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harvest planning in six western States and three Canadian Provinces. He has designed inplace inventory systems, calibrated yield models for over twenty commercial species,
developed site index curves, taper models, managed GIS systems and staff, developed
hydrographic, soil and wildlife databases and prepared and presented sustained yield
plans for public and private agencies throughout Western North America. He has
developed silvicultural regimes and forest management plans for almost every major
species and forest type found in the American Northwest.
Dr. Arney is the only forest biometrician who has designed and built four separate and
unique computerized forest growth models (Ph.D. dissertation distant-dependent wholetree (1969), USFS-WeyCo distant-dependent (1975), SPS distant-independent (1981) and
FPS distant-dependent (1995)). Both SPS and FPS have been distributed world-wide and
represent the foundation for forest inventory and growth projection for the majority of
managed “working forests” in the Western United States.
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The cover photo (Google 2007) provides an aerial view of a “working forest” as
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Forest Biometrics LLC was established in January 1995 in Gresham, Oregon. In May 2000, the offices
were moved to St. Regis, Montana. The owner and developer of all Forest Projection and Planning System
(FPS) software is Dr. James D. Arney. The company was formerly known as Applied Biometrics from
1985 to 1988, wherein Dr. Arney developed and distributed his earlier software, the Stand Projection
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Forest Biometrics Software License Agreement
This is a legal agreement between you, the end user, and Forest Biometrics Research
Institute. The enclosed forestry software program package, “Forest Projection and
Planning System (FPS)” is licensed by Forest Biometrics Research Institute for use only
on the terms set forth herein. Please read this license agreement. Installing the CD-ROM
package indicates that you accept these terms.
Agreement
Forest Biometrics Research Institute grants and you, the end user, accepts a non-transferable
license to use the Forest Projection System (FPS) subject to the following terms and conditions:
1) FPS may be used only in one office at a time, but may be transferred from one computer to
another and installed and used on multiple machines, so long as it is not copied outside
of the office.
2) The FPS CD_ROM may not be copied except for backup purposes and all copies must bear
the copyright notices contained in the original. The FPS documentation, users guides
and manuals may not be duplicated or copied without written permission.
3) FPS may be used only for your use in your own business office or establishment, you may
not resell or rent or impose a charge for using, or loan or give all or part of FPS to
other parties.
4) You may not reverse engineer, decompile, or disassemble anything on the FPS software
diskettes.
5) Purchase of this license does not transfer any right, title or interest in FPS, except as
specifically set forth in this license agreement.
6) You are on notice that FPS is protected under copyright and trademark laws.
7) You agree to pay all costs and expenses of enforcing this agreement, including but limited
to time spent by Forest Biometrics Research Institute officers and employees valued at
$150/hour and reasonable attorneys’ fees.

Limited Warranty
Forest Biometrics Research Institute warrants the physical CD_ROMs and physical
documentation to be free from defects in materials and workmanship for a period of sixty days
from the date of purchase. If notified within the warranty period, Forest Biometrics Research
Institute will replace any returned defective CD-ROM or documentation at no charge within the
U.S and Canada. The sole remedy for breach of this warranty shall be limited to replacement or
refund, at Forest Biometric Research Institute’s option.

Disclaimer
FOREST BIOMETRICS RESEARCH INSTITUTE MAKES NO OTHER WARRANTIES,
EXPRESS OR IMPLIED AND SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTS
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, IN NO EVENT
WILL FOREST BIOMETRICS BE RESPONSIBLE FOR LOST PROFITS, LOSS OF USE, OR
DIRECT, INDIRECT, SPECIAL INCIDENTAL OR CONSEQUENTIAL DAMAGES
WHETHER BASED ON WARRANTY, CONTRACT, TORT OR ANY OTHER LEGAL
THEORY.
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Basic Principals which determine the Growth and Health of a Forest Landbase
1) Sustainable Capacity – The highest annual sustainable harvest levels will be achieved
when the entire forest landbase becomes well-stocked and equally-distributed
geographically in all age/site classes. This may require as much as a full rotation
length into the future to achieve a stable operating capacity. The magnitude of this
capacity is determined from the native soil-site capacity and from the intensity and
kind of silvicultural investment on an on-going basis.
2) Silviculture – The highest sustainable growth capacity and value returned on any
given forest acre is from a series of repeated clearcut harvests and plantations.
Conversion to a series of partial cuts or selection thinning will only remove an equal
volume of timber to the clearcut regime, at best. Any partial cut regime series causes
more logging costs, road maintenance and damage to the residual (or regenerated)
forest than a clearcut regime. A given acre managed on a partial cut regime will be
entered from two to four times to achieve the same harvest volume as one entry of a
clearcut regime. A partial cut regime has little control on tree species selection or
stocking density and it typically transitions into more shade-tolerance, less valued
timber species. A clearcut plantation regime asigns tree species, stocking and
uniformity of the tree spatial distribution across a stand.
3) Regulations and Restrictions – Habitat Conservation Plans and State regulations,
which invoke mandatory maintenance of riparian buffers, nest site buffers, maximum
clearcut sizes, green-up harvest scheduling delays, minimum forest cover constraints
by watershed and exclusion of clearcut regimes, create a complex and intense
constraint in annual growth and harvest capacities for at least one full rotation of
stands or until the forest has evolved into the conditions in Item (1). The forest
inventory must track these acreage constraints through time and by the kind of
silviculture applied within each constraint classification.
4) Growth Capacity – Only native growth capacity (macro-site) of the operational acres
has significance to the sustainable harvest capacity of a tree farm. Rates of forest
growth within the restricted acres identified in Item (3) have no bearing on the
justification of harvest levels in the operational acres (i.e., the argument that harvest
does not exceed growth). A parallel example is checking account withdrawals which
cannot be offset with transfers from a locked savings account. Growth in the locked
savings account has no bearing on the capacity of the checking account to sustain
repeated withdrawals. This situation is sometimes missed.
5) Residual Inventory – A working forest inventory will evolve to an average age of
one-half the harvest age and a total standing inventory equal to the total net acres
times the volume per acre of a stand at one-half harvest age of the average site
capacity of the tree farm.
6) Forest Health – The maintenance of forest health and minimization of risk to insects,
disease and wildfire is best achieved through active silvicultural regimes based on
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even-aged clearcut final harvests. This is contrary to public perception, but well
documented and demonstrated in science. A young forest is a healthy forest and a
healthy forest is resistant to insects, disease and catastophic wildfire.
Impact of Long-range Planning and Harvest Settings on Polygon Definition
A stand (polygon) may be quite large when defined using the vegetation species, size and
stocking stratification criteria alone. These larger polygons (greater than 120 acres) are
usually broken down into smaller polygons by such boundaries as roads, streams, ridge
lines and physical access for purposes of economical and efficient management practices.
These forest polygons are the stands that become the basis for all silvicultural and longrange planning for the forest. The delineation of these stands provides the forest planner
with the ability to provide realistic estimates of achievable sustained harvest levels while
correctly and specifically applying spatially defined watershed and wildlife restrictions
within the forest on a stand by stand basis. Any other long-range planning method which
treats the forest as a series of time-steps of acres to be allocated does not provide direct
spatial linkages among vegetation, regulation, silviculture, topography and access. The
nature of the newer regulations (1990 – 2010) is that they specify spatial relationships
and constraints.
Examples of spatial constraints for harvest planning include a) minimum habitat buffers
for nesting and den sites, b) riparian buffers along waterways, and c) green up delays for
second harvest entries after a neighboring harvest unit has been invoked. When these
kinds of spatial constraints are required, the maximum harvest unit opening becomes a
critical decision-point. In order to correctly analyze these effects, the maximum polygon
(stand) size may result in existing stand polygons being split into multiple units. Each
stand polygon is expected to be individually defined and populated with all vegetative,
topographic and spatial parameters. The ability to analyze spatial constraints in forest
harvest planning requires this level of resolution. If the State regulations allow even-aged
harvest units only on stands less than 20 acres in size, then the largest stand polygon
going into the planning analysis should be equal to or smaller than this requirement.
This harvest scheduling approach uses specific definitions for silvicultural actions. A
silvicultural “Treatment” is any single action on a stand at a single point in time.
Examples include a thinning entry, a site preparation activity, a planting or fill-planting
entry, a fertilization entry or a harvest entry.
A silvicultural “Regime” is the full lifetime suite of silvicultural entries (treatments)
assigned to a single stand polygon. These Regimes and Treatments are defined and
sorted into time-series flows in the FPS database “SILVICS” table. Each treatment
populates one row in the table. The timing of a treatment may be either a fixed age or
year, or it may be a dynamic threshold (such as a minimum level of basal area per acre).
Each subsequent treatment will not be invoked until the conditions for the previous
treatment have been satisfied. Each row (treatment) is evaluated, tested and invoked as
separate steps in the silvicultural growth projection for each stand.
Forest Planning versus Harvest Planning
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The next set of definitions essential to forest planning has to do with the time frame over
which this analysis is being conducted. In this context “forest planning” takes on a
different goal than analyses identified as “harvest planning”.
Harvest planning is identified here as scheduling a list of available stands for thinning or
final harvest entry in a near-term time frame. This time frame may be 1 to 10 years. The
parameters of interest are amounts of volume or value, accessibility, operability,
regulatory constraints, market options, and availability of appropriate field crews and
equipment.
Forest planning is identified here as finding and ranking the levels of forest dynamics
which are possible for this specific forest given its topography, soils, climate, existing
tree species composition and health. Major factors invoked in forest planning include the
effects of alternative silvicultural investment levels, the kind and intensity of regulatory
constraints, and the long-term outlook of markets, staffing levels, cashflows and capacity
for this forest to achieve goals envisioned by the ownership decision-maker.
Effective forest planning requires a “Planning Horizon” at least as long as a complete
growth and decline sequence typical of the local tree species capacities. This may be
defined at the time frame sufficient for a newly established stand to reach and pass its
“culmination of mean annual increment” (MAI) usually defined in cubic volume per acre
(hectare). To carry this stand further in time results in decline exceeding growth among
all trees in the stand. All economic indicators have reached optimal levels at earlier
stages of development. The decision to carry this stand further in time becomes
conditional on alternative goals not associated with a healthy forest or a healthy
economic profile.
Therefore, an approapriate “Planning Horizon” is a period of time approximately equal to
one and one-half times the number of years to achieve culmination of mean annual
increment for a typical stand on this forest. If the typical forest stand reaches culmination
in 70 years, then an approapriate planning horizon would be 100 years. This allows the
entire forest to go through a complete life cycle. This allows the planning analysis to
evaluate the full capacity for this topography, soils, climate, and tree species to achieve
alternative goals regardless of its initial vegetative condition.
“Planning Periods” are simply the length of intervals within the Planning Horizon
defined at the outset of the planning analysis. If the Planning Horizon is 100 years, then
the Planning Periods may be 5 or 10-year intervals. This decision is based on the level of
resolution desired in the reports resulting from this planning analysis.
When first approaching a forest planning analysis, a definition using 10-year periods for a
100-year horizon is a reasonable level of resolution. However, subsequent and more
definitive planning analyses should evolve to 5-year periods in a 100-year horizon. This
provides both a long-term assessment of forest and economic health, while providing a
feasible identification of near-term silvicultural and harvest actions to take place once this
forest plan becomes accepted for operational (harvest) planning.
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Developing and Refining Silvicultural Regimes
Essential components in forest planning are stand polygons draped over GIS ownership,
streams, roads, soils, topography and climate. Individual stand growth capacity has been
derived and a reasonable distribution of stands have been cruised (sampled) to
characterize each stand’s vegetation either directly (field samples) or indirectly
(expansion). Stand-specific tree lists by species, diameter, height, taper, crown, defect
and spatial pattern have been populated stand-by-stand across the forest database.
So far, stand growth projections have only played a role to update the forest inventory on
an annual or short-interval periodic basis to bring cruises from previous years forward to
the current reporting year. Now the growth projections are needed for long-term forcasts
to evaluate alternative silvicultural options and regimes. A silvicultural treatment is a
specific combination of the kind, intensity and timing of an individual option on a
specific stand. A silvicultural regime is the series of treatments prescribed over the life of
the stand. For example, one treatment could be a thinning by spacing (kind), down to
302 trees per acre (intensity) and applied at age 12 (timing). A regime could be all of: (a)
planted, (b) brush treatment, (c) thinned, and (d) seed-tree harvest (four treatments). A
regime may have any number of treatments (e.g., an all-aged series of light thinnings
over decades).
The life of a stand may often be defined only within the scope of a planning horizon. A
planning horizon should be significantly longer than the maximum rotation harvest age
anticipated in building the silvicultural regimes. Planning horizons are discussed in depth
in the forest planning discussions later in this guidebook. A planning horizon should be
at least one and one-half rotation of all stands on the forest ownership. Therefore, the
silvicultural regime development should anticipate that time frame when compiling a
series of treatments into a portfolio of regimes.
The FPS Growth Model was specifically designed to handle all kinds of stand structures
and silvicultural treatment options over extended periods of time. In the context of this
guidebook and this FPS Growth Model, silviculture is always focused on the
quantification of the existing stand and the impact on the residual stand. It never directly
addresses the characteristics of the removals to define a treatment. Minimum removal
volume may be a constraint, but it is never part of the treatment parameters. For
example, it is too frequently mentioned by some foresters that a treatment was prescribed
to remove 30% of the basal area per acre (or 30% of the volume per acre). The
immediate question should be:
 What is left?
 What is the desired residual density and species composition?
 When is the next treatment entry anticipated?
 What is the growth capacity of the residual stand?
 Focusing on removals-only implies no long-term plan for this stand (or forest)?
Silvicultural treatments include any activity (or lack of activity) which is being applied to
a given stand. This includes the degree of site preparation; natural regeneration

12

FBRI – FPS Forester’s Guidebook 2015

abundance and species composition; planting density, vigor and species; non-tree
vegetation control; animal and pest control; thinning treatments (pre-commercial and
commercial); fertilizations; and pruning.
For long-term planning every stand should be assigned the most likely silvicultural
regime appropriate for the management goal for the forest and the local conditions of the
stand. This implies that the Forest Manager has defined the goal for managing the forest
and the Inventory Forester, Silviculture Forester and Forest Planner2 are working to
achieve that goal in all aspects of their individual activities on this forest.
The management goal for the forest implies certain combinations of silvicultural
prescriptions which must take the existing forest and move it (over time) to the kind of
forest which best meets the goals for this ownership. The management goals are most
often quantifiable components which together attempt to achieve the mission of the forest
owner. This mission may be positive cash flow, watershed protection, wildlife
management, recreation, aesthetics; forest health or any combination of these.
Regardless of the mission, the forest is dynamic and is continually evolving over time. If
left without silvicultural management, any mission statement and set of goals has little
probability of achievement. An obvious example is the undesired results (insects, disease
and wildfire) from the lack of silvicultural management on public lands over the past
thirty years.
To get started the Silvicultural Forester must first define a broad spectrum of silvicultural
treatments which are operationally and economically feasible on the forest.
Operationally and economically feasible directly implies the kind of access (roads,
topography and seasonal weather), kinds of operators (contractors and equipment) and
kinds of operating costs (staff, vehicles, buildings, roads, cruisers, planting crew, fire
suppression, etc.) relative to harvest values (or user fees). All of this is defined on the
basis that this forest is a “working forest” which generates sufficient positive cash flow to
support the mission for this forest. If the forest is not self-supporting in revenue over
operating cost, then the mission is most often lost along the way. By the time the
departure is recognized, it is often difficult to correct.
The experienced Forest Silviculturist will usually identify three to six primary
silvicultural treatments appropriate to this particular forest and to the mission of the
Forest Manager. These treatments will be pivotal to the major kinds of regimes under
consideration, such as a) even-aged clearcuts, seed-tree, and shelterwood options with
natural or planted regeneration; and/or b) all-aged individual-tree and group selection
options with natural or planted regeneration. The long-term species composition, health
and vigor of the resulting forest are directly dependent on the scope (kind and intensity)
of these regimes. As a result the character of the watershed, wildlife and recreational
factors will be directly affected by the silvicultural regimes selected and implimented.

2

See the position descriptions in the Introduction to Quantitative Forest Management section.
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In the Inventory methods discussions all of the parameters for forest sampling, stand
measurements, tree measurements, access, operability and forest productivity were
addressed. This included discussions on tree merchandizing, log dimensions and forest
products (cubic and board volume, weight, cords, biomass and carbon content).
In the Silviculture methods discussions, it becomes critical to define costs and values.
Silviculture is often viewed as an elective operating cost which is difficult to link directly
with operating revenue. This is primarily due to the lag in time (years) between expense
and income of many treatments (e.g., planting, vegetation control, pest control, fire
protection, pre-commercial thinning, etc.). It is also difficult for managers to link (and
justify) expenses on one stand to the income from a different stand within the same year.
As presented earlier, silvicultural treatments are focused on the residual stand. The only
reason for applying a silvicultural treatment to an existing stand is to enhance some
attribute(s) of the residual stand. A silvicultural treatment may be considered a midcourse correction in that it pushes the stand density, health and/or species composition in
a desired direction. Even a clearcut and planting pair of treatments may be viewed as
being applied in order to move the stand (these acres) in a desired direction.
If the objective of thinning is to remove 35 percent (for example) of the harvestable
volume, then it is not silviculture! It is simply drawing revenue at least cost without
committing to a long-term mission. In this case, a stand-based forest inventory and
localized growth model are un-necessary tools. The rigor of a good forest management
team is not required.
Understanding SILVICS, SORTS and HARVEST tables
To fully investigate silvicultural options in FPS the database “SILVICS”, “SORTS” and
“HARVEST” table details are key elements. From building the inventory database in
previous discussions, basic site, stand and tree parameters are provided for each stand in
the ADMIN, STAND and DBHCLS tables, respectively.
Most of the action in silvicultural treatment development occurs within the SILVICS
table by setting thresholds, targets and limits for a wide array of stand parameters. The
hierarchy is important for building effective treatment regimes. The parameters in the
SILVICS table may be managed using the FPS drop-down menu “Growth”,
“Build/Edit/Switch Silvics Regimes” dialog window with check boxes, radio buttons and
slider bars. However, it is very important to review the details in the SILVICS table prior
to invoking a growth projection for a stand or set of stands. All silvicultural treatments
are invoked through this table.
There continues to be significant interest in various methods of thinning stands – from
below, from above, by diameter cut/leave ratio, within a specified diameter range, by
spacing, by group selection openings and Q-factor distributions. Part of this is due to
many organizations moving toward all-aged management regimes where every acre is
proposed to have every size and age of tree. Most of the actual applications in the stands
have been conducted to shift to a “desired condition”. This objective has paid little
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attention to the change in growth capacity of the residual stand. The FPS silvicultural
tools and Growth Model are idealy structured to evaluate the silvicultural effects on the
residual stand.
Table 23. Definitions of SILVICS table columns.
Field Name
Silvics Table Description
Basis

Regime
Grp
Trt_Nbr
Regen
PctHt

PctSur

Trt_Key
Trt_Val
Thin_Meth
Thin_MV
Thin_Lvl
Thin_Lvlv

Thin_Sp

Fert_Rate
Cost

Thin_Min

Fill_Plt

Linkage to Admin table by Stand. Defaults to zero. Always maintain a set of records
with Basis = 0. Different Basis codes will invoke only treatments where Admin.Basis =
Silvics.Basis.
A four-character label for the group of records (treatments) which make up one Regime.
A two-character species group label used to select only that “group” of trees in the stand
for treatment (such as an overstory removal).
A numerically-sorted index to define the order in which the treatments are to occur (need
not be continuous such as 1,2,3…).
Regeneration source (one-character code) “N” = Natural, “P” = Planted, “S” = Stumpsprout. This code causes the spatial pattern to be changed in the FPS Growth Model.
Early height growth as percentage of maximum Site growth potential. Setting the correct
level is dependent on local regeneration surveys and classification using the FPS CASH
Card. Traditional site curves set this percentage at about 64 – 68%. Intensive plantation
management will achieve 75 – 105% of site potential depending on the tolerance of the
tree species. Natural regeneration under an overstory will achieve 35 – 60% of site
potential.
Percentage of trees surviving from regeneration to a 6-meter (20-feet) height from
establishment. This is based on local regeneration surveys sorted by similar intensities
of silvicultural treatments.
Numeric code to invoke a treatment (1=Age or Year, 2=Crown Competition Factor,
3=Basal Area, 4=Relative density)
Minimum (Age, CCF, BA, or Rd) to invoke the treatment
Code (1=thin from below, 2=above, 3=DBH ratio cut/leave, 4=Spacing from below,
5=Min / Max dbh range, 6=Group Selection, 7=Q-factor distribution)
Specified threshold to achieve (minimum and/or maximum DBH, DBH cut/leave ratio,
acres in Group Selection opening, Q-factor based on 1-inch classes.
Numeric code to define residual target level (1=#Trees/acre, 2=CCF, 3=Basal Area,
4=Relative density)
Target residual level of stocking after thinning. If the stand is already at this level, this
treatment will be discarded and move to the next treatment in this Regime by Trt_Nbr
order.
Preferred species to be retained, if possible but not required. The order of preference is
left to right (max 3 species; ie, DFPPWL). In this example DF would be the most
preferred species to retain.
Rate of Nitrogen fertilizer, if applied (expressed as pounds/acre basis)
Invoke a Site Preparation Cost (Yes/No)? Lower levels of PctHt and PerSur are
achieved without additional cost. Higher levels may invoke at cost as recorded in the
HARVEST table where Code = “PREP”.
If > 0, The thinning removal must be greater than the Board, Cubic & Value/acre
(hectare) removal thresholds as defined in SCHEDULE table under Cub_Min, Brd_Min,
and Val_Min. Otherwise the treatment is rejected. This is designed for commercial
thinning. If this value is greater that two-digits, then it defaults to a directly stated
minimum number of board-feet per acre without reference to other tables.
If > 0, Trees will be fill-planted between existing trees based on species and density from
the YLDSPP table for matching Basis, Region, Hab_Grp, and SiteCls groups. If the
value is greater than two-digits, then it defaults to a directly stated number of trees to be
planted using tree species from the Thin_Sp column of this table.
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The next two tables (Tables 24 – 25) provide silvicultural costs (“HARVEST” table) and
log values (“SORTS” table), respectively. Both tables may be populated at the beginning
of a calendar year for all analyses and reporting. It is then typical to review all values on
an annual basis before significant updates in year-end reporting, silvicultural analyses and
long-term sustained-yield planning. Through the year neither the costs nor revenues
usually change except in specific case studies which usually are conducted in a copy of
the master inventory database. Again, it must be noted that the specific set of costs and
values assigned to any specific stand are dependent on a match between Admin.Basis =
Harvest.Basis and Admin.Basis = SORTS.Basis. If a match cannot be found in these
tables then the table parameters with Basis = 0 are applied.
Table 24. Definitions of HARVEST table columns.
Field Name
Harvest Table Description (Costs)
Basis

Cost

Code

Coef

Linkage to Admin table by Stand. Defaults to zero. Always maintain a set of records
with Basis = 0. Different Basis codes will invoke only treatments where Admin.Basis
= Harvest.Basis.
Reserved 4-character codes "ADMN" (administration); "PREP" (Site preparation &
Veg control); "PLNT" (Planting); "PCTC" (Pre-commercial thinning); "THIN"
(Commercial thinning); "FERT" (Fertilization); "YEAR" (annual fixed costs), “CRUS”
(cruising cost/acre), “HAUL” (hauling cost per mile), “MBFT” (scaling costs per 1,000
bdft),
Other User-defined codes: “SKID” (skidder cost), “LINE” (cable costs), “HELO”
(helicopter costs), or any 4-digit code to link the Harvest table to Admin.Log_Sys
field.
This code defines the values to be placed in the Coef column. Costs may be based on
"AREA" (Acres or Hectares); "NBFT" (Net MBF); "GBFT" (Grs MBF); "NCFT" (Net
Cuft); "GCFT" (Grs Cuft); "DWGT" (Dry Wgt); "GWGT" (Green Wgt); "TREE" (# of
Trees), “XDIB” (Cost by log size), “XVOL” (Cost by volume/acre removed)
Intercept or fixed cost based on label found in the Code column of this record. Costs
may be per tree, per acre, per standard volume units (where Mbf = 1,000 bdft)

Table 25. Definitions of SORTS table columns.
Field Name
Basis

Species
Grade
Label
Rpt_Grp
Value
Flag
MinDib
MinDbh
MaxDef
MaxSeg
MinVol
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Sorts Table Description (Values)
Linkage to Admin table by Stand. Defaults to zero. Always maintain a set of records
with Basis = 0. Different Basis codes will invoke only treatments where Admin.Basis
= Harvest.Basis.
Species code (as in Species table), "#1" is the default Sort/Grade for all species. It
must exist in this table as the default set of log values for unknown species.
Any 2-character alphanumeric grade label
Report label for Sort/Grade codes (Any 12-character description)
User-defined reporting groups of similar species (For example use "COxx" and
"HWxx" for all report options of confer versus hardwood species)
Log value in $ based on Flag specification (/cunit, /Mbf, /ton)
Must be > 0 for Inclusion (Value Basis = 1 for gross cubic, 2 for net cubic, 3 for gross
board, 4 for net board, 5 for green weight, 6 for dry weight, 7 for cords)
Minimum small-end Diameter in inches (or centimeters)
Minimum Dbh for assigning MinDib (Trees are classified by Dbh first)
Maximum % Defect
Maximum Segment position (1-Butt log only, 2-Mid or Butt, 3-Top or anywhere)
Minimum log volume or weight based on Flag column
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Silvicultural Regimes – One Treatment at a Time
Before building a complete regime (of multiple treatments), each of the individual
thinning treatment options will be demonstrated. In each case the same residual thinning
target is specified, only the method to get there will be changed. Due to many regulations
in various States, mature stands are being thinned to create multi-structured stands which
will never be clearcut or managed on an even-aged basis in future. The effects on
sustained-yield capacity of these treatments have almost universally not been evaluated
prior to embarking on these shifts in management styles.
Each of the stands used in these demonstrations are actual cruises of mature stands of
varying species composition, structure and size. All stands are dense and fully occupy
the acre although with varying degrees of clumpiness. The treatment is designed to
reduce the stand to 170 trees per acre and allow it to grow to the next harvest entry.
Natural regeneration of shrub and tree species may occur depending on the size of
openings resulting from the thinning. No additional site preparation for tree regeneration
was included in the treatment. This is a mid-elevation forest in the Bitterroot Mountains
of the Idaho-Montana border. The site growth capacity is 6.7 meters per decade (or 97feet at 50 years breast height age in traditional Douglas-fir site curves). The current
inventory year is year-end 2013 and all treatments are applied in 2014. The residual
stand is then grown forward for 200 years.
Treatment CTn1 – Thin from Below
The first treatment has applied a thinning from below, not cutting trees greater than 20inches and leaving the largest 170 trees per acre. The residual target density will not be
achieved if the 20-inch diameter threshold becomes limiting.
Table 26. List of sample stands with individual average descriptions.
Selected Stands for Thinning Examples
Stnd
137
158
182
216
221

Type
CXDF
CXGF
CXRC
ESAF
CXLP

Age Trees Dbh Basal Height CCF RelD Clump BoardNet
95
172 14.1
186
109 222
50
89%
32,905
149
1127
5.5
187
112 307
80
62%
24,061
81
1099
5.9
210
106 382
86
78%
23,236
72
996
6.4
221
93 340
87
86%
33,112
86
1707
4.2
160
96 324
79
78%
22,112

Value
12,815
10,014
7,283
12,237
6,931

Note that the thinning prescription has no significant effect on Stand #137 (two trees will
be removed). The other stands have a high component of small trees which cause the
average diameter to be much smaller in spite of the fact that there is significant existing
volume and value. These stands have Douglas-fir, Grand Fir, Redcedar, Engelmann
Spruce, Subalpine Fir and Lodgepole Pine represented. Each species has different shade
tolerance, response to thinning and log values.
The “Silvicultural Regimes” dialog is invoked by selecting “Add-Ins”, FPS drop-down
menu “Growth”, “Build/Edit/Switch Silvics Regimes” (Figure 83). This dialog simply
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manages the parameters in the SILVICS table on a Regime by Regime basis. By clicking
the “Save Updates and Close” button, this Regime is assigned to all “Flagged” stands.
By default it assigns this Regime as a Future Planning Regime. If this Regime represents
what has actually occurred in the past, like a plantation with site preparation, then click
the “Existing Inventory Regime” radio button before “Save Updates and Close”.

Figure 83. The FPS Silvicultural dialog controls and options.
Now select the FPS drop-down menu, “Growth”, “Grow Stands” and select years from
the Schedule table and grow “Stand Only” to provide a future silvicultural projection of
these stands for this treatment.
While all six stands are being thinned and projected, only a single stand is being
displayed in this example using the Stand Visualization System (SVS) tools. This is the
18
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mixed-species Grand Fir stand with 1,100 trees per acre in 2013. The objective here is to
display the direct shift in stand structure due to this thinning treatment.

Figure 84. Stand 158 thinned from below and after 30 years.
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Treatment CTn2 – Thin from Above
This treatment has applied a thinning from above, not cutting trees smaller than 8-inches
and leaving 170 trees per acre. The residual target density will not be achieved if the 8inch diameter threshold becomes limiting.

Figure 85. Stand 158 thinned from above and after 30 years.
20
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Treatment CTn3 – Thin to cut / leave ratio
This treatment has applied a thinning on a diameter cut/leave ratio equal to 1.0 and
leaving 170 trees per acre. As each tree in the stand is selected to be cut the residual ratio
is re-evaluated. If the ratio drops below the target ratio then a large tree is removed and
the ratio re-evaluated. This continues to cycle between large and small trees until the
residual target density is achieved. In the process of selecting a tree to cut of a given
diameter class, the tree with the greatest tree-density is selected first. This causes thickets
to be thinned in preference to cutting trees in already existing openings.

Figure 86. Stand 158 thinned by cut/leave ratio and after 30 years.
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Treatment CTn4 – Thin by spacing
This treatment has applied a thinning by spacing, not cutting trees greater than 20-inches
and leaving the best distributed largest 170 trees per acre. The residual target density will
not be achieved if the 20-inch diameter threshold becomes limiting. Thickets are thinned
first while always selecting the smaller tree at the highest density in each clump until the
residual target is achieved. It is easy to observe that small trees in openings are preserved
when no larger tree is available to retain on a spacing basis.

Figure 87. Stand 158 thinned by spacing and after 30 years.
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Treatment CTn5 – Thin withing diameter range
This treatment has applied a thinning by staying within a fixed minimum – maximum
diameter range; in this case, not cutting trees less than 12-inches or greater than 20-inches
and leaving 170 trees per acre. The residual target density will not be achieved if the 12inch or 20-inch diameter thresholds become limiting. Thickets are thinned first. It is
obvious from the SVS visualization that this thinning prescription has created a twostoried stand

Figure 88. Stand 158 thinned within min-max range and after 30 years.
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Group Selection Methods
The next silvicultural option to demonstrate using the FPS Growth Model is a thinning
method described as “Group Selection”. Each of the previous thinning methods targeted
individual trees throughout the stand to be removed based on their relative size and
relative amount of stress from competition by other trees. Species preference, vigor,
health and defect may also play a role in selecting individual trees for removal. This
approach may also be labeled a “Single-tree Selection” method. The decision to remove
a tree depends on its status relative to other trees within the same stand, thus “Single-tree
Selection”.
Organizations that have decided to move away from even-aged management regimes
recognize and accept that there is no final harvest age or time for an entire stand. The
desire is to transition to an all-aged management regime without loss in productivity or
ability to maintain preferred species. The overriding factor for this decision is fear of
potential social, political or regulatory pressure for including clearcut harvests as a
silvicultural regime option. This is a valid fear because environmentally-correct
organizations have gained a politically strong position in the eyes of the American
society. There are perceived and real economic downfalls for attempting to keep evenaged management using clearcuts in the silvicultural management tool box.
The difficulty with relying on thinning alone for long-term sustained-yield planning is the
loss of economic efficiency and control of maintaining preferred species and densities.
To maximize the sustainable volume per acre for removal requires that each acre carries
the maximum number of trees per acre where growth exceeds suppression and mortality.
Since the all-aged stand must contain a mixture of small thrifty and large merchantable
trees, it is difficult to move through the stand with heavy harvesting equipment without
damaging the new regeneration so critical to maintaining maximum productivity. By
default after two or more thinning entries, these stands tend to become less that fully
stocked acres and harvest selection must target previously damaged and defected trees to
maintain a healthy, vigorous stand. To compensate for loss of harvest levels comparable
to even-aged management regimes, more stands and acres must be thinned each year to
maintain a high annual flow of wood from the forest. This evolves to more frequent
entries into each stand over time creating situations were damage to regeneration and soil
compaction become significant concerns. In addition, single-tree selection in a stand
only provides small openings for natural regeneration to develop. The most likely
species to develop are the more shade-tolerant species such as true firs and hemlock
species. These species also tend to carry lower delivered log values than the original
intolerant species from even-aged management regimes such as Douglas-fir.
As a result of the reduction in long-term harvestable volume and value from all-aged
management the “Group Selection” option has gained popularity. A significant number
of organizations have employed this regime in order to create larger “gaps” in the stand
where shade-intolerant species may germinate and grow. It also has picked up some
popularity in environmental organizations for creating more “diversity” within the stand
and sometimes carries the label “Skips and Gaps” as a management regime. The
movement of heavy harvesting equipment in the stand with group-selection thinning is
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focused spatially on fewer acres thereby reducing potential damage to new regeneration
and soil compaction.
While this “Group Selection” management regime has gained popularity and many
organizations are beginning to deploy it across the landscape, few have actually
silviculturally analyzed the long-term impact on sustainable volume and value levels. A
significant number of forestry school professors across the continent are preaching that
all-aged management regimes will produce the same long-term sustainable volume and
value flow as even-aged management regimes. The term “preaching” is used here
because there is no scientifically sound research that confirms that notion. It is a belief,
not a fact.
To be effective, the group-selection regime must create openings at least one-acre in size
to allow sufficient light to enter the opening for vigorous seedling development of shadeintolerant species. In many cases the preferred species must be planted in the opening
with adequate vegetation control to become established. When the openings begin to
exceed two-acres in size some of the social and political pressure against clearcutting
regimes begins to re-surface. As a result the Forest Manager is “between a rock and a
hard spot” on arriving at an acceptable opening size.
Once an organization has committed to using the group-selection regime, it must now
consider the timing of re-entry into the stand with subsequent group-selection openings
across the stand. The following table is an example of moderate site productivity and a
culmination of mean annual increment of merchantable volume around sixty years of age
in an even-aged management regime. It displays the combination of opening sizes,
frequency of re-entry and stand sizes which come into consideration if group-selection is
the preferred regime.
Table 27. Relationship between opening size and % of stand treated in one year.
Rotation:

%Stand

60 yrs
Intervals
in
Years

Opening Size in Acres
0.5

1.0

1.5
2.0
2.5
3.0
3.5
4.0
Acres per Stand for FPS Growth Projection

4.5

5.0

10%

6.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

20%

12.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

22.5

25.0

25%

15.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

33%

20.0

1.5

3.0

4.5

6.0

7.5

9.0

10.5

12.0

13.5

15.0

50%

30.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

In this example assuming two-acre openings in 25% of each stand would result in one
opening for every eight acres in the stand at 15 year intervals. Each entry would shift the
new opening to an un-disturbed portion of the stand until after 60 years it starts all over
again replacing the original two-acre opening with a new opening. Removing two-acres
of mature wood from each opening will require a road to handle about 16 truckloads of
logs to exit the opening. The road will likely consume more acres than the opening!
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Treatment CTn6
This treatment has applied a thinning by group selection where all trees, but one, were
removed within a 2-acre circular opening. This was executed within a six-acre area of
the stand to achieve a 33% reduction in volume. The opening was made large in order to
improve the probability of shade-intolerant species to germinate and grow. In this case,
natural Western Larch regenerated in the opening.

Figure 89. Stand 158 thinned by group selection and after 30 years.
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Q-factor Thinning Methods
The Q-factor thinning method actually demonstrates both tabularly and graphically what
must happen in an all-aged single-tree selection regime at each thinning entry. The
concept is based on the observation that small trees require less growing space than large
trees. There also must be adequate regeneration abundance throughout the stand to
provide opportunities to reserve the most vigorous and spatially distributed reserve (or
crop) trees. However the level of stocking must be continually reduced in all size classes
as the trees become larger and require more growing space.
The difficulty and expense is that at each thinning entry most of the operation is
concerned with removing sub-merchantable trees. In this example the average removal
Dbh is 8.6 inches with 67% of the removed trees smaller than this dimension.
Table 28. Tree frequency by diameter class for a Q-factor thinning at 1.15.
Q-factor:

1.15

1.32

1.52

1.75

Width:

1

2

3

4

DbhCls

Dbh

Tpa

Dbh

Tpa

Dbh

Tpa

Dbh

Tpa

1

1

100.00

2

100.00

3

100.00

4

100.00

2

2

86.96

4

75.61

6

65.75

8

3

3

75.61

6

57.18

9

43.23

12

4

4

65.75

8

43.23

12

28.43

5

5

57.18

10

32.69

15

6

6

49.72

12

24.72

7

7

43.23

14

18.69

8

8

37.59

16

9

9

32.69

10

10

11

11

12

Cut

Sum

%

Tpa

Tpa

Tpa

57.18

13.04

13.04

14%

32.69

11.34

24.39

26%

16

18.69

9.86

34.25

37%

18.69

20

10.69

8.58

42.82

46%

18

12.29

24

6.11

7.46

50.28

54%

21

8.08

28

3.49

6.48

56.77

61%

14.13

24

5.31

32

2.00

5.64

62.41

67%

18

10.69

27

3.49

36

1.14

4.90

67.31

72%

28.43

20

8.08

30

2.30

40

0.65

4.26

71.57

77%

24.72

22

6.11

33

1.51

44

0.37

3.71

75.28

81%

12

21.49

24

4.62

36

0.99

48

0.21

3.22

78.51

84%

13

13

18.69

26

3.49

39

0.65

52

0.12

2.80

81.31

87%

14

14

16.25

28

2.64

42

0.43

56

0.07

2.44

83.75

90%

15

15

14.13

30

2.00

45

0.28

60

0.04

2.12

85.87

92%

16

16

12.29

32

1.51

48

0.19

64

0.02

1.84

87.71

94%

17

17

10.69

34

1.14

51

0.12

68

0.01

1.60

89.31

96%

18

18

9.29

36

0.86

54

0.08

72

0.01

1.39

90.71

98%

19

19

8.08

38

0.65

57

0.05

76

0.00

1.21

91.92

99%

20

20

7.03

40

0.49

60

0.03

80

0.00

1.05

92.97

100%

#Trees/Ac

719.82

408.55

291.92

233.51

92.97

Basal
Area

250.9

244.4

200.8

174.5

37.6

QmDbh

8.0

10.5

11.2

11.7

8.6

RelD

89

76

60

51

CCF

393

308

241

206
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The Q-factor index is tied to the diameter class width being applied. This chart and
figures demonstrate the relationship between Q-factor and class widths of 1, 2, 3 or 4
inches.

Q-Factor by Dbh Class Width
120

#Trees / Acre

100
80
4

60

3

40

2

20

1

0
0

10

20

30

40

Dbh in Inches

Figure 90. Display of tree frequency by diameter using 1, 2, 3 or 4-inch classes.
Figure 91 displays the number of trees to be removed at each entry by diameter class. In
order to determine the number of trees to be removed requires a pre-harvest cruise of the
entire stand to create a tally of trees by diameter class by species. It is then essential that
the trees selected to remain in the stand are well distributed in each diameter class tallied.
Otherwise, if clumped, they will be competing for the same space later when they
become candidates for their final harvest. This will result in smaller trees with less
volume per tree and per stand.

Thinnings by Dbh Class
14

#Trees / Acre

12
10
8
6

1

4
2
0
0

5

10

15

20

Dbh in Inches

Figure 91. Display of trees to be removed at each entry in 1-inch classes.
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Treatment CTn7
This treatment has applied a thinning by Q-factor of 1.15 to leave a residual of 170 trees
per acre. The tree frequency by diameter class is defined based on a 15 percent reduction
in trees per acre where the trees per acre are tallied in each 1-inch diameter class. This
may be prescribed in 2, 3 or 4-inch classes as well, but FPS assumes that Q-factors are
always expressed on a 1-inch class basis.

Figure 92. Stand 158 after thinning by Q-factor and after thirty years.
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Silvicultural Yield Comparisons
The FPS Growth Model was designed to grow every individual tree on an area up to 25
acres in size. This design was to facilitate the investigation of small to large openings in
a stand. Shaded areas along the margin of the opening will have lower regeneration
success and a higher probability of shade tolerant species replacing intolerant species
(both shrubs and trees). The design will also facilitate later treatments of other group
selection harvests within the same stand without overlapping the previous entry.
As mentioned earlier, each of these stands was grown out for two hundred years to
explore the development of each stand due to the kind of treatment and differences in
response among species. The tolerant species like Grand Fir will continue to grow in
height while some intolerant species like Lodgepole Pine will significantly slow down in
height growth at extended ages.
The abbreviated kinds of thinning displayed by treatment code include:
0) CTn0 = no thinning treatment
1) CTn1 = thinning from below
2) CTn2 = thinning from above
3) CTn3 = thinning to a cut/leave diameter ratio of 1.00
4) CTn4 = thinning by spacing from below
5) CTn5 = thinning within a fixed diameter range
6) CTn6 = group selection of all trees within 2 acres on six acre area
7) CTn7 = Q-factor thinning based on factor = 1.15
Stand #158 – Grand Fir mixed species

Scribner Boadr Volume / Acre

Stand 158 - Thin to 170 Trees/Acre
80,000

CTn6

70,000

CTn1

60,000

CTn0

50,000

CTn4

40,000

CTn7

30,000

CTn5

20,000

CTn3

10,000

CTn2

2010

2060

2110

2160

2210

Calendar Year

Figure 93. Stand 158 residual volume over time by thinning method.
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Stand #182 – Red Cedar mixed species

Scribner Boadr Volume / Acre

Stand 182 - Thin to 170 Trees/Acre
80,000

CTn0

70,000

CTn6

60,000

CTn1

50,000

CTn4

40,000

CTn5

30,000

CTn7

20,000

CTn3

10,000

CTn2

2010

2060

2110

2160

2210

Calendar Year

Figure 94. Stand 182 residual volume over time by thinning method.

Stand #216 – Englemann Spruce mixed species

Scribner Boadr Volume / Acre

Stand 216 - Thin to 170 Trees/Acre
120,000

CTn0

100,000

CTn1

80,000

CTn6
CTn2

60,000

CTn7

40,000

CTn3

20,000

CTn5
CTn2

2010

2060

2110

2160

2210

Calendar Year

Figure 95. Stand 216 residual volume over time by thinning method.
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Stand #221 – Lodgepole Pine mixed species

Scribner Boadr Volume / Acre

Stand 221 - Thin to 170 Trees/Acre
70,000

CTn0

60,000

CTn6

50,000

CTn1

40,000

CTn4

30,000

CTn5

20,000

CTn7
CTn3

10,000

CTn2

2010

2060

2110

2160

2210

Calendar Year

Figure 96. Stand 221 residual volume over time by thinning method.
The last four charts display how variable the thinning results may be due to species
composition and stand structure. All stands are on the same site growth capacity. Stand
#158 is Grand Fir, Stand #182 is Redcedar, Stand #200 is Redcedar, Stand #216 is
Engelmann Spruce, and Stand # 221 is Lodgepole Pine. Each stand has mixed species.
Note that the CTn6 produced high volume and value by using a group selection method
with a two-acre opening in a six-acre stand. This is due to the fact that these stands are
over mature with little growth capacity remaining in 2013. The large opening allowed a
young stand of Western Larch to become established with high growth capacity relative
to the residual stand.
Review each of the thinning methods and their results in these stands. Each method had
a residual target density of 170 trees per acre after thinning. The mature trees have little
growth capacity left in 2013. Each thinning method allowed different densities and
species composition of new regeneration as ingrowth to the merchantable portion of each
stand. The abundance and species composition of this new regeneration is the cause for
the major differences in results of this array of methods.
Combining Treatments into a Regime
Now it is time to combine four treatments to make a single regime. This example will be
in the YIELD table as a newly established plantation. As in the previous examples, these
yield tables will be generated for only one site growth capacity of 6.7 meters per decade
(97 feet total height at 50 years breast height age in a traditional site curve table). To
fully recognize the impact of silviculture the plantation will be planted with 160 Douglas-
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fir, 160 Western Larch and 160 Ponderosa Pine for a total of 480 trees per acre (9.5-foot
spacing).

Scribner Bdft / Acre

Total Harvest Volume (2014 + 2108)
Five Stands Thinned to 170 Tpa
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Figure 97. Total harvest volume over time by thinning method.

Net $ Value / Acre
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Figure 98. Total harvest value over time by thinning method.

The regimes are identical except for the commercial thinning prescription (treatment #4):
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1) Treatment (1) SILVICS table Regen is set to “P” for a planted stand and it
invokes planting costs from the HARVEST table.
2) Treatment (2) SILVICS table PctHt is set to 67% for average height growth at
establishment through twenty feet of growth and PctSur is set to 84% for above
average survival due to site preparation and vegetation control, cost is set to “Y”.
3) Treatment (3) SILVICS table sets a pre-commercial thinning at 12 years by
spacing to a residual of 302 trees per acre without a species preference.
4) Treatment (4) SILVICS table sets a commercial thinning at 45 years by six
different methods to a residual of 170 trees per acre without a species preference.
Using SILVICS and YIELD tables
Eight regimes are built within the SILVICS table. Essentially only the commercial
thinning method at 45 years is different among regimes. The abbreviated kinds of
commercial thinning displayed by treatment code (4) and Regime label include:
0) PCT0 = no thinning treatment
1) PCT1 = pre-commercial thinning by spacing only, with no commercial thinning.
2) PCT2 = commercial thinning from above with no species preference
3) PCT3 = commercial thinning to a cut/leave diameter ratio of 1.00
4) PCT4 = commercial thinning by spacing from below
5) PCT5 = commercial thinning within a fixed diameter range (12 – 20 inches)
6) PCT6 = group selection of all trees within 2 acres on six acre area
7) PCT7 = Q-factor commercial thinning based on factor = 1.15
A full six-acre plantation is grown using each Regime in order to provide a common SVS
display for all regimes when the group selection method requires six acres. Normally the
default growth plot area of 0.25 acres or 1.0 acre for SVS display is sufficient.
As in the previous natural stand growth projections, these plantations will be grown for
200 years in order to present the full range of stand dynamics of growth and decay. Also,
in consideration of the typical Bitterroot Mountains plantation spacing, a clumpiness of
85% is assumed with 100% stockability of each acre. More silviculturally aggressive
plantations may approach 95% clumpiness (less than 5% openings).
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Figure 99. Plantation only, no thinnings at age 10.

Figure 100. Plantation with spacing to 302 trees at age 12.
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Figure 101. Plantation, spaced and thinned from below at age 45.

Figure 102. Plantation, spaced and thinned from above at age 45.
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Figure 103. Plantation, spaced and thinned by spacing at age 45.

FBRI – FPS Forest Planning 2016

37

Figure 104. Plantation, spaced and thinned within dbh range at age 45.

Figure 105. Plantation, spaced and 2-acre group selection at age 45.
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Figure 106. Plantation, spaced and Q- factor thinning at age 45.

Plantation Yields
As mentioned earlier, each of these plantations were grown out for 200 years following
thinning treatments at 12 and 45 years. While the visual displays at 45 years to not
appear substantually different, the impact on residual stand develop is significant.
The following chart (Figure 107) displays the total net scribner board-foot volume by age
and each of eight Regimes for this plantation of DF/WL/PP at 480 trees per acre on a site
growth capacity of 6.7 meters per decade (97-feet total height at 50 years BH age). Note
that the PCT0 (no thinnings) became over-dense and competition slowed the stand
growth capacity. Also note that the pre-commercial spacing at age 12 to 302 trees per
acre provided the highest yield capacity. PCT2 taking volume out at age 45 by thinning
from above to 170 trees per acre never allowed the stand to recover relative to other
regimes.
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Scribner Boadr Volume / Acre

Plantation - Site 97 - DF/WL/PP
Scribner Bdft Volume
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Figure 107. Comparisons of results of thinning methods.
Note that thinning by spacing regardless of species (PCT4) produced the largest average
diameter of all regimes in the following chart. This demonstrates the importance of
growing space per tree and maintaining a fully-stocked acreage.

Stand Averge Dbh (inches)

Plantation - Site 97 - DF/WL/PP
Stand Average Dbh
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Figure 108. Comparisons of size class results of thinning methods.
Although this was a plantation of 480 trees per acre, a significant number of natural
regeneration trees became established and died over the life of this plantation. All
regimes PCT1 to PCT7 applied a pre-commercial spacing to 302 trees which removed
early natural regeneration, but additional trees and shrubs became established between
age 12 and 45 as shown in the following chart.

40

FBRI – FPS Forester’s Guidebook 2015

Number of Trees / Acre

Plantation - Site 97 - DF/WL/PP
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Figure 109. Comparison of tree frequency results of thinning methods.
The plantation thinnings at 12 years by spacing (PCT1) provided the highest Mean
Annual Increment (MAI) in board-foot volume production. The unthinned plantation
(PCT0) culminated its MAI in the fewest years due to the high density conditions. The
other thinning regimes culminated in later years due to the lower density levels.
However, these regimes also produced lower levels of MAI.

Board Volume MAI / Year
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Figure 110. Comparison of MAI levels from thinning methods.
The Net Present Value (NPV) is the value today of the total costs over time versus the
total revenue from harvests in the future. A discount rate is applied to compare
alternatives which result in values at different times in future to be compared as
comparable options in today’s dollars. In today’s dollars Figure 111 demonstrates that a
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fully-stocked stand at optimal spacing is the single most important factor in evaluating
alternative silvicultural regimes.
Although differential log values between species and between log sizes has not been
addressed in these comparisons so far; when these differences are large, there becomes a
high sensitivity to thinning method, timing and intensity. When log values between
species in the same stand or between achieveable log sizes exceeds approximately $100
per thousand board feet, then careful attention needs to be focused on timing and
intensity of thinning in order to achieve those value differences. When log size
significantly impacts total value then differential harvesting costs by log size and stand
volume should be incorporated into the HARVEST table schedule of costs. At this level
even the differential cost of planting lower or higher densities becomes an economic
factor when those costs are carried out to age of harvest and discounted back to today.

Plantation - Site 97 - DF/WL/PP
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Figure 111. Comparison of NPV trends from thinning levels.
Two other kinds of outputs from these silvicultural regime options should be noted. The
growth and decay of competing grass, shrubs and woody vegetation is projected and
impacted by the stand canopy cover resulting from these various regimes. Vegetation
control may deplete this biomass production but thinnings and clumpy stands may
enhance its production. The total dry weight in non-tree biomass production is an output
of each growth projection. Where field sampling has identified the actual life forms or
species, then this dry biomass production may be assigned to the distribution of those life
forms and/or species. See Figure 112.
Since the carbon content is known by species, then the total sequestered carbon content is
reported along with the total metric tonnage of sequestered CO2 in wood, bark and
foliage. See Figure 113.
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Non-Tree Dry Biomass / Acre

Plantation - Site 97 - DF/WL/PP
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Figure 112. Comparison of non-tree dry biomass from thinning levels.
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Figure 113. Comparison of metric tons of CO2 from thinning levels.
These case studies of alternative silvicultural regimes in plantations and existing natural
stands now provide the opportunity for a view of the forest capacity on a long-term
sustainable basis.
It is now a simple task to sum up the harvestable volume from thinnings and final harvest
over the life of a stand under alternative silvicultural regimes. Some regimes may be
harvested earlier or later than others, so comparisons of ending volumes may not be a
good index of sustainable capacity between regimes. However, the way to evaluate
alternatives on a common base is to look at a period well beyond the normal rotation age
of one harvest cycle. In this way the true sustainable capacity of a stand or forest may be
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determined. In this discussion a period of 200 years is well beyond the culmination of
mean annual increment and maximum net present value of a newly established stand or
previously existing stand. See Figure 114 for volume and NPV.

200 Year Harvest Volume Capacity
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Figure 114. Comparison of volume and value from thinning methods
Thus far the silvicultural discussion has focused on alternative thinning methods while
holding everything else constant – including site growth capacity, timing of treatments
and alternative residual density levels. It should be readily apparent that timing and
intensity of treatments will shift across the range of site capacity. Species composition
and log values by species and log size will also play a major role in determining the most
likely silvicultural regimes.
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Depending on the existing conditions (site, species, size, stocking) in the forest inventory,
a harvest schedule analysis could easily include three to seven optional regimes per stand.
This is exactly what has been presented in the previous case study analyses of a single
planted stand or the five existing natural stands. If only these silvicultural regimes were
provided to the harvest scheduling analyses and the forest contains 1,000 stands, then
there would be 3,000 to 7,000 alternative harvest options in each period of the planning
horizon.
A significant loss in sustainable harvest capacity and cash flow could easily be
overlooked if the Forest Manager elects to minimize or ignore in-depth silvicultural
analyses and harvest scheduling capacities over long-time intervals. These analyses
should be conducted annually with all silvicultural regimes evaluated and presented. The
Forest Manager may elect to follow any option, but the decision should be made from a
basis of knowledge. Most often in recent years the primary silvicultural regimes selected
and applied to working forests have been determined on a basis of least resistance from
regulations, special-interest groups and public opinion. Few organizations have gone
through the rigor of evaluating and quantifying the impacts of alternative silviculture to
the degree presented in the previous pages of this guidebook.
This is most effectively achieved in the following series of steps:
1) If not already developed in building the initial inventory database, the macro-site
capacity must be assigned to each stand. This comes from direct tree
measurements of 10-meter site index on a sample of trees from each of an
orthogonal series of stand locations throughout the forest.
2) These direct 10-meter site values are expanded over the forest based on GIS
layers of topography, climate and soils. This also includes differences in shape of
height/age trends on different soils and climate (Site_Shp column in ADMIN
table). Select a representative cruised stand from each cell of (at least) a matrix
across site and major species classes.
3) The cruised inventory provides the initial stocking levels by species and size for
each of these selected stands in each cell.
4) The history of these selected stands is important for separating natural from
planted stands and the degree of intensity of previous management activities.
These differences are significant between selection harvests versus clearcut
harvests and extensive management versus intensive management. The cruise
compilation results will typically find existing degrees of clumpiness of tree
spatial patterns as follows:
History
Selection Harvest
Clearcut Harvest
Extensive Planted
Intensive Planted
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Clumpiness
0.57 – 0.77
0.78 – 0.89
0.82 – 0.92
0.92 – 0.97

Default Regime
NAT1 (0.67)
NAT2 (0.87)
PLT1 (0.89)
PLT2 (0.95)
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5) The cruises in newly regenerated stands will provide the degree of height growth
and survival response for each of these initial silvicultural treatment conditions.
Use the FPS CASH Card method to define the %Height growth and % Survival
parameters to populate the “PctHt” and “PctSur” columns, respectively, in the
SILVICS table. These parameters (relative to 10-meter site capacity) define the
growth capacity for early stand development in the first 20-feet (6-meters) of
height of each stand.
6) Flag only those stands selected from these previous steps to represent a class
average stand condition from each orthogonal cell of site and silvicultural history
on the forest. Assign separate initial Regimes from the SILVICS table to the
STAND table in the “Origin” column. These represent the actual previous history
of treatments on these stands. Then assign a common, low intensity silvicultural
regime to all selected stands. This is usually the “GROW” regime assigned to the
STAND table in the “Regime” column.
7) Use the Schedule table drop-down menu to set up a series of reports for at least
the length of the expected rotation length in years expected for this forest. This is
usually approximately 100 years in length to provide for every stand to pass
through every age class and optional decision point in the life of a stand. Reports
in ten-year intervals are sufficient and five-year intervals are near optimal.
8) Grow all selected stands forward using the Schedule table periods and the “Grow
STAND Table” option in the FPS Growth Model dialog window. Include the
check box for STANDSRT table output if volume by Sort Class is important.
9) Review the yield capacities resulting from these grown stands over the planning
horizon (e.g., 100 years in 5 or 10-year periods) from both the STAND and
STANDSRT tables.
10) Consider initial stand densities. If densities are high and future tree size is small,
then a pre-commercial thinning may be an appropriate treatment. Set up a new
SILVICS Regime label matching the “GROW” Regime with the addition of a
thinning treatment. Assign this new Regime to the STAND Regime column for
the initial year only and then re-grow these stands. This new Regime will create
records in the STAND table for all future years without over-writing the previous
regime outputs. This makes it easy to observe differences among regimes by
year.
11) Consider tree size and final harvest densities. If tree sizes are smaller than desired
a commercial thinning may be helpful. The commercial thinning does not cause
more growth or yield capacity but does provide allocating more growth to fewer
trees in the years subsequent to the thinning. Follow the same procedure as in
Step (10) by creating a new SILVICS Regime which now includes commercial
thinning. Assign this new regime to the STAND table in the Regime column and
re-grow each selected stand through the entire planning horizon as before. The
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commercial thinning may require multiple attempts before arriving at the
preferred timing, type and intensity of thinning treatment.
12) Depending on forest management goals and restrictions there are three additional
treatments that may be added to the full regime. These are fertilization, pruning
and planting of genetically-improved tree seedlings. These may require a new
cycle of treatment analyses including planting density, early growth capacity, precommercial thinning and commercial thinning.
13) This usually results in a set of three to twelve common silvicultural regimes to be
applied to all stands across the forest by the planning forester in the next year-end
sustained harvest analysis update. Repeat this silvicultural review each year.

Evaluation of Seed-tree and Shelterwood Regimes
Final harvest, when running the FPS Harvest Scheduler, may be invoked as a Seed-tree
or Shelterwood removal if the last treatment of the SILVICS table regime has the
following parameters:
Trt_Key = 1
Trt_Val = 9999
Then options:
Thin_Meth = 3, Thin_MV = 1.0 to leave average size trees
Or:
Thin_Meth = 1, Thin_MV = 99.0 to leave largest trees
Then select:
Thin_Lvl = 1, Thin_Lvlv = 8 to leave eight seed trees per acre
Or:
Thin_Lvl = 1, Thin_Lvlv = 20 to leave twenty shelterwood trees
Of course, any number of trees may be relected to be retained in the stand at final harvest
by adjusting the Thin_Lvlv value. These reserve trees may be identified later by a
species “Grp” code = “RT”.
This treatment is never activated when growing the stands forward for silvicultural or
harvest scheduling analyses. It is only invoked by the FPS Harvest Schedule on the year
which the Scheduler has decided to invoke the final harvest. Then the Scheduler is only
allowed to remove trees subject to the constraint specified in this last treatment (with
Trt_Val = 9999).
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Long-Term Forest Planning
Objective
The objective of providing the Forest Projection and Planning System (FPS) is to provide
timber inventory information that is timely, consistent and accurate for both operational
forest management and strategic planning.
This software and database architecture has the capacity for updating local inventory
databases resulting from normal annual harvest depletions, silvicultural treatments, land
exchanges and improved stand descriptions resulting from updated aerial photography or
timber cruises. When loaded it should replace most other paper and computer filing
systems related to the cruising, harvesting, planting, silviculture, planning and economics
of managing a working forest ownership.
Background
As the demand for timber and other forest land resources has increased over the past forty
years, the amount of analysis on efficient use of these resources has increased to respond
to these demands. In the 1960’s and 1970’s, it was the total amount of wood resources
on a sustained flow that was the concern. Constraints had to do with the kind of
silvicultural regimes that would be applied to various site productivity and species mixes
of stands. In response to these kinds of needs a great amount of effort went into
developing various linear programming models such as Timber RAM (Navon, 1971),
MaxMillion (Clutter, 1971) and MUSYC (Johnson & Jones, 1979).
In the 1980’s and 1990’s the demand for resources shifted to specific habitats and
landscape patterns. Some of the western States began to set up regulations that had to
with spatial relationships among individual stands and with proximity to streams and
wildlife. These additional demands added spatial constraints to the already expanding list
of parameters that had to be considered when developing a long-term sustainable yield
analysis for a large tract of land. This wide array of constraints caused more work to go
into developing alternatives to the linear programming models since the number of
constraints was overwhelming the models. The binary search models, such as ECHO
(Walker, 1976) and TREES (Schmidt etal, 1979), provided the ability to consider an
open-ended number of constraints and options. The binary search models could schedule
larger databases than the linear programming models because the computer utilities could
continually search the database one record at a time until the best schedule was found
regardless of the size of the computer file.
The remaining constraint in the 1980’s was that many of the companies in the forest
industry did not have ‘in-place’ forest inventories that were needed to drive these more
complex harvest scheduling models. A number of companies set out to develop these
inventories and complex scheduling models but it was a time when the national economy
was declining. The result was a reduction in staff in almost all of the strategic planning
and operations research groups in private industry. Meanwhile, the number and
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complexity of State and Provincial regulations for forest owners in the West continued to
increase. This has resulted in an absolute necessity for land owners of large tracts (over
10,000 acres) to establish ‘in-place’ inventory systems. These stand-based inventories
are the only way to identify which timber resources are in conflict with which riparian
and wildlife resources as defined by the wide array of regulations that must now be dealt
with. Therefore, the development of better scheduling models had reached a plateau
while the development of better inventory systems continued.
Linked to the development of ‘in-place’ inventory systems has been the development of
geographic information systems (GIS). Because this technology evolved out of computer
assisted drafting techniques, the concept of maintaining a list of attributes for the polygon
arcs and lines was late in developing. As a result, the forest industry has access to some
very sophisticated GIS software utilities. However, these utilities have not emphasized
development of strong relational databases to carry the large number of attributes
common to a forest inventory database.
Some companies and some consulting firms have spent months and years in human
resources developed their own unique inventory database software to carry this array of
forestry attributes. With the development of micro-computers have come very
sophisticated relational database software utilities such as Microsoft’s Access. These
database utilities surpass anything attempted in the forest industry and are being updated
and supported on a regular basis. Custom build forest inventory systems have all become
obsolete in less time than it took to develop them. Tied to the software and hardware
evolution in micro-computers is the drive to standardize among all vendors of software
utilities. This drive provides the forest industry, at no direct cost, with the array of tools
that have been needed since the desire in the early 1960’s to develop long-range sustained
yield plans in the forest industry.
The conflicting demands for management among multiple resources on each acre of
forest land have elevated stand silvicultural prescriptions to a spatially complex problem.
Forest Planning Assumptions and Constraints
The underlying assumption here is that the objective is to achieve the highest level of
sustainable harvest that may be obtained from a given block of forest land. The
realization of obtaining this level may be constrained by State regulations regarding
riparian buffers, wildlife zones, limitation of some silvicultural methods (even-aged
management using clearcutting), size or proximity of harvest units in a given period of
time. It may also be constrained by owner-specific goals of standing forest attributes
(species and age distributions), or by other goals regarding watershed, wildlife, cultural,
recreational or visual aesthetics.
Sustainability
The term “Sustainable” does not have a well specified definition in its forest management
or natural resource management usages. Using this term implies and begs for a statement
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of the “time frame” under consideration. However, a time frame is almost never provided
in public usage of sustainability for forest practices, regulations or goals.
The time frame must be defined in order to determine “repeatability” of growth, harvest,
investment, cash flow and/or revenue in subsequent time frames into the future. If these
practices are repeatable in future time frames, then these practices are sustainable.
Sustainability may be fully defined, if both the time frame and repeatability in future time
frames are considered.
Interestingly, it should be noted that this definition is complete and sufficient for forestry
usage. However, it does not imply or require a constant level of growth, harvest,
investment or revenue within the time frame being considered. Consider the following
discussion of alternative and equally sustainable harvest plans.
In this discussion, it is appropriate to introduce the concept of a “planning horizon” for
determining sustainability of harvest on a given block of forest land. The Planning
Horizon is the “time frame” within which the harvest level is being determined. The
Planning Horizon should be sufficiently long enough for the forest land base to cycle
through all growth phases (regeneration to harvest) on each and every acre. Inclusion of
these growth phases is necessary to define the sustainable capacity of this ownership. In
the West, this Planning Horizon should be specified as being at least sixty to one hundred
years in length.
Case I - A 100,000-acre block of forest may have a sustainable harvest plan when 2,000
acres are harvested and replanted annually with a cycle of fifty years across the
ownership. This practice is sustainable in future and contains no variability from year to
year within the planning horizon. This is the common default assumption for the public
perception of sustainability, when no time frame or condition of repeatability is stated.
Every year is the same as any other year with regard to the level of activity on the forest
ownership.
Case II - A 100,000-acre block of forest may have a sustainable harvest plan when
100,000 acres are harvested and replanted once every fifty years across the ownership.
This practice is sustainable in future and contains near the maximum variability of
activity from year to year within the planning horizon. This practice meets the same
definition of sustainability as Case I. However, it is far from the common default pubic
perception of sustainability because of the variation of activity within the planning
horizon. The undefined public perception of sustainability would argue that this plan is
not sustainable; when, in fact, it is sustainable in every regard of the definition of
sustainability!
Conclusion A: Fluctuation of harvest level within a Planning Horizon is a potential
constraint to achieving the maximum sustainable capacity of a block of forest land. The
current age/size distribution of the forest inventory across the 100,000-acre block will
determine the exposure to this constraint. Extreme examples are three tracts of a) all fifty
year-old forest, b) all bare ground, or c) all previously planted at one-year intervals over
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the past fifty years. All three examples are snapshots in time looking at potentially
equally sustainable harvest plans.
Case III - A 100,000-acre block of forest will not have a sustainable harvest plan when
all acres are managed on an individual-tree, all-aged selection harvest method as opposed
to even-aged harvest methods (clear-cut, seed tree, shelterwood regimes). This practice
not only limits the fluctuations of harvest level from year to year, but also from acre to
acre. The common default public perception of sustainability appears to be best achieved
when this practice is applied across an ownership. No single acre or aggregation of acres
departs in visual perception from one year to the next. The landscape mosaic appears to
remain intact over time. However, why is this harvest plan not sustainable?
Conclusion B: Fully regulated and exclusive harvest scheduling limited to individualtree, all-aged selection harvest methods across all acres causes a transition to a different
forest type (tree species, vegetation species, wildlife species) and forest health (tree vigor,
disease and insects) than was there in the past. Maintenance of a harvest plan using these
silvicultural methods throughout a planning horizon will result in a plan that is not
repeatable in future (if not sooner).
The justification of the previous conclusion is due to the history of development of
almost every forested block of land in North America. Changes have not occurred
without fluctuation from year to year or from acre to acre. Changes in forest type and
character have been mostly influenced by catastrophic perturbations at irregular intervals
in time. This has resulted in existing forests mostly composed of shade-intolerant species
such as Douglas-fir, various pines and larch. Wildfire and human induced fire have
constrained distributions of disease and insects. Vegetation and wildlife existing in these
forests have evolved to their current diversity and abundance as a result of this history.
If a forest harvest plan were developed over a planning horizon of sixty years or more
with the objective of being sustainable (in the public view), then an individual-tree, allaged selection harvest regime will begin an immediate transition to more shade tolerant
species over time. With this trend will also be a transition to a different composition of
vegetation and wildlife species than previously existing on these lands. Since there is a
value separation by tree species available for harvest, then there will be a transition in
revenue not anticipated by the composition of the previous forest. Also, the size and
frequency of mechanical harvesting equipment operating within each acre will promote
the distribution of damage and disease to regeneration attempting to take hold and grow
on those acres. To achieve harvest levels near those of even-aged regimes over time will
require entering significantly greater numbers of acres each year than required by evenaged methods. This results in a greater dependence on an active road network across the
entire ownership. These effects of transitions in harvesting methods, road access, species
management and disease control change the level and type of cash flows relative to other
silvicultural systems to attempt to achieve the same sustainable revenue stream.
Since any attempt to manage all acres exclusively with a selection harvest regime causes
a transition of the forest composition to conditions not previously observed, it is not an
option if sustainability is an objective in either biological or economic terms.
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If every acre in the forest land base has the opportunity to transition from regeneration to
maturity to harvest and back to regeneration, then that period in years is a sufficient
Planning Horizon for determining sustainability. This may be a land base with an
aggressive even-aged plantation to harvest regime of thirty years. This may also require
a time period of eight hundred years or more in the case of a National Forest with no
active management and dependence on insects, disease and wildfire to cause cycling of
the growth phases on all acres. Both of these time frames are sufficient to define
sustainability in their respective cases. However, the public perception of sustainability
is more in conflict with the current practices on National Forests than it is with industrial
forest lands. The practice of “closing” Federal forest lands to any type of harvest creates
a situation where large perturbations (wildfire) in the forest condition from year to year
become the primary means for the forest to re-cycle itself. The owners of every forest
land base should be aware of the complete definition of sustainability and the associated
tradeoffs (periodic fluctuations and long-term transitions) of the current Forest
Management Plan being invoked on that land base. These owners may be family groups
(family-owned forest), Board of Directors (corporate forest) or the general public
(Federal forests).
It is the responsibility of the forest management staff on each land base to determine the
current forest condition, types of constraints (biological, economical, regulatory),
silvicultural systems which apply, and to determine the resulting sustainable capacity. To
achieve these responsibilities, the staff must understand the full definition of
sustainability and the implications of alternative silvicultural systems or fluctuations
within the Planning Horizon. Further, it is the responsibility of the staff to pass this
information on to the owners in order for them to make informed decisions as to the
future of this forest land base.
It should be noted that most Forest Plans produced by planning teams on Federal lands do
not provide sufficient information to determine sustainability. This may be due to the
situation where most of these teams do not understand what constitutes sustainability. It
may also be due to the fact that in recent years most SAF-certified forestry schools do not
provide graduates with sufficient understanding of sustainability and the means to
determine it on a given block of forest land.
Optimization of Harvest Levels
In the previous discussion the usage of a Planning Horizon was described and applied in
the determination of sustainability. The Planning Horizon is best defined when it
provides sufficient time for each acre to transition from regeneration to maturity to
harvest and back to regeneration (as previously stated). The optimization of harvest
levels requires knowledge of two major components of forest planning:
a) Silvicultural regimes which are acceptable (biological, regulatory, economic); and
b) The forest composition and time necessary to transition to this optimal level.
Due to various constraints (economic, regulatory, public observation) it is usually not
possible to immediately convert an entire forest land base to a fully implemented set of
optimal silvicultural regimes invoking target tree species, densities and distributions.
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Therefore, forest planning activities are consumed with determining the current forest
condition (species composition, density, size, growth capacities and geographic location)
and with determining the target kinds of silvicultural regimes that will eventually define
the forest. The planning activity (analysis) then becomes a series of evaluations of
alternative silvicultural regimes which will transition the current forest composition into
the target forest composition in the shortest time or at least cost or with least perturbation
(ecological, economic, aesthetic). These evaluations are intensely intertwined with the
level and type of constraints placed on the forest land base. These include:
a) Maximum size of harvest openings;
b) Proximity to other openings, riparian zones and wildlife corridors;
c) Type, intensity and frequency of silvicultural treatments specified within wildlife
buffers, corridors and riparian zones;
d) Types of green-tree retention and minimum residual density levels imposed by
regulatory agencies;
e) Economic and regulatory accessibility to each stand in the forest regarding roads
and harvesting systems;
f) Range of approved silvicultural regimes (clearcut, seed-tree, shelterwood, selection)
and their unique thresholds and time schedules (e.g., California rules);
g) Economic flexibility and investment strategy to convert non-stocked forest lands;
h) Economic management indices chosen to determine achievement of goals, such as,
cash flow, net present value, internal rate of return or soil expectation value.
i) Range of economic values assigned by species, dimension, quality or weight; and,
j) Range of silvicultural methods available for evaluation and implementation of the
final forest plan, such as herbicides, pesticides, fertilizers, planting stock quality,
and genetic gain R&D investment in the current and in the target forest.
Suppose that we have a 100,000-acre block of forest land upon which a forest harvest
plan is to be developed with the objective of obtaining the highest possible sustainable
harvest level over the foreseeable future.
A complete and current forest inventory is required with a spatially-explicit stand-based
list of forest vegetation types (species, size, density, growth capacities). This inventory
must be made up of a list of GIS-based polygons which explicitly define each vegetation
type both spatially and numerically. These requirements are necessary to individually
evaluate spatial proximity to riparian buffers and wildlife corridors and to determine the
range of flexibility regarding harvest opening sizes and proximity to other openings
relative to their individual green-up timetables.
Suppose this forest land base is currently occupied with a range of tree species, stocking
levels and size classes as a result of many different management objectives that were
applied to various tracts within the total ownership in the past.
Development of the Forest Plan begins by considering the owner’s objectives, local
market opportunities, native growth capacity of the forest land base, available labor and
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equipment, and operational accessibility (topography and roads). The development of a
Plan then proceeds with definition of a series of optimal silvicultural regimes which are
to be implemented. This series will define the tree species, density, silviculture and
harvest timing for each level of growth capacity of the forest land base. This is usually
accomplished by stratifying the forest land base by native productivity levels and then
determining the silvicultural systems that closest achieves the owner’s objectives.
At this point, the current forest condition (inventory) is defined and the target forest
composition (silviculture) is defined. What remains is the schedule by which the current
forest will transition from its current state to the target state.
The makeup of this schedule is determined by:
a) The magnitude of the departure between the current and target state of the forest
land base; and,
b) The range and complexity of constraints imposed upon this land base.
Optimization of the management objectives for a forest land base is not about the target
forest. Optimization is about the schedule applied to the existing forest to achieve the
target forest.
For example, if the 100,000-acre land base presented earlier has a target composed of
fifty-year rotations using clearcut and plantation regimes, then approximately 2,000 acres
will be scheduled for harvest each year when the target forest is achieved. Given the
current forest condition (inventory), how long will it take, what silvicultural methods will
be applied and how many acres will be harvested each year to transition to the target
state? If the first target plantation regime is established this year, then it will be fifty
years (or more) into the future before we achieve the target state of the forest. Therefore
the Planning Horizon should be established to be at least fifty years in length for this
Harvest Planning Analysis. This duration (“time frame”) is necessary to determine the
full range and schedule of activities necessary to achieve the target state of the forest.
If a Planning Horizon is used for determining the highest sustainable harvest level for any
period of length less than a full rotation of the target forest, then it is defined for simply
computing a liquidation harvest level by year until all available forest products are
exhausted. This is not a sustainable schedule because it is not repeatable in the next time
frame.
As discussed, development of a sustainable forest harvest plan is primarily about
optimizing the schedule for the transition of the existing forest to the target forest. To
accomplish the optimization of the transition schedule implies evaluation of alternatives.
It is an easy task for any experienced forester to walk into a forested stand and identify
the most effective strategies (silvicultural treatments including harvest) to apply to that
stand to achieve the owner’s objectives.
It is extremely difficult, if not impossible, for anyone to look at a 100,000-acre existing
forest and identify the most effective strategies (timing and treatments) to apply to that
forest to achieve the target forest condition (i.e., owner’s objectives). Therefore, a
spatially-specific, stand-based harvest scheduling package of tools (software and
databases) must be utilized to absorb, evaluate and schedule the transition from current
state to target state of the forest.
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To enhance the functionality and range of opportunities to optimize the transition requires
that the Planning Forester provide a broad range of alternative silvicultural regimes
(schedules of treatments over time) to the harvest scheduling analyses. These regimes
must incorporate alternative timing of events and intensities of treatments to fully enable
the harvest scheduling analyses to find optimal arrays of activities over the transition. To
enhance the transition in wood and/or value flow, some stands will be harvested earlier
than optimum or later than optimum for that specific stand. However, it will be closer to
optimum for the forest objectives as a whole. This can only occur if the Planning
Forester had provided those silvicultural regimes as part of the initial input the harvest
planning analysis process. As a guideline, every stand polygon in the inventory should
have at least three to six alternative regimes defined to achieve an optimum Harvest
Schedule Plan (transition to target state) as the output from the harvest planning analyses.
Basic Procedure
This FPS Harvest Scheduler is based on a binary search algorithm. This binary search
algorithm schedules harvests for up to thirty-five periods of variable numbers of years
from a ‘flagged’ list of individual stands. These stands (polygons) have been pre-grown
with FPS to the centroid of each period under each management regime of interest from
which a maximum sustainable harvest schedule is determined. Individual stands may be
assigned different available regimes (e.g., clearcut, seed tree, shelterwood, selection) as
may be most advantageous for the overall maximum forest harvest levels. The harvest
level may be determined on the basis of area, volume or value goals. Minimum harvest
volumes per acre (hectare), residual basal area, harvested value, stand age and polygon
areas may be specified prior to each schedule. Maximum contiguous harvested areas per
period cause polygons to be scheduled over up to three periods to minimize accumulative
effects due to large areas. The Scheduler determines harvest levels for each stand for up
to six complete rotations. The second rotation and beyond may have a different
silvicultural regime and species composition than the first. A direct linkage to GIS
databases provides differential scheduling (or no scheduling) of portions of stands within
stream and wildlife buffers. All stands, whether cruised or not, are grown forward
independently to invoke unique site, habitat, geographic, hydrographic, wildlife,
economic and silvicultural conditions for each stand. The final selected harvest schedule
is written back to the inventory database providing visual display options of management
patterns within a linked GIS database. No other publicly available harvest scheduling
system provides this level of direct linkage to a forest inventory database and this range
of management options.
The FPS Harvest Scheduler uses a Structured Query Language (SQL) linkage to any
SQL-compliant relational database. The default is the Microsoft Access relational
database system. The structure of tables and columns for the FPS Inventory is described
later in this guidebook. Sample databases are provided with the planning software to
facilitate understanding the concepts and work flows of developing a long-term harvest
schedule. The strength of this approach lies in the organization and quantification of over
160 parameters for individual stands (polygons) that may be used to define species, size,
volume, value and proximity in relationship to any other resource under evaluation for
forest planning. The FPS Scheduler has been successfully used to develop sustained
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yield schedules for a number of Pacific Northwest companies and agencies with
landholdings from 10,000 to 1,300,000 acres. It provides the most robust combination of
‘in-place’ inventory design, growth dynamics, binary search scheduling and GIS spatial
analysis currently found in North America.
Definitions
Binary search - This is a one-dimensional heuristic search technique based on splitting
the search region into two parts. When a binary search is applied to harvest scheduling,
there is only one decision variable per period. That decision variable is the amount of
harvest defined in various ways (area, volume, value). There are two choices: to increase
or decrease the amount. The search engine continually moves to the period furtherest
removed from the objective defined at the outset of the process. It then cycles through all
alternatives until all options are exhausted and the best alternative has been selected. It
then cycles to the new period containing objectives furtherest from the objective.
Linear programming - This is a mathematical model for representing a decision problem
characterized by a set of decision variables, a linear objective function of those decision
variables, and a set of linear constraints. Linear programming is used extensively in
scheduling periodic harvest based on management objectives. The objective function and
constraints are formulated and solved as linear equations. The complexity of forest
dynamics, variation in stand structures and spatial intermixed constraints quickly
overwhelm the dimensions of this technology.
Sustained yield - This is defined as the yield that a forest can produce continuously at a
given intensity of management. It also implies continuous production solved to achieve,
at the earliest practical time, a balance between growth and harvest. The objective of
sustained yield is the achievement and maintenance, in perpetuity, of a high-level annual
or regular periodic output of the various renewable resources. These objectives are
achieved without impairment of the productivity of the land. The magnitude of the
harvest under sustained yield is dependent on the intensity of management practiced.
Planning horizon - This is used in these discussions to include the entire range of years
of interest in the harvest planning analyses. It may be made up of any number of
planning periods. For example, the planning horizon may be 100 years with twenty 5year periods as proposed earlier in this discussion.
Forest Scheduling Steps
Although there are a number of steps that must be followed, the concept is quite simple
for developing a long-range forest plan. Throughout this textbook it is assumed that the
FPS Cruise Compiler or similarly capable cruise compiler has been used with the FPS
Inventory database to provide a complete forest inventory of the entire land base. In
other words, there exists an ADMIN record for every polygon in the inventory and every
polygon number (Std_ID) is unique. Every polygon has either been cruised or species
and volumes have been estimated indirectly with some expansion technique from cruised
stands. The database has been updated to the current year for previous harvest depletions
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and acreage additions / depletions. Every stand (polygon) has a site index value
(Site_phy) assigned in the database for use by the FPS Growth Model.
To run the FPS Scheduler for a number of periods out into the future, the FPS Growth
Model must provide projections of the yield from each stand for each period in the future.
The only limitation to the number of stands in a database that may be grown is the hard
disk capacity of the computer in which the database resides. The FPS Harvest Scheduler
looks at the number of periods to be scheduled and the total list of stands available for
scheduling. The Scheduler sorts all stands and alternative regimes available at each
period in descending order based on the parameter chosen to be maximized (acres,
volume or value). Once the Scheduler selects a stand and regime for harvest in a given
period, that stand drops out of consideration for any other period. The acreage, volume
and value for that stand is added to the given period accumulators (visualize buckets!).
The Scheduler then looks for the period with the least filled accumulators (buckets) and
selects another stand and regime for that given period as was done before. The Scheduler
continues to cycle among accumulators for all periods until all stands have been
scheduled into some period or all constraints are reached.
This FPS Harvest Scheduler is a binary search algorithm where every stand has the
opportunity to be evaluated on its own merits rather than be grouped into classes as is
common in the application of linear programming models. With this in mind, it is now
easy to visualize how any of the 160 parameters carried in the Forest Inventory database
may be used to define constraints for the Scheduler. It is also easy to visualize the access
to GIS parameters (spatial relationships) that may also become constraints for individual
stands being evaluated by the Scheduler. Recall from earlier discussions that the FPS
Growth Model and Scheduler use the Area_Rpt acreage from the ADMIN table for all
calculations of areas, volumes and values. The ADMIN Area_Rpt column is normally
set to the net forested area of each polygon but can take on the area of the polygon
available after any GIS overlay process that subtracts area for stream buffers, wildlife
corridors or other non-timber resources. As a result, the Scheduler can develop a broad
array of scenarios given different management strategies, silvicultural options and/or
State/Provincial regulations.
Using Variable Length Periods
The Harvest Scheduler is designed to handle up to thirty-five periods of any length (in
years). These period lengths are usually set to 5 or ten years for all periods. However,
they may be set to variable years by period. For example the first four periods could be
set to 5-years each, the next six periods may be set to 10-years each and the next two
periods set to 20-years each. This would result in a 120 year harvest planning horizon
using twelve periods. While the capacity includes up to 35 periods, more than twenty
periods significantly slows execution time without gaining comparable levels of
resolution. This is due to the fact that inventory databases and growth models have
limited resolution when considering all parameters involved in a long-term harvest
analysis. A good initial basis is to apply ten periods of a decade each. A good ongoing
basis is to apply twenty periods of five years each and then update the harvest analysis
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each year. This recommendation results in a rolling five-year harvest plan each year that
meets the goals and constraints of a long-term plan.
The use of variable length periods is not commonly used. The reason for this is that most
forest managers have sufficient difficulty wrapping their minds around all of the
inventory, silvicultural, economic and environmental constraint details of the scheduler
results to also evaluate variable length planning. Never-the-less, the capacity is available.
Basic Planning Analysis
Typical sequence of activities to develop a Forest Plan:








Overlay regulated and optional reserve areas for hydrology and wildlife.
Set standards for merchantability, log values and logging costs.
Establish length and number of periods in sustained yield plan.
Project every Stand through the entire length of the planning window.
Develop 2nd rotation silvicultural regimes to add to the planning model.
Run multiple harvest schedules in series of increasing complexity of constraints.
Load selected harvest schedule back to database for implementation.

We assume, by this time, the FPS inventory database has been compiled, grown to the
current year and expanded to uncruised stands by vegetation type (Veg_Lbl). All road
right-of-way acreage has been computed within the geographic information system and
loaded back into the Admin table. The “Area_Net” column is gross polygon acres minus
the road acreage. All stream buffers have also been computed and the “Area_Rpt”
column in the Admin table contains the net-forested acres minus stream buffers. We also
assume that the database has been compacted and backed-up to an archive file.
It is always critical to verify the beginning status of a database before launching into a
harvest analysis. There are many additional parameters to set and adjust within the
planning analyses. To establish a good starting basis, the basic inventory database must
be complete and up-to-date at the beginning of the analysis.
Database Setup
1) Make a copy of the inventory database for the planning analyses. The database can
be copied within the Windows Explorer by using the copy-paste buttons within the
same folder or a new folder for the planning activities. Rename the copy for planning
to “Plan2013” or similar naming convention and then open it in Microsoft Access.
This harvest planning discussion will use the “Mineral2013.mdb” sample database
copied and renamed to “Mineral_Plan.mdb”. You should see the following Startup
form appear (as seen in Office 2010). Click the Start button (Figure 115).
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Figure 115. Opening the FPS database. Always click the Start button.
2) Open the Mineral_Plan database and set all parameters in the background tables to
values to be used for the planning analyses. These should be the standard
assumptions used within your company or organization in past analyses. Also check
to verify that these assumptions are still valid and current. The basic backgroung
tables include (others will be discussed in the Advanced discussion):
a. SPECIES table - set standard merchandizing limits and log values (This table
was described in detail in an earlier section).
b. HARVEST table - set all logging costs, inflation and discount rates (This table
was described in detail in an earlier section).
c. SCHEDULE table - create a record for each midpoint year (Plan_Yr) in the
planning period. Then set minimum harvest acres, ages, values and volumes for
each period. The most efficient method do to this is to define the parameters in
the first period only and then use the “Build Schedule Table Periods” under the
FPS Menu, “Growth”.
Go to the FPS drop-down menu “Growth”, “Build Schedule Periods”. Select the
number of years per period and the number of periods, then click the Build button.
The first set of parameters in the Schedule table will be used as the default values
for all periods. See Figure 116.
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Figure 116. Setting up the number and length of planning periods.
Now open the Schedule table and insert/edit the parameters for each period. Set the
minimum or maximum values for:
a)
b)
c)
d)
e)
f)
g)
h)

Brd_Min = Minimum board-foot volume per acre to be removed,
Cub_Min = Minimum cubic-foot volume per acre to be removed,
Val_Min = Minimum harvest value per acre to be removed,
Age_Min = Minimum stand age to be harvested,
Age_Max = Maximum stand age to be harvested,
Area_Min = Minimum polygon size in acres to be harvested,
Area_Max = Maximum polygons size in acres to be harvested, and
BA_Min = Minimum basal area to be retained in stand.

Note: A stand will only be harvested if all of these constraints are met.
Set the basal area minimum (BA_Min) to a value greater than zero only if you wish to
limit harvest removals to silviculturally invoked thinnings retaining at least this amount
of basal area per acre (hectare). Even if you had designed a regime containing thinning
treatments and projected them for planning, the scheduler will not select these regimes if
the retained basal area condition is not met. See Figure 117.
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Figure 117. Display of initial SCHEDULE table parameters.
How this table is filled controls the ability of the harvest scheduling routine to go about
finding it target objective. For example, setting lower minimum thresholds in the early
periods allows poorly-stocked stands to be converted to new plantations or naturallyregenerated stands (Depending on the 2nd rotation Yield table properties discussed later).
If a high minimum threshold is maintained throughout the planning horizon, a poorlystocked stand on productive acres may never contribute to the harvest in any period. The
period that a stand is selected for harvest depends on the relative ranking of that stand in
that period. A young, well-stocked stand with aggressive growth rates will rank higher in
later periods. An old, decandant stand with little growth will rank in the same relative
position over all periods, or even decline. This stand will decline rapidly on a value
basis.
Note: It is often useful to initially set these minimum and maximum thresholds at a
constant level, run the harvest scheduler routine to observe the results, and then modify
these thresholds one at a time as the scheduler is re-run to observe the impact of each
parameter. Doing so provides the analyst a good insight into the natural dynamics of this
forest due to initial age distributions, stocking levels and range of site potentials. These
become very useful pieces of information later when building alternative silvicultural
regimes to be included in the advanced harvest planning analyses.
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3) Flag the stands to be included in the harvest planning analysis. For example, these
may be all forested stands in the inventory, or two ownerships in one database, or a
subset of all tracts or ownerships, or a single basin of special concern. It may include
any combination of stands in the database. They may include multiple forests in
different geographic regions for which you wish to coordinate the timing and
distribution of harvesting. If the configuration of which stands get included becomes
complex, then it may be useful to save the list in the “OldFlag” field using the FPS
Menu, “Selection”. In this way the list can be quickly re-established at a later time.

4) Now establish a common, basic silvicultural regime to be applied to all stands. This
is usually a regime defined with little or no treatments to project the natual stand
development of each stand forward through the planning horizon. Select the FPS
Menu, “Growth” and click on the “Build Silvics Regimes” item. See Figure 118.
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Figure 118. Display of the FPS Silvicultural dialog window.
Note that the Regime Label (at the top of the dialog box) has been shifted over to an
existing regime with the label “GROW”. The parameters for this regime assume a
natural stand (Planted Stand? Box is not checked) with a moderate level of early site
preparation, brush and pest control invoked. Modify this regime to match your basic
management actions for existing stands on your forest. It may be no treatments at all.
It is recommended that this “GROW” regime become your basic regime for all
existing stands in the inventory. This provides a basis of comparision and evaluation
when forest cover and density become an issue at any future period assuming nothing
has been harvested to that date. In other words, “What would the forest conditions be
at any future date had nothing else been done silviculturally?”. These are important
considerations for riparian buffers, wildlife cover, nesting sites and watershed canopy
cover evaluations at each interval in the planning horizon.

63

Click on the “Assign Regime to Flagged Stands” button to set the regime in place for
each of the stands currently flagged in your database. Click on “Save Regimes” to
save this regime description and close the dialog box.
5) The Next step in preparing for a basic harvest scheduling run is to grow all of the
flagged stands through the entire planning horizon. All of the merchantability,
values, costs and silviculture have been set to be included into the projected yields. If
the Habitat Classification utility had been run previously, then potential natural
regeneration will be a part of the projected yields. This was discussed under the
Habitat Classification section and results in the HabSpp table being loaded with tree
species most likely to be regenerated on this particular forest in each specific habitat.
If this table is empty or the Region column is zero, then no natural regeneration will
occur.
Select FPS Menu, “Growth” and click on the “Grow Stands”, display Figure 119.

Figure 119. Display of the FPS Growth Model dialog options.
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Click the radio button “Select Years from Schedule Table”. Then click on the “Grow
STAND Table”. Do not select any other options, because these will significantly slow
down the time required to grow all stands through the planning horizon. Invoking any of
these Reports would create large output files for every stand in every period. These
reports are not necessary at this time.

Figure 120. Progress on the FPS Growth Model display window.
Model resolution defaults to 0.25 acres which is sufficient for projecting stands with no
spatial treatment parameters. This feature is useful in advanced planning for certain types
of spatially defined treatments.
6) Use the FPS Menu, “Year-end” to run the “Compact and Repair Database” utility.
Then close the database and save a copy of it into “Mineral_Plan.Zip” archive (or
similar backup utility). It is always good practice to compact the database and save a
copy after executing a major update such as growing all stands for planning. Should
a problem develop later, this backup will have saved all previous work to this point.
7) Now it is time to complete the last major component of the harvest scheduling
database – the YIELD table. For all even-aged silvicultural regimes (which imply
final harvests) there must be a 2nd rotation yield table. This yield table defines the
next silviculture, species and stocking conditions that you plan to initiate at that time.
Two tables are required – YIELD and YLDSPP. Each table will be discussed in
detail in the following description of input data and relationships.
Open the YIELD table and filter on the records with a Rpt_Yr equal to zero. These are
the initial conditions that must be input to build a yield table of projected volumes and
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values for a newly established stand. The following columns must be defined for each
database (See Figure 121):
Region = Unique FPS Species Library index number which links to the same Region
column in the Admin table. There may be more than one Region in a database
and harvest analysis.

Figure 121. Initial view of the YIELD table for Rpt_Yr = 0 only.
Hab_Grp = Unique habitat group identifier which links to the same Hab_Grp column in
the ADMIN table. There may be 1-99 unique codes of no more than two digits.
This provides for application of different silvicultural regimes to be applied in
different geographical parts of the forest even for the same site index
classification. In this example, Hab_Grp of one (1) defines stands under 3000
feet elevation while Hab_Grp of two (2) defines stands above 3000 feet elevation.
There could also be different Hab_Grp sets for seed-tree regimes and shelterwood
regimes. The Forest Planner may pre-assign specific geographical areas to
different major silvicultural systems and regeneration scenarios.
Site_Cls = Site index classes of 10-feet (or 1-meter classes in metric databases based on
the 10m-Site method) which provide the opportunity to define a 2nd rotation
silvicultural regime unique to this level of definition of site productivity. (Note:
Forest Biometrics Research Institute 10m-Site methods range in values from 1 to
20 meters per decade and may also be used in this column). All stands with the
same Region, Hab_Grp and Site_Cls indices will get the same 2nd rotation
Regime in the harvest scheduling analyses. If the planning horizon is extended in
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time, these regimes may get invoked repeatedly for up to six rotations in the
harvest scheduler planning horizon.
Regime = Unique 4-character label that links to the SILVICS table. This label in the
SILVICS table defines all Site preparation, Regeneration method (Planted /
Natural), Brush control, Animal control, Pruning, Thinning and Fertilization
activities though the entire length of a rotation. Do not define the age or calendar
year of the final harvest in the Silvics table for 2nd rotation regimes.
Origin = Initial establishment silviculture leading to the “Regime” series of treatments.
The significant addition of “Origin” is to define regeneration establishment as
either a naturally regenerated stand or a plantation.
Clump = An index to the degree of clumpiness expected in the 2nd rotation stand. Typical
values are 0.85 – 0.95 for Pacific Northwest plantations and 0.75 – 0.85 for Inland
Northwest dry zone plantations. If the 2nd rotation is relying on natural
regeneration and only seed trees or shelterwood trees are defined in the YldSpp
table, then insert a clumpiness index suitable to the distribution of the residual
overstory retained.
Other records in this table (Rpt_Yr > 0) are added or replaced automatically every time
the Yield table is grown. They do not need to be edited.
8) Close the YIELD table and open the YLDSPP table (See Figure 122).
In this table there is one record for each species to be planted. If the regime is
anticipating natural regeneration, do not insert records for natural regeneration species or
stocking, these will generate automatically within the growth model using habitat
relationships (discussed elsewhere).
Insert a record for the planting density of each species within a given Region, Hab_Grp
and Site_Cls. In the following figure for example, the YldSpp table shows that 300
Douglas-fir trees are being planted in Region 12, Hab_Grp 1 and Site_Cls 40. No other
species are being planted in this Reg/Hab/Site combination. Another example is
Hab_Grp 2 where there are 120 Douglas-fir and 180 Noble fir planted for all Site Classes.
The objective is to have a Yield Table record and one or more YldSpp records for every
site class found in the inventory. For example, if your site index values range from 50 to
110-ft, then there should be both Yield and YldSpp records to match that range.
9) Now run the FPS Menu, “Growth”, “Grow Stands”. Click on the “Select Years from
Schedule Table”, and then select the method, “Grow Yield Tables”. Also check the
“Update HABDENS table” box for habitat constraint analyses which will be
discussed later in this guidebook. Click the Start button. This builds all records in
the Yield table for all Regions, Habitat Groups and Site Classes.
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Figure 122. Display of the YLDSPP table with three Hab_Grp and 10 Site breakdowns.
Note that in this example there are two species being planted, Douglas-fir and Noble fir at
120 and 180 trees per acre, respectively, on all sites. This applies to the high elevation
lands only (Hab_Grp = 2). Notice, also, that all sites are receiving the same species and
planting densities, but that it is readily possible to customize the planting species and
densities to each site class in this table prior to growing out the yield tables.
10) Use FPS Menu, “Growth” and select “Review Yield Tables”. The following Yield
table (Figure 123) will display on the screen. In the forth column from the left is a
“Flag” column set to zero. Set the Flag only in the final harvest year record to a
value greater than one (recommend Flag = 2) for each combination of Region,
Hab_Grp and Site_Cls. You will likely use the total volume, MAI, NPV, IRR and
SEV columns on the right end of the table to select the most appropriate rotation age
for your forest. Remember, these are now 2nd, 3rd and 4th rotation yields for forests in
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a regulated, sustainable cycle. The Harvest Scheduler uses the first full rotation to
arrive at a regulated, sustainable forest-wide portfolio of silvicultural regimes.
Subsequent rotations maintain that sustainable level and range of activities.
The objective here is to place a positive value (2) in the Flag_Yr column of the Age row
for each Region / Hab_Grp / Site_Cls for which you wish to define as the final rotation
age. There must be only one row in each Reg/Hab/Site group with a positive value set to
“2”. The only exceptions are records defining thinning yields prior to the final harvest.
These should have a Flag_Yr set to “1”. Thinning yields (‘.Cut” records) after the age of
final harvest must have the Flag_Yr set to zero because these are not available if the final
harvest occurred earlier. This process only has to be done once in the whole harvest
planning range of activities and evaluations of alternative silvicultural scenarios.

Figure 123. Query of YIELD table to assign final harvest age by Hab_Grp and Site.
Note in this example that a site class 100 Douglas-fir plantation of 350 trees per acre
achieves the same yield (30,900 bdft/acre) in 50 years as a site class 90 plantation in 60
years. The net present value is $500 greater (2,011-1,472) on the higher site class at
harvest. These are important relationships to understand when harvest planning.
The critical thing to remember in selecting the final harvest age in the YIELD table is that
you have the opportunity to optimize the rotation age for each particular Region, Habitat
Group and Site Class on an individual basis. You can use any criteria to select this final
harvest age using volume, value and/or structural diversity.
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This opportunity to optimize each stand in the 2nd and 3rd rotations is based on the fact
that the Harvest Scheduler has maximized harvest yields across the entire forest with the
objective of maximizing forest-wide totals rather than individual stand totals. Due to the
current year status of the inventory and distribution of past harvesting, growth and
acquisition, maximizing harvests from each stand based on its own conditions may cause
severe shifts in harvest levels from year to year. In fact, there may no harvests in some
years due to no stands becoming mature in those years. The Harvest Scheduler will go
ahead and harvest some other stands earlier (or hold some stands until later) in order to
stabilize the harvest levels across all years. This creates an optimization for the forest at
the expense of an optimization of individual stands alone. It is easy for a forester to
visualize the best silviculture and harvest age for a stand but practically impossible to
visualize the best silviculture and harvest ages for an entire forest.
11) The database is now setup for running a series of harvest planning alternatives. This
is now the phase of harvest planning where various constraints may be applied to
observe the impact on harvest levels.
Select the FPS Menu, “Scheduler”. A list of menu items will drop down. They are fairly
straight forward in meaning, but we will review their applications. The list is presented
in the following figure.

a. “Review SCHEDULE Table Constraints” allows you to alter any parameters
at any time. You may make a harvest schedule run, go back to this item,
change constraints and re-run the harvest schedule to observe the impact on
harvest level and timing.
b. “Compute Wildlife Constraint Circles” is an advanced scheduling option
which will be discussed in the Advance Planning section.
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Run the Harvest Scheduler
1) Run the Harvest Scheduler from the drop-down FPS menu.
2) Select either to maximize harvests in all periods or to target specific harvest levels by
period. Targeted levels are set in the SCHEDULE table for each period. Always use
maximization over all periods on the initial runs of the Harvest Scheduler to become
familiar with the dynamics of the working forest in a long-term view.
3) Select to maximize harvest by cubic yield, board yield, net value yield, net present
value or area regulation.
4) Select the number of periods to include in the harvest analysis. It is recommended to
start with the full number of periods previously grown in order to observe and
become familiar with the long-term impacts of growth and harvest.
5) Click the Start button to begin processing your harvest goals and constraints.

Figure 124. First run of the FPS Harvest Scheduler dialog.
The Harvest Scheduler defaults to an objective of finding the maximum sustainable yield
in “Net Board Volume by period” over a planning horizon consisting of 10 perods. It
defaults to a condition of only external constraints as specified in the Schedule table. The
spatial constraints by Basin, Neighbor Green-up and Wildlife Habitat (circles and ranges)
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are initially ignored by default. These spatial constraints are best to only include after an
initial series of runs to become familiar with the dynamics of this working forest.
Slide the “# of Planning Periods” control to the number of periods of interest, click the
Primary Goal radio button to the goal for this run, place a label in the Report Title box
and then click “Start”. The Scheduler will initially display the planning periods included,
sort all stands for each period and then begin the binary search for the selection of stands,
regimes and second-rotation yields that best achieves the goal specified as input (Figure
125).
The Harvest Scheduler will immediately compute and display the harvest periods
included in the planning horizon, the range of years in each period, midpoints and
number of stands included that meet the constraints on harvest conditions. If any of these
look incorrect, then cancel the harvest analysis and correct the condition.

Figure 125. Harvest Scheduler sorting in progress by Planning Period.
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Figure 126 is a view of the Scheduler in progress…

Figure 126. View of the Harvest Scheduler during solution building phase (85% done).
Results of the FPS Harvest Scheduler are written to a file, “Harvest.Rpt”, to the
STANDCUT Table (harvests by period), STANDRES Table (residual inventory by
period), and to the Plan_Yr and Regime columns of the ADMIN table. These provide
various reports and displays of the results of the harvest schedule run, some of which are
described in the following tables, figures and discussions.
Once the Harvest Scheduler is completed you may view the summary results from the
drop-down menu. See Figure 127.
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Figure 127. Results of Harvest Schedule without restrictions.
The harvest level increases in the seventh period, due to a harvest conversion from
existing natural stands to fully-stocked young plantations. In future, this bump in harvest

74

FBRI – FPS Forester’s Guidebook 2015

level will actually reduce and spread to neighboring periods as the current year advances
with each annual depletion update and re-analysis of the harvest schedule. Harvested
acres, in this report, may exceed the size of the tree farm due to some stands being
harvested a second or third time within the planning horizon (in this case, 100 years).

Figure 128. Current constraints minimized.
By the end of the planning horizon, every stand has been harvested at least once. The
initial planning horizon should be long enough to cycle every stand at least once. The
tree farm is now on a relatively stable harvest flow with a well-balanced age distribution
as a working, regulated forest.

Figure 128. Residual inventory after 100-year sustained yield harvest plan.
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Existing Harvest Commitments – If some stands have been pre-assigned to be harvested
in the first period, then “flag” those particular stands. Do this by opening the STAND
table and set the Flag_Yr column to 100 (or any 3-digit number) for the planned year of
harvest. If the year of harvest is 2014 and the midpoint year for the first period is 2015,
then set the Flag_Yr in 2015 to 100 to invoke a forced harvest in the first periond for that
stand. (Stands are forced to be cut in a particular period if the record for that stand in that
period has a 3-digit number in the Flag_Yr column.) Do this only for the single
“Regime” of choice where more than one exists for a particular stand.
Set Asides – If some stands have been set aside from harvest for a fixed number of years,
then “flag” those particular stands with a zero in the Flag_Yr column for the periods of
set aside. If the Flag_Yr is greater than zero in other periods, then it becomes available to
the Scheduler for harvests in those other periods.
Now run the Harvest Scheduler again, but this time click the “Select Primary Goal” radio
button for “Net Forested Area by Period”. This is the classical “Area Regulation”
approach to harvest scheduling where the harvest is scheduled by equating acres
harvested per period instead of volumes removed. This Scheduler will still attempt to
take the unit (among stands of the same size) with the highest volume. See Figure 129.

Figure 129. Residual inventory after 100-year area control basis.
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Note that the average annual harvest level dropped from 7,032,000 Bdft/year to
6,658,000 Bdft/Year, a 5% reduction in sustainable harvest level and a 13% reduction in
the net present value of harvest removals over the 100-year planning horizon. The
impact in the first period is a 48% reduction in the annual harvest level (5,902Mbf to
3,061Mbf). The difficulty is that the landbase is made up of varying age classes, site
productivity capacities and operability constraints. This is a common situation. It is
informative to know that there are some public agencies which manage trust lands on this
basis because of an internal goal to maintain constant operating costs over time. Are they
achieving their mission as trust managers?
Area regulation may be more simplistic to apply on the ground since harvest acres,
planting stock, brush control acres, staffing levels, number of contracted services, etc.
may all remain the same from year to year. However, if a forest has not been converted
to a regulated, sustainable distribution of acres by age class, then this approach will most
likely result in a lower net return to the land owner. There are no known examples of a
fully regulated forest where this planning approach was the most beneficial alternative for
the landowner.
Now run the Harvest Scheduler again, but this time click the “Select Primary Goal” radio
button for “Net Current Value by Period”. This is an approach to harvest scheduling
where the harvest is scheduled by maximizing net cash flow by period instead of volumes
removed. See Figure 130.

Figure 130. Residual inventory after 100-year sustained value flow.
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First, notice that the 100-year average annual sustainable harvest in board feet went from
7,032,000 bdft per year to 6,755,000 bdft per year, while the first period annual harvest
dropped from 5,902,000 bdft to 5,619,000 bdft per year. However, the first period
average annual cash flow increased from $2,663,000 to $2,758,000. What is happening
to cause these effects?
Look at the number of acres harvested annually in the first five periods compared to the
initial harvest schedule using the maximum board foot harvest goal. The Scheduler has
shifted the harvest selections to maximize cash flow from stands with higher valued
species compositions to occur in the 3rd to 5th periods (2032-2052) in order to achieve the
goal of the highest sustainable value returned on an average annual basis. This goal was
achieved, but at a loss in the volume and value gained in the first two periods.
Note that this approach causes changes in the turnover of acreage in the 100-year
planning horizon. The board volume schedule harvested 14,044 acres over 100 years
(with re-entry for 2nd or 3rd rotation harvests). The area regulation schedule harvested
13,669 acres over the planning horizon. This maximum value schedule harvested 13,582
acres over the same 100-year planning horizon. This is partially due to large logs having
insufficient additional value to cause the Scheduler to extend the harvest age to reach the
additional sizes. Value by log size plays a significant role in harvest age determination.
Now run the Harvest Scheduler one more time, but this time click the “Select Primary
Goal” radio button for “Total Net Present Value over all Periods”. This is an approach
to harvest scheduling where the harvest is scheduled when each individual harvest unit
(stand or harvest polygon) returns its own maximum net present value (npv). The sum of
these npv values is the highest achievable value obtainable in today’s dollars. See Figure
131.
The reported value to observe here is the (over 100 years) Total NPV of $129,263,000.
This compares to $114,551,000; $99,574,000; and $111,880,000 for maximum board
volume removed, equal area harvested, and maximum value removed (respectively) in
the previous harvest analyses.
However, you may question the Harvest Scheduler method when the harvest level does
not appear to be constant among periods! Indeed, it is not. Only if the forest had been
previously converted to a regulated distribution of age classes, site classes and operability
conditions would the harvest level assume a constant level over the planning horizon in
this analysis. Essentially all standing inventory is being removed in the first few periods
and then replaced with new plantations. These plantations become available for harvest
in approximately 50 years at which time they are again removed and all acres re-planted.
This is just as sustainable as any of the previous harvest analyses for a 100-year planning
horizon. In fact, it is sustainable forever. The only real difference is the fluctuation from
period to period. Since any of these previous four goals may produce a sustainable
rotation of the forest, which is preferred? From the prospective of a 1000-year planning
horizon, there is little difference. They are all sustainable from the point of view of the
forest itself. The choice of goal will be driven by objectives external to the forest. These
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include timing and continenuity of cash flow, in-place staff and facilities, community
stability, impact on other natural resources (water, grasslands, wildlife) and, most
recently, public opinion.

Figure 131. Residual inventory after 100-year maximize NPV plan.

It should be noted, that in order to run these alternative goals efficiently for the previous
discussions, none of the merchantizing, values, costs or silvicultural regimes for the 2nd
roation were changed from one run to the next. Initially, this is an acceptable approach to
gain an understanding of the dynamics of your particular forest. To truly optimize each
Harvest Scheduler run, it should be reviewed and appropriate changes made in the input
parameters to arrive at a final schedule. For example, if the goal is to maximize net
present value over the planning horizon, then the Yield table (2nd rotation) harvest ages
should be revised to occur at the age of maximum NPV for each site class. In fact,
different 2nd rotation silvicultural regimes on some sites and habitats may achieve a
higher NPV. Eventually, you may (and will) define an array of silvicultural regimes that
vary by habitat class and site class. These may result in different species, stocking levels,
and degrees of site preparation, brush control, animal control, thinning, pruning and
fertilization applied in the 2nd rotation. Anticipate your workload and timetable to
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achieve this level of sophistication. To do less is not a reasonable alternative if your
assignment is to develop a professional harvest analysis and plan.
What have we learned from this series of analyses? A number of points become obvious:
1) A forest-wide harvest analysis optimizes the forest, not each stand;
2) Each stand should be grown beyond its foreseeable harvest age without a specified
final harvest age, since the Scheduler will determine that age by stand to achieve the
forest-wide goals;
3) Each stand should be grown from its own initial condition (species composition, size,
density, clumpiness, site class, operability) to optimize forest-wide log sizes, values,
and initial character (species, size, yield capacities) of the forest;
4) Second-rotation yields for even-aged regimes provide critical additions to yield and
value for the forest-wide analysis which significantly impacts harvest levels even in
the first period of the planning horizon;
5) Second-rotation silviculture need not apply the same regimes as applied in the first
rotation;
6) The second-rotation regimes assume a fully regulated forest and thus are optimized
for the stand, not the forest; and,
7) This binary search method allows all unique attributes of each stand to be considered
in the forest-wide harvest analysis rather than being grouped into strata averages that
consider only a few attributes (as required in linear programming solutions).
Visualization of Harvest Units
Use the FPS Menu, “Database” to select “Link Tables” and then navigate to the drive and
directory containing your GIS database for this inventory. Select “Files of Type”
appropriate to the database structure on your computer. For example, ESRI Arc 9 & 10
are Microsoft Access, ESRI ArcView 3.2 is dBase, and MapInfo 8 is Microsoft Access.
Select the VegPoly table as defined earlier. There should now be a VegPoly table linked
to your FPS inventory database as in the Figure below. Now update the VegPoly
attributes by selecting “Update GIS VegPoly Table”, “Flag, Gis_Lbl, Plan_Yr to Gis”.
The Stands selected for harvest by period and their regimes will be copied to the GIS
database for display and review.
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Once the theme (Plan_Yr from the Admin table) on harvest periods has been copied to
the VegPoly table in the GIS, the scheduling of harvests by period may be displayed.
Use the standard tools available in the GIS software to create a theme on the VegPoly
column “Theme”. In this case, the harvest analysis using Area Regulation was copied to
the GIS database resulting in a display of where the harvesting will occur from period to
period.

Figure 132. Distribution of harvest areas by decade from Harvest Scheduler.
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Had this theme been displayed after each of the previous analyses of setting goals for
area, volume, value and net present value; then the pattern of harvesting would be
observed to move about the forest in distinctly different mosaics as the FPS Scheduler
attempts to achieve each succeeding goal (volume, equal area, net value, net present
value).

Advanced Planning Analyses
Forest Dynamics and Sustainability
To move forward into advanced harvest planning, all of the steps in the Basic Harvest
Planning analyses must have been executed for the particular inventory database about to
be further analyzed at this level. The basic analyses should have provided insight into the
appropriate levels of silviculture, economics, and range of goals that may be anticipated
in these further analyses. The basic analyses should always be invoked on a working
forest inventory in the initial steps of more advanced forest planning in order for the
Forest Planner to become familiar with the dynamics of the forest under consideration.
This is only the third time in the discussion of harvest planning in this guidebook that this
emphasis has been made on “becoming familiar with the dynamics of the forest”. This is
about the Forest Planner’s depth of understanding about this forest and its biological
capacity for sustainability. It is this author’s direct experience over the past forty years
that only one half of working forests are being managed on the basis of:
a) knowing the sustainable capacity of a working forest;
b) the direct, quantified impact of regulatory and conservation constraints; and,
c) the best objective scenario of silvicultural regimes to maintain that capacity given
those constrants.
This last paragraph reveals that over one half of Forest Managers are making their
administrative decisions on less than full knowledge of the dynamics and sustainable
capacity of the working forest under their care. This is sometimes due to lack of a
sufficient inventory; lack of fully-trained staff; lack of commitment by staff; lack of tools
to manage a working forest; lack of time to make informed decisions; and/or a lack of
confidence in information provided by staff. Regardless of the cause, the success of this
Forest Manager to achieve goals set for the working forest will be more by chance than
by design, if not fully informed of the dynamics and sustainable capacity of this forest.
Database Setup
We will now move into procedures for Advanced Harvest Planning methods. In these
steps a large number of additional alternatives come into play for the Harvest Scheduler.
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These include:
1. simultaneous spatial constraints for:
a. multiple locations and degrees of wildlife nesting habitat,
b. multiple thresholds and locations of minimum watershed forest cover, and
c. harvest delays for neighbor green-up thresholds; and
2. multiple, simultaenous silvicultural regime alternatives per stand;
3. dynamic tradeoff and comparison between:
a. multiple alternative clearcut regimes,
b. multiple alternative seed tree regimes,
c. multiple alternative shelterwood regimes,
d. multiple alternative single-tree selection regimes and
e. multiple alternative group-wise selection regime alternatives;
4. departing from sustained yield by setting individual target levels by period.
A “Link” must be established between the FPS Inventory database and the GIS spatial
database to conduct more advanced analyses. If you are using ArcGis 9, ArcGis 10,
MapInfo GIS or Manifold GIS packages the GIS information may be in a Microsoft
Access database. In fact, it could be all combined in the FPS Access database. If not
using Access databases for your GIS files, then you should probably change the “Files of
Type” option to “dBase III” or similar option to locate your GIS files. You may also
need to move around in the drives and directories until the GIS files are located (Figure
133).

Figure 133. Setting the link between the FPS and GIS databases to track planning.
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In this case the GIS files are in a database file named “Puget_GIS2011.mdb”. Highlight
the file and click the “Link” button. As discussed earlier in the Section on GIS databases
and procedures, “VegPoly” is the recommended name for the vegetation polygon layer in
the geographic information architecture for FPS applications. Specific names are not
required but use of some drop-down menus (“Editors”, “Update FPS from GIS”) expect
to find a table (or linked table) with a series of columns all of which use the naming
conventions defined in the FPS Tutorial Section on GIS applications (Figure 134).

Figure 134. Build the link between FPS and GIS.
Should you link to a database in the previous example, then a second dialog window will
appear displaying the list of tables which exist within that database. This second dialog
window will most likely appear as presented in Figure 135.

84

FBRI – FPS Forester’s Guidebook 2015

Figure 135. Select the tables to be linked from GIS.
Now use the FPS drop-down menu under “Editors” to refresh all attributes in the
inventory database that are provided in the GIS database. This occurs only on “flagged”
stands as identified in the GIS VegPoly table. Remember, all FPS menus use “flags”.
The table name within the GIS database may have any name as long as it contains the
correct column names and data types for the FPS VegPoly table. Once this table is linked
to the FPS inventory database, it may have its internal to FPS table name changed to
“VegPoly” in order for the FPS drop-down menu items to function correctly. In this case
the table “Veg2013” will have its name changed to “VegPoly” within the FPS database
structure. See Figure 136.
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Figure 136. The GIS linked tables display in FPS as active tables.

Attributes can be selected individually to update almost all spatially related attributes in
the Admin table (acreages, public land survey, geographic, site, ownership, etc.).
Some important parameters to the harvest scheduling applications are:
a) Road widths by road class have been computed and subtracted from the
ADMIN table Area_Gis column to create values in the Area_Net column.
b) Stream buffer classes and widths have been assigned and subtracted from the
Area_Net column to create values in the Area_Rpt column.
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c) Individual stand centroids should have been computed and must be loaded to
the ADMIN table, columns Xgis and Ygis. These units should be in feet if your
database is in English units and polygons are in acres. These units should be in
meters if your database is in metric units and polygons are in hectares. These
centroid values are used for all spatial constraints (nests, watersheds,
neighbors). If any spatial constraints are invoked in the Scheduler, then these
coordinates are used to determine each stand proximity to the neighbor or nest
being evaluated. This stand will not be harvested in the current period if its
contribution to the harvest exceeds some habitat, watershed or neighbor
constraint.
1) Flag all stands in the inventory that you will include in the harvest analysis. Every
stand must be grown out through the planning horizon for at least one regime to be
included in potential harvest selections in future periods. Later, you may flag certain
subsets of stands to project additional alternative regimes so that the Harvest
Scheduler has a broader array of options to consider. Any number of regimes per
stand is possible. The number of options that may be considered by the Harvest
Scheduler is only constrained by the capacity of your computer’s hard drive.
However, start with one regime per stand to gain familiarity with your forest
productivity capacity and age distribution first (as discussed in the previous section).
2) Open the “Build Silvics Regime” drop-down menu and assign a default regime (such
as “GROW”) to all flagged stands. The GROW regime should have no treatments
other than initial site preparation and brush control (as necessary).
3) Grow all flagged stands using the Select Startup Control, “Select Years from
Schedule Table” and Method “Grow STAND table”. This creates future yields in the
STAND table for the Harvest Scheduler, various reports and your direct viewing and
comparisons with other regimes. If you select “Grow All Tables”, the database will
become very large because of all the combinations of stands and years being
projected. The Harvest Scheduler only needs the Stand table projected to determine
alternative sustained yields and alternative harvest schedules. Later, you may project
“All Tables” for the final selected harvest plan regimes and reports (which will be
substantially more efficient in time and capacity).
4) Also recognize that the STANDSRT table will be populated for every Growth Model
projection when growing out various regimes through the planning horizon. This
provides summary distributions of volume, value and weight by stand, period,
regime, species, group and sort/grade strata without populating the DBHCLS or
DIBCLS tables. If the SORTS table was structured for all appropriate species/sorts
prior to growing out these stands, then this becomes a very effective means of
obtaining harvest compositions by species and sort/grade at each harvest period. The
Scheduler sets the “Flag” parameter at the completion of each run. Regimes selected
will be transferred to the PLANSRT table for subsequent reporting.
5) A harvest analysis should also consider the impact of natural regeneration on the
yield from your silvicultural regimes. The growth projections of regimes will include
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natural regeneration occurrences throughout the planning horizon subject to the size
and frequency of openings in the stands. If you are projecting fully stocked stands
with clearcut final harvests, then the natural regeneration impact will be negligible.
However, if you are considering crown thinnings, seed-tree, shelterwood or selection
harvest regimes; then, the impact of natural regeneration could be substantial.
The Habitat Classification routine was run previously to create stratifications of the forest
by ranges of parameters set in the CLASS table (age, site, density, size, elevation,
precipitation and solar radiation). These strata are used to create a range of standard
year-end reports, such as volumes by age class.
Running the Habitat Classification routine also fills the HABSPP table with an array of
locally identified species that may be expected as natural regeneration. These species
will appear depending on size of openings in the stands, shade tolerance of the species,
site productivity class, elevation, precipitation class and solar radiation class. For
example, a low elevation, moist, north slope may result in a different species mix for
natural regeneration than a dry, south slope on the same forest. The growth projection of
these two stands for harvest scheduling purposes may result in substantially different
silvicultural alternatives, even if they are in the same site class. See Figure 137.

Figure 137. HABSPP table as a result of Habitat Classification runs.
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Natural regeneration occurrence in growth projections may be ignored by setting the
Region parameter to zero in the HABSPP table. This will save computing time if you are
only considering clearcut regimes in even-aged, fully stocked stands. Species occurrence
is dependent on which Species Library is selected, local calibrations of that Library and
the care taken to set the CLASS table stratifications of habitat.
These are all critical conditions if your major regimes rely on the occurrence of natural
regeneration species and frequencies (such as Seed-tree, Shelterwood and Selection
harvest regimes).
After making any adjustments in regimes or natural regeneration tables, select the
“Growth” drop-down menu to “Grow Stands”. Remember that only “flagged” stands
will be grown. Flagged stands are those with a positive integer in the Flag column of the
ADMIN table. FPS Growth Model dialog in Figure 138.

Figure 138. Setting up the FPS Growth Model for forest planning.
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When the Forest Projection System (FPS) window pops up, use the Select Startup
Control, “Select Years from Schedule Table” and Method “Grow STAND table”. This
creates future yields in the STAND table for the Harvest Scheduler, various reports and
your direct viewing and comparisons with other regimes. This option allows previous
projections with other Regimes to remain in the STAND table along with each new
Regime added by the Growth Model runs. The FPS Scheduler then has the opportunity
to evaluate all alternative Regimes during the harvest analyses. Also check the “Update
HABDENS” check box option to evaluate habitat density conditions for each stand at
each period in the planning horizon.
Now click the “Grow STAND” radio button to project all flagged stands to the years
specified in the Schedule table (as displayed in the background dialog window). It may
take some time depending on the size of your database, complexity of the regimes and
speed of your computer.
Before proceeding, notice the path in the top window of the FPS Growth Model Window.
It should be specifying the exact drive, directory and filename of the database you are
about to project. If this is not the case then cancel the operation and open the correct
database. If everything is correct, then press the Start button to growth the stands.
When growing many stands for harvest planning it is recommended to not check any of
the boxes for various reports and visual displays. These options produce lots of output
and will cause the growth projection for planning periods to take much longer time.
The FPS growth model window will display progress as it works its way through all of
the stands and regimes in the database. Percent completion in numbers of stands is
displayed on the right side of the window.
If the growth model should stop for some reason, the first number on the left side of the
window is the Std_ID number from the ADMIN table. This stand may have some
missing information that can be corrected in order to proceed with the growth process.
Figure 139 displays grown stand table results with output records for all requested period
mid-points.
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Figure 139. Results of 100-year growth update by decade.

After the growth step, each stand should have multiple records in the STAND table. As
is readily observed there is now a record for each midpoint year (Rpt_Yr) in the planning
horizon. These years came from the Schedule table years specified.
There should be a record for the cruise year (if cruised) of the stand and for the current
reporting year in the inventory. For example Std_ID number 2437 was cruised in 2002
and grown to year-end 2013 for reporting standing inventory statistics at year-end 2013.
Because 2013 is the Rpt_Yr in the ADMIN table all Net Present Value statistics in future
years are discounted to the reference year in the ADMIN table (in this case, 2013). The
records for subsequent years were generated from the current growth projection for this
planning purpose.
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Conduct separate case study analyses of potential silvicultural regimes
1) Flag 1 to 6 stands representing species, site, stocking condition of the primary
inventory silvicultural conditions.
2) Open the “Build Silvics Regime” drop-down menu again, create or modify a new
regime and click the button to assign it to the flagged stands. Save the regime.
3) Grow the flagged stands using the Startup Control, “Select Years from Schedule
table” and Method “Grow STAND table only”. This creates future yields in the
STAND table without overwriting other regimes previously created.
4) Repeat the previous two steps until you create regimes with the kinds, intensity and
frequency of treatments that obtain yields and values as reasonable options for your
planning analyses.
Prepare all stands for analysis
1) Repeat the case study analyses for alternative kinds of silvicultural management
intensities until you have created a reasonable set of management options for
planning. This is usually 1-4 basic regimes with 1-3 extended regimes for minor
conditions and objectives for subsets of the total inventory acreage.
2) Set the ADMIN table Flag column to zero.
3) Flag all stands in the inventory that you intend to project a specific Regime.
4) Use the “Build Silvics Regime” dialogue to assign that Regime to flagged stands.
5) Grow those flagged stands for that Regime code using the Startup Control, “Select
Years from Schedule table” and Method “Grow STAND table only”.
6) Repeat these steps for each Regime that you want to include in the planning analysis
with the Harvest Scheduler. [As an alternative, you may wish to assign one Regime
at a time and run the Harvest Scheduler once per regime. This provides a clear
picture of the impacts of alternative single regimes on the forest.]
7) Set the Flag_Yr in the STAND table to 100 in the period where a specific regime has
already been committed and assigned (such as a scheduled timber sale) for a specific
stand or group of stands. This should be one Regime in one Period only.
8) Set the Flag_Yr in the STAND table to 0 for those stands in periods where no harvest
entry is allowed in those specific periods. An example is a grizzly bear recovery area
over the next 20 years where no harvesting is proposed.
Multiple Regimes per Stand
Besides evaluating which stand to harvest in a given period, the Scheduler may equally
well determine which silvicultural regime is most effective within each stand to achieve
the current goal. The Scheduler handles separate silvicultural regimes as alternatives
with the same process as it evaluates separate stands within each planning period. The
selecton of a regime is identical to choosing between stands for the optimal impact on the
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harvest schedule. The number of regimes that may be included in the Harvest Schedule
analysis is only limited by the size of the hard drive capacity. The binary search
algorithm sorts and filters between regimes simultaneously with stands. It is not
necessary for each stand to have equal numbers of regimes available for the Scheduler to
evaluate.
Figure 140 contains three alternative thinning schedules applying essentially the same
series of thinnings, but starting at different periods through the planning horizon. They
start off with a thinning by spacing to a residual density of 200 CCF. The next two
thinnings are invoked at thirty-year intervals cutting trees across the range of diameters
until 100 trees per acre are remaining. The final harvest may occur in any period that the
Scheduler may determine, even if not all thinnings have occurred.

Figure 140. Series of treatments within each Regime (such as CT03).
As may be observed in the following view (Figure 141 with prior growth steps) of the
STAND table, each of the three thinning regimes (“CT02”,”CT03”,”CT04”) and the unthinned regime (“GROW”) are represented for each stand and each period midpoint. If
the stand was thinned, then there are “Cut” and residual stand records for that regime in
the year it was cut for each stand.
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Figure 141. Display of progress and STAND table results after growth update.
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The Harvest Scheduler was then executed to determine the selection of regimes by stand
and the selection of final harvest periods for each stand. This resulted in the following
distribution of stands and acres by Regime over the 100-year planning horizon:
Regime
CT02
CT03
CT04
GROW
NONE

# of Stands
28
97
69
143
14

Harvested Acres
703
2,155
1,528
5,105
2

The full harvest schedule report is detailed in the next chart (Figure 142) which produced
an average annual harvest of 6,029,000 Scribner board feet in the first period on a
maximize board volume objective as compaired to a harvest level of 5,902,000 Scribner
board feet without thinning. This only represents a 2% increase in wood flow for the
same harvest scheduling goals as in Run #1. Thinning is recovering mortality and
opening over-dense stands, but was the thinning frequency, timing and intensity
optimum? This is when you need to have allocated time to running an array of case study
projections earlier to investigate these options. It is also possible to add alternative
thinning regimes at this time to include in the Scheduler runs. The Scheduler will find
the combination of regimes across all sites and stands that best achieves its goals of
volume and value.
Of course, all of the previous comparisons of changing goals to area regulation, net value
and present net value could be quickly analyzed as well, now that these projections are
available in the planning database.

Figure 142. Results of Harvest Schedule for combined array of thinning options.
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Evaluating All-aged Regimes
All of the discussion so far has focused on alternative silvicultural regimes leading to a
final harvest followed by a regeneration activity. In the FPS Growth Model and Harvest
Scheduler tools is a reserved identity for silvicultural regimes where no final harvest is
planned. The first two characters of the Regime label must start with “SL” for selection
harvest regimes.
All selection harvest regimes (“SLxx”) apply thinnings by any definition, frequency and
intensity through the life of the Planning Horizon. A final harvest is never anticipated
and the 2nd rotation YIELD table is never invoked. There may be as many alternative
selection regimes per stand as desired. Each regime per stand is an independent
alternative for alternative frequencies of entry, kinds of thinning methods, species
preference and intensity of removals.
Selection regimes may co-exist in the STAND table along with alternative even-aged
regimes which will lead to a final harvest and invoking the 2nd roation YIELD table. The
Harvest Scheduler has no preference to any regimes found. The only preference is which
of all available regimes provides the greatest improvement in harvest volume or value for
the current period of interest. The Scheduler will search all available stands and all
available regimes to find the one pair (stand + regime) which contributes the greatest
benefit to the Harvest Scheduler current objective.
The most significant contribution to the dynamics of the selection harvest regimes is the
previous building of the habitat classification under the “Strata”, “Create New Habitat /
Report Classification”. That process required population of the ADMIN table macro-site
factors and a reasonably broad range of cruised stands in all types. These factors and
attributes in the FPS Inventory database provide a local calibration to the FPS Growth
Model for tree and non-tree expected regeneration distributions among habitat strata.
When stands are grown forward for harvest planning, natural regeneration may occur.
The potential regeneration species composition and abundance in any stand at any point
in time is directly determined by combinations of natural openings, thinning openings
and the local habitat stratification. For example, an exposed southwestern slope will
likely have a different mix of species and abundance of regeneration (if any) than a
northeastern slope. It is the responsibility of the Silviculture Forester to adjust the
CLASS table range of classes for each factor before running the Habitat Classification
tools. Too few classes of elevation for example may result in the same regeneration
species occurring at all elevations. Depending on the macro-site variation across the
working forest, the number of classes for each factor may be between two and six.
In the selection regimes developed here, there were three to six classes defined for each
of the twelve factors in the CLASS table. The Habitat Classification was then run for the
entire working forest to provide as much species diversity as may be found.
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All regeneration species are subject to shade tolerance. This results in more shade
tolerant species to populate small openings in a stand while intolerant species will tend to
populate only large openings. These rankings are based on permanent, stem-mapped
field research installations where natural ingrowth has been monitored.
A single thinning intensity was defined where a stand would be thinned if it achieved a
basal area per acre in excess of 200 square feet per acre. The thinning would remove
trees from all size classes in order to keep aveage diameter of removal / residual ratio
equal to one. The thinning would continue until the residual basal area per acre reached
120 square feet per acre. The regime was populated with eight individual treatments
repeating this same criteria. After growing all stands with this regime invoked resulted in
thinning entries at staggared starting years and repeated re-entries between fifteen and
fifty years per stand depending on site productivity and species composition. See Figure
143.
Of course the Forest Planner should invoke at least two other levels and intensities of
thinning prescriptions to identify the most productive selection-harvest silvicultural
regimes for any particular working forest ownership. As with the even-aged regimes,
these are only examples of the use of the FPS tools and databases.
Research continues on calibration and verification of the FPS Regional Libraries.
However, it has been very consistant over the past tweny years that selection harvest
regimes typically only provide approximately 40 – 75 percent of the volume of even-aged
regimes on a sustainable long-term basis.
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Figure 143. Results of Harvest Schedule limited to selection-harvest regimes only.
In this example inventory the selection regime provided 3,132,000 net board volume
annually which is 46 percent of the even-aged regimes presented earlier. The selection
regimes also tend to evolve to more shade tolerant species which in most cases carry
lower log values.
The Forest Planner should investigate this working forest further by cutting deeper in
each thinning entry and perhaps not waiting for a threshold of 200 square feet of basal
area per acre before the next entry. Care must be exercised however, because more
frequent entries with less removals per entry results in much higher operating costs
spread over more acres of the forest.
Defining Harvest Constraints:
The next major discussion becomes the application of constraints for watershed, wildlife
and environmental concerns. None-spatial constraints are defined in the SCHEDULE
table, such as maximum clearcut size, minimum age to harvest and minimum harvest
removals per entry. Habitat rules for wildlife nesting sites, cooridors and watershed
basins are defined in the HABRULE table (Figure 144). This table contains the
following columns (which are all spatial constraint parameters):
Code = Label for each type of constraint. These labels are reserved words in FPS.
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Circle = Indicates up to three concentric circles about each nesting site with “1” reserved
for the innermost circle. If this column is zero, then its constraints are applied to a basin.
Radius = Radius in feet (meters) of the nesting site circle for each of up to three circles.
Set this parameter to zero for basin constraints.
MinPct = The minimum percentage of area in acres (hectares) within the circle or basin
that must meet the Minimum Dbh and Minimum Density criteria. Each stand contributes
acres only if its size and density combination meets the MinDbh and MinDen criteria.
MinArea = Computed from the Radius value, or vice versa if only MinArea is non-zero.
MinDbh = The minimum quadratic mean diameter at breast height that a stand must
contain to qualify for meeting this constraint.
MinDen = The minimum number of trees per acre in each stand which are greater than
the Minimum Dbh value provided here.
A stand is considered within the basin or nesting circle if its centroid (X, Y) location falls
within that perimeter. All acres of the stand in question are included in the computations
regardless if some of the acreage is outside the restriction buffer (circle or basin). The
acreage of a stand applied to these constraints is the net-of-roads acreage (Area_Net)
from the ADMIN table. However, only the net-of-buffers acreage (Area_Rpt) is
available for harvest allocation.

Figure 144. Display of HABRULE table parameters.
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The HABRULE table is specifying that Owl circles require:
a) 100% of the inner 72 acres must contain at least 100 trees/acre over 11-inches Dbh;
b) 51% of the mid 500 acres must contain at least 100 trees/acre over 11-inches; and
c) 39% of the outer 1,336 acres must contain at least 100 trees/acre over 11-inches.
The HABRULE table is also specifying that individual watershed basins require at least
40% of the acreage in the basin contain 200 trees/acre over 9-inches Dbh.
A basin may be any irregular polygon area that may be defined in the GIS database
including Lynx habitat, elk home range, Grizzly bear range, etc. Simply define a 4character label for each constraint and set the Circle parameter to zero in the HABRULE
table. This constraint is tested against basins as defined by the column Basin in the
ADMIN table. If this column is set to zero, then this stand is not impacted by the Basin
constraints. The ADMIN table column Basin may be any numeric index to each unique
basin.
This current HABRULE table spatial constraint configuration will simultaineously solve
up to a maximum combination of 100 constraints over 100 periods containing 200
regimes applied to 1,000 nest site and basins. This is the only publicly-available harvest
scheduling system that 1) tracts every individual stand; 2) tracts both forested acres and
harvestable acres; 3) evaluates multiple alternative regimes by stand; and 4) provides
solutions for both spatial and non-spatial constraints with mixed silvicultural regimes
over the entire planning horizon in one pass. The typical application is one tree farm
with 10,000 to 1,00,000 acres, three to five alternative regimes per stand, twenty periods
of five years each, neighbor green-up limited to forty-acre openings and spotted owl
nesting sites every three to five miles apart.
The NESTSITE table contains the geographic locations of each wildlife nesting site or
den using GIS locations in feet (or meters). See Figure 145.
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Figure 145. Display of NESTSITE owl locations.
The following charts (Figures 146, 147 and 148) display the size and distribution of
nesting circle boundaries for the Puget database being used as an example of the harvest
scheduling constraints that may be invoked. Notice that adjoining ownerships could have
a significant role to play if nesting sites from those areas were included in these harvest
analyses. For this reason, fragmented ownerships will result in less constrained solutions
by these criteria than when applied to fully blocked ownerships.
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Figure 146. Location of nesting sites and inner no-harvest buffer restriction.

Figure 147. Location of nesting sites with 1st and 2nd buffers displayed.
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Figure 148. Location of nesting sites with 1st , 2nd and 3rd buffers displayed.
The first constraint to be incorporated into the harvest scheduling analyses is that of
maximum size of clearcut. This is incorporated by setting the size of opening allowed in
the SCHEDULE table using the Area_Max column. If this forest is in Oregon it might be
a 120-acre maximum. If this forest is in California it might be a 20 or 30-acre opening.
Existing stand polygons larger than this maximum acreage are included by spreading the
harvest over three periods starting with the period that the Scheduler has selected to start
the harvesting. Assuming the maximum acreage was set at 120 acres and a stand
contained 300 acres, then 120 acres would be cut initially followed by 120 acres more the
next period and 60 acres in the third period. This causes the 2nd and subsequent rotations
to also be staggered in time with the same acreage distribution. Running this constraint
alone causes the sustainable harvest level from Run #5 to drop to 5,979,000 Scribner
board feet (a 4% reduction). Comparisons for other maximum opening sizes are:
Maximum Opening Size
Average Harvest (MMbf)
Percent Reduction
500 acres (Alaska)
7,253
120 acres (Oregon)
6,751
- 7%
80 acres
6,649
- 8%
40 acres
6,577
- 9%
20 acres (California)
6,269
- 14%
These reductions do not include green-up or neighbor constraint conditions.
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Applying Harvest Constraints
The Harvest Scheduler works against only those acres (hectares) that are defined by the
Area_Rpt column in the ADMIN table. These acres have had both roads and stream
buffers removed. However, the forested acres (Area_Net) are all acres minus roads even
if these acres are within a stream buffer. Basin and wildlife constraints that require a
given percentage of acreage in mature forest canopy track forested acres using the
Area_Net values while harvestable acres are tracked using the Area_Rpt values. This
provides a significant advantage when considering habitat cover constraints over standard
linear programming harvest schedulers that consider only harvestable acres in the
evaluation of both harvestable acreage and restricted acreage.
Wildlife and Basin Constraints
Now that all basins and wildlife nesting sites have been defined and located on the GIS
database, the constraints must be assigned to each stand for each period prior to running a
harvest scheduling exercise. This is accomplished with a drop-down tool from the FPS
menu bar under the “Scheduler” item identified as “Compute Wildlife Constraints”
(Figure 149).

Figure 149. Invoking the FPS Wildlife update utility.
Execution of this tool populates the table NESTAREA table with a list of stands that are
associated with each nest site (Nest_ID) and with which constraint circle (Circle) sets the
threshold size and density constraints.
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As an example from this Puget database, stand # 2078 is constrained by circles 2 and 3 of
Nest # 2, by circles 2 and 3 of Nest #4, and by circle 3 of Nest # 5 for a total of five
spatial constraints for three spotted owl sites. Each time the Scheduler evaluates this
stand for harvest it will test each circle to determine if adequate forest cover still remains
should this stand be harvested. If not, then a second stand will have to be selected from
elsewhere on the forest. This process is repeated for each period and each stand in the
entire planning horizon as the Scheduler builds a harvest solution.
When starting up the Harvest Scheduler with Basin constraints selected the following
(Figure 150) displays are presented for each period in the planning horizon. These
displays are designed to verify which basins are active and to what degree the constraints
are causing an impact by basin.

Figure 150. Display of basin constraints based on habitat cover.
Applying only the basin constraint results in the Figure 151 harvest schedule.
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Figure 151. Results of Harvest Schedule with Basin constraints applied.
This schedule yields an average of 3,707,000 Scribner board feet per year with maximum
of 120 acre openings as compared to 5,902,000 per year without the basin constraints.
However, requiring at least 40% of each basin to meet forest cover threshold has deferred
almost all harvesting from occurring in the first period (2008 – 2017, mid-year 2012).
This causes the total inventory to build during the first decade thus bringing the 100-year
average closer to the un-constrained capacity. By reducing the threshold for each basin
down to 15% of the acres meeting the size/density constraint, results in an annual harvest
level of 3,624,000 board feet in the first decade and a 100-year average of 5,807,000. It
is obvious that basin constraints are not to be considered lightly!
When starting up the Harvest Scheduler with Nest Site constraints selected the following
displays (Figure 152) are presented for each period in the planning horizon. These
displays are designed to verify which nest sites are active and to what degree the
constraints are causing an impact by Nest_ID.
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Figure 152. Display of existing habitat constraints by period without harvests.
The spotted owl thresholds are 100%, 51% and 37%, respectively, for each of the three
circles around each nest site. It is apparent from this display that most acres do not meet
the expected size/density conditions within these buffers in this first decade.
Applying only the nest site spatial constraints with the condition of openings not
exceeding 120 acres in size results in the following harvest schedule of 3,596,000
Scribner board feet annually over the 100-year planning horizon (Figure 153):

Figure 153. Display of Harvest Scheduler results with nest site restrictions.
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Note that the initial four decades are constrained to less than three million board feet
annually due to nest site restrictions. This is compaired to an average of over five million
board feet annually without spatial constraints. Again, it is obvious that nest site buffers,
like basin constraints, are not to be considered lightly!
Neighbor Green-Up Constraint
The last spatial constraint to consider is the size and proximity of neighboring harvest
openings. This constraint is typically characterized by defining the maximum size of
harvest unit and the constraint that a second harvest unit cannot adjoin the first. This
constraint is also defined by a period of time to allow the harvested stand to regenerate.
The status of regeneration threshold is usually tied to a length of time in years or to an
attained height of the stand. As with other politically-defined forest management
constraints, there is little biological logic as to how these thresholds are defined and
applied from State to State. To accomplish this constraint from a common architecture
specify the maximum harvest unit opening in the SCHEDULE table column Area_Max
as acres (hectares). Then set the interval (years) in Schedule periods to equal the greenup delay requirement. In this Puget sample database the interval set at ten years for
execution speed in a workshop environment; whereas, a period of five years would most
likely be more representative of most Western State regulations.
Determining what constitutes a neighbor is the most complex part of this constraint. This
is why few forestry planning packages have included neighbor constraints as an option
integrated into their solution. It could be simply defined as adjoining polygons with a
common side of some minimum length. However, numerous wildlife biologists and
other environmental ecologists maintain that these polygons are limiting neighbors even
if they do not share a common boundary. There may be any intervening buffer, such as a
riparian buffer, that separates the two polygons with regard to a common boundary; but
not in the view of these other specialists.
The definition that appears common among the various disciplines is that a grid of
maximum-sized harvest units across the forest sets the basis for identifying neighboring
harvest units. This can be solved within a harvest scheduling analysis if individual stands
are assigned to locations within this grid. In this way two or more stands within the same
grid cell that do not sum in acres to the maximum allowable acres may be harvested
within the same period. As soon as the sum of stand acres within a grid cell exceed the
maximum allowable acres, the last stand added becomes constrained from harvest. Also,
if all neighboring grid cells must have no harvest, then any stand appearing in a
neighboring grid cell will be constrained from harvest selection in that period. The FPS
Scheduler uses a grid cell matrix in computer memory to identify the location of all
stands based on the cell area computed from the SCHEDULE table Area_Max. Each
time a stand is selected for harvest the acreage is added to the grid cell affected.
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Figure 154. Display of maximum opening sizes from SCHEDULE table (as hexagons).
This provides a control and tracking that is spatially-specific and automatically scaled to
the opening size specified in the SCHEDULE table column Area_Max. When the
Scheduler is evaluating a stand for harvest, the cell that its centroid is a member becomes
the focus. All six surrounding cells are evaluated for previously selected harvests
(stands) in this same time period. The sum of these previously selected harvest units
(Area_Rpt acres) from the surrounding six cells plus the focus cell must not exceed the
maximum acres in the SCHEDULE table.
See Figure 155 for shaded surrounding cells.
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Previously
scheduled
stands
Stand in
question
Figure 155. Display of Harvest Scheduler tracking harvests in multiple periods.
The FPS Scheduler has a built-in startup control (“Spatial Constraints by neighbors”) that
sets the sensitivity to the accumulated harvest acres in the surrounding cells (six crosshatched hexagons) at the time of evaluating an additional harvest unit in the target cell
(“Stand in question” in figure). If the control is set to zero, then this stand will be
rejected due to the accumulative acres in harvest units in the neighboring six cells.
However, if the control is set to its maximum (six neighboring harvest cells allowed),
then this stand will be accepted for harvest in this period.
Before accepting a final harvest schedule using
neighbor constraints, it is recommended to
evaluate the impact of altering the intensity of the
neighbor constraint. Do this by adjusting the
scale from zero to six adjoining harvest unit cells
using the slider bar in the Scheduler start up
control. Adjust the control and re-run the
Scheduler to observe the impact on the harvest
plan.

Selecting two adjacent harvest units results in a maximum allowable harvest of 120 acres
within the total seven cells of 280 acres regardless of their distribution among these cells.
This example is based on a forty-acre max opening. The next figure compares green-up
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neighbor constraints of 40 acres versus 120 acre maximum allowable harvest unit sizes.
Each of these maximum harvest unit sizes is then compared at increasing levels of
restrictions of the number of neighboring harvest units in the six hexagon areas
surrounding the harvest unit of interest. This example was computed from the Puget
11,000-acre database with a 100-year planning horizon. It contains the same non-spatial
constraints as all previous examples in this section. See Figure 156.
Green Up Constrained - Annual Allowable Harvest Levels (Mbf)
by Maximum Size of Opening and # of Neighboring Harvest Units
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Figure 156. Impact of Neighbor green-up constraints on sustainable harvest levels.
Upon inspection of the Puget inventory database and review of these harvest schedule
results it will become increasingly obvious that the working inventory must not contain
over-sized polygons. These large polygons must be broken down into stand polygons not
larger than the maximum allowable harvest unit opening allowed by wildlife,
environmental and political regulations. If the stand polygon is larger than the allowable
harvest unit size, then the Scheduler cannot determine which portion of the polygon may
meet neighbor constraints. In this case the entire polygon is rejected at every period
resulting in an overly severe reduction in allowable cut levels over the planning horizon
(as displayed in the previous figure).
The impact of green-up constraints is highly variable among ownerships due to the
history of past harvests. If the remaining mature timber is aggregated in upper-slope
valleys, for example; then the maximum harvest unit size and neighbor constraints may
be very restrictive. After having participated in various long-term harvest level analyses
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on many large ownerships in the West in the past thirty years, it is apparent to this author
that neighbor constraints will play a significant role in determining allowable cut levels.
Finally, the Puget Inventory database was used to determine the 100-year sustainable
harvest level given a 40-acre maximum harvest unit size, one neighboring harvest unit
(80 cut acres per 280 acres), basin cover constraints of 15% mature canopy and Stateregulated Spotted Owl buffers. The same four optional regimes with thinning were
included as in earlier analyses in this section. See Figure 157.

Figure 157. Results of Harvest Schedule given all silviculture and constraints included.
Combined results:
 First period annual harvest drops from 5,053 Mbf to 1,188 Mbf (24%)
 100-year sustainable harvest level drops from 6,259 Mbf to 2,664 Mbf (43%)
 First period net present value drops from $1,721,000 to $256,000 (15%)
 100-year net present value of harvests drops from $44,903,000 to $15,141,000 (34%)
This Section provides complete documentation for long-term forest planning considering
all aspects of existing inventory structure, species composition, site productivity,
silvicultural regimes, management costs, log values, economic discounting, alternative
goals and harvest restrictions due to wildlife, watershed, environmental and regulatory
conditions. See constraints displayed in Figure 158.
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Of over ten million acres managed for forest production in the West, it is known that few
of these ownerships have conducted a sustained yield analyses to the capacity and detail
presented in this Section. It is obvious that existing regulations and voluntary
management constraints play a deciding role in the future management of our forests.

Figure 158. Display of harvest units resulting from Harvest Scheduler with constraints.
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Establishing a Commitment to Sustainable Harvest Planning
On each working forest the preferred series of silvicultural treatments to develop a final
harvest by site class and major commercial species will be developed. These treatments
will be developed by running the Forest Projection System (FPS) growth model
iteratively as a case study and adjusting site preparation, planting (species, size and
density), brush control, pre-commercial thinning (timing, intensity and method),
commercial thinning (timing, intensity and methods) and fertilization (timing and
application rates). None, some or all of these types of silvicultural treatments may be
appropriate for given sites on given ownerships. Thinning methods will include
traditional thinning from below, from above, by spacing and specified cut/leave dbh
ratios. Levels will be defined in terms of residual stand characteristics of species, size
and stocking. Multiple thinning, fertilizations and combinations of these are possible
analytically. Associated administrative costs, treatment costs, logging costs and hauling
costs will be included against expected delivered log values by species and sort. All costs
and values will be appreciated for inflation and discounted to present day net values.
A reduced series of silvicultural treatments will be developed for each 10-foot site index
class and major commercial species or species group of interest on each Tree Farm. Each
of these series will be identified as unique regimes. The preferred set of regimes will be
those that meet local State requirements for watershed, fisheries and wildlife. Specific
regimes will be developed as needed for clearcut, seed tree, shelterwood or selection
harvest objectives. The associated yields in cubic and board volumes and values by site
class and species by regime will be documented as a working forest-based report.
Merchantability specifications will be the same as all year-end standard reports. These
yield table reports on a per acre basis become reference documents to the silviculturist
and the planner.
Developing the preferred silvicultural regime for a given stand condition is an easy step
for an experienced field forester. That person can walk into a stand and quickly
determine the state of health, operability and potentially upcoming silvicultural
treatments that are necessary to maximize volume and/or value from that stand. The
regimes developed thus far are designed to capture that forester’s view of individual
stand conditions and the impact of the associated treatment schedules. The individual
stand is optimized.
Developing the preferred working forest harvest plan often requires adjustments to the
final harvest timing and to the assignment of preferred silvicultural regimes. In order to
optimize the working forest ownership some individual stands will not be optimized.
This is dependent on the current acreage by species, size and age structure across the
ownership. This is also dependent on the spatial location of each stand with regard to
watersheds, stream buffers, nesting sites and wildlife corridors. The harvest scheduling
analyses are designed to draw these constraints out.
Using the working forest inventory database, every stand will be grown forward at least
one and one-half rotations in order to evaluate the influence of second rotation yields.
Each stand will be projected forward under three or more scenarios. These projections
will include a) no treatments, b) using the preferred silvicultural regime, and c) using an
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alternative regime to mitigate local constraints. The alternative regimes may be the result
of GIS-based proximity to streams or nesting sites. The alternative may also be required
if a given sub-watershed constraint mandates some minimum percent of forest cover of a
given size within that watershed. Examples of these constraints are no clearcutting in
stream buffers and recently proposed watershed constraints in the “rain-on-snow” zones
where acreage in forest cover in each sub-watershed shall be maintained at at-least 40
percent in size class two (9-inch average dbh) or greater in all time periods of the forest
plan.
The final harvest of each stand in the inventory provides an opportunity to identify by site
class and habitat class (e.g., wet soils, frost pockets, high north slopes) a new stand
regime for the second rotation. This regime may be any regime developed with the local
staff earlier in the planning analysis phase. With these regimes assigned by site class and
habitat class to each stand in the inventory, the harvest planning on the working forest
may begin.
The Harvest Scheduler looks at every stand in every time period in the planning horizon.
As mentioned earlier, the preferred horizon is well beyond one rotation length. Typically
all stands are grown out to midpoints at each five-year interval for a planning horizon of
100-120 years. All stands available for harvest within each period are sorted by the
parameter chosen to maximize in the plan (cubic volume, board volume or value). A
stand may be represented more than once (in a given period) if alternative silvicultural
regimes have been included. The Scheduler is then run given a set of global constraints
including min/max harvest unit sizes, min/max harvest ages, minimum residual standing
basal area/acre, minimum removal volumes and values (including thinning) and
minimum watershed-based forest cover limitations. While it may take two or three days
to develop all of the growth projections for all stands under all regimes, it takes
approximately 5-35 minutes to run each alternative harvest plan. In this way it is
efficient to test sensitivity to various thresholds of each or any combination of
constraints.
It should be noted that with the diverse array of spatially constrained State regulations
and current trends to disfavor clearcutting regimes, this type of stand-specific planning is
essential to developing an operationally feasible plan.
Recent analyses have
demonstrated that longer rotations in even-aged regimes, dependence on natural
regeneration in the second rotation or conversion to selection harvest regimes can cause a
10 – 40 percent reduction in the first period harvest. These results assume long-term
sustained yields as a principal objective.
At least three alternative plans will be developed for review and selection by senior
management for each ownership. These will include a low investment / silvicultural
regimes plan, a more aggressive silvicultural plan and a harvest plan with a conservative
watershed/wildlife impact relative to current local forest management regulations.
This planning phase will be repeated each year after inclusion of current-year harvest
depletions, silvicultural activities, new cruises, regeneration surveys and land
acquisitions/removals. The final plan for each Tree Farm will be documented to be part
of the year-end set of reports provided to senior management.
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Forest Planning Budgeting and Time Requirements
The initial database loading, review and reporting will require the necessary computer
hardware and software and approximately three months of time for the Inventory
Forester.
The long-term planning phase will require approximately six-eight weeks of time from
the Forest Planner with overlap from each Tree Farm Inventory Forester or Silviculturist
for two weeks per Tree Farm. Much of the individual stand silvicultural regimes may be
developed as a group or team analysis. The background objective is to train local staff to
develop the regimes, final year-end databases and forest plan scenarios on their own in
future years with only short reviews and involvement from outside analysts.
GIS Database Design Considerations
Forestry is made up of layers of information that are both static and changing at various
rates. Typical static layers are attributes about topography, streams, roads and public
land survey boundaries. Although roads will be added (or removed) over time for most
analyses and reports, the road network is considered static. Public land surveys are
subject to refinement from time to time due to new technology, but are considered static
in practice. Attributes that typically change over time are vegetation and ownership. We
think of ownership as static most of the time, but small tracts may be added or depleted at
any time. Layers of information about stream buffers, wildlife reserves and silvicultural
plans vary continuously. This varies with the recipient of the analysis and the group
specifying the parameters at that point in time and for that circumstance. In other words,
these last three layers of information are typically the most volatile.
Since each of these data sources (public land survey, topography, streams, roads,
ownership, vegetation, silvicultural regimes, stream buffers and wildlife reserves) change
at independent rates, it is most effective to maintain them independent of one another.
The inventory forester and forest planner may then incrementally change the parameters
on any layer without impacting the status of any other layer.
A geographic information system (GIS) is designed to efficiently handle these sources of
information. The reason for using a GIS system is due to the spatial relationship of these
data sources. Each of these data sources may be treated as a layer using the public land
survey layer to provide a control set of X and Y tie points. No attribute of one layer may
have anything in common with any attributes in another layer other than a common
physical position on the surface of the earth. GIS software utilities have been designed to
handle merging this type of information most efficiently.
GIS Layers - Points, Lines and Polygons
The GIS naming conventions change depending on the profession, organization and/or
software package being used. These are the basic components required:


A Layer is an overlay (vector / lines, points, polygons) or coverage (grid / picture)
on a map base of a given theme.
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A Point identifies a unique position on the earth’s surface, such as a well, nest or
rock pit.
A Line identifies a vector of a specified length without area, such as a stream, road
or power line.
A Polygon is a closed line, which may be of irregular shape. It has both perimeter
and area. Examples of polygons are vegetation strata (stands), lakes, ownership
parcels, Townships and Sections.

Throughout this guidebook forest polygons have been referred to as stands. Stands were
defined earlier as being generally continuous vegetation of a given species composition,
size and density. Stands are typically five to one hundred acres in size with an average
polygon size of about twenty-five acres. If the stand is greater than the maximum harvest
schedulable area the stand will not be scheduled. (see harvest scheduling for more
information) Vegetative polygons (stands) less than three acres in size are generally
absorbed into neighboring polygons. This is because stands less than three acres are not
operationally functional or economic for most activities in the field. As a result a certain
degree of irregularity is allowed when drawing or defining stand boundaries based on
vegetation. This irregularity may be species, size, stocking or spatial diversity.
Treating administrative overlays in forest cover polygons?
The legal, watershed and wildlife layers are only overlaid on the vegetation layers for
specific analyses and reports. They should never be permanently overlaid on the
vegetation polygons causing those vegetation polygons to be subdivided in the database.
The reason for not permanently overlaying these other layers is that they are
administrative layers rather than differences in observed vegetation. As such, their
definitions change with the objective of an analysis, interpretation of a regulation or
change in wildlife populations (perceived or real). Managing these various overlays is
the reason for maintaining a GIS database linked to the forest inventory database.
Should a mature size class stand polygon, with a stream buffer identified, be harvested at
some point, then the un-harvested stream buffer may become a separate polygon. This is
due to the actual vegetation outside the buffer becoming different than inside the buffer.
The degree of difference is based on the original definition for the vegetative
stratification in the first place. Clearcut of a partial polygon would result in two
vegetative polygons after the harvest. Thinning of a partial polygon may cause the
vegetative species composition, size and density to become more uniform across the
entire original polygon than existed originally.
Comparisons of a tiled GIS database to a continuous GIS database
Some Geographic Information System (GIS) professionals will recommend that your
forest inventory GIS database should be tiled to increase efficiency in editing and screen
refresh delays. The typical tile divisions are to break the database at Section, QuarterTownship or Quadrangle boundaries since these are usually where the breaks are made
for producing map sheets. They commonly recommend editing these tiles independently
for harvest depletion, road updates and edits of planimetric detail.
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The conflict comes when the GIS database is linked to the forest inventory database for
analysis of sustained yield, watershed buffers, wildlife corridors and harvest settings.
GIS databases should always be maintained as continuous databases, never tiled. The
tiling process generates anywhere from 2 to 20 polygons for each forest polygon in the
inventory because straight lines do not occur in nature and these administrative
boundaries are not visible on the ground. The result is a many-to-one linkage to the
forest inventory file to determine acreage in a given polygon, proximity to stream buffers,
average slope, elevation, etc. This makes many trivial database queries become nearly
impossible to accomplish. More destructive than the multiple record problems is the
usual result that polygon boundaries do not match across tile boundaries and some forest
polygon labels are not identical in each tile that the particular forest polygon occurs. A
really obtuse (but real) example was a delivery of a forest polygon GIS database from a
satellite imagery consultant where the 100,000-acre tree farm was tiled first and forest
polygons generated independently within each tile. The GIS database is worthless, since
pixel tallies in one tile do not result in the same vegetative label as the pixel tallies in the
neighboring tile for the same “Stand”. The polygon boundaries did not even occur at the
same intersections with the tile boundaries from one side to the other. The simple answer
is, “Do not tile your database!”.
The Geographic Base Layer
Since all of the layers in a GIS database are independent sources of information, they
may have little or nothing in common other than their spatial location on the surface of
the earth. Therefore these layers need to be tied to some common geographical base so
that the same point may be identified in each layer. This base is commonly a State-Plane
Coordinate System or the Universal Transverse Mercator (UTM) System. Each new GIS
database development must start here with a base, which the other layers may be
attached. This layer usually has little or no verifiable reference points on the ground for
the forester to find. All acreage determined in the GIS database comes from the control
points contained in this layer. Gross acres are defined as the area determined from the
GIS database for any polygon area of interest. No other acreage number takes precedent
for reporting or analysis. GIS gross acreage is the basis of all reports and analyses.
Legal Boundaries Overlay
The essential part of a legal boundaries layer is to provide a control base that is
referenced on the ground and may be found prior to initiating any field activities such as
cruising, road building or harvest. Legal acreage is also publicly available and
accountable based on locating the boundaries of this layer. The typical legal overlay is
the Township, Range and Section grid. The boundaries are usually marked at corner
crossings of Sections and sometimes at Quarter-Section corners. This grid provides the
reference points for most forestry work in the field and a basis to transfer that work to the
inventory database. Therefore, it becomes immediately critical that this layer is known
with verifiable levels of accuracy.
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Ownership Layer
One of the first reports requested from a forest inventory database is an accounting of the
acreage owned. This is usually the basis of many associated reports about the forest
composition and distribution. Therefore, before attempting to report anything, this
ownership layer should be determined with accuracy from all available sources. This
acreage should then be verified compared to all historic information and a final number
recorded as the currently correct gross acreage. This is becoming more critical each year
due to the frequency with which ownership is changing. Many organizations are
attempting to block-up their ownership by selling or trading-off small parcels in areas
remote from their main ownership blocks. This causes the total acreage number to be
changing on a continuing basis. It is recommended in this case, to take a snap-shot at
each year-end of the status of ownership and use that acreage number as the reporting
base.
It should be noted that this gross acreage, determined from the forest inventory GIS
database, would not equal the legal ownership numbers found in most public sources.
The reason for the difference is the fact that current cartographic technology is far more
precise than that used when the legal acreage numbers were developed. The Section
corners were originally located on the ground in most cases with rudimentary field
instruments in all seasons of weather. If a Section located originally was recorded as
containing 640 acres, the current GIS and Global Positioning System (GPS) satellites will
probably determine the acreage as a different number when the corners are referenced
and located in the GIS database. The acreage determined from the GIS database is the
correct gross acreage for all analyses and reports. Only reports relating to legal taxation
based on legal acres should use the legal acreage determined from County Courthouses
and other pubic institutions. On any given Section, the difference between legal acreage
and GIS acreage can be quite significant. Therefore, before comparing current ownership
acreage to historic values, be certain that both are determined on the same basis. Errors
of one to five percent in western lands are commonly found.
Road Networks and Classes
One of the most compelling reasons for establishing a GIS database is to locate the road
network and use it as a principal component of forest management and planning. After
determining gross acreage within an ownership, the next level of definition for forest
inventory reporting is determining the number of acres containing forest cover. Roads
obviously are devoid of trees and the acreage associated with the road should not be
included in the acreage associated with forest cover. All cruising, planting, silvicultural
treatments and harvesting is analyzed on a per-acre basis and compared to other tracts on
a per-acre basis for budgeting purposes. These analyses and reports must be based on
net-forest acres. Net-Forest acreage is defined here as all land within the forestcomposition polygon minus roads. Typical reductions in gross acres to net-forested acres
account for 3-8 percent of the gross area across an entire ownership.
Roads are typically identified in GIS databases as lines. Only very large roads, such as
Interstate highways, are usually identified as polygons containing area. Therefore, to
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determine area in roads, a system of road classification across an ownership is
recommended. This classification system should remain simple to apply and additions of
roads and changes in classification should be updated annually.
The following basic road classification system is recommended:
Class Description

Road Width (feet)

1

Trail

10

2

Native Surface

20

3

Gravel Surface

30

4

Paved Surface

40

5

Major Highway

100

The road layer should contain an indexed “Road_ID” integer column, the Class column
and the Width column. Other parameters may include road names and numbers,
accessibility, season of use, culvert locations, bridge locations and maintenance. Review
the road width recommendations by ownership. The values recommended here might not
be appropriate in all regions.
A subordinate layer should be computed each year after all updates to road locations and
classification. This layer is a polygon-based layer and need only contain a single polygon
ribbon of roads based on their width along each segment. Most GIS software packages
contain a utility to compute buffers along lines (in this case, roads). Be careful to
recognize that a buffer width in GIS is the distance on each side of the line, whereas, the
road width is from side to side (2 x buffer). This road polygon ribbon is then overlaid
using the vegetation layer to create road segments within each vegetative polygon. Then,
the vegetative polygon number is used to index the road segment polygons. These road
area segments may then be subtracted from the gross vegetative polygon areas to produce
net-forested areas.
Hydrographic Layer and Classes
Similar to roads, most hydrographic detail is usually recorded as lines (creeks, streams
and rivers). Only ponds, lakes and large rivers are digitized as polygons. Wells may be
recorded as points. Since proximity to stream channels has become a major
environmental and political issue in natural resource management, the accurate location
and classification of hydrographic features is critical. These are usually obtained, predigitized from a public agency or third-party cartographic agency. The problem will be
in verifying the accurate location of all hydrographic detail across the entire ownership as
compared to the legal layer, ownership layer and road layer. This is not trivial and may
become an ongoing analytical problem. The reason for the concern is that this layer has
been elevated to a regulatory base for all natural resource management. The degree of
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dependence for regulation far exceeds the accuracy found in most sources of this
information.
For example, width and class of streams flowing through or near a particular property
regulate forest management on that property. Current commonly available GPS tools
will locate forest boundaries and roads with high accuracy. The displayed GIS location
of hydrographic detail may not fit when the GPS detail is loaded into the database. In
other words, streams may appear in roads and forest polygons that are elsewhere or do
not exist on the ground. Stream classes may not match what is found in the field. Since
the hydrographic layer is being used as a regulatory layer, the inventory forester is facing
a political situation if the stream location or classification is corrected directly within the
GIS database. Any corrections must usually go back to the regulatory agency and be
accepted before local GIS changes can take effect. This is a situation not well recognized
or understood in natural resource management.
The following basic hydrographic classification system is suggested if none exist:
Class

Description

Buffer Width (feet)

1

Seasonal Flow

25

2

Perennial Flow

50

3

Fish-bearing

75

4

Width over 3 meters

100

5

Navigatable

200

The hydrographic layer should contain an indexed “Hydro_ID” integer column, the
hydrographic Class column, hydrographic description column and the buffer Width
column. Other parameters may include length; gradient; stream names and numbers;
culvert and bridge locations; and date, agency and basis of classification. The values and
definitions suggested here might not be appropriate in all regions.
A subordinate layer should be computed each year after all updates to hydrographic
locations and classification. This layer is a polygon-based layer and need only contain a
single polygon ribbon of hydrographic detail based on buffer width around each point,
line segment and polygon. Most GIS software packages contain a utility to compute
buffers around points (e.g., wells), lines (e.g., streams) and polygons (e.g., lakes). Be
careful to recognize that a buffer width in GIS is the distance on each side of the line, so
the buffer width is applied directly.
Prior to the current concern about activities within hydrographic buffers, most roads were
built in stream buffers to some extent. Notice the location of most Interstate Highways in
the United States! Therefore, the acreage in roads must be subtracted from hydrographic
buffers prior to applying these buffers to forest-composition polygons. In a number of
cases this has not been done mostly due to a lack of available GIS tools and
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understanding of the impacts. If this is not subtracted in series from the hydrographic
buffers, there is a good chance that these acres will be subtracted twice from the forestcomposition polygons.
This net-of-roads buffer polygon ribbon is then overlaid using the vegetation layer to
create buffer segments within each vegetative polygon. Then, the vegetative polygon
number is used to index the buffer segment polygons. These buffer area segments may
then be subtracted from the gross vegetative polygon areas to produce non-bufferedforested areas.
Topographic Layer
Some of the basic applications of topographic detail in a forest inventory include
stratification of harvesting equipment (slope constraints - Skidder versus Cable systems),
habitat stratification (elevation, aspect and slope – warm versus cool, moist versus dry),
watershed boundaries (ridge lines) and view sheds (visible terrain from any given point).
These are commonly derived from Digital Elevation Models (DEMs) provided by public
agencies or third-party agencies. To be useful to analysis and planning, these attributes
should be assigned to the vegetative layer as attributes of each vegetative polygon. The
most effective and efficient means of accomplishing this is to use the SiteGrid methods to
build an independent GIS point grid layer. This SiteGrid layer then interfaces with the
forest vegetation layer to maintain accurate and localized topographic detail in the
inventory database.
Soils Layer
Information from soils, topography and road networks provides a basis to determine
Accessibility (physically and seasonally) and Operability (types of equipment and season
of application). Soils information also provides a basis to determine the underlying
Productivity of the forest soil at any given location. The combination of productivity and
habitat classification provide a basis for determination of preferred species compositions
and densities across the landscape for silvicultural planning.
Basic parameters for soil productivity classification include some definition of soil parent
material, rooting depth, water holding capacity, drainage and texture. The layer should
have been integrated into the SiteGrid GIS point layer for interaction with the forest
vegetation layer.
This soils layer exists in some States where the Physical Site attribute has been used as a
basis for taxation indexed on soil productivity. It is worthwhile for each landowner to
make direct field measurements of macro-site capacity to determine site index values by
species. These values should be compared to the Physical Site maintained in the Soils
layer. Besides taxation, these site index values are the underlying basis for projecting
forest growth and yield. They have a tremendous influence on the prospective range of
silvicultural investment that may be considered on a given ownership.
The vegetative GIS layer should have a one-to-one polygon identity between vegetation
and the SiteGrid macro-site parameters. These values should remain static through time.
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Precipitation Layer
This layer is available from the National Weather Service for most regions. It is useful
even as gross annual rainfall isobars. Large ownerships may vary significantly in
topography and elevation. As such, a significant range of precipitation may be common.
This range may be indicative of a change in productivity or habitat type. It may identify
thresholds of operability or access in specific regions. The seasonal or annual
precipitation should be assigned to each vegetative polygon for reference through the
SiteGrid GIS layer. Precipitation together with elevation, slope, aspect, soil type and
rooting depth provides a reliable means of estimating physical site index across an
ownership where direct tree observations may not be available.
Vegetation Layer
This layer is the main GIS database layer for all forest reports, analyses and planning. It
is made up of polygons that characterize the attributes of each vegetative polygon in the
inventory database. Vegetative polygons are usually defined initially based on observed
similarities of forest stocking, major tree size classes and tree species composition from a
remote platform (airplane or satellite). They are usually defined with a minimum size of
5-10 acres. Some exceptions to the minimum always occur due to openings in forest
cover such as ponds, frost pockets or abrupt changes in size or species composition (oldgrowth stands). Maximum sizes may exceed 200 acres when initially creating polygons
based on observed vegetation. These large polygons should be subdivided using roads,
streams and ridgelines if possible. Vegetative polygons are most functional when they
are approximately 10 – 60 acres in size. Vegetative polygons in this size range lend
themselves to efficient and economical application of most silvicultural treatments. This
size also tends to have reasonable expectations of uniformity of topography,
precipitation, soils, operability and access. As a result, original polygons of both smaller
and larger size will become aggregated or subdivided as time passes and silvicultural
treatments are applied. The average size vegetative polygon has trended from about forty
acres in 1980 to about twenty-five acres in 2000. Most of the reasons for the trend to
smaller size polygons have been due to stream buffer and wildlife restrictions. Polygon
sizes should remain at about twenty-five acres for the foreseeable future on the basis of
field operational efficiency, long-term forest health and watershed habitat stability.
The structure and content of the attributes maintained in a vegetative polygon GIS
database have received little discussion in the forest inventory literature. However, the
inventory GIS design has major implications in efficiency and accuracy of database
analyses and reporting. One aspect of this design discussion is polygon acreage. The
gross total area in the polygon is easily computed within the GIS database. However, as
discussed earlier, road area must be deducted to provide net-of-roads forest acres. In
addition to road reductions are reductions for stream buffers not in roads. While the netof-roads acreage is appropriate for habitat cover and hydrographic canopy cover, net-ofbuffer acreage is necessary for harvest flow computations. The vegetative polygon
should not be permanently split to report these subdivisions because they are not
permanent as well. Therefore, the vegetative polygon should contain a series of three
columns of attributes, which are gross acreage, net-of-roads acreage and reportable
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acreage. The last two columns may be recomputed at will without major rebuilding of
the GIS database. The vegetative layer should be about what is observable on the ground
in terms of vegetation. It should not contain polygons split or lumped with regard to
various regulatory, habitat, wildlife or conservation easement administrative boundaries.
These boundaries are subject to change independently of the observed vegetation or
actions by forestry staff on an specific ownership. Therefore, keep administrative
boundaries in an independent GIS layer away from the vegetation layer.

124

FBRI – FPS Forester’s Guidebook 2015

125

Bibliography
Arney, J.D. 1973. Tables for quantifying competitive stress on individual trees.
Canadian Forestry Service. Pacific Forest Research Center. Victoria, B.C.
Information Report BC-X-78. 45pp.
Arney, J.D. 1985. A modeling strategy for the growth projection of managed stands.
Canadian Journal of Forest Research 15(3):511-518.
Arney, J.D. 1988. User’s Guide for the Stand Projection System (SPS), version 2.0.
Applied Biometrics Report. Issaquah, Washington. 50pp.
Arney, J.D. 1995. Forest Projection System User’s Guide.
Technical Report No. 1a. Gresham, Oregon. 136pp.

Forest Biometrics.

Arney, J.D. 1996. Western Oregon calibration of the Forest Projection System growth
model. Forest Biometrics. Technical Report No. 2. Gresham, Oregon. 131pp.
Arney, J.D. 1996. Forest Compiler User’s Guide. Forest Biometrics. Technical Report
No. 3. Gresham, Oregon. 90pp.
Arney, J.D. 1996. Forest Scheduler User’s Guide. Forest Biometrics. Technical Report
No. 4. Gresham, Oregon. 18pp.
Bailey; Dell. 1973. Quantifying Diameter Distributions with the Weibull Function. For.
Sci. 19:97-104.
Bradley, R.T., J.M. Christie and D.R. Johnson. 1966. Forest Management Tables.
British Forestry Commission. Booklet No. 16. Her Majesty’s Stationary Office.
218pp.
Curtis, Robert O., Gary W. Clendenen and Donald J. Demars. 1981. A new stand
simulator for coast Douglas-fir: DFSIM user’s guide. USDA Forest Service.
PNW Forest and Range Experiment Station. General Technical Report PNW128. 79pp.
Curtis, Robert O. 1982. A simple index of stand density for Douglas-fir. Forest Science
28(1):92-94.
Curtis, Robert O. 1994. Some Simulation Estimates of Mean Annual Increment of
Douglas-fir: Results, Limitations, and Implications for Management. USDA
PNW Forest Experiment Station. Research Paper PNW-RP-471. 27pp.

126

FBRI – FPS Forester’s Guidebook 2015

Demaerschalk, J.P. and A. Kozak. 1977. The whole-bole system, a dual-equation system
for precise prediction of tree profiles. Canadian Journal of Forest Research
7:488-497.
Drew & Flewelling. 1979. Stand density management: an alternative approach and its
application to Douglas-fir plantations. For. Sci. 25:518-532.
Freese, F. 1962. Elementary Forest Sampling. Agriculture Handbook No. 232. USDA
Forest Service. Washington, D.C.
Hann, David W., Christina L. Olsen and Arlene S. Hester. 1993. ORGANON user’s
manual: edition 4.2, southwest Oregon version; edition 1.2, western Willamette
Valley version. Oregon State University. Forest Research Laboratory. 113pp.
Hillier, Fredrick S. and Gerald J. Lieberman. 1968. Introduction to Operations Research.
Holden-Day, Inc. Series in Industrial Engineering and Management Science, San
Francisco, California. 639 pages.
Hutchings, M.J. and C.S.J. Budd. 1981. Plant Competition and its Course Through Time.
BioScience 31(9):640-645.
Iles, Kim. 1994. Feature Article: Directions in Forest Inventory. Journal of Forestry
92(12):12-15.
Iles, Kim. 2003. A Sampler of Inventory Topics. Kim Iles & Associates Ltd. Nanaimo,
British Columbia. 869 pages.
Johnson, K.Norman and Daniel B. Jones. 1979. A user’s guide to multiple use-sustained
yield resource scheduling calculation (MUSYC). Department of Forestry and
Outdoor Recreation. Utah State University. Logan, Utah.
King, James E. 1966. Site Index Curves for Douglas-fir in the Pacific Northwest.
Weyerhaeuser Forestry Paper No. 8. Centralia, Washington. 49 pages.
Kleinbaum, D.G. and L.L. Kupper. 1978. Applied Regression Analysis and Other
Multivariate Methods. Duxbury Press. North Scituate, Massachusetts.
Krajicek, J.E., K.A. Brinkman and S.F. Gingrich. 1961. Crown competition - a measure
of density. Forest Science 7(1):35-42.
Long, James N. 1985. A Practical Approach to Density Management. The Forestry
Chronicle. February, pages 23-27.
Lund, H. Gyde. 1978. Type maps, stratified sampling and P.P.S. Research Inventory
Notes BLM-15. Denver, Colorado. USDI Bureau of Land Management. pp1-14.

127

Lund, H. Gyde and Charles E. Thomas. 1989. A Primer on Stand and Forest Inventory
Designs. USDA Forest Service. Washington, D.C. General Technical Report
WO-54. 96pp.
McArdle, R.E., W.H. Meyer and Donald Bruce. 1949. The yield of Douglas-fir in the
Pacific Northwest. USDA Forest Service. Washington, D.C. Technical Bulletin
201. 74pp.
Milner et al. 1996. A biophysical soil-site model for estimating potential productivity of
forested landscapes. Can. J. For. Res. 26: 1174-1186.
Milner, Kelsey S. 2000. University teaching notes and personal library. School of
Forestry, University of Montana, Missoula, Montana.
Moser, John W. Jr. 1976. Specification of Density for the Inverse J-Shaped Diameter
Distribution. Forest Science 22(2):177-180.
Munro, Don. 1974. Forest growth models: A prognosis. IN Growth Models for Tree and
Stand Simulation. For. Res. Note 30. Royal College, Stockholm, Sweden.
Navon, Daniel I. 1971. Timber RAM ... a long-range planning method for commercial
timber lands under multiple-use management. USDA Forest Service Research
Paper PSW-70. Pacific Southwest Forest and Range Experiment Station,
Berkeley, California. 22pp.
O’Hara, Kevin L. and Linda M. Nagel. 2013. The Stand: Revisiting a Central Concept
in Forestry. Journal of Forestry 111(5):335-340.
Payenda, B. 1970. Comparison of methods for assessing spatial distribution of trees.
Forest Science 16(3):312-317.
Perry, D.A. 1984. A Model of Physiological and Allometric Factors in the Self-thinning
Curve. Jour. Theoretical Biology 106:383-401.
Pfister et al. 1977. Forest Habitat Types of Montana. USDA Forest Service Gen. Tech.
Rpt. INT-34.
Pielou, E.C. 1959. The use of point-to-plant distances in the study of the pattern of plant
populations. Journal of Ecology 47:607-613.
Reineke, L.H. 1933. Perfecting a stand density index for even-aged stands. Journal of
Agricultural Research 46(7):627-638.
Schmidt et al. 1976. Ecology and Silviculture of Western Larch Forests. USDA
Technical Bulletin No. 1520. 96pp.

128

FBRI – FPS Forester’s Guidebook 2015

Society of American Foresters. 1998. The Dictionary of Forestry. John A. Helms,
Editor. Published by the Society of American Foresters. Bethesda, MD. 210pp.
Stage, Albert R. 1971. sampling with probability proportional to size from a sorted list.
Research Paper INT-88. Ogden, Utah. USDA Intermountain Forest and Range
Experiment Station. 16pp.
Stuart, A. 1968. Basic Ideas of Scientific Sampling. Hafner Publishing Co., New
York.(Number four of the Griffinn’s Statistical Monographs and Courses).
Wykoff, William R., Nicholas L. Crookston and Albert R. Stage. 1982. User’s guide to
the Stand Prognosis Model. USDA Forest Service. Intermountain Forest and
Range Experiment Station. General Technical Report INT-133. Ogden, Utah.
112pp.
Wykoff, William R. 1986. Supplement to the User’s Guide for the Stand Prognosis
Model - Version 5.0. USDA Forest Service. Intermountain Forest and Range
Experiment Station. General Technical Report INT-208. Ogden, Utah. 36pp.
Zeide, Boris. 1978. Standardization of Growth Curves. Journal of Forestry 76(5):289292.
Relevant Published Literature and Internal Reports
Arney, J.D. 1968. Calculations of tree volume and surface area by the heightaccumulation method. M.S. thesis, Oregon State University, School of Forestry.
68pp.
Arney, J.D. 1970. The telescopic Spiegel-Relaskop, a precision instrument for the
measurement of standing trees. In: Management of young-growth Douglas-fir
and western hemlock. Edited by A. Berg. Forestry Research Laboratory, Oregon
State University. Paper No. 666.
Arney, J.D. and D.P. Paine. 1972. Tree and stand volumes using height-accumulation
and the telescopic Spiegel-Relaskop. Forest Science 18(2):159-163.
Arney, J.D. 1972. Computer simulation of Douglas-fir tree and stand growth. Pacific
Forest Research Centre, Canadian Forestry Service. Internal Report BC-27.
Arney, J.D. 1972. Stem growth as a component for tree-growth simulation modeling. In:
Proceedings: Tree growth simulation workshop. Edited by T.G. Honer. Forest
Management Institute, Canadian Forestry Service. Ottawa, Ontario. Internal
Report FMR-25. pp79-90.
Arney, J.D. 1972. A recommendation for subsequent simulation development based on
present tree and stand growth models. In: Report of the Working Group on Tree
Growth Simulation by T.G. Honer. Forest Management Institute, Canadian
Forestry Service. Ottawa, Ontario. Internal Report. pages 11-24.

129

Arney, J.D. 1974. Stand simulators - the forester's tool. in: Use of Computers in Forestry.
Edited by P.J. Fogg and T.D. Keister. School of Forestry and Wildlife
Management. Louisiana State University. Baton Rouge. pages 59-72.
Arney, J.D. 1974. An individual tree model for stand simulation of Douglas-fir. In:
Growth models for tree and stand simulation. Edited by J. Fries. Department of
Forestry Yield Research. Royal College of Forestry. Stockholm. Research Note
30. pages 38-46.
Arney, J.D. 1974. An individual tree model for stand simulation of Douglas-fir. In:
Growth models for tree and stand simulation. Edited by J. Fries. Department of
Forestry Yield Research. Royal College of Forestry. Stockholm. Research Note
30. pages 38-46.
Arney, J.D. and R.V. Quenet. 1975. Predicted growth and yield through individual tree
models of inter-tree competition and growth. In: Fertilization and thinning effects
on a Douglas-fir ecosystem at Shawnigan Lake: an establishment report. Pacific
Forest Research Centre, Canadian Forestry Service. Report BC-X-110.
Arney, J.D. and D.D. McGreer. 1983. Estimating site index from physical parameters.
Potlatch Corporation Technical Report TP-83-3. 11pp.
Arney, J.D. 1984. Forest Metrics: Are we there? Where do we go from here? In:
Proceedings of Regional Technical Conference - Growth and Yield and Other
Mensurational Tricks. Edited by Dwane VanHooser. Intermountain Forest and
Range Experiment Station. Logan, Utah.
Arney, J.D. 1985. Stand Projection System. In: Proceedings of Forestry Computer
Symposium and Software Fair. Edited by Timothy M. Cooney. Forest Resources
Systems Institute. Florence, Alabama.
Arney, J.D. 1986. Western hemlock yields. Applied Biometrics Report under contract.
81pp.
Arney, J.D. 1987. Taper Class System for Western Species. Forest Biometrics
(previously Applied Biometrics) Report to twelve agencies under cooperative
contract. 49pp.
Arney, J.D. 1988. Saskatchewan Soil/Site Analysis. Applied Biometrics Report under
contract. 61pp.
Arney, J.D. 1995. Forest Projection System User’s Guide and North American Speciesspecific Reference Library. Forest Biometrics Report No. 1c. Forest Biometrics
Library, Gresham, Oregon. 157pp.
Curtis, Robert O. 1967. Height-Diameter and Height-Diameter-Age Equations for
Second-Growth Douglas-fir. Forest Science, Volume 13 (4). Pages 365-375.
Curtis, R.O. and J.D. Arney. 1977. Estimating DBH from stump diameters in secondgrowth Douglas-fir. PNW Forest & Range Experiment Station, US Forest
Service. Research Note PNW-297.

130

FBRI – FPS Forester’s Guidebook 2015

Curtis, R.O., G.W. Clendenen and D.J. DeMars. 1981. A new stand simulator for coastal
Douglas-fir: DFSIM user's guide. USDA Forest Service, PNW Forest & Range
Experiment Station, General Technical Report PNW-128. 79 pages.
Grosenbaugh, Lewis R. 1954. New tree measurement concepts: Height-Accumulation,
Giant tree, Taper and Shape. USDA Southern Forest Expt. Sta. Occasional Paper
134. 32pp.
Hall, F.C. 1974. Pacific Northwest Ecoclass Identification. USDA Forest Service. R6
Regional Guide 1-1, Portland, Oregon.
Hall, F.C. 1975. Codes for Pacific Northwest Ecoclass Identification. USDA Forest
Service. R6 Regional Guide 1-2, Portland, Oregon.
Iles, Kim. 1994. Feature article: Directions in Forest Inventory. Journal of Forestry
92:(12):12-15.
Monro, D.D. 1974. Forest growth models - a prognosis. In: Growth models for tree and
stand simulation. Royal College of Forestry. Department of Forest Yield
Research. Research Note No. 30. pp. 7-21.
Oliver, C.D. 1992. Achieving and maintaining biodiversity and economic productivity:
a landscape approach. Journal of Forestry 90(9):20-25.
Paine, David P. 1981. Aerial Photography and Image Interpretation for Resource
Management. John Wiley & Sons. 571pp.
Spurr, Stephen H. 1952. Forest Inventory. The Ronald Press. New York. 476pp.
Tedder, Philip L., James S. Schmidt and Jonna Gourley. 1979. TREES: A user’s
manual for forest management and harvest scheduling. Forestry Research
Laboratory Bulletin. Oregon State University, Corvallis, Oregon.
U.S.D.A. Forest Service. 1962. Instructions for Type Mapping Forest Types in the
Pacific Northwest Region. Division of Timber Management, Pacific Northwest
Region, Portland, Oregon.
Wensel, Lee C., Peter J. Daugherty, and Walter J. Meerschaert. 1986. Cactos User’s
Guide: The California Conifer Timber Output Simulator. University of
California, Agricultural Experiment Station. Bulletin 1920. 96 pages.
Papers Presented
Arney, J.D. 1971. Simulating growth and yield of individual Douglas-fir trees.
Presented at Western Mensurationists Sub-Committee, Western Forestry and
Conservation Association Annual Meeting. Portland, Oregon.
Arney, J.D. 1972. Stem growth as a component for tree-growth simulation modeling.
Presented to Tree Growth Simulation Workshop, Canadian Forestry Service.
Petawawa Forest Experiment Station. February 1. Ontario.

131

Arney, J.D. 1974. The role of tree growth simulation in forest management. Presented
at Forest Mensuration Technical Section at Annual Meeting of Canadian Institute
of Forestry. Niagara Falls, Ontario.
Arney, J.D. 1975. A permanent plot record system for large research-oriented data
bases. Presented in Forest Mensurationists Sub-Committee, Western Forestry and
Conservation Association Annual Meeting. Vancouver, B.C.
Arney, J.D. 1978. Stand projection methodology - tree-level models. A workshop on
"measuring the southern forest - state of the art." Sponsored by Biometrics
Working Group, SAF and School of Forestry, Virginia Polytechnic Institute.
Roanoak, Virginia.
Arney, J.D. 1981. Alternative modeling strategies for growth forecasts of managed
stands. Presented at Forest Mensurationists Sub-Committee, Western Forestry
and Conservation Association Annual Meeting. Sun Valley, Idaho.
Arney, J.D. 1981. Inventory systems for Resource Management. Presented at Western
Stand Management Committee, Western Forestry and Conservation Annual
Meeting. Sun Valley, Idaho.
Arney, J.D. 1982. Methods of validating growth projection systems. Presented at
Western Mensurationists Sub-Committee, Western Forestry and Conservation
Association Annual Meeting. Portland, Oregon.
Arney, J.D. 1982. Effects of initial stocking on managed stand yields in the Inland
Empire. Presented at Western Stand Management Committee, Western Forestry
and Conservation Association Annual Meeting. Portland, Oregon.
Arney, J.D. 1982. Problems associated with measuring site productivity in the northern
Rocky Mountains. Annual meeting of Northern Rockies Stand Management
Council. June 18, Missoula, Montana.
Arney, J.D. 1983. Methods used in evaluating site productivity and projecting stand
growth in the Inland Empire. Snake River Chapter Meeting, Society of American
Foresters. May 5. Grangeville, Idaho.
Arney, J.D. 1984. Establishment and organization of the Inland Northwest Growth and
Yield Cooperative. In: Ninth Meeting Canadian Forest Inventory Committee and
Growth Projections Workshop. FORSTATS. May 14-18, 1984. Harrison Hot
Springs, British Columbia.
Arney, J.D. 1985. Development and status of the Inland Northwest Growth and Yield
Cooperative. Snake River Chapter Meeting, Society of American Foresters.
March 7. Kamiah, Idaho.
Arney, J.D. 1985. Predicting yields in managed stands and related topics. Invitational
lecture, Department of Forest Science, University of Alberta. Edmonton. March
21.

132

FBRI – FPS Forester’s Guidebook 2015

Arney, J.D. 1985. The Inland Northwest Growth and Yield Cooperative. Presented to
the initial meeting of the Alberta Yield Forecasting Cooperative. University of
Alberta. Edmonton. March 22.
Arney, J.D. 1986. "Hands-on" use of SPS. Presented at the Forest Growth & Yield
Shortcourse. Washington State University. Pullman. January 6-10.
Arney, J.D. 1986. Data Management in an Integrated Forest Inventory. Presented at
Forest Resources Systems Institute 3rd Annual Meeting & Computer Conference.
Atlanta, Georgia. April 7-9.
Arney, J.D. 1986. Workshop on the use and limitations of the Stand Projection System
for Region Six U.S. Forest Service. Portland, Oregon. April
Arney, J.D. 1987. Workshop on the use and limitations of the Stand Projection System
for Bureau of Land Management. Portland, Oregon. March.

133

Appendix: Timber Type Label Definitions
These definitions should provide both a clearly defined administrative hierarchy and a
consistent database structure for each geographically contiguous forest ownership:
Tract - Generally a subdivision of the forest (5,000 to 60,000 acres) within each
ownership delineated to improve staff workloads, haul zones to mills and minor
watersheds.
Basin – A hydrographic stratification based on major topographic drainages. The basin
is usually the logical spatial classification to evaluate forest health, wildlife habitat and
hydrographic stability. A tract may be based on patterns of basins.
Logging Unit - Physically contiguous unit approximately 10 to 600 acres in size that
results in a common silvicultural regime even if various subsets of the area were
previously treated in different ways.
Stand - A contiguous area on the ground that is the smallest defineable area (polygon)
carried in the database and displayed on forest cover maps (usually 5 to 100 acres in
size).
Vegetative type - a descriptive attribute of a Stand (polygon) which provides for the
delineation and identification of homogeneous timber or other plant cover types as
classified from aerial photography. The vegetative type code includes:
1) primary tree species code from Timber type,
2) stand size class,
3) stand stocking class.
Timber type - name the two principal species based on percentage of basal area/acre by
species.
80% one species - name only primary species;
or
50+% one species - name primary species first
20+% second - name secondary species
<20% second - name species group
CX - mixed conifer, or
HX - mixed hardwood;
or
50+% conifer - name CX, mixed; or
50+% hardwood - name HX, mixed
and second - name primary species
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Appendix: Species Codes and Equivalents:
The following list may be used for conversions between species codes from different
agencies.
==================================================

Standard Numeric and Alpha Species Codes
--------------------------------------------------

FBRI
-------DF
DF
DF
WH
WH
MH
BS
ES
NS
SS
WS
AL
WL
WL
AF
GF
NF
SF
RF
WF
YC
IC
PC
RC
BP
LP
MP
PP
RP
SP
WP
WJ
PY
RW
GS
PB
RA
BM
QA
GC
PD
CH
CO
MA
WI
OA
OA
BO
WO
CX
HX
XX

USFS BCFS
---205
205
202
263
263
264
93
98
72
73
71
19
17
22
11
21
15
42
81
41
242
108
124
122
117
119
60
231
211
212
376
351
312
746
431
492
760
740
361
920
540
542
800
815
1
4
999

---F
Fd
Fd
H
Hw
Hm
Sb
Se
Sa
Ss
Sw
La
Lw
Lt
Bl
Bg
Bp
Ba
Bm
Bc
Yc
C
C
Cw
Pt
Pl
Pa
Py
Pr
P
Pw
J
Tw
Rs
Rg
Ep
Dr
Mb
At
Gp
V
Ac
R
W
Q
Qg
Xc
Xh

Western Species
-------------Douglas-Fir
coastal Douglas-Fir
inland Douglas-Fir
Hemlock species
Western Hemlock
Mountain Hemlock
Black Spruce
Englemann Spruce
Norway Spruce
Sitka Spruce
White Spruce
subAlpine Larch
Western Larch
tamarack
subAlpine Fir
Grand Fir
Noble Fir
pacific Silver Fir
shasta Red Fir
White Fir
Alaska yellow Cedar
Incense Cedar
Port-orford Cedar
western Red Cedar
Black Pine
Lodgepole Pine
Monterey Pine
Ponderosa Pine(yellow)
Red Pine
Sugar Pine
western White Pine
Juniper species
Pacific Yew
Coast Redwood
Giant Sequoia
Paper Birch
Red Alder
Big leaf Maple
Quaking Aspen
Golden Chinkapin
Pacific Dogwood
CHerry species
COttonwood species
MAdrone species
WIllow species
Ash species
Oregon Ash
Oak species
oregon White Oak
misc. Conifers
misc. Hardwoods
unknown species
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