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Airborne Lidar

* Prohibitively high
« > $100 per 1km?

» Operation restric

» Data access rest
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Lidar over Amazon
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Lidar Satellites

 ICESat-1 (2003~2009) & ICESat-2 (2018~)
« GEDI (2018~) : 15t high-resolution Ecosystem Lidar

GEDI

High Resolution Laser Ranging
of Earth’s Forests & Topography

IGESat2
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GEDI: NASA Earth Ventures Instrument (EVI)
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GEDI Goal: Advance our ability to
characterize the effects of changing
climate and land use on ecosystem

structure and dynamics

Carbon Cycle Biodiversity



Key Mission Milestones
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Don’t Expect GEDI to be “error-free”



GEDI Data Products

Product Description &
= PAVD profile
. ' Fiant Area index = 3.30
GEDIOO_B Level OB: (not available) ol Canopy cover = 0.81
GEDIO1_A Level 1A: (not available) .
4
GEDIO1_B Level 1B: geolocation + waveform e,
GEDIO2_A Level 2A: Elevation . )
GEDIO2_B Level 2B: Canopy Cover + LAl .
GEDIO3 Level 3A: L2 Gridding 2
0 Carosuned
GEDIO4_A Level 4A: footprint biomass
000 005 010 015 020 025
FJ 3
GEDIO4_B Level 4B: 1-km biomass map Plant Area Volume Density (m-/m")
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GEDI L1 Mission Requirement

» Acquire lidar canopy vertical profile data required to estimate AGBD
for the Earth’s global tropical and temperate forests at < 1 km
resolution. At the end of a two-year mission, AGBD of at least 80% of
the 1 km cells shall be estimated with a precision (standard error) of
the larger of +20 MgC/ha or 20% of the estimate

* This requirement is built upon
 Mission operation -> data quantity and spatial distribution
* Instantaneous acquisition and preprocessing -> input quality
» Biomass model development

GEP!
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GEDI L4 Biomass Model Development

Aboveground biomass=f(height)

Model .
Field + airborne lidar ode Uncertainty

* Issues
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GEDI Forest Structural and Biomass Database

Site area
(1000 ha)

o <10
O 10-100
O 100-500
(O >500

Geographic transferability &

Model transferability
<500 500-1,000 1,000-5,000 5,000-10,000 10,000-50,000 >50,000




GEDI L4A Biomass Stratification Scheme

| e o o DBT DNT EBT ENT GSW Total
= | s .
Africa 490 0 @ 834 0 6 1,330
W DBT _
W DNT Australia and 0 0 213 14 65 420
W EBT Oceania
ENT
pudiie Europe 333 0 0 417 0 750
North America 873 0 0 1,391 18 2,282
B North Asia 2 0 0 36 0 38
= South America 0 0 3441 0 0 3,44
[ | K B
~Rigea y . South Asia 0 0 32 0 0 326
S-Am “
S-As v 2 HoEl 1,698 0 4,814 1,98 89 8,587

GEDI L4A Footprint Level Aboveground Biomass Density, (Version 1)
https://doi.org/10.3334/ORNLDAAC/1907
Dubayah, R.0., J. Armston, J.R. Kellner, L. Duncanson, S.P. Healey, P.L. Patterson, S. Hancock, H. Tang,
EBI M.A. Hofton, J.B. Blair, and S.B. Luthcke. 2021. 12
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GEDI Mission Timeline

December 2019

January 2020

Height and Structure  Footprint and
Metrics (L1-L3) Gridded Biomass
(L4)
First Data First Two Months
Release
Monthly Data Subsequent

Release Monthly

First 12 Months

September 2020

April

September

then Monthly

Observations
End

“Final” Data Release

GEP!
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GEDI BARE EARTH ELEVATION

GEDI, Tandem-X, SRTM Elevation Profile (Orbit 9152; BEAM0101)

Different elevation products over a Peatland forest in Brunei
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GEDI FOREST CANOPY HEIGHT

THE
" TALLEST
TREES

Height (m)

ROCHETING WHALES 84
INDONESIA FACES THE FANATICS 78
LOST IN THE SAHARA 100

APRICELESS SHIPWRECK 114

5 from the Global Ecosystem Dynamics
240 750 60 270 230 290 00 structure every achieved for the pantropical

Amplitude (DN)
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GEDI CANOPY COVER

N Cover fraction
0.0 0.2 0.4 0.6 0.8 1.0

ABOUT THE MAP: This is a map of canopy cover derived from 9 months of laser altimeter measurements from the Global Ecosystem Dynamics
Investigation (GEDI). Areas with high canopy cover, exceeding 90%, are key conservation targets because their forests sequester carbon dioxide

from the atmosphere and provide important habitat that supports species richness and abundance. Lidar is the only technology that can accurately
map these areas of high canopy cover. For more information visit GEDI at gedi.umd.edu
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GEDI Plant Area Volume Density (PAVD)







GEDI Aboveground Biomass Density

Cumulative Quality Footprints as of:
2019-04-18
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GEDI over Singapore
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Bukit Timah nature reserve

First 18-mo of GEDI L2A
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GEDI Data Inventory

>5 billion plots

500 M itivi
[] 95% Beam Sensitivity After 3 months GEDI has

cal 0016 asu MM 98% Beam Sensitivity aileady pirovided imore than
400 M two orders of magnitude more
1 Baggini et al. (2012): 5.5 M shots than ICESat provided for
14 |1 Saatchietal. (2011): 3.1 M ondersafimagait uds
.. billion plots,
|

| |

Baccini et al. (2008): 0.4 M
200 M Nelson et al. (2017): 0.2 M

)' Margolis et al. (2017): 0.2 M

100 M Suetal. (2016): 0.2 M

j Chi et al. (2015): 0.2 M

Global Tropics Africa US Mexico Boreal NA China
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GEDI L4A Biomass Performance (TBD)

« High quality GEDI signal = accurate biomass estimate
« Biomass in Asia/Southeast Asia shows the largest error in all performance metrics

Region lplantfunctionaltyee lre  luruse I mRE(Mghay
_ Evergreen Broadleaf Trees 0.36 78.94 121.15
Grasslands/Shrublands/Woodlands 0.43 44.53 8.7
Deciduous Broadleaf Trees 0.62 56.88 7.81
Evergreen Broadleaf Trees 0.64 66.89 15.32
Deciduous Broadleaf Trees 0.66 47.27 21.52

pe

Deciduous Broadleaf Trees 0.66 38.08 22.81
Evergreen Broadleaf Trees 0.66 42.2 10.4

Evergreen Needleleaf Trees 0.68 35.02 14.93
Evergreen Needleleaf Trees 0.68 66.44 16.71

TMRE: Mean Residual Error

GEP! 2z
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GEDI-related Prototype Products

GLAD Global Land ODBIFWAN Ecosystem Demography model

Analysis & Discovery  (Online Biomass |nference using

Waveforms And iNven’corlj
R W #

—

Forest L
Lows J ::ngﬁ
Loss  gain I Rach :ﬁ
< —
D 1 km . . . .
Discover the past change Customize current statistical report Predict future carbon sequestration
Hansen et al. UMD Healey et al. US Forest Service G Hurtt et al. UMD

GEI &’l 23
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GEDI and Landsat Integration for Forest Height Mapping

30
Forest canopy
height, meters

Global forest cover height 2019 produced through the integration of
GEDI data (April-October 2019) and multitemporal metrics derived
from Landsat GLAD ARD. (Potapov et al., RSE, 2020)
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Tree canopy cover
2016

Tree canopy height
2016

Loss
detection

Tree canopy loss
2015-16




STABLE DYNAMIC Tree cover dynamic types, 2015

Il Non-forest Net loss
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ATBD # Data products Productleads Resolution

Challenges & Opportunities

1A: Raw waveforms, 2A:

Ground elevation, canopy Michelle Hofton ~ .
L1a-24 top height, relative height Bryan Blair 25 m (~82 ft) diameter
(RH) metrics
Scott Luthcke

® MaSSive d ata VO l u m e a n d flow L1B Geolocated waveforms %mylgglt']r?nl)?"nas 25 m (~82 ft) diameter
- Digital support

Teresa Pennington

Canopy Cover Fraction

. . 128 (CCF), CCF profile, Leaf JHS?“T:;;EHO” 25 m (~82 ft) diameter
* Performance improvement over Asia Area ndex (LA), LA profle
Scott Luthcke
° Addltlonal fleld cam palgn L3 Gridded Level 2 metrics gzﬁnr;ep?::j:a 1 km (~0.6 mi) grid

Jim Kellner

e Coo rdi n ated effo rts L4A Ei?]?_;gisr;t level above ground Laura Duncanson 25 m (~82 ft) diameter

John Armston

3 3 Gridded Above Ground Sean Healey y -
¢ from gOV; academ]c and lnd UStry LB Biomass Density (AGBD) Paul Patterson 1 km (0.6 mi) grid
Demonstrative  Prognostic ecosystem T,
products model outputs George Hurtt Grid size: Variable

Demonstrative  Enhanced height/biomass Lola Fatoyinbo Grid size: Variabl
products using fusion with TanDEM-X  Seung-Kuk Lee ne size: Vanable

Enhanced height/biomass Matt Hansen

Demonstrative . > S
products and biomass change using Chenquan Huang Grid size: Variable

BE VIR VOU
Demonstrative  Biodiversity/habitat model SHLUETEE

roducts outputs Patrick Jantz Grid size: Variable
P P Pat Burns

NORTHERN h -
l I L ARIZONA N/
GE )l BWN UNI\!’ERSITY%}? qM @ @ 29
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Nature-based Carbon Credits in High Demand
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