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             This stock represents the number of trees which are under five years old and are susceptible to animal consumption.  The value was derived by multiplying the current Oregon harvestable tree population (385,000,000) by ten percent.  The percent used was determined by dividing the seedling lifespan (5 years) by the total lifespan of a harvestable tree from germination to harvesting (50 years).
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             Regeneration
             Seedling_Survivors
             Animal_Consumption
             
        
         
             This stock represents the number of trees currently in "adolescence;" that is that they are no longer subjects of animal consumption, but have not reached a harvestable maturity.  The value was derived by multiplying the current Oregon population of harvestable trees (385,000,000) by forty percent.  The percent used was determined by dividing the sapling lifespan (20 years) by the total lifespan of a  harvestable tree from germination to harvesting (50 years).
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             This stock represents the current number of trees that have reached harvestable maturity.  The value was derived by multiplying the current Oregon harvestable tree population (385,000,000) by fifty percent.  The percent was determined by dividing the lifespan of a mature, harvestable tree (25 years) by the total lifespan of a harvestable tree from germination to harvesting (50 years).
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             This inflow represents the number of seedlings that survive the initial manual planting every year.  The equation was determined by multiplying the survival rate of manually planted trees (0.5) by the number of seedlings planted during the year.
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             This flow represents the number of seedlings that survive their first five years of life and move on to the sapling stage.  The equation was derived by subtracting the number of trees eaten by animals per year from the total stock, and then multiplying the remaining seedlings by the reciprocal of the time it takes for the seedling period to begin (5 years). 
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             This flow represents the number of saplings that reach harvestable maturity each year.  The equation was created by multiplying the current population of saplings by the reciprocal of the period of time required for proper growth to occur.
             Saplings*(1/Maturing_Period) {Trees/Year}
             
             
                 
                     
                     
                     
                
            
        
         
             This converter represents the number of years it takes for a sapling  to mature to an age when it can be harvested.  The value was derived from our expert Chris Tercek.
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             This flow represents the number of trees that are harvested for human consumption every year.  The equation was created by multiplying the current population of harvestable trees by the annual rate of harvesting for the state of Oregon.
             Harvestable_Trees*Harvesting_Rate {Trees/Year}
             
             
                 
                     
                     
                     
                
            
        
         
             This flow represents the number of harvestable trees that perish every year due to old age.  The equation was created by multiplying the current Harvestable Tree population by the inverse of its lifespan, which divides the population into age groups, removing the eldest trees every time unit.
             Harvestable_Trees*(1/Natural_Lifespan) {Trees/Year}
             
             
                 
                     
                     
                
            
        
         
             This converter represents the lifespan of Douglas Firs in Oregon.  This value was provided by Chris Tercek.
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             This converter represents the number of trees that are planted in harvestable Oregon forests every year manually.  The equation was created by multiplying the number of harvested trees in the current year by the number of seedlings that are planted per tree harvested.
             Harvested_Trees*Manual_Regeneration {Trees/Year}
             
        
         
             This converter represents the number of seedlings that are planted manually for every mature tree that is harvested, based on Oregon's replanting policy.  Chris Tercek supplied the information for this value.
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             This flow represents the number of seedlings that are consumed by animals every year.  The equation was created by multiplying the current population of seedlings by the rate at which animals consume the plants.
             Seedlings*Consumption_Rate{trees per year}
             
             
                 
                     
                     
                
            
        
         
             This converter represents the annual rate at which harvestable trees are cut down in the state of Orgeon.  Its value was determined by dividing the average number of trees harvested annually (2,000,000) by the total number of harvestable trees in the state (96,250,000).  Chris Tercek supplied the values.
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             This converter represents the annual rate at which animals consume the seedling population.  The value was provided by our expert Chris Tercek.
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             This converter represents the rate at which manually distributed seedlings survive the initial planting.  Due to erosion and other environmental disturbances caused by clear-cutting, a large number of the seedlings die before reaching maturity.  The value was derived from our expert Chris Tercek.
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             This converter represents the number of years required for seedlings to become resistant to animal consumption.  The value was supplied by our expert Chris Tercek.
             5 {Years}
             
        
         
             
                 Saplings
                 Matured_Trees
            
             
                 Natural_Lifespan
                 Natural_Deaths
            
             
                 Harvestable_Trees
                 Natural_Deaths
            
             
                 Trees_Planted
                 Regeneration
            
             
                 Manual_Regeneration
                 Trees_Planted
            
             
                 Harvested_Trees
                 Trees_Planted
            
             
                 Maturing_Period
                 Matured_Trees
            
             
                 Animal_Consumption
                 Seedling_Survivors
            
             
                 Seedlings
                 Seedling_Survivors
            
             
                 Consumption_Rate
                 Animal_Consumption
            
             
                 Seedlings
                 Animal_Consumption
            
             
                 Seedling_Lifespan
                 Seedling_Survivors
            
             
                 Planted_Tree_Survival_Rate
                 Regeneration
            
             
                 Harvesting_Rate
                 Harvested_Trees
            
             
                 Harvestable_Trees
                 Harvested_Trees
            
             
                 
                     
                         
                         
                    
                     
                         
                         
                    
                     
                         
                         
                    
                
                 
                     
                         
                    
                     
                         
                    
                     
                         
                    
                     
                         
                    
                     
                         
                    
                
            
             
             
                 
                     
                     
                         
                    
                     
                         
                    
                     
                         
                    
                
                 
                     
                     
                         
                    
                     
                         
                    
                     
                         
                    
                     
                         
                    
                     
                         
                    
                     
                         
                    
                     
                         
                    
                
            
             
        
         
             0
             
        
         
    




__MACOSX/SW1999-08IfATreeFalls.pdf/._Deforest.v10.STMX


SW1999-08IfATreeFalls.pdf/Deforest.v9.STM


__MACOSX/SW1999-08IfATreeFalls.pdf/._Deforest.v9.STM


SW1999-08IfATreeFalls.pdf/SW1999-08IfATreeFalls.pdf


 


Brummer, Lennox, Yellesetty Page - 1


I f  a  T r e e  F a l l s  i n  t h e  W o o d s ,  W i l l  A n o t h e r 


R e p l a c e  I t ? 


Introduction
Living in one of the greenest and most picturesque states in the
U.S. is something that many people in the northwest take for
granted.  Oregon’s lush forests are filled with evergreens that not
only provide the oxygen we all need to survive, but also provide us
with a peaceful and beautiful place to relax.


The survival of our forests is important for so many reasons: they
are home to thousands of plants and animals, they regenerate our
oxygen supply and keep the air crisp and fresh, and the forests are
a visible history of the area’s first inhabitants.  But there are many
threats to Oregon’s forests, and the timber industry that supplies
the Great Northwest with all its timber products is the biggest
threat to the millions of trees in Oregon.


Since the survival of our forests is so important, we decided to
create a model analyzing Oregon’s timber industry and how it
affects the forest tree population.  We wanted to know if Oregon’s
forests would be sustained over at least 300 years with the current
trends and procedures in the timber industry. The model shows us
the rate at which Oregon’s harvestable forests are depleting and
how drastic or moderate that rate is.


This model is intended for anyone who has an interest or concern
in Oregon’s forests, though those in the forestry industry will be
more interested in such a model than the average person.
However, the model was designed to be informative and
enlightening for everyone who lives in Oregon, as well as anyone
who has ever enjoyed a forest hike, or gone bird watching among
the evergreens that surround our state.  The more people there are
who know and understand our forest ecosystem and its future, the
more hope there is for its survival.


Our main source of information was Chris Tercek, a student at
Oregon State University who is specializing in the forestry
engineering program.  Our advisor set up the contact with Mr.
Tercek, as she knew him personally.  We did not meet with Mr.
Tercek in person; instead we sent information and questions
through our advisor.  We also sent Mr. Tercek rough models to
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analyze and he gave us feedback and suggestions for additions and
improvements.


Various Internet cites also provided background information and
some data for the model.  The World Forestry Center website gave
us a better understanding of how forest ecosystems throughout the
world are different and similar.  The Oregon Department of
Forestry website gave us some background information about
Oregon’s forests and a few statistics.


Our expert, Chris Tercek, told us what to expect from our model,
and explained how the harvestable forest ecosystem works.  He
said that our model should show equilibrium.  Our model does not
reach equilibrium, but we believe this is due to some missing
components that were left out to keep the model simplistic enough
for most people to understand.  Aside from not reaching
equilibrium, we believe the model is working accurately and
realistically and our expert verified that the model is constructed
realistically.


As with any model, our model presented many hurdles for us to
jump over.  Our biggest challenge with this model was finding the
information we needed for the model.  There was no lack of
general information on the web or in pamphlets, but specific
numbers were hard to come by, until we found our expert.  Once
we had an expert, we asked him specific, detailed questions that
helped us put the finishing touches on the model, as well as verify
some of the data we retrieved from Internet sources.  Without our
expert, our biggest challenge may have become what can we do
with a model without data!


Other problems we ran into included discrepancies in information
sources, the difficulty finding an expert, and final topic choice.
When we first began, we wanted to build a model mainly on
rainforest deforestation, but upon creating a trial model, we
realized that the model would become too complex and we
wouldn’t have enough information to make it work realistically.
We then altered the topic a few more times, and finally ended with
the best choice, analyzing Oregon’s harvestable forestland.


Our initial expectation of this model was that it would show a
decrease in the total acreage of trees in Oregon as time went on
and more and more trees were cut down, as it has in the past.
However, our expert Chris Tercek informed us that the current
planting plans have been designed to provide equilibrium in the
forestry cycle for the future.  Every step taken to re-plant the
forests is supposed to create equilibrium between the cutting down
of older trees and the planting of new trees, so that the forest will
be sustained.


The “Core” Model


The fertile forestland of Oregon is an entity that has influenced our
lives for generations, and will determine the future prosperity of


Data Sources
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our state’s wellbeing.  Seeing as how the forest is such a powerful
instrument that is utilized for economic growth and employment,
while creating some of the most diverse ecosystems on the planet,
we wanted to pursue the construction of a model that would allow
us foresight into the coming years.  Therefore, it was imperative
that the initial step taken in modeling this vast system be to isolate
the most significant factors, or key variables, that affect the health
and safety of our trees.


Until a few decades ago, the detriments that clear-cutting placed on
the land were unknown.  Just a few problems caused by the
process include erosion, water run-off, and the inability for trees to
naturally regenerate, lacking enough resources and matured trees
to produce seeds.  After much research and protest for protection,
environmentalists were able to convince legislators to put restraints
on the timber industries who were consuming the forestland in
Oregon.  One of the most profound regulations enacted was a
requirement that logging companies employ regeneration processes
after having harvested a number of acres.  This declaration took the
form of a “two for one” policy, demanding that for every one tree
that was cut down, a number of seedlings be re-planted in its place.
Currently, on those acres of harvestable forest, industries are
planting four seedlings for every one mature tree they fall.  Thus,
one of the most important variables in our model is the number of
trees that are planted by humans instead of through natural means.


The reason we chose to model Oregon’s forests was because of the
on-going concern raised about its ultimate demise caused by
human consumption.  Thus, we knew right away that the supreme
factor in our model would most likely be the rate at which
companies are cutting down acreage.  However, we first had to see
if the methods in use today were actually sufficient for prolonged
economic and environmental health.


Figure 1: The Core Model


Figure 1 displays the model that we have constructed in an effort to
determine how Oregon’s forests will fare in their survival over the


Model Description:
Core Model Flow


Diagram
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next three hundred years.  When combined, the stocks represent
the total tree population in the state.


Our deforestation model can be divided into three groups that
designate the three periods of life that cultivated trees experience:
infancy, adolescence, and harvestable maturity.  Each stock is one
that contains the total number of trees currently in that growth age
for the entire population of harvestable trees in Oregon.


The establishment of select age groups for trees is to allow specific
factors to be displayed visually in our diagram, and allow more
accuracy in our output.  Trees that have just been planted, known
as “seedlings,” are susceptible to being eaten by animals, and are
also subject to a high mortality rate.  The model begins with this
group of trees, being influenced by the inflow “Regeneration,”
which is the number of new trees planted.  There are two other
outflows, “Animal Consumption” and “Seedling Survivors,” which
show the trees that are eaten by deer and those that are able to
survive, moving on to the next stock.  Because of clear-cutting,
natural regeneration is almost non-existent in a harvested acre,
thus, the survival of the trees depends solely upon human
intervention.  After achieving five years of age, the seedlings that
have survived are pushed into the age group (stock) known as
“Saplings.”  Because of the number of years they carry, trees in the
“Saplings” stock can now survive a nibble or two from the passing
dear or other herbivore, but are not yet large and developed enough
to be harvested as timber.  We divided the remaining tree
population into those trees that have reached the ability to be
harvested, the stock “Harvestable Trees,” and those that still must
grow for another twenty years.  The connection between the two
latter stocks is the flow “Matured Trees” which allows a stand of
25 years to pass on to the “Harvestable Trees” stock.


After trees have been placed into the final maturity grouping, they
wait for death to take them in one of two ways.  Either old age or
manual labor can bring down timber (shown in the “Natural
Deaths” outflow), but death by old age is rare considering that 550
years must pass before a tree will die naturally.  Those individual
trees that perish due to natural causes decompose and enter back
into the ecosystem cycle.  Those that are cut affect the future of
their kind; here humans determine the number of seedlings to be
planted, thereby completing the system.


Model Description:
Core Model Logic and


Key Equations
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Figure 2: The “Seedling” Section of the model.


The “Seedling” section of our model, shown in figure two, can be
divided into two subsections: regeneration and survival.
Regeneration is that part of the system that deals solely with the
trees that are being planted and how they are entered into the
“Seedlings” stock.  The survival piece defines the percent of
planted seedlings that are not immediately eliminated by bug
infestation, disease, etc.


Figure 3: The regeneration subsection


After an area of forestland has been clear-cut, the only method that
can be used for growth is manual regeneration.  As stated before,
the timber industries of Oregon are currently planting four
seedlings for every one tree harvested.  So, the regeneration piece
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to our model (see figure three) begins with the planting of new
trees in a cleared area, represented by the converter “Trees
Planted.”  This unit is defined as the number of trees that have
been harvested multiplied by the converter “Manual
Regeneration,” which contains a value of four (Trees Planted =
Harvested Trees * Manual Regeneration).  From here, the
seedlings are left in the “care” of climate and conditions.


Clear-cutting is an environmentally degrading process that
destroys ecosystems, leaving the land beyond repair.  Such harsh
conditions are not, by far, the best for nurturing the development of
seedlings. As a result, a vast number of the trees planted by
humans, fifty percent, will not survive the initial placement.  This
mortality rate, called “Planted Tree Survival Rate,” is multiplied
by the number of trees that are planted each year by humans in the
flow “Regeneration” (Regeneration = Trees Planted * Planted Tree
Survival Rate).  Thus, the model moves on to the survival
subsection of the “seedling” model breakdown.


Figure 4: The survival subsection


Once a seedling has been able to survive the initial planting into
the wild, one threat rises above all else: the food chain.  Before
reaching the age and maturity of five years, the life of a seedling is
in danger of being eaten away by deer.  In fact, twenty-five percent
of the tiny trees that survive initial mortality rates will be
consumed by the four-legged herbivores, and we have accounted
for these deaths with the “Animal Consumption” outflow.  The
“Consumption Rate” converter, defined as “0.25,” or the rate at
which deaths occur from trees being eaten, is multiplied by the
“Seedlings” stock within the “Animal Consumption” outflow
(Animal Consumption = Consumption Rate * Seedlings).
Therefore, a quarter of the remaining population is left to have a
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chance at developing to a strength, at which point deer will no
longer pose such danger.


The period of time required for a seedling to advance into an
“inedible” state is five years. So, we have constructed another
outflow called the “Seedling Survivors,” that outputs trees of five
years of age from the “Seedlings” and into the “Saplings” stock.
The aforementioned flow is dependent upon three factors: the
“Seedlings” stock, the “Seedling Lifespan,” and the “Animal
Consumption” flow.


The first part of the “Seedling Survivors” equation involves the
removal of eaten trees from the remaining population (Seedlings -
Animal Consumption).1  This value is then multiplied by the
reciprocal of the number of years (five) needed before a tree is able
to tolerate some damage by predators.  The use of the reciprocal
allows the number of seedlings in the “Seedlings” stock to be
divided into age groups, where the oldest is then transferred to the
“Saplings” stock each year.


Figure 5: The Sapling section of the model.


After having acquired an age that leaves them no longer
susceptible to death by deer, time, approximately twenty years is
still needed before any seedlings are evolved enough to supply an
adequate harvest.  Thus, in order to incorporate the delayed cutting
of trees, we introduced the sapling section into our model (figure
5).  Here, the stock “Saplings” receives the number of five-year-
old seedlings through the “Seedling Survivors” flow.  That value is
then multiplied by the reciprocal of the number of years remaining
(“Maturing Period”) before profitable and efficient harvesting of
the trees can proceed.  The equation (Saplings*(1/Maturing Period)
was placed into the flow “Matured Trees,” which sends only those


                                                
1 The software, even with outflow priorities set, does not calculate this flow
value correctly unless this subtraction is done here.  The animal consumption
really should subtract the trees first and survivors should be 20% of those left.
But the software would not do that.  This modification gives the correct results.
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properly qualified timbers into the final system fragment of
harvesting.


Figure 6: The harvesting section of our model.


The concern surrounding our state’s forests lies in the rate at which
we are cutting trees down.  The final portion of our model is
designed to calculate and record the consumption of trees through
harvesting and those that perish due to natural deaths.


The stock “Harvestable Trees” receives input from the flow
“Matured Trees.”  As described earlier, “Matured Trees” are those
stands that have reached a minimum age of twenty-five years,
making them open for the timber industry’s use.  Once a tree has
been placed into this final stock, either a natural death or an end by
harvesting can occur.  These two processes are demonstrated in the
outflows “Natural Deaths” and “Harvested Trees.”  The lifespan of
the average timber tree in Oregon, the Douglas Fir, is 550 years.
In order to calculate the number of trees that die annually as a
result of old age, we multiplied the “Harvestable Trees” by the
reciprocal of the “Natural Lifespan.”  This equation (Harvestable
Trees*(1/Natural Lifespan)) is what we used to define the outflow
“Natural Deaths.”


“Harvested Trees” is the flow that determines just what its name
implies, the number of trees that are felled for human use per year.
This outflow is dependent upon the two influences of the
“Harvestable Trees” stock and the “Harvesting Rate” converter.
At the close of 1998, Oregon was using up forest resources at a
rate of just over two-percent annually.  That means that in fifty
years, if we had no conservation or rejuvenating programs in use,
the forests would be eradicated.   In any circumstance, we decided
to use this rate for inclusion in our model, by defining the
converter “Harvesting Rate” as “2.08%.”  By multiplying the
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harvestable tree population by the rate at which it is being cut
down, we can determine the value for the number of timbers
logged.  This equation (Harvestable Trees * Harvesting Rate) is
what the outflow “Harvested Trees” is defined as, which then goes
on to affect the number of seedlings that will be planted for the
following year.


The most important factor in any dynamic system is the presence
of feedback loops.  It is through feedback that stability or efforts
for the institution of stabilization can be made.  Occurring in our
model are six loops, divided between five local and one universal
influence.


The first two feedback loops that are found in our forest system
deal with the death of trees.  Both animal consumption and,
towards the end of the model, old age, work as balancing feedback
to reduce forest over-population and free up resources for the
remaining plants.  Although considerably less striking than its
paired feedback loop, the cycle involving the “Natural Deaths”
flow and the “Harvestable Trees” stock does have bearing on the
behavior of the output.  As the number of harvestable trees
increases, the number that die from old age rises, if they are not
harvested.  As the number of deaths increase, the remaining tree
population decreases, reducing the number of perished trees for the
coming year.  Thus, the cycle is a balancing influence.


Also a balancing influence, the “Animal Consumption” feedback
loop is responsible for the removal of an entire quarter of planted
seedlings from the forest life pattern.  As the numbers of seedlings
increase in the “Seedlings” stock, deer are able to feed on more
plants.  This causes more of the infant trees to perish, which
decreases the “Seedlings” value in the next year, which, in turn,
reduces the eating of the trees in the coming annual period as well.
This loop is one of the major contributors to the decline in forest
population, seeing as how the seedlings that survive the initial
mortality rate are affected only by this threat so early in life.


The remaining three “local” feedback loops are those that involve
the removal of trees from the three stocks in the model.  The first
of these loops is that dealing with “Seedlings” and the “Seedling
Survivors.”  An increase in seedlings will allow more to be
transferred to the “Saplings” stock, dropping the number in the
“Seedlings” stock, returning to diminish the next year’s
transferring numbers.  The same process is present in the loops
including “Saplings” and “Matured Trees,” and “Harvestable
Trees” and “Harvested Trees.”  These three loops act to regulate
the flow of the timber population as various levels of development
take place throughout the life of a tree.  The effects that they have
on the model’s behavior are in the delay of the elimination of the
forest’s inhabitants.


The last feedback loop, and by far the most important, is the cycle
involving the manual re-planting policy.  As companies remove
lumber from the forests, more seedlings are planted in an effort to


Model Description:
Identification and


Analysis of Feedback
Loops
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sustain profit margins in the future.  The increase in seedlings
raises the number that will survive animal consumption, while at
the same time increasing the number that will die from the same
factor.  The jump in “Seedling Survivors” will increase the influx
of trees into the “Saplings” stock, which, after reaching maturity,
will place more into the “Harvestable Trees,” allowing more to be
cut in the future, and, therefore, completing the reinforcing circle.


One might assume, because of the last feedback loop’s over-all
implications, that the forest is going to be able to survive
inevitably.  Not true.  Because of the numerous negative loops
existing in our system, the forces conflict and reflect their trading
of dominance in the final behavior.


When constructing the model of a system, one must make certain
assumptions in order to allow comprehension of the situation at
hand.  Otherwise, the requirement of detail would make any effort
to understand events in the world nearly impossible.  Our work
was no exception.


Oregon’s government is one that is known for its tendency to be
protective of the environment.  Thus, logging companies may lose
some of their lobbying power.  The time is almost certain to come
when our elected officials will demand more be done about the
dwindling timber acres.  The initiation of statewide paper recycling
programs, corporate harvesting caps, and restoration reform are all
possibilities of drastic change that would alter the future of forest
life.  For our model, we eliminated the idea of political
intervention, keeping only current policies intact for the duration of
our simulation.


Just as a legislator’s opinion can change (or can it?), so too, can the
environment of the forest.  Recently, for example, in the states
bordering those that line the East Coast, an infestation of a
southeastern Asian beetle has devoured a large percentage of the
trees in native forests.  Because events such as infestations,
drought, and fire, to name a few, are unpredictable, our model also
eliminated their presence from the various forces in play.


Lastly, our model uses the statistics surrounding only the type of
tree known as the Douglas Fir.  To gain average lifetimes, maturity
processes, and such for the vast number of species of trees in
Oregon would have consumed a great number of hours.  When we
discovered that Douglas Fir seedlings were the most commonly
used tree for re-planting, because of their relatively low time
requirements for harvesting, it seemed both efficient and logical to
create a model based on that specie’s statistics.


“Consumption Rate,” “Manual Regeneration,” “Planted Tree
Survival Rate,” and the “Harvesting Rate” are the four major
forces acting to determine the behavior of our model.  Another
common aspect that these pieces share is that scientists in the fields
of forestry, ecology, and environmental engineering have
determined all of their defining values.  Chris Tercek, a student


Additional
Considerations: Major
Assumptions
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majoring in forestry engineering, was our expert consultant, who
provided us with the data to put together the above-mentioned
fragments.  However, there was one key aspect that was left
unaccounted for by both Mr. Tercek and our self-guided searches,
and that was the division of the harvestable forest population
between the three different age group stocks of our model.


At first, due to our conception of the Oregon policy on
reforestation, we assumed that most of the harvestable forest
population would be made up of seedlings.  Acting upon our
thought, we split the number of total trees in Oregon’s forestland
(385,000,000) by two, giving us the value 192,500,000.  Our next
step was simply to place one quarter of the total population into
each of the remaining stocks (Harvestable Trees and Saplings).
However, when we ran the model and observed the graphs, the
seedling population plummeted immediately, while the sapling and
mature trees made a steady decline.


In reconsidering our approach, we decided to divide the tree
population according to the fraction of the number of years that
each group is designated to compared to the average lifespan of a
harvested tree (fifty years).  Thus, the “Seedlings” stock was given
ten percent of the trees in harvestable forests as an initial value (5
years/50 years = 0.1), “Saplings” was given forty percent (20
years/50 years = 0.4), and “Harvestable Trees” was given fifty (25
years/50 years = 0.5).  The graph of the model with new initial
values provided a much steadier change over time, confirming that
we had a reasonable division of the timber stand population.


The harvesting rate of Oregon’s forests is calculated annually.
Logging companies record their hauls in yearly holdings.
Environmental scientists catalogue progress/regression analysis in
deforestation, animal observation, and policy enforcement in
twelve month increments.  Naturally, to allow an easier transfer of
data, as well as aligning ourselves with the tradition of the field,
we conducted our model in the time units of “Years.”  Because the
harvestable trees require a twenty-five year period before reaching
maturity, we wanted to have enough time pass so that a fair
number of cycles of growth and harvesting could come about.
Therefore, we selected a simulation time of three hundred years,
beginning from time zero, as appropriate to our needs.  By starting
from a time period of zero, sensi-spec interpretation could be more
illuminating, in that a change in policy or environment would not
have to take place on a certain date, as it would if we had entered
our beginning and end years calculated from the calendar.  As for
our integration method, we preferred Runge Kutta’s more accurate
outputs as opposed to Euler’s faster process.


Additional
Considerations:


Choice of Time







The Ecology of a Forest


Brummer, Lennox, Yellesetty Page - 12


Figure 7: The Final Graph


The initial stock values for the graph output shown in figure seven
are those that were determined and described in the “Parameter
Values” section.  The “Consumption Rate” is “0.25,” the “Manual
Regeneration” converter is defined as “4,” the “Harvesting Rate” is
“2.08%,” and the “Planted Tree Survival Rate” is set at “0.5.”


The first graph in figure seven represents the behavior of the
“Seedlings” stock over a period of three hundred years.  As can be
observed, there is a sudden drop in the seedling population in the
first ten years, a slight rise on the eleventh, and then a gradual
decline for the remaining simulation time.  We equate the swift
drop in the initial figure of the “Seedlings” population with the
stock values that we have chosen.  However, the slight growth
shows the temporary dominance of the manual regeneration
feedback loop.  The increasing behavior is quickly overcome by
the balancing loops of animal consumption of the trees and the
harvesting rate, showing that the policy of four trees planted for
every one cut needs some changes in order to make the forest last.
Because we are still employing the use of clear-cutting, the soil
quality deteriorates due to erosion, and competition for resources
skyrockets.  Soon, no matter how many seedlings one plants, their
chance of survival will continue to trickle away.


The second curve on the final graph shows the alteration of the
“Saplings” stock for three hundred years.  It begins with a sharp,
declining slope for the first ten years, due to the “Saplings”
behavior, and achieves a much more leveled decrease at the same
time that seedlings are leveling out.  The graph continues on a
downward slope due to its predecessor’s (Saplings) actions.


The last curve on the final graph shows the “Harvestable Trees”
population.  The beginning twenty years appear to be doing very
well, with the number of trees available for cutting rising to greater
numbers.  However, the reason for the growth is due to the drops


Core Model Results:
Graph for the Core


Model


Core Model Results:
Interpretation of the


Graph







The Ecology of a Forest


Brummer, Lennox, Yellesetty Page - 13


in the “Seedlings” and “Saplings” stocks.  In order for them to
decrease, trees must be pushed through the cycle and into the
harvestable tree population where they will spend more time than
any other.  This initial build-up is from the high numbers of trees
in first two stocks, which allows great quantities of trees to be
pushed forward in the model.  The remaining 280 years for the
“Harvestable Trees” is spent dying out.


Overall, our model appears to predict a bleak future.  Unless there
is decisive change in the policies that Oregon currently runs on, we
could be looking at our state turning into a wasteland.


Figure 8: The Initial Output


Figure 9: The “Harvestable Trees” ends its increase


Figure 10: The Final Output


The table simply numerically verifies our graphic conclusion:
reform must occur in order for our forests to survive.  The initial
outputs found in figure eight point out the specific decline in both
“Seedlings” and “Saplings” and the significant gains by the
“Harvestable Trees.”  But, because of the environmental disasters
caused by clear-cutting, the planted seedlings are having a harder
time each year trying to survive, causing the harvestable trees to
level off and begin a down-hill pattern.  Figure ten, the final output
for our simulation, merely reinforces the message that careful
planning, thought, and consideration now, will improve and secure
environmental health for our posterity.


Verification and Validation


When verifying this model we repeatedly checked and rechecked
our parameter values to make sure we had entered the correct
values. After running the model, we manually calculated the first
year’s values to make sure they matched with the table.


Core Model Results:
Tabular Output for the


Core Model


Core Model Results:
Interpretation of the


Table


Preliminary Testing:
Verification
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We asked our expert who works in forestry to help us validate our
model. He said the forest industry has been trying to achieve a
sustainable system of harvesting and planting and therefore our
model should reach equilibrium. Ours did not reach equilibrium,
but by the end it is only slightly decreasing. This may be because
there are additional considerations that we did not include in this
model.


Our model behaved essentially like we predicted it would. We
expected the number of trees to go down because although more
trees are being planted than cut down, many die in the first few
years. When our expert told us that the model should be reaching
equilibrium, we had to go back and make sure our model was
correct. After testing and rechecking, we came to the conclusion
that the difference in results was not due to any theoretical error in
the model, but rather because we had not added in some additional
factors that could have an effect. According to how we constructed
the model and the values and equations we put into it, our results
are reasonable.


One of the parameters we did sensitivity testing on was the
harvesting rate. We wanted to see what the affects would be on the
number of harvestable trees if we increased or decreased the
amount of trees harvested. For the minimum value we used zero, to
represent no harvested trees. For the maximum we chose .04 (four
percent) which is double the normal amount and is reasonably the
most amount of trees that we have the time and facilities to cut
down in one year. Therefore our values are as follows: 0, 0.01,
0.02, 0.03, 0.04.


Figure 11: Sensi Specs on Harvest Rates


Evidently, changing the harvest rate does not have a significant
effect on the general behavior of the model. Cutting down fewer
trees causes the number of trees to increase more initially, but
eventually the population still declines. However, changing the
harvesting rate does have a significant affect on the number of
harvestable trees. By harvesting fewer trees, the tree population is


Preliminary Testing:
Validation


Preliminary Testing:
Error Analysis


Sensitivity Testing:
Harvesting Rate
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much higher so even though the population still declines, it would
take much longer to become extinct.


Another parameter that can greatly affect the model is the manual
regeneration rate. With clear cutting, almost no trees are grown
naturally. Therefore, manual regeneration is essential. We chose
zero as our minimum, when no trees are planted. For our
maximum value we chose eight because this is double the normal
rate and the maximum amount of trees that can be grown in the
given area. Thus our values are 0, 2, 4, 6, and 8.


Figure 12: Sensi Specs on Manual Regeneration


The manual regeneration rate has a much more drastic effect on the
model than the harvest rate.  If eight trees are planted for every one
tree harvested, the tree population skyrockets. If six are planted, it
steadily increases. However, we cannot take these results at face
value. If we were planting eight trees for every one tree harvested,
the trees would be a lot more crowded together. This would
probably greatly affect the planted tree survival rate. So if eight
trees were planted, maybe only two or three would survive.


One factor we didn’t include in our model and which might be one
of the sources of our error, is the attempt to protect saplings from
animal consumption. By putting fences or cones around the trees
or otherwise keeping deer away from them, the amount of saplings
killed by animals can be substantially reduced. Since we doubt that
deer would kill more trees, we chose these five values: 0.25, 0.20,
0.15, 0.10 and 0.05.


Sensitivity Testing:
Manual Regeneration


Sensitivity Testing:
Animal Consumption
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Figure 13: Sensi Graph- Animal Consumption


With animal consumption, we see the same kinds of trends as
when we varied the manual regeneration. If five or ten percent are
consumed, the population increases. This is a much more viable
option as well, because there are methods being used to protect
saplings from animal consumption and they do work. Whether or
not animal consumption can be cut down to ten percent is still
uncertain.


As an extension to our model, we decided to add efforts to stabilize
the tree population by protecting saplings from animal
consumption. To illustrate this effort, we set up a possible
scenario. Suppose for many years there have been no attempts to
protect saplings. Then after about 75 years it is apparent that the
tree population is decreasing and will continue to decrease until
something is done about it. At this point, the forestry service
begins implementing methods to protect saplings. This causes the
animal consumption rate to drop to fifteen percent. To emulate this
scenario, we defined our animal consumption rate as a step
function and set it to decrease by fifteen percent after 75 years.


Sensitivity Testing:
Extension
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Figure 14: 10% Animal Consumption Scenario


Changing the animal consumption rate to ten percent has a huge
effect on the behavior of the graph. However, it may be unrealistic
to suppose that we can cut down animal consumption by that much
so easily. About eleven percent of all harvestable forestland is
privately owned. On privately owned land, much effort is made to
reduce animal consumption, including planting other trees and
shrubs around the seedlings, putting salt blocks out and putting up
deer fences and cylinders. Through these efforts, private foresters
have been able to push animal consumption down under five
percent. Comparatively, on state and federal lands not much is
done to protect seedlings from animal consumption. If we assume
that we can even cut consumption down to fifteen percent, we see
a graph like this:


Figure 15: 15% Animal Consumption
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This is quite different than the behavior we saw in the last graph. It
proves an important point. Just a five percent change in animal
consumption can determine whether the entire forest population
will flourish or dwindle.


In conclusion, it is easy to see that various parts of the model play
an important role on the results.  If certain planting tactics were
altered, major changes would occur in the tree population. Out of
all the tested variables, Animal Consumption proved to be the most
viable leverage point. According to our results, efforts to reduce
Animal Consumption could be the most important action taken to
save forests, even more important than lowering harvest rates.


Conclusions and Future Plans


With this model we were able to develop an understanding of
Oregon’s timber harvest and what effect it has upon the
harvestable tree population in Oregon.  Due to increasingly strict
forestland laws, only 15% of Oregon’s total forestland is available
for harvest.  And though the current planting laws are designed to
create equilibrium between the planting and cutting down of trees,
it is certainly possible that their efforts will prove unsuccessful and
that the tree population will begin depleting, as our model
suggests.  However, as earlier discussed, our lack of equilibrium
may be due to other factors that were not considered in this model.


Though creating and modifying a model is a difficult process, the
output can be easily explained by taking advantage of the graphs
and tables.  Since our intended audience was anyone interested in
the future of Oregon’s forests, the model is appropriate and also
informative for the general population.  However, voters and
politicians will also be interested in such a model.  Voters are the
people who pass funding measures for forest programs and
politicians ratify legislation to protect forests and regulate the
timber industry.


Politicians play a key role in the state our forests are in.  For
example, if our model was entirely accurate and the tree population
would really decrease drastically in the next hundred years, then it
is up to politicians to support new legislatiion that would remedy
this situation.  If the deer population is killing most of the
seedlings, then there must be a new plan implemented to
compensate for this, or to reduce the number of seedlings that are
eaten by deer.


We are also interested in altering the model to show how the
change in the harvestable forestland would affect the total
forestland in Oregon.  Aside from this adaptation, there are many
other ways to alter the model to include other factors of Oregon’s
forests or even all the forestland in one region or on one continent.
Deforestation is an ongoing problem that is not going to ease
unless there is some miraculous new source of timber designed or
found.  Realistically, that is not an option.  Since deforestation has
become such a serious and relevant issue, more research into how
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to preserve forestland is inevitable.  Thus, hopefully, our beautiful
forests will remain plentiful long into the future.
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