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Fire is an inevitable 
part of nature, but 
megafires are not.





There are many reasons for 
the megafires we are 
having today.



A century of fire suppression! 

Too few good fires (low intensity) 
and 

too many bad fires (high 
intensity.)

Fire 
deficit!



Wildland Fire Deficit
• Apocalyptic wildfires have become the 

norm.  The 2021 Dixie fire was the largest 
single-source wildfire in CA history.

• A policy of wildfire suppression has resulted 
in fuel accumulation, increasing the risk of 
severe wildfires during fire season.

• Climate change (megadroughts, 
heatwaves) and invasive species 
exacerbate the problem

The solution:   

Proactive wildfire risk mitigation through 
prescribed burns.



https://www.fs.usda.gov/managing-land/wildfire-crisis 

2022 

US launches a new  
ten-year strategy to 

proactively confront the 
wildfire crisis by ramping 

up prescribed burns  
by 4X!

https://www.fs.usda.gov/managing-land/wildfire-crisis


• BurnPro3D is a decision-
making tool to plan safe and 
effective prescribed burns 

• It uses a coupled fire/
atmosphere model to capture 
the interaction between user-
defined ignition patterns and 
environmental (weather, fuel) 
conditions. 

• Powered by the Wifire Data and 
Models Commons and led by 
Dr. Ilkay Altintas  



FastFuels
3D Fuels for Fire 
Models

TrueTrees
Lidar-Derived Tree 
Positions and Heights 

DripTorch
Custom Ignition 
Patterns

QUIC-Fire
Prescribed Fire 
Simulator

Four Pillars of BurnPro3D



FastFuels TrueTrees

3D (1m resolution) 
Statistically modeled tree 

parameters 

Landfire

2D (30 m resolution) 

3D (1m resolution) 
Lidar-observed tree parameters 

FIA DB 



FastFuels is “a 3D fuels super- 
highway” that accelerates the use 
of 3D fire models.



FastFuels is “a 3D fuels super- 
highway” that accelerates the use 
of 3D fire models.

TrueTrees represents an ”on-ramp” 
to this superhighway that 
integrates ALS observations into 
3D fuels.



Tree Parameters  
(Dendrometrics) in 
FastFuels and 
TrueTrees

Tree 
Parameter FIA Symbol FastFuels TrueTrees

Position [m] X,Y

Modeled from 
forestry data 

Measured by 
Lidar Height [m] HT

Crown radius 
[m] CR

Diameter [m] DIA

Modeled from 
Lidar and 

forestry data
Species code SPCD

Crown base 
height CBH

Statuscode STATUSCD N/A N/A



TrueTrees is a scalable, automatic workflow that 
carries out two main tasks: 

1. Raw Lidar point cloud data query, retrieval and 
treelist extraction. 

2. Modeling of tree parameters that can not directly 
be determined by Lidar. 

TrueTrees interacts with multiple external data 
sources and services: 

• USGS 3DEP Lidar data repository (Rockyweb) 

• WIFIRE Commons Data catalog (Lidar metadata) 

• FastFuels Server (SilvX Labs) 

TrueTrees workflow is integrated in BurnPro3D 
software stack.
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rockyweb.usgs.edu
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SilvX Labs FastFuels Server

Lidar surveys
Lidar Data

Treelist

Treelist

3D Fuel Model



Treelist Extraction from Lidar Point Cloud Data
ALS Point Cloud Data Pit-free canopy height model

Noise filtering 
Normalization

Smoothed CHM

Height-based 
filtering

Tree segmentation 
(Watershed algorithm)

Tree  
extraction

Tree list
Labeled 
Point Cloud



Treelist Extraction from Lidar Point Cloud Data
ALS Point Cloud Data Pit-free canopy height model

Noise filtering 
Normalization

Smoothed CHM

Height-based 
filtering

Tree segmentation 
(Watershed algorithm)

Tree  
extraction

Tree list
Labeled 
Point Cloud



Reference tree extraction result: 
U.S. Forest Service Lidar survey for northern CA forests, reported by Xu et al. (2018)

Verification of Tree Extraction Workflow
Reference tree extraction result: 
U.S. Forest Service Lidar survey for northern CA forests, reported by Xu et al. (2018)

Length of height-based filter 
(Pitkänen et al., 2004) adjusted by 
trial-and-error.
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Tree Extraction 
Workflow Weak Scaling
• R/Future for distributed processing of data chunks 
• Deployed on Nautilus Kubernetes cluster using persistent or 

ephemeral volumes for shared data 
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Tree Extraction 
Workflow Weak Scaling
• R/Future for distributed processing of data chunks 
• Deployed on Nautilus Kubernetes cluster using persistent or 

ephemeral volumes for shared data 
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<latexit sha1_base64="dzTrvCQuMKKPmaEoq79lI02q1ms="></latexit>

p(Ck|z = X) =
p(Ck) p(z = X|Ck)

p(z = X)
.

• Probability that tree of height X belongs to 
species k: 
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p(Ck|z = X) =
p(Ck) p(z = X|Ck)

p(z = X)
.

• Probability that tree of height X belongs to 
species k: 

• Correction factor is applied to priors to 
reproduce species composition in forest 
inventory data  



Tree Diameter Modeling

• 2D Gaussian model of diameter-height -distribution fitted 
to forest inventory analysis database for each species



Tree Diameter Modeling

• 2D Gaussian model of diameter-height -distribution fitted 
to forest inventory analysis database for each species

• Sample is drawn from 1D Gaussian for given tree-height 
and species



• 2D Gaussian model of diameter-height -distribution fitted 
to forest inventory analysis database for each species

• Sample is drawn from 1D Gaussian for given tree-height 
and species

Tree Diameter Modeling



3D Fuel Model Comparison
Ft. Stewart Burn Unit, GA

Dynamic  
FastFuels

TrueTrees

Tree height
42 m

0 m



Summary
• Prescribed burns are a proven way to mitigate wildfires in the face of heatwaves, 

megadroughts and fuel accumulation. 
• BurnPro3D is a prescribed burn planning tool that combines advanced fire simulations 

and the 3D fuel models FastFuels to identify safe burn conditions. 
• TrueTrees is an on-ramp to FastFuels that replaces randomly generated tree parameters 

in FastFuels with Lidar observations. 
• A scalable, automatic workflow was developed to automatically identify available Lidar 

surveys, extract tree parameters from raw point cloud data and models and models 
missing parameters. 

• The workflow is integrated in the BurnPro3D application stack.
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Questions?
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More info:
2023 eScience conference 
paper: 
https://ieeexplore.ieee.org/
abstract/document/10254923/


