Laser Altimetry Applications for a Changing World: Working
with ICESat-2 Land and Vegetation Height Data
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|CESat 2 —since Sept 15, 2018
Spaceborne photon-counting lidar

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

Science Objectives:

2 trillion laser shots fired to date

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.



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


https://www.science.org/doi/10.1126/science.1084507
https://nph.onlinelibrary.wiley.com/doi/epdf/10.1002/ppp3.10125
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https://svs.gsfc.nasa.gov/4936/

ICESAT 2 tracks over New Zealand
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Examples of ICESat-2 data

ATLO03 20190415130456 02640302 003 01

& Web Browser - Web Map Browser

U0 AIrborne lidar

ALS — Airborne lidar
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Web map link




ICESat-2 data products
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ATLOS8 - 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 700 m data g
segments, which typically contain Lscendng oo
more than 100 signal photos.

Figure 1. ATLO8 region/granule boundaries.

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



Photon classification

Signal
photons

l

De-trend Data

Flat
photons

Variable
window
determination

Bounds
[551]

Is canopy
present

Ground
Finding
filter

iterate

Surface = canopy and

ground photons

surface
photons

Ground
Finding
filter

l

Fiterto

refine =
ground
Canopy
top filter
iterate

Labeled surface
photons

Figure 5. Flowchart of ATL0O8 Surface Finding.

Differential, Regressive, and Gaussian Adaptive Nearest
Neighbor (DRAGANN)
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Other photon classification approaches and YAPC
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Visualization of photon
classifications for different
models for site CA_A:

(a) RF1
(b) RF2
(c) ATLO8 data

Different classifications are
highlighted in red.

Source: Mei-Kuei Lu, TAMU
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LASERS Lab ICESat-2 software tools. https://lasers.tamu.edu/

* Filtering and classification
of photons

e Visualization and manual
labeling of photons

* Miscellaneous routines
for working with ICESat-2
data

* Format conversion
* Height metric extraction
* Track generation

e Custom-length ATLOS8
segment generation, e.g.,
30m
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PhotonlLabeler

https://github.com/OhtOnger/Pholabeler

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

Ice, Cloud, and Land Elevation Satellite 2 (ICESat-2)

Algorithm Theoretical Basis Document (ATBD)
for
Land - Vegetation Along-Track Products (ATL08)

Contributions by Land/Vegetation SDT Team Members
and ICESat-2 Project Science Office

(Amy Neuenschwander, Katherine Pitts, Benjamin Jelley, John Robbins,
Jonathan Markel, Sorin Popescu, Ross Nelson, David Harding, Dylan
Pederson, Brad Klotz, and Ryan Sheridan)

ATBD prepared by
Amy Neuenschwander

01 July 2022
(This ATBD Version corresponds to release 006 of the ICESat-2 ATL08
data)

Figure 2.4. Illustration of canopy photons (red dots) interaction in a vegetated area.

Relative canopy heights, H;, are computed by differencing the canopy photon height from

an interpolated terrain surface.

Table 2.2. Summary table of canopy parameters on ATLOS.

Group
segment_id_beg
segment_id_end

canopy_h_metrics_abs

canopy_h_metrics

Data
type
Integer

Integer

Float

Float

Description

First along-track segment_id number in
100-m segment

Last along-track segment_id number in
100-m segment

Absolute (H##) canopy height metrics
calculated at the following percentiles:
5,10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95.

Relative (RH##) canopy height metrics
calculated at the following percentiles:

Source
ATLO3
ATLO3

computed

computed

Table 2.2. Summary table of canopy parameters on ATLOS.

Group
segment id_beg
segment id_end

canopy_h_metrics_abs

canopy_h_metrics

h_canopy abs

h_canopy

h_canopy 20m

h_mean_canopy_abs
h_mean_canopy
h_dif_ canopy
h_min_canopy_abs
h_min_canopy

h_max_canopy_abs

h_max_canopy

h_canopy_uncertainty

canopy_openness

toc_roughness

h_canopy_quad

n_ca_photons

n_toc_photons

centroid_height

canopy._rh_conf

subset_can flag

Data
Integer
Integer

Float

Float

Float
Integert

Integert

Float

Integer

Integer

Description

First along-track segment_id number in
100-m segment

Last along-track segment_id number in
100-m segment

Absolute (H#¥) canopy height metrics
calculated at the following percentiles:
5,10, 15, 20, 25, 30, 35, 40,45, 50, 55,
60, 65,70, 75, B0, 85, 90, 95.

Relative (RHAN) canopy height metrics
caleulated at the following percentiles:

5,10, 15, 20, 25, 30, 35, 40,45, 50, 5,
60, 65,70, 75, B0, 85, 90, 95.

98% height of all the individual
absolute canopy heights (height above
WGS84 ellipsoid) for segment.

98% height of all the individual relative
canopy heights (height above terrain)
for segment.

98% height of all the individual relative
canopy heights (height above terrain)
for 20m geosegment.

Mean of individual absolute canopy
heights within segment

Mean of individual relative canopy
heights within segment

Difference between h_canopy and
canopy_h_metrics(50)

Minimum of individual absolute canopy
heights within segment

Minimum of individual relative canapy
heights within segment

Maximum of individual absolute
canopy heights within segment. Should
be equivalent to H100

Maximum of individual relative canopy
heights within segment. Should be
equivalent ta RH100

Uncertainty of the relative canopy
height (h_canopy)

STD of relative heights for all photons
dlassified as canopy photons within the
segment to provide inference of canopy
openness

STD of relative heights of all photans
classified as top of canopy within the
segment

Quadratic mean canopy height

Number of canopy photons within 100
m segment

Number of top of canopy photons
within 100 m segment

Absolute height above reference
ellipsoid associated with the centroid of
all signal photons

Canopy relative height confidence flag
based on percentage of ground and
canopy photons within a segment: 0

(5% canopy), 1 (>5% canopy, <5%
ground), 2 (>5% canopy, >5% ground)
Quality flag indicating the canopy
photons populating the 100 m segment
statistics are derived from less than
100 m worth of photons

oton rate of canopy |

ATLO3
ATLO3

computed

computed

computed

computed

computed
computed
computed
computed
computed

computed

computed

computed

computed

computed

computed

computed

computed

computed

computed

computed



Validation of canopy heights and terrain
elevation
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ALS terrain height (m)

Validation with ALS

datasets

L. Malambo and S.C. Popescu
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Custom ICESat-2 Canopy Height (RH98) Estimation
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Summary of samples selected by biome.

Biome Biome No. samples selected
code
Total Training  Test
Deserts & Xeric Shrublands DXS 14,482 12,310 2172
Flooded Grasslands & Savannas FGS 7718 6560 1158
Mediterranean Forests, Woodlands MEWS 7077 6015 1062
& Scrub
Mangroves MGV 5307 4511 796
Temperate Broadleaf & Mixed TBMF 28,508 24,232 4976
Forests
Temperate Conifer Forests TCF 29,492 25,068 4424
Temperate Grasslands, Savannas & TGSS 34,034 20,694 5940
Shrublands
Tropical & Subtropical Coniferous TSCF 6075 5164 911
Forests

Tropical & Subtropical Grasslands,

| 470N 'ﬁ‘f‘m m;'q;‘f" 4 ATLOB sample points Savannas & Shrublands Lo 7830 4k e
L] AAATAN G JER3 e ok Overall 141,229 120,045 21,184
')L/’\{E - [ Ecoregion boundary bl : : :

o
0 25 50 Kilometers I




Model performance with hold-out data

Sample data

Target, predictors
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Fig. 7. Variable importance assessment for the fitted canopy height regression model: a) Individual variable importance ranking. The variables (predictors) are
grouped into four themes or sources (Landsat reflectance, LANDFIRE, Biome-Ecoregion (Bio-Eco) and Topography) and colour-coded accordingly, b) Overall variable
importance contribution by data source, ¢) Landsat variable importance ranking by month and spectral band.



WOQD
NORTH DAK%TA

IOWA
NEBRASKA

ILLINOIS

KANSAS

OKLAHOM

Phississippl ALABAMA ) _GEORGIA

B
! W TEXAS
u
/ \ FLORIDA
) A .
) Y ‘ ! \ \\
%) *1
J o AR Spatial Reference
T T T T 1 o e Projection: Albers Conic Equal Area
0 250 500 1,000 km /1 ; ? Datum: WGS 1984

Fig. 2. Map of the contiguous United States depicting the distribution of major vegetation biomes and a network of validation sites applied in the canopy height

modeling assessments. Biome theme based on the RESOLVE Ecoregions 2017 base map (Dinerstein et al., 2017).

Biome
Deserts & Xeric
Shrublands
Flooded Grasslands &
Savannas

. Mangroves

- Mediterranean Forests,
Woodlands & Scrub

. Temperate Broadleaf &
Mixed Forests

. Temperate Conifer

Forests
Temperate Grasslands,
Savannas & Shrublands

- Tropical & Subtropical
Coniferous Forests
Tropical & Subtropical
Grasslands, Savannas &
Shrublands

Validation sites
= OT ALS (29)
® NEON CHM (15)

State boundary
Ecoregion boundary

i




Validation with airborne lidar datasets
CCHM (ICESat-2) vs GEDI global canopy height map

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

Table 8

Comparison of CCHM and GFCH canopy heightswith NEON canopy height models. Biome codes—ate defined as follows: DXS (Deserts& Xeric Shrublands), MFWS
(Mediterranean Forests, Woodlands & ScmbTemperate Broadleaf & Mixed Forest emperate Conifer Forests) a1 @ Temperate Grasslands,

Savannas & Shrublands).

CCHM GFCH
Site Biome N R2 Bias (m) pBias (%) MAE (m) pMAE (%) R2 Bias (m) pBias (%) MAE (m) pMAE (%)
SRER DXS 534 0.59 -0.8 —-16.8 1:5 31.3 0.47 —-4.1 —-87.1 4.1 88.6
SJER MFWS 525 0.36 -5.0 —44.7 5.2 46.5 0.22 -10.2 -90.5 10.2 90.5
BART TBMF 590 0.15 -7.0 -29.4 7.1 30.1 0.10 -5.5 -23.1 6.1 25.7
HARV TBMF 583 0.27 -7.9 —29.4 8.2 30.6 pEL: -7.5 —28.0 7.8 29.2
SCBI TBMF 581 0.61 -6.0 -21.5 6.9 24.9 -7.5 -27.1 8.1 29.4
STEI TBMF 594 0 —-4.4 -21.4 5:2 25.4 32 -4.0 -19.4 5.4 26.3
ABBY TCF 539 w -5.9 -20.7 8.2 28.7 0.48 -6.6 -23.2 9.6 33.5
NIWO TCF 595 Ut 1.5 10.9 4.1 29.9 0.35 -2.2 -16.1 4.1 30.2
YELL TCF 596 0.15 —-4.4 -29.4 7.0 47.2 0.11 -8.2 ~55.6 9.5 64.0
JERC TGSS 508 0.45 -8.2 —-39.2 8.9 42.7 0.30 —-10.6 —-51.2 11.0 53.1
KONZ TGSS 586 0.53 -3.0 -27.0 4.2 37.7 0.31 -9.0 -81.1 9.1 81.3

SERC TGSS 561 0.56 -12.1 -42.7 12.6 44.2 0.47 -14.7 -51.8 14.8 52.3

TALL TGSS 597 -9.0 -31.2 9.4 32.5 y -9.2 -31.9 9.5 32.7
WOOD TGSS 173 0.11 -1.8 —-33.4 2.9 53.9 0.09 -5.2 -97.0 5.2 97.1

S — S —
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CCHM vs GEDI/GLAD map
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Zu.edu/ice-cloudand-land-elevation-satellite-icesat-2-applications/

https:/|/lasers.ta;
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https://lasers.tamu.edu/ice-cloudand-land-elevation-satellite-icesat-2-applications/
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Mapping canopy cover with ICESat-2 for
SOUthern US FOreStS 1. Percentage of photons above 2 m:

(number of photons > 2 m) x 100%

(total number of photons)

2. Percentage of photons above 4.6 m:

(number of photons > 4.6 m) x 100 (3)

(total number of photons)

Percentage canopy and top-of-canopy photons of the total number of canopy (inside

canopy), top-of-canopy and ground photons:

(n_ca_photons + n_toc_photons)

x 100% @)

(n_ca_photons + n_toc_photons + n_te_photons)

Percentage top-of-canopy photons of the number of top-of-canopy and ground photons:

n_toc_photons

x100% )

(n_toc_photons + n_te_photons)

154 Percentage canopy of the number of canopy and ground photons:
(c)
e FCESAED n_ca_photons

transect
1 ———— x 1009
ATLOS (n_ca_photons + n_te_photons) %
segment
1 AGB (Mg/ha)
282 Mg/h
- = . Mean of #3, #4, #5 above
h 0 Mg/ha

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
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Estimation of biomass burning emissions by

integrating ICESat-2, Landsat 8, and Sentinel-1
data
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Mapping biomass
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Fig. 1. A Sonoma County-wide 30 m ALS biomass map was used as the biomass reference map for this study. The 90th percentile and standard deviations of biomass
from a model bootstrapping are shown on the left.

Fig. 7. 15 m resolution AGBD [Mg/ha] map of the Nurmes area produced using the
reference ALS and Sentinel-2 model. ICESat —2 tracks shown in black.
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