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The ICESat-2 Mission

A primary science objective is fo measure elevations and
elevation change in the ice sheets and seaice.
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The ICESat-2 Mission

An additional science objective is to measure vegetation
canopy height as a basis for estimating large scale biomass
and biomass-change.

ICESat-2 Launched September 15, 2018 from Vandenburg AFB, CA.

NASA's Applied Remote Sensing Training Program




ICESat-2 Orbit and Coverage
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ICESat-2

Measures height changes
High resolution spatially
Low resolution temporally
NASA Goddard
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ICESat-2 Mission Overview

Payload

ATLAS — Advanced Topographic Laser Laser Radiator
Support Struts

Altimeter System developed at GSFC =

Measures time of flight of laser pulses

LRS Radiator Lateral Transfer

Retroreflectors (LTRs)

Composite Box
Structure

Measures pointing direction

Single-photon sensitive detection
6 beams, arranged in 3 pairs
10 kHz pulse-rep. rate

~12 m footprint — ) '; 4
Sunshadk e
Spaced 0.7 m along-track e e .. 2 ® strong
y - @ Weak
F

.
”o
l
/

532nm Wavelength @ Sub-satellite point
light direction

~

Implementation
Launch Date: September 15, 2018
Lifetime: 3 years, with consumables for 5+

Single laser pulse at 532nm split into 6 beams.
Single-photon sensitive detection.

Orbit: 454 km, non-sun-synch, 92° inclination

Repeat: 91-day exact repeat, ~30-day sub-cycle

Science Data: 1 TB/day

System Pointing: Control = 45 m (14.3 m, CBE)
Knowledge = 6.5 m (4.0 m, CBE)

~3 km spacing between pairs provides spatial coverage
~90 m pair spacing for slope determination (2° yaw)
High-energy beams (4x) for better performance over
low-reflectivity targets.
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ICESat-2 Data Products

v
PPD POD
\/ ATLO4
Calibrated
ATLO3 Backscatter
Geolocated Photons Prafiles
ATLO9
Atmospheric
l l l, l, l, Characteristics
ATLO6 ATLO7 ATL10 ATLO8 ATL13 ATL12
Land Ice Sea Ice Sea Ice Land/ Inland Ocean
Height Elevation || Freeboard Water/ Water Elevation
Vegetation Elevation
Elevation

Ext. Input

Level 2
Level 3A
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ATLO8 Data Product

Ancillary

e ATLO8 - Level-3 (Along-Track)

Attributes
— Products computed on a per-

orbit/per-beam basis Orbit_info
* Classified Photons

* Stafistical parameters of
canopy and terrain
based on fixed 100 m
distance to capfture fine-
scale geomorphology

* Segments outputin 100 m

step size Ancillary

* |Indices of labeled
photons map back to
ATLO3 Attributes

Orbit_info

{11

{1
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Example of ATLO3 and ATLOS8

ATLO03_20181119173324_07950114_953_01 (gtlr)

Amazon Floodplain 60 - ATLO3 Unclassified
; ATLO3 Ground
2 ATLO3 Canopy
40 ATLO3 Top of Canopy o River River Ri
‘ iver iver
The high resolution | £ 301 ’
of the ICESat-2 = 2o - A
photons provide a | © BN ‘ﬁ" L4
nearly continuous T 10 }‘7 mg i& :;% égﬁ% Ig
sampling of the 0% 5 £ o1 MR { A ¢ Py I s g i bas ;
surface in the 10 A x4 i ] Lk T A 4 3?’
along-frack
. . . _20 ! . . ; T . T .
dlreCTlOln. In ThIS 380.5 381.0 381.5 382.0 382.5 383.0 383.5 384.0
example, river Time (sec)
stage levels can be ATLO3 20181119173324 07950114 953 01 (gtlr)
determined. 50 @ ATLO8 Max Canopy
O ATLO8 Terrain Best Fit
Photons from ICESat-2 are color- e ATLO3 Unclassified
coded by the ATLO8 (Land and STL03 Lround
Vegetation) algorithm. Data are = 1 pe gg;“;'zy(:anopy
from a day acquisition. 2, 56
K]
Bottom plot includes the same 104
photons as the top panel, but the
ATLO8 100 m canopy height and
terrain heights are superimposed.
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Tropical Forest, Brazil

State of/\Para

Photons from ICESat-
2 are color-coded by
the ATLO8 (Land and
Vegetation)
algorithm. Data are
from a night
acquisition.
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Deforestation as Observed by ICESat-2

March 19, 2019 night acquisition of ICESat-2 over Brazil's fropical

forest
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Global Canopy Heights for Space-Based LiDAR

|CESat-2 bin median canopy height 2019-2020
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GEDI Canopy Heights (2019)

Canopy height [m] (median, ATLO8:h can)

NASA's Applied Remote Sensing Training Program 12




ICESat-2 Python Tools (PhoREAL)

 Photon Research Exploitation and Analysis Library

__] PhoREAL v3.25 - Applied Research Labs (The University of Texas at Austin)

Home Stats Plot Help About

Get ICESat-2 Data Input
ATLO3 File Type: [h5Filets) |

)

ATLOS File Type: |hsfies | (Optional)

Output Directory:

Ground Track Numbers:
Select By:
Trim ICESat-2 Data Options:

¥ None I~ Manual
™ Auto
Create Output Files:

¥ ATLO3 las File

v #1
r#2

Min
I~ Latitude

I Time

¥ ATLO3 kmi File
™ ATLO3 csv File

Seowse |
Seows |
B |

P #3 v #5

I #4 r #6
Max

Degrees

Seconds

I~ ATLO8 kml File
[~ ATLO8 csv File

Get Reference Data Input

I~ Use Existing Buffer

Type

Buffer Size (m): |s0

W Save Reference File

Browse

Find ICESat-2 Offsets Relative to Reference Data

Cross-Track Bounds (m)
I~ Use Fixed Vertical Shift

Grid Resolution(s) (m): g, 4,2, 1

[ Hen I0ECAt 2 Cinnal Panfidannn

r

Along-Track Bounds (m)
Vertical Shift (m): Jo
Use ICESat-2 Heights: €

psoidal (HAE

\aknter- 13

AN

ATLO3_20181126114738_08990103_003_01

GT1R

120
R

110

Z(m)

Source Code

/

https://github.com/icesat-2UT/PhoREAL
https://utexas.box.com/v/DownloadPhoREALGUI

Windows 10 version with GUI

T T
Ground Truth

Canopy Truth
ATLO3 Ground
ATLO3 Canopy
ATLO3 High Canopy
ATLO3 Unclassified

ATLO8 Canopy

Truth 98th Percentile Height

175 18

PhoREAL current capabilities

* Calculate geolocation offsets

* Subset ATLO3/ATLOS8 data

* Reproject ATLO3/ATLO8 data to different
coordinate system

* 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
resolution

Along track (km)
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™ How are you using ICESat-2 data?

Decision
Process

Observation Synthesis

Feedback Loops
U

https://icesat-2.gsfc.nasa.gov/applications

ICESat-2 Applications — Get Involved!

ICESat-2 Applied Users Program

« Getsupport from a Science
Definition Team (SDT) or Project
Science Office (PSO) member

« Participate in quarterly webinars
 Bein the know about ICESat-2

« Get access to calibration and
validation (cal/val) data

« Reference lessons learned

POC: sabrina.delgadoarias@nasa.gov

Partner with ICESat-2 mission scientists in your discovery of ICESat-2 data.
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mailto:sabrina.delgadoarias@nasa.gov
https://icesat-2.gsfc.nasa.gov/applications

Early Adopter Spotlight: Birgit Peterson,
Earth Resources Observation Science

bpeterson@usgs.gov
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science for a changing world
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Thank Youl!
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