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Preface 

Editors 
David A. MacLean 

Natural Resources Canada, Canadian Forest Service, 

Atlantic Forestry Centre, PO. Box 4000, Fredericton, NB, Canada, E3B 5P7 

Terry L. Shore 
Natural Resources Canada, Canadian Forest Service, 

Pacific Forestry Centre, 506 West Burnside Road, Victoria, BC, Canada, V8Z 1 M5 

Insects and disease have major effects on forest devel- 

opment and timber supply in Canada and many other re- 

gions o f  the world. Timber supply losses caused by insects 

and disease in Canadian forests are estimated at about 81 to 

107 million m3/year, or roughly one-half o f  annual harvest 

levels (Table 1). Somewhat surprisingly, pest-caused losses 

are about three to four times as large as those caused by 

wildfires. The sustainable harvest level for Canada’s forests, 

estimated as the annual volume production rate at about 

240 million m3/year, is only a little more than double the 

annual losses to pests Table 1). Clearly, timber supplies can be 

substantially improved if pest management can be improved. 

One means o f  reducing pest-caused losses is the de- 

velopment o f  decision support systems (DSS) for improved 

pest and forest management planning. DSS tools can assist 

forest managers by helping to predict pest outbreaks, by 

interpreting pest or damage-level survey data in terms of 

effects on forest development, and by providing a forecast 

of the consequences, costs, and benefits of alternative man- 

agement strategies. 

Forest managers need DSS tools to use forest inven- 

tory and other data in spatial pest and forest management 

decision making. Pest DSS tools can assist in management 

planning in several areas: growth and yield forecasting, tim- 

ber supply analysis, sustainable harvest calculation, harvest 

scheduling, and forest inventory updating to account for 

pest effects. Risk rating systems, infestation prediction mod- 

els, and expert systems for selecting and evaluating man- 

agement scenarios can be of great assistance in pest 

management planning. New technologies, such as data visu- 

alization, help forest managers communicate the effects of 

their plans to resource shareholders. 

In Canada, the urgent need for planning and manage- 

ment tools to reduce losses to forest insects and disease has 

been the rationale for an accelerated research program to 

develop decision support systems for four of the most 

important forest pests in Canada: spruce budworm 

(Choristoneura fumiferana), jack pine budworm (Choristoneura 

pinus), hemlock looper (Lambdina fiscellaria fiscearia), and 

mountain pine beetle (Dendroctonus ponderosae). Pest DSS 

link a suite o f  prediction and interpretation models to a geo- 

graphic information system (GIS), under a user-friendly 

graphical user interface. Three of the four DSS are based 

Cause Volume Time period Source on Unix workstation hardware and Arc/Info GIS software, 

and use a common user interface, whereas the other is based 

Pests 107 000 000 1977-81 Sterner and Davidson 1982 in a PC/Windows environment. 

81 265 000 1982-87 Power 1991 The Pest DSS Research Network has been funded by 

Fire 24 600 000 1977-81 Bickerstaff et al. 1981 the Government o f  Canada Green Plan, under the Deci- 
Harvest 180 000 000 1988 Rotherham 1991 sion-Support System and Integrated Forest Pest Manage- 

AAC 240 000 000 1980-88 Rotherham 1991 ment initiatives, and by Natural Resources Canada. The four 

Table 1.  Annual losses caused by pests and fire, 

compared with annual harvest levels and 

sustainable harvest level (AAC) for Canadian 

forests. 

(m3/y) 
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pest DSS development projects are led by Canadian Forest References 
Service scientists in Newfoundland, New Brunswick, On- 

tario, and British Columbia, but rely heavily on a large 

number of cooperators in provincial government agencies, 

the forest industry, and academia. 

The papers in this volume summarize much o f  the Pest 

DSS Network research, as well as several other DSS projects 

from the United States and Canada. The papers were pre- 

sented at the Workshop on Decision Support Systems for 

Forest Pest Management, held during the Joint Annual 

Meeting of the Entomological Society o f  Canada and the 

Entomological Society o f  British Columbia, from October 

14-19, 1995 in Victoria, BC. The eight papers give a good 

cross-section o f  current forest-insect-related  DSS research. 

Case studies o f  DSS development are presented for 

five major insect pests in North America, including spruce 

budworm, mountain pine beetle, hemlock looper, gypsy 

moth (Lymantria dispar), and white pine weevil (Pissodes strobi). 

In addition, three other papers discuss the role o f  data visu- 

alization applications in forest health management, a seasonal 

pest management tool, and the use of  the ARC View 2 soft- 

ware as a user interface for DSS. 

Bickerstaff, A., W.L. Wallace, and F. Evert. 1981. Growth 

of forests in Canada. Part 2. A quantitative description 

o f  the land base and mean annual increment. Canadian 

Forest Service, Petawawa National Forestry Inst., Chalk 

River, Ont. Inf. Rep. PI-X-1. 

Power, J.M. 1991. National data on forest pest damage. Pp. 

119-129 in: Canada’s Timber Resources. Edited by D.G. 

Brand. Canadian Forest Service, Petawawa National For- 

estry Inst., Chalk River, Ont. Inf. Rep. PI-X-101. 

Rotherham, T. 1991. Timber harvest statistics: past practice 

and present needs. Pp. 105-1 10 in: Canada’s Timber Re- 

sources. Edited by D.G. Brand. Canadian Forest Service, 

Petawawa National Forestry Inst., Chalk River, Ont. Inf. 

Rep. PI-X-101. 

Sterner, T.E., and A.G. Davidson. 1982. Forest Insect and 

Disease Conditions in Canada, 1981. Canadian Forest 

Service, Ottawa, Ont. 
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GypsES: A Decision Support System for 
Gypsy Moth Management 

Kurt W. Gottschalk 
USDA, Forest Service, Northeastern Forest Experiment Station, WV 

Susan J. Thomas 
USDA, Forest Service, Northeastern Forest Experiment Station, WV 

Daniel B. Twardus 
USDA, Forest Service, Northeastern Area State and Private Forestry, WV 

John H. Ghent 
USDA, Forest Service, Region 8 State and Private Forestry, NC 

J.J. Colbert 
USDA, Forest Service, Northeastern Forest Experiment Station, WV 

Milton E. Teske 
Continuum Dynamics, Inc., NJ 

been extended to handle all geographic data, a spatially 

referenced database, and a full-featured map creation and 

edit facility using topographic backgrounds. The system 

was designed and created with a user-friendly interface pro- 
grammed in C under Unix X-Windows/Motif. 1 Also, rule- 

based logic and independent models are integrated to 

support users’ management decisions. The system can pro- 

duce reports, create maps, and export graphics files for 

use in other programs. The basic objectives o f  GypsES are 

to model the sequence o f  evaluations necessary for gypsy 

moth management decisions, and provide managers facing 

gypsy moth problems with useful tools to make their work 

more efficient and to help them make better decisions. 

Abstract 

GypsES is a decision support system for gypsy moth 

(Lymantria dispar L.) management. It is being jointly devel- 

oped by the USDA Forest Service, Northeastern Forest 

Experiment Station; and State and Private Forestry repre- 

sented by the Northeastern Area, Region 8; and Washing- 

ton Office Forest Health Technology Enterprise Team - 

Davis. GypsES provides decision support to gypsy moth 

managers by: 

1) Identifying areas o f  concern. 

2) Recommending areas to monitor. 

3) Recommending areas to treat using silvicultural 

alternatives, direct suppression for established 

infestations. 

4) Giving treatment support options for modeling 

losses with and without treatment. 

5) Uploading and downloading o f  spray block and 

spray line information through global positioning 

system (GPS) files. 

6) Spray deposition modeling. 

populations, or eradication o f  localized spot Introduction 
GypsES is a computer software package developed 

for forest pest managers who conduct gypsy moth (Lyman- 

tria dispar L.) management projects. Developed as a deci- 

sion support system (DSS), GypsES provides pest managers 

1 The use o f  trade, firm, or corporation names in this publication is for 

the information and convenience of the reader. Such use does not consti- 

tute an official endorsement or  approval by the USDA or the Forest Serv- 

ice to the exclusion o f  others that may be suitable. 

The system is based on GRASS, a public domain set 

o f  geographic information system (GIS) routines. It has 

1 
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with a toolbox o f  computer-based assistance. Options include: 3) Defoliation prediction models. 

4) Stand-Damage Model. 

5) Forest Service Cramer-Barry-Grim spray deposit 

and drift model. 

Additionally, the Gypsy Moth Life System Model is 

being converted to Unix to be added into Version 2.0 o f  

GypsES. A short description o f  these models follows. 

GMPHEN - Phenology Model 

The gypsy moth phenology model, GMPHEN, was 

developed from several published papers on various as- 

pects o f  gypsy moth development relative to temperature, 

via degree-day accumulations (Sheehan 1992). It was origi- 

nally developed as part o f  the Gypsy Moth Life System 

Model and has been extracted as a stand-alone version. 

The model uses daily maximum and minimum tem- 

peratures to calculate heat accumulation measured in de- 

gree-days. Built-in 30-year averages can be used for gross 

estimates o f  timing o f  egg hatch and larval development, 

or users can input the actual temperature data up to the 

current date and then run the model to simulate into the 

future. After the phenology model is run for data from a 

specific weather station, the results are displayed across 

the landscape by using the elevation data from digital eleva- 

tion models (DEMs) to adjust for differences using an adi- 

abatic gradient (Schaub et al. 1990a). 

The phenology layers calculated within GypsES can 

be used for planning many operations, including organiz- 

ing spray blocks into units o f  similar phenology, timing 

spray applications for maximal efficacy, planning pherom- 

one trap placement and pickup, and timing pheromone appli- 
cation for mating disruption. 

Hazard Rating Model 

The hazard rating model is designed to incorporate all 

the elements o f  forest conditions and management con- 

siderations that are necessary precursors to any gypsy-moth- 

related activity. These elements include, primarily, 

information on the types o f  trees in the areas o f  concern 

so  that the system can determine the susceptibility  to gypsy 

moth defoliation. 

Vulnerability to damage is then calculated based on 

the stocking, vigour, and prior disturbance history as de- 

scribed by the user (Elmes et al. 1993; Twery et al. 1993; 

Bennett 1995). The effects o f  defoliation and damage on 

management objectives are then incorporated to produce 

a hazard rating. This hazard rating can help determine sam- 

pling needs. In return, information from the defoliation 

prediction model is used within the hazard rating model to 

predict current risk o f  a gypsy moth infestation significant 

enough to require management intervention. These terms 

are further defined in a subsequent section dealing with 

hazard rating. 

1) A geographic information system (GIS) 

framework enabling the creation o f  map sets, map 

analysis, and on-screen digitizing with topographic 

map backdrops. 

2) The use o f  models to predict defoliation, 

hazard, risk, tree mortality, phenology, biological 

dose response, spray deposit, and spray drift. 

3) A pheromone trap, survey assistance package for 

eradication projects. 

4) An egg mass sample system design and data 

management module. 

GypsES has several components or modules designed 

to assist in particular phases o f  gypsy moth management. 

A Forest component uses forest data to calculate forest 

susceptibility. Susceptibility is overlaid with gypsy moth 

population data to create hazard. Hazard is overlaid with 

management values to create risk. 

The Treatment component of the system can be con- 

figured to deal with suppression in established population 

areas, o r  with eradication o f  localized spot infestations. An 

Eradication component assists in establishing pheromone 

trap grids at varying levels o f  intensity. A Suppression com- 

ponent assists in spray area delineation, predicting poten- 

tial forest damage within proposed spray areas, predicting 

spray deposit and drift, and incorporating actual flight lines 

obtained from geo-positional navigation systems. 

GIS functions within GypsES extend a public domain 

GIS software package, GRASS (US Army Corps o f  Engi- 

neers 1991; Shapiro et al. 1992), that has been tailored to 

fit the needs o f  pest management. A user-friendly inter- 

face has been developed for GIS functions, including 

on-screen digitizing, map editing, overlays, and import/ 

export procedures. Mapping within GypsES may be done 

with 1:24 000 scale georeferenced USGS 7½’ quad topo- 

graphic map backdrops. Th is  allows users to actually “see” 

where they are when creating or displaying treatment areas. 

The integration o f  knowledge into a toolbox-type 

framework is one o f  the key features o f  GypsES. For ex- 

ample, within GypsES, the following can be used: 

1) Susceptibility research to determine the 

likelihood o f  gypsy moth defoliation. 

2) Population dynamics research to determine 

levels o f  defoliation and insect development rates. 

3) Impact research to predict tree mortality. 

4) Insecticide deposition research to predict 

deposit within and outside proposed treatment areas. 

Models Integrated into GypsES 
A number o f  models have been integrated into the 

GypsES toolbox. These include: 

1) GMPHEN, a gypsy moth phenology mode. 

2) A hazard-rating model. 

2 
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Defoliation Prediction Models FSCBG Spray Deposit and Drift Model 

Two defoliation prediction models have been included 

in GypsES, with the user able to select the model desired. 

Gansner et al. (1985) developed a model based on 

counts o f  egg masses per acre. A similar model that uses 

forest site information in addition to egg mass counts is 

available (Montgomery 1990). Both models are used to 

estimate defoliation for either an individual egg mass sam- 

ple plot, or from an egg mass surface generated by GypsES 

using the egg mass sample plots. The estimated defoliation 

is used by the hazard-rating model to estimate risk. Where 

objectives call for reducing defoliation, managers can use 

estimated defoliation to determine areas needing suppres- 

sion treatments. 

Stand-Damage Model 

The Stand-Damage Model is a stand-alone model that 

was developed as part o f  the Gypsy Moth Life Systems 

Model (Colbert and Sheehan 1995). It simulates forest 

growth, mortality, and regeneration, and includes the abil- 

ity to apply defoliation percentages to trees present in the 

simulated stand. The effects o f  gypsy moth outbreak on 

growth and mortality can be compared to simulations o f  

The Forest Service Cramer-Barry-Grim (FSCBG) 

spray deposit model (developed by the USDA Forest Serv- 

ice under the direction o f  John W. Barry, Forest Health 

Technology Enterprise Team, Davis, California) is used 

within GypsES to calculate potential deposit within a treat- 

ment area, and potential drift to exclusion zones nearby 

(Teske et al. 1993). A user-friendly interface has been cre- 

ated, within GypsES, providing simple access to FSCBG. 

GypsES passes FSCBG information about a spray block 

with a proposed or an actual flight line, and expected or 

actual weather conditions at the time of spraying. FSCBG 

then runs a simulation based on these conditions and the 

aircraft type, nozzles, and other factors producing estimates 

o f  the amount o f  spray material that lands within the block 

and the amount that drifts outside the block. Contours are 

returned to GypsES for various droplet densities that oc- 

cur. These contours are displayed over the spray block 

boundaries. Enhancements currently under development 

include calculation o f  success zones using biological 

dose-response relationships, and fitting actual spray flight 

lines over predicted flight lines. 

the same stand without defoliation. The model requires 

that data on tree species and number o f  stems in each di- 

Knowledge Bases 
Incorporated into GypsES 

ameter class be input. It can be run in two modes: interac- 

tively or via pre-defined scenarios. When running the model 

interactively, the user actually leaves GypsES, runs the 

Stand-Damage Model independently, and returns automati- 

cally to GypsES. Currently, the outputs from interactive 

runs cannot be used within GypsES without re-entering 

compare the results o f  silvicultural treatments that the user 

can apply to stands. Predicted defoliation from the hazard 

rating system can be used as input to examine the impacts 

of gypsy moth on stands. 

The pre-defined scenarios will take the stand data 

present in a database file in GypsES, run the Stand Dam- 

age Model, and return tables and graphic output back to 

GypsES. These scenarios are for no defoliation (baseline), 

light defoliation, and heavy defoliation, and all run for two 

5-year identical defoliation sequences to provide a decade- 

length projection. 

Outputs from these scenarios include stem counts, 

board-foot volume, sawlog volume, and total merchantable 

volume for all three scenarios; also included are values for 

the no defoliation scenario minus the light scenario, and 

the no  defoliation scenario minus the heavy defoliation sce- 

nario. These differences provide direct estimates o f  basal 

area or volume losses and permit users to estimate dis- 

counted total dollar losses when species-specific board-foot 

values ($/MBF) are supplied. 

Knowledge bases developed by teams of experts in 

the areas o f  hazard rating, survey and monitoring, and treat- 

ment have been incorporated into the GypsES structure. 

Here are short descriptions of these areas. 

the results into a database file. Interactive runs can also Hazard Rating 

Hazard rating is important because it allows efficient 

allocation o f  financial and other resources to meet chal- 

lenges from particular dangers to the management goals. 

Rating forests with regard to hazard from forest insects 

has been done extensively for many insects in many forest 

types (Hedden et al. 1981) and is generally regarded as a 

useful management tool. To be useful, however, a great 

deal o f  information is needed about the individual forest 

stand and the pest insect population. In general terms, the 

necessary stand information includes species composition, 

stocking level, tree vigour, and stress levels. Population levels 

o f  the pest insect are also important in estimating timing 

o f  potential damage (risk), but are not necessary to esti- 

mate long-term hazard. 

Gypsy moth hazard rating includes determining where 

a problem is most likely to occur given certain conditions, 

and how severe damage is likely to be. Although gypsy 

moth may be a problem across very large areas at times, 

the specific areas o f  forest where it is found vary from 

year to year. Also, individual stands within the same major 

3 
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forest type and in the same geographic area may have very 

different potential hazards. Under some management ob- 

jectives, such as high-use recreation areas, damage may be 

defined differently and include the mere presence o f  high 

insect populations rather than any damage to the trees. 

Definitions of four terms are necessary to understand 

the current hazard rating system for gypsy moth: 

• Susceptibility describes the likelihood o f  

defoliation o f  a given tree or stand when and if the 

gypsy moth is present. 

• Vulnerability is the probability that damage 

mortality, growth loss, reduced scenic beauty) will 

result if defoliation occurs. 

• Hazard combines the probability. and severity o f  

damage with its effects on management goals for a 

specific area. 

predict the probability o f  such an event damaging 

the management goals in the short term. 

Gypsy moth hazard rating is based on information of 

varying quality. It is well documented that gypsy moth lar- 

vae feed o n  particular host species (Mosher 1915, 

Montgomery 1991). Susceptibility is a relatively straight- 

forward function o f  species composition modified by site 

and stand characteristics (Gansner et al. 1987). Vulnerabil- 

ity is a more complicated relationship. The primary com- 

plicating factor is the amount o f  additional stress to which 

an individual tree has been subjected. Estimates o f  indi- 

vidual tree vulnerability to mortality have been compiled 

for many species in Pennsylvania (Gansner et al. 1987, Hicks 

and Fosbroke 1987) and are still being refined. Stand-level 

vulnerability to mortality, which is a more useful scale to 

the forest manager, can be: 

influencing the impact of gypsy moth have been estimated, 

a useful hazard rating system must account for the objec- 

tives o f  the land managers and how the potential distur- 

bance from defoliation will influence those objectives. As 

with most sociological factors, principles can be framed, 

but little real information is available. Highly reliable in- 

formation on the relationship between defoliation levels 

and insect population levels is also still lacking. 

Existing gypsy moth hazard ratings are based prima- 

rily on species and condition of individual trees. When such 

information is available, it is the best source from which to 

predict hazard to the forest. However, many areas o f  for- 

est or partially forested land will not have such detailed 

information, but a decision still will be needed on how to 

deal with the potential threat o f  gypsy moth. 

• Risk incorporates insect population trends to Survey and Monitoring 

Techniques and methodology for sampling gypsy moth 

and its associated natural enemies have been developed 

and in some instances tested and validated. 

The treatment threshold concept is central not only 

to sequential sampling but also to integrated pest manage- 

ment in general. Sampling for research purposes varies with 

the nature o f  the study and is usually more intensive than 

techniques used by managers. Managers usually require 

samples over large areas o f  variable habitat, and are con- 

strained by time and economics. For gypsy moth, egg mass, 

late instar larvae, male adult, frass, and head capsule sam- 

pling can be used but none has proven totally effective for 

making management decisions. Pheromone traps are a sen- 

sitive means o f  detecting male moths but are limited to 

detecting and delimiting new infestations. Egg-mass counts 

are routinely used by managers to decide on the need for 

suppression tactics. Current methods-fixed-area plots 

(Wilson and Fontaine 1978) and sequential sampling 

(Kolodny-Hirsch 1986, Fleischer et al. 1991)-provide only 

number o f  egg masses per acre and have not been a de- 

pendable predictor of defoliation (Liebhold et al. 1994). 

Factors such as forest site, foliar biomass, insect popula- 

tion trends, egg mass size, and phenology are important 

components o f  predicting defoliation for purposes of ini- 

tiating management action. 

The sampling support component of GypsES provides 

a user with means to design the layout o f  sampling grids 

for pheromone, egg mass, or larval sampling. The user can 

track the placement of pheromone traps or sampling plots, 

record sampling data, and use the results to generate den- 

sity estimate layers within the GIS. The data derived from 

initial surveys can be used to extend or articulate further 

sampling programs. The results o f  sampling programs pro- 

vide data to be used along with other information to set up 

and prioritize management units strategies, including eradi- 

cation, suppression, or silvicultural alternatives. 

1) Accumulated from individual tree data from 

sample plots. 

2) Estimated by applying individual tree 

probabilities to stand tables. 

3) Estimated using a stand-level equation based on 

plot surveys. The stand-level equation is easier to 

calculate, but is somewhat more variable because 

of the information it necessarily omits. 

Forests o f  the northeast have been classified as to their 

general susceptibility and vulnerability to gypsy moth. The 

various types o f  mixed oak forests are most susceptible 

because the trees are preferred hosts for gypsy moth. Clas- 

sification o f  vulnerability to mortality is more difficult be- 

cause it must incorporate stand history, current stand 

conditions, presence o f  secondary mortality agents, insect 

population trends, and predictions o f  future conditions of 

the trees. Several attempts have been made to predict mor- 

tality of stands, but the equations d o  not fit other geo- 

graphic areas or  different stand conditions because of the 

specific characteristics used. After the biological factors 

4 
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Currently, the implementation o f  truly integrated gypsy 

moth management programs is constrained by an inability 

to forecast outbreaks with adequate accuracy. There is sub- 

stantial evidence that many areas designated for treatment 

would never reach damaging densities. Conversely, popu- 

lations in stands that are rejected for treatment often in- 

crease to defoliating levels. 

Treatment: Suppression and Eradication 

The survey portion o f  GypsES includes two modes 

o f  operation: suppression and eradication. Suppression 

mode is used when gypsy moth populations are high enough 

that defoliation or nuisance is expected to have significant 

effects on management objectives for the area. Eradica- 

tion mode is used in spot infestations that are outside the 

generally infested and transition zones. The objective in 

these spot infestations is to eradicate the gypsy moth. Both 

modes include expert knowledge on insecticide treatments, 

mass trapping, delimitation trapping, and pheromone-based 

mating disruption (Schaub et al. 1990b). FSCBG also con- 

tains expert knowledge related to insecticide applications, 

spray drift, and spray deposit. Treatment effectiveness can 

be evaluated by comparing pre- and post-treatment values 

for egg masses, defoliation, pheromone trap catches, and 

other measures. 

plex program, containing over 250 000 lines o f  program 

source code, in addition to some of the models. 

Menu Structure. The main menu contains seven 

major pull-down menu groups: File, Edit, Windows, For- 

est, Survey, Treatment, and Help Menus. Short descrip- 

tions o f  each submenu and some examples o f  functions 

available within GypsES follow. 

File Menu. The File Menu provides basic file control 

functions such as deleting, renaming, copying, setting data 

links, and importing and exporting files. The user can se- 

lect the mapset location to work with. This allows a user to 

have multiple locations, each of a size that is on the order 

o f  a county or ranger district. This menu allows the editing 

o f  maps and access to many GIS functions such as overlay, 

combine, reclass, and surface generation. 

Edit Menu. The Edit Menu provides the ability to 

enter or change data, edit data tables, and create or edit 

map files, including on-screen digitizing. This is also where 

many user defaults can be set, such as management objec- 

tives for areas, survey parameters, and units o f  measure. 

Windows Menu. This Menu allows the user to change 

how information is displayed on the screen, including choice 

o f  map layers, fonts, colours, symbol size and type, and 

number o f  simultaneous windows (one or four). Also, it 

provides view change (zoom in/out) and masking. 

Forest Menu. The Forest Menu allows the creation 

o f  hazard layers using GIS layers such as stand boundaries, 

defoliation, and management objectives. The Stand-Dam- 

age Model is accessed from this menu for both interactive 

and pre-defined scenarios. This menu can be used to iden- 

tify areas where silviculture and other non-insect-focused 

activities may be beneficial to National Forests and other 

forest management organizations, even before arrival o f  

gypsy moth in an area. Conducting hazard-ratings and simu- 

lations of mortality following outbreaks via the pre-defined 

scenarios can identify stands that are the highest priority 

for silvicultural management. This process will be made 

even easier in Version 2, when rulebases for silvicultural 

treatments are added to the system. Also, through this menu, 

one can provide similar prioritization and help in planning 

eradication and suppression projects. 

Survey Menu The Survey Menu has two different 

modes: suppression and eradication. In suppression mode 

it allows editing or viewing of egg mass surveys and their 

results, generates an egg mass surface using a surface gen- 

eration routine, and runs the defoliation prediction model 

to generate a defoliation surface. In eradication mode it 

can help the user create a pheromone trap survey design 

or detection grid, allow entry of trap data, and view phe- 

romone trap data. 

Treatment Menu. The Treatment Menu has many 

options. Activities that can be conducted in a pretreatment 

situation include: 

System Features 
GypsES is an X-Windows/Unix application and runs 

on computers with a 486 DX2-66 or faster processor, with 

a Pentium processor, and with at least 32 mb o f  RAM run- 

ning UnixWare V2.0. Due to the enormous amounts o f  

data used in mapping applications, GypsES requires hard 

disk storage capabilities in the gigabyte range. GypsES can 

be modified to run on other types o f  Unix work stations, 

but would require a moderate amount o f  programming, 

depending on the operating system. 

GRASS, a public domain full-featured GIS, was cho- 

sen because it is powerful, we could obtain the source code, 

and we do not have to pay license fees to distribute it (US 

Army Corps o f  Engineers 1991, Shapiro et al. 1992). All 

GypsES spatial data formats are based on the GRASS system. 

A spatially referenced database was developed that uses 

standard Xbase (.DBF) database file formats. A graphical 

user interface (GUI) written in C using X-Windows/Mo- 

tif provides the structure for the GypsES menu system. 

All models, rule bases, and GIS functions are accessed 

through the GUI menu structure and nested windows. Four 

work windows are used for all operations. 

The system will print directly or it can save output to 

graphics files that can then be imported into other pro- 

grams such as word processors, office publishers, and pres- 

entation packages. The report generator can create printed 

output for many o f  the operations. GypsES is a large, com- 
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1) Generating a risk layer from hazard and 

predicted defoliation surface. 

2) Creating, editing, and viewing a spray blocks layer. 

3) Running the phenology model to create a 

phenology layer to time treatment at peak second- 

instar development, or time putting out and 

picking up pheromone traps. 

4) Uploading the spray block boundaries to the 

spray planes via digital global positioning system 

5) Running the FSCBG spray deposit and drift 

model in a gaming fashion, to determine what 

weather conditions are appropriate to treat in. 

Post-treatment activities that can be done include: 

1) Downloading actual spray lines from the spray 

planes via DGPS files. 

2) Displaying actual spray lines over the spray 

blocks. 

3) Running FSCBG using actual spray lines and 

weather conditions to see the deposit and drift 

contours that occurred. 

4) Calculating egg mass difference layers and 

overlaying spray blocks to see how effective the 

treatment was in reducing egg mass densities. 

5) Overlaying defoliation and spray blocks to see 

how effective the treatment was in reducing 

defoliation. 

6) Overlaying pheromone trap catches and 

treatment blocks to determine efficacy o f  the 

treatment. 

7) Calculating pheromone trap difference layers and 

overlaying treatment blocks to determine efficacy. 

Many types o f  reports can be developed from the 

Treatment Menu. Information such as total acres in spray 

blocks, acreage of each kind o f  treatment, potential cost 

of the treatments, grouping of spray blocks by phenology, 

and many more useful pieces of information can be ob- 

tained from the system. In the past, doing these kinds of 

analyses by hand was very time consuming and prone to 

Help Menu. The Help system contains context-sen- 

sitive help for the user. It contains much of the informa- 

tion in the reference manual and is always available to the 

user. In some instances, it contains details not documented 

elsewhere. 

Forestry; the USDI National Park Service, National Capi- 

tal Region; and USDA Forest Service State and Private 

Forestry offices in Morgantown, WV, Asheville, NC, 

Pineville, LA, and Harrisonburg, VA. 

All users are actively involved in gypsy moth suppres- 

sion or eradication projects. As we gain experience with 

these users, additional sites will be added each year, as new 

users seek access to the system. 

(DGPS) files. Future Enhancements 
While the final touches are being placed on the ver- 

sion 1 .0 release, we are actively pursuing additional enhance- 

ments to the 2.0 version o f  GypsES. These include: 

1) Incorporation of the Gypsy Moth Life 

System Model. 

2) Further development of the FSCBG interface 

and capabilities including: a) deposit within 

exclusion zones, b) optimization/readjustment of 

flight lines to maximize deposit within blocks, 

linkage o f  DGPS actual flight lines to FSCBG, 

help system, and c) calculation o f  percent success 

within blocks using dose-response interactions. 

3) Addition o f  economic analyses to the Stand- 

Damage Model. 

4) Incorporation o f  silvicultural guidelines 

rulebases. 

5) Development o f  a revised GMPHEN model. 

6) Evaluation of BioSIM (Régnière and Bolstad 

1994, Régnière et al. 1995, Régnière and Logan 

1996 this proceedings) for replacing the current 

landscape-level temperature input for phenology. 

As the reader can see, the GypsES development team 

has set its goals high — to provide a field-application-ori- 

ented, user-friendly toolbox to support decisions, and to 

continually improve on that toolbox as new information 

and techniques become available. Further information about 

GypsES, computer system requirements, and availability 

can be obtained by contacting any o f  the authors. 

mistakes. References 
Bennett, D.J. 1995. Modeling a Decision Process: Hazard 

and R i s k  Assessment for Areas Threatened by Gypsy 

Moth Infestation. M.S. Thesis. West Virginia University, 

Morgantown, WV. 11 5 p. 

Colbert, J.J. and K.A. Sheehan. 1995. Description of the 

Stand-Damage Model: Part of the Gypsy Moth Life Sys- 

tem Model. USDA, Forest Service, Northeastern Forest 

Experiment Station. Radnor, PA. Gen. Tech. Rep. NE- 

208. 111 p. 

Implementation 
At present, GypsES has a beta test group of 12 users 

including: Prince William County Virginia; the Arkansas 

Plant Board; the Virginia Department o f  Consumer Af- 

fairs; the Ohio Department o f  Agriculture; the Indiana 

Department of Natural Resources; the North Carolina 

Department of Agriculture; the Tennessee Division o f  

6 



Decision Support Systems for Forest Pest Management, Proceedings 

Elmes, G.A., A.M. Liebhold, and M.J. Twery. 1993. Two 

approaches to landscape characterization o f  suscepti- 

bility to gypsy moth defoliation. Pp. 172-183 in: Spatial 

Analysis and Forest Pest Management. Edited by A.M. 

Liebhold and H.R. Barrett. USDA, Forest Service, 

Northeastern Forest Experiment Station. Radnor, PA. 

Gen. Tech. Rep. NE-175. 

Mosher, F.H. 1915. Food plants o f  the gypsy moth in America. 

USDA. Washington, DC. Agric. Bull. 250. 39 p. 

Régnière, J. and P. Bolstad. 1994. Statistical simulation o f  

daily air temperature patterns in eastern North America 

to forecast seasonal events in insect pest management. 

Environ. Entomol. 23: 1368-1380. 

Fleischer, S..J., F.W. Ravlin, and R.C. Reardon. 1991. Imple- 

mentation o f  sequential sampling plans for gypsy moth 

(Lepidoptera: Lymantriidae) egg mass in eastern hard- 

wood forests. J. Econ. Entomol. 84: 1100-1107. 

Régnière, J., D. Lavigne, R. Dickinson, and A. Staples. 1995. 

Performance Analysis o f  BioSIM, a Seasonal Pest Man- 

agement Planning Tool, in New Brunswick in 1992 and 

1993. Nat. Resources Canada, Can. For. Serv., Quebec. 

Info. Rep. LAU-X-115. 28 p. 

Gansner, D.A., O.W. Herrick, and M. Ticehurst. 1985. A 

method for predicting gypsy moth defoliation from egg 

mass counts. North. J. Appl. For. 2: 78-79. 

Régnière, J. and J.A. Logan. 1996. Landscape-wide projec- 

tion o f  temperature-driven processes for seasonal pest 

management decision support: a generalized approach. 

Pp. 43-55 in: Decision Support Systems for Forest 

Management: Proceedings o f  a Workshop at the Joint 

Meeting o f  the Entomological Society o f  Canada 

and BC, October 17, 1995 in Victoria, BC, Canada. 

Edited by T.L. Shore and D.A. MacLean. Can. For. Ser. 

FRDA Rep. No. 260. 72 p. 

Gansner, D.A., O.W. Herrick, G.N. Mason, and K.W. 

Gottschalk. 1987. Coping with the gypsy moth on new 

frontiers o f  infestation. South. J. Appl. For. 11: 201-209. 

Hedden, R.L., S.J. Abarras, and J.E. Coster (editors). 1981. 

Hazard-Rating Systems in Forest Insect Pest Manage- 

ment. USDA, Forest Service. Washington, DC. Gen. 

Tech. Rep. WO-27. 169 p. Schaub, L.P., J.A. Logan, and F.W. Ravlin. 1990a. Phenol- 

ogy prediction component o f  GypsES. Pp. 191-196 in: 

Application o f  Geographic Information Systems, Simu- 

lation Models, and Knowledge-Based Systems for Land 

Use Management. Virginia Polytechnic Institute and 

State University. Blacksburg, VA. 

Hicks, R.R. and D.E. Fosbroke. 1987. Stand vulnerability: 

Can gypsy moth damage be predicted? Pp. 73-80 in: 

Coping with the Gypsy Moth in the New Frontier. Ed- 

ited by S. Fosbroke and R.R. Hicks, Jr. West Virginia 

University Books. Morgantown, WV. 

Schaub, L.P., F.W. Ravlin, J.A. Logan, S.J. Fleischer, S.L. 

Rutherford, and E.A. Roberts. 1990b. Monitoring de- 

signer component o f  GypsES. Pp. 537-544 in: Appli- 

cation o f  Geographic Information Systems, Simulation 

Models, and Knowledge-Based Systems for Land Use 

Management. Virginia Polytechnic Institute and State 

University. Blacksburg, VA. 

Kolodny-Hirsch, D.M. 1986. Evaluation of methods for 

sampling gypsy moth (Lepidoptera: Lymantriidae) egg 

mass populations and development o f  sequential sam- 

pling plans. Environ. Entomol. 15: 122-127. 

Liebhold, A., K. Thorpe, J. Ghent, D.B. Lyons. 1994. Gypsy 

Moth Egg Mass Sampling for Decision-Making: A Us- 

ers’ Guide. USDA, Forest Service, Forest Health Pro- 

tection. NA-TP-04-94. 12 p. 

Shapiro, M., J. Westervelt, D. Gerdes, M. Larson, and K.R. 

Brownfield. 1992. GRASS 4.0 Programmer’s Manual. 

US Army Corps o f  Engineers, Construction Engineer- 

ing Research Lab (USACERL). Champaign, IL. 313 p. Montgomery, M.E. 1990. Role o f  site and insect variables 

in forecasting defoliation by the gypsy moth. Pp. 73-84, 

Chapter 7, in: Population Dynamics o f  Forest Insects. 

Intercept Ltd. Andover, UK. 

Sheehan, K.A. 1992. User’s Guide for GMPHEN: A Gypsy 

Moth Phenology Model. USDA, Forest Service, North- 

eastern Forest Experiment Station. Radnor, PA. Gen. 

Tech. Rep. NE-158. 29 p. Montgomery, M.E. 1991. Variation in the suitability o f  tree 

species for the gypsy moth. Pp. 1-13 in: Proceedings o f  

the USDA Interagency Gypsy Moth Research Review. 

Edited by K.W. Gottschalk, M.J. Twery, and S.I. Smith. 

USDA, Forest Service, Northeastern Forest Experiment 

Station. Radnor, PA. Gen. Tech. Rep. NE-146. 

Teske, ME., J.F. Bowers, J.E. Rafferty, and J.W. Barry. 1993. 

FSCBG: an aerial spray dispersion model for predicting 

the fate o f  released material behind aircraft. Environ. 

Toxicology and Chemistry 12(3): 453-464. 

7 



Decision Support Systems for Forest Pest Management, Proceedings 

Twery, M.J., G.A. Elmes, L.P. Schaub, M.A. Foster, and M.C. 

Saunders. 1993. GypsES: a decision support system for 

gypsy moth management. Pp. 56-64. in: Spatial Analysis 

and Forest Pest Management. Edited by A. M. Liebhold 

and H.R. Barrett. USDA, Forest Service, Northeastern 

Forest Experiment Station. Radnor, PA. Gen. Tech. Rep. 

NE-175. 

US Army Corps o f  Engineers. 1991. GRASS 4.0 Manual. 

US Army Corps of Engineers, Construction Engineer- 

ing Research Lab (USACERL). Champaign, IL. 537 p. 

Wilson, R.W., Jr., and G.A. Fontaine. 1978. Gypsy Moth 

Egg Mass Sampling with Fixed and Variable Radius Plots. 

USDA, Washington, DC. Agric. Handb. 523. 46 p. 

8 



Decision Support Systems for Forest Pest Management, Proceedings 

Evaluation of the Predictive Capacity 

of the Eastern Hemlock Looper 
Decision Support System 

Allan L. Carroll 
Canadian Forest Service, Natural Resources Canada, NF 

ber (Otvos et al. 1979; Clark and Carew 1986). Such large- 

scale impacts have considerable environmental and eco- 

nomic ramifications, threatening water quality, modifying 

wildlife habitat, and limiting wood supplies for pulp and 

paper production. 

Environmentally and economically judicious decision 

making in forest pest management programs is complex 

and often unattainable given the temporal and spatial com- 

plexity o f  forest systems (Waters and Stark 1980). How- 

ever, the recent advent o f  computer-based decision support 

has provided a means to reduce the uncertainty associated 

with decision making for management o f  natural systems. 

In 1988, a project was initiated to develop a DSS for facili- 

tating integrated management of the eastern hemlock 

looper in Newfoundland. The aim o f  the project was to 

consolidate available knowledge and data into a system that 

could provide temporal and spatial predictions of pest 

impacts under available alternative management strategies 

(McNamee et al. 1990; Carroll et al. 1995). 

The Eastern Hemlock Looper Decision Support Sys- 

tern (EHLDSS) consists of individual models constructed 

to predict probabilities of defoliation, timber mortality and 

decay, risk of impending outbreaks, and regional larval phe- 

nology. Each model was embedded in the ARC/INFO 

geographic information system (Environmental Systems 

Research Institute, Redlands, CA) combined with the pro- 

vincial forest inventory database (maintained by the New- 

foundland Department o f  Natural Resources), and linked 

to a graphical user interface called FOKIS (Gillis and Power 

1995). EHLDSS allows users to display and modify certain 

rule bases, such as those that identify stand eligibility for 

control tactics, expected efficacies of various control meas- 

Abstract 

The predictive capacity o f  the defoliation risk com- 

ponent o f  the Eastern Hemlock Looper Decision Support 

System was determined during 1995. The area and number 

o f  forest stands actually defoliated by the hemlock looper 

in the Corner Brook region o f  Newfoundland were di- 

rectly compared with those predicted by the defoliation 

risk models of the decision support system. Whereas 12 

290 ha o f  forest and 1884 stands were defoliated by the 

hemlock looper in the study area during 1995, the decision 

support system predicted a significant probability o f  defo- 

liation for only 1649 ha and 262 stands. Extensive natural 

and anthropogenic alterations to the forests of insular 

Newfoundland during the last several decades has limited 

the predictive capacity o f  simulation models based on his- 

tory. Additional research toward the development o f  proc- 

ess-based models that simulate the interaction o f  hemlock 

looper and balsam fir forests will yield more accurate pre- 

dictions of looper impacts. 

Introduction 
The eastern hemlock looper (Lambdina fiscellaria fiscel- 

laria (Guen.); Lepidoptera: Geometridae) is an indigenous 

forest defoliator common throughout northeastern North 

America. Although populations remain relatively low 

throughout most of its range, widespread hemlock looper 

outbreaks occur frequently across insular Newfoundland. 

During the two most recent outbreaks (1967-71 and 1983- 

87), more than 1.4 million ha of  balsam fir (Abies balsamea 

(L . )  Mill.) forests sustained defoliation, causing the destruc- 

tion of approximately 25.0 million m
3 
of merchantable tim- 
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ures, and mortality volume thresholds, prior to each pre- Study Area 
diction run. Predictions can be generated that calculate risk 

o f  defoliation, timber mortality, and subsequent decay based 

on stand characteristics, and past, present, and expected 

hemlock looper population levels (Carroll et al. 1995). 

A recent increase in hemlock looper populations across 

insular Newfoundland has provided an opportunity to 

evaluate some o f  the models comprising the present sys- 

tem. Predictions o f  the extent and distribution o f  hem- 

lock looper defoliation constitute the basis for the current 

decision support system (DSS) (see Carroll et al. 1995). 

Accordingly, the objective o f  this investigation was to vali- 

date the defoliation risk predictions produced by the East- 

ern Hemlock Looper Decision Support System. 

A study area located near Corner Brook, Newfound- 

land (Figure 1) ,  encompassing almost 7000 ha and covered 

predominantly by balsam fir forests, was selected. This re- 

gion was deemed most suitable for study primarily because: 

1) A complete data set was available at the time o f  

this investigation. 

2) Only a small fraction (<5%) o f  stands were 

subject to control efforts (i.e., application o f  the 

biological insecticide B. t.) against the hemlock 

looper during 1994 and 1995. 

3) N o  damage by other forest defoliators was 

detectable throughout the area during 1995. 

Methods and Materials Defoliation Models 

The predictive capacity o f  the defoliation risk com- 

ponent o f  EHLDSS was determined through simple com- 

parisons o f  the area and number o f  forest stands actually 

defoliated by the hemlock looper with those predicted by 

the system for 1995. 

EHLDSS employs two models to estimate risk o f  an- 

nual defoliation for an individual forest stand. The first 

was designed to predict defoliation risk for stands not pre- 

viously defoliated (initial defoliation), whereas the second 

was constructed to predict defoliation risk for stands defo- 

Figure 1. Schematic representation o f  the regon (near Corner Brook, Newfoundland) used to evaluate the predictive 

capacity of the Eastern Hemlock Looper Decision Support System. 
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liated during the previous year (continued defoliation). Each 

model was designed to estimate the probabilities o f  light, 

moderate, and severe defoliation for individual forest stands 

during the ensuing year (see Carroll et al. 1995). 

The initial defoliation model was constructed using a 

logistic regression (Walker and Duncan 1967) o f  the fol- 

lowing form: 

separate model parameters were derived from the defo- 

liation coverages for each outbreak phase (Tables 1 and 

2) (Carroll et al. 1995) 

The continued defoliation model parameters from 

Table 1 can be interpreted as follows: for a stand that ex- 

perienced light defoliation in a year when hemlock looper 

populations are increasing (i.e., year t ) ,  the model predicts 

52.3, 8.0, 1.8, and 37.9% probability that the stand will 

experience no, light, moderate, and severe defoliation dur- 

ing the following year (i.e., year t+1) respectively. 

log e [P/(l-P)] = x 1 B (1) 
where, 

P = proportion o f  stands experiencing defoliation 

x1 = vector o f  independent categorical variables, 

and 

B = vector o f  regression coefficients. 

during year t but not year t-1, Actual Defoliation 

Estimates o f  actual defoliation were obtained from 

defoliation sketch maps produced during the annual aerial 

defoliation survey conducted by the Newfoundland De- 

partment o f  Natural Resources in conjunction with per- 

sonnel from the Canadian Forest Service. During aerial 

surveys, forest stands defoliated by the hemlock looper are 

delineated on forest inventory and topographic maps and 

assigned t o  light, moderate, or  severe defoliation classes 

based on visual estimates o f  foliage loss in the manner 

described by Moody (1979). Sketch maps were digitized 

into the ARC/INFO geographic information system. 

Predicted Defoliation 

The vector o f  independent categorical variables com- 

prised stand age class (grouped in 20-year intervals), stand 

species composition (proportion o f  balsam fir), hemlock 

looper population trend (i.e., increasing or decreasing), and 

proximity o f  defoliation during the previous year. Defolia- 

tion proximity was based on 1:50 000 scale map sections, 

where 1 equals previous year defoliation in the same map 

section, 2 equals previous year defoliation in an adjacent 

map section, or 3 equals no previous year defoliation in or 

adjacent to the map section. 

When the model was applied in an a posteriori analy- 

sis o f  data from the two most recent hemlock looper out- 

breaks, it accounted for 80, 45, and 77% o f  the variation 

in the probability of light, moderate, and severe defolia- 

tion respectively (Carroll et al. 1995). 

To quantify the risk o f  continued defoliation for a 

particular forest stand, it was necessary to first define the 

number o f  consecutive years o f  defoliation that stands 

normally experience. Localized outbreak duration was ex- 

amined by overlaying defoliation coverages (i.e., aerial sketch 

maps) from recent outbreaks. Within each outbreak only a 

for more than two consecutive years. Therefore, it was as- 

sumed that a stand can experience defoliation by hemlock 

looper for a maximum o f  only two years (Carroll et al. 1995). 

The continued defoliation model was derived by over- 

laying successive years o f  defoliation coverages, beginning 

with the first two years o f  the 1967-71 and 1983-87 out- 

breaks, and progressing in one-year increments. For each 

overlay, areas that were not defoliated in the first year but 

were defoliated in the second year were removed because 

they did not represent continued defoliation. Contin- Year t None Light Moderate Severe 
ued defoliation-risk probabilities were simply calculated 

because the proportion o f  stands of each defoliation class 

in any year that were defoliated during the following year. 

Due to different defoliation-spread and persistence pat- 

terns during years when outbreaks increase and decline, 

To facilitate comparisons between actual and predicted 

defoliation, the traditional breakdown o f  defoliation into 

Table 1.  Continued defoliation probabilities for forest 

stands in Newfoundland in years when eastern 

hemlock looper outbreaks are increasing (from 

Carroll et al. 1995). 

Defoliation risk year t+1 

Year t None Light Moderate Severe 

(%) (%) (%) (%) 

small proportion of areas (<0.7%) experienced defoliation Light 52.3 8.0 1.8 37.9 

79.5 1.5 2.9 16.0 Moderate 

Severe 56.2 2.4 7.1 33.3 

Table 2. Continued defoliation probabilities for forest 

stands in Newfoundland in years when eastern 

hemlock looper outbreaks are decreasing 

(from Carroll et al. 1995). 

Defoliation risk pear t+1 

(%) (%) (%) (%) 

Light 83.8 1.5 2.2 12.7 

Moderate 91.8 2.2 1.0 5.0 

Severe 80.8 0.5 1.2 17.5 
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light, moderate, and severe categories was ignored. Instead, 

stands were simply considered defoliated or intact. Fur- 

thermore, where the defoliation models calculate the risk 

(i.e., percent probability) o f  stands experiencing defolia- 

tion, a threshold o f  35% was chosen (based upon trial runs 

o f  EHLDSS, a 35% threshold was considered to be most 

sensitive to defoliation risk). Finally, any stands subject to 

B.t. application during 1994 or 1995 were removed from 

the analysis. 

The predictive capacity o f  the initial and continued 

defoliation models was assessed independently. By over- 

laying aerial sketch maps for 1994 and 1995, stands sub- 

jected to two consecutive years o f  actual defoliation were 

identified. These stands were compared directly against the 

1995 predictions generated by the continued defoliation 

model. Stands subject to defoliation only during 1995 were 

compared with the predictions of the initial defoliation model. 

Results and Discussion 

realistically predict the probability o f  defoliation. Interest- 

ingly, considerable improvements in the prediction o f  ini- 

tial defoliation risk would be likely if defoliation proximity 

was calculated at a finer resolution (i.e., stand level) than 

the 1:50 000 scale map section. (Note: A 1:50 000 scale 

map section encompasses = 650 km2). Indeed, hemlock 

looper moths are poor fliers and unlikely to disperse great 

distances (Carroll 1956), thus defoliation proximity deter- 

mined from map sections likely has little relevance to the 

quantification o f  initial defoliation risk. 

The poor predictive capacity o f  the initial defoliation 

model may arise from a more fundamental problem. Wide- 

spread defoliation across insular Newfoundland by the 

hemlock looper and eastern spruce budworm (Choristoneura 

fumiferana Clem.) during the last several decades has re- 

sulted in the destruction o f  almost 2.0 million ha o f  bal- 

sam fir forests (Otvos et al. 1979; Clark and Carew 1986; 

Raske et al. 1986). Furthermore, industrial forestry and 

domestic fuelwood consumption in Newfoundland are re- 

sponsible for clearcutting approximately 2.4 million m3 o f  

timber per year (Flight and Peters 1992). Consequently, 

the distribution and abundance of mature and overmature 

(i.e., >60 years-old) balsam fir stands have declined over 

historical levels. Indeed, a timber-supply deficit is antici- 

pated within the next two decades (Flight and Peters 1992). 

Given the preference o f  hemlock looper for old versus 

young balsam fir stands (Otvos et al. 1979), a reduction in 

the distribution and abundance of these stands has almost 

certainly influenced the dynamics of looper populations, 

thereby precluding predictions o f  defoliation risk derived 

from historical population patterns. 

The largest proportion o f  error in the defoliation risk 

predictions produced by EHLDSS was associated with the 

continued defoliation model. Less than 3% o f  the total 

area and number o f  stands actually defoliated for a second 

consecutive year in the Corner Brook area in 1995 were 

predicted to have ≥ 35% probability of defoliation (Table 

3). Because the continued defoliation model assigns defo- 

liation probabilities to individual stands based on  observed 

patterns from the two previous hemlock looper outbreaks, 

it follows that the relative decrease in the prevalence o f  

mature and overmature balsam fir stands in the present 

landscape renders historical defoliation patterns irrelevant. 

Indeed, a decline in the frequency o f  preferred stand types 

suggests that the risk o f  continued defoliation should be 

much higher in remaining stands than observed histori- 

cally-a premise supported by the considerable underesti- 

mation o f  continued defoliation risk produced by the DSS 

in this study. 

Despite drastic underestimation of the extent of hem- 

lock looper defoliation by EHLDSS, the defoliation mod- 

els pinpointed regions where looper defoliation tended to 

predominate (Figure 2). Qualitative identification of re- 

Predicted and actual defoliation differed by almost one 

order o f  magnitude. Whereas more than 12 000 ha of for- 

est and nearly 2000 stands were defoliated by the hemlock 

looper in the Corner Brook area during 1995, EHLDSS 

predicted ≥35% probability o f  defoliation for only 1649 

ha and 262 stands (Table 3). The meagre predictive capac- 

ity o f  the DSS can be attributed to several problems inher- 

ent in each o f  the defoliation prediction models. 

The most accurate prediction o f  defoliation risk was 

generated by the initial defoliation model. Nevertheless, 

only 1514 ha and 239 stands were predicted to have a sig- 

nificant risk of initial defoliation, while 6624 ha and 1021 

stands experienced actual defoliation for the first time dur- 

ing 1995 (Table 3). Substantial underestimation of initial 

defoliation risk suggests the four parameters o f  the initial 

defoliation model-stand—age, species composition, out- 

break trend, and defoliation proximity—are insufficient to 

Table 3. Number o f  stands defoliated and area o f  

defoliation caused by the hemlock looper in 

the Corner Brook area during 1995 versus that 

predicted to occur ( > 35% probability) by the 

EHLDSS. 

Stands defoliated Area defoliated 

(no.) (no.) (ha) (ha) 

Actual Predicted Actual Predicted 

Initial defol. a 1 021 239 6 624 1514 

Cont’d defol. b 863 23 5 656 135 

Total 1884 262 12 290 1 649 

a Initial defoliation refers to stands/areas defoliated f o r  the first 

time in 1995. 
b Continued defoliation refers to stands/areas defoliated in 1994 

and 1995. 
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Figure 2. Actual defoliation (a, c) by the eastern hemlock in the Corner Brook region of Newfoundland during 1995 

versus predicted defoliation (b, d), calculated by the EHLDSS. Dark shading depicts defoliation (actual and 

predicted), light shading indicates water bodies. Predicted defoliation is represented as > 35% risk. 
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gions where defoliation may focus has considerable value. 

Hemlock looper outbreaks typically begin as small scat- 

tered infestations that remain somewhat localized due to 

limited dispersal o f  female moths (Carroll 1956; Otvos et 

al. 1973). Periodically, localized infestations expand sufficiently 

to coalesce into widespread outbreaks. Therefore, pinpoint- 

ing the location o f  possible localized infestations may enable 

forest managers to limit the ultimate extent o f  damage. 

The Eastern Hemlock Looper Decision Support Sys- 

tem was developed to predict the temporal and spatial ex- 

tent o f  hemlock looper impacts. However, even though 

predictions o f  defoliation risk tended to pinpoint the loca- 

tion o f  looper infestations, they significantly underestimated 

the extent of actual defoliation. Both the initial and con- 

tinued defoliation models were derived from observed his- 

torical outbreak patterns. Consequently, their accuracy  

depends on  the future repeating the past. Clearly, the ex- 

tensive natural and anthropogenic alterations to the forests 

o f  insular Newfoundland during the last several decades 

precludes repetition o f  past events within the foreseeable 

future. EHLDSS represents the current state-of-knowledge 

involving hemlock looper-forest interactions. Additional 

research toward the development o f  process-based mod- 

els that simulate the interaction o f  hemlock looper and 

balsam fir stand types will yield more accurate predictions 

o f  looper impacts. 
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Role of Forest Inventory Projection in the 

Spruce Budworm Decision Support System 

David A. MacLean and Kevin B. Porter 
Natural Resources Canada, Canadian Forest Service, NB 

development and landscape structure. Spruce budworm 

feeding can defoliate most of the current-year foliage for 

up to 8-12 years in succession, resulting in reduced tree 

growth, mortality, and changes in stand species composi- 

tion, succession, productivity, and ecosystem functioning 

MacLean 1984, 1985, 1988). Spruce budworm outbreaks 

are the most important natural disturbance in eastern 

spruce-fir forests. Effects o f  outbreaks on  spruce-fir struc- 

ture and function in eastern Canada exceed the effects o f  

forest fires and are probably comparable in scale to all har- 

vesting undertaken in this region (MacLean 1990). 

To deal effectively with spruce budworm outbreaks in 

management planning, forest managers need decision sup- 

port tools that use forest inventory data and models to 

portray the timing and effects o f  outbreaks, and to evalu- 

ate the consequences, costs, and benefits o f  alternative 

decisions (including doing nothing) on  a suite of indica- 

tors of forest performance. Forest managers need tools to: 

1) Predict budworm outbreaks and their effects on  

forest development, to ensure that future stand 

types and timber supply will satisfy industrial, 

habitat, and other requirements. 

2) Design management plans that employ 

silviculture and forest management alternatives to 

reduce future outbreak occurrence or severity o f  

damage (MacLean and Porter 1994). 

Planning to restructure forests to the detriment o f  

insect pests could dramatically reduce reliance on  insecti- 

cides and should be an integral component of sustainable 

development for many o f  Canada's forest ecosystems. 

This has prompted development of a Spruce Budworm 

Decision Support System (SBWDSS), a forest-level plan- 

ning tool that incorporates effects of spruce budworm 

outbreaks and management decisions into decision mak- 

ing (MacLean and Porter 1994,1995). The SBWDSS project 

Abstract 

The Spruce Budworm Decision Support System 

(SBWDSS) consists o f  a suite o f  models and interpretation 

systems, linked to a geographic information system (GIS), that 

assists forest managers in making decisions regarding spruce 

budworm. The decision support system is implemented us- 

ing a Unix work station, the ARC/INFO GIS (Environmen- 

tal Systems Research Institute, Redlands, CA), and a graphical 

user interface based on ArcView 2.1. 

In this paper, one o f  the SBWDSS tools, a forest Inven- 

tory Projection System (IPS), is described and applied in case 

studies to a portion o f  the Fundy Model Forest in southern 

New Brunswick. IPS allows evaluation o f  the effects o f  bud- 

worm outbreak and insecticide-use scenarios on  the forest 

inventory at user-specified times up to 30 years in the future. 

Stand dynamics are governed by volume yield curves and a 

set of rules that determine the effects of two severeties of 

budworm outbreak, protection (insecticide use against bud- 

worm), and successional changes. Results o f  IPS projections 

can be output as reports and charts of current or projected 

areas and volumes, by stand; and as thematic maps displaying 

up to twelve themes (including species composition, volumes 

by species group, and age class) for the current, projected, or 

net change (i.e., projected minus current) state of each stand. 

Applying IPS to a 32 000-ha forest in southern New Bruns- 

wick showed that a severe budworm outbreak and no protec- 

tion would result in the loss of 406 000 m
3 

(53%) o f  spruce-fir 

timber, and an increase in the proportion o f  hardwood stands, 

compared to protected values. 

Introduction 
Periodic outbreaks of spruce budworm (Choristoneura 

fumiferana (Clem.)) in spruce-fir (Picea sp. -Abies balsamea 

(L . )  Mill.) forests o f  eastern Canada strongly influence forest 
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