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Project Title: Preparing for spruce budworm in Maine: decision support and strategies to reduce
impacts

Abstract

Spruce budworm (SBW) is the most widespread and economically important forest insect pest in
eastern North America, and periodic outbreaks result in up to 85% mortality in forests containing large
quantities of spruces and balsam fir. Both theory and past experience suggest that another spruce
budworm outbreak is due across the Northern Forest region. This places Maine’s forest, with its high
spruce-fir content, in a vulnerable position. Managing that forest in light of an impending budworm
outbreak can best be supported if forest managers in Maine (a) understand the magnitude of potential
consequences of the next SBW outbreak on their wood supplies, land values, and management plans,
(b) implement appropriate harvesting and silviculture in advance of that outbreak to mitigate
consequences when it occurs, and (c) have in place a sound decision support system to allocate harvest
and protection activities once the outbreak begins. Over two years, this project will implement the
Spruce Budworm Decision Support System (originally developed for New Brunswick) and other
analytical methods to help equip forest managers in Maine with these capabilities. Specific objectives
are to:

1) build SBW defoliation scenarios representative of levels observed in New Brunswick and Maine
from available historical data;

2) integrate Forest Inventory and Analysis (FIA) data, the Forest Vegetation Simulator (FVS), and
host defoliation-damage relationships to quantify stand volume impacts in Maine stands;

3) customize the Spruce Budworm Decision Support System (DSS) for Maine using those defoliation
scenarios and stand impacts to quantify potential impacts and to aid in protection design;

4) produce from the DSS, maps of stand volume impact by outbreak scenario from available CFRU
member GIS data and stand yields;

5) develop an aspatial timber supply model for Maine using FIA data, FVS projections, typical
silviculture systems, and SBW outbreak and defoliation-impact relationships to help design and
quantify the benefits of silviculture portfolios for a wide range of outbreak start dates (2015, 2025,
2035, 2045) and severities.
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Background

Spruce budworm (SBW) is the most widespread and economically important forest insect pest in
eastern North America. Periodic SBW outbreaks typically last about 10 years, and result in up to 90%
growth reduction and 40-85% mortality in forests containing high quantities of spruces and balsam fir.
As a result, mitigation measures such as insecticide spraying and salvage of impacted stands have been
widely used in past outbreaks. Nevertheless, growth and mortality losses wreak havoc with forest
management plans and cause major uncertainty about future forest conditions.

During the twentieth century, two budworm outbreaks impacting Maine caused extensive tree
mortality (1913-1919 and 1972-1986), while a third in the late 1940s caused defoliation, but was not a
major mortality event (Irland et al. 1988; Seymour 1992). The 1970s and 1980s era budworm outbreak
stimulated a major insecticide spray program as well as extensive road building to salvage vulnerable,
dead, and dying stands. The outbreak and subsequent harvesting regenerated large forest areas in a
relatively short time span, and current estimates suggest that 2.4 million acres of Maine forest consist
of maturing spruce and fir dominated stands (medium and large diameter). This area supports a
standing volume of 3.3 billion cubic feet of fir and spruce in the more vulnerable medium and larger
diameter classes (McWilliams et al. 2005). Both theory and past experience suggest that another SBW
outbreak is due across the Northern Forest region.

A vulnerable forest combined with a likely recurrence of a budworm outbreak, heightens the need for a
systematic approach to mitigating the negative impacts when the outbreak occurs. Such an approach
should address three fundamental questions:

[1]  What is at stake?
Quantifying the potential consequences of an SBW outbreak on wood supplies, land values, and
management plans defines the magnitude of what is at stake and provides an important basis for
deciding upon appropriate management response. Developing this knowledge now is important
because the forest management context for the next SBW outbreak will be considerably different
than extant the 1970s and 1980s outbreak.

[2] What can be done in advance of the outbreak to mitigate impacts?
How the forest is managed from present to time of outbreak will change its character and thus its
vulnerability to an SBW outbreak. Harvest and silviculture strategies to be implemented in
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advance of the outbreak can be designed to reduce vulnerability of the forest, and thus, magnitude
of budworm-induced impacts once an outbreak begins. Such proactive on-the-ground management
is consistent with the admonition that “the time to manage budworm damage is between
outbreaks...” (Seymour 2009, CFRU Budworm Workshop). Much opportunity exists to
systematically explore vulnerability reduction measures, and through quantification of costs and
benefits, identify those which are most effective.

[3] What can be done during the outbreak to mitigate impacts?
Judicious design and allocation of salvage harvest and protection measures is critical to limit
impacts during the outbreak itself. Building a fully supportive decision support framework now
for use once an outbreak begins is possible and advisable to take advantage of advances in control
options, entomological expertise, protection planning and delivery technology; and to account for
the numerous changes that have occurred since the outbreak of the 1970s and 1980s, including
differences in forest ownership, widespread use of partial harvesting, more extensive road
networks, emergence of a forest bio-fuels and bio-products sector, emergence of carbon as a
resource value, and differences in political stance and financial resources. Given uncertainties
associated with these changes, proactive assessment of vulnerability to, and implications of, a
future SBW outbreak is essential to put in place effective policies, response strategies, and
appropriate infrastructure before these events unfold.

The Spruce Budworm Decision Support System (SBW DSS), originally developed by the Canadian
Forest Service, is available to assist with SBW and forest management planning with respect to these
three questions. It quantifies marginal timber supply (m*/ha) benefits of protecting stands against
budworm defoliation (Erdle 1989; MacLean et al. 2001). The DSS allows users to determine effects of
different foliage protection (insecticide use) or salvage harvesting strategies on forest development and
outputs, and quantifies relative volume benefit of alternative spray or salvage blocks (MacLean et al.
2000a, 2002). The SBW DSS has been implemented for all forest in New Brunswick and for test areas
in four other provinces, and used by used by governments and private agencies in New Brunswick,
Ontario, and Saskatchewan to quantify budworm defoliation-caused impacts and minimize spruce-fir
harvest losses. In recent years, the DSS has evolved in terms of 1) stand-species impact resolution
(separation of host species defoliation and volume impact projections; Hennigar et al. 2008), and 2)
better integration of stand-impact projections with industrial-scale timber supply models such as
Woodstock (Remsoft 2007) to allow optimized re-planning of the harvest schedule and salvage of
budworm-killed timber volume (Hennigar et al. 2007). This integrated model framework allows for
linear optimization of forest-pest management objectives (e.g., timber supply, habitat, foliage
protection, net revenue).

In a CFRU-funded project, Hennigar (2008): 1) developed methods (based on MacLean et al 2001,
2002; Hennigar et al. 2007) to apply the SBW DSS framework on two test forest township datasets in
Maine, 2) projected spruce-fir volume reductions from 2010-50 for each township under hypothetical
moderate and severe SBW outbreak scenarios beginning in 2010, and 3) demonstrated effects of
alternative spatiotemporal protection intensities (0-70% of susceptible forest) and salvage to minimize
budworm caused volume loss.

This proposal is to continue implementation of the SBW DSS for all host forest areas in Maine.
Hennigar (2008) described the successful test-case implementation. Hennigar (2008) analyzed two
Maine townships dissimilar in available forest information and stand types: 1) a 10,500 ha northeastern
industrial forest holding operated by J. D. Irving, Limited, having detailed growth and yield projections
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and an existing Woodstock timber supply model; and 2) a 9,700 ha southeastern forest holding owned
by a Real Estate Investment Trust and managed by American Forest Management with relatively
coarse growth and yield information (broad stand types and species resolution), no pre-defined timber-
supply model or description of forest interventions planned during the next 10-30 years. The two test
forest townships contained 78% and 85% of stand types susceptible (>10% spruce-fir current inventory
volume) to SBW.

Project Objectives

In this project, we propose to implement the SBW DSS in Maine to determine: 1) the likely spatial
distribution and magnitude of stand volume impacts if a SBW outbreak occurs in the next 5 years on
CFRU members’ lands; and 2) robust silviculture systems or schedules that consistently reduce SBW
impact on long-term harvest, given uncertain timing of outbreak initiation and defoliation severity.

Primary objectives are to:

1. build SBW defoliation scenarios representative of levels observed in New Brunswick and Maine
from available historical data;

2. integrate Forest Inventory and Analysis (FIA) data, the Forest Vegetation Simulator (FVS), and
host defoliation-damage relationships to quantify stand volume impacts specific to Maine stand
types (e.g., what volume loss is expected 15 years post severe defoliation for a mature spruce-fir
shade-intolerant hardwood stand type?);

3. map stand volume impact by outbreak scenario from available CFRU member GIS and stand
yields; and

4. develop a broad aspatial timber supply model for Maine using FIA plots as inventory, FVS
projections, Maine silviculture systems, and SBW outbreak and defoliation-impact relationships to
identify universal silviculture and management that consistently reduce future harvest impacts from
SBW across a range of outbreak start dates (2015, 2025, 2035, 2045) and severities.

The primary objectives of this project relate to the three general questions stated in the project’s

background above and answering specific questions as follows:

[1] What is at stake?
What is the likely spatial distribution and magnitude of stand volume impacts one could expect
if a SBW outbreak was to occur sometime in the next 5 years on CFRU members’ lands?

[2] What can be done to mitigate impact in advance of an outbreak?
Can robust silviculture systems or schedules be identified that consistently reduce SBW
outbreak impact on long-term harvest given uncertain timing of outbreak initiation and
defoliation severity?

[3] What can be done to mitigate impacts during an outbreak?
How much harvest impact resulting from SBW can be avoided by implementing various levels
of salvage and foliage protection (bio-insecticide application)?
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Methods
The current proposed project will expand the approach used by Hennigar (2008).

1. Quantify forest and spatially explicit volume impacts for CFRU members’ lands.

a)

b)

f)

9)

h)

Define state-wide balsam-fir defoliation scenarios based on existing historical Maine defoliation
data and compare with New Brunswick ‘moderate’ and ‘severe’ SBW outbreak scenarios defined
in MacLean et al. (2001; 2002) and used in Hennigar (2008).

Modify balsam fir outbreak scenarios to reflect lower spruce defoliation (Hennigar et al. 2008) and
explore effects of this specific assumption on volume impact.

Simulate outbreak and foliage protection scenarios, including base (no defoliation), moderate,
severe, and historic Maine outbreak patterns (beginning in 2012), combined with foliage protection
scenarios using biological insecticide (Bacillus thuringiensis; Bt) application on 10, 20, 40, or 70%
of susceptible area, when fir defoliation >40%.

Explore modified Bt efficacy projected using relationships from population-defoliation process
models (Régniere and Cooke 1998), and explore effects on stand volume impact.

Develop a stand-alone SBW extension for FVS, to allow simulation of SBW defoliation effects on
tree growth and mortality using existing defoliation-growth and defoliation-survival relationships
(Erdle and MacLean 1999). In Hennigar (2008), the STAMAN stand growth model from New
Brunswick was used to estimate relative stand impacts from SBW, which were applied to Maine
stands. This project will extend defoliation modeling capabilities of STAMAN to FVS by
developing software to automatically build FVS keyword files that instruct FVS to reduce tree
survival and growth for a given level of defoliation during runtime.

Calculate a Maine SBW stand impact matrix (SIMPACT), which specifies marginal changes to
stand volume for each defoliation scenario by stand type and size class, using Maine FIA
susceptible plots (>10% host composition), the FVS-SBW extension, and SIMPACT calculation
methods described in Hennigar (2008).

Apply the SBW DSS framework to each CFRU member lands, using: i) area of stand types (GIS),
i) classification of current landbase stand types by budworm stand impact type (volume
composition and size class), and iii) host species volume projections for each stand type. This
provides all necessary data to link to relative volume impacts in the SIMPACT by defoliation
scenario. Relative time-dependant volume impacts will be multiplied against base yield volumes
for each area record, to calculate absolute volume impact across space and time, and produce
spatially explicit (GIS) estimates of stand volume impacts.

Apply a series of GIS select and action queries for each township database to link future stand
conditions (time and/or age, host species yield) with the SIMPACT to quantify volume losses over
time for outbreak and protection scenarios.

To develop stand impact maps for specific CFRU member landbases, we will need:

o GIS shapefiles and respective coordinate projection systems with associated meta-data describing

table columns and data contained within, such as:
o species names and % compositional attributes (e.g., % by volume, % by cover);
o stand age, development stage (e.g., young, mature, old), height class, or size class (e.g., sapling,

pole)

¢ Yields of merchantable volume by species over age or time for each stand type.
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2. Determine silviculture and management strategies and treatment schedules to minimize SBW

negative effects on harvest, regardless of outbreak timing or severity.

a) Develop an aspatial timber supply model (Woodstock; Remsoft 2007) for Maine forests with i)
broad stand types defined from, and area proportional to, i) Maine FIA inventory, ii) silviculture
systems defined through consultation with CFRU members, and iii) stand type yields defined from
mean FVS projections of FIA-derived tree lists (i.e., stand tables) and silviculture systems.

b) Explore possibilities of using data from the Wilson et al. Maine NSRC/SSI project, which is
developing i) satellite change detection maps for northern Maine (since the 1970s; in combination
with a current type map allows determination of softwood stands < and >40 yrs old); and ii) a
process to identify proportions of budworm host species in current stands based on FIA plot
locations (with known proportions) and timed images showing differences in phenology. The
result would be a map of host proportions and maturity.

c) Represent SBW outbreak and defoliation-impact relationships developed above, as well as foliage
protection and salvage treatments, into the timber supply model, using methods from Hennigar et
al. (2007) and Hennigar (2008).

d) Identify base-case (no defoliation) treatment schedules to maximize non-declining spruce-fir
harvest discounted at 5% over 100 years.

e) Simulate a range of SBW outbreak start dates (2015, 2025, 2035, 2045) and severities (moderate,
severe, historical Maine), and determine effects on harvest levels.

f)  Using re-optimization of the harvest schedule and simulated deterministic outbreak effects,
identify differences in amount, type, and/or timing of management or silviculture treatments that
minimize SBW impacts on harvest.

g) Determine effects of area foliage protected or salvaged on results, and their interaction with pre-
outbreak silviculture scheduling, to minimize SBW-caused harvest reductions.

h) Make recommendations from steps e and f above regarding management strategies that should be
avoided or used to minimize harvest risk to SBW.

Anticipated Benefits to the CFRU

SBW outbreaks and management decisions put at risk over 3 billion cubic feet of fir and spruce timber
in Maine. This study will provide a rigorous basis to quantify potential losses spatially, to determine
sensitivity of particular landowners to a SBW outbreak and management decisions, and to assemble
data that can be used to help determine policy responses to the next outbreak.

The earlier CFRU test study (Hennigar 2008) on two (northeast and southeast) townships demonstrated
that the SBW DSS can be applied throughout Maine, despite seemingly large differences among
landowner forest inventory and GIS data resolutions and formats. It also showed the degree of SBW
impact differences that may be expected across Maine, from high impact in the north to low in the
south, as a function of differences in host content in stands. Potential spruce-fir inventory reduction
forecast for 2025-29 as a result of moderate and severe SBW outbreak scenarios were 13-28% in
southeast and 23-47% for northeast townships (Hennigar 2008). This project will provide land
managers with a customized database tool to forecast potential losses and help develop pre-outbreak
management strategies to reduce impact. These mitigation strategies could include targeted removal of
dying trees within stands, use of targeted applications of insecticide on high-impact stands, and use of
harvest re-scheduling or salvage to reduce losses.

Development of a stand-alone SBW defoliation-impact tool will allow users to 1) translate historical or
projective annual defoliation levels into periodic defoliation estimates, 2) link periodic defoliation to
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expected tree growth and survival loss estimates from Erdle and MacLean (1999), and 3) build
required FVS ‘keyword files’ to adjust tree growth and survival by host species during the FVS
simulation. Because this software tool will be stand-alone, it will be compatible with newer versions of
FVS currently under development by Dr. Weiskettel. Given extensive FVS users across North
America, this effort will likely foster increased collaborative efforts in other organizations (Univ.
Maine, USDA Forest Service) to further improve the software, and at the very least, provide Maine
land managers capability to model SBW disturbance using Maine models.

Timber supply analyses at the state level will permit evaluation of harvest sensitivity to SBW outbreak
timing, severity, and effect of management responses. More importantly, this project will explore new
questions that explicitly investigate how management strategies today could be altered to minimize
potential harvest losses for unpredictable timing and severity of SBW disturbance events.

Northeast

___Host defoliation

Balsam fir defoliation

Southeast

Example results from Hennigar (2008)
implementation on two test townships
in Maine. Projected 2025-29
merchantable inventory reduction for
Northeast (a, ¢) and Southeast (b, d)
Townships caused by a severe spruce
budworm outbreak initiating in 2010
using i) reduced defoliation on spruce
relative to balsam fir (a, b) and ii)
spruce species defoliation equal to
balsam fir levels (c, d). Future forest
condition does not consider harvesting.

3
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Deliverables
This project will produce a progress report, a final project presentation to the CFRU, a peer-reviewed
journal article, and a final report. The final report will include:
I.  the likely spatial distribution and magnitude of stand volume impacts one could expect if a SBW
outbreak was to occur sometime in the next 5 years on CFRU members’ lands;
ii. Maine-specific SBW defoliation patterns, developed from historical population/defoliation data;
iii. SBW FVS keyword file builder executable, documentation, and examples;
Iv. models/databases used to implement the SBW DSS on CFRU lands;
v. maps and databases of SBW impacts for outbreak scenarios on CFRU member landbases; and
vi. recommendations for management to reduce future impacts of SBW disturbance on harvest:
a. what silviculture systems or schedules can mitigate impact on long-term harvest in advance
of an outbreak, given uncertain timing of outbreak initiation and defoliation severity?
b. what levels of salvage and foliage protection (bio-insecticide application) can be done to
mitigate harvest impacts during an outbreak?

Communications Schedule

i.  Oral progress reports at CFRU meetings

ii. Written progress report by August 1%, 2011 (prior to year 2 renewal)

iii. Written annual report; October 1%, 2012

iv. SBW FVS keyword file builder extension documentation and examples.

v. One-half to one-day workshop to present preliminary models and results to CFRU members and
acquire input on specific silviculture systems, objectives, and constraints that will be used in the
timber supply analysis; to be scheduled in October 2011

vi. Summary report with SBW impact maps and data summary, specific to each CFRU landowner
landbase, as well as FVS keyword files to model SBW impacts; October 1%, 2011

vii. Final report within 6 months of project termination; February 28", 2012

viii. Data deposited into the CFRU databank according to required specifications
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Resume of Principal Investigator:

David A. MacLean
Professor, Faculty of Forestry and Environmental Management, UNB

Dr. David MacLean is Professor in the Faculty of Forestry and Environmental Management at the University of
New Brunswick, where he was Dean from 1999-2009. Prior to joining UNB in 1999, he researched effects of
natural disturbance (insect outbreaks and fire) on forest ecology and management with the Canadian Forest
Service. Through the 1990s, Dr. MacLean coordinated two Canada-wide research networks to (1) develop GIS-
based decision support systems (DSS) for four of Canada's major insect pests, and (2) determine silvicultural
approaches to integrated insect management. He led development of the Spruce Budworm DSS, which has
been implemented, in partnership and with funding from provincial governments and industry, for all 7.4 million
hectares of forest in New Brunswick and on test landbases in Quebec, Ontario, Alberta, and Saskatchewan.
Current research projects deal with analysis of TRIAD (zoning) management, the role of natural disturbance
(fire, insects, wind), and causes of natural decline of forest stands in NB, and the use of forest management and
pest management to sequester carbon by forests. Dr. MacLean currently supervises or co-supervises 8
graduate students. He has published over 140 papers and 75 technology transfer publications and given
numerous presentations at scientific and technical conferences. He also led the successful 8-university
TRANSFOR (Transatlantic Education for Global Sustainable Forest Sector Development) international
academic mobility project under the Canada-EU Program for Cooperation in Higher Education.

INSTITUTION: Faculty of Forestry and Environmental Management, University of New Brunswick, PO Box
4400, 28 Dineen Drive, Fredericton, NB E3B 5A3 CANADA Email: macleand@unb.ca
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Chair of Canadian Model Forest Network

President of the Fundy Model Forest

Chair of J.D. Irving, Limited Scientific Advisory Committee

Board of Directors of NCE Sustainable Forest Management Network

Canada alternate representative, Intern. Union of Forest Research Organizations (IUFRO), 2006-2010
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BSc with Honors in Biology UNB 1973. PhD in Forest Ecology UNB 1978. Natural Science and
Engineering Research Council (NSERC) of Canada Post-doctoral Fellowship and Killam Post-doctoral
Fellowship, University of British Columbia.

Canadian Forestry Scientific Achievement Award, 2008; Canadian Forest Service Merit Award for
Innovation and Creativity and Collaboration and Partnership (2001); Forestry Canada Merit Award, 1992.

Past positions
Research Area Leader for Intensive Forest Mgmt. for NCE Sustainable Forest Management Network
President, Association of University Forestry Schools of Canada
Board of Directors, Forest Engineering Research Institute of Canada (FERIC)
Associate Editor, Canadian Journal of Forest Research and Northern Journal of Applied Forestry
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