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Introduction
• Title: Assessing costs and constraints of 

forest residue disposal by pile burning

• Co-authors 

• Jimmy Voorhis – Kodama Systems

• Sinead M. Crotty – Carbon 
Containment Lab

• Research supported by Carbon 
Containment Lab

• Travel and presentation supported by 
Oregon State University Forestry and 
Natural Resources Extension
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Background
• Context

• What is pile burning?

• Disposal of residual 

forest biomass

• Where?

• Dry conifer forests 

(National Forests for 

this study) – sometimes 

mixed moist forests

• Why?

• Post-harvest

• Fuels reduction

From Sierra NF Facebook
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Background
• Methods

• Built by Hand

• Small, numerous, hard 

to get to

• Built by Machine

• Larger, easy to access

From The Smokey Wire

From seattle.gov

From deschutescollaborativeforest.org

• Burned 6+ months later after 

wildfire season (late fall, early 

winter, sometimes into spring)
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https://forestpolicypub.com/2021/11/02/sierra-fuels-an-illustration-of-the-problem/
https://www.seattle.gov/util/EnvironmentConservation/OurWatersheds/Habitat_Conservation_Plan/ManagingtheWatershed/UplandForestHabitatRestoration/ActiveRestoration/Slideshow-Slash/index.htm
https://deschutescollaborativeforest.org/pile-burning-central-oregon/


Background

From OFRI

• Left as Wildlife Habitat Piles with 

a mix of material size for mammals 

and amphibians to create habitat 

after operations
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Background

• Research Gap
• Machine pile burning:

• Average costs:   $543/acre

• Hand pile burning:
• Limited information
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Objectives

1. Quantify the costs of cutting and yarding, piling, and 

burning forest residues in dry western national forests in 

California, Oregon and Washington

2. Identify key cost drivers, implementation constraints, and 

opportunities for efficiency improvements

3. Estimate emissions impacts from pile burning
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Methods
1. Data from the USDA Forest 

Service’s FACTS database 
(2019–2023)

2. Interviews with 11 USDA 
Forest Service fire 
management professionals 
across CA, OR, and WA 
(20% response rate)

3. Geospatial analyses to 
correlate terrain and 
accessibility with costs

4. Emissions estimate with 
CONSUME model and 
compare CDR efficiencies

Map of National Forests in the study region. (A) broadcast burning on the 

Colville National Forest (photo credit Colville National Forest), (B) hand 

pile burning on the Deschutes National Forest (photo credit Deschutes 

National Forest), and (C) machine pile burning at a landing on the Sierra 

National Forest (photo credit Sierra National Forest). 7



Key Findings: Cost Analysis
Hand Piles 

• Interviews reported costs 

135% higher than FACTS

Machine Piles 

• Interviews reported costs 

80% higher than FACTS, 

35% than literature

Planning

• Long-term: $1.45/acre

• Day-of: $15.37/acre
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Key Findings: Cost Analysis
FACTS Database Insights (by 

state)
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n = 614 350 995 1442 556 1151 610 344 1191



Key Findings: Cost Analysis
FACTS Database Insights (by 

state)
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n = 474 426 995 355 609 1151 151 289 1191



Key Findings: Cost Analysis
Interview Insights (by state)
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Key Findings: Cost Analysis
Interview Insights (by state)
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Key Findings: Interview Highlights
• Cutting and Yarding

• Slope restrictions and social and 

ecological constraints

• Piling

• Pile construction quality is key 

and based on 

method/prescription/NEPA

• Burning

• Pile construction quality, difficulty 

with salvage piles

• Weather, seasonality, workforce 

fatigue

• Building faster than burning!

From Sierra NF Facebook
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Key Findings: Interview Highlights
• Planning

• NEPA authorizes large areas 

for burning, burn plans updated 

annually

• Day-of planning includes 

check-ins with admins

• Emergency situations take 

priority

• Alternatives

• Some familiarity, but had rarely 

seen implemented alternatives
From Sierra NF Facebook
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Cost Drivers and Constraints

Photo: Jacob Putney

• Identified Cost Drivers:

• Proximity to roads (accessibility)

• Terrain features like slope and 

elevation

• Geospatial Analysis:

• Positive correlation between higher 

elevations and increased costs

• Road density inversely related to 

costs; more roads equate to lower 

costs

• Operational Constraints:

• Challenges in planning and executing 

burns due to terrain and accessibility

• Variability in crew sizes and planning 

efforts based on site-specific 

conditions
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Environmental Impacts
• Emissions from Pile Burning:

• Annual emissions include 

11,322 metric tons of 

particulate matter, over 1.7 

million metric tons of CO₂, 
61,515 metric tons of carbon 

monoxide, 3,823 metric tons of 

methane, and 3,211 metric 

tons of non-methane 

hydrocarbons.

• Implications:

• Significant contributions to air 

pollution and greenhouse gas 

emissions.

• Need for evaluating alternative 

residue disposal methods to 

mitigate environmental 

impacts. 
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Environmental Impacts
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Policy Recommendations and 
Alternatives

From www.ncuaqmd.org

• Alternative Approaches:

• Encourage residue removal for 

bioenergy or other utilizations

• Incentivization Strategies:

• Implement subsidies for 

feedstock production, transport, 

or offtake to promote 

alternative disposal methods

• $30-54 per bone dry MT of 

biomass

• Long-Term Benefits:

• Potential for carbon-negative 

outcomes and reduced reliance 

on pile burning 
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Policy Recommendations and 
Alternatives
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• Alternative Approaches:

• Encourage residue removal for 

bioenergy or other utilizations

• Incentivization Strategies:

• Implement subsidy for 

feedstock production, transport, 

or offtake to promote 

alternative disposal methods

• $30-54 per bone dry MT of 

biomass

• Long-Term Benefits:

• Potential for carbon-negative 

outcomes and reduced reliance 

on pile burning 



Thank You – and Questions?

• Acknowledgements: Carbon Containment Lab, Yale School of the Environment, Oregon State 
University Forestry and Natural Resources Extension, and many USDA Forest Service Employees

• Citation: Barker J, Voorhis J and Crotty SM (2025) Assessing costs and constraints of forest residue 
disposal by pile burning. Front. For. Glob. Change. 7:1496190. doi: 10.3389/ffgc.2024.1496190

jake.barker@oregonstate.edu – 503-397-3462 20

mailto:jake.barker@oregonstate.edu


Citations

• Campbell, R. M., and Anderson, N. M. (2019). Comprehensive comparative economic evaluation of 
woody biomass energy from silvicultural fuel treatments. J. Environ. Manag. 250:109422. doi: 
10.1016/j.jenvman.2019.109422

• Belavenutti, P., Chung, W., and Ager, A. A. (2021). The economic reality of the forest and fuel 
management deficit on a fire prone western US national forest. J. Environ. Manag. 293:112825. doi: 
10.1016/j.jenvman.2021.112825

• Loomis, J., Collie, S., González-Cabán, A., Sánchez, J. J., and Rideout, D. (2019). “Wildfire fuel 
reduction cost analysis: statistical modeling and user model for fire specialists in California” in 
Proceedings of the fifth international symposium on fire economics, planning, and policy: Ecosystem 
services and wildfires. Gen. Tech. Rep. PSW-GTR-261. eds. A. González-Cabán and J. J. Sánchez 
(Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station), 
85–95.

jake.barker@oregonstate.edu – 503-397-3462 21

mailto:jake.barker@oregonstate.edu


Geospatial

• Graph of costs by state and 
method
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Table 2. Reported average costs for cutting, piling, and burning for hand and machine 
methods from the FACTS hazardous fuels reduction activity database for forests in our 
study area from 2019 to 2023.
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Table 3. Reported costs for hand and machine cutting, piling, and 
burning by state based on interviews with FMPs. 24
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