$|Na1iona|5nowandlce0ate= x ISy

< e @ © & %5 nttpsy//nsideorg/ds

B .- o inm e

Other Access Options X

& Download Via HTTPS: An Earthdata Login account is required to access these data.

« if you are not currently logged in to Earthdata, you will be prompted to do so.

s You may register for an Earthdata Login if you do not have an account.

Once you have logged in, you will be able to click and download files via a Web browser. There are also options for
downloading via a command line or client. For more detailed instructions, please see Options Available for Bulk
Downloading Data from HTTPS with Earthdata Login.

Earthdata Search: This application allows you to search, visualize, and access data across thousands of Earth
science data sets. Additional customization services are available for select data sets, including subsetting, reformatting,
and reprojection.

OpenAltimetry: This application allows users to quickly visualize and access ICESat and ICESat-2 data using a map-

based interface. Create and inspect elevation profiles for an area of interest and download the data.
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FR | Mational Snow and lce Datz © X +

> e e

g

Download Data Citing These Datz User Guide Technical Refere

B -2 %

Login to Earthdata Other Access Options

Filter by date: From | 10/14/2018 | To | 03/08/2021 | "D 205 files selected (~14 GB) [} g
Filter spatially by boundingbox: W -107.54| S 38.71 | E/-104.91 | N 40.67 b i A
Filter spatially by drawing a bounding box or polygon: pr— —— — — — — "
More: Blue-green overlay shows the doraser coverage, unless it s global. ATLO8 20201107103056_06760902_003_01.h5 45.9 | 2020-11-07 10:30:56 | 2020-11-07 10:39:26
ATLO8_20201105224645_06530906_003_01.h5 66.4 : 2020-11-0522:48:06 | 2020-11-05 22:55:16
ATLO8_20201103103916_06150902_003_01.h5 98.4 | 2020-11-0310:39:16 | 2020-11-03 10:47:35
. ATLO8_20201101225507_05920906_003_01.h5 104.7 I 2020-11-0122:55:27 | 2020-11-01 23:03:37
- ATLO8_20201030104737_05540902_003_01.h5 66.4 2020-10-30 10:48:23 2020-10-30 10:55:55
ATLO8_20201028230327_05310906_003_01.h5 :4 2020-10-28 23:03:27 2020-1;23:1 1:58
ATLO8_20201026105555_04930902_003_01.h5 259 2020-10-26 10:55:55 | 2020-10-26 11:04:26
ATLO8_20201024231144_04700906_003_01.h5 437 2020-10-2423:11:44 | 2020-10-24 23:20:15
ATLO8_20201020232006_04090906_003_01.h5 524 2020-10-2023:20:22 | 2020-10-20 23:28:35
ATLO8_20201009115452_02340902_003_01.h5 61.3 2020-10-09 11:54:51 2020-10-09 12:02:55
ATLO8_20201005120310_01730902_003_01.h5 73.0 2020-10-05 12:03:10 2020-10-05 12:11:31
ATLO8_20201004001859_01500906_003_01.h5 834 2020-10-04 00:20:02 2020-10-04 00:27:29
[ ATLU8_2OZOE1 21134_01120902_003_01.h5 79.9 2020-10-01 12:12:13 zozmzm ;:1 9;6
ATLO8_20200930002721_00890906_003_01.h5 84.1 2020-09-30 00:27:43 | 2020-09-30 00:35:51
| [

205 files selected (~14 GB)

B NSIDCUIv1 6D

Download Script | Large/Custom Order
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FR | Mational Snow and lce Datz ¢ X +

> e e

v mrr e g e

Download Data

B -2 %

In @ @

Login to Earthdata Other Access Options

Filter by date: From | 10/14/2018 | To | 03/08/2021 | "D 10 files selected (~680 MB) *0531% D

Filter spatially by bounding box: W/|-107.54| S 38.71 E[-104.91 | N 40.67 i ‘ .

Filter spatially by drawing a bounding box or polygon: pr— e — — — - "

Note: Blue-green overiay shows the dotoser coverage, unless it is global. ATLO8 20201028230327_05310906_003_01.h5 81.4 | 2020-10-28 23.03:27 2020-10-28 23:11:58
ATLO08_20200730032339_05310806_003_01.h5 71.3 : 2020-07-30 03:23:38 2020-07-30 03:32:09
ATLO8_20200430074350_05310706_003_02.h5 88.4 ‘ 2020-04-30 07:43:57 2020-04-30 07:52:20

. ATLO8_20200130120405_05310606_003_01.h5 45.0 I 2020-01-30 12:06:35 2020-01-30 12:12:35

ATLO8_20191031162419_05310506_003_01.h5 95.3 2019-10-31 16:24:19 2019-10-31 16:32:49
ATLO8 20190801204424 05310406_003 01.h5 56.2 2019-08-01 20:44:24 2019-08-01 20:52:54
ATLO8_20190531234041_09730306_003_01.h5 90.5 2019-05-31 23:40:41 2019-05-31 23:49:11
ATLO08_20190503010443_05310306_003_01.h5 425 2019-05-03 01:04:44 2019-05-03 01:13:13
ATLO8_20190201052506_05310206_003_01.h5 64.5 2019-02-01 05:25:06 2019-02-01 05:33:36
ATLO8_20181102094511_05310106_003_01.h5 455 2018-11-02 09:45:13 2018-11-02 09:53:44

10 files selected (~680 MB)

&

NSIDSUIv1 60 |
Download Script | Large/Custom Order
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% | Mational Snow and Ice Data C = MNew Tab

X @ Q. about:blank In @ @

search.earthdata.nasa.gov
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EISNEEYS Al @ £arthdata Search

© &@n o @ 1y in @O ® =

a.nasa.gov/p
Find a DAAC - &
ASEARCH
ATLAS/ICESat-2 L3A Land and Vegetation Height V003
Untitled Project

Edit Options
10 Granules 1 Collection 680.6 MB @

ATLAS/ICESat-2 L3A Land and H
Vegetation Height V003 © select a data access method
10 Granules Est. Size 680.6 MB

O & Edit Options

The selected access method will determine which customization and

output options are available.

Nebr.

UNITED
STATES
OF AMERICA

Kans.

MONTH

JATLAS/ICESat-2 L3A Land and Vegetation Height V0O!

e
Apr

v1.139.8 - MNASA Official: Stephen Berrick -




| Mational Snow and lce Data © @ Earthdata Search

thdata.nasa.gov/downloads/

- @ o e =
Find a DAAC ~

Download Status

This page will automatically update as your orders are processed. The Download Status page can be accessed later by visiting
https://search.earthdata.nasa.gov/downloads/1520741634 or the Download Status and History page.

ATLAS/ICESat-2 L3A Land and Vegetation Height V003 A

() Complete ESI 10 Granules

Your orders are done processing and are available for download.

Download Links Order Status

Refrieved 2 links for 10 granules.

r3 Expand

hffp.ﬁ

5eil02u.ecs.nsidc.org/esir/50000070

ir/50000010(

5eil02u.ecs.nsidc.org

https://

Additional Resources and Documentation

v1.139.8 - MASA Official: Stephen Berrick - F
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=
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~ /| 38 Bing VirtualEarth
Type to Getting tiles, Coordinate | -82.70,71,13 % Scale 1:23440456 - a Magnifier | 100% : Rotation |0.0° : \/ Render @EPSG:-ISES Q
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ﬂ':iCESal-Z|Nat|onal5nowancl % e

«)> ¢ @ O & 25 hitpsy/nsidcorg/c

B e i mwme & =

i EARTHDATA Other DAACS -

[NSIDC| National Snow & Ice Data Center # RESEARCH a] SEARC Web pages ™~
. *

NASA Distributed Active Archive Center (DAAC) at us&

ICESat-2

The Ice, Cloud, and land Elevation Satellite-2, or ICESat-2, is measuring the height of a changing Earth one laser pulse at a time, 10,000 laser pulses per second. Launched on September 15, 2018,
ICESat-2 will allow scientists to monitor the elevation of ice sheets, glaciers, sea ice, and more—all in unprecedented detail.

ICESat-2 Data Sets
Product Descriptions

ICESat-2 Data at NSIDC DAAC The Mission ICESat and Operation IceBridge Launch Details

News
Knowledge Base

05 May 2020
ICESat/GLAS Dat,
IceBridge Data avallable. To receive updates about

ICESat-2 data, sign up for our

From 2003 to 2009, the ICESat
mission obtained elevation data

ICESat-2 collects elevation data over

Our planet's frozen and icy areas. ICESat-2 lifted off from Space

Launch Complex 2 at Vandenberg

all surfaces spanning the world's known as the cryosphere, are a key

over ice sheets, information about
clouds in polar regions, and

focus of NASA Earth science
research. ICESat-2 will help
downlinked to Earth, reformatted, scientists investigate why, and how topography and vegetation data
checked for quality, repackaged into much, the cryosphere is changing around the globe. Following ICESat, Il rocket.
scientific data sets, and delivered to as the climate warms. The satellite NASA began Operation IceBridge, a

frozen regions, forests, lakes, urban Air Force Base on September 15,
2018 at 6:02 AM (PT), on board

United Launch Alliance’s final Delta

areas, and more. These data are

ICESat-2 mailin

uccessfully Launched on

the NSIDC DAAC for distribution will also measure heights across series of airborne campaigns to ight of Delta | Rocket
it of Delta Il Rocket
and archive. Earth's temperate and tropical measure changes to polar land and
regions and take stock of vegetation sea ice and provide continui
Learn more about all the ICESat-2 i 8 P v
in forests worldwide, between ICESat and ICESat-2, The k4

Anin rnbe ok e MEIRS PA A
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Herramientas y Servicios

APl and Jupyter Notebooks

https://nsidc.org/support/tool/icesat-2-tools-and-

services

OGitHub @ python’

.circleci
binder
notebooks
gitignore
Dackerfile
LICENSE
README.md

docker-compose.dev.yml

P Do ERERE

docker-campose.yml

README.md

fix circleci

testing different postBuild configurations
impriove iceflow notebook

update gitignore

major refactering for valkyrie

Initial commnit

update itslive notebook

Add docker-compose files and update README

Add docker-compose files and update README

NSIDC-Data-Tutorials

D PASSED

6 months ago
last month

6 days ago
last month

4 menths ago
11 months ago
4 menths ago
5 months ago

5 months ago

NASA’s Applied Remote Sensing Training Program

|
i Data Access and
Service API

The NSIDC DAAC's
Application
Programming
Interface, or API,
provides spatial and
temporal filtering as

| well as customization
1 options as a single
access command,
without the need to
script against our data

directory structure.

AP1

Visit the page What
subsetting and
reformatting services
are available for
ICESat-2 data? for
details on subsetting
and reformatting
services available for
each ICESat-2 data set.

NSIDC DAAC

!Jupyter Notebook

ICESat-2 Hackweek

Tutorials

A Github repository of
| Jupyter Notebook
tutorials presented
during the ICESat-2
HackWeek at the

Downloadable tool

Python-based
guidance on access,
reading, plotting, and
exploration of ICESat-2
cryospheric data.

ICESat-2 Hackweek,
hosted by the
University of
Washington with
support from NASA's

! Access Jupyter
I Notebook

exploring data
coverage, size, and
customization service
availability along with
direct data download
i utilizing the NSIDC

| DAAC's access and
service API.

subsetting and
reformatting services
are available for
|CESat-2 data? for
details on subsetting
and reformatting
services available for
each ICESat-2 data set.

Univeristy of Cryospheric Sciences
| g
| Washington on june Program
17-21, 2018.
| NSIDC DAAC Data A Jupyter notebook Downloadable tool Visit the page What NSIDC DAAC
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https://nsidc.org/support/tool/icesat-2-tools-and-services

Herramientas y Servicios

icepyx software and community

https://nsidc.org/support/tool/icesat-2-tools-and-services

icepyx A python software Downloadable tool, | Access and reformat | Github and
hﬂ'ps://q”hub_com/icescﬂ?py/icepyx library for obtaining Python library, Jupyter | data through the documentation
and working with Motebook | NSIDC API

ICESat-2 data.

icepyx Class Diagram A shared library of

resources - including

existing resources,

© oy ;
new code, tutorials,
reaparams
extent_type
subsetparams and use-
file_vars
tart_ti
Gures cases/examples - that
dataset_version N
- Variables — 7 s
@Granules g;:::}e;xmm ?‘ : ICESat-2 Reference (is2ref) sim p‘lf}" the process of
orderIDS CMRparams. - Zz e
avall —e dutaser s querying, obtaining,
peg order.vars = —_—
lace_order() = ARpen i
Gownioad) subsewparams0 aal) analyzing, and
avail_ les()
-d [ i i
gy manipulating ICESat-2
visualize_spatial_extent()
dataset_all_info(} datasets to enable
d;uset_sumrmw_mfc()
show_custom opionsn scientific discovery.
earthdata_login()
§ Developed and
| " "
Format for APl (apifmt)\ ! | maintained by a
(©) parameters (© rartndaa [Validation tvah\ community composed
id:
e e seersn of ICESat-2 data users,
check_req_values) e pswd 1 — " !
check_valies) capability_url developers, scientists,
build_paramsi() login()

and students.
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https://nsidc.org/support/tool/icesat-2-tools-and-services
https://github.com/icesat2py/icepyx

Herramientas y Servicios: Visualizacion de Datos

HDFView

20 €l
Recent Files | | Clear Text

https://www.hdfgroup.org/downloads/hdfview

User property file - C:\Users\nike8816\.hdfview3.1.1 "
h_te_median at /gt1l/land_segments/terrain/ [processed_ATL08_20191031162419_05310506_003_01.h5 in C\Users\niko8816\Downloads] [ dims0, start0, count206, stride1]
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https://www.hdfgroup.org/downloads/hdfview

Herramientas y Servicios: Visualizacion de Datos

PhotonLabeler
https://qgithub.com/OhtOnger/PholLabeler

:4\: Photon Labeler: C:\Users\mmoonga\OneDrive\Projects\ICESat2\app\ATL03_20190603025340_10050314_002_01.h5

File Help

et

Track Information

Ground track | gt1l v

Beam level Strong
AT constant | 44765828 48
No. points 77918

Range (km) 375

Label information

LIE8|E)S)

~ Point labels
' Noise [0]
W Terrain [1]
W Off-terrain [2]

[V Show label statistics

NASA’s Applied Remote Sensing Training Program

Elevation (m)

Elevation (m)

Overview Plot: Spanning (-13.71559,23.79942) --> (-13.68876,23.80216) : 5684 points ~2939 meters
T T T T T

0.2 025
Delta time (s)

Detail Plot: Spanning (-13.71559,23 80202) --=> (-13.71426,23 80216) : 284 points ~146 meters
T

“| X 0.0206 | .
Y 1085

0.004 0.008 0.008 0.01 0.012 0.014 0016
Delta time (s)

— O s
Plot Options
AT size zFactor
[oe2 |5 [ =[]
Point size
e ———
[ L I I I |
135 7 9111315
[[Juse ATD
ATD Method

Label Tools

DIND
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https://github.com/Oht0nger/PhoLabeler

Herramientas y Servicios: Visualizacion de Datos

PhoREAL

https://qgithub.com/icesat-2UT/PhoREAL

Height (m)

:] PhoREAL v3.24 - Applied Research Labs (The University of Texas at Austin)

Home Plot Data Help About
Get ICESat-2 Data Input
ATLO3 File Type: [hsfiles)  ~|

Brows

ATLOS File Type: h3Files) + (Optional)

i

Brows
Output Directory:
[ Browse
Ground Track Numbers: ¥ GT1R ¥ GT2R v GT3R
Select By: [6TRight/Left  ~| rGTML I GT2L I GTaL
Trim ICE Sat-2 Data Options: Min Max
¥ None ™ Manual I~ Latitude Degrees
I~ Auto ™ Time Seconds

Create Output Files: ~ ATLO3 kml File
~ ATLO3 las File I~ ATLO3 .csv File

I~ ATLO8 .kml File
™ ATLO8 .csv File

ATL03_20191031162419 05310506_003_01 (gt3r)

Get Reference Data Input 2

™ Use Existing Buffer Buffer Size (m): 50 v Save Reference File

Type: [JasFilets) ] Browse

Find ICESat-2 Offsets Relative to Reference Data ~
Cross-Track Bounds (m): |-s0, 50 Along-Track Bounds (m): -so, 50

™ Use Fixed Vertical Shift Vertical Shift (m): [o

Grid Resolution(s) (m): 3,4,2,1  Use ICESat-2 Heights: \'_Eljpsoidalmﬁ) v

¥ Use ICESat-2 Signal Confidence Value(s). 3.4
I~ Use Reference Ground Index: |2 (Requires ATLOS File)

v Save Shifted ICESat-2 File ¥ Make Output Plots

Progress:

RUN

2950 A
ATLO3 Ground

ATLO3 Canopy
ATLO3 Top of Canopy

2925 A

2900

2850 it ﬁ’
I 4

2825 y\ Ii ﬁ

2800

2775 ‘“ i
2750 kf Wr

2875 1 m R ‘,
v

T T T T T
40.60 40.61 40.62 40.63 40.64
Latitude (deg)
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https://github.com/icesat-2UT/PhoREAL

Herramientas y Servicios: Visualizacion de Datos

Pa n o I CreatePlot  Combine Plot  Open Datasst Remove Remove Al Hide Info
2 (——
| Datasets | Catalogs | Bookmarks |
[ L T

https://www.qiss.nasa.gov/tools/panoply

height canopy

height canopy (meters)
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https://www.giss.nasa.gov/tools/panoply

Herramientas y Servicios: Visualizacion de Datos

. DEBREEK BA2RPP 2,06 LI0R GBESE=-Fa-F-
Reformateo a Shapefiles  «cvree o - i i
M-2-%- @ b2kl WE
NASA Earthdata Search o8

RETTO

L

» o el
https://search.earthdata.nasa.gov/search e EE‘\
» G\
@Geopa:kaga
f Spatialite
'PostG\S
P mssar

Layers 28
¢ A& T ~RBO
» 27 ATL08.2019.0531_3D_noZero

» W . ATLOS 2020 0531 3D noZero

"
W/ B8 x__ xODKyVESFr50yBTPdPI93WA.x___x ags TbeciTth_ = =

2020 (ATLOS)

HHEUEEEUEES

- y ki "—n1
4 » 4 ] J . g i g8
Q Type tolocate (Ctr+) |

- | i
Coordinate | -105.8873,40.5437 % Scale | 1:37947 - @ Magrifier | 100%

e — —
|| Rotaton |00 | %] V| Render & ersciaazs Q
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https://search.earthdata.nasa.gov/search

.

SN
' NSIDC
%
DAAC

Visite la pagina web del NSIDC DAAC para acceder datos y
documentacion de ICESat-2

https://nsidc.org/daac

https://nsidc.org/data/icesat-2

Contacte los Servicios al Usuario del NSIDC nsidc@nsidc.org

Especificaciones Tecnicas de ICESat-2
https://icesat-2.qgsfc.nasa.gov/science/specs
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https://nsidc.org/daac
https://nsidc.org/data/icesat-2
mailto:nsidc@nsidc.org
https://icesat-2.gsfc.nasa.gov/science/specs

Contactos

* ARSET- Desastres
— Erika Podest: erika.podest@ipl.nasa.gov
— Amita Mehta: amita.v.mehta@nasa.gov
— Sean McCartney: sean.mccartney@nasa.gov

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

« ARSET- Pagina Web:
— hitp://arset.gsfc.nasa.gov

« Twitter @NASAARSET

h NASA's Applied Remote Sensing Training Program
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mailto:amita.v.mehta@nasa.gov
mailto:sean.mccartney@nasa.gov
mailto:aprados@umbc.edu
http://arset.gsfc.nasa.gov/

	Los Fundamentos de LiDAR
	Agenda
	Objetivos de Aprendizaje
	Sensores Activos y Pasivos
	LiDAR – Determinando la Distancia
	LiDAR – Determinando la Elevación
	Múltiples Ecos
	Penetración a través de la Vegetación
	Plataformas de LiDAR
	Longitud de Onda de LiDAR
	Modalidades de Detectores de LiDAR
	LiDAR Discreto
	LiDAR Discreto (cont.)
	LiDAR de Retorno de Onda Completa
	Interacción de un Pulso Laser
	Comparación de LiDAR Discreto y de Retorno de Onda Completa
	Contando Fotones
	Diferencias entre LiDAR y Radar
	Aplicaciones de LiDAR
	Altura de la Vegetación
	Fracción de la Cobertura
	Caracterización de Hábitats
	Datos de ICESat-2 y ATL08 (Tierra/Vegetación) 
	La Misión ICESat-2
	La Misión ICESat-2
	ICESat-2: Órbita y Cobertura
	ICESat-2
	ICESat-2: Resumen de la Misión
	Productos de ICESat-2
	Datos ATL08
	Ejemplo de ATL03 y ATL08
	Bosque Tropical, Brasil
	Deforestación Observada por ICESat-2
	Altura de la Vegetación a Nivel Mundial por LiDAR Espacial
	Herramientas de Python para ICESat-2 (PhoREAL)
	Aplicaciones de ICESat-2– ¡Involúcrese!
	Usuario Destacado: Birgit Peterson, Earth Resources Observation Science
	ICESat-2: Servicios y Acceso a Datos
	Descubrimiento y Acceso a Datos
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Acceso a Datos: Open Altimetry
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Herramientas y Servicios
	Herramientas y Servicios
	Herramientas y Servicios: Visualización de Datos
	Herramientas y Servicios: Visualización de Datos
	Herramientas y Servicios: Visualización de Datos
	Herramientas y Servicios: Visualización de Datos
	Herramientas y Servicios: Visualización de Datos
	Slide Number 72
	Contactos

