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Theory, Scaling 
Predictions

Determine how 
scaling 

relationships 
should change 
based on forest 
environmental 
characteristics 

(age, disturbance, 
type, etc)

Canopy 
Delineation

Demarcate the 
crown of each 

individual canopy 
tree in a forest 

from RGB, LiDAR, 
or hyperspectral 

images

DBH Estimates of 
Canopy Trees

Derive the size of 
each canopy tree 
from its height, 
create canopy 

size-abundance 
scaling 

relationship

Predictions of 
Understory Trees

Interpolate the 
missing 

component 
(understory) of 

the size-
abundance scaling 
relationship based 
on (1), (2), and (3)
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Workflow
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Research 
Questions

1) Do forests converge to a 
size-abundance slope of -
2 absent disturbance? 

2) Does disturbance induce 
predictable deviations 
from -2?

3) Do characteristics such as 
forest age, maximum 
tree height, and 
mortality predict size-
abundance slopes 
without accounting for 
disturbance?
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Forest 
Inventory 

and 
Analysis 

(FIA)

Menlove & Healey (2021) ORNL DAAC



Methods
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Fit size-abundance distribution to 
each plot, obtain slope estimate

Model slope as response variable, 
forest characteristics as predictors 
using Bayesian statistics
Account for effect of space by including 
ecoregion as a spatially autocorrelated 
variable

Response variable: Size 
abundance slope

Predictors: Disturbance 
presence/absence, maximum 
forest height, stand age, mortality



Results
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NA 77.43% 11.29% 61.08% 52.01% 74.47% 79.32% 25.03% 0.00%

Proportion of Samples Inside the Region of Practical Equivalence (ROPE)
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Stand Age (Years)
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Theory, Scaling 
Predictions

Canopy 
Delineation

DBH Estimates of 
Canopy Trees

Predictions of 
Understory Trees
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Next Steps
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In revision at PLOS Biology

Individual canopy tree species 
maps for the National Ecological 
Observatory Network

Ben. G. Weinstein, Sergio Marconi, Alina Zare, Stephanie 
A. Bohlman, Aditya Singh,  Sarah J. Graves, Lukas Magee, 
Daniel J. Johnson, Sydne Record, Vanessa E. Rubio, 
Nathan G. Swenson, Philip Townsend, Thomas T. Veblen, 
Robert A. Andrus, Ethan P. White
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Plot Design
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Stand Age Map
Google Earth Engine

Eichenwald et al (Unpublished)19



Environmental 
Variables Alter 
Scaling Slope

Duncanson et al. (2015) Global Ecology and Biogeography
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Hypotheses 
Regarding 
Disturbances
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Zhou and Lin (2018) showed that this paradox results from the ignorance of 
growth rate difference...Nevertheless, the −2 [size-abundance relationship] 
of trees in natural forests is widely demonstrated

“

”Enquist et al. (2009) PNAS
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