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Abstract.--_qpruce budworm (Choristoneurafion(ferana Clem.) outbreaks cause
severe mortality and growth loss of spruce and fir forest over ranch of eastern North

America. The Spruce Budworm Decision Support System (DSS) links prediction
and interpretation models to the ARC/1NFO GIS, under au ArcView graph/ca/user
interface. It helps forest managers predict budwonn outbreak effects on forest
strncture and productivity, forecast forest growing stock and sustainable harvest
levels, optimize protection (biological insecticide use) programs, and use silviculture

and harvest scheduling to restructure forests to reduce future damage. The Spruce
Budworm DSS has been operationally implemented on 8 million ha of susceptible
forest in the province of New Brunswick, and is being implemented on test landbases

in Quebec, Ontario, and Alberta. The use of inventory and monitoring data in the
DSS will be described in lbur areas: stand growth model calibration, model valida-

tion, pest monitoring, and forest stratification tbr calculating marginal timber supply
benefits.

Spruce budworm (Choristoneura filmi/&wana Clem.) is the The Spmce Bndworm DSg links a saite of prediction and
most destructive forest pest in Canada, causing about 40 interpretation models to the ARC/INFO GIS, under an
percent of the 81 to 107 million mztimber volume loss to ArcView graphical user intcrfhce (MacLean and Porter

insects and disease each year (Sterner and Davidson 1982, 1994, 1995). It assists forest managers in predicting
Power 1991). Sustainable harvest (long-run sustained outbreak effects on lbrest structure and productivity,
yield) and current harvest levels tbr Canada are about 240 forecasting forest growing stock and sustainable harvest
aud 180 million m_/year, respectively (Rotherham 1991), levels, optimizing protection (biological insecticide use)

only roughly twice the volume lost to pests. Clearly, programs, and using silviculture and harvest scheduling to
timber supply can be substantially improved if losses to restructure forests to reduce fi_ture damage. The Spruce
pests can be reduced (MaeLean 1990). This has prompted Budwonn DSS has been operationally implemented on 8
development of the Spruce Budworm Decision Support million ha of susceptible forest in the province of New
System (DSS), which uses models, GIS, inventory data, Brunswick, and is being implemented on test landbases in
and pest data to assist in insect and forest management Quebec, Ontario, and Alberta. DSS components include a
decisionmaking (MacLcan and Porter 1994, 1995; defoliation-based stand growth model (Mac Lean 1996), a
MacLean et al. 1997). forest inventory projection system that predicts spatial

effects of future budwonn outbreaks (MaeLean and Porter
Major budworm outbreaks have occurred over much of 1996), and a system for planning spray programs based on
eastern North America three times in the 20_hcentury, marginal timber supply benefits (MacLean and Porter
causing large-scale mortality of host balsam fir (dbies 1995, MacLean eta/. 1997).
balsamea (L.) Mill.) and spmce (Picea sp.) (Blais 1983).
Spruce budworm is a native insect that feeds on the In this paper, I will describe the Spruce Budworm DSS
cun-ent-year foliage, reducing growth and eventually and discuss use of lbrest inventory and monitoring data by
causing up to 85 percent mortality in fir and 35 percent the DSS in tour areas:
mortality in spruce stands (MacLean 1980). Budworm

outbreaks typically last abont 10years, and play a role in 1. model calibration, whereby 135 research permanent
"recycling" mature or overmature spruce-fir forest to sample plots (PSP's) have been measured annually

younger age classes, often resulting in a cyclical succes- since 1985 for defoliation and tree mol_tality, mea-
sion pattern of fir replacing fir. However, budworm sured every 3 years for growth, and assessed for a
outbreaks also kill forest over large areas, reduce timber wide variety of site and stand characteristics;
supply, increase fire risk, and affect most consumptive and 2. model validation, for which an independent network
nonconsumptive values (MacLean 1990). of 2,400 PSP's were measured every 3 to 5 years for

growth and yield assessment and insect damage by
forest indust_2¢and the New Brunswick provincial

Project Leader, Forest Management Systems, Canadian government;
Forest Service- Atlantic, Natm'al Resources Canada, RO. 3. pest damage monitoring, in which population
Box 4000, Frederictou, NB, E3B 5P7 Canada. smnpling and aerial surveys are conducted each year
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over the entire forest of New Brunswick, to provide spatial fbrest inventory, volume yield curves, and manage-

input to the DSS and insecticide protection programs; ment plan information to project the forest. Its key
and capability is accounting for the effects of spruce budwom_

4. forest stratification for projections, in which photo- outbreaks and the effects of lbrest protection to combat

interpreted stand-level species, age, and crown budworm defoliation. The timing and nature &these
closure are used to determine development classes tbr events arc controlled by the user on a scenario basis. The

timber supply projections and to calculate marginal system can be used to update old (e.g., 1990) inventory
timber supply benefits of budwonn management, data to the present, using actual past (1990-1998) defblia

tion data for that landbase from aerial surveys, or to

THE SPRUCE BUDWORM DSS conduct "what if" explorations of the resuhs of combina-
tions of outbreak timing, severity, and protection on fhtnre

The Spruce Budworm DSS can be used to determine tbrest structure. Visualization of tbrecast results is
effects ofbudworm outbreaks and alternative fm-cst possible through a combination of thematic maps, bar

management regimes on timber supply, sustainable charts, and tables. IPS consists of software modules
harvest levels, and forest structure (MacLean 1998). The developed using the C programming language, ARC/

primary means of reducing losses from budworm out- INFO's AML, and ArcView's Avenue language, and has
breaks are altering forest structure through silviculture been implemented both on a Sun workstation platfon:a

(planting, thinning), scheduling harvest to preempt or and on a PC (MacLean and Porter 1996).
"capture" mortality, or directly preventing defoliation by
insecticide use. The DSS is typically implemented on a Conducting an IPS projection requires that the user

li_rest management unit basis because it uses existing specify the year to project to, the base year of the inven-
growth and yield projections and harvest schedules for the tm2¢,the timing of occurrence and severity of a budwoml
landbase in estimating effects of budworm outbreaks. The outbreak, and whether protection will be applied during
Spruce Budwonn DSS graphical user interface (GUI) was the outbreak (MacLean and Porter 1996). Protection is
originally progrmrmled using the Arc Macro Language assumed to limit defoliation to < 40 percent of current
(AML) (MacLean and Porter 1995), but ArcView 3.0a foliage each year, prevent budwonn-caused mortality, and
now provides a much easier means of attaining GUI maintain stand volume development at management plan
functionality, levels. One can project each ownership on the landbase

separately or all together. Management planning proce

Rather than real-time prediction of filture budworm dures in New Brunswick assemble stands into classes
outbreaks, the Spruce Budworm DSS uses a scenario based on species, stand age, site prodnctivity, or other

planning approach to examine "what if" outcomes of user- criteria. Each of these classes is linked to a set of volume-
specified scenarios. Budworm scenarios typically include based yield curves (one curve for each species), and
altering the temporal seqnence of defoliation that makes during a projection, each stand is tracked along the
up an outbreak, the timing of when an outbreak begins appropriate set of curves. When a budworm outbreak
(e.g., "what if" an outbreak began in the year 1998, 2000, occurs, IPS modifies the balsam fir and spruce yield
or 2005?), and the length of the outbreak. Scenario curves by budwonn impact vectors to simulate the results
planning is a disciplined method for imagining possible of budworm defoliation reducing tree growth rates and
futures, which has been applied to a wide range of issues increasing mortality. These impacts depend upon the
(Schoemaker 1995). Among the many tools a manager species, stand maturity, outbreak severity (moderate or
can use for strategic planning, scenario planning is unique severe), and protection options selected by the user and
for its ability to capture a whole range of possibilities, are classified into four species mixes: bals_un fir, fir-
thereby allowing managers to see a wider range of hardwood, spruce, and spruce-hardwood (MacLean and
possible futures (Schoemaker 1995). Porter 1996).

Spruce Budworm DSS Inventory Projection System Spruce Budworm DSS Protection Planning System

The Spruce Budworm DSS inventory Projection System The Spruce Budworm DSS Protection Planning System

(IPS) allows users to "grow" their forest inventory up to (PROPS) quantifies the marginal timber supply benefits of
30 years in the furore, incorporating the effects of two protecting stands against budworm defoliation (fig. 1),
severities ofbudwonn outbreaks, decisions abont whether with the calculation made at the scheduled time of harvest
or not to use insecticides dm'ing the outbreak, as well as (MacLean et al. 1997). It allows the user to determine the

other management options (MacLean and Porter 1996). effects of different budworm protection strategies, using
IPS allows a manager to visualize filture forest conditions the biological insecticide Bacillus thuringiensis (B. t.), on

by simulating stand development, spruce bndwonn forest development and sustainability, and it quantifies the
outbreaks, and forest protection. IPS uses a GIS-based relative volume benefit of alternative spray blocks.
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200 harvest level reductions of 1I0,000, 290,000, and 590,000Protected
o_ _ ....o m3, respectively, would be necessary to maintain

E 150 _- Velum sustainability. If only 20 percent of the laudbase failed toe loss reach protection targets under severe outbreak conditions,

_ _ (measuredat then period 4 harvest would have to be reduced by

>° 100 • .. . ". sche_ul_do_es_tim_ 590,000 to 930 000 m_(MacLean et al. 1997).

_,......... • ..... • There was wide variation in the marginal timber supply
_J 50 Unprotected benefits of protection. For example, one scenario,xz

specifying that a budwom_ outbreak began in 1996,

projected that protecting 50,000 ha of tile highest priority
0 , _ _ , stands, at a cost of $1,000,000 Cdn. would give a payback

5 10 15 20 25 30 of 1,980,000 na3of timber at the scheduled time of

Years from present harvest, bat protecting the same area of lower priority
stands would return only 480,000 ill3. It was concluded

that the only way planned harvest levels for the test

Figure I._The concept underlying the Spruce Budworm landbase could be maintained under severe spmce
DSS P_vtection Planning System (PROPS). Volume budworm outbreak conditions was witb an aggressive
projections are madeJbr each class of stands using protection policy. For this/andbase and management
the model STAMAN, for protected (sprayed with the regime, protection against spruce budworln clearly pays
insecticide B.t. to limit defoliation to < 40percent of (MacLean et al. 1997).
current.foliage each yeaO and unprotected budworm
outbreak scenarios. Then volume loss (protected PROPS also assists users in planning insecticide spray
minus mwrotected ) is"caleulated, at the scheduled operations against spruce budworm. The Xtools ArcView

time oflharvest [br indivMual stands, and mapped as Extension _ was used to build functions to easily add a
• . .... , _ spray block thelne, draw spray blocks, intersect these withthe protectton pHot10 (m /ha).fi)r each stand. This

e_rample shows volume development for 30 years in a protection priority (votume loss) theme, and display

an immature balsamfir-spruce stand, with a lO-year charts of mean volume (m3/ha) benefit per spray block
budworm outbreak starting inyear O. and tabular output of block area and total volume benefit.

The ArcView Dialog Designer Extension z was used to
design the toolbar, custom interface, and dialog boxes.
Functions are packaged in a Spray Tool toolbar, and

MacLean et al. (1997) described the implementation of include buffering capability to determine spray exclusion
PROPS on a 188,000-ha landbase in northern New areas around water bodies, human habitation, or other

Brunswick, Canada. Implementation involved construct- non-spray areas. Although chemical insecticides have

ing databases that specified future volume reductions for been used in the past for budwonn spraying, only the
all stand types and all possible levels of defoliation over biological insecticide ]3.t, is used now.
the next 10 years (1996-2005). PROPS then predicts the
marginal timber supply (m_/ha) benefits, at the scheduled USE OF INVENTORY AND MONITORING DATA

time of harvest, of protecting stands against spruce IN THE SPRUCE BUDWORM DSS
budworm defoliation in a given year (fig. 2). MaeLean et
al. (1997) conducted a series of strategic planning The Spruce Budworm DSS uses forest invento_T and
analyses of the consequences of different future budwonn monitoring data for initialization of both forest structure
outbreak and protection scenarios on future growing stock and pest incidence over the last 5 years• Both IPS and
and harvest levels• This involved evaluating: (1) different PROPS use GIS-based, photo-interpreted inventory data
future budworm outbreak scenarios, with and without on species composition, age class, and crown closure (a
protection; (2) effects of budwolm spraying not meeting surrogate for stand density) as the basis for projections.
foliage protection targets; and (3) effects of part of the PROPS also overlays defoliation data, from annual aerial
landbase not being protected. Analyses demonstrated that
period 4 (20 t 0-2015) harvest levels, and to a lesser extent,
period 3 (2005-2010) levels, were very sensitive to any
reduction in yields caused by defoliation. This was

Developed by A/like DeLaune, Oregon Department of

because in period 4, harvest levels nearly equaled oper- ForestIy, 1998. 77_e Xtools ArcView Extension can be down-

able growing stock. If protection was applied but loacledfromhttp.'//www.odfstate.orux/sfgis.
defoliation exceeded the foliage protection target (limit 2 Developed by Environmental Systems. Research Institute,_ Inc.

defoliation to < 40 percent of cmxent foliage) by 20, 30, (ESRU,Redlands, CA. Availablefor download at http.'//
or 40 percent on 20 percent of the landbase, period 4 wwlr:esri.eomZ_oftware/areview/extensions/dialog.
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Figure 2.--Spr.ee Budworm DSS Protection Planning System (PROPS, viewed in Ar'cView 3.0. The theme displayed is
vohnne loss caused by spruce bndworm cl_foliation without insecticMe proteetion, undt_ a scenario of 9Opercem
current detbliation each year [or lO years Scale is l:5O OOO:stands ure fi_r a landbase in northern New Brunswick
Canada. _ther themes, that _an be displayed inchtde v_lume l_ss with pr_tecti_n and pr_te_tion pri_ri_' defined as

the mS difference between projections with and without protection.

sketch-map surveys for the last 5 years, on ibrest inven- projection model that calculates periodic (5-year) incre-
tory data to assign defoliation to stand polygons. Past ment and survival for tree classes defined by species, dbh,
defoliation is used to initialize the current condition of and age, to project overall stand development over time
stands in PROPS. (Vanguard Forest Management Services Ltd. 1993).

STAMAN is programmed in FORTRAN, and both UNIX

In addition to these obvious uses, the Spruce Budwomr and DOS versions are available. A conventional stand
DSS has made use of or has influenced inventory and table format is used to define the structure of a stand at

monitoring data in four areas: model calibration, model any point in time, with each species described as cohorts
validation, pest damage monitoring, and forest stratifica- of trees, aggregated by size (dbh) and age. Stand develop-
tion for projections. Each of these will be discussed in the ment is detennined by the rates of growth of single trees,
following sections, survival, and recruitment of new stems (i.e., ingrowth).

Relationships are calibrated using plot data. STAMAN is
Model Calibration used by forest industry in New Brunswick to determine

stand volume yields for tbrest management planning.

The STAMAN stand model is an integral component of

the Spruce Budworm DSS, and is used to quantify the STAMAN was modified and calibrated to allow it to
stand-level effects of budworm outbreaks (MacLean predict effects of spruce budworm defoliation on stand

1996). STAMAN is a simulation-based stand table development (Vanguard Forest Management Services Ltd.
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1993). This involved adding functions to optionally landbase are updated. In New Brunswick, 5-year operat-

modify growth and mortality relationships to account tbr ing and 25-year management plans required under
damage from pests. Defoliation effects were incorporated provincial legislation are revised every 5 years. These
into STAMAN as incremental impacts that reduced tree plans nmst include 80-year projections of timber supply.
growth and increased mortality. This approach required Each iteration, or revision of management plans, should
the definition of functional relationships that predict be seen as a "window of opportunity" to revise models
growth and survival independent of defoliation effects, as and recalibrate relationships to improve or validate
well as relationships between the severity of defoliation projections.

and the resulting levels of growth loss and mortality; then,
the user specifics defoliation levels over time. A network In New Brunswick, the STAMAN model has been used to
of 135 spruce and fir research PSP's has been measured develop volume yield curves for each forest class,
annually since 1985 for defoliation and trce mortality, generally comprised of species, age, density, and silvicul-
measured every 3 years for growth, and assessed for a rural treatment groupings. In 1987, a cooperative PSP
wide variety of site and stand characteristics (MacLean measurement program was begun, whereby forest
and Erdle 1986, MacLean and MacKinnon 1997). Details industry and the New Brunswick Department of Natural

of plot selection criteria, establishment, and nreasurelnent Resources and Energy (NBDNRE) established a network
methods were presented by MacLean and Erdle (1986). of over 2,400 PSP's, specifically lbr use in calibrating or
Each stand was sampled with three variable-radius validating stand growth models. These fixed-area plots
(prism) plots (basal area factor 2.0 m2/ha) located 120 in with pernranently numbered 1tees arc measured every 3 to
apart. Trees were permanently numbered, identified by 5 years (depending upon age class) for a wide range of
species and crown class, and measured for standard mensurational characteristics including dbh, height, crown
mensurational characteristics. This data set was used to dimensions, ingrowth, mortality, and cause of morta/i)y.

define and calibrate budworm impact relationships for Because of the importance of spruce budworm defoliation
STAMAN (Vanguard Forest Managenrent Services Ltd. in New Bmnswick, each tree in the plots is also assessed
1993, Erdle and MacLean unpublished). Screening of a for current-year and cumulative (all age classes of foliage)
nnmber of tree and stand variables, as well as defoliation, defoliation, in 20 percent classes. This ongoing monitor-

indicated that incremental growth reduction was related ing of indicators of stand development, designed for
only to defoliation, but that survival reduction was a validation and reduction of uncertainty, is a critical
function of defoliation, tree species, and stand age (Erdle component for improving management planning. A1-
and MacLean unpublished), though insect damage assessment is not the primary

reason for the plot network, it is significant that delblia-

Spruce budworm is one of few insect pests for which tion is being assessed as one of the variables influencing
stand dynanrics models and extensive, detailed impact stand dcvelopment.
data are available. Most other pest DSS, either currently
available or under development, deal solely with qualita- Pest Dan)age Monitoring
tire estimation of risk or vulnerability. More effort needs
to be focused on quantification and the development of Each year, NBDNRE conducts two spruce budworm
models that predict effects of a variety of insect pests and surveys to determine expected population levels for the
other disturbances on stand dynamics. Such models are upcoming year and to assess levels of damage that have
necessary for accurate, sustainable resource management occurred; monitoring data from both surveys are annually
planning. PSP measurements that include defoliation and updated and used in the Spruce Budworm DSS. These

pest data are the best source for calibrating impact snrveys use methods that have been refined over many
relationships, years (Dorais and Kettela 1982) and are similar in most

provinces in eastern Canada. The population survey
Model Validation involves collecting midcrown branch samples at up to

2,000 sample points across the province, determining the
Validation and refinement of stand volume predictions number of sccond-instar (overwintering stage) spruce

should be ongoing, given the importance of yield predic- budworm larvae present, and using this in projecting
tion in determining sustainable harvest levels and plan- expected defoliation levels in the upcoming year.

ning future forest structure. Assessment of uncertainty of
yield predictions, and research and monitoring designed A separate aerial sketch map survey is used to estimate
to reduce uncertainty, are inherent to adaptive manage- current-year defoliation each year (Carter and Lavigne
merit of forests. Management planning in most jurisdic- 1993). These annual surveys are conducted to provide

tions is an iterative process, whereby plans are periodi- extensive overviews of the distribution and severity of
cally revised, timber supply and annual allowable cut budworm feeding throughout the province, for use in
(AAC) are recalculated, and changes to the forest designing protection programs. Because they are the only
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source of defoliation data over large forest areas, they forest estate models such as Woodstock or FORMAN,
have also been used in the Spruce Budworm DSS. each stand is tracked along the appropriate set of curves.

Trained, experienced observers in Cessna 172-type In New Brunswick, provincial legislation requires that
aircraft (at an altitude of 150 to 300 m) systematically fly AAC be determined as the nondeelining long-run sus-
east-west flight lines approximately 2 to 5 km apart over tained yield from 80-year timber supply projections.
known budworm infestation zones. Since 1991, aircraft Management planning must also include wildlife habitat

used in the survey have been equipped with Loran C and biodiversity considerations as well as timber.
navigation systems to improve the accuracy of mapping.
Aerial assessments are conducted during a l- to 2-week There has tended to be a substantial increase in the

period, immediately tbllowing the completion of spruce number of classes used to characterize the forest in New
budworm feeding. At this time, a distinct reddish-brown B;unswick in recent years. Three Crown Licenses,
coloration of dry fbliage appears, due to badworm covering areas ranging from 134,000 to 403,000 ha, each

severing and webbing together needles in _heprocess of identified 30 to 66 "basic strata" based on species
feeding. Areas with noticeable reddish-brown coloration groupings, crown closure, and ecological unit. However,
of foliage are recorded on 1:190_000 scale (1 inch = 3 the number of yield curves used was much higher, at 103,
mile) maps in three delbliation classes: light (11-30 394, or 56l. Yield curve classes were defined based on I0
percent), moderate (31-70 percent), and severe (71-100 to 19 species groups, 5 development stages, 3 to 5 site

percent) (Carter and Lavigne 1993). Areas with no classes, 2 to 3 density classes, and 5 to 8 silvicultural
noticeable defoliation are assigned to a nil (0-10 percent) treatments.
class.

The initial version of PROPS calculated absohtte volume

To assess possible use in DSS, MacLcan and MaeKinnon loss, in cubic meters per hectare, for every yield curve
(1996) evaluated the accuracy of aerial sketch mapping class used by industry planners. In the first test imple-
estimates of spruce budworm defoliation from 1984 to mentation on the Repap N.B. Inc. Crown License 4, based
1993 in 222 to 325 sample plots in spruce-fir stands in on 1992-1997 management plan information, there were
New Brunswick. Aerial defoliation estimates were 85 forest classes. However, subsequent operational

compared with ground-based binocular estimates of implementation of PROPS for that and other landbases,
current defoliation for an average of 10 trees/plot (range using 1997-2002 management phm information, typically
5-20). Overall, 56 percent of plots were correctly rated by involves 400 to 500 classes, as a result of adding other

aerial sketch-mapping in four classes (nil, light, moderate, l:actors into stratification. This substantially increased the
and severe), with 37 percent of the plots underestimated et_brt involved in PROPS implementation, and resulted in

and 7 percent overestimated. The predominant error (26 changing PROPS to detennine relative (percentage)
percent of plots) was rating defoliation as nil (0-10 volume reduction as a function of classes based on factors
percent) from the air when it was actually light (11-30 that cause differential budworm impact, rather than for all
percent). This error was deemed not important in terms of forest classes deemed significant in projections by forest
predicting tree response, since data from the literature planners. In PROPS, 13 species composition classes in
indicated that defoliation less than 30 percent did not natural stands were based on spruce-fir, hardwood, and
cause tree mortality, although if continued, it would other so_vood content; seven treated stand classes were

reduce growth. Using three defoliation classes (by based on thinning, planting, and spruce-fir content; and
combining nil-light, 0-30 percent), 82 percent of the plots one nonsusceptible stand type (spruce-fir <I0 percent)
were correctly classified by aerial sketch mapping, was included. Volume losses for each of the 20 suscep-
MacLean and MacKinnon (1996) concluded that aerial tible stand types were calculated for inrmature (0 to 40

sketch mapping of spruce budworm defoliation is a viable years), mature (41 to 80 years for fir; 41 to 100 years for
technique that can be used for both surveys and DSS that spruce), and overnmture (>80 years for fir; >100 years for
estimate forest response to budworm outbreaks and spruce) age classes in natural stands, and for two age

management activities, classes of silviculturally treated stands (0-20, >20 years).
This resulted in a total of 54 budworm impact classes,

Forest Stratification for Projections substantially less than the number of forest management
planning strata. In PROPS, each forest management

Forest management planning and timber supply analyses planning stratum is matched with the appropriate bud-

generally involve assembling stands into classes based on worm impact class, and relative volume loss for that
tree species, age, site productivity, density, silvicultural budwonn impact class is used to calculate absolute
treatment, or other criteria. Each of these classes is linked volume loss for the stratum. Relative volume losses for

to a set of volume-based yield curves (either a cumulative mature stands ranged from 33 to 51 percent for normal
volume over age curve or species-specific curves within budworm outbreak and from 51 to 71 percent for severe
each class), and during timber supply projections using budwonn outbreak scenarios.
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CONCLUSIONS harvest, silviculture, and burned areas, and is
reinventorying the full landbase on a 10-year cycle,

Accurate forest inventory and monitoring data are critical concentrating on updating attributes of existing stand

prerequisites for sustainable management planning. Inthe polygons for"slow"stand development changes. The
spruce-fir forests of eastern North America, outbreaks of availability of over 15years of GIS-based inventory data
spruce budworm cause more uncertainty about future has facilitated the development of timber supply and
forest productivity and structure than just about any other wildlife habitat modeling, DSS for pest management and
factor. This has prompted the developnrent of the Spruce harvest scheduling, and advanced ecological land classifi-
Budworm DSS, which uses forest inventory and budworm cation systems. Some of the nronitoring and inventory

monitoring data, along with a stand growth model, timber lessons learned in attempting adaptive management using
supply (or forest estate) model, interpretation rulebases, GIS databases, now into its fourth 5-year planning cycle
GIS, and computer technology, to calculate volume losses in New Brunswick, include: (1) the importance of
and effects of management strategies, continuing efforts to calibrate and validate stand projec-

tion models, to decrease uncertainty; (2) the value of an

In essence, DSS can be viewed as a "value-added" extensive pelrnanent plot network to provide empirical
conversion of inventory and monitoring data. Availability data for growth and yield calibration/validation; (3) the
of accurate, up-to-date, digital (GIS based) forest inven- efficiency of cooperative industry/government efforts to
tory data is a prerequisite to decision support. The raw lfiaintain PSP networks and develop growth and yield
monitoring data on spruce budworm population level estimates, rather than "each forest company on its own";
(number of second instar larvae on sample branches) and (4) the importance of monitoring and accounting for
aerial sketch-map defoliation form inputs into a modeling natural disturbance factors in sustainability and forest
system to detemfine stand- and forest-level effects on structure projections, if natural disturbance is causing
current and fllture volume and forest structure. Stand major effects; and (5) the efficiency of basing forest

structure changes or productivity estimates are more stratification for natural disturbance estimation on impact
meaningfial values for decisionmaking than are numbcr of relationships between pest damage and stand charaeteris-
budworm or percentage defoliation, tics, rather than using the timber supply or management

planning stratification.

Given the necessity of digital data in a GIS and full
coverage of the landbase of interesl for use in DSS, ACKNOWLEDGMENTS
remote sensing methods of data collection for monitoring
and inventory will undoubtedly become more important in Development and testing of the Spruce Budworm DSS
the future. Remote sensing is currently workable for has been conducted by the Canadian Forest Service-

some of the easy-to-detect forest changes, such as areas Atlantic Forestry Center Pest DSS Group, including
harvested or burned, but requires filrther development for Kevin Porter, Wayne MacKinnon, Kathy Beaton, Gen'J
most stand development changes. Comfier, and Shawn Morehouse. Initial versions of the

Spruce Budworm DSS Protection Planning System and

The real value of decision support systems lies in the Inventory Projection System were developed by Thorn
ability to do "what if" scenario planning analyses to Erdle and Vanguard Forest Management Services Ltd.,
determine effects of alteruative disturbance or manage- and by Ian DeMerehant, respectively. Funding has been

ment regimes, including doing nothing, on future forest provided by the Canada Green Plan, Canadian Forest
growing stock, sustainable harvest levels, wildlife habitat, Service, Forest Protection l.td., N.B. Department of
etc. These analyses can then be used to determine _lative Natural Resources and Energy, Fundy Model Forest, eight
costs and benefits, in terms of timber volume, dollars, or forest companies in New Brunswick, SOPFIM,
other values. The uncertainty caused by our inability to Daishowa-Mambeni International Ltd., and Alberta

accurately pl_dict the tinting of a natural disturbance Environmental Protection. This paper was reviewed by
event, such as fire or a pest outbreak, can be overcome by Kevin Porter and Wayne MacKinnot), Canadian Forest
evaluating scenarios that bound the likely timing and Service, Fredericton, NB, Canada.
effects-, thinking in terms of "best case," "worst case;'
and "most probable" scenarios is often helpful. LITERATURE CITED
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