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Renewable energy in US in 2002 (www.oregon.gov/energy). 

Total Energy Use 2000
USA   99 quadrillion BTU

World 397 quadrillion BTU

http://www.oregon.gov/energy
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harvest residue ready for transport from field to utilization site



harvest residue transport from field



Hazard fuel reduction treatment in NE Washington State



Piled logging slash in NE Washington State



SSSA S7 Biomass Sustainability

Current bioenergy production in the PNW is limited. 

- biomass to electricity plant at Kettle Falls, WA, opened 1983, 
currently burns about 500K tons wood/y and generates 53 
megawatts max of electricity from biomass (additional 8 MW from 
natural gas)







from "Billion ton biomass update, 2011"
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Key Needs: Long-term Soil Productivity 
Studies Background:

• Needed long-term studies to access effects of 
practices on soil productivity

• Study treatments were based on a literature 
review (Powers and others) 
• Two ecosystem properties—organic matter and 

soil porosity—were most apt to be influenced by 
management, and have subsequent long-term 
impacts on soil productivity

• Vegetation control added as an additional 
treatment to reduce confounding effects
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Long-Term Soil Productivity Network
R. F. Powers, personal communication

Matlock, WA
Fall River, WA
Molalla, OR

Washington and 
Oregon Regional 

Studies

Includes more than 62 sites on major soil and forest types in the United States and 
Canada. These studies looked at the effects of biomass removal, soil compaction 
and vegetation control on forest productivity 
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Fall River, WA: Planted, age 47 
(seed)  Douglas-fir / natural 
hemlock stand; Site Index of 41- to 
43-m (135-140 ft)*

Molalla, OR: Natural stand, age 56, 
Douglas-fir; Site Index 36-m (118
ft.)*

Matlock, WA: Natural stand, age 45, 
Douglas-fir; Site Index 36-m (118
ft.)*

(*Site Index after King 1966)

Regional Long-term Soil Productivity Studies:
Initial Stand Conditions:
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Biomass Removal Treatments: Fall River
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Bole only (BO)
Conventional harvest

Total-tree plus all coarse 
woody debris (TT+)Total tree (TT)

Bole only to 5-cm top
(BO5)



summary table from Ares et al. 2007



summary table from Ares et al. 2007



Mean Seedling Heights: 
Matlock and Molalla by Year and OM removal 
Treatment
Weeded treatments only
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Mean Seedling Caliper (15 cm): 
Matlock and Molalla by Year and OM Removal 
Treatment
Weeded treatments only
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Seedling Mean Diameter and Heights w and w/o Vegetation 
Control by Location and Organic Removal Treatment

Weeded
Not 

Weeded
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Aboveground dry weight of Douglas-fir trees and competing vegetation, at plantation 
age five years, without (-VC) and with (+VC) annual vegetation control at three sites. 
Site/treatment combinations accompanied by the same letter do not differ in total dry 
weight (trees plus competing vegetation) at α=0.05 according to Tukey’s test (Sokal and 
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Nitrogen Risk Ratings - Generalized Concept 
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Proportion of site N pool removed:

Increasing N limitation risk (after Evans, 1999)

Low                 Serious            Imminent decline

0.1                     0.3                       0.5 

= T

A =

S = 



Example Analysis:  Fall River LTSP Nutrient 
Risk Ratings for N loss from Harvest

Source for risk rating: Evans, J. 1999 Sustainability of plantation forestry: impact of species change and successive rotations of pine in the Usutu
Forest, Swaziland. Southern Africa Forestry Journal 184: 63–70.



Nitrogen Risk Ratings - Generalized Concept 
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Proportion of site N pool removed:

Increasing risk (after Evans, 1999)

Low                 Serious            Imminent decline

0.1                     0.3                       0.5 

= T

A =

S = Fall River : Total-tree plus forest floor = 0.09 

Matlock: Total-tree plus forest floor removal = 0.16

Bole-only removal = 0.05    (5%)  [Johnson et al. 1982]

Total-tree removal = 0.10     (10%)  

Glacial 
outwash 

Grove soil



Risk to Long-term Site Productivity 
Due to Whole-tree Harvesting in The 
Coastal Pacific Northwest

Austin Himes thesis work, 
pub in Forest Science



Stability Ratio
0.10.3

Whole-tree

Stem-only



Results





Low-Risk Site High-Risk Site

Forest floor Retain Retain

Legacy wood Retain Retain

Wood Meet FP regulations for large 
woody debris

Meet FP regulations for large 
woody debris

Fine slash and needles Conserve, e.g., pile thick slash 
after needle fall; “total-tree”
harvesting is less of a concern

Retain in place /  Bole-only 
harvest; cut-to-length 
thinning with slash in place

Debris concentrations at 
landings

Utilize wood but retain fine 
slash covering  after needle 
fall and retain and scatter 
legacy wood

Utilize wood but retain fine 
slash covering  after needle 
fall and retain and scatter 
legacy wood

Conclusions: Recommendations for Harvest Residuals Management

37
Assumes only hazard / consequence is nutrient pool reduction



Deep Soil Carbon & Nitrogen
Methods
o 22 study sites in intensively managed 

plantations across the Pacific 
Northwest Douglas-fir zone

o Excavator used to dig at least  2.5 m 
deep soil pits

o Bulk density samples taken at 
intervals of:

• 0.0-0.2 m
• 0.2-0.5 m
• 0.5-1.0 m
• 1.0-1.5 m
• 1.5-2.0 m
• 2.0-2.5 m

o Forest floor gathered from randomly 
placed 0.3 x 0.3 m quadrat

o Samples analyzed for C & N
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Stability Ratio
0.10.3

Whole-tree

Stem-only



Thanks to PNW Stand Management 
Cooperative (26 members), National 
Council for Air and Stream 
Improvement, USFS/DOE Agenda 
2020, NSF Center for Advanced Forest 
Systems, Univ. Washington 
Kreuter/Gessel Scholarships. These 
are affiliate sites of the USFS long-
term soil prod. network.  
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