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Brief Outline
• What is NARA

• What I mean by Forest Sector Model

• Why would NARA  need such a model

• Example of Logging Residue Supply Curves
– Integration of Supply Logistics Group NARA research
– Integration of larger forest products markets
– Moving across NARA region (OR, WA, ID& MT)

• Future Direction 



Northwest Advanced Renewables Alliance
Our Mission:
To provide stakeholders, interested in creating a forest residuals to bio-jet industry, with regional 

solutions that are economically viable, socially acceptable, and meet the high environmental 
standards of the Pacific Northwest (WA, OR, ID and MT).

What is NARA?



• Partial equilibrium model
•Price endogenous (one to many regions, one to many 
products)
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What is a Forest Sector Model?



TIMBERLAND  A

TIMBERLAND  B MILLING 
CENTER  X

MILLING 
CENTER  Y

MARKET BALANCE MUST BE FOUND ACROSS ALL MILLING 
CENTERS AND LOG SOURCES

LOG BUYERS TRADE-OFF SOURCES TO MINIMIZE COSTS 

LOG SELLERS TRADE-OFF DESTINATIONS TO MAXIMIZE NET RETURNS

How does a market model work?



To evaluate site potential

Moving back a step 
• its about log markets

– Residues are called residues for a reason
– You need an idea about primary markets

• The past isn’t always the best predictor of the 
future

Why would NARA need such a model?
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Why project log markets?



• FIA data forms the basis for supply
– It tells us what is out there
– And perhaps more importantly where

• Manufacturing forms the basis for demand 
– We know what mills are out there and what 

they make
– And again, where

What does this market look like?



What does this market look like?



Biomass Supply Curve



Boston – What is in the pile



Boston – What is in the pile
Logging System

Study site

Unit 
Area 
(Ac) 

Residual 
Volume 
(Cy/Ac) 

Transect
Std. 

(Cy/Ac)

Total 
Biomass 

(Cy)

Percent 
In Piles

Mixed  

Fernhopper – WV 40.6 38 4.4 3,254 53.6%

Shovel 

Numskull - WV 70.2 42 4.8 6,883 59.4%

High Deck -CAS 9.8 21 17.6 796 75.0%

System Average 67.2%

Cable 

Shot Pouch - CAS 66.7 51 19.7 5,751 42.7%

Four Way – OC 60.7 45 12.8 4,630 41.9%

Euchre - OC 33.0 25 2,8 1,772 54.8%

System Average 46.5%



% Area by Harvest System and Distance 
from Road (NARA region composite)

• State and Private FIA Plot Assessment (from Berry 2015)         



Zamora/Sessions - Collection Costs
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System 1:  1-Loader only System 4: 2-Forwarders & 1-Loader
System 2:  1-Forwarder & Self-Loading System 5: 2-Forwarders & 1-Loader & 1-Operator
System 3: 1-Forwarder & 1-Loader

• Marginal cost ($/BDT) to bring forest residues to landing as a function 
of collection method and distance to landing. Mobilization costs are 
not considered (from Zamora and Sessions 2015).



What does the harvest look like?



Ground
300’ +

Ground
150 – 300’

Ground
< 150’ 

Cable
In unit 

Cable
At landing

Ground
At landing

Availability
from Boston

46.5%
from Berry

Plot specific
from Sessions

25% no swing

Costs                   
from Sessions

Collect           0.00
Grind           21.00
SwingBin 0.00
Wait               3.50

Biomass Model Assumptions

Availability
from Boston

46.5%
from Berry

Plot specific
from Sessions

75% swing

Costs                   
from Sessions

Collect           0.00
Grind           21.00
SwingBin 21.00
Wait               3.50

Availability
from Boston

67.2%
from Berry

Plot specific
from Sessions

75% in field

Costs                   
from Sessions

Collect        11.50
Grind          21.00
Wait              3.50

Availability
from Boston

67.2%
from Berry

Plot specific
from Sessions

75% in field

Costs                   
from Sessions

Collect        18.50
Grind          21.00
Wait              3.50

Availability
from Boston
67.2%

from Berry
Plot specific

from Sessions
75% in field

Costs                   
from Sessions

Collect        23.50
Grind          21.00
Wait              3.50

Older Assumptions for all ground:     Collect   20.0
Grind     17.5

Landing

Availability
from Boston

67.2%
from Berry

Plot specific
from Sessions

25% at landing

Costs                   
from Sessions

Collect          0.00
Grind          21.00
Wait              3.50



Biomass Supply Curve

I’ll get to this in a bit 
for you curious types 



Disaggregated Biomass Supply Curve
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Supply at $65/bdt for Longview
Old    975,521 bdt/yr

New    944,001 bdt/yr



What about defect?

• We’ve got great information on where the 
material is and how much it will cost to 
collect and transport it, yet the question of 
how much material there is is still there

• We assumed 15% defect
• What if we didn’t



Where we would get 1 million bdt at 
$66/bdt if pulp competes for our material 
it now takes $72/bdt

Assumes that at these prices all tops, 
breakage, and limbs are left as potential 
residues

Assumes that at these prices all 25% of 
tops, 50% of the breakage, and 15% of the 
limbs are taken by pulp mills

Biomass Supply Curve



TPO Allometric Studies

• University of Montana Bureau of Business and Economic Research: 
Logging Utilization Research

– Logging residues are estimated by sampling recently felled trees in 
active logging sites before trees are yarded to a landing.

– The ratio of growing-stock residue volume/mill delivered volume can be 
applied to planned timber harvest volumes to predict residue production 
at the stand, landscape, or state-level. 

• For example - the residue ratio = 29 cubic feet of growing-stock 
residue generated per 1,000 cubic feet of mill-delivered volume for 
the 4-state NARA project area (2008-2013 data).

– Bole, branch, and foliar biomass (i.e., non-growing stock portions of 
logging) residues can then be estimated with allometric equations.

TPO data is used to refine the 15% defect 
assumption?



Forest Products Markets



A Two Model Approach

Regional
Log Market
Can do sensitivity analyses for products but 
have to translate it to log demand 

Individual tree growth
Can provide sensitivity linkages with detailed 
sustainability studies in C2P

Long-run optimal outlook
5-year periods for longer time frame to get 
optimal silviculture which drives the long-run 
log demand

National
Product Market
Can do sensitivity analyses for product demand 
based on AEO scenarios
Stand-level growth
Can provide carbon values, but little other detail 
for sustainability measures
Short-run “likely” outlook
1-year periods for shorter time frame with limited 
silviculture. Macroeconomic conditions drive 
demand.



Combined Forest Sector 

126 Ports / Border crossings

150350 FIA forestland plots

1770 
Manufacturing 
facilities



LURA Forest Demand Drivers



LURA Forest Demand

Driven by GDP and 
housing starts Driven by GDP

Taken directly 
from AEO 2015



Paper Product Demand
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From: USDA NIFA Forest Mortality, Economics and Climate in Western 
North America (FMEC) Project 
• Uses GDP per capita and Internet use to generate elasticities that vary by GDP 

level
• At current US internet use levels GDP elasticity is negative for Newsprint and 

Printing and writing papers, but positive for Paperboard and Tissue which were 
found to be unrelated to internet

Latta, G, A.J. Plantinga, and M. Sloggy. In Press. The effects of internet use on global 
demand for paper products. Journal of Forestry.



LURA Forest Demand

Driven by 
GDP but 
shifted due 
to internet 
usage

Driven only by 
GDP

Similar ending point as 
2010 RPA, but different 
path there



What does the harvest look like?



What does the harvest look like?



Refined Biomass Supply Curves

Cheaper residues (more) 
close to Longview likely 
due to other demand like 
Northwest Hardwoods

More expensive residues 
(less) in the Longview area 
possibly due to likely 
harvest rather than optimal 
long term harvest



What does the harvest look like?



Biomass Supply Curves (avg 2015-2035)



NARA biomass model – moving on

• We’ve seen an example of the supply chain 
linkage here
– We are evaluating multiple sites across (OR, WA, 

ID & MT)
– We need to refine and improve the forest 

products spatial information (capacities etc)
• Also linkages to sustainability

– Nutrients (Maguire)
– Soils (Hatten)
– Habitat (Betts)



Non-traditional (or are they) sources
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