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Incorporating neighborhood seed source density

● Live forest cover (%) within a 400-m radius (Tepley et al. 2017)

● Live forest cover (%) and patchiness within 25- to 250-m radii (Peeler & Smithwick 2020)

● Basal area smoothed using a Gaussian kernel (Shive et al. 2018, Stewart et al. 2021)

Seed availability proxy

Gaussian 
smooth

Live tree basal area



Post-fire conifer regeneration prediction tool

reforestationtools.org
PostCRPT

Shive et al. 2018
Young et al. 2019

Stewart et al. 2021

Live tree basal area Seed availability proxy
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Seed rain is the sum of
individual-tree seed shadows

Clark et al. 1999 Ecology



Objective
● Predict post-fire seedling 

density across space based on 
the locations and sizes of 
individual surviving trees

1. Map surviving trees using low-cost drone-based technology
2. Quantify seedling abundance in a dense grid of plots across space
3. Fit a dispersal kernel based on the summed contribution of each tree 

to each seedling plot

Approach Regeneration plot



Outline

Drone-based forest mapping

Seed dispersal modeling

Future of forest mapping



Drone-based forest mapping



USDA NAIP imagery (aerial)

● 60 cm resolution
● Every 2 years
● No 3D structure

Drone imagery

● < 3 cm resolution
● Collect (almost) any time
● 3D structure



Photogrammetry – “Structure from motion”









Parameters to tune (partial list!)

Imagery acquisition
● Flight altitude
● Image overlap
● Camera angle

Photogrammetry
● Processing resolution
● Data filtering

Tree detection
● Canopy height model smoothing
● Local maximum detection algorithm

Tinkham and Swayze 2021, Forests
Lamping et al. 2021, Remote Sensing







Parameters tested

Imagery acquisition
● Flight altitude: 90 m, 120 m
● Image overlap: 80% - 95%
● Camera angle: nadir, 25°, composite

Photogrammetry
● Processing resolution: Orig., downsampled
● Data filtering: Mild, moderate, aggressive

Tree detection
● Canopy height model smoothing: 0 to 1.5 m focal mean
● Local maximum detection algorithm: 228 parameterizations

Young, Koontz, Weeks (2022) Methods in Ecology and Evolution



Drone- vs. ground-based maps

Field-mapped tree

Drone-mapped tree

Repeated for every set of parameters (thousands!)



Individual overstory tree detection performance

Tree height Recall Precision F score

> 10 m 0.69 0.90 0.78

> 20 m 0.84 0.89 0.86



F 
sc

or
e

80% 85% 90% 95%
Overlap

Young, Koontz, Weeks (2022) Methods in Ecology and Evolution

92.5%

Flight altitude and camera pitch

Photogrammetry
Downsampling raw photos

Treetop detection
Variable-radius filter



Easy, reproducible photogrammetry workflows

https://github.com/open-forest-observatory/automate-metashape



Seed dispersal modeling
for predicting post-fire regeneration









2012 Chips Fire



2012 Chips Fire



2015 Valley Fire



2015 Valley Fire



2001 Crater Fire



2001 Crater Fire



2018 Delta Fire



2018 Delta Fire

300       hectares
30,000  drone photos
8,305    trees
305       regen plots



Σ (seed input) seeds in plot = Kernel model:
trees

Distance
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seeds in plot ~ ⍺ + ꞵ · nearest seed tree Traditional model: seeds in plot = ⍺ + ꞵ · smoothed seed input 

Live tree basal area Seed availability proxy
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Seedling density at a plot:

Fecundity of tree i

Dispersal kernel val for plot-tree distanceSeedling density at plot j

bi = tree diameter
rij = plot-tree dist.

Exponential power kernel:

Distance
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Methods and code (R and Stan) for Bayesian parameter estimation: Marchand et al. (2019) Ecology
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2018 Delta Fire 2015 Valley Fire



2018 Delta FireFitted kernel (2Dt)
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Distance to nearest

Fi
tte

d 
se

ed
lin

gs
 / 

pl
ot

Observed seedlings / plot

R2 = 0.34
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2001 Crater FireFitted kernel (2Dt) Gaussian smooth

Distance to nearest
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Individual tree-based regeneration prediction tool 
(forthcoming)

reforestationtools.org



Explaining outliers: Weak regeneration



2018 Delta Fire 2015 Valley Fire

Explaining outliers: Strong regeneration



Potential explanations
● Delayed mortality
● Aerial seed banking

Explaining outliers: Strong regeneration

Young et al. in prep.

Yellow pine cone density



Next steps in drone-based 
forest mapping



Species ID
“Traditional” multispectral ID 



Species ID
Computer vision on drone imagery

pitbull ponderosa 
pine



Species ID

120 m altitude, nadir (0°) camera 80 m altitude, oblique (25°) camera

Computer vision (AI) for taxonomic ID





EasyIDP: github.com/UTokyo-FieldPhenomics-Lab/EasyIDP



Species Precision Recall F score

cedar 0.83 0.75 0.79

fir 0.87 0.96 0.91

pine 0.94 0.95 0.94



2012 Chips Fire



Computer vision for tree detection

Python package DeepForest: Weinstein et al.



Individual tree-based mapping for post-fire planning?

Current limitation

● Small drone flight footprints

Current applications

● Inform existing tools
● Areas of special concern
● Complement to field surveys

Emerging applications

● Increasing availability of lidar
● Multiple efforts for region-wide tree 

mapping
● Improving satellite resolution 

(spatial and spectral)



Open Forest Observatory

OFO Team: Derek Young, Michael Koontz, Tyson Swetnam, Jeff Gillan, Megan Korte, Michelle Garcia, 
Steven DePaschalis, Saira Erfan, Hannah Potts, Oren Nardi. Starting soon: David Russell, Christopher 

Wong

www.openforestobservatory.org

Drone-derived 
inventories

Field-based stem 
maps

Drone-based 
mapping tools
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Species ID
Back-projection of tree location onto each drone photo 



EasyIDP: github.com/UTokyo-FieldPhenomics-Lab/EasyIDP


