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ICESat 2 – since Sept 15, 2018
Spaceborne photon-counting lidar
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http://icesat.gsfc.nasa.gov/icesat2/ 

Science Objectives:

•Measure melting ice sheets and investigate how 
this effects sea level rise,

•Measure and investigate changes in the mass of 
ice sheets and glaciers,

•Estimate and study sea ice thickness,

•Measure the height of 
vegetation in forests and 
other ecosystems worldwide.

2 trillion laser shots fired to date

http://icesat.gsfc.nasa.gov/icesat2/


Why should you 
care about canopy 
height?

∙ Forests are the major terrestrial 
carbon storage and sink ecosystems.

∙ Canopy height is one of the strong 
predictors or vegetation 
biomass/carbon

∙ The forest canopy is the functional 
interface between 90% of Earth's 
terrestrial biomass and the 
atmosphere (source)

∙ Forest canopies are home to an 
estimated 50% of terrestrial 
biodiversity (source)

∙ ATL-08 is the most downloaded 
ICESat-2 product
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https://www.science.org/doi/10.1126/science.1084507
https://nph.onlinelibrary.wiley.com/doi/epdf/10.1002/ppp3.10125


https://svs.gsfc.nasa.gov/4936/
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ICESAT 2 tracks over New Zealand

13-14 m footprints spaced
70 cm along track; 3.3 km beam 
separation; 90-m offset strong 
vs. weak beamsFootprints

Photon data (ATL03)

10 kHz laser pulses
500 km orbit altitude

Canopy profile area (Nelson, 1984)



Examples of ICESat-2 data

ATL03

ATL03_20190415130456_02640302_003_01 

2016 Airborne lidar

27 m

ALS – Airborne lidar

Web map link



ICESat-2 data products

Canopy and 
terrain heights in 
100m segments

https://nsidc.org/data/icesat-2/data-sets 8



ATL08 - L3A Land and Vegetation 
Height, Version 6

• Contains along-track heights above 
the WGS84 ellipsoid 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 photos.

• Data provided as granules (files, 
HDF5) that span about 1/14th of an 
orbit. 



Photon classification

Photon classes

• Ground

• Canopy 

• Top of canopy

100 m 

Vegetation parameters
Differential, Regressive, and Gaussian Adaptive Nearest 
Neighbor  (DRAGANN)



Other photon classification approaches and YAPC

• Random Forest reclassification result 
Visualization of photon 
classifications for different 
models for site CA_A: 

(a) RF1
(b) RF2
(c) ATL08 data 

Different classifications are 
highlighted in red. 

Source: Mei-Kuei Lu, TAMU



Data examples

Raw
ICESat-2 
ATL03 
point 
cloud

Classified
ICESat-2 
ATL03 
point 
cloud

Web maps showing track 
segment
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• Filtering and classification 
of photons

• Visualization and manual 
labeling of photons

• Miscellaneous routines 
for working with ICESat-2 
data

• Format conversion
• Height metric extraction
• Track generation
• Custom-length ATL08 

segment generation, e.g., 
30m

LASERS Lab ICESat-2 software tools. https://lasers.tamu.edu/ 

Raw data

Classified data

PhotonLabeler

Malambo, L.; Popescu, S. PhotonLabeler: An Inter-Disciplinary Platform for Visual Interpretation and Labeling 
of ICESat-2 Geolocated Photon Data. Remote Sens. 2020, 12, 3168. 

https://github.com/Oht0nger/PhoLabeler

https://lasers.tamu.edu/
https://github.com/Oht0nger/PhoLabeler


ATBD



Validation of canopy heights and terrain 
elevation



Validation with ALS datasets



From transects to a 
wall-to-wall maps of canopy 
height 

Strong 
beam

Weak
beam

30-m 
segment

Segment
center

Landsat 
image

Dependent
ICESat-2 98th Percentile height

Predictors
2020 Monthly Landsat 8 data

2016 LANDFIRE (LF) data
▪ Existing vegetation height
▪ Canopy height
▪ Canopy cover
▪ Canopy base height
▪ Canopy bulk density

LandTrendr Land cover disturbance

Spatial sampling Modeling variables Modeling workflow
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Sampling of ATL08 canopy heights



Model performance with hold-out data



Variable 
importance



Validation locations per biomes in the US 



Validation with airborne lidar datasets
CCHM (ICESat-2) vs GEDI global canopy height map 
(Potapov et al., 2020)

• Open Topography ALS

• NEON CHM

ICESat-2 GEDI



CCHM (ICESat-2) and GFCH (GEDI – Potapov et 
al., 2020) per biomes



CCHM vs GEDI/GLAD map
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GEDI/GLADCCHM CCHM – GEDI/GLAD

Original CCHM and GEDI/GLAD rasters aggregated at 2 km grid cell 24



https://lasers.tamu.edu/ice-cloudand-land-elevation-satellite-icesat-2-applications/ 
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https://lasers.tamu.edu/ice-cloudand-land-elevation-satellite-icesat-2-applications/
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Landsat ARD Tile Grid System 



Mapping canopy cover with ICESat-2 for 
Southern US Forests

Narine, L., L. Malambo, and S. Popescu. 2022. Characterizing canopy cover with ICESat-2: A 
case study of southern forests in Texas and Alabama, USA. Remote Sensing of Environment.



Other gridded 
maps with 

ICESat-2
Map of 

canopy cover in 
Turkey
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Estimation of biomass burning emissions by 
integrating ICESat-2, Landsat 8, and Sentinel-1 
data

Meng Liu * and Sorin Popescu. Remote Sens. Environ. 2022. https://doi.org/10.1016/j.rse.2022.113172

Reference biomass 
map from Dubayah et 
al, 2017
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https://doi.org/10.1016/j.rse.2022.113172


Mapping biomass



Mapping biomass

Model RMSE R^2 Ranking

RF 61.8 0.768 1

MLR 79.15 0.62 5

SVR 132.95 0.02 6

kNN 71.04 0.7 4

Stacking 64.05 0.754 3

XGBoost 62.72 0.761 2

Source: Mei-Kuei Lu, TAMU



A Look ahead
Biomass

Canopy cover

Change 
analysis 
over 5 
years

Global canopy 
height map
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Thank you.

• Questions?

Sorin Popescu, Ecology and Conservation Biology (ECCB)

Texas A&M University


