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              Mission Objectives

1. Quantify the distribution of aboveground 
carbon stored in vegetation

2. Quantify the effects of vegetation disturbance 
and recovery on carbon storage

3. Quantify the potential for existing and 
new/regrowing forests to sequester carbon in 
the future

4. Quantify the spatial and temporal distribution 
of habitat structure and its influence on 
habitat quality and biodiversity



2021

Hansen et al. (2021).  Towards monitoring forest 
ecosystem integrity... Conservation Letters



Assessed relative importance of tropical forest 

integrity, structural condition and forest cover 

on the odds of >16,00 species of mammals, 

birds, reptiles and amphibians being 

threatened and having declining population 

trends (IUCN).

Pillay et al. (2022) Nature Ecology & Evolution, 

doi.10.1038/s41559-022-01915-8

Incorporating Forest Structure 
(and human pressure) 

to derive Integrity (beyond cover) has high 
value for conservation assessments

Forest integrity is strongly associated with 
lower risk of extinction and population 
decline in humid tropical vertebrates

Species tended to face lower 
probabilities of extinction risk and 

declining populations if their ranges 
contained greater proportions of forest 
cover of high structural condition and 

integrity 



Protected area (PA) 

effectiveness depends on 

incorporating multiple 

indicators of biodiversity 

(habitat cover, canopy 

structural integrity, 

human / hunting pressure)

Brodie et al. (2023)  

Landscape-scale benefits 

of protected areas for 

tropical biodiversity. 

Nature (24 August)

Applications of GEDI forest 
structure for Conservation 

and Policy
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Study: 
● Multi-scale (a) ALS census (10-50m radius) & 

(b) kriged GEDI samples (200-5600m radius 
concentric rings) to predict plant/tree diversity 
across 38 NEON sites (US)

● Assessed several diversity indices and lidar 
structural metrics

Using GEDI to model cross-biome forest biodiversity across NEON sites: 
effects of scale, sampling density, and spatial structure

Hakkenberg et al. (in press) ER:Ecology

Findings:
● ALS FHD predicts 20m2 plant diversity across 

biomes. GEDI sampling mostly nonsignificant. 

● ALS and GEDI FHD predict tree diversity across 
sensors, indices and scales; esp. Simpson’s D, 
which gives greater weight to dominant species

 Conclusion:
● GEDI sampling matches the performance of 

ALS census for predicting tree diversity, but 
GEDI not predictive of plant diversity



Spatially-continuous, annual maps of 
forest structure metrics derived from GEDI

Completed across the GEDI domain at multiple resolutions 

(300m, 1 km, 6 km, 12 km)

Being archived at the ORNL DAAC & made available via GEE

Note these are not the official GEDI L3 data products (Armston et al.)



Foliage Height Diversity mean from 2019 to 2022

Example gridded data at 12 km resolution

Patrick.Burns@nau.edu



Number of Modes 
U.S. Pacific Northwest

Evenness of PAI Profile 
Gabon

Height of Median Energy
Borneo

Example Regions 1km mean from 2019 to 2022

Nearly-continuous map at 1 km Still lots of gaps in the tropics

Evenness of PAI Profile 
Gabon



GEDI gridded structure (@6km res)

Hakkenberg et al. (in press) ER:Ecology



NEON ALS – Abby Road (western Cascades)



NEON ALS - Yellowstone 



NEON ALS - Bartlett 



Advancing Fusion: GEDI+CCDC
GEDI metrics predicted at 30m spatial resolution
❖ Relative Height (RH) percentiles: 50%, 95% 
❖ Foliage Height Diversity, plant area index, and cover
❖ Plant area volume density from 0 to 5 m 
❖ Above ground biomass density

Predictors sampled at GEDI footprints
o Landsat-based Continuous Change 

Detection and Classification (CCDC) 
coefficients, synthetic band and index 
values, texture of indices

o GFC years since forest loss

RF Modeling
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ESA Annual Meeting 2023 Session

GEDI space-borne lidar for global biodiversity applications

Organized & with presentations by:
Chris Hakkenberg  &  Pat Burns

And additional invited presentations by:
Alex Killion, Yale
Kerri Vierling, Univ of Idaho
Zaneta Kaszta, NAU



Special Issue: Ecological Roles of Structural Diversity
Hakkenberg et al. (2023) Frontiers Ecol. & Evol. 



More Things of Interest..



Remember..


