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Background – 
Harvest residue 

 

In the U.S. Pacific Northwest a large volume of residue are produced by forest operations. 

Western Washington and Oregon are two of the largest timber producing regions in the US. 

 Given the harvest practices and the species associated, on an average 18-22% of the above 
ground woody biomass can be categorized as harvest residue (tops, branches and foliage). 

In this region, on an average 60% of the overall harvest residue gets piled up at the primary 
landing and burned. 

Large mechanical DNR WA Naches piles. July 14 2014 

Sources: (Wiedinmyer et al. 2006), (Annenberg et al. 2012) 



•  Mechanical collection encompasses a range of treatments ranging 
from hand-piling to timber harvesting; all of which entail some sort of 
physical removal of fuels. 

 

•  Technicalities and time constraints associated with burning of slash 
piles not only increases the cost of thinning operations but makes the 
process economically unsustainable. 

 

 

 

Background: Management of forest stands: a market failure 



Background: Emissions from slash piles burn  

Method: TRACI 2.1 Source: (NETL Life Cycle Inventory Data, 2013)  
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Background: Alternative uses have been proposed 
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• The goal of the study is to develop an objective, data driven, and 
geo-spatially nuanced assessment of the environmental and health 
benefits associated with avoiding/reducing slash by recovering 
forest residues to produce biofuels instead of burning them in 
prescribed fires in the western forests.  

 

Objective 



Main Steps of the assessment 
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• Biomass supply from 3 
timbersheds in Southwest 
Washington where 
numerous facilities can be 
used in the scenario   

• Comprised of 11 counties 

• The project area includes 
214 Watershed 
Administrative Units (WAU) 

1. Biomass supply - Washington State Biomass Calculator 



2. Piles modeling – Data collection on field 

 
AIRPACT requires location coordinates 
for the pile burns so locations for the 
inputs were created in ArcMap  
 
New coordinates become burn locations 
for AIRPACT input 
 
• Pile sizes:  

• large (~50-60 tons/pile), 
• medium (~20 tons/pile),   
• small (10 tons/pile)  
• small hand pile (~0.05 

tons/pile).   
 

• These shapes and sizes are later used 
as an input for Bluesky to estimate 
emissions  

 
 
 
 
 



3. Calculation of piles emissions - BlueSky 

BlueSky modularly links a variety of independent models of 
fire information, fuel loading, fire consumption, fire 
emissions, and smoke dispersion, enabling: 
 fuels information from fuel maps; 
 the calculation of total and hourly fire consumption 

based on fuel loadings and weather information; 
 the calculation of specific emissions (such as CO2 or 

PM2.5) from a fire; 
 the calculation of vertical plume profiles. 

 
~ 800,000 tons of biomass burned in 29 days in 2011. 

(http://www.airfire.org/emissions/)  
 



4. Pollutants concentrations – AIRPACT 
 

AIRPACT model displaying the various model integrations. Graphic: Ravi 
V. et al. 2014 



AIRPACT model displaying the various model integrations. Graphic: Ravi 
V. et al. 2014 

AIRPACT predicts air quality by calculating 
the chemistry and physics of air pollutants 
within the context of the background, 
natural air chemistry and predicted 
meteorology. 
 
Variables included: 
wind speed, temperature and 
precipitation affecting dilution, chemical 
reaction rates and the removal of 
pollutants through rain-out, respectively. 
 

(http://www.lar.wsu.edu/airpact) 

4. Pollutants concentrations – AIRPACT 

 



Result example Nov. 13th PM2.5  

Human intake was estimated by 
multiplying the concentrations by the 
breathing rate (Human breathing 
rate =1.30E+01m3/(pers·d), USEtox 
2.0), then by the population for each 
pixel 

 

The result is the estimated PM2.5 
intake by the underlying population 
and spatially represented 

 

5. Human Intake 

 



• Population data 
from the 2010 
census converted 
to raster cells  

 

• Census block data 
converted to 
points and then 
the points 
converted to 4km 
x 4km raster cells, 
matching the 
same grid as the 
AIRPACT data 

 

6. Impact on population 
 



Pile burn emissions 
extracted from the 
baseline 

Results - Pile emissions 
 





 



3 of the days during the burn period 
contributed ~80% of the population 
impact 

 

Results  
Impacted population 

 



Days when the total (baseline + prescribed burn) ambient 24 hours pm2.5 average is greater than:  
 
25 microgram/cubic meter (WHO guideline) 
  Exceeded 28 out of 29 days             
 
35.5 microgram/cubic meter (US EPA guideline “Unhealthy for Sensitive Groups”) 
 Exceeded 23 out of 29 days 
 
55.5 microgram/cubic meter (US EPA guideline “Unhealthy”) 
 Exceeded 13 out of 29 days  
 
150.5 microgram/cubic meter (US EPA guideline “Very Unhealthy”) 
 Exceeded 2 out of 29 days 
 
250.5 microgram/cubic meter (US EPA guideline  - Hazardous) 
 Exceeded 1 out of 29 days 
 

* A maximum daily average value is the highest pixel value occurring anywhere in the state during 
that day   

 

Concentration Results and Air Quality Standards  



Conclusions 

• Results show an increase in poor air quality in the direct vicinity of the pile burns 
mainly caused by PM2.5  

• Depending on the amount of slash burned and the weather, particulate matter 
also travels great distances away from the pile burns, reaching densely populated 
areas such as Seattle and Tacoma, in addition to impacting smaller communities.  

• Particulate matter concentrations with the added pile burns exceed several air 
quality standards over the burn period, some concentrations reaching EPA “very 
unhealthy” air quality status.  

• Additionally, results also show that 3 days of the 29-day pile burning scenario 
account for 80% of the daily total impacted population affected by pile burn PM2.5 

concentrations that exceeded the WHO guideline of 25µg/m³. 

 



Conclusions 

• Results suggest that emissions from slash pile burns are critical at the local level.  

• Policies aimed at promoting alternative uses of biomass could dramatically 
reduce the impact on human health.  

• In areas where slash pile burning cannot be avoided, this study can help policy 
makers identifying best practices in fire management based on site specific 
factors, e.g. meteorological conditions, air chemistry, biomass supply, number of 
piles, size and shape, population density and site morphology.  

• Since these factors are site specific, the application of this method to other 
regions would be beneficial to know how pile burning affects populations in other 
parts of the country.  

 



Next steps 

Recommendations/Limitations 

• Most recent Census data  

• More species assessment/analysis 

• Assign more singular pile burns – more burn data 

 

Future Research 

• Additional sensitive areas such as schools and hospitals 

• Include other impacts such as environmental 

• Access past pile burn logs and run those scenarios 
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