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A Note About Units  
 
The CFRU is an applied scientific research organization. As scientists, we favor metric units (e.g., 
cubic meters, hectares, etc.) in our research; however, the nature of our natural resources business 
frequently dictates the use of traditional North American forest mensuration English units (e.g., 
cubic feet, cords, acres, etc.). We use both metric and English units in this report. Please consult any 
of the easily available conversion tables on the internet if you need assistance.  
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2017 CFRU Highlights 
 

¶ CFRU membership and funding has remained relatively stable this year, with 34 member 
organizations representing half (8.1 Ƴƛƭƭƛƻƴ ŀŎǊŜǎύ ƻŦ aŀƛƴŜΩǎ ŎƻƳƳŜǊŎƛŀƭ forests (see page 11). 

¶ CFRU continued to leverage a wide variety of funding sources to support member research 
priorities. For every $1 contributed bȅ /Cw¦Ωǎ ƭŀǊƎŜǎǘ ƳŜƳōŜǊǎΣ ŀƴ ŀŘŘƛǘƛƻƴŀƭ Ϸ11.45 was 
leveraged from other sources (see page 11). 

¶ Establishment of the Maine Adaptive Silviculture Network (MASN) commenced this, year with 
three sites selected on land owned by BBC Land, LLC, Irving Woodlands, LLC, and Seven Islands 
Land Company. This new network is a statewide series of operational-scale silvicultural 
treatments where future research on forest productivity and sustainability will be studied. The 
MASN installation owned by BBC Land, LLC, was harvested in July 2017 (see page 28). 

 

Silviculture & Productivity Research 
 

¶ Economic projections of longstanding spruce-fir trials at the Austin Pond Study Area reveal that 
PCT reduced time to economic maturity by 11 years, increased maximum net present value 
(NPV) by $1,500/ha, and more than doubled average stem size. A separate analysis of 
Commercial Thinning Research Network (CTRN) data from unthinned stands indicated that 
thinning from below returned the highest maximum NPV and double average stem size 
compared to the control (see page 21).   

 

¶ The CFRU embarked on an ambitious new study series: MaineΩǎ Adaptive Silviculture Network 
(MASN).  The first installation of 18 that are planned for the state has been established with five 
treatments in Grand Falls Township on BBC Land, LLC with two more installations selected on 
Irving Woodlands and Seven Islands Land Company. (see page 28). 
 

¶ A literature review of peer-reviewed articles on forest products transportation revealed two 
Ƴŀƛƴ ǘƘŜƳŜǎ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǘƻ ōŜ ΨǊƻŀŘǎ ŀƴŘ ǊƻǳǘŜ ǇƭŀƴƴƛƴƎΩ ŀƴŘ ΨǎǳǇǇƭȅ ŎƘŀƛƴ ŀƴŘ 
ƻǇǘƛƳƛȊŀǘƛƻƴǎΩΦ Locally, a cross-sectional survey and series of in-person interviews revealed the 
major challenges facing the forest products transportation industry in Maine to be availability of 
markets and lack of skilled labor (see page 32). 
 

¶ A new study examining the long-term impacts of whole-tree harvesting was initiated on the 
Weymouth Point Study Area. Preliminary analysis indicates that aboveground biomass, 35 years 
after harvesting, did not vary by harvest type or soil rock volume after adjusting for differences 
in stand density (see page 42). 
 

¶ Beech bark disease is a major problem in the Northeast.  An analysis of USFS Forest Inventory 
Analysis (FIA) data identified five stand archetypes where beech was present. The archetypes 
take into account the position of beech in the canopy and the proportion of beech in the stand. 
From these archetypes, it is possible to make specific management recommendations for 
reducing diseased beech by taking into account (see page 50). 

 

  



Cooperative Forestry Research Unit (CFRU) Annual Report - 2017 

  

4 

Growth & Yield Modeling Research 
 

¶ The 2017 overwintering second larval instar spruce budworm (L2) survey was completed with 
the collaboration of CFRU members collecting branches.  The survey revealed very low levels of 
overwintering spruce budworm larvae in northern Maine, but highlighted a few areas with 
higher L2 densities that will be closely monitored in the future (see page 56). 

¶ Data from pheromone traps and spruce budworm L2 density sampling, obtained across over 250 
sites on CFRU landowner property in northern Maine, were used to model spruce budworm 
moth and larval abundance. Location was important, as were mapped forest conditions, with 
percentage of high-risk forest (mature forest ǿƛǘƘ җ тр҈ ƻŦ Ƙƻǎǘ ǘǊŜŜ ǎǇŜŎƛŜǎύ ǿƛǘƘƛƴ рлл ƳŜǘŜǊǎ 
of a trap being the most influential factor in predicting abundance (see page 59). 

¶ Landsat imagery and derived vegetation indices (VIs) were used to model current-year spruce 
budworm defoliation in Quebec and Maine. The most effective model used a combination of VIs 
to predict defoliation, with accuracy greater than 50% across all defoliation severity classes. This 
method was found to be comparable to aerial sketch maps in terms of accuracy (see page 62). 

¶ Phase two of a three-phase initiative to complete LiDAR acquisition for the entire state of Maine 
was completed this year leveraging CFRU member funds to attract Federal and State funding 
(see page 68). 

 
 

Wildlife Habitat Research 
 

¶ More than 50% of radio-marked spruce grouse hens nested successfully in intensively-managed 
forests in Piscataquis County. Models suggest that reproductive success increases when spruce 
grouse nest sites are located in areas with greater structural complexity (see page 72). 
 

¶ A region-wide, geospatial analysis of deer-wintering areas (DWA) has been completed. 
Economic analyses suggest that financial loss is not universal and is highly dependent on 
landowner objectives and stand conditions at the start of the simulation (see page 77). 
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/ƘŀƛǊΩǎ wŜǇƻǊǘ 
I am pleased to introduce the 2017 CFRU Annual Report.   
²ƘƛƭŜ ǘƘŜ ǎŀȅƛƴƎ ά²ƘŀǘΩǎ ƻƭŘ ƛǎ ƴŜǿ ŀƎŀƛƴέ ƛǎ Ƴƻǎǘ ƻŦǘŜƴ 
associated with cultural trends like fashion or 
entertainment, this report shows it can also pertain to 
research sites.  Highlighted in this report are updates on 
recent studies being conducted on two of the original CFRU 
research sites: Austin Pond (est. 1977) and Weymouth 
Point (est. 1979).  It is commendable that throughout the 
years, the various cooperating members managing these 
sites have recognized their value as long-term research 
sites.  The entire CFRU membership and researchers have 
benefitted greatly from their generosity over the years. 
 
Also new in 2017 was the establishment of an adaptive 
silvicultural study (a.k.a., MASN) that has evoked great 
interest by members and researchers alike.  This is just a few of the many interesting CFRU-funded 
projects that can be found within the pages of this report.   
 
The 2016-17 fiscal year presented some unique administrative challenges for CFRU. As you know, CFRU 
is housed within the Center for Research on Sustainable Forests (CRSF), currently under the direction of 
Acting Director Dr. Aaron Weiskittel.  CRSF is undergoing a University review process, which should be 
completed by 2018. The Executive Committee of CFRU has been asked to participate in this process and 
should meet with the review team in the near future. While CFRU is not under review, its University 
άƘƻƳŜέ ŀŎǘǳŀƭƭȅ ƛǎΦ  ¢Ƙŀǘ ƛƴ ǘǳǊƴ Ƙŀǎ ǇǊŜǎŜƴǘŜŘ ŦƛƴŀƴŎƛŀƭ ǎǳǇǇƻǊǘ ŀƴŘ ǇŜǊǎƻƴƴŜƭ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴ 
challenges. Thankfully, membership recognized these challenges and supported funding to fill the vacant 
Research & Communications Coordinator position.  We anticipate filling this important position by the 
end of 2017.    
 
I would like to personally thank Acting CRSF Director Weiskittel and Acting CFRU Director Roth for their 
support, guidance, and patience with this process.  Thanks also to the many research scientists that 
provided CFRU with their research talents and thoughtful proposals. I would also like to thank the CFRU 
Executive Committee for their wise counsel and support this past year. Finally, I would like to thank the 
membership for their continued enthusiastic participation and financial support of this unique, world-
class research cooperative. 
 
 
Sincerely, 
 

 
 
Gordon Gamble 
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Acting 5ƛǊŜŎǘƻǊΩǎ wŜǇƻǊǘ  
This has been a year of uncertainty and challenges for the CFRU with the departure of Dr. Bob Wagner 

for Purdue University and an ongoing review of the CRSF by the Vice President of Research Office at the 

University of Maine.  It is also a time to look to the future and build a strong foundation that will support 

the next generation of applied research and technology transfer for a changing forest ownership and 

forest products marketplace.  Along with Aaron Weiskittel, I have visited with a majority of CFRU 

membership in your offices and on the lands you own or manage to learn about how we can better 

serve you.  One of the most common themes we heard was a need to get the valuable information that 

the CFRU generates out into the hands of the foresters and managers who can make use of it. To this 

end, I am thrilled that the Advisory Committee has approved a plan to fill the position of Research and 

Communications Coordinator.  A search will be conducted in the Fall of 2017 with the goal of having the 

position filled early in 2018.   

As I begin my first full year leading the CFRU, I am impressed by the amount of research that continues 

on long-term CFRU research areas such as the Austin Pond and Weymouth Point Studies.  There clearly 

is much value in leveraging the data and investment that has accumulated over time on these studies to 

answer new questions that were not envisioned when these were installed.  There is also considerable 

value in having an established network of study locations across the region, which allows for the results 

to be applicable to a wider range of stand types and site conditions. I am very excited that membership 

is supporting a new long-term study network that will include a wide range of operational silvicultural 

ǇǊŜǎŎǊƛǇǘƛƻƴǎΦ  aŀƛƴŜΩǎ !ŘŀǇǘƛǾŜ {ilviculture Network is unique in that it will have very large treatment 

units where studies on wildlife habitat, remote sensing, growth & yield, forest and operations 

productivity, hydrology, and forest regeneration will take place. This outdoor laboratory will attract 

researchers from around the region to study issues of importance to CFRU membership.  

I am grateful for the trust and confidence that CFRU membership has placed in me to lead the 

/ƻƻǇŜǊŀǘƛǾŜ ƛƴ ǘƻ ǎǳǇǇƻǊǘ ƻŦ aŀƛƴŜΩǎ ŦƻǊŜǎǘ ƭŀƴŘƻǿƴŜǊǎΣ ŦƻǊŜǎǘǊy community, and policymakers.  I 

remain open to hearing your concerns and suggestions for how we can keep the CFRU relevant in these 

times of uncertainty.  It is my goal to keep the CFRU well positioned to continue providing valuable 

information to members in support of both sustainable forestry practices and science-based forest 

policies.    

 

Dr. Brian E. Roth 
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Membership
FOREST LANDOWNERS / MANAGERS: 
Irving Woodlands, LLC 
Wagner Forest Management 
BBC Land, LLC 
Weyerhaeuser Company 
Prentiss and Carlisle Company, Inc. 
Seven Islands Land Company 
Clayton Lake Woodlands Holding, LLC 
Maine Bureau of Parks & Public Lands 
Katahdin Forest Management, LLC 
The Nature Conservancy 
Snowshoe Timberlands, LLC 
Baskahegan Corporation 
Sylvan Timberlands, LLC 
Sandy Gray Forest, LLC 
North Woods Maine, LLC 
The Forestland Group, LLC 
Appalachian Mountain Club 
Frontier Forest, LLC 
Downeast Lakes Land Trust  
EMC Holdings, LLC 
Baxter State Park, SFMA 
Robbins Lumber Company 
St. John Timber, LLC 
Mosquito, LLC 
New England Forestry Foundation 
  

WOOD PROCESSORS: 
SAPPI Fine Paper 
  

CORPORATE / INDIVIDUAL MEMBERS: 
ReEnergy Holdings, LLC 
James W. Sewall Company 
Huber Engineered Woods, LLC 
Forest Society of Maine 
LandVest 
Field Timberlands 
Acadia Forestry, LLC 
 
 
 
 
 
 
 

 

ADVISORY COMMITTEE: 
Chair 
Gordon Gamble ς Wagner Forest Management 
 

Vice Chair 
Ian Prior ς Seven Islands Land Company 
 

Financial Officer 
Greg Adams ς Irving Woodlands, LLC 
 

Member-at-Large 
Kenny Fergusson ς Huber Resources Corp.  

[Snowshoe Timberlands, LLC; Sylvan 
Timberlands, LLC; North Woods ME 
Timberlands, LLC; St. John Timber, LLC] 

 

Members: 
Kyle Burdick ς Baskahegan Corporation 
Elizabeth Farrell ς American Forest 

Management 
Tom Charles ς Maine Bureau of Parks & Public 

Lands 
Brian Condon ς The Forestland Group, LLC 
Frank Cuff ςWeyerhaeuser Company 
Dave Dow ς Prentiss and Carlisle Company, Inc. 
Alec Giffen ς New England Forestry Foundation 
Eugene Mahar ς LandVest [Frontier Forest, LLC; 

Clayton Lake Woodlands Holding, LLC; EMC 
Holdings, LLC, Mosquito, LLC, The Tall 
Timber Trust] 

Brittany Mauricette ς Downeast Lakes Land 
Trust 

Kevin McCarthy ς SAPPI Fine Papers 
Scott Joachim ς Katahdin Forest Management, 

LLC 
Wil Mercier ς J.W. Sewall Company 
Jacob Metzler ς Forest Society of Maine 
Eben Sypitkowski ς Baxter State Park 
Nancy Sferra ς The Nature Conservancy 
Steve Tatko ς Appalachian Mountain Club 
Jim Robbins, Jr. ς Robbins Lumber Company 
Tim Richards ς ReEnergy Holdings, LLC 
Dan Pelletier ς Huber Engineered Woods, LLC 
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Research Team 

{ǘŀŦŦ 
 

¶ Brian Roth, PhD, Acting CFRU Director 

¶ Cynthia Smith, Administrative Specialist 
 

tǊƻƧŜŎǘ {ŎƛŜƴǘƛǎǘǎ 
 

¶ Erik Blomberg, PhD, University of Maine 

¶ Arun Bose, PhD, University of Maine 

¶ Russell Briggs, PhD, State University of New 
York ς Environmental Science and Forestry 

¶ John Campbell, PhD, U.S. Forest Service Center for Research on Ecosystem Change 

¶ Mindy Crandall, PhD, University of Maine 

¶ Ivan Fernandez, PhD, University of Maine 

¶ Shawn Fraver, PhD, University of Maine 

¶ Anthony Guay, MS, University of Maine  

¶ Daniel Harrison, PhD, University of Maine 

¶ Daniel Hayes, PhD, University of Maine 

¶ tŀǘǊƛŎƪ IƛŜǎƭΣ tƘ5Σ tŀǳƭ {ƳƛǘƘΩǎ /ƻƭƭŜƎŜ 

¶ Daniel Kneeshaw, PhD, Université du Québec à Montréal 

¶ Kasey Legaard, PhD, University of Maine 

¶ David MacLean, PhD, University of New Brunswick 

¶ Gaetan Pelletier, PhD, University of Moncton 

¶ Parinaz Rahimzadeh, PhD, University of Maine 

¶ Amber Roth, PhD, University of Maine 

¶ Brian Roth, PhD, University of Maine, Cooperative Forestry Research Unit 

¶ Erin Simons-Legaard, PhD, University of Maine 

¶ C. T. (Tat) Smith, PhD, University of Toronto 

¶ Robert Wagner, PhD, Purdue University  

¶ Dan Walters, MS, U.S. Geological Survey 

¶ Aaron Weiskittlel, PhD, University of Maine 

¶ Joseph Young, Maine Office of GIS 

CFRU cooperators and scientists discuss ideas during the 2016 
Listening Session in October. 

 Photo: B. Roth 
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DǊŀŘǳŀǘŜ {ǘǳŘŜƴǘǎ 
 

¶ Karin Bothwell (MS student ς Crandall and A. Roth): Deer wintering habitat 

¶ Anil Koirala (MS student ς Kizha.): Forest trucking industry in Maine 

¶ Christopher Preece (MS student ς Smith): Whole-tree harvesting at Weymouth Point   

¶ Joel Tebbenkamp (PhD student ς Blomberg and Harrison): Spruce grouse habitat 

 
¦ƴŘŜǊƎǊŀŘǳŀǘŜ {ǘǳŘŜƴǘǎ 
 

¶ Griffin Archambault (BS student ς Blomberg): Spruce grouse habitat 
  

¶ Cassandra Carroll (BS student ς Crandall): Deer wintering habitat  

¶ Jillian Demus (BS student ς Blomberg): Spruce grouse habitat 
 
 

¢ŜŎƘƴƛŎŀƭ !ǎǎƛǎǘŀƴŎŜ 
 

¶ Devin Hoffer 

¶ Adrianna Bessenaire 

 

 
 
 
 

MS graduate Karin Bothwell (right) and her advisors 
Dr. Mindy Crandall (left) and Amber Roth (center). 
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Financial Report  

Brian Roth 
CFRU Acting Director   
 
Thirty-four members representing 8.14 Ƴƛƭƭƛƻƴ ŀŎǊŜǎ ƻŦ aŀƛƴŜΩǎ ŦƻǊŜǎǘƭŀƴŘ ŎƻƴǘǊƛōǳǘŜŘ Ϸп67,353 to 
support the CFRU this year (Table 1). These member contributions will be used to support research 
activities during FY 2017-18. The amount of acreage represented by our Landowner/Manager members 
decreased by 52,074 acres (0.6%) which was largely due to the sale of Simorg North Forests, LLC. The 
new owners are actively being recruited to join the CFRU. Other notable changes included the sale of 
Canopy Timberlands Maine, LLC to the Tall Timber Trust. This property in extreme northern Maine is 
managed by LandVest, and they have chosen to join with the CFRU in support of their long-term view of 
sustainable forest management. We welcome Tall Timber Trust and look forward to having them as a 
member of the CFRU. Tons of wood products produced by Wood Processor members continued to 
decrease (289,200 tons or 13.5%) relative to last year. This was due to the loss of the UPM Madison 
Mill , which has closed.  We continue to be concerned about the stability of membership in this class, 
however, SAPPI Fine Paper continues to be a strong partner. ReEnergy Holdings, LLC is experiencing 
some financial difficulties given competition from low fuel prices and changes in regulations in the 
marketplace. We appreciate that they were still willing to make a reduced contribution this year.  
Overall, CFRU member contributions are less than last year (a $31,137 or 6.2% decrease) relative to FY 
2015-16. While some of this decrease was due to the changes described above, the Maine Bureau of 
Parks and Lands contribution was not received due to lack of a signature by the Governor and is 
therefore not included in this report. We expect that this contribution will only be delayed and 
appreciate the continuing support the State of Maine provides for the CFRU. We thank all of our 
members for their continued financial and in-kind contributions, as well as the trust in the CFRU and the 
University of Maine that these contributions represent.   
 
In addition to member financial contributions, CFRU Cooperating and Project Scientists were successful 
at leveraging an additional $138,047 in extramural grants to support CFRU research projects. This 
amount does not include $1,153,165 in leveraged funding for LiDAR acquisition from Federal and local 
sources and $60,000 from the National Science Foundation ŀǎ ǇŀǊǘ ƻŦ /Cw¦Ωǎ ƳŜƳōŜǊǎƘƛǇ ƛƴ ǘƘŜ 
national Center for Advanced Forestry Systems (CAFS), which is supporting the Commercial Thinning 
Research Network and Growth & Yield modeling projects. These external grants made up 19% of CFRU 
total income this year (Figure 1). In addition to extramural sources, the University of Maine provided 
$44,719 in direct support to CFRU projects in the form of graduate research assistantships and summer 
student salaries. Reduced indirect charges by the university on CFRU research projects contributed 
another $77,068. Therefore, the University of Maine provided an additional $121,787 or 17% of total 
funding. In total, about 68% ($690,997) of all CFRU funding came from external sources or from direct 
and indirect support from the University of Maine.  
 
!ǎ ŀ ǊŜǎǳƭǘΣ ŦƻǊ ŜǾŜǊȅ Ϸм ŎƻƴǘǊƛōǳǘŜŘ ƻƴ ŀǾŜǊŀƎŜ ōȅ /Cw¦Ωǎ ŦƛǾŜ ƭŀǊƎŜǎǘ ƳŜƳōŜǊǎ όIrving Woodlands, LLC 
Wagner Forest Management, BBC Land, LLC, Weyerhaeuser Company, and Prentiss & Carlisle 
Company, Inc.) this year, $6.64 was received from other CFRU member contributions, $2.55 was 
contributed by external grants through CFRU scientists, and $2.25 was received from the University of 
Maine in direct and indirect contributions, for a total leveraging of $11.45 for every $1 contributed by 
/Cw¦Ωǎ ƭŀǊƎŜǎǘ ƳŜƳōŜǊǎ.  
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Continued sound fiscal management by CFRU scientists and staff resulted in spending $24,240 (4.9%) 
less than the $493,674 that was approved by the Advisory Committee for this fiscal year (Table 2). All 
projects came in at or near budget; Dr. Anil Kizha. requested the surplus from his soil disturbance 
project be carried forward into FY17-18 to take advantage of the upcoming MASN harvest in Grand Falls 
Township.   
 
CFRU research expenses by category this year included 40% on six silviculture and productivity projects, 
33% on three growth and yield modeling projects, and 27% on two wildlife habitat projects (Figure 2). 

 
Table 1. CFRU member contributions received FY 2016-17 (for allocation during FY 2017-18). 

 

CFRU Member

Changes  

Acres/tons

Assessed 

Amount

Received 

as of 

09/19/2016

FOREST LANDOWNERS / MANAGERS:

Irving Woodlands, LLC 1,255,000 acres 1,255,000 acres 0 $68,804 $68,804

Wagner Forest Management 1,129,024 acres 1,031,451 acres -97,573 $57,448 $57,448

BBC Land, LLC 973,230 acres 971,299 acres -1,931 $54,320 $54,320

Plum Creek Timber Company, Inc. 865,000 acres 851,661 acres -13,339 $47,944 $47,944

Prentiss and Carlisle Company, Inc. 778,166 acres 764,543 acres -13,623 $43,300 $43,300

Seven Islands Land Company 746,791 acres 746,791 acres 0 $42,354 $42,354

Clayton Lake Woodlands Holding, LLC 464,178 acres 489,176 acres 24,998 $28,568 $28,568

Maine Bureau of Parks & Public Lands 407,000 acres 418,500 acres 11,500 $24,440 $24,440

Katahdin Forest Management, LLC 299,000 acres 299,000 acres 0 $17,462 $17,462

Canopy Timberlands Maine, LLC 294,179 acres 294,202 acres 23 $17,181 $17,181

The Nature Conservancy 158,723 acres 158,723 acres 0 $9,269 $9,269

Snowshoe Timberlands, LLC 137,720 acres 137,720 acres 0 $8,043 $8,043

Baskahegan Corporation 117,953 acres 117,853 acres -100 $6,883 $6,883

Sylvan Timberlands, LLC 105,510 acres 105,510 acres 0 $6,162 $6,162

Sandy Gray Forest, LLC 0 acres 100,013 acres 100,013 $5,841 $5,841

North Woods Maine, LLC 83,409 acres 83,409 acres 0 $4,871 $1,834

The Forestland Group, LLC 70,525 acres 13,069 acres -57,456 $763 $1,000

Appalachian Mountain Club 65,489 acres 69,534 acres 4,045 $4,061 $4,061

Simorg North Forests, LLC 61,643 acres 61,643 acres 0 $3,600 $3,600

Frontier Forest, LLC 53,338 acres 53,338 acres 0 $3,115 $3,115

Downeast Lakes Land Trust 33,808 acres 33,808 acres 0 $1,974 $1,974

EMC Holdings, LLC 31,689 acres 40,406 acres 8,717 $2,360 $2,360

Baxter State Park, SFMA 29,537 acres 29,537 acres 0 $1,725 $1,725

Robbins Lumber Company 26,786 acres 26,786 acres 0 $1,564 $1,564

Timbervest, LLC 25,191 acres 0 acres -25,191 $0 $0

St. John Timber, LLC 24,617 acres 24,617 acres 0 $1,438 $1,438

Mosquito, LLC 16,222 acres 16,222 acres 0 $947 $1,000

New England Forestry Foundation 2,852 acres 2,852 acres 0 $1,000 $1,000

      TOTAL 8,256,580 acres 8,196,663 acres -59,917 $465,437 $462,690

WOOD PROCESSORS:

SAPPI Fine Paper 1,850,400 tons 1,850,400 tons 0 $23,500 $23,500

UPM Madison Paper 336,000 tons 289,200 tons -46,800 $3,673 $0

      TOTAL 2,186,400 tons 2,139,600 tons -46,800 $27,173 $23,500

CORPORATE and INDIVIDUAL MEMBERS:

ReEnergy Holdings, LLC 1 static 1 static $5,000 $5,000

James W. Sewall Company 1 static 1 static $5,000 $5,000

Huber Engineered Woods, LLC 1 static 1 static $1,000 $1,000

Forest Society of Maine 1 static 1 static $1,000 $1,000

LandVest 1 static 1 static $200 $200

Field Timberlands 1 static 1 static $100 $100

     TOTAL $12,300 $12,300

     GRAND TOTAL (34 members): $504,910 $498,490

FY15-16 FY16-17
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Table 2. CFRU expenses incurred during FY 2016-17. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PROJECT

Principal 

Investigator

Approved 

Amount 

Amount Spent To-

Date 

Balance 

Remaining 

% Balance 

Remaining 

Total Administration $197,358.00 $191,316.08 $15,591.92 7.9%

Administration*** Roth $197,358.00 $191,316.08 $15,591.92 7.9%

Research Projects

Silviculture and Productivity: $121,104.04 $115,837.63 $5,266.41 4.3%

Strategies for rehabilitating beech-dominated stands Roth $22,000.00 $22,201.09 -$201.09 -0.9%

Long-term Impacts of Whole Tree Harvesting: Weymouth Point Study Smith/Roth $18,150.00 $15,551.35 $2,598.65 14.3%

A Decision Support System for Selecting Efficient Harvesting Systems Kizha $15,815.00 $15,777.50 $37.50 0.2%

Maine's Adaptive Silviculture Experimental Network (MASEN) Roth $32,094.00 $31,847.62 $246.38 0.8%

Eval Timber Harvest Op on Soil * Kizha $18,370.04 $15,785.07 $2,584.97 14.1%

Harvest Costs and Economic Benefits of PCT: Austin Pond Case Study Hiesl/Crandall $14,675.00 $14,675.00 $0.00 0.0%

Growth & Yield Modeling $94,548.00 $95,307.21 -$759.21 -0.8%

Maine Statewide Light Detection and Ranging (LiDAR) Data Acquisition Project ** Roth $36,600.00 $36,600.00 $0.00 0.0%

Identifying relationships between spruce budworm larval density, moth abundance, and forest conditions at the onset 

of an outbreak

Simons-Legaard & 

Legaard

$35,200.00 $35,642.04 -$442.04 -1.3%

Development an application of early detection and monitoring of SBW defoliation using remote sensing Rahimzadeh $22,748.00 $23,065.17 -$317.17 -1.4%

Wildlife Habitat: $80,664.00 $76,523.00 $4,141.00 5.1%

Populations Dynamics Spruce Grouse Harrison $29,954.00 $29,792.10 $161.90 0.5%

Landscape-level Evaluation of Deer Wintering Habitat in Northern Maine Crandall $50,710.00 $46,730.90 $3,979.10 7.8%

Total $493,674.04 $478,983.92 $24,240.12 4.9%

* Kizha requested these funds to be available early to take advantage of MASEN harvest. Remainder to roll over to FY17-18. 

** LiDAR Acquisition: $50,000 over 5 years. FY16-17 $36,600 spent. FY17-18 remaining $13,400 proposed.

*** Approved amount does not include $9,550 in revenue earned from the Forest Pest Management Course held in the Spring of 2017 
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Figure 1. CFRU income sources FY 2016-17. 

 
 
 

 

 
 

Figure 2. CFRU research expenses FY 2016-17. 

  

Photo: P. Wells/Oakleafs Studios 



Cooperative Forestry Research Unit (CFRU) Annual Report - 2017 

  

15 

Activities 

!ŘǾƛǎƻǊȅ /ƻƳƳƛǘǘŜŜ 

 
The CFRU is guided by our member organizations through an Advisory Committee. The CFRU Advisory 
Committee elects officers for the Executive Committee for two-year terms in the positions of 
Chairperson, Vice Chairperson, Member-at-Large, and Financial Officer. The Vice Chairperson serves as 
Chairperson after one term, and the past Chairperson moves to the position of Financial Officer for one 
term. Due to the retirement of Eric Dumond (ReEnergy Holdings, LLC) and his resignation as 
Chairperson in the fall of 2016, the current executive is in the second year of a three year term. Gordon 
Gamble (Wagner Forest Management) is Chairperson, the Vice Chairperson is Ian Prior (Seven Islands 
Land Company), Greg Adams (Irving Woodlands, LLC) is the Financial Officer and Kenny Fergusson 
(Huber Resources) is the Member-at-Large. The Advisory Committee will hold an election in the fall of 
2019 to select the incoming Vice Chairperson and Member-at-Large.  
 
The Advisory Committee meets three times a year for business meetings. The first business meeting of 
FY 2016-17 was held on October 19, 2016 at the Buchanan Alumni House at the University of Maine in 
Orono, ME, following which Dr. Robert Wagner named Dr. Brian Roth the Acting Director of the CFRU 
and named Dr. Aaron Weiskittel  the Acting Director of the Center for Research on Sustainable Forests 
(CRSF).  At the second meeting, held on January 25, 2017 at the Wells Conference Center at the 
University of Maine, sixteen pre-proposals were presented to the Advisory Committee. Of these, eleven 
were approved to advance to the full proposal stage and were presented at the April 12th Advisory 
Committee meeting. Eight projects were approved for funding to begin on October 1, 2017. Look for 
updates on these projects in future CFRU presentations, publications, and annual reports.   
 
 

/ƻƻǇŜǊŀǘƻǊǎ 
 
CFRU membership decreased slightly in 2016-17 which resulted in a minor loss in acres managed (Table 
1). Canopy Timberlands Maine, LLC, Simorg North Forests, LLC, and Timbervest, LLC left the CFRU, as did 
UPM Madison Paper. Plum Creek Timber Company merged with Weyerhaeuser Company in 2016; they 
continue to belong to the CFRU. Thom Dodd with Acadia Forestry has since joined the cooperative; 
welcome to the CFRU, Thom!   
 
 

tŜǊǎƻƴƴŜƭ 
 
Drs. Arun Bose and Christian Kuehne continue work on CFRU projects as postdoctoral scholars through 
the support of the Center for Advanced Forest Systems (CAFS). Dr. Bose is working on forest 
regeneration patterns while Dr. Kuehne is using the CTRN dataset to develop thinning modifiers for 
existing growth and yield models. Cindy Smith continues to do a fantastic job with CFRU administration 
duties.  With the retirement of CFRU Director, Dr. Bob Wagner in July of 2016, Dr. Brian Roth assumed 
leadership duties as the Acting Director.  Brian reports to Dr. Aaron Weiskittel, who serves as the Acting 
Director of the Center for Research on Sustainable Forests (CRSF).  The CFRU Executive Committee has 
made a recommendation to the University of Maine Interim Vice President for Research (VPR), Dr. 
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Carol Kim, that these appointments become permanent.  This decision is delayed by a pending review of 
ǘƘŜ /w{C ōȅ ǘƘŜ ±twΩǎ ƻŦŦƛŎŜΦ  
 
 

{ǘǳŘŜƴǘǎ 

 
The CFRU continues to contribute to the development of students, with three graduate students 
completing degrees funded by CFRU projects this year. Karin Bothwell has completed her MS degree, 
studying economic and spatial impacts of wildlife habitat policy with a focus on deer wintering area; she 
was co-advised by Drs. Mindy Crandall and Amber Roth. Mark Castle completed his MS degree on 
hardwood stem form, growth and yield; he was advised by Dr. Aaron Weiskittel. Anil Koirala has 
completed his MS degree, determining opportunities and challenges of the forest products trucking 
industry; he was advised by Dr. Anil Kizha. We wish Karin, Mark and Anil all the best in their new 
endeavors following graduate school.  
 
There are currently two graduate students working on CFRU funded projects:  Joel Tebbenkamp (Ph.D., 
Spruce Grouse) is co-advised by Drs. Erik Blomberg and Dan Harrison, and Christopher Preece (MFC, 
Weymouth Point) is advised by Dr. Tat Smith of the University of Toronto.  
 
In addition, almost a dozen undergraduate students were hired as research technicians for CFRU 
projects during the summer of 2017. 
 

 
CƻǊŜǎǘ ±ŜƎŜǘŀǘƛƻƴ aŀƴŀƎŜƳŜƴǘ /ƻǳǊǎŜ 
 
From February 27 through March 2, 2017, the 
CFRU partnered with the Maritime College of 
Forest Technology to host a short course in 
Orono, Maine on herbicide application and 
risk management. This course included 
presentations and lectures from a variety of 
experts in the field. There were 21 
participants from across Maine, Vermont, 
Massachusetts, New Hampshire, New 
Brunswick, and Nova Scotia. This course was 
worth 24 Category 1 credits from the Society 
of American Foresters and 25 pesticide-
licensing credits from the state of Maine.  
 

 
Course attendees learn about herbicide effects on wildlife habitat. 

 Photo: B. Roth 
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Center for Advanced Forestry Systems 
(CAFS) 

Aaron Weiskittel 
 
The Center for Advanced Forestry Systems (CAFS) is funded by the National Science Foundation (NSF) 
Industry/University Cooperative Research Centers Program (I/UCRC) in partnership with CFRU members. 
The Maine CAFS site is currently in year 4 of 5 for Phase II of I/UCRC funding. In Phase II, NSF will provide 
$60,000 per year for 5 years if CFRU members contribute a minimum of $350,000 per year. Phase I of 
CAFS contributed $70,000 per year to the University of Maine since CFRU members contributed a 
minimum of $300,000 per year to support the work of the site. The intent of NSF in later phases is to 
reduce the amount of support, while increasing the amount of industry contributions in an effort to 
'graduate' the Center as self-sustaining. There is the potential for a final 5-year Phase III similar in 
funding to Phase II, which will required continual CFRU membership contributions and a new proposal 
to National Science Foundation that is due in the late fall of 2018.  
 
CAFS unites nine university forest research programs with forest industry members across the US to 
collaborate on solving complex, industry-wide problems at multiple scales. The mission of CAFS is "to 
optimize genetic and cultural systems to produce high quality raw forest materials for new and existing 
products by conducting collaborative research that transcends species, regions, and disciplinary 
boundaries". CAFS is a multi-university center that works to solve forestry problems using multi-faceted 
approaches and questions at multiple scales, including molecular, cellular, individual-tree, stand, and 
ecosystem levels. Collaboration among scientists with expertise in biological sciences (biotechnology, 
genomics, ecology, physiology, and soils) and management (silviculture, bioinformatics, modeling, 
remote sensing, and spatial analysis) is at the core of CAFS research efforts.  
 
In September 2018, four of the original CAFS universities (North Carolina State University, Oregon State 
University, Purdue, and Virginia Tech) will graduate as they decided not to pursue a Phase III. This leaves 
University of Maine, Auburn University, University of Washington, University of Georgia, and University 
of Idaho as the five remaining sites. Since CAFS requires a lead institution and North Carolina State 
University had served this role for the last 10 years, the University of Maine has volunteered to serve as 
the lead institution and host the eleventh annual CAFS Industrial Advisory Board (IAB), which will be in 
Burlington Vermont on June 12-13, 2018.  
 
The University of Maine currently has two funded CAFS projects (16.65 and 17.70). CAFS project 16.65 
was a two-year NSF Fundamental Research Project and a partnership with Virginia Tech and the 
University of Washington aimed at understanding and modeling competition effects on tree growth and 
stand development across varying forest types and management intensities. As part of this project, CAFS 
post-doc Arun Bose analyzed long-term results from Douglas-fir, loblolly pine, and spruce-fir thinning 
trials. The analysis suggested that the stand-level relative volume growth was generally increased, but 
depended heavily on time since treatment, particularly for spruce-fir. The cumulative volume growth 
was generally higher in unthinned stands across all three forest types. The results were published in 
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volume 409 of Forest Ecology and Management. CAFS project 17.70,  The Rise of Commercially Less 
Desirable Species in Maine: Identification, Characterization, and Associated Driving Factors, was also led 
by CAFS post-doc Arun Bose. This analysis examined long-term trends in both occurrence and 
abundance for yellow/paper birch, red/sugar maple, and American beech. Occurrence and abundance of 
American beech have increased substantially over the past three decades, whereas the occurrence and 
abundance of the other deciduous species have decreased. However, these changes in beech 
occurrence and abundance were not as drastic in Maine as they were in New Hampshire, New York, and 
Vermont. Regardless, the distribution of increased occurrence and abundance of beech relative to the 
other deciduous species were associated with higher temperature and precipitation, which suggests 
that this trend may continue occur into the future.  
 
CFRU staff and several Advisory Committee members represented the Maine CAFS site at the Tenth 
Annual CAFS IAB Meeting held May 2-4, 2017 in Portland, Oregon. The meeting was well attended by 
scientists, graduate students, and forest industry representatives who met to review and approve all 
CAFS projects nationwide as well as beginning discussions about entering Phase III of the program. The 
CFRU will stay involved in the collaboration between the NSF I/UCRC through CAFS and the CRSF as long 
as there is value for the effort. 
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Research Project Reports 
 

Photo: P. Wells/Oakleafs Studios 
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Silviculture & Productivity 
 

¶ Harvest Costs and Economic Benefits of Pre-Commercial 
Thinning in Spruce-Fir Stands: The Austin Pond Case Study 
 

¶ aŀƛƴŜΩǎ !ŘŀǇǘƛǾŜ {ƛƭǾƛŎǳƭǘǳǊŜ bŜǘǿƻǊƪ όa!{bύ 
 

¶ Developing Management Guidelines for the Forest Products 
Trucking Industry in Maine 
 

¶ Long-term Impacts of Whole Tree Harvesting: Weymouth 
Point Study 
 

¶ Strategies for Rehabilitating Beech-Dominated Stands 
 
 
 
 
 
 
 
 

 
 
 

Photo: R. Wischart 
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Harvest Costs and Long-Term Economic Benefits of 
Pre-Commercial Thinning in Spruce-Fir Stands: The 
Austin Pond Case Study 
 

Patrick Hiesl1, Mindy S. Crandall2 

1tŀǳƭ {ƳƛǘƘΩǎ /ƻƭƭŜƎŜ 

2University of Maine 
 

Status: Final Report 
 

 
{ǳƳƳŀǊȅΥ 

Available information on the long-term economic impact of pre-commercial thinning (PCT) in spruce-fir 
stands is limited. At the Austin Pond study site, a spruce-fir stand that was partially treated with PCT 
allowed for long-term projections of stand growth and net present value (NPV). These projections 
indicated that PCT reduced the time to economic maturity by 11 years but also increased maximum NPV 
by approximately $1,500/ha. In addition, PCT more than doubled the average stem size. Compared to 
the control, commercial thinning (CT) reduced maximum NPV by approximately $200/ha for every 10% 
of basal area removal. However, CT also increased the average stem size. A separate analysis of 
Commercial Thinning Research Network (CTRN) data from unthinned locations further indicated that 
thinning from below returned the highest NPV compared to dominant and crown thinning, and doubled 
the average stem size compared to the control. 
 
 

tǊƻƧŜŎǘ hōƧŜŎǘƛǾŜǎΥ 

¶ Determine the economic impact of PCT using thinned and unthinned plot data from the Austin 
Pond site.  
 

¶ Determine the impact of the choice of harvesting system on NPV in combination with PCT at the 
Austin Pond site. 
 

¶ Determine the economic differences between thinning methods using CTRN data from 
previously unthinned sites. 

 
 
 
 
 
 

PCT in Austin Pond in 2014. Photo: P. Hiesl.
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!ǇǇǊƻŀŎƘΥ 

¶ Plot-level data measured in 2014 and 2015 from the Austin Pond site (Newton, Cole, White, et 
al. 1992; Newton, Cole, McCormack, et al. 1992; Hiesl et al. 2015) were projected forward for an 
additional 30 years using the Acadian variant of the Forest Vegetation Simulator (FVS). Cut-to-
length and whole-tree harvest costs and revenues were estimated using regional cycle time 
ŜǉǳŀǘƛƻƴǎΣ ƳŀŎƘƛƴŜ ǊŀǘŜǎΣ ŀƴŘ ǇǊƻŘǳŎǘ ǾŀƭǳŜǎΦ bt±Ωǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŀƭƭ ōŀǎŀƭ ŀǊŜŀ ǊŜƳƻǾŀƭ 
intensities. Linear mixed-effects models were developed to quantify the impact of basal area 
removal on maximum NPV, timing of maximum NPV, and average stem size. 
 

¶ Plot-level data measured in 2011 from six previously unthinned CTRN sites (Saint Aurelie, 
Golden Road, Harlow Road, Rump Road, Sarah Road, Schoolbus Road; Wagner et al. 2001) were 
projected forward for an additional 30 years using the Acadian variant of the Forest Vegetation 
Simulator (FVS; Weiskittel et al. 2017; Weiskittel et al. 2015). Cut-to-length harvest costs and 
revenues were estimated using regional cycle time equations, machine rates, and product 
values (e.g., Hiesl et al. 2015; Hiesl and Benjamin 2013). NPVs were calculated for three thinning 
methods (low, dominant, and crown). Linear mixed-effect models were developed to determine 
the impact of thinning method on maximum NPV, timing of maximum NPV, and average stem 
size. 

 
 

YŜȅ CƛƴŘƛƴƎǎκ!ŎŎƻƳǇƭƛǎƘƳŜƴǘǎΥ  

¶ At the Austin Pond site, results indicated that PCT reduced the time to economic maturity by 11 
years (PCT = 54 years; no PCT, or NPCT = 65 years). Basal area removal was not a significant 
factor in influencing stand age at time of economic maturity (Figure 3).  

 

¶ PCT increased the maximum NPV by approximately $1,500 USD ha-1 compared to untreated 
plots (Eqn. 1; Figure 4). Maximum NPV decreased by approximately $200 USD ha-1 for every 10% 
of basal area removal compared to the control. 
 
ὓὥὼὭάόά  ὔὖὠ ΑϽὬὥ υȟςψχρȟτχωὖὅὝ ςπȢχ ὄὃὶὩά                 ὉήὲȢρ 
 
where PCT is a dummy variable with the value of 1 for PCT-treated plots and the value of 0 for 
untreated plots. BArem is the basal area removal in percent. R2 was 0.36. 
 

¶ PCT more than doubled the average stem size compared to untreated plots (Eqn. 2; Figure 5). 
Average stem size also increased with increasing basal area removal. 
 
ὃὺὩὶὥὫὩ ὛὸὩά ὛὭᾀὩ ά πȢρυρπȢςρωὖὅὝπȢππυὄὃὶὩά        (Eqn. 2) 
 
where PCT is a dummy variable with the value of 1 for PCT-treated plots and the value of 0 for 
untreated plots. BArem is the basal area removal in percent. R2 was 0.73. 
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¶ When comparing the maximum NPV achieved using a whole-tree (WT) and cut-to-length (CTL) 
harvesting systems, the results indicated that a CTL system increased maximum NPV by 
approximately $2,000 USD ha-1 (Eqn. 3). Control plots were not included in this particular 
analysis due to gross overestimation of feller-buncher time consumption in these plots. 
 
ὓὥὼὭάόά  ὔὖὠ ΑϽὬὥ ςȟρφρρȟπωπὖὅὝςȟπρφὛὣὛ                       ὉήὲȢσ 
 
where PCT is a dummy variable with the value of 1 for PCT treated plots, and the value of 0 for 
untreated plots. SYS is a dummy variable for the type of harvesting system with a value of 1 for 
CTL and a value of 0 for WT. R2 was 0.59. 
 
In previously unthinned spruce-fir stands belonging to the CTRN network, thinning from below 
returned the highest NPV of all three thinning methods tested (Figure 6). However, NPV of the 
control was highest. Thinning from below increased the average stem size the most and doubled 
the average stem size compared to the control. 

 
 

 
Figure 3: Scatterplot of stand age at 
maximum NPV (economic maturity) 
over basal area removal from 
multiple measurement plots at the 
Austin Pond site. Dashed lines 
represent the average stand age at 
economic maturity. Basal area 
removal was not a significant 
predictor for estimating stand age 
(PCT: plots that previously received a 
PCT treatment. NPCT: plots that did 
not receive a PCT treatment in the 
past). 

 
 
 
 

 
 
 
 
 
 
 
 
 



Cooperative Forestry Research Unit (CFRU) Annual Report - 2017 

  

24 

Figure 4:  Scatterplot of maximum 
NPV over basal area removal from 
multiple measurement plots at the 
Austin Pond site. Dashed lines 
represent the average maximum 
NPV for the different basal area 
removal intensities (PCT: plots that 
previously received a PCT 
treatment. NPCT: plots that did not 
receive a PCT treatment in the 
past). 

 
 
 
 
 
 
 
 
 

 
Figure 5: Scatterplot of average 
stem size over basal area removal 
from multiple measurements at 
the Austin Pond site. Dashed lines 
represent the average stem size 
for the different basal area 
removal intensities (PCT: plots that 
previously received a PCT 
treatment. NPCT: plots that did not 
receive a PCT treatment in the 
past). 
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Figure 6: Average 
projection results (30 years) 
across the various 
treatments for previously 
unthinned sites in the 
CTRN: merchantable 
volume (a); mean annual 
increment (b); average 
merchantable stem size (c); 
net present value (NPV) (d); 
and percent difference in 
NPV from control (e). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
























































































































