
Figure 1. FVS Regional Variants for 20 different areas of North America.

Abstract
The Gypsy Moth Event Monitor is a program that simulates the effects of gypsy moth within the confines of the Forest Vegetation Simulator (FVS). Individual stands 
are evaluated with a susceptibility index system to determine the vulnerability of the stand to the effects of gypsy moth. A gypsy moth outbreak is scheduled in the FVS 
multi-year cycle if a drawn random number is less than or equal to the estimated probability of outbreak in that multi-year cycle. If an outbreak is scheduled, gypsy moth 
mortality is leveled against species deemed susceptible and resistant; basal area growth is increasingly reduced in susceptible species during light, medium and heavy 
outbreaks, whereas during a heavy outbreak, basal area growth is somewhat reduced in resistant species. 

This is a strategic model that demonstrates the potential loss of timber and habitat due to gypsy moth. The user can proactively reduce the stand’s susceptibility to gypsy 
moth and the probability of a gypsy moth event by scheduling appropriate management actions within FVS (see Gottschalk 1993). Due to the limitations in FVS’s growth 
and mortality equations, the variability normally seen in response to gypsy moth defoliation cannot be adequately modeled. As such, the user is cautioned that the best use 
of this Event Monitor is to show relative differences in responses of stands to gypsy moth rather than predicting absolute responses in individual stands. The Gypsy Moth 
Event Monitor can be used to prioritize stands for treatment or to estimate the overall impacts to a forested landscape.

The Gypsy Moth Event Monitor is intended for use by those familiar with the proper use and execution of the Forest Vegetation Simulator. It is recommended that the user 
be well versed in interpretation of standard FVS output. Specific Event Monitor variables can be exported to spread sheet programs for further user analysis.
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Figure 3.  Screen shot of FVS Event Monitor showing the use of Gypsy 
Moth keyword files.

Table 2.  Change in species composition (%) over a 100-year simulation 
cycle with and without the Gypsy Moth Event Monitor.

Figure 2.  Output of SVS, a 3D representation of a forest stand used 
to show changes over time due to stand development, disturbance, and 
management actions, for the conditions of the example simulation stand 
in 2067.

Introduction

The Gypsy Moth Event Monitor simulates the effects of gypsy moth by inflicting mortality and reducing 
growth upon susceptible and resistant species within Forest Vegetation Simulator (FVS) simulation runs.  
The Forest Vegetation Simulator is a distance-independent growth-and-yield modeling tool.  The Gypsy 
Moth Event Monitor will:

Calculate susceptible, resistant and immune species BA,
Calculate percentage of susceptible host BA & assign a gypsy moth susceptibility class,
Assign outbreak occurrence and severity based on susceptibility class and outbreak probabilities, and
Triggers mortality and growth reduction based on outbreak severity and probabilities.

»
»
»
»

FVS – Forest Vegetation Simulator

FVS is an individual tree distance independent growth and yield model 
developed by the USDA Forest Service.  It has 20 variants for forests in different 
regions of North America (Fig. 1).  Many insect, disease, fire, and other options 
are available for use with FVS.  In addition, FVS can output an input file to the 
Stand Visualization System (SVS) which is a stand alone program that draws 3D 
representation of a forest stand (Fig. 2).  The combination of the two models can 
be used to show changes over time due to stand development, disturbance, and 
management actions.

Modeling the effects of insects and pathogens within FVS have been conventionally achieved through 
the use of pest-specific FVS Variant ‘Extensions’ supported by the USDA Forest Service Forest Health 
Technology Enterprise Team (FHTET) in conjunction with the staff of the USDA Forest Service Forest 
Management Service Center, staff support for the base FVS Model. These ‘Pest-Extensions’, representing 
the current state-of-the-art in pest modeling, have been developed exclusively for use with the western 
variants of FVS. These extensions require substantial investment of time and money to maintain (Courter et 
al. 2002).

Here rather than hard code an extension, an FVS Event Monitor keyword set has been developed to 
provide the effects of gypsy moth (Fig. 3).  These keyword sets can then be bundled into stand-alone 
Keyword Component Addfiles (‘.kcp’ files) to be included in FVS simulations as appropriate. One of the 
advantages of developing pest models with FVS Keywords is that the code is stand alone; modifications 
can be made to the FVS base model without requiring changes to the pest specific .kcp files. Traditional 
pest extensions may sometimes require immediate and extensive coding changes if the base FVS code is 
altered in fundamental ways. Another advantage is the ability of the developer/user to quickly make changes 
in a single file that drastically streamlines the testing and development phase. The FVS Event Monitor 
feature allows for the creation and evaluation of user-defined variables that describe stand conditions. These 
variables can then be used to schedule management actions and/or growth/mortality functions. 

Probability of Outbreak Occurrence

The probability of a gypsy moth outbreak occurring in any given stand where the insect is established is ten 
percent (0.10) in any given year.  The presence or absence of the insect is determined by the hard coded variable 
named ‘GMArrive’.  By default, the value of GMArrive is set to the year 1985.  The user is encouraged to 
change this value based upon local conditions and name the modified event monitor file appropriately.  For 
example, if gypsy moth is estimated to arrive in your area in 2015, change “1985” to “2015” and rename the 
file to GM_NE_2015.kcp.  The Gypsy Moth Event Monitor will then simulate stand growth and development 
without gypsy moth until 2015 and then include gypsy moth effects after 2015.

Probability 

The probability of a gypsy moth outbreak is defined as 10 percent per year.  This probability is scaled to the 
multi-year FVS cycle by the use of “discounting logic”.  This is achieved by raising the probability of no 
outbreak (90%) in any given year to the power of the number of years in a cycle, defined in this utility as “Time 
Interval” (TI).  Therefore, the probability of an outbreak in a cycle would be (1 - 0.90**TI).  The calculated 
probability of gypsy moth outbreaks for 1, 5 and 10 year cycles are illustrated below:

	 TI =   1,  Probability = 0.10,
	 TI =   5,  Probability = 0.41,
	 TI = 10,  Probability = 0.65.

In each cycle, a random number between zero and one is compared to the value of 1 – (probNoOutbreak)TI.  If 
the random number is less than or equal to this value, a gypsy moth outbreak will be scheduled and mortality 
will be applied to the target susceptible and resistant species based on the stand’s Susceptibility Index 
(GmSuscep).  The Gypsy Moth Event Monitor is designed to run deterministically based on the default FVS 
pseudorandom number seed.  However, the user can easily edit the .kcp file to run the Gypsy Moth Event 
Monitor stochastically.

Stand Susceptibility

Stands are classified as having Low, Moderate, High and Very High Susceptibility based upon stand composition 
and the feeding preference of gypsy moth on individual tree species (Liebhold et al. 1995).  Moderate, High 
and Very Highly Susceptible stands will exhibit increasing levels of mortality and decreasing levels of growth 
should a gypsy moth outbreak occur.  Stand susceptibility determines outbreak severity.  The classification of the 
species modeled within each of the four eastern variants is given in the User’s Guide.  The NE Variant species 
are given in Table 1.  Any species in your data that are not listed below will be mapped to one of these species 
by the FVS variant.

Susceptibility Index

The percent basal area of the susceptibility categories is calculated for each FVS cycle.  Stands are considered 
to be very highly susceptible if the total basal area of susceptible species is 80% or higher.  Highly susceptible 
stands contain between 50% and 80% basal area of susceptible species.  Moderately susceptible stands 
contain between 20% and 50% basal area of susceptible species.  Stands containing less than 20% basal area 
of susceptible species are to be considered to have low susceptibility to gypsy moth and for purposes of this 
model will never experience outbreaks.  The GMSuscep variable is used to classify stands into one of these four 
susceptibility classes.  Users can run a separate Event Monitor file for each of the four eastern FVS variants that 
will calculate the gypsy moth susceptibility index but will not simulate gypsy moth outbreak effects.  

Table 1.  Species classification by gypsy moth feeding preference classes for the Northeast Variant (NE) of 
FVS.

Susceptible:	 species readily eaten by gypsy moth larvae during all larval stages, including: Apple sp., 
Black Willow, Black Oak, Balsam Poplar, Bur Oak, Bigtooth Aspen, American Basswood, Cherrybark Oak, 
Chinkapin Oak, Chestnut Oak, Gray Birch, Eastern Hophornbeam, Hawthorn, Pin Oak, Other Oaks, Paper 
Birch, Post Oak, Swamp Cottonwood, Quaking Aspen, Shingle Oak, River Birch, Northern Red Oak, Southern 
Red Oak, Swamp Chestnut Oak, Scarlet Oak, Sweetgum, Swamp White Oak, Tamarack, White Basswood, 
Water Oak, Willow Oak, White Oak, Serviceberry 

Resistant:	 species fed upon when preferred foliage is not available and/or only by some larval stages, 
including: American Beech, American Elm, American Hornbeam, Ailanthus, Black Cherry, Boxelder, 
Black Maple, Butternut, Black Spruce, Eastern Cottonwood, Eastern Hemlock, Other Elm, Hickory, Other 
Hemlock, Jack Pine, Loblolly Pine, Mockernut Hickory, Non-Commercial Hardwoods, Norway Spruce, Other 
Hardwoods, Other Pine, Other Softwoods, Pond Pine, Pignut Hickory, Other Spruce, Other Cherry/Plum, 
Pitch Pine, Red Maple, Red Pine, Red Spruce, Sweet Birch, Scotch Pine, Sourwood, Shellbark Hickory, Sugar 
Maple, Shortleaf Pine, Sassafras, Table Mountain Pine, Virginia Pine, Black Walnut, Eastern White Pine, 
Water Birch, White Spruce, Black Locust

Immune:	 species that are rarely fed upon, including:  Ash, Atlantic White Cedar, Black Ash, Balsam Fir, 
Blackgum, Buckeye, Cucumbertree, Green Ash, Hackberry, American Holly, Magnolia, Sweetbay, Other Cedar, 
Osage-Orange, Pumpkin Ash, Pin Cherry, Persimmon, Paulownia, Eastern Redcedar, Slippery Elm, Shagbark 
Hickory, Striped Maple, Silver Maple, Sycamore, White Ash, Northern White Cedar, Water Tupelo, Yellow 
Birch, Yellow-Poplar, Yellow Buckeye, Flowering Dogwood

Outbreak Scenarios

Three outbreak scenarios were simulated:  light, medium, or heavy gypsy moth infestation.  The scenarios were 
setup to correlate with the most common defoliation patterns within a susceptibility class (see table below).  
The light outbreak occurs in moderately susceptible stands and consists of one year of moderate (30-60%) 
defoliation intensity.  The medium outbreak occurs in highly susceptible stands and consists of two years of 
defoliation: one year heavy (>60%) defoliation intensity and one year moderate intensity.  The heavy outbreak 
occurs in very highly susceptible stands and consists of three years of defoliation: two years with heavy 
defoliation intensity and one year with moderate intensity.  The defoliation levels developed for the outbreak 
scenarios were based on actual defoliation data from the literature and unpublished data from the Northeastern 
Research Station.

Mortality and Growth Effects
Since the FVS simulation models could not use defoliation directly in its growth and mortality equations, the 
defoliation levels in the outbreak scenarios were translated into growth modifier coefficients and mortality rate 
modifier coefficients using growth and mortality data from the literature.  Since the literature reported mainly 
outbreak data rather than annual data and because mortality often occurs several years after defoliation ends, 
the coefficients were set up for five-year outbreak periods that included the one to three years of defoliation and 
two to four years following defoliation.  These five-year outbreak modifiers were adjusted for other simulation 
cycle lengths by dividing the cycle length by five for cycles less than 5 and by calculating a weighted average 
for cycle lengths greater than 5 using the equation:  X = (Y + (Z-1))/Z where X = the weighted average, Y = the 
5-year outbreak modifier, and Z = the total number of years in simulation cycle divided by 5.  

Increased Mortality

Simulated gypsy moth mortality is applied to susceptible and resistant species with the use of the FIXMORT 
keyword when an outbreak is scheduled by the random number probabilities.  Estimated gypsy moth mortality is 
compared to that of FVS background mortality and the larger value is used.  The five-year outbreak FIXMORT 
modifiers are shown below.  The average stand mortalities (percent of basal area) from the literature were 20, 
35, and 50 percent for susceptible species in the light, medium, and heavy outbreaks, respectively.  For resistant 
species, average stand mortalities were 10 and 15 percent for medium and heavy outbreaks, respectively.

Reduced Basal Area Growth

Non-fatal detrimental effects of gypsy moth on surviving susceptible and resistant tree species are achieved 
with the use of the BAIMult keyword to apply a reduced basal area growth (between one and zero) multiplier 
to susceptible tree species.  A highly susceptible stand will also incur a reduced basal area increment in resistant 
species when an outbreak occurs.  The BAIMult five-year modifiers are shown below.  The average growth 
reductions (percent of DBH growth) for susceptible species were 10, 20, and 40 percent for the light, medium, 
and heavy outbreaks, respectively.  Resistant hosts were reduced 10 percent for heavy outbreaks only.  The 
BAIMult multiplier was obtained by subtracting the proportional growth reductions from 1 (1- growth reduction 
proportion).  

BAIMult is calculated as 1-(growth reduction proportion)

Example Simulation

Figures 4 and 5 show the changes in stand basal area and merchantable cubic foot volume for 100 year 
simulations of a stand that started at 40 years of age in 1987 and gypsy moth outbreaks starting in 2027.  
The stand was simulated with and without gypsy moth and the graphs show the how the stand development 
changes with gypsy moth defoliation and outbreaks present.  Both basal area and volume are reduced by 
gypsy moth outbreaks.  Table 2 shows the change in species composition of the stand with and without 
gypsy moth.  With gypsy moth, there is a reduction in susceptible species (northern red oak) and an increase 
in resistant species (red maple).

Summary

The Gypsy Moth Event Monitor is a strategic model that demonstrates the potential loss of timber and 
habitat due to gypsy moth.  The user can proactively reduce the stand’s susceptibility to gypsy moth and the 
probability of a gypsy moth event by scheduling appropriate management actions within FVS (Gottschalk 
1993).  Due to the limitations in FVS’s growth and mortality equations, the variability normally seen in 
response to gypsy moth defoliation cannot be adequately modeled.  As such, the user is cautioned that the 
best use of this Event Monitor is to show relative differences in responses of stands to gypsy moth rather 
than predicting absolute responses in individual stands.  The Gypsy Moth Event Monitor can be used to 
prioritize stands for treatment or to estimate the overall impacts to a forested landscape.

Where do I get FVS/SVS?

FVS and SVS are available at:  www.fs.fed.us/fmsc 

Where can I get the Gypsy Moth 
Event Monitor Keyword Component Addfiles? 

The eight Gypsy Moth Event Monitor files can be downloaded from the FHTET website at:
 www.fs.fed.us/foresthealth/technology/products.htm 

Who Do I Contact With Questions About The Gypsy Moth Event Monitor? 

Tony Courter, ITX
Forest Health Technology Enterprise Team 
2150 Centre Avenue 
Building A, Suite 334-7 
Fort Collins, Colorado 80526-1891 
Phone: 970.295.5864 
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Figure 4.  Change in total merchantable cubic volume (cu. ft. 
/ acre) over a 100-year simulation cycle with and without the 
Gypsy  Moth Event Monitor.

Figure 5.  Change in total stand basal area (BA, sq. ft. / acre) over 
a 100-year simulation cycle with and without the Gypsy Moth 
Event Monitor.


