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Context of problem

Insect 1998/99 1999/00 2000/01 2001/02 2002/03

Spruce Budworm 5,208,468 3,921,618 4,215,458 99,760 305,277

Forest Tent Caterpillar 546,622 848,682 1,693,114 2,347,325 1,604,942

Estimated wood volumes (m
3
) lost to insects within the AOU (Ontario) (OMNR 2006)

ü Annual red attack caused from mountain pine beetle in BC 

has increased from 164,567 ha in 1999 to approximately 

4,200,000 ha as of 2003.

ü In a 12-unit analysis area in BC, this caused an uplift in AAC 

of approximately 35% (Pederson 2004).

ü Trend may increase with climate change in the future 

(Carroll et al. 2003)



Must be able to model insect diffusion

2007



Must be able to model insect diffusion

2011



Must be able to model insect diffusion

2015



Must be able to determine volume loss

a projection of the composition of a 

beetle killed stand in terms of sawlog and

fuelwood % various years after stand

mortality for various ñshelf-lifeò classes 
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Diffusion of insect population

Based on work by Hof, Bevers, and Kent 

(1997)

ï25-cell grid planning area

ïobjective is to minimize insect populations

ïa need for specific knowledge and 

measurements of pest behaviour

ïa need for further work in this area is clear



Diffusion of insect population

1) populations are increased by a growth 

rate of (1 + r)

2) grown populations then disperse to 

neighbouring polygons based on 

percentages:  gh i



Diffusion of insect population
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where:

i = index of polygons (i= 1,2,3,é,I);

h = index of polygons (h= 1,2,3,é,H);

t = index of year (t= 1,2,3,é,T);

popi(h)t = the population in polygon i(h) in period t.

ghi = the percentage of the insect population in polygon

h dispersing to polygon i

r = the fixed population growth rate
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Determining inventory loss

Two possible scenarios:

1) Insects diffuse to polygon i prior to harvesting 

polygon i     e.g.

Å polygon 10 is scheduled to be cut in period 4

Å insects infest polygon 10 in periods 2 and 3

Å yield from killed timber when polygon 10 is 

harvested in period 4 is reduced according to 

ñshelf-lifeò parameters



Determining inventory loss

Two possible scenarios:

2) Insects diffuse to polygon i after harvesting 

polygon i     e.g.

Å polygon 10 is scheduled to be cut in period 4

Å insects infest polygon 10 in period 6

Å yield from polygon 10 in period 4 is unaffected

Å insects cannot persist in polygon 10 because 

there is no habitat
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Evaluate Objective Function Value
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Rationale

ÅEvaluate the modelôs ability to conserve inventory while 

not exceeding the  AAC

ÅThe model is evaluated by comparing it to a ñgreedyò 

salvage operation    i.e.

ïharvest infested stands in descending order of m3/ha until AAC 

limits are reached

ÅOther objectives and constraints will be incorporated 

once the modelôs ability to conserve inventory is 

established



Minimize

inventory loss - MĀ (positive deviation from AAC)  (m3)

Subject to:

insect diffusion  (a function of forest age-class structure)

forest age-class structure  (a function of the harvest schedule)

volume loss  (a function of insect population diffusion and growth and 
yield)

volume harvested  (a function of insect population diffusion and growth 
and yield)

cannot harvest eligible polygons more than once

cannot harvest polygons under rotation age

Model formulation



Problem size and computing time

ÅProblem Size 

ï723 polygons

ï10 one-year periods

ÅComputing Time

ï2,300 solutions evaluated per minute

ïdiffusion slows down the search

ïcoded and compiled using the Java Developerôs Kit 1.6

ïexecuted on a standard lap-top with a 1.86 GHz Pentium 

Centrino processor



Diffusion Without Harvest


















