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ABSTRACT

Forest harvest planning involves determining, in time and
place, the flow of. timber to bs. generated from th2 - forest
rzsource., . Existing planning models have addressed the:tesmporal
aspects of timber supply;. Howaver, the: spatial aspects of
timber supply planning, particularly at the managemsnt unit
lavel, have principally been ignored,

This study presents.an analytical framework for -examining
the  transportation systen of a management unit, 1its
interrelationship with the timber base, and the impacts on
strategic harvest planning.

The: transportation system 1is evaluoated through network
analysis techniques. Routinjy strategies from the stand to the
mill are examined. The costs of primary access developmznt and
log transport are. integrated with the. forest inventory,
providing a more complete assessment of timber value, .

Homopgenenus stand aggregations and associated yield
projections, pertinent to_management unit planning, are: formed
using factor and cluster analysis. Dynamic programming allows
optimal allocations of the stand groupings across
stratifications which r=cognize transport and accessibility
costs. . The resulting timbsr classes are coupled with management
prescriptions and evaluated ihrough a cut scheduling model. .
Report- generation capabilities then allow interpretation of the

harvest scheduling results ian terms of not only thes timber
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classes, but in the spatial context of the individual stands.
The methodology is applied to a British Columbia Public .
Sustained Yield Unit. The usefulness of the systém is’
demcnstrated through analyses which:
1) identify road development and transport costs,
2) evaluate alternative wood flow patterns,
3) identify the volume flow potential of the unit,
4) identify the dollar flow potential of the unit, and
5) 1illustrate +the contribution of integrdting the
transportation system in the scheduling of

harvests. .
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1. INTRODUCTION -

The: scheduling of timber harvests within a forest
managament unit has far reaching consequences.. Environmentally;
the rate of harvest affects the long term ability of the land to
produce both timber and non-timber benfits,. Economically,
harvesting rates affect industrial operating strategies., . More
than ever, mwill and market 2xpansions are .contingesnt on the
continued availability of timber supplies.

Decisions affecting ths flow of timbar, despite their
critical nature, cannot always be deferr2ad until complete
infornation is at hand.. British Columbia has a valuable timber
rssource, and an industry dsveloped for its atilization, .
Harvest scheduling can, however, be improved by planning. .

Harvest planning involves ndot only the timber base; but
also its interrelationship with the transportation network.
Accessibility and log.hauling requirements are key factors which
must be considered in the scheduling of wood flows.

This thesis presents a gquantitative, analytical mesthodology
for harvest planning at the management unit level. The systenm
devaloped integrates transportation considerations to improve

cut scheduling decisions, .



1.1 Forest Harvest Planning

Planning is any activity designed to provide efficient,
controlled courses of action directed at achizving sone
identified end., It is a continuous activity, and as such must
bs. flexible and dynamic. Planning allows assessment of change
in economic, biological and social conditions.,. It facilitates
consijeration of alternatives and resolution of conflicts,
thereby guiding decision making.. Hence, ©planning 1is the
foundation for efficient management. .

Forest harvest planning encompasses those activities
desigaed to provide efficient, controlled strategies for
scheduling timber flows. Th2 strategies are directed at
achieving specified wood quantity and quality objectives, as
w2ll as allowing the integration of other resource usss.  The
main objective from a government standpoint is volums yield
control., 1In contrast, the:main objective of an industrial firm
is th=:generation of cash flow and profit, i.es valus yield
control. . However, the need for an assured raw material supply
provides for a consolidation of the two objectives.

Economics plays a fundamental role in the planning process. .
Scarcity, in turn, plays a fundamental role. in th2 =2cononmic
process.  Economics is concarnsd with the 2fficient alloscation
of scarce resources so as to optimize:a specified objective. If
rasources were not scarce, then there would be . little n=sed for
efficient allocation. Without need for efficient allocations
there would be little need for planning. Hence, the concepts of

scarcity and economics ares:fundamental to planning.



Scarcity has also play2d a fundamental role in forest
harvest planning.. The. early stages of the forest industry in
British Columbia, and North America in general, were marked by
an overabundance pf forast2d lands. The most accessible, best
quality stands were harvested. Timber of inferior spaciss, sizs
and qaality was not cut.,. Such harvesting activities have been
considered wasteful exploitations, resulting from a lack of
planning. . However in economic terms, such "explotations" wears2
rational actions.. In tha:face of excess timber supplies, there
was little need for efficisnt allocation of timber resources,
and thus no need for planning.

As =2xcess 1inventoriss are deplated, the issue of scarcitf
develops. Reduced timber suppliss force harvesting activities
to the margins.. Smaller diameter, 1lower quality stands are:
harvestad at the intensivs: margins. Mors: distant, less
accessible stands are harvestsd at the extensive margins.. At
these margins the need for =fficient allocation of rasources
becomes critical to viable operation. .

The :majority of the industry is currently facing operations
at the margins.. At the same time, there is ever increasing
pressure :for the production of a variety of goods and services
from the forest land base. The forest industry is now aware of
the necessity for proper planning to integrate timber supply

needs with other forest land uses.



1. 2 Levels Of Forest Planning

The British (Columbia Forsst Service (BCFS), the public
ajency responsible for management of some. 95% of British
Columbia's forest 1lands, racognizes five lasvels of forest land
planning (Figure 1):

1) the provincial level,

2) the regional 1level,

3) the management unit level - Public Sustained Yield
Units (PSYU) and Tree Farm Licances (TFL),

4) the watershed lavel, and

5) the operational unit/cut block level, .

These planning 1levels provide a framework for linking
philosophical policies to actual, on-site operations.. At the
higher levels, the:planning horizon is longer and the objectives
are more broadly stated.. Conversely, at the lowsr planning
levels the horizon is mors:immediate and the: objectives more
precisely defined. Williams (1976) noted the interrelationships
that exist within the planning framework.

Decisions at any particular level constrain ths activities
of neighboring levels. For esxample, if the objective: at the:
ragional 1level 1is to devslop the timber resource, then a
corresponding industrial infrastructure must be established. A
suitable harvesting schedule would have to be developed at the
management unit 1level, subject to the industrial needs. .
Activities would involve: evaluation of land use potentials,
including assessment of the inventory and transportation system, .

The harvest scheduling stratagy istermined would then direct the



Figure 1. Ievels of Forest Planning (BCFS, 1975)
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davelopment of watersheds.. This example is a simplification of
the actual process. . Factors such as public values and political
issues also enter into the planning picture._  Neverthelsss, the
multi-level planning framework facilitates coordination of +the
planning effort within a temporal and spatial continuum. .

The: purpose of this thesis is to provids a methodology for
explicitly -integrating transportation considerations into
management wunit level harvest planning.. A computer modelling
systen is presented which incorporates the effects of 1log
transport and primary access development with the forest
inventory, thereby providing a more complate. assessment of
timber value.,. This improved valuation, coupled with other
management information is then assembled and evaluvated through a
cut scheduling model. The rasult is 4improved 1long term and
short term forest harvest planning. .

T'he following chapter reviews the development of partinent
harvest planning models.. A problem analysis of harvest
scheduling is then presented.. Next, the methodology us2d in the
study 1is described, followed by ité application to an actual

forest management unit in British Columbia. .



2, . FOREST PLANNING MODELS -

2,1 Aspects Of Models

Models have been dev2lop2i to facilitate effective,
comprehensive forest 1land planning. They ars an outgrowth of
iacreasing management demands. More data, faster respons2 tinme
and the evaluation of alternatives, all under limited manpower,
typify today's planning environment.

Models simplify the. complex nature of problems to a
manageable degres, . The real vproblem 1is reduced to an
abstraction., Only those factors identified as significant are
rspresented, with less critical details ignored. . The
abstraction is then analyzed, typically with +the aid of a
computer. . However, since the actual problam is not fully
represented absolute answa2rs do not result.

A major limitation of planning models is that the actual
planning process is not a well defined activity.. Consequently,
validating a model against present practices is very difficult. .
Models and the modeiling process, neverthaless, do offer
numerous advantages., The model formulation stage <can reveal
significant factors which may otherwise be obscursd by normal
analysis.,. A model when properly formulated provides the
capability for objective assessments on a reproducible basis. .
further, a model provides a framework around which management

knowladge: and experience can be quantitatively expressed and



explicitly incorporated in the planning process.

The computerization of models has provided the ability to
evaluate ‘many factors on a dynamic basis, with greatsr speed and
efficiency than possible under manual procedures._. Such
improvements have enabled th2 evaluation of new alternatives..
The end result is improved utilization of data and a reduction

in the uncertainty around which decisions are made. .

2.2 A Review Of Mangement Unit Planning Models

One of the first published efforts which introduced the use
of computerized models for forest harvest scheduling was by
Curtis (1962). He  applied Linear Programming (LP) in the cut
scheduling of southern pine stands to maximize both volame and
ravenue. production.. The application, however, considered a
planning horizon of only one rotation and was specific to one
forest company. .

Loucks (1964) extend=d the application of LP to cut
scheduling by developing a morz2 general model directed at
sustained yield managament. His formalation included a
capability to consider a vari=ty of management and silvicultural
alternatives, . Leak (1964) wused LP to examine the- maximunm
allowable. yields generated from a series of final cuts and
thinnings over a singlz  rotation. He <considered harvest
alternatives which yielded equal areas, as well as equal

volumes. . Kidd et -al. (1966) incorporated biological factors of



site and age with silvicultural alternatives over a five-period
horizon in using LP for forsst regulation.. Littschwager and
Tcheny (1967) introduced LP decomposition techniques for solving
large scale versions of ths earlier formulated harvest
scheduling problems. The tachnique of solving a ssries of
smallser subproblemé was found to be useful for scheiuling cuts
over a large number of forest compartments.

Bare and Norman (1969) introduced the application of
Integar Programming (IP) to harvest scheduling.. Their
formulation included the scheduling of both stands and entire
compartments, Previous Lp applications had r2sulted in
non-integral solutions.,  Through IP, harvest schedulss can be
found which ©preserve the . integrity of existing forest stands. .
Howa2ver, the lack of an efficient algorithm greatly 1limits the
application of Ip to scheduling problems of r=salistic
proportions. .

Walker (1974) combined the economic concepts of supply and
demand with the forest inventory to determine .rates of harvest.
His model, named the EConomic Harvest optimizer (ECHO) ,-
maximizes present net valus.,. The solution strategy =2mployed
ejuates the marginal net revenue derived from harvesting for
each time periods, ECHO 1incorporates downward sloping demand
curve relationships where timber price varies inverssly with the
volume harvested. This rslationship was not characteristic of
previous models..  Also unlike past approaches, sustained yield
or volume flow constraints were not imposed,. Instead, Walker
criticized the «criterion of sustained yield for dstermining

optimal economic harvest levels.
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Johnson (1976) pursued the significance of a downward
sloping demand curve on harvest scheduling' and value
maximization using a quadratic programming formulation. He
demonstrated, contrary to popular belief, that value
optimization could be achievsd by restricting volume harvested.
Under a price responsiva situation, the market mechanism will
act to constrain volume:flow., H=nce, proper consideration of
the price elasticity of demand allows achievement of optima;
economic allocations, not possiblz under imposed sustainsd yield
constraints, Hrubes and ~Navon (1976) demonstrated that a
downward sloping demand curve could be incorporated into LP
formulations by using separable programming in situations where
volume harvested can affect stumpage prices. .

Clutter (1968) presented a more: complete. computerized
forest management planning system. The system 3included an
appraisal simulator in conjunction with an LP harvest scheduler
and report writer.. The simulator calculated volume and value
yields generated by alternative clearcutting policies for each
cutting area. The cut scheluler then selected that set of
alternatives which maximized present net worth subject +to
certain specified volume flow and area consfraints._ His systen,
Max-Million, has been adopted as an operational tool for
managament planning of southern pine forests by a number of
companies (Ware and Clutter 1971).

The  Timber Resource Allocation Method (RAM) is an LP timber
planning system developed by Navon (1971) for thes Unit=2d States

Forest Service (USFS).. This system is similar in concept to
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Max-Million. It takes a forasst inventory and a set of alternate
manag2ment prescriptions for each forest type and determines the
optimal harvest schedule according to either a volume, revenue
or c¢dost objective: The long range planning horizon (up to 350
yzars) and current operational use on a number of United States
National Forests distinguish Timber RAM from previous scheduling
models. . In fact, a USFS review (Mass, 1974) of computerized
planning systems recommended that Timber RAM be used for
allowable cut calculations and long range volume predictionst, .
The Resource. Capability System (RCS, Mass 1974) is a
multiple resource planning tool.,  Forage, sedimentation,
recreational visitor days, as well as timber, are products
considered from the total land base., LP is used to schedule the
mix of resource activities for a given managsment unit._. The
primary bena2fit from RCS is a quantitative means of evaluating
alternative . land use combinations.. However, RCS has limited
applicability for timber ©planning. The model is not well
structured for evaluating detailed timber management
alternatives and is only capable of handling eight time periods. .
Fowler (1978) discussed the need for estimating the impact
of forest management decisions on broader socio-economic factors
of a region. He presented a systzm of submodels to addrasss this
nz2d., . In addition to an LP cut scheduling model, he added:

1) a forest measurement simulator,

—— —— . —— . ——————— —— —— —

1Further details of Timber RAM will be covered in subsequent
chapters. .
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2) an economic input/output model,

3) an employment estimation model, and

4y a tax projection calculator. .
This system enables one. to trace a given schedulz:of timber
flows through to its impact on lavels of gross regional product,
employment and taxes.

Extensions to harvest scheduling models appeared in the
planning of forest roads. Odendahl (1975) reviewed saveral of
the planning models used by the USFS for forest transportation
analysis.. The most pertinent of the models discussed, the:
Timber Transport model, was designed for analyzing modifications
t> an existing road network which links harvest areas to mills.
This model is actually a system consisting of a route gesnesrator,
matrix generator, an LP/IP optimizer ani a repdort writer.
Traffic allocations and assignments are produced based on the
optimization of either a cost or revenue objective.. The:Timber
Transport model is particularly useful for exgmining traffic
volumes, for costing alternative route flows, aﬁd for assessing
additions, improvements or d=letions to the road network. .

Navon (1975) presented two models for forest transportation
planning., The:first model addressed short run analyses of up to
five years., It was assumed in the short run that both volume
and location of harvest were kanown, with the planning problen
reducsd to determining the minimum cost strategy of hauling and
road construction activitiss. The second model addressed long
tarm planning.. A detailed discussion is presented by Weintraub
and Navon (1976). . The 1long term model incluled +timber

managament activities as w21l as hauling and road construction
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activities, The problem was to find that combination of
activities which would optimize an economic objective, either
minimum costs or maximum revenues. Both the short and long ruan
md>dels use . a mixed integer linear programming formulation.. Road
construction activities wesre mod=lled as integer variablss with
silvicultural and hauling activities as continuous variables. .
As with most IP problems, ths number of integer variablss must
be limited to keep the problam within solvable dimensions, .

A progression in the development of forest harvest planning
models has becoms apparent upon reviewing the 1literature, .
Initially, applications emphasized the biological aspscts of
growth and volume yield, particularly in the - context of a
sustained yield philosophy. Models then began to place more
focus on the bio-economic aspects of harvest planning.. From
there the: . modelling effort  has been characterized by the
development of systems of models rather than a single model to
address forest harvest planning. We are now at the :stage where
extensions to previous models are being developed (Willianms,
1976). . The focus is on improving and combining =xisting tools,

rather than on developing entirely new techniques or models. .
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3. . PROBLEM ANALYSIS -

The: problen analysis process basically involves the
identification of; the decision makér, the  objective, and the
alternativeé available to satisfy the objective._ Among the
alternatives there has to be doubt as to which is best, .
Constraints affecting the alternative-objsctive re2lationship
must also be identified within the problem environment.. The
existence of a problem would not be clearly recognized if any of
the above components were not identified. .

The decision makers ¢to which this thesis is directed are
the forest managers who plan harvests at the management unit
lavel.. 1Included in this group are both government managers
responsible for PSYU's, and industrial managsrs responsible for
TFL's, .

The basic objective of the forest manager, in regards to
harvest planning at the managsment unit level, is to schedule
the harvest of the. supply of timber over time in an optimal
manner. . Thé desirability of ©possible cutting schedules is
msasured in terms of volume and value flow, giving due
consideration to non-timber resources. Harvest scheduling
encompasseé the determination of:

1) the cut level,
2) the time period for harvest,
3) the species composition of the cut, and

4) the possible areas of harvest. .

Several alternatives exist in addressing the four aspects

of harvest planning. Planning time requirements and the ability
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to evaluate a variety of scenarios are measures by which
alternative harvest regulation methods can be Jjudged.. Two
particular alternatives are considered below; the present and
historical method of determining harvest schedules, and a new

approach which has gained consid=rable attention. .

3. 1 Harvest Scheduling - Background

The historical approach to harvest scheduling has been
based on biological yield criteria. Cut regulation policies
ware non-existent in British Coluambia prior to 1947,. 1In the
early 1950's sustained yi=21ld regulations ware instituted to
datermine annual allowable cut levels as a result of the second
Royal Commission of Inquiry related to British Columbia forest
rasources. . The early attempts at determining harvest 1levels
were based on the Hanzlik formula (Hanzlik, 1922).. This formula
was designed for the regulation of mature and over-mature

forests, . The basic form of Hanzlik's formula is shown b2low:

Volum2 of Mature Mean Annual
Annual Allowable Cut = ==cwmcccocmemeoaa_ + Increment
Rotation Age. of Immature

Subsequently, harvest lavels were detsrmined by a more
datailed computational procedure designed to maximizs mean
annual increments of growth. In this process, localized
estimates of growth and yield are obtained from the timber

inventory of the management unit in question.. Such estimates
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provide the basis for detsrmining total yields and annual yields
of mature and immature. forest types. The- annual vyi=lds
represent a cut level which maximizes the rate of physical
production from the forest base. A biologically optimal
rotation age for each forest type is then determined by dividing
the total yield by the annual yield. An iterative: procedure
called an "area/volume allotment check" is then carri=d out to
varify the compatibility of the specified rotation age with the
tabulated annual cut.,.  If nscessary the annual harvest level is
adjusted so that the time period in which to harvest all age
classas corresponds to the optimal rotation.. Complate datails
of the BCFS annual allowable :cut calculation can be found in a
policy paper (Haley, 1975) from the most recent Royal Commission
into forest resources?, .

A number of administrative adjustments are subssquently
made.to the indicated allowable cut level to reflact volume
losses due to 1land alienations for non-timber uses, fires,
roads, regeneration delays ani other silvicultural and
harvesting induaced losses,. The net result is an
administratively approved cut level for a one. year period for
the w@management unit of concern.. The above procedure has been
used for determining annual harvest levels for both PSYU's and
TFL's, . '

The determination of +the remaining scheduling aspects of

e ———— ——— o — —— — —— — ————

2pearse, P.H., 1976. Timbsr Rights And Forest Policy, Resport Of
The Royal Commission On Forest Resources
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what and where to harvest have also been based on volunme
critéria.v From the government viewpoint, assignment of cutting
priorities to stand types based on an increment gain philosophy
has identified what species to harvest. High priority is given
t> those . stands which, when Feplaced, result in greater growth..
These prioritized stand types are- then identified on the
inventory type map showing potential harvest areas. From the
industrial viewpoint, product marketing requirsmsnts are
bacoming increasingly prevalsant in dictating species flow fronm
the - harvest, = Potential harvest areas which will contribute to
the desired species mix ar2 .again identified on the inventory

type map. .

3.2 Harvest Scheduling - Ne231 For An Alternative

There are several dJisadvantages to the harvest planning
approach described above, . Foremost 1is the  lack of =acononic
considerations in the establishment of harvest regulation at the
managa2mant unit level. The rate of timber harvesting has been
determined so as to maximize biological productivity, and not
nscessarily economic or social returns. Econonic as well as
biological assessment of the management wunit will provide an
improved basis for cut scheduling. In particular, the need
exists for the economic factors regarding species flow and
harvest area accessibility to be explicitly integrated in the

determination of the rate of harvest.. Recently, the formal
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incorporation of economic analysis with biological analysis was
evidenced on one of the National Forests in California (Craig,
1979). . This study demonstrat=d that departures from a strict
aven flow sustained yield approach resulted in opportunities for
increased levels of harvest, revenues and jobs without adversely
affecting the long term biological capacity of the. management
unit. .

A second disadvantage:of present harvest scheduling methods
is the limited opportunity for assessing alternatives.. The need
exists for assessing the impacts of possible:current dscisions
over a long range horizon. Previous planning methods 3id not
facilitate analysis of a spectrum of harvest schesdules in a
timely manner, a deficiency 1largely a result of the manual
process of allowable cut detzrmination.

A third major disadvantage is the absence of transportation
considerations in determining timber flows for a management
unit. The selection and timing of harvests are: principally a
function of the timber value, its location and its
accessibility.. Not only does the transportation network
rapresent a major physical constraint in terms of accasss, but it
rapresents a major expense. . Roads represent approximatzly 20%
of the capital investment of a harvesting operation im British
Columkia, with the costs of éonstruction not uancommonly
exceeding $70,000 per mile: ($43,497/kilometre).. Substantial
savings can be realized through thoughtful intsgration of
cutting schedules with hauling and constructiosn activities. .

The integration of timber planning and transportation

planning systems was endorsed in a review of USFS planning
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systems by Weisz and Carder (1975). In this regard, Wsintraub
and Navon (1976) state:

"The sequential non-integrated approach 1leads to
suboptimization on two counts:

1) the wrong set of harvest areas may be made
accessible, and
2) the choice: of period of access to each nois
(harvest area) may not be optimal™"
In other words, transportation-related activities ars major
decision variables in harvest planning and should be given due
consideration along with silvicultural activities. .

Greater demand for other resources has forced alisnations
from the timber base. Thess:supply-reducing pressurss, coupled
with the increasing demand for wood products have substantially
increased raw material costs to the forest industry.. Such
changes in the physical and =2conomic environment only accantuate.
the deficiencies of past harvest planning practices.. The latest
Royal Commission into British Columbia forest resources, the new
Forest Act and the accompanying regulations are. evidence that
forast policy must be dynamic. Changes must be:made to keep in
step with economic and social needs. Change is now appropriate
in the regulation of harvests.,. The traditional concepts and
basis for harvest scheduling are no longer adequate or
applicable to current planning needs.

The alternative method presented in this thesis to address
the deficiencies identifi21 above is the TRansportation
Analysis-Cut Scheduling (TRACS) systen. TRACS makes use of

rasource . inventory compilations and management prescriptions to

provide growth, yield, cost and revenue data for harvest
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schedule determination. Long range impacts of a variety of
management strategiesr on both a volume and value .basis can be
evaluated., . Furthermore, TRACZS allows in its =2valuations the
explicit consideration of stand accessibility in terms of road
construction and 1log transport.,. The result is a harvest
planning system which integrates transportation in the
biological and economic evaluation of cutting schedules for a

managsment unit. .
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4, MODEL -COMPONENTS

This thesis expands the effectiveness of existing
managzment unit level harvest planning tools. 1In doing so, the
TRACS system methodology draws largely from the componants of

the Computer Assisted Resource Planning (CARP) system (Williams

®

t- al., 1975).. CARP was d=veloped for the BCFS as a prototype
harvest planning systen. Tha2 original methodology has been
2xtenied by developing a transportation modelling subsystem.
The results from this transportation subsystem are. subsesquently
incorporated in cut schedule-determination. .

The flowchart in Figure 2 outlines the basic analytical
structure of the TRACS system. The following five: major
subsystems are presented:

1) the Forest subsysten,

2) the Transportation subsysten,

3) the State Variable subsystenm,

) the Cut Scheduling subsystem, and

5) the Report subsysten,
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Figure 2. Components of the TRACS System

-
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4,1 Forest Subsystenm

All methods of determining harvest levels first regquire an
inventory of the physical resources of the managszment unit..
Typically a map overlay systsm provides the foundation for
compiling information on the supply of resources available. The
overlays would include vegetation type and 1land classification
as a minimum. = The type map provides information on species,
age, site: and timber yield. The 1land classification map
provides information on soils, 1landform, parent material and
drainage characteristics. .

The overlay process delineates distinct 1land uanits for
which area and productive. capability can be identifisd. all
corresponding information is compiled as attributes of these
physical geographic wunits.. Land use plans and management
prescriptions related to the .identified land units accompany the
‘physical resource information. UOse suitability and prescribed
treatments are derived as a function of local knowl2dge and
soil-landform characteristics, and provide the  basis for cost
estimation. .

Those areas having productive forest cover form the basic
"stand" unit.. Stands represant the finest level of resolution
for wunit planning..  For each stand, the following attributes
comprise the data base:

1) -stand number
2) compartment number
3) geographic location

U) species type
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5) land class

6) age class

7) site class

8) area

9) net volume p2T unit area

10) designated use((s)

11) harvesting method

12) season of harvest

13) earliest and latest harvest entriss
14) expected site.prebaration

15) expected regensration

All of the above information is assembled and maintained on
a computerized data management and retrieval system. . A
computerized data base serves three basic functions.. Firstly,
it provides rapid answers to on-3demand user gueries. 6 Secondly,
it provides for generation of standardized management reports. .
Thirdly, it provides for the generation of basic data for
further analysis.

As mentioned, the stand inventory provides an indication of
productive capability of thes land.. The BCFS derivas localized
estimates of timber growth and yiesld through sampling. These
estimates reflect average volume production per area to a given
utilization standard, less d=ductions for decay.. The yields are
presented in graphical form in which volumes are plotted against
age by species type, geographic location and site.. These BCFS
Volume/Age Curves (VAC) ar=2 a rudimentary form of a whole

stand-distance independent growth model. The: VAC's provide the
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basis for the standard annual allowable cut calzulation
procedure., . The same basis for growth and yield projection is
used in this thesis because of availability and also to
demonstrate how the same data can be utilized to generate more

information to aid management.,

4.2 Transportation Subsystenm

As previously discussed, the transportation system
rspresents major decision variables in forest harvest planning..
The importance of transportation consid=zrations has been
evidesnc2d in a study by Herrick (1976). He found that hauling
distance 1is one of the most critical determinants of successful
logging operations, .

Reliable estimates of the costs of moving 1logs from the
landing to the manufacturing plant are required for propsr stand
valuation.  However, models for avaluating such costs have not
been 1long established in forestry. TRACS allows for the
generation and evaluation of transportation-related costs. . The
transportation subsystem presents a procedurs for deriving cost
estimates for truck transport based on a minimum routing network

analysis technique., .
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4,2, 1 Derivation Of Transportation Costs

Two main factors affact the estimate of transportation
costs for a given stand:
1) the transportation network, both existing and
proposed, and
2) the 1location of the fofest stand in relation to

both the network and the manufacturing plant. .

The typical forest road network can be characterized by two
attributes; road class and, type of haul (i.e. _on vs. Off
highway haul). These two characteristics determine ths quality
of the road network and the type of transport medium which
utilizes the network. . Road <classes relate to the:design and
capability standards in terms of maximum allowable vehicle
speeds and +traffic concentrations for the: road.. They are
significant as they directly affect "cycle" times for travel
from landing to mill and back to landing.. The type of hauling
medium permissable, either on-highway or off-highway trucks, is
also a significant factor.. This characteristic directly affects
allowable load limits and truck speeds.

More specifically, cost estimates for truck transport, in
dollars per unit volume, are a function of four components:

1) distance
2) speed
3) machine rates
) load size
Distance divided by allowéble truck speed, loaded and unloaded,

provide «cycle times. . Cycle tim=s applied against machine rates
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for logging trucks yield costs for 1log transport in strict
dollar terms. This cost when divided by load size generates log
hauling cost in dollars per unit volume of wood., The derivation
can b2 summarized as follows:

1) Distance/Average Speed = Cycle Time
(miles) (miles/hour) (hours)

2) Cycle Time X Machine Rates = Cost
(hours) (3 /hour) (%)

3) Cost/Load Size .= Transportation Cost-
(%) (cunits) ($/cunit)

Thus, hauling distance is the - initial factor which
contributes towards transportation cost derivation.. Distances
from the stand to the roal network and through ths network to
the mill are required.. N=2twork analysis provides a means for
determining the necessary hauliny distances and facilitates the
assessment of hauling strategies. The following section defines
some - basic terminology which will be introduced in the
discussion of minimum routing and its application to stand

valuation, .
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4,2, 2 Network Analysis

A basic characteristic of graphs and networks 1is their
combinatorial nature.. A graph is a collection of nodes joined
by a <collection of arcs. Graphs define purely structural
relationships.. A network 1is a graph containing in addition,
flow, distance or some other measurable attribute associated
with the nmember arcs and/or nodes. Thus, networks provide
quantitative descriptions as well as defining structure. .

In mathematical notation, the set of nodes can be
represented by N = {1 | i = 1,...,0}, and the. set of arcs

rspresented by A = {(i,j) or (j,i) | i&N, j&EN}.. Given the above

two sets, a graph can be defined as the set G = ({N,A'} «where
A'za, Extending the notation, node attributes can- be
rapresented by B = (b | i6N}. Similarily, arc attributes can b=
rspresented by C = {c(i,j) and/or c(j,i) | (i,j)éa}. . Given

these. additional sets, a natwork can be defined as the set W =
{N,A',B,C'} where C'&C(A') .

A number of other "graph-network" terms also require
definition, A "branch™ is an arc togesther with its
corresponding end nodes. . If all branches are unorder=d, where
arc (i,j) = arc (j,i), then the graph, G, is "undirsctedr. .
Conversely, if the branches are ordered yielding some sense of
direction between the nodes (where:arc (i,j) # arc (j,i) ), then
the graph, G, 1is said to be M"directed".. A "sourc2" node is
oriented such that arcs lead away from it, wher=as a "sink!" node
is on2:in which arcs are directed towards it. Figure 3 presents

examples of  both an undirected and a directesd graph.
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Figure 3. Examples of Graph Structures

Undirected Graph, G

Node Set : N, = {1,2,...,9}
Arc Set : A1 = {al,az,...,alz}

where a = 1,3 = (43,1, 1,3¢ N

Directed Graph, G, = {Nz, A2} :

Node Set : N2 = {1,2,...,9}

Arc Set : A, = {81’82""’814}
where ak - (1;:]) * (jpi)' ibj € N
Source Node = {1}

Sink Node = {9}

2
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Corresponding set d=2finitions accompany the diagrammatic
rspresentations. Note:also, intersections occur only at nodes,
not where arcs are shown to cross each other, .

The "degree" or M"ordsr" of a node is the :number of arcs
incident wupon it. A node . of degree 1 is an extreme point3, and
its corresponding arc is a términal arce. Further, arcs are
definad to be adjacent if they are incident on a common node.
Completing the terminology, a "path" is a series of ordered,
adjacent branches leading from a given node i to another node j
such that each intervening node is encountsrsd just once. A
path initiating and terminating at the same node'is called a
"cycle™ or "loop". Convers2ly, an acyclic path is raferred to
as a "simple path".. A graph, G, is "connected" if ther= sxists
at least one path connecting any two nodes i and j, where i&N
and j&N and i # j. As a final term, a "subgraph" of G is that
subset of nodes, N'=N together with the appropriate subset of
incident arcs, A'za. .

The Shortest Route problam involves finding the feasible
path of minimum distance from a particular source noi=: to a
particular sink node.. Th2 problem is characterized by a
direéted graph, G = (N,A)., The node set, N = (i|i=1,ee.,n), can

be partitioned into three subsets:

1) N, source nodss,

2) N, intermediate nodes, and

3However the converse is not trus, It is not nacessary for an
extreme point to be a node of degree 1.
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3) N3 = sink nodes
- The arc set, A = {(i,]) Ii8N,j&N} where A4 2 n-1, connects every
pair of nodes.. There. exists a set of attributes, Cc =

{[Ci,j)1(1,5)&r}, associated with each arc betwsen nosdes i and
Jj.. The feasible path betwsen nodes i and j can bz represented
by x;; «. The:following additional conditions also hold:
1) the arc attributes Cij need not be syametric,
i.e. Cy *# Cji o
2) the attributes Cij are non-negative, i.e.fcg 20,
3) the value of an attribute from a node:to itself is
zero, i.e. cy =0 , and
4) where no arc exists between any particular pair of

nodes, the attribute- ca is assumed to be

infinite.
3iven the above specifications, the Shortest Route problem

can formulated as follows:

MIN 2 =§;§:cijxij

subject to :

-1 for i&N, , where N, = (1}

- Z:xi- =4 0 for i&N, , whare N, {2,e00,n-1}

1 for 18N3, where N, {ni

ii) Xx;; 20 for all i

Y

The objective 1is +to £find the route which minimizes the +otal
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distance travelled from a spacified source to a specified sink..
The first set of constraints specify that only a single unit
flows out of the source (N,) and into the sink (N3), while: flow
is conserved at the intermediate nodes (N,).. The second
constraint states all flows are to be positive, In ths usual
case, the arc attributes, CU , Trepresent distances between
respective nodes., However, ths arc attributes ne2d not be
rastricted to distance.. They may be times, for determination of
the minimum duration route, or ©probabilities of delays, for
datermination of the most reliable route, or the attributes may
b2  costs, for determination of the minimum cost routs.  Note
that as with most problems the optimal value (i.e. the ' minimunm
distance) 1is not of key concern, but it is rather the decision
strategy yielding optimality (i.e..the minimaum route) which is
of primary importance., .

Closely associated with the basic Shortest Route problem is
the. determination of the shortest path between a selected sink
and all other nodes. As Elmaghraby (1970) points out, almost
all algorithms that solve th2- basic on2:source to one sink
problem, also solve the all sources to one sink problsm.. The
all sources-one sink Shortest Route problem is the one of
particular interest, . |

Tha2: algorithm considered to be most efficient in
dztermining the shortest path between a specified pair of nodes
is a tree method developel by Dijkstra (1959).. The msthod is a
parmanent labelling, 1iterative ©process in which the distance
from a particular source: node, 1, to every other node, i,

(i=2,000sKksee0,n) is ~determined in ascending order until the
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specified sink nods, k, has been processed, or until all other
nodes have processed.. Th2: algorithm is capable of handling
non-symmetric arc lengths ani both positive. or nesgative arc
attributes, . A detailed description of Dijkstra's algorithm is

presented in Appendix I, .

4,2,3 Log Transportation Based On Minimum Routing

The forest road system of a management unit can be
raprasented. in digital form, . Two-dimensional spatial
relationships of the road natwork can be captured from a map
through a process of digitizations¢, Road segments can be
delineated on the basis of road class, road status and haul
type.. In other words, road segments represant sections of road
of uniform characteristics.. Lengths of the: individual road
segments can be computed directly from the digitized 3data. .

Empirically observed <cycle  times from centres 5f active
operation can be supplied along with the road systam.. These
cycle times, combined with current machine rental rates and
average load volumes, provida: transportation costs per volume of
log. Distances from the: active operations to milling sites

allow generation of haul costs in dollars per cunit per mile

4Digitization is the. process of recording x and y coordinate
values relative to a predefined base origin. The recording of a
series of coordinate pairs enables the geographic 1location of
such features as roads to bs numesrically reprassnted. .
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($/cubic metre/kilometre). These costings from observed
operations can then be used as the. basis for establishing
hauling cost Zones. . Within a particular zons, the
transportatioh cost for a given stand can be derived by
multiplying the distance. from stand to the: mill by the
rsspective dollars per cunit per mile ($/cubic metre/kilometre)
figure. . Alternatively, distance to a pre-determined 1location
for cost appraisal purposss could take ths place of the mill
site. .

The distance from a stand t> the mill or point of appraisal
involves two components, The first component is +the  distance
from the stand to the access road.. The coordinate location of
each stand is captured +through digitization of a visual
cantroid. The selection of an access road for a particular
stand is based solely on linsar distance., 1In other words, the
closest road will be accessed., Pythagorus' Theorem is used to
dstermine this linear distance, This approach is a
simplification in at 1least two respects.. First, the distance
will be underestimated, sinc2 in most cases the path of access
from a stand to the road will not be linear.,. Second, no regard
is given to topography which may hinder access of the <closest
road., Nevertheless, to facilitate an estimate of the first
distance component it is assumed that the nearest road will be
accessed, .

The: second component is ths distance from the point on the
access road through the:road system to the point of appraisal. .
The criterion employed in selection of the:routz-is ons of

minimum distance. Dijkstra's algorithm, discussed in Section
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4,2.2, is used in determining this second distance componant. .

The forest road system can be represented as an undirected,
symmetric networkS.. The node s=2t, N = (i}{i=1,2,...,n}, beconmes
the points of the road class transitions (and road segmsnt end
points).  The correspondingy arc set, A = ((i,j) | i8N, j&N} is
the road segments themselves with distance as the gquantitative
attributes Cij v of interest,. The source nodes i, i&N, , are the
gso-coordinate centroids of the forest stands.. The sink node
J, j&N3 1s the point of appraisal, usually a spscified mill
site. . Thus, the situation is formulated as a minimum routing
problem involving multiple sourc=s and one sink.. Ths objective
is to minimize the: distance travelled in proceeding from a
sourc2 node:i, through the network to sink node j.. The decision
is to determine the routing strategy, Xij o which yields minimum
total distance travelled. .

The approach of using Dijkstra's algorithm in conjunction
with digitized data is uniqus rslative to applications reviewed
in ths:literature. The distinguishing feature:of this approach
is that as part of the process of determining minimﬁm distances
and routings, the precedence relationships of the network are
constructed.. Nod2:and arc relationships of the:road system are:
assembled and maintainsd from the initial digital
representations, and are not expressly identified. .

Cost estimates for primary road development can also be

SAlthough distances are symmetric, +travel times may not be, .
However, the simplifying assumption is that cycle times are
directly related to distance., .
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generated by the transportation subsystem. Lengths of proposed
main roads, by road class, within the .network are determined by
the subsystem. These distancss, when combined with construction
costs for given conditions of terrain, parent material and road
standard, yield a cost estimate for the: propos=d road
development. The construction costs are then proportionsd among
the timber volume of the stands which will use the proposed road
for access. ., The result is an additional par unit  volume cost
estinate reflecting accass development. A further us=:of the
subsystem is for evaluating road class selections for proposed
construction or upgrading. Tradeoffs betw=2en the 2xtra costs
for dsveloping better class roads versus the estimated savings
in transportation costs can be examined.

The transportation subsystem can also .be emnployed on a
stand alone basis for evaluating alternative wood flow patterns
from stand holdings to mill complexes.. Routing strategies both
within and between management units can be examined. Impacts of
fluctuations in unit costs for transportation and road
construction can be assesszd. For example, forecasted fuel
price increases, suggestel practices of end hauling and other
such considerations could be evaluated.

To summarize, the. transportation subsystem provides the
capability for genesrating both transportation and primary road
construction cost estimates for stand access.,. The estimates
provide .a more comprehensive assessment of stand value.. This
improved appraisal can be wused as the basis for inispendent
analysis or can contribute to the overall scheduling of timber

harvests at the management unit level. .
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4,3 State Variable Subsystam

Resource managers are.being forced to deal with a diverse
and ever increasing data base. OUnder such conditions, the
efficieat wutilization of 3Jata becomes a significant concern. .
The degree and extent to which data should contribute to
planning must be identifisd for rational analysis to taks place..
The issue is one of data resolution.

The regquired 1level of resolution is very much connected
with the concepts of planning levels,. For regional planning
only broad, incisive param2tars need be considesred.. Conversely,
for cut Dblock planning very detailed data are necessary..
Between these two limits is a wide range in levels of data
resolution. . The user should be able to select a level
appropriate to the:planning needs. .

This section describes a methodology which allows base
data, in the form of variables which describe the state of the
rssource, to be:synthesized to varying levels of resolution.. In
this study, data are transformed into information pertinsnt +to
managament unit level harvast planning.. Th2:components of the

state variable subsystem of TRACS are outlined in Figure 4.
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4,3.1 Initial State vVariables

The finest level of data thus far has been  the stand,
characterized by species type, productive capacity and
managsment prescriptions.. However, for policy decisions
concerning harvest scheduling at the management unit level a
broader level of resolution is appropriate.

Groupings of stands or "timber classes" can be derived
which are homogeneous with respect to their rasponse to
manag=ament treatments. Since cut scheduling decisions are based
on yisld attributes, the:condition or state of each stand can be
reflected by volume:and valus yields. Any consolidation of
stands should be based on similarities in thessz yield
characteristics. . This necessitatess determining the. volume and
value yields for individual stands, for both the presant and the
future, Such yields repressent the set of initial state
variables, .

Current volume per area estimates for mature and
over-mature stands are derived from the type:map, with current
stand stocking used to adjust future volume yields projected by
the BCFS VAC's..  An exampls of a VAC is prasented in Figure 5. .
The curve identifies volume yields which can be: expsct=2d over
time from logdepole. pine. (Pinug- contorta Dougl.) stands of
medium site quality.. Yields from immature stands are derived
directly from the VAC's, assuming stand management will result
in necessary stocking conditions for the: corresponding volume
flow. .

Estimates of stand value are obtained from a simulation of
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the BZFS 1Interior End Proluct Appraisal System., Inventory
cruises to industrial standards provide compilations of stand
volume by log grade. Recovaries in terms of 1lumber and chips
for a representative mill are used to generate end product
outturns. Corresponding market prices for the products provide
gross revenue for the stand. Such revenue estimates are:derived
for each stand as a function of age, site:and speciss type..
Harvesting costs, including £=211ling, bucking, skidding and
loading, for each stand are derived as a function of age,
volume, species type, soil-landform class and management
prescription. . Area costs for landing construction, skid road
construction and site preparation are-also included in the stand
appraisal. These costs together with the costs derived from the
transportation subsystem are +then subtracted from th2 gross
resvenue  figures, resulting in net value estimates for timber
dslivered to the mill. Projections of stand value over time are
gesnerated on the basis of the volume yields projected from the

VAC!'s. .
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4.,3.2 Data Analysis

The:initial state variables of each stand provids:-the basis
for generating timber classes,. Data analysis techniques®
provide the capability for reducing data s2ts to manageable
dimensions while minimizing the loss in information. .

Factor analysis is p2rformed on the osriginal stand yielad
characteristics which transforms the variables to an orthogonal,
normalized state space, Basically, the procedure involvss first
an extraction of the principal components of the input
variables. = These components are then rotated to dzlineate
underlying dimensions of ths. input variables.,. An orthogonal
rotation reduces the .amount of inter-correlation that may exist. .
In simple terms, independent factors which contain thz essesnce
of the original state variables are extracted to yield a smaller
set of stand attributes, This step eliminates r2dundant
information which may bias the generatioh of timber classes, .

Next, stands are aggr=sgated into timber classss based on
the factors extracted above. Cluster analysis 1is employed to
perform the: aggregations. It 1is a descriptive, statistical
tachnique whose successful application relies on the =xistence
of 1inherent natural groupings. Groups are formed saquantially
so as to minimize the total variation in the factor valuss among

each stand member. The procass begins with each stand as an

——— ————— —— —— — —— ————— —

60thers have better covered the computational details of the
techniques to be discussz23 (Ward, 1963 Gower, 1967;
Veldman, 1967).
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individual group. Groupingys are made, one at a tim2, until
eventually all stands are members of one group.. At =each step
the dscision to combine particular stands or graups of stands is
based on the minimization of the increase in total intra-group
variation. . Examination of th= variances associated with each
successive. grouping 1level may indicate a particular number of
groups worthy of consideration., Reduction to the next 1lower
level may result in a substantially large .increase in error. .
Typically there are.a number of significant ' error increases. .
The détermination of significance is mainly subjective and
dependent'on the user's objective.. If minimizing loss in
information 1is of prime.concern, then the grouping lsvel that
exists prior to the first substantial increase in error should
be selected. If however, a particular range of grouping levels
is of interest, then the:srror increases only within‘that range
should be examined. .

An extension to ths:clustsring process has been developed
where .special qualitative:attributes can be used to sa2gregate
stands in determining timbar groupings. A dynamic programming
formulation is wused to allocatz: grouping 1levels among the
stratifications in an optimal manner, A paper by Williams and
Yamada (1975) describes th2: procedure in detail with an
application which preserves sp=sciss type within the timber class
groupings., .

The net result of the data analysis subsystem is the
formation of timber classes which have:similar silvicultural and
economic yield characteristics. . The same process is applied to

the yields over time +to form concise classes for volume and
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value projections, The. resulting timber classes and vyield
classes are the state variables which are used as input for

harvest schedule determination.

4.4 Cut Scheduling Subsystem

The TRACS system schedules timber harvests based on the LP
model, Timber RAM.. Other papers have described ths Timber RAM
mod=1 in detail (Hennes et -al., 1971; Navon, 1971). Tha major
aspects of the model will be reviewed here,

Timber RAM was developed by the UOSFS for formulating long
range timber management plans. The model has the .capability for
considering planning horizons of up to 35 decadss.. Such long
range: horizons allow assessment of the future implications of
short term decisions. Givan an inventory of timber classes and
a set of management prescriptions and responses, RAM will
determine a cutting schedule that optimizes a specified
objective subject to specified constraints.. The objectives may
bz :to maximize volqme production, maximize discounted value
production or minimize discounted «costs over any number of
dscadz2s?. Various constraints on periodic 1levels of volunme,
revenue, costs and forest accessibility can be:specifi=d. . The

resulting schedules indicate the area of each timber class cut,

7The:first planning petiod can b2 split into two 5 year periods..
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and the corresponding flow of volume, costs anq revenues
generatad for each decade of the planning horizon. .

The :activities to be scheduled represent a saquence of
managament treatments for sach timber class over the span of the
planning period. The timber classes and the volum2 and value
yield classes generated from the state variabls. subsystem are
used to formulate RAM activities. An example of a sequence of
management treatments may be.to clearcut employing an 80-year
rotation with precommercial thinning at 20 vyesars.. One
corresponding timber class activity would be. to <clsarcut and
rsgensrate in decade two, precommercial thin in decade:four and
clearcut and regenerate again ié decade ten, rep=zating the
sequence over the planningy horizon. Hence, activities can
differ not only in the type:of treatment but also in the- timing
of treatments.. In this way a multituds: of timber <class
activities can be generated and evaluated with Timber RAM. .

I'here are three major types of constraints which can be
imposed on timber class activitiess:

1) area and accessibility constraints,
2) period constraints, and

3) harvest control and regulation constraints, .

Area constraints restrict the maximum area available for
management of any timber class., Alternatively the total area to
bs . managed of _each timber class can.- be controlled.
Accessibility consiraints restrict the area of each timbasr class
accessible during the first five planning periods. . Constraints

on minimum acceptable lesvels of volume or revenue, or maximum
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accaptable 1levels of costs can also be specified for any period
in the .planning horizon.

Harvest control constraints can be used to control volume
flows during the conversion period. Harvest regulation
constraintst can be used to ragulate volume flow during the post
conversion period. The conversion period is that span in which
old growth 1is 1liquidated, with the post conversion being that
psriod in which second growth management is in effect.. During
the conversion period three types of harvest control can be
implemented:

1) arbitrary control, where harvest levels are-
restricted to absolute upper and lower limits®
2) sequential control, where upper and lower limits on
harvests are restricted to a percentage of the
harvest spscified in the preceding period.. This
allows smooth transitions in decade harvests,
3) conventional control, where harvest 1levasls are
restricted to a percentage range around the
average harvest level of the conversion psriod. .
During the post conversion pariod conventional control is used
to regulate harvest levels.,

The optimal scheduliny of timber «class harvests which

8The option also exists to regulate the area harvested rather
than volune,

9Arbitrary control is the sam2 as instituting periodic volume
constraints. .
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satisfy the imposed constraints is found using LP.. Gensrally,
allocation decisions are based on a series of 2valuations under
a variety of constraints and objectives, not solely on a
specific optimal situation.,. The:underlying benefit of Timber
RAM rests in its ability to =2xamine alternative policies.. Such
alternatives are formulated by varying objectives, activities
and/or constraint combinations. Different objectives =can be
specified Dby changing the planning horizon, discount rate or
output criteria (i.e. volumes varsus revenue). Activities can be
altersd by manipulating rotation ages or silvicultural
treatments. Similarily constraints can be changed, for =xample,
by wvarying volume flow rsquirsments or land accessibility
allowances., . Evaluation of sach changes provides not only an
indication of desirable stratz2gies, but also an indication of
the stability of various managemsnt policies. .
To summarize, Timber RAM provides:
1) a schedule of timber classes to b2: cut with the
corresponding volume and value flows per decade,
2) an estimate. of the productive capability of a
management unit in terms of both volume and
value, '
3) a means of =evaluating impaéts of alternativs:
management policies,
4) a framework in whiéh to assemble and utilize a
comprehensive forest data base, and |
5) an assessmant of the opportunity costs of

non-timber land uses and alienations
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There are .also several disadvantages of Timber RAM, -and LP
in general. First, the model is deterministic with no allowance

for risk. All specified activities must be implemented for the

indicated results to hold.. Second, all variables are
continuous. Hence, any even age structure that exists within
timber classes or stands may be violated. . Third, all

ralationships are 1linear.. Changes in responses that may occur
at varying rates cannot be raflected19, This is a particular
disadvantage where economies (or diseconomies) of scale, or
downward sloping demand hold.. Further disadvantages inherent in
the Timber RAM model its21f have been presented by Chappelle et -
al. (1976)..

Timber RAM neverthelsss provides a means of addresssing the
harvest scheduling problem.. It has proven to be:a very useful
tool for providing guidelines in the planning of management unit

timber harvests.

10separable programming techniques can be employed to reflect
non-linearities, .
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4,5 Report Subsysten

Each subsystem of TRACS has report generation fesatures..
The forest subsystem allows for the gen=zration of standard
management reports.. The transportation subsystem reports road
natwork and standvaccess dascriptions. . Economic valuations of
each stand are reported by the =state variable subsystenm. .
Examples of such reports will be cited in the discussion of
results. However, the reporting facilities directly concerning
the harvest scheduling plans deserve brief discussion hers,

The: Timber RAM model itself generates a variety of reports
which describe the optimal cut schedule., A detailed harvest
schadule can be generated, 1listing for each timber class ths
area to be managed by the s=2lect=d activity and the resulting
volﬁme: yields (in total and per unit area) for each decade in
the planning horizon.. A corresponding report of the  rssulting
economics can bé generated on the same basis.. Summary reports
of the periodic levels of volume and value flow across all
timber classes can also be gsnerated. A graph of harvest
volumes over time is a particularly useful output feature. The
value of the objsctive, the average long run sustainable yield
and other plan statistics arz also reported.

A1l results reported by Timber RAM are in terms of timber
Classes.. The inability to relate the harvest plan to stands has
been identified as a serious drawback (Chappelle et al., 1976). .
Reports relating harvest schadulss to identifiable stand units
have been developed to augmant the timber class reports. .  These

raports allow interpretation of the cut schedule. in a spatial
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context for the managemant unit. Recognition of the spatial
implications of scheduling results is necessary for r=2alistic
managament assessments. .

Specifically, the reports identify the individual stand
m2mbers of the timber classes which are to be harvested in a
particular decade.. The species type, soil-landform class, age
class, area and volumes of the candidate stands are reported.. A
species composition report: for the decade harvest is also
ganerated, An option exists which allows the plotting of
candidate stand locations. This feature is facilitated only
where geographic coordinates have been recorded as a part of the
basic stand data. In this manner, potential stands which could
comprise the specified decads cut are identified. This is the
first step towards 1linking management unit harvest plans to

watershed level planning. .
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5. AN APPLICATION_ TO MANAGEMENT-UNIT HARVEST-PLANNING

The TRACS system was applied to an actual forest management

unit, the Westlake PSYU. Th2. Wastlake ©PSYO, a part of the
Princ2 George Forest District, is situated in the central
interior of British Columbia.. The unit is approximately 600,000
acres (242,803 hectares) in size.. It is in the Montans forest
r2gion with the. principal commercial species being lodgepole

pine and white spruce (Picea glauca (Moench) Voss).

Individual stand units were delineated on the basis of
three map overlays. A forest cover map containing 42 inventory
types provided the:first overlay. A soil-landform map provided
the. second overlay. Nineteen different 1land classss were
ijentified for the Westlake PSYU.. Descriptions of each 1land
Cclass can be found in Appendix II. The third overlay identified
dzsignated use in terms of timber production, grazing, wildlife,
fisheriss, recreation, agriculture and deferred use.. A total of
2,441 stand units resulted.. Prescribed stand treatma2nts also
accompanied the overlay information.. The treatment saquences
which are based on land class and growth type:are dstailed in
Appendix III;A From the above information the:fifteen attributes
listed in Section 4.1 wer2 compiled for each stand.. This stand
information together with BCFS VAC's provided the initial data
base.

A computerized data managem=nt system called ASAP1! was

—— i - — ———— —— ——— — ——> - —

11p5AP, an acronym for As Soon As Possible, is a product of
Compuvisor Inc., Ithaca, New York. .
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used for storage and retrieval of the Westlake data base.. An
example of the query capability from a computerized data base is

shown in Table 1.

Tabls 1., . Age Class Distribution O0f The Westlake PSYU Via ASAP
Run 2 12/13/79 page 1
Outpat 1
Summary agedist
Reqt 1
Task 1
Line 19
2441 records selected
3 e e e o e ook ok ok e sfeok sk sfeok s sk kel ok ok ek s sk sk e ol sk sk ok ok ok ok
Age class distribution by volume:and area
e o s ke e ook ok e e s e ol e s ek etk skl el sk s e e sl sk s ek o sk ok ok
Age Total Total
Class Volume (cf) Acreage
0-20 ¥Yrs 25 26729
21-40 Yrs 64510 97004
41-60 Y¥rs 263672 51504
61-80 Yrs 830337 117307
81-100 Yrs 1553442 152105
101-120 Yrs 929724 49893
121-140 Yrs 764107 22513
141-250 Yrs 692530 31200
250+ Yrs 4000 466
Other 14480 51351
Subtotal 5116827 600072
The table from a request for the age

the results
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Class distribution in terms of both area and pressnt volume
across all 2,441 stands of the unit, The Westlake PSYOD does nbt
'have a balanced distribution of age classes., ., The greatest
portion of the volume:.and area are from stands betwezn 60 and
130 years of age.. Hencs, harvest scheduling for continuous
volume flow is not directly apparent. In addition to query
capability, management reports as those shown in Appendix IV can
be generated, giving detail=d descriptions of each stand..

The forest road network of the Westlaks PSYU was obtained
in map form. Empirical costings from areas of active. operation
were also supplied. The data gave rise to three:sets of hauling
cost - zomes and six sets of road development costs.. Table 2
shows the basic access-relat2d costs for the unit..

The primary access roads were digitized with the attribute
information and precedencs relationships established through the
transportation subsystem..  The forest road network of the
Wastlake PSYU consists of 46 primary access roads. Ther2-are in
fact three separate networks within the management unit.. Two of
the natworks lead to Prince 32o0rgs mills, while the third 1leads
t> an Isle Pierre mill. The node network constructed and the
precedence relationships are shown in Figure 6.. The: large;
underscored numerals repressnt the 1individual road segments.
The smaller numerals correspond to the nodes generatsd during
n2twork construction. A summary of the road segments within thse
natwork is shown in Tabls: 3,  For each road there is a
description of its 1length, node precedence relationships,
status, road «class, haul cost zone assignment and cost for

development, if any. .



Table 2. Basic Access Cost Data

COST OATA SUMMARY

TRANSPORIATION COsSTS

ZONE $/CUNIT/NILE
1 0.22
2 0.18
3 0.15
4 0.0
5 0.0
6 0.0
7 0.0
8 0.0
9 0.0

10 0.0

ROAD DEVELOPMENT COSTS

ROAD CLASS $/MILE

65000.00
50000.00
40000.00
33000.00
12000.00

e W & W N -

8000.00
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RD. # RO« LENGTH

(MILES)

1 13.9
2 3,22
3 1.36
4 1. 65
] 1.49
6 i.10
7 3.22
(] T.61
9 3.03
10 2.16
11 6. 08
12 2.87
13 6.63
s 5.66
13 12.713
(1) 6.09
17 7.09
18 le6l
19 3.14
20 3. 61
21 6.80
22 4.33
23 2.13
24 2.70
23 5. 21
26 626
27 T. 41
28 2.12
29 1.79
30 2.49
31 3.28
32 18.22
33 15.32
34 3.20
3s 239
36 1.37
37 1.92
38 2.76
39 4.77
40 4. 26
41 8.05
42 4. 06
43 10.33
4 2.96
(1] 4.94
46 4.48

ROAD SEGMENT REPORT

1ST NODE
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2ND NODE
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Ll el el el adatodad
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ROAD STATUS

HAUL COST
LONE

ON-HUY EXESTING
ON-HUY EXISTING
ON-HHUYEXISTING
ON-HWY EXISTING
ON-HWY, EXISTING
OMN-HU Y, EXISTING
ON-HMY, EXISTING
ON-HUY,EXISTING
ON-HWY EXISTING
ON-HW Y, EXISTING
ON-HWY, EXIST ING
ON-HWYEXISTING
ON-HW Y, EXISTING
ON-HW Y, EXISVING
ON-HJ Y, EXISTING
ON-HWY,EXISTING
ON-HNYLEXISTING
ON-HWY EXISTING
OFF-HUY,EXISTING
OFF-HMY, EXIST ING
OFF-HHY, EXISTING
ON-HWH Y, EXISTING
ON-HMY, EXISTING
ON-HWYEXISTING
ON-HHYEXISTING
ON-HWYLEXISTING
ON-HUWY 4 EXIST ING
ON-HUY JEXISTING
ON~-HWY L EXISTING
ON-HWY, EXISTING
ON-HEVY,EXISTING
OFF-HWY,EXISTING
ON-HWY EXISTING
OFF-HWY, EXISTING
OFF-HWY ,EXISTING
OF F-HWY s EXISTING
OFF-HWY, EXI STING
OFF-HMY EXISTING
OFF-HWY, EXISTING
OFF-HW Y, PROPOSED
OFF-HWY,EXISTING
OF F~-HWY, PROPOSED
ON-HWY  EXISTING
ON-HWY; EXISTING
ON-HUY, EXISTING
ON-HUY, EXISTING

C OO rIIVWBWWWWOIOIWVMAMAVMWEGO OGS swaVAAREGVBWROCOCOCCFOOGOO
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DEVELOPMENT
COST (8)

140625.00
133204.73

9¢
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For each stand there. 1is a transportation cost
rapresentative of its location relative to the point of
appraisal. . Since:each stand is accessed by the: closest road
from among one of the possible road networks, processing across
all networks will assurz a transportation cost estimate for each
stand. . Not only will an estimate be generated, but that
estimate will be based on the minimum route distancs to the
raspective appraisal point.v If stand access requires a proposed
road to be developed, then the costs of <road construction are
distributed over the total volume accessed by that road.. Such
costs reflect primary road da=velopment, and are assigned to the
stands directly involved. .

The initial base. of stands was reduced prior to state
vafiable analysis., . ' Stands which would not significantly
contribute to the  productiva: capacity of the unit were
eliminated.. Such stands included those less than ten acres (4
hectares) in size: (213), thoss classified as "non-productive"®
(231), and those <classified as "not sufficiently restocked"
(12) o . This 1left 1985 stands comprising 573,840 acres (232,217
hectares) as the basis for harvest planning within ths Wastlake.
PS5YU. .

For each of the 1985 stands, twenty initial stats variables
w2re . dgenerated. The . stat2- variables represénted present and
futurs:volume and economic yields to be derived from each stand.
Current volume per unit area and current net value. par unit
volume . were two of the state variables of each stand.. Future

volumses and valuss describing each stand at tweanty year
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intervals, from 40 ‘to 200 years of age provided th2 r=maining
eighteen state variables. )

Volumes were derived from the BCFS VAC's.,. Valuss vwere
derived from a stand appraisal simulation. Ths appraisal
involved estimation of the end product market values minus the
ralated costs of making the wood available: to the mill, .
Appendix V displays the appraisal report for the: maturs stands
of the Westlakg PSYU. . The:contribution of each component to the
derivation of stand value is itemized in the report..

Factor analysis was then parformed on the initial 20 state
variables., . Five orthogonal factors resulted which accounted for
approximately 99% of the information represented by the sriginal
variables.  In other words, a four-fold reduction in th2  state
variable space. only resulted in a 1% 1loss of information. .
Appendix VI presents ths factor analysis results.. Two factors
correlated with volume yi=ld over time, while. another two
correlated with value over time. Each pair of factors could be
interpreted to represent the rate of change.in yielis, and the
absolute range in yields over ths time span. The resmaining
factor(correlated with current volume and value yield. .

This reduced set of state variables was then used to derive
stand groupings or timber classes. Prior to the ‘aggrsgation
procass, stands were pre-stratified into accessibility classes
based on transportation and road development costs.. The
rationale behind such a stratification was to demonstrate the
impact of explicity accounting for stand access in cut schedule
determination. Stands with similar access costs were dezsmed to

have similar acdcess characteristics. Accessibilty costs ranged
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from $0.10/cunit ( $0.04/cubic metre) to $14,00/cunit
($4.94 /cubic metre). Fourtesn accessibility class2s were
established for the 1985 stands.. Table 4 presants the
distribution of the stands across the 14 classes.,. Thus, stand
accessibility provided ths initial basis for timber class
formation, .

The cluster-dynamic programming approach was 2mployed in
reducing the original 1985 stands to 100 timber classesl2,
Cluster analysis was performed on the five state factors to
datermine stand aggregations within each accessibility strata. .
The: optimal number of timber <classes within -each strata
considering all accessibility classes was found using dynanmic
programming., ., The determination of ths number of timber classes
within each strata was weighted by the area repressntation of
each strata. The distribution of the ultimate number of timber
Classss across the accessibility classes is shown in Table 5.
This data reduction process from 1985 stands to 100 +imber
classes resulted in a 23% errof in aggregation.

Cluster analysis was further employed to reduce th2 volume
and value yield projections for the 100 timber <classes to a
smaller, more: manageabls subset.., Fifteen volume yield classes
ware generated with only a 2% 1loss in information.. Thirty
economic yield classes wers generated with a corresponding

information loss of less than 1%. Tables of the:resulting yield

127 l=a2vel of 100 classes reflects a Timber RAM restriction on
the maximum number of timber classes allowed, .
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Table 4. Stand Distribution Across Accessibility Classes

Accessibility Access Cost Stand ;oigl
Class ($/CCF) Frequency Stands
1 0 - 1.00 145 7
2 1.01 - 2.00 181 9
3 2.01 - 2.50 114 6
4 2.51 - 3.00 153 8
5 3.01 - 3.50 142 7
6 3.51 - 4.00 130 7
7 4.01 - 4.50 92 5
8 4,51 - 5.00 165 8
9 5.01 - 6.00 180 9
10 6.01 - 6.60 138 7
11 6.61 - 7.00 184 9
12 7.01 - 8.00 169 9
13 8.01 -11.00 167 8
14 11.01 -14.00 25 1
TOTAL 1985 100



Table 5. Timber Class Distribution Across Accessibility Classes

Intra-class

Total

Accessibility % Area Stand # of Timber Clustering Inter-class Error
Class Representation Frequency Classes Formed Error (%) (Area-weighted %)
1 4 145 6 31.1 1.2
2 9 181 10 19.1 1.7
3 9 114 6 26.5 2.4
4 8 153 6 22.7 1.8
5 7 142 6 31.5 2.2
6 7 130 8 18.8 1.3
7 5 92 6 30.2 1.5
8 11 165 11 14.5 1.6
9 10 180 10 18.9 1.9
10 7 138 7 26.7 1.9
11 5 184 7 25.9 1.3
12 7 169 8 21.4 1.5
13 10 167 8 19.9 2.0
14 1 25 1 100.0 1.0
TOTAL 100 1,985 100 23.3

19
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classes are shown in Appendix VII.
The:timber classes and yield classes thus formed wsre then

used in cut schedule determination for the Westlake PSYU. .



63

6, . ANALYSIS AND DISCUSSION -

6.1 Transportation Planning

Fundamental road networkﬂinformation for the Westlake PSYU
was generated from the transportation subsysten. . Basic
statistics on 1length of g3given road class, length of proposed
road and other road network characteristics were: identified. .
This data was used in ths.transportation subsystem to> dstermine
optimal routing strategiss, 1i.2. given a selected appraisal
point, routings based on minimum distance were . identified for
the entire unit.

An example of the .optimal routings and distances pertaining
to th2 46 primary access road segments of the Westlake PSYU is
outlined in Table 6.. Node 35 is specified as the appraisal node
(sink) in the table., This appraisal location leads to an Isle
Pierre mill. . So for exampls, in travelling from node 1 to the
appraisal node the minimum distance is 4#9.00 miles (78.9
kilometres). The corresponding optimal routing stratsgy is
sequentially decoded. The . bracketed value specifies th2 n=xt
node in the minimum route. Thus, from node 1 the optimal route
is to travel to node:2, then to node 48, to node: 46, to node 34,
and finally to node 35, the appraisal point. In this manner the
optimal routings and distance aré identified for the road
network of the management unit. .

The nodes possessing large values (99999.00 and 9999)



Table 6. Minimum Routing Distances and Policies

ROAD NEVWORK REPORT

NODE OF APPRAISAL : 135

MININUM DISTANCE IN MILESs (AND ROUTING) TO NAP

NODES: 1 2

10: S0.81 56.89 50.04 56.67 44.38
H ( 9 t 1) « 19 « 13) { 11

202 37.15 43,95 99999.00 99999.00 99999.00
H « 20) t 21} (9999) (9999) (9999)

30: 99999.00 99999.00 99999.00 15.32 0.0

: (9999) (9999)  (9999) t 3%5) ( o

402 19.99 24.76 21.49 28.04 32.08
H { 40} { 41) ( 40) t 41) (  44)

H 49.00 35.06 38.28 39.63 39.93
H ( 2) t 48) { 2) ( 3) { 3

3 4 5 6 L 8 9 10
4l.42 41.03 44.2% 48,45 S1.68
{ 5) { L1 { 7 { 7 ( ")
57.11 38.29 43.38 36.68 33.54
t 15) t 19} t« 11 (« 20 { 36
99999.00 99999.00 99999.00 99999.00 99999.00
(9999) (9999) (9999) (9999 (9999)
99999.00 99999.00 99999.00 99999.00 17.23
19999) (9999) (9999) ° (9999) { 34)
25.64 28.60 30.358
( 34) {t 4) t 46)

%79
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indicate the unit consists of ons or more separate sub-networks. .
Travel between nodes of separate networks is impossible.. Hence,
the large values indicate infeasible routings., .

Minimum routings, 31istances and associated transportation
costs were:determined for each of the 1985 Westlake stands.. A
sample of the results can be found in Table 7.. For =ach stand
there is a descrip£ion of its qualitative characteristics, its
gsographic location (based on its visual centroid), the:distance
to the nearest access road (with a corresponding pointar), the
minimum distance to the specified node of appraisal and the
corresponding transportation cost. An additional featurs of the
analysis 1is the generation of road development costs for those
proposed roads in the network, together with a proportioning of
such costs over the~volume_frqm the :stands involved.

To examine the results in detail, focus is placed on one
particular stand, 20057160. This stand is thes 57th stand (057)
locat2d 1in Compartment 20, Region 60 of the Westlake PSYU. The
stand is a white spruce type, age class 8 (141-160 yrs.) and of
good site. It has a volumes yield of 4700 cubic feest p=er acre
(329 cubic metres/hectare).. The nearest access road is road 46,
bsing a distanceA of 1.39 nwmiles (2,24 kilometres) from the
centroid of the stand.. The distance from the stand to the
specified Prince George appraisal point is 37.85 miles (60.91
kilometres), which in turn results in a transportation cost of
$3.33/cunit ($2.94/cubic metre) for the stand.. In perspective,
the transportation costs for ths stands in Compartment 20 as a
whole ranged from a low of f5.70/cunit ($2.01/cubic m=2trs) to a

high of $9.10/cunit ($3.21/ cubic metre) with the average being



Table 7. STAND ACCESS REPORT

STAND NO. TYPE AGE SITE SLC USE CENTROID LOCATION DISF. TO MEAREST RDO. RD. NO. DIST. TO NAP HAUL COST  ROAD DEVELOPMENT -

IN LAT-LONG. (MILES) (MILES) ($/CUNIT) COST ($/CUNIT)
8002160 r 8 1 4 1 5331.17 12252.33 0.69 15 14.%0 3.19 0.0
8003160 s 6 1 4 1 5335.43 122%2.20 0.51 17 8,62 1.90 0.0
8034160 s 8 2 S 1 5327.89 12242.27 Te36 135 28,74 S.44 0.0
8065160 COTD o 2 13 1 5331.43 12242.60 T.10 17 15.01 .48 0.0
8033160 F 8 2 ] |} 5328.63 12242.80 6.97 15 26,34 5.36 0.0
8001160 F 8 2 4 1 $5332.93 12250.23 2.33 134 11.04 2.4 - 0.0
8064160 F 8 2 - 1 5331.77 12243.33 0.47 17 15.17 3.34 0.0
10001160 F 8 1 4 1 5339.98 12301.75 0.32 21 9.45 2.00 0.0
10029160 F 8 1 4 3 5339.41 12306.08 0.96 22 T.43 1.63 0.0
10058160 s 8 2 -] 3 5341.48 12305.48 2.30 24 6.19 .36 0.0
11034160 F 0 1 L} 4 5346.46 12314.71 2.31 26 14.87 2.68 0.0
11013160 F 8 2 4 1 5339.77 12313.30 1.32 27 9.93 1.79 0.0
11043160 SF o 2 ] 1 5340.59 .12312.62 0.66 23 6.37 §.13 0.0
12001160 s 8 1 1 1 5341.33 12325.5%9 2.34 31 22.16 3.99 0.0
12056160 s o 1 10 1 5342.27 1232%.41 3.39 31 23.21 4.18 0.0
14068160 SF ¢ 1 S 1 5333.75 12313.80 0.69 32 17.37 3.02 0.0
14038160 F$S ¢ 1 L) | | 5338.43 12312.73 2.40 27 11.09 2.00 0.0
14128160 S 8 1 9 2 5336.33 12315.60 1.50 27 13.76 2.48 0.0
14062160 SF 8 1 4 2 3300.00 12300.00 20.77 3 50.90 : 2.806 0.0
14122160 s 8 1 9 1 7 5336.41 12316.70 1.00 - L 44 14,17 2.95 0.0
15110160 F 8 1 12 1 9336.56 12304.73 1.11 32 10.72 2.3 0.0
15034160 F 8 1 7 1 5330.80 12309.36 1.53 13 21.53 4.74 0.0
15127160 F 8 1 L) 1 $336.43 12304.5)3 1.02 32 10.57 2.38 0.0
16013160 F 8 1 12 1 5337.38 12304.32 0.40 21 13.71 3,02 0.0
16073160 s 9 1 4 2 $339.35 12253.93 1.51 17 4.03 0.89 0.0
16045160 s 8 1 4 1 $339.46 122%54.77 1.09 18 2.09 0.46 0.0
- 16046160 £ 8 1 4 3 35337.41 12304.02 0.32 21 13.53 3,00 0.0
17053160 PL 8 1 6 1 5330.68 12256.46 1.72 15 14.89 3.20 0.0
17033160 PLS O 1 12 1 5329.23 12254.38 0.97 15 16.47 3.62 0.0
17020160 PL @ 1 4 2 5331.66 12254.%0 0.2t 15 12.72 2.80 0.0
17001160 S =8 1 L} 1 5332.46 12256.13 1.0¢ 13 9.89 2.18 9.0
17002160 L S 1 4 1 5330.66 12254.99 0.82 15 14.00 3.00 0.0
17040160 $ 8 2 12 2 5329.80 12257.23 1.69 ’ 14 14.55 3.20 0.0
17019160 s 8 2 4 2 5330.00 12257.23 1.69 14 13.66 3.00 0.0
17031160 S -8 2 12 1 5329.77 12257.46 1.53 14 14.39 3.17 0.0
17032160 F 8 2 12 1 5329.63 12254.63 0.51 15 16.19% 3.9%% 0.0
18055160 F 8 1 7 3 5327.06 123008.20 1.68 L 1] 34.75 7.65 0.0
18101160 s 8 1 4 6 5324.73 12304.39 0.72 9 21.22 4,67 0.0
18001160 s o 1 3 3 5330.30 12305.33 .42 13 18.681 4. 14 0.0
18009160 F 8 1 4 2 5324.60 12306.60 0.63 9 22.00 4.84 0.0
18022160 S 9 1 7 1 5324.39 12304.63 1.08 9 21.5% A4 TH 0.0
18073160 F &8 1 4 1 5325.89 12306.80 0.82 9 22,25 4.90 0.0
18074160 S &8 1 4 1 5325.03 12303.80 0.73 9 20.81 4.58 0.0
18040160 S 9 2 7 6 5325.50 12305.46 0.49 9 20.98 4.62 0.0
19033160 F 8 L 18 1 5321.05 12305.27 0.51 8 25.18 3.54 0.0
19014160 F 8 1 7 1 5321.05 12306.39 0.25 8 25.70 5.65 0.0
19001160 F 8 ] 4 1 5325.25 12307.96 0.50 [ 1) 35.15 T.73 0.0
19045160 PLF B 1 15 2 5300.00 12300.00 20.77 3 50.90 6.85 0.0
20057160 S 8 1 15 1 5323.35 12316.46 1.39 46 37.8% 8.33 0.0
20056160 F 8 2 15. 1 5322.05 L2317.27 1.63 42 39.75 8.75 1.73

99
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$7.67/cunit ($2.71/cubic m=tre). Detailed compartmental results
can bz found in Appendix VIII.

A comparison of harvesting cost with transportation cost
'exemplifies the significance of transportation in th2:zconomic
evaluation of a stand. The harvesting cost for stand 057 was
$7.80/cunit ($2.75/cubic metre).,. With due consideration given
to transportation cost, total <cost more. than doubles to
$16, 13/cunit ($5. 70/cubic metre).. Hence, it can be ss2en that
analysis devoidA of transportation cost could have serious
management consequences.

Another area of interest in the planning of harvests is the
possible effects of wool flows to altsrnative appraisal
locations. . To examine the effects on transportation costs of
directing 1logs to another mill site an additional analysis was
performed. . A new node of appraisal to an alternative milling
site (Isle Pierre)-was selected with new routings, distances and
transportation costs comput2d, Again turning attention to stand
057, the transport distance to the new appraisal point was 31.97
miles (51. 45 kilometrss) yielding a <cost of $7.03/cunit
($2.48/cubié metre). A comparison of the log transport results
from stand 057 to the two alternative points of appraisal is
shown in Pigure 7, . Appraisal point A repr2ssnts the Prince
George. location, while appraisal point B represents the Isle
Pierre location,. The results show that by hauling to thz- Isle
Pierre. location there would be a savings of $1.30/cunit
($0. 46 /cubic metre) for stand 057.. On examining the results for
the stands in Compartment 20 as a whole transportation costs

ranged from $4.37/cunit ($1.58/cubic metr2) to $7.77/cunit
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($2. 74 /cubic metre) with  the average being $6.35/cunit
($2. 24 /cubic metre). Detailed results for stand 057 can be
found in Appendix IX. With all other things being =2qual, a
managar contemplating log transport to several alternative mills
can oaow assess the effects of transportation costs. In the
above example it would appear to be much more: economizal to
transport wood from stands in Compartment 20 to the altsrnative
appraisal location B.

Thus for a specified point of appraisal, ¢transportation
costs based on the minimum routs can be generated for any given
stand within the management unit.,  Such transportation costings
can then be incorporated with stand revenues and harvest cost
estimates to provide.a more . complete economic assessment of

stand harvest value, .

6.2 Cut Scheduling

Harvests were scheduled for the Westlake PSYU using the
Timber RAM model.. The 100 timber classes formed from th2: state
variable subsystem were the forest units to be scheduled.
Silvicultural treatments for each timber class consisted of
simpla clear-cutting strategies, with either natural
regensration or planting within five years of harvast.. Site
preparation activities such as slash burning or drag
scarification, as prescribesd by manageﬁent, ware also included, .

The 30 economic yield projections and 15 volume yield
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projections shown in Appendix VII were used to generate returns
from the various harvesting alternatives,. The timing of the
first harvest for each timber class was the primary decision. .
411 evaluations for the Westlake PSYU were: basesd on a
100-year conversion period, with a total planning horizon of 350
y2ars. . Volume flow was constrained during the conversion period
using sequential harvest control. The harvest in thz:first
decade was allowed to vary from -50% to +250% of the current
harvesi level of the unit.. Subsequent harvests were constrained
t> within 10% of the cut of the preceding decade. .
The. above basic harvest management parametars were used in
the following three sets of evaluations:
1) Volume Optimization - long term vs., .short term
2) Economic Optimization - volume vs. value
3) Economic Optimization - with transportation

Vs, .without

6.2.1 Case 1: Volume Optimization - Long Term vs. Short Term

Case 1 evaluated the implications of scheduling harvests
for the maximization of long term (200 years) vs. short term (30
years) volume production. Harvesting alternatives for mature
stands allowed for clear-dutting anytime within ths first six
decades up to 200 years of age, at which time the:stand had to
be cut. For immature stands, clear-cutting was allowed during a

sixty-yesar span from a first entry of either 20 years prior to
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culmination of mean annual increment or 60 years of age.. The
previously described sequential volume control constraints were
employed. . .

Two RAM runs were made,. Th2:objective of the first run was
to maximize volume over a 200-year planning period., The cut
schedaled in the:first decade yielded 2.58 million cunits (7.31
million cubic metres). The corresponding net revenue gsnerat=ad
during the first decade totalled 156.2 million dollars. . The
resulting long run sustained yield average. was 1.83 million
cunits (5,18 million cubic metres) per decade for the Wsstlake:
PSYU.. This 1level can b= viewed as raprasenting the
silvicultural potential for the Westlake under clszar-cutting
management sequences, .

The objective of the second run was to maximize volume
production over a 30-year planning period. The volume scheduled
for harvest in the first decade totalled 2.88 million cunits
(8416 million cubic metres), with the corresponding net revenue
besing 171.2 million dollars. The - long run sustainsd yield
average waé again approximately 1.83 million <cunits (5.18
million <cubic metres) per dzcadz. A summary of the results can
be:found in Appendix X.

In comparison, maximizing volume over a 30-yzar period
(short term) vs._.a 200-year period (long term) g=snerates an
additional 300,000 cunits (849,510 cubic metres) during the
first decade. In other words, an additional 30,000 cunits
(84,951 cubic metres) can be harvested annually without
appreciably sacrificing the long range productive capability of

the management unit. This is equivalent to an additional 1.5
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million dollars per year in net revenue which <could be
generated.

A comparison of the volume flows per decade is shown in
Figure 8. The graph shows that during the first 40 years the
scheduled harvest under short term volum2: maximization is
approximately 12% higher than the:level for the long term run. .
However, from 50 to 100 yesars ths harvest for the 1long term
schedule more than compensates for the .earlier daficiencies. .
Total harvest wunder 1long term volume maximization for +the
200-ys2ar period is approximately 39.266 million cunits (111,19
million cubic metres).. The total harvest under the short term
run for the same period is approximately 38, 422 million cunits
(108,80 million cubic metres ).. Thus, the overall harvest is
increased by approximat=2ly 844,000 cunits (2.39 million cubic
m2tres) under long term volume maximization. Neverthelzss, in
both <cases the perpetual sustained yield a&erage.stabilizes
about a common harvest lev2l as is shown for the post conversion
period. .

Figure 9 shows the .effec-t on the species flow resulting

from +the stands available for harvest in the first decade . for

the t¥wo runs. The increm2ntal volume £for the short ternm
maximization is primarily lodgepole: pines. The. species
distribution 1is approximately 20% Douglas-fir (Pseudotsuga

menziesii (Mirb.) Franco), 11% white spruce, 65% lodgepole pine-
with the balance primarily hardwood species. The distribution
under long term volum2: maximization is approximately 21%

Douglas-fir, 18% white spruce, 57% lodgepole pine. with the

balance primarily hardwoods species. A complete summary by
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Figure 9. Camparison of Species Flow in Decade 1 - Case 1
(Ref. Appendix XT)
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timber class of the specizs harvest for the two ' runs can be
found in Appendix XI.

In summary, these: runs indicate that the overall timber
productivity for the Westlakz PSYU should average »approximately
183,000 cunits (518,201 cubic metres) per year..  Of this yearly
production the approximate species distribution will be 60%
lodgepone pine, 20% Douglas—fif, 15% spruce: and 5% other
species, . Further, maximizing ths volume harvested over the next
3) years rather than a longer period will not adverssly affect
the 1long term productivity of the management unit.. Without the
analytical capability of a system 1like TRACS, the insight

provided above would be difficult to obtain. .

6o 2.2 Case 2: Economic Optimization - Volume vs. Valuszs-

Case 2 evaluated the.implications of scheduling harvests
for the maximization of nst revenue as opposed to maximization
of long term volume production. .

The RAM run with the volume : objective over 200 years, as
described in Section 6.2.1, was used to reprasent the
optimization of long term volume production..  Another run, under
the same conditions, was made with the objective of maximizing
nat revenue over 200 years. This run raprasented the
optimization of value production.. A discount rate of 8% was
used to reflect the present value of future revenue streams..

Consequantly, only revenues gen=rated during the first 30 or so
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y2ars were of any significance.

The net revenue generat=2d during the first decade totalled
1755 million dollars, in comparison with 156.2 million dollars
for the long term volume production run.. The. net revenue
generated over the 200-ysar period was 200.4 million dollars. .
The .corresponding net revenue under volume: maximization was
179.3 million dollars. Th2 volume scheduled for harvest in the
first decade was 2,86 million <cunits (8.10 million cubic
metres), 1in comparison with 2.58 million cunits (7.31 million
cubic metres). Once again th2 . long run sustained yield average
was approximately 1.83 million cunits (5.18 million cubic
metres) per decade. A summary of the results can be found in
Appendix XII.

Figure 10 displays a comparison of volume flows per decade:
for the two runs. . A similar pattern of volume harvests to that
of Fiqgure 9 is exhibited.. During the first five decades,
harvest levels are higher under value maximization.. For the
next five decades harvest lsvels are much lower than ths levels
shown for volume run. Th2 .excess inventory is 1liquidated much
earlisr under value maximization to capture increased revenue.
In contrast, the volume :maximization strategy rations out the
excess 1inventory to generate increased volume flow during the
conversion period.. Volume production stabilizes during the post
conversion period around a common harvest level for both runs.

A comparison of the spscies distribution of the harvest 1in
the first decade is shown in Figure 11. The results are similar
to those shown for short term volume maximization. .

Differences in the. timber <classes sdheduled for harvest
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during the first decade are shown in Table: 8.. The. results
generally support the sarly harvest of the higher valued stands
under an economic objectivs. Thesre is an average of $11/acre
($27.18/hectare) incremental return in favor of +ths stands
harvested under value optimization, Conversely, stanids with
greater volume yields per unit area are given priority under
volume maximization. Hare the incremental return averéges
almost 12 cunits/acre (84 cubic metres/hectare) over those
stands harvested under value optimization.

Hence, these results indicate that the ecbnomic potential
of the Westlake PSYU, based on the harvest from the first
dscad2, 1s approximately 17.55 million dollars per year. .
Further, value-based harvest planning generates an additional
1.93 million dollars annually (during the first decade) over a
volumne-based strategy, without any significant differsnce:in the

long range productivity of the unit.

6.2.3 Case 3: Economic Optimization - With Transportation

vs, . Without

Case 3 evaluated the consquences of racognizing
accessibility and transportation in the sch2duling of management
unit harvests. .

The Timber RAM run which maximized value production in
Sszction 6.2.2 was compared with a previous run on ths: Westlake-

PSYU performed under the BCFS CARP system.. The:generation of a



Table 8. Differences in Timber Classes Scheduled for Harvest in Decade 1 - Case 2

Timber Major Age at Volume Value Volume Max. Run Value Max. Run
Class Species Harvest CCF/acre $/acre MCCF Acres MCCF Acres
009 Spruce 120 46.12 65.80 6 135
021 Spruce 120 46.12 65.80 72 1,570
036 Pine/ 90 32.11 - 57.02 248 7,731
Pine-Spruce
063 Spruce 120 46 .12 65.80 155 3,355
069 Cottonwood 150 70.19 18.65 4 50
081 Pine 100 45.62 57.08 140 3,073
083 Pine-Spruce 110 11.30 48.69 2 144
096 Pine/ 120 58.62 53.65 78 1,337
Pine-Spruce : .
Total 705 17,395
Average 116 44.53 54.06
002 Pine 90 28.40 62.65 270 9,495
006 Fir 90 14.11 76.60 4 252
010 Pine/ 90 28.40 58.43 350 12,321
Pine-Spruce
034 . Fir 150 22.38 73.71 3 133
056 Spruce~Fir 130 47.10 66.17 105 2,225
076 Pine 110 55.44 55.54 21 379
Total 753 24,805
Average 110 32.63 65.52 |

08
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harvest schedule. for this CARP run was devoid of any
consideration of stand location.. Stand valuation eﬁcompassed
only those harvesting activities which resulted in ths 1logs
being loaded at ths landing.. No consideration was given to road
dsvelopment requirements, proximity to the existing road network
or mill sites, hauling costs or stratification of ths resulting
timber classes into accessibility classes, as was incorporated
in the TRACS system.. These differences not only affected the
present and projected value of each stand, but also affected
timber class formation.. In other words, stands for CARP were .
grouped together based on similarities in volume yields and
value yields which included harvesting costs up to the -landing..
This differed from stand groupings for TRACS which were -based on
volume .yields and value yields which included delivered cost to
the wmill, The CARP run rasulted in 89 timber classes.and 24
sconomic yield classes, whar2as the TRACS system resulted in 100
timber classes and 30 economic yield classes. .

Other than the above differences resulting from recognition
of accessibility and transportation, the parameters for both RAM
runs were identical., The:objective of each run was to maximize
net revenue (with an 8% discount rate) over a 200-year planning
period. . The conversion period for the o0ld growth stands was
specified to be 100 years, with a total séheduling horizon of
250 years.. Sequential volum2 control and requlation constraints
ware imposed.. The. cut for the first decade was loosely
constrained to be within -50% and +250% of the current cut level
for both runs, Each subsa2quent decade's cut had to b2 within

19% »of the previous 10-ysar cut level. . The harvesting
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alternatives for s2ach timber class consisted of the timing of a
simple clearcutting-regensration sequence. For mature classes,
clearcutting was allowed to take place within a sixty-y=sar span
starting from the £first 3d=scaie. For immaturz: classes,
clearcutting was allowed within a sixty-year span starting fronm
age 60 or 20 years prior to «culmination of mean annual
increment, Harvests becamefmandatory at an age of 200 y=ars..

The objective. function value. for the CARP-based run was
approximately 267.2 million dollars, whereas the:valus for the
TRACS-based run was approximately 200.4 million dollars..
Summary of the results can bs:found in Appendix XIII. Hence,
ignoring transportation costs resulted in a 33% overstatement of
the =2conomic potential of the management unit ~over the:planning
horizon. .

A comparison of the volume flow resulting from each run is
shown 1in Figure 12. The . CARP run, 1lacking transportation
considerations, resulted in an 18% greater harvest level during
the. first 80 years.. This harvest volume increment was realized
to the detriment of the post conversion harvest level as shown
in the figure. The . long run sustained yield average for the
CARP run was 1.76 million cunits (4.98 million cubic metres) as
cbmpared with 1.83 million cunits (5.18 million cubic metres)
for the TRACS run. Examination of the results for ths first
decade reveals that the net revenue from the CARP run is 162.6
million dollars, as compared with 119.4 million dollars from the
TRACS run, The corresponding volume harvested in thes  first
decéde' is 3.4 million cunits (9.6 million cubic metres) for the

CARP run versus 2,9 million cunits (8.2 million <cubic metres)
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for thes TRACS run. Hence, by not reflecting transportation
considerations the scheduling not only generates more net
ravenue than actually exists but ‘also harvests more volume than
is currently accessible,

Figure 13 presents a comparison of the species flow
resulting from the stands available for harvest in ths first
decades The CARP run reveals that there is more Douglas-fir and
spruc2, and less lodgepole pine available than shown for the
TRACS run, . Specificaliy, the distribution for the :CARP run is
32% Douglas-fir, 27% sprucs, 36% lodgepole:  pins  with the
ramainder other species. The distribution for the TRACS run is
22% Douglas-fir, 13% spruce, 61% 1lodgepole. pine- with the
remainder other species. .

The . effect of reflecting accessibility and transportation
considerations can be:further evidenced by examining the results
within one particular sub-unit, Compartment 20, Region 60 of the
W2stlake PSYU. Table 9 lists th2 stands available for harvest
in thé first decade., A description of the major spscizss, age,
soil-landform class, area and volume yield are given for eéch
stand.., In addition, two positional attributes are identified. .
The .first attribute is the distance from the stand cantroid to
the . road network.. This attribute serves as an indicator of
accessibility. . The second attribute, distance:from the-stand to
the:appraisal location, sarves as an indicator of transportation
requirements, .

The .results from the TRACS run showed that from the list of
candidate stands, both ﬁhe.distance to a primary access road and

distance to the appraisal point are more favorable than for the
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Figure 13. Camparison of Species Flow in Decade 1 - Case 3
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Table 9. Comparison of Stands Harvestable in Decade 1 within Compartment 20

Soil- Transportation Without Transportation

Stand Species Age Land Dist. Dist. to Dist. Dist. to
No. (Years) Class Acres Volume to road Appraisal Acres Volume +to road Appraisal

(Mcunits) (miles) (miles) (Mcunits) (miles) (miles)
20007 Pl 90 17 215 7.2 0.5 24.6
20013 Pl 90 17 43 1.5 0.2 24.9
20018 Pl 70 18 498 15.9 0.4 30.5
20025 Pl 70 18 140 4.5 0.5 31.1
20029 Pl 90 8 39 1.4 0.2 24.3
20033 S 90 8 23 1.2 0.2 24.7
20050 Pl 70 8 68 2.2 0.1 25.5
20056 F 150 ° 15 19 1.1 1.6 33.7
20057 S 150 15 17 0.8 1.4 32.0
20058 F 130 15 632 28.1 0.2 30.8
20059 P1lsS 130 15 346 17.0 3.5 32.5
20061 P1lsS 110 15 37 1.3 2.0 28.9
20064 F 110 15 320 13.9 3.0 27.7
20066 S 90 15 330 17.1 1.6 28.7
20075 P1lsS 130 15 272 13.3 3.6 30.7
20076 S 130 15 26 1.7 3.7 29.9
20077 F 130 15 52 2.3 0.9 28.7
20078 Pl 110 15 45 3.0 0.8 32.9 45 3.0 0.8 32.9
20080 F 110 15 40 1.9 0.4 27.6 40 1.9 0.4 27.6
20081 ] 90 15 17 0.9 2.5 29.6
20086 S 130 7 42 0.9 2.0 28.9
20090 F 110 7 104 4.5 3.4 28.5
20092 F 90 7 14 0.6 3.9 31.0
20099 S 130 7 10 0.2 0.2 5.7
20103 Pl 70 7 220 7.0 0.2 25.4
20116 F 110 7 44 2.6 2.5 27.2
20117 S 110 7 21 1.3 0.1 27.6
20128 S 130 7 216 4.8 0.3 27.0
20129 P1ls 130 7 ‘ 109 5.3 3.5 6.7
20130 Pl 110 7 89 5.9 0.6 25.7
20137 Pl 70 7 175 5.6 0.6 25.8

TOTAL 1595 57.3 2713 122.6

AVERAGE - weighted by volume 0.4 27.6 2.0 28.9

98



87

CARP run.. Under the TRACS run, each stand is within a mile (1.6
- kilometres) of the main road natwork.. The average across all
stands, weighted by volume, is 0.4 miles (0.6 kilomstres).. 1In
comparison, stands up to 4 miles (6.4 kilometres) away from the
road network are selected for harvest in the CARP run, the
average distance being 2 milss (3.2 kilometrzss)..

The :stands scheduled for harvest in the first decads: across
the. 2ntire unit were.on the average approximately #0% closer to
the road network under the TRACS system. The table als> shows
that scheduling harvests without considering transportation,
rzsults in a greater average distance from the stands to the
appraisal location.  The. stands s2lected from the CARP run
averaged 1.3 miles (2.1 kilomstras) more than for the TRACS run,
with the average haul distance being 28.9 milss (46.5
kilometres) and 27.6 miles (44.4 kilometres) respectively. .

Hence, accessibility ahi transportation considerations have
significant impact on the scheduling of stands for harvest..  The
volume. accessible and the value yield are :both overstated for
the Westlake PSYU in the .abss2nce of proper accounting of stand
location,. Stand 1location in relation to both the road network
and the appraisal point or mill site must b2 intagrated in

management unit harvest planning. .
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7. . CONCLUSIONS -

Planning models never provide the total answer.. Tha2y 4o,
howevar, allow evaluation of alternatives.. They provide
management with a quantitative: framework for exploring the
consequences of proposed actions. The improved analytical
capability provided by models reduces uncertainty in the
planning environment.,  The:result is better decision-making. .

A continued supply of timber is critical to the wz2ll-being
of both the industrial firm and the province as a whole..
Harvest planning concerns the:control of timber flows over time
to me2t supply needs.. This control encompasses the quantitative
aspects of when, what anl whare, relative.to the volume and
value yields to be derived from forest stands. .

This thesis has presented TRACS, a Transportation
Analysis-Cut Scheduling system designed for harvest planning at
the management unit level., TRACS is an extension to =2xisting
harvest planning tools. The systesm integrates accessibility and
transportation into the silvicultural and economic aspects of
scheduling timber harvests for a management unit. .

TRACS begins with a physical resource inventory, from which
timber yields and silvicultural potential can be datermined.
Next, a transportation modelling subsystem relates the road
natvwork to primary stand accsess and 1log hauling requirements. .
Alternative stand-to-miil flows can be evaluated, with optimal
routing strategies identified. An economic ' valuation is then
psrformed for each stand based on delivered wood costs to the

mill and end-product pricing of 1lumber and chips.. At this
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point, the managesment unit inventory contains both volume and
value information yielding an improved reflection of the timber
resource, .

Data analysis techniques of factor and clustasr analysis
ware incorporated with dynamic programming to generats stand
aggregations or timber classes. Thase timber classes,
homogeneous in respect to volume and value responses, Were a
more appropriate. delineation for management wunit planning..
Projections of volume and value yields corresponding to the
timber class components war2:also formed. The Timber RAM model
was then used to schedule the: timber classes for harvest._ The
reporting features of TRACS finally transformed the rssults into
underétandable graphs and tables which related the havests back
to the original stands. .

The utility of the TRACS system has been demonstrated on a
actual British Columbia forest management unit.. The analyses
presented have evaluated altarnative volume flow and value flow
strategies, The silvicultural and economic potential of the
management unit has been identified, In addition, the
consegquences of excluding transportation considerations in
harvest planning have .been shown to be significant. .

Relevant harvest planning results can only be achisved
through explicit recognition of accessibility and transportation
requirements. . The TRACS syst=m has been developed to facilitate
such needs. The net result is a means for improved management

unit harvest planning,
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Dijkstra's Shortest Route Algorithm

The .algorithm considers the nodes and arcs of a network to

member of one of three possible sets at any given instance:

1) SET I = S,, + S,

This is the set of permanently labelled nodes and
arcs, . The set includes all those: nodes, S,,, and
arcs, S, , Wwhich are a part of a known minimum path..
Nodes and their corresponding arcs will be added to
this set 1in ascending order of path length from the
source.,

2) SET II = Spn; + Saz

This is the set of temporarily labelled nodes and
arcse. The . set 1includes' all those:nodes, Ssyz, and
arcs, Saz, Wwhich are candidates for inclusion in Set
I. All nodes in S,; ars connected to at lzast one
node in S,, » Further, each node in S,, has on2 and
only one arc in S,, leading to it. .

3) SET III = S,; + Sgpa
This is the set of unlabelled nodes and arcs.. The set
includes all those nodes, S,;, and arcs Sas which have
not been rejected. .

Initially, all nodes and arcs are unlabelled and members of

111, i.e.,S~3 = {i1i=1,2,06¢,n} and Saa = [@a(i,3) | i8Sy,

and j&S,s;}.. The algorithm then proceeds through the £following

steps:
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Step 1) The source node, 1, is put in node set I,
(i.e. S,, = (1}) and given a permanent label value of
Zero.

Step 2) Consider all arcs connecting the node Jjust
transferred to S,,, with any of the other nodes in Sy,
or Sys. Two possibilities arise in +this tamporary
labelling process:

Case 1: i8Sy, , J&Snz, a(i,J)&Sas

If any of th2 new nodes, j, to be considered are
in Syz, then check to see. if the corresponding
new arc, a(i,j) yields a shorter path distance
from the source to node j than the previous arc..
If arc a(i,j) vyvields a shorter distance, then
place a(i,j) in S, and reject the: previous arc
in Ssze If howzver, a(i,j) yields an =2qual or
longer path, then reject a(i,j)..

Case 2: iGSN/, j&S,.,s, a(i,j)&SAg
If any of the new nodes, j, is in S,s place node
j in Suz, and placs the corresponding arc,; a (i, )
in Spz ..
Step 3) Restricting consideration of arcs to S, and to
Sazs every node j in Suyz has one and only one path
connecting to the source node, 1. Associated with
each path is a distance.. The node. j (j&S,,) having
the shortest distance from the source is transferred
from Syz to Sa/, With the corresponding arc a(i,j)
(i&Sw ,J8Sa) transferred to S,,.. This step is the
permanent labelling process,
Step 4) If all nodes (or the specified sink) have: been
transferred to S,,, then stop.. Otherwise, go to step
2 and continue processing. .
If the shortest path from the source to all other nodes of
an N node network is dzsired, then the iterative minimization
must be executed =xactly N-1 times. During the procedura N(N-1)
elementary operations are needed to assign temporary labels,
with an additional N(N-1)/2 comparisons necessary to assign
parmanent labels, A further (N-1)2 comparisons are needed for
updating and indexing the node list. Hence, a total of

approximately 3N2 elementary operations are required.. On this

basis Dreyfus (1969) statas that Dijkstra's algorithm is the
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most 2fficient around. Elsner, et al. (1975) offers further
support in assessing Dijkstra's algorithm as superior to two

other algorithms investigated.
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Land Classes Df The Westlake PSYU
(Source: BCFS - Prince George, 1974)

Land Class I-

Parent Material: Sandy loam and 1loam textured colluvium
and /or till deposits overlying basic
bedrock. Loam and clay loam textured
glacial till.

Soil Series: A mixture of Cluculz and Twain. .

Topography: Very st=2eply sloping and strongly rolling or
very hilly.

Drainage: Ranges from imperfectly to rapidly drained. .
Comments: Liable to damage by skidding and erosion. .
Susceptible to frost heaving.. Soils often

shallow and rocky with moisture. 1limitations
to regeneration.

Land Class II -

Parent Material: Sandy 1loam and loam textured colluvium
and/or till deposits overlying basic
bedrock. . Loam and clay 1loam textured
glacial till.

Soil Series: A mixture of 60% Oona and 40% Twain. .

Topography: Very steeply sloping and strongly rolling. .

Drainage: Moderately well to rapidly drained.

Comments: Liable to damage by skidding and erosion..

Land -Class - III -

Parent Material: Ablation till deposits or gravelly outwash
and valley train deposits overlain with
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loamy sand, sand and sandy loam textured
capping.

Soil Series: A mixture of 60% Cobb and 40% Ramsey.
Topography: Gently to moderately rolling. .
Drainage: Ranges from imperfect to rapid..

Zomments: Soil moisture - limitations to regensration, .
Fertility sometimes low, .

Land _Class IV

Land

Parent Material: Loam and clay loam textured glacial till
deposits; intermittent surface modification
with sandy loam textures. Rolling and hilly
drumliniz=d till plain 1land forms.. These
may be combined with gravelly outwash and
valley train deposits overlain with loamy
sand and sandy loam textured capping..

Soil Series: Deserter or mainly Deserter. .

Topography: Sometimes steeply sloping and hilly, usually
rolling and hilly.

Drainage: Mostly imperfectly +o well drained with rapid
drainage .on the gravelly outwash deposits..

Comments: Susceptible to some frost heaving. .

Parent Material: Heavy clay textured glacio-lacustrine
deposits.. Some silt 1loam to silty loam
textured glacio-lacustrine deposits. .

Soil Series: Pineview or 80% Pineview and 20% Berman. .

Topography: Ondulating to strongly rolling..

Drainage: Ranges from imperfect to moderately well, .

Comments: Susceptible to frost heaving.. Logging may

increase . compaction and erosion and cause.
stream siltation.

Class -VI

Parent Material: Sphagnic moss, sedge. and associated
hydrophytic vegetation, '



98

Soil Series: A mixture of Chief and Moxley. .

Topography: Depressional to nearly 1level or gently
: undulating,

Drainage: Very poor. .

Comments: Filled 1in areas of 1lakes and ponds often
supporting black spruce, .

Parent Material: mMainly <clay textured glacio-lacustrine
deposits.. Some variable textured fluvial
deposits and silt 1loam to silty clay loam
textured glacio-lacustrine deposits. . ‘

Soil Series: Mainly Vanierhoof, with som2 Stellako, Berman
and Bednesti. .

Topography: Ranges from nearly level to strongly rolling. .

Drainage: Ranges from imperfectly to rapid, with the
majority moderately well to well drained. .

Comments: Susceptible to frost heaving. . Logging rssults in
loss of soil structure, increased compaction
and erosion yielding stream sedimentation. .

Land Class. VIII

Parent Material: Variable textured fluvial deposits.. Small
inclusions of sphagnic moss, sedge and
associated hydrophytic vegetation,,

Soil Series: Mainly Stellako, with some Moxley and Chief. .

Topography: Nearly level to undulating.

Drainage: Ranges from very poor to rapid..

Comments: Logging may cause stream sedimentation. .

Land Class_IX

Parent Material: Loam and clay loam taxtured glacial till
deposits., . Rolling, hilly, strongly to very
steeply sloping till plain land forms
between approximately 3500 to 4500 feet
elevation. . Also sandy loanm textured
colluvium and/or till deposits overlying
basic bedrock. .
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Soil Series: A mixturs of 70% Twain and 30% Oona. .
Topography: Very steeply sloping.
Drainage: Moderately well.,

Comments: Frost heaving and generally poor climatic
conditions for growth. .

Parent Material: Sandy loam and loamy sand textured
ablation till deposits; clay textured
glacio-lacustrine deposits; some 1loam and
clay 1loam textured glacial till dsposits;
some inclusion of sphagnic moss, sedge and
associated hydrophytic vegetation. .

Soil Series: A mixture of Crystal, Cobb, Deserter; Crystal,
Moxley and Chief; Crystal and deserter;
Beaverly.,

Topography: Ranges from gently wundulating to strongly
rolling.,

Drainage: Ranges from vary poor to well drained..

Comments: The areas of non-organic origin are stable and
robust, .

Land Class_XI -

Parent Material: Gravelly outwash and valley train overlain
with - loamy sand, sand and sandy loan
textured capping. Silt loam to silty clay
loam textured glacio-lacustrine desposits..
Gravelly and sandy esker deposits with
variable .interstratified 1loamy sand, sand
and sandy 1loam., Sandy outwash and deltaic
deposits. .

Soil Seriss: A mixture of alix, Berman, Roaring, Giscombe,
Mapes, Saxton and Deserter..

Topography: Gently undulating to gently rolling.,
Drainage: Ranges from moderately well to rapidly drainead. .
Commants: Generally stabls, logging on the . fins tsxturad

glacio-lacustrine deposits results in some
erosion and stream siltation..
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Parent Material: Sandy loam and loam textured colluvium
and/or till deposits overlying acidic
bedrock.

Soil Series: A mixture of Decker, Deserters and Drmond. .

Topography: Hilly to very hilly. .

Drainage: Ranges from w21l to rapidly drained..

Comments: Shallow and rocky soils. . Significant soil loss

can occur as a result of skidding and
erosion.

Lapd Class -XIIT

Parent Material: Silt 1loam to silty clay loam textured
glacio-lacustrine deposits.. Hezavy clay
textured glacio-lacustrine deposits, .

Soil Series: A mixturs of Berman, Pineview, Siscome and
Fraser. .

Topography: Gently undulating to moderately rolling..

Drainage: Ranges from poorly to well drained.

Comments: Susceptible to frost heaving.,. Stream siltation
may occur after 1logging on the steeper
slopes.

Land-Class -XIV-

T e e S S St aim e e S o

Parent Material: Gravelly and sandy esker depodsits with
variable inter-stratified 1loamy sand, sand
and sandy loam. Some inclusion of ssdge and
associated hydrophytic vegetation. .

S0il Series: A mixture of Roaring and Chief. .

Topography: Ranges from nearly level to strongly rolling, .

Drainage: Rapid on mineral soils, very poor on organic. .

Comments: Mineral soils droughty and of low fertility. .

Land Class XV

Parent Material: Loam and clay loam textursd glacial till
deposits; intermittent surface modification
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with sandy loam textures. Rolling and hilly

drumlinized till plain land form.  Some
beach d2posits of loamy sand and sandy
textures., .

Soil Series: Mainly Barrett with some Kluck and Crystal. .
Topography: Ranges from undulating to hilly. .
Drainage: Ranges from imperfectly to rapidly drained.

Comments: Generally stable and robust.

Class XVI -

Parent Material: Loam to clay loam textured glacial till
deposits; intermittent surface modification
with sandy loam textures.. Steep land till
land forms, Sandy 1loam and loam textured
colluvium and/or till deposits overlying
basic bedrock. .

Soil Series: A mixture of Tszlegraph and Ormond. .
Topography: Strongly rolling and hilly.
Drainage: Ranges from moderately well to rapidly drained.

Comments: Climatic conditions for growth are poor..

Land_Class -XVII -

Parent Material: Grava2l and sand =sker and kame dsposits;
hummocky., .

Soil Series: A mixture of Morice, Guniza and Ramsey. .
Topography: Gently undulating to moderately rolling. .
Drainage: Ranges from rapid to well drained. .

Comments: High probability of damage from slash burning. .

Land_Class XVIII

Parent Material: Sandy outwash and vallesy terrace deposits
overlain with finer sands and loamy sands. .
Some depositional clay strata, .

Soil Series: Mainly Cottonwood, with some Blackwater. .

Topography: Ranges from gently undulating to strongly
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rolling. .

Drainage: Rapid to w21l drained, but moderately well to
imperfectly 3drained whers clay strata occur, .

_oaments: High'probability of damage from siash burning.,

Class_XIX -

Parent Material: Sandy outwash and valley terrace deposits
overlain with finer sands and loamy sands. .
Some .depositional clay strata.. Silt loanm t
silty clay loam textured glacio-lacustrine
deposits. .

50il Series: A mixture:of Blackwater, Beaverly, Bednesti
and Cottonwood. .

Topography: Ranges from gently wundulating %o strongly
rolling.

Drainage: Ranges from imperfectly to rapidly drained. .
Comments: Broadcast burning acceptable:on the:lacustrine

deposits. Otherwise a high probability of
damage from slash burning. .
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APPENDIX IIT-
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Prescribed Stand Treatments For The Westlake PSYU



TREATMENT SEQUENCES

Method of Tree Extracted Site Regen, Method Next
1IC/GT Falling Extracted By Season Prep. Crop
As
Number H = hand T = tree S = Skidder W = Winter D = Drag N = Natural Species
length ' Scarify Regen.
Species M = Mech F = Full tree C = Cat S = Summer B = Broadcast P = Plant
burn
Either = Snip, saw L = Log W = Windrow
or length
feller-buncher N = No treatment
S = Spruce + F : C = Clean log (N*)
P = Pine + F
D = Decid.
All
Note: When there are optional operations, the

frequency of occurrence is given as a

percent.

Link operations are obligatory sequences.

N* - If not cleanly logged, knock down slash
with chain.

701



Tree

Land Class Method
and of Extracted Extracted Season Site Regeneration Subsequent
Growth Type Felling As By Preparation Method Crop
I All H T C6 W N N Pl (F)
(Twain) C S 4
‘1T All =1
II1Y All M F S S 7 mmwm———— N* N Pl
(fert. W3 ——————me D
problem)
v All M7 F s 8 W5 ———m—— D N Pl
H 3 C 2 S 5 ————m——v N
v S H T Cc5 W B P S (F)
S S
v P+D M S 6 W8 ———em— BHW —= == —— P —rmmmmmeeee S (F)
T C 4 S 2 =mm—m=m- D ————————————- R Pl (S)
VI No logging
VII S H T S 6 W 7 ——————— B P S (F)
C 4 S 3 —-ememee W+B

S0T



Land Class Method Tree

and of Extracted Extracted Season Site Regeneration Subsequent
Growth Type Felling As By Preparation Method Crop
Vil P - M T s 7 W7 ——————— B+W 6 —————=——- P =———m—mm——— S (F)
F C 3 S 3 ——m—me—- D4 ———mmmemmee N —m——mm e Pl (S)
VIII D H L c7 \ N Residual Cot.
(Cottonw.) s 3
(20 ac)
VIIT S H T Cc5 1) B ' P S
(+P) S5 (Brush prob.)
IX All =1&IL (Twain) Topography Important
X All = III Wide fluctuations in X. X may need more cat and more winter than III
X1 All = X = IIT
XII All H T S5 1Y N N Pl
cS5 D if slope
s < 20%
XIII =V (2 sections)

X1v All

= o
Z o
w3

90T



Land Class Method Tree
~and of Extracted Extracted Season ‘ Site Regeneration Subsequent
Growth Type Felling As By Preparation Method Crop
Xv All M F S S 6 ———————v N N Pl
1 R D
XV1i =1
XVII = XIV
XVIII All M F S S 7 —m=m———— N N Pl
W3 e D
XIV = VII (2 way)

L0T
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APPENDIX-IV-
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Management Reports On Stands Of The Westlaks PSYU



REGION COMPT. STAND NO. SOIL-LAND USE CLASS POT. USE TIM3ER SPP. AGE CLASS EXP, REGEN. STOCKING SITE ACREAGE VOL. (MCF)
60068 SES0ES SEEEEENES SOSSEREES SOCEEEEES COEEENEE  SESEESEESEE  CSEESEEES  SEEGERNNEES S EEEE 400 SEREEES  SEESeee

60 14 14065160 4 DEFERRED NONE PL 4 PLISF) G 16 2154
60 14 14066160 s DEFERRED  NONE s 5 SFB " 14 616
60 14 14067160 4 DEFERRED  NONE PLS 5 PLISF) N 14 2228
60 14 14068160 s FORESTRY  NONE SF 8 SF 6 151 4700
60 s 14069160 5 FORESTRY  NONE s 7 FSPL M 132 3700
60 14 14070160 5 FORESTRY  NONE PLS 6 PLS N 140 4000
60 14 14071160 ] FORESTRY  NONE PL 1 PLE(S) " 132 0
60 14 14072160 s FORESTRY  NONE PL 2 PLUAF) P 1876 140
60 14 14073160 s FORESTRY  NONE 5 2 s ) 1 60
60 14 14074160 s FORESTRY  NONE PL 3 P 186 300
60 14 14075160 s FORESTRY  NONE PL s PLISF) 6 1428 1828
60 14 14076160 s FORESTRY  NONE $ 4 SPL P Y] 265
60 14 14077160 s FORESTRY  NONE DECID 4 " 63 1150
60 16 14078160 ] FORESTRY  NONE PLS 5 PLISF) 6 73 3019
60 14 14079160 ] FORESTRY  NONE Fs s F(S) " o7 2681
60 14 140801 60 s FORESTRY  NONE s 6 s " .2 ™1
60 14 14081160 5 FORESTRY  NONE NP ' 163 o
60 14 14082160 s UNGULATE  NONE F 1] FIPLS) " 8% 270
60 14 14083160 s UNGULATE  NONE PL 2 PLIAF) [ 80 140
60 1 14084160 ] UNGULATE  NONE PL 3 PLIAS) ’ 6 300
50 16 14085160 s UNGULATE  NONE DECID 3 P ® 616
60 14 14086160 s UNGULATE  NONE L 4 PLUSF) P s 850
60 14 14087160 5 UNGULATE  NONE PLS 5 PLISF) [ 37 3019
60 14 14088160 s UNGULATE  NONE LOGGED P 10 0
60 14 14089160 6 FORESTRY  NONE s 7 s 6 13t 5200
60 14 14090160 [ FORESTRY NONE PL 2 PL ] 113 - 550
. 60 14 14091160 [ FORESTRY NONE S 2 L] 13 8715

60T
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60
60
60
60
60
60
60
60
60
60
60
60
60
&0
60
60
60
60
60
60
60
60
60
60
60
60

REGION COMPT. STAND MO. E. WARV. YR.
14 14065160 601
16 14066160 s01
14 14067160 601
14 14068160 600
14 14069160 600
14 14070160 600
14 14071160 601
14 14072160 601
14 14073160 - 601
14 14074160 601
14 14075160 601
14 14076160 601
14 14077160 60
14 14076160 601
1 14079160 601
14 14080160 601
14 16081160
14 14082160 601
e 14083160 601
14 14084160 601
14 14085160 60
14 14086160 601
16 14087160 601
14 14080160 60
14 14089160 600
14 14090160 601
14 14091160 60

60

*3858408

FULL TREE SKID

FULL TREE SKID

FULL TREE SKID

FULL TREE CLEAN LOG
LOP AND SCATTER
FULL TREE SKID

FULL TREE SKiD

FULL TREE SKID

FULL TREE SKID

FULL TREE SKID

FULL TREE SKID
SELECTION CLEAN LOG
PROTECTION FOREST
FULL TREE SKID

FULL TREE SKID
SELECTION CLEAN LOG

FULL TREE CLEAN LOG
FULL TREE SKID

FULL TREE CLEAN LOG
PROVECTION FOREST
FULL TREE skiD

FULL TREE SKI10
PROTECTION FOREST
SELECTION FULL TREE
FULL TREE Ssxlo

Lo HARV. YR, SEASON OF HARVEST OPERATION TYPE
8 L se s ] *849
60 SUMMER
80 SUM. OR WIN.
60 SUMMER
20 MINTER
20 MINTER
20 WINTER
100 SUM. OR WIN.
8o MINTER
100 WINTER
60 MINTER
60 WINTER
100 WINTER
NONE
40 WINTER
60 SUM. OR WIN.
80 WINTER
NONE NONE
40 WINTER
80 WINTER
60 MINTER
NONE
60 WINTER
40 WINTER
NONE
40 WINTER
80 WINTER
NONE

PROTECTION FOREST

SITE PREPARATION  REGENERATION
NONE NAT
NONE NAT
NONE NAT
NONE NAT
NONE NAY
DRAG SCARIFY NAT
DRAG SCARIFY NAT
DRAG SCARIFY NAT
COMPLEVE SLASHBURN PLY
DRAG SCARIFY NAT
DRAG SCARIFY NAT
NONE NAT
NONE

DRAG SCARIFY NAT
NONE NAT
NONE NAT
NONE

NONE NAT
DRAG SCARIFY NAT
NONE NAT
NONE

DRAG SCARIFY NAT
DRAG SCARIFY NAT
NONE

NONE NAT
NONE NAT
NONE

011



SITE « LOGPRICE HARVEST FORESTRY ROAOING

STAND# G~TYPE SL AGE USE SITE VOL AREA . SEAS OP PREP REG SPECIES . /NCF COST/MCF COST/MCF  COSY/MCF . COORDINATES
P I T R R T R P Y P Y R Y Y Y Y PR R Y RN R R R R R R Y R N T I I S gy
14058160 B 4 6 F M 325 6 ¥ LAS NAT SF
14059160 F 4 6 F L 249 20 S FTIS DS NAT FS
14060160 LOGGED ¢ F 6 1047 * FTS NAT PLFS
14061160 NP 4 F 212
14062160 SF 4 8 0 6 520 21 M LAS NAT SF
14063160 PLS &4 6 0 6 400 284 S FTS§ NAT PLLS)
14064160 PL 4 5 0 & 355 449 S FTs NAT  PLUSF)
14065160 PL & & 0 6 215 16 S FTs NAT PLISF)
14066160 S & 5 ] L} 61 14 * FTS NAT SFB
14067160 PLS & - S 1] M 222 14 S FIS NAT PLUSF)
14068160 SF 5 8 F 6 470 151 4 FCL NAT SF
14069160 FS 5 7 F N 370 132 M LAS NAT " FSPL
14070160 PLS S [) F M 400 140 W FTIS DS NAT PLS
14071160 PL 5 1 F ] 132 & FTS DS NAT PLF(S)
14072160 PL 5 2 F 4 14 1876 W FTS DS NAT PLIAF)
14073160 s S 2 F P 6 11 M FTS CSB PLT H
14074160 L S 3 ¥ 4 30 186 M FTIS DS NAT
14075160 PL 5 & F 6 182 1428 W FTS DS NAT PL(SF)
14076160 $ 3 4 F P 28 3t N SCL NAT SPL
14077160 DECID 5 4 F ® 115 63 PRT
14078160 PLS 9 5 F G 301 3 N FTS DS NAT PL(SF) .
14079160 FS S 3 F N 268 47 * FTS NAT F(s)
14080160 $ 3 o F N 73 42 W SsCL NAT S
14081160 Ne S F 163
14082160 ‘F 5 -1 u n 215 8 ¥ FOL NAT  F(PLS)
14083160 PL 5 2 u p 14 80 W FTS DS NAT PLUAF)
14084160 P 5 3 u ° 30 6 W FCL NAT PL LAS)
14085160 DECID S 3 u P 61 6 PRT
14086160 PL 5 4 u °p 85 86 N FTS DS NAT PLISF)
14087160 PLS 5 S Uu 6 301 37 MW FIS DS NAT PL(SF)
14000160 LOGGED S u P 10 PRY
14089160 s 6 7 F 6 520 131 N SFT NAT S
14090160 PL 6 2 F L 53 113 W FT1S NAT PL
14091160 S & 2 F L] a7 13 PRT
14092160 PL & 3 F N 135 7 §S FTS NAT PL
14093160 S 6 5 F M 347 10 ¥ FIS NAT S(PL)
14094160 8 6 6 F N 344 H % LAS NAT BS
14095160 NP 6 F 336
14096160 n 7 ) F ] [ ] W FTS NAT PL
14097160 LT 2 F 4 14 21 M FIS NAT PL
14098160 OECID 7 3 F P 80 15 W FTS NAT APL
14099160 LOGGED 7 F G 112 W FTS NAT  PL(SF)
14100160 NP7 F 10
14101160 F 7 7 u N s 19 W LAS NAT FS
14102160 PL 7 ] U 6 290 a6 M FTS NAT PLIAS)
14103160 M7 1 u M 67 H FTS NAT PL
14104160 PL T 2 u °r 14 248 ¥ FIS NAT PL
14105160 DECID 7 3 u P 80 26 N FTS NAT APL
14106160 PL T & v 6 215 15 W FTS DS NAT PL(F)
14107160 LOGGED 7 u 6 a1 N FTS NAT PLI(SF)
14108160 NP 7 V] 45
14109160 PL 7 ] 6 6 290 ] W FTS NAT  PLLAS)
14110160 PL T 2 6 P 14 2T M FTS NAT PL
14111160 DECIO 7 3 6 L} 40 13 PRY
14112160 PL 7 3 G 6 121 9 W FIS DS NAT PL
14113160 DECID 7 3 G 4 80 18 PRY

IT11
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MESTLAKE PSYU ~ STAND APPRAISAL FOR STATE VARIABLE SUBSYSTEM

PAGE 35

S0 SRR SE SRS OB RO LSRR RN AE R AR SR REGREEEE R EB KSR AR K ASERREE R AR ARG EAEL AR RN KA E R A KRE SRR RRERERCER XKL RO CEEE L CE SR ARG R SRR AR EER RS

STAND ND. AGE SITE G-TYPE VOLUME STOCK.
CCF/AC
24139160 12 2 PL 36.00
24035160 12 2 S 37.50
24069153 12 2 F 38.60
24131160 12 2 PLS 44.00
24153160 12 2 PLS 36.00
24095160 12 2 PLS 36.00
24074160 12 2 PL 36.00
24078160 12 2 SPL 44.00
24015153 12 2 PL 44,00
25006160 12 [} PL 43.00
25041160 12 1 PLF 44.00
25007160 12 2 PLF 43.00
23057160 12 2 S 31.90
-25086160 12 2 PLS 36.00
25064160 12 2 PL 36.00
25043160 12 2 s 37.50
25065160 12 3 PLS 11.00
25075160 12 3 SF 21,50
23074160 12 3 PLS 11.00
25067160 12 3 SF 21.50
39003160 12 1 PLS 40.00
43009160 12 1 PL 32.00
43004160 12 2 PLS 36.00
43010160 12 2 PLS 36.00
43001150 12 - 2 PLS 36.00
53002155 12 1 PL 36.00
53013155 12 3 PLS 13.00
53007153 12 3 PLS 13.00
76008155 12 1 PL 35.60
76003155 12 | S PL 35.60
77006155 12 1 PLS 40.00
77044155 12 1 PL 35.60
77045155 12 1 PLS 40.00
77038155 12 1 PLS 40.00
77037155 12 1 PL 35.60
77005155 12 2. PL 35.60
9043160 14 1 S 50.50
9007160 14 2 13 8.00
9023160 14 2 S 8.00
9038160 14 2 F 44.00
9029160 14 3 F 44.00
6001160 14 1 S 52.00
6011160 14 1 S 29.00
8004160 14 1 PL -~ 64.10
8035160 14 2 PL 53.40
8066160 14 2 DECI 24.60
8021160 14 2 PL 26.20
10069160 14 2 S 47.00
10130160 14 2 F 44.00
10067160 14 2 S 47.00

PCT.

STAND ECONOMICS REPORT

SELL PR,

$/CCF

$/CCF

$/CCF

F-8 COST SKID COST AREA COSV

$/CCF

HARV.COST

$/CCF

HAUL COST

$/CCF

RO DEV.

$/CCF

NET
$/CCF

VALUE
$/ACRE

0.93
0.95
1.0%
l.14
0.93
0.93
0.95
1.08
1.16
0.75
0.77
L.11
0.81
0.93
0.95
0.95
0.51
0.90
- 0.51
0.90
0.7
0.56
0.93
0.93
0.93
0.63
0.60
0.60
0.62
0. 62
0.70
0.62
0.70
0.70
0.62
0.94
0.92
0.19
0.19
1.12
1.62
0.95
0.53
1.03
1.30
0.81
0. 6%
1.11
l.12
.11

70.03
75.52
87.45
59.17
59.17
59.17
70.03
73.76
70.03
69.59
74.55
T4.55
75.52
59.17
10.03
75.52
T1.55
77.61
T1.55
r1.61
70.03
69.59
59.17
59.17
59.17
69.59
7T1.55
71.55
69.59
69.59
70.03
69.59
70.03
70.03
69.59
70.03
75.52
75.52
75.52
87.45
B7.45
715.52
75.52
65.20
67.12
32.36
6T.12
75.52
87.45
75.52

2.55
3.48
2.86
2.59
2.59
2.59
2.55
2.94
2.55
2.55
2.64
2.64
3.03
2.59
3.49
3.03
4.83
4.66
$.83
4.66
2.87
2455
3.56
2.59
3.18
2.55
4.55
4.55
2.55
3.50
259
3.50
3.51
3.51
3.50
2.55
3.39
6.42
6.42
2.86
2.86
4.30
3.48
2.T%
2455
2.56
2.87
4.34
2.86
4.34

4.05
5.73
3.22
4.78
4.19
4.19
4.05
&.47
4.05
5.45
3.66
5.00
4.66
4.19
4.90
4.66
5.03
4.91
5.03
4.91
5.13
4.05
6.264
4.19
8.59
4.05
5.03
5.03
4.05
4.90
4.19
4.90
5.03
5.03
4.90
4.05
5.40
6.69
6.69
4.17
4.17
6.69
5.40
4.67
5.28
5.43
4.67
6.16
3.48
6.69

0.38
0.53
0.43
0.26
0.38
0.55
0.55
J.45
0.45
0.70
0.31
0.70
0.63
0.38
1.13
0.36
3.69
1.89
3.69
1.89
0.59
0.62
0.75
0.55
0.47
0.38
3.13
3.13
0.38
lel4%
0.34
1.14
1.02
1.02
l.1%
0.38
0.47
3.58
3.58
.65
0.65
0.55
0.32
Q.37
0.5%
1. 17
0.90
V.64
0.24
0.61

6.98
9.84
6.51
7.61
7T.16
7.33
T.15
7.86
7.05
8.70
6.61
8.34
8.12
T.16
9.53
8.05
13.55
11.46
13.55
Ll.46
8.58
7.22
10.55
7.33
12.23
6.98
12.70
12.70
6.99
9.55
T.12
9.55
9.55
9.55
9.55
6.99
9.26
16.69
16.69
T7.68
7.68
11.54
9.69
7.78
8.37
9.15
8.45
11.15
6.58
L1.64

0.50
5.09
T.98
0.84
0.54
0.63
0.56
S5.33
6.89
6.05
6.12
6.76
7.85
T.81
7.90
6.99
T1.90
T.67
8.41
T.91
2.7
6.75
6.59
6.77
6.78
8.58
8.32
8. 61
10.32
10.31
9.73
8.54
9.99
9.95
8.57
9.51
2.63
l.63
1.57
l.26
1.26
2.13
2.10
4.02
5.74
5.52
4.16
0.92
0.39
1.43

o.o
0.0
0.0
0.0
0.0

o
.

COONN—NUOO0O0OOCOOOOCOLOO
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62.54
60.59
72.96
50.72
51.47
51.22
62.32
60,57
56 .09
54,84
6l1.82
59.45
59.56
46,20
52.61
60.47
50.11
58.48
€9.99
58.24
58.73
55.61
42.03
45.07
40,16
52.29
48,80
48,51
52.28
49.73
53.17
49.77
50.49
50.53
49.74
53,53
63,63
57.20
5T.27
78.51
78.51
61.84
63.72
53.40
53.01
17.68
54.51
63.45
80.48
62.45

2251.58
2272.16
2816.26
2231.50
1852.92
1843.76
2243.51
2665.21
2467.82
2358.05
27120.02
2556.23
1899.84
1591.30

1893.79

2267.80
551.16
1257.27
545.52
1252.12
2349.29
1779.63
1513.20
1622.53
1445.90
1882.35
634,34
630.64
1861.12
1770.54
2126.98
1771.73
2019.46
2021.31
1770.57
1905.59
3213.48
457.62
458.12
3454.49
3454.36
3215.89
1867.90
3422.76
2830.87
435.03
1428.03
2982.25
3541 .04
2935.26
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WESTLAKE PSYU ~ STAND APPRAISAL FOR STATE VARIABLE SUBSYSTEM
CRE SR LSRSPE LR RS R RSSO R SRR EIN LR REREEBLLE LA EOSEE LR MERLES S L EERELE S P ES RS SN R SRS SRRSO RS REEEERE S E PR EENRAEEEE NS SOERAREESS

STAND NO. AGE SITE G-TYPE VOLUME

CCF/AC
10030160 14 2 F 68.00
10059160 14 2 .S 47.00
10109160 14 2 F 44.00
10042160 14 2 S 47.00
10002160 14 2 PLS 24.00
10140160 14 2 F 44.00
10003160 14 2 SF 50.00
10018160 14 2 PLS 24.00
11062160 Le 1 S 56.00
11015160 14  § FS 56.00
11014160 14 2 PLS 49.00
11044160 14 2 PLS 49.00
12057160 14 1 PLS 49.00
12002160 14 2 S 45.00
12058160 14 2 S 35.00
14032160 1¢ i FS 44.50
14089160 1o 1 S 52.00
14001160 14 2 S 8.00
14040160 14 2 SF 40.00
14101160 14 2 F 27.50
14022160 14 2 SF 42.00
14039160 14 2 PLS 49.00
14069160 14 2 FS 37.00
14123160 14 2 F 271.20
140682160 14 2 F 27.50
15128160 14 |} PLS 57.60
15013160 14 1 S 15.00
15129160 14 2 s 35.00
15035160 14 2 S 39.00
15058160 14 2 S 47.40
16075160 14 1 S 52.00
16027160 14 1 PLS 48.70
16074160 14 1 PLS 49.00
16047160 14 1 PLS 49.00
16048160 14 2 F 44,00
17003160 14 1 PL 64.10
18057160 14 1 F 68.00
18056160 14 2 S 45.00
18090160 14 2 F 27.00
19047160 14 1 PLS 32.00
19034160 14 1 F $4.40
19046160 14 1 S 36.00
19015160 14 2 F 32.90
19066160 14 2 PLS 28.00
20111160 14 1 PLF 57.60
20076160 14 1 S 65.50
20045160 14 2 S 22.00
20058160 14 2 F 44.50
20128160 14 2 S 22.20
20059160 14 2 PLS 49.00

STOCK.

PCT.

STAND ECONOMICS REPORT

SELL PR,

$/CCF

87.45
75.52
87.45
75.52
71.55
87.45
77.61
71.55
7%5.52
86.34
T1.55
Tt.55
Ti. 74
75.52
75.52
86.34
75.52
75.52
77.61
87.45
17.61
TL.55
8l1.29
87.45
87.45
T1.74
75.52
75.52
75.52
75.5%2
75.52
Ti. T4
Ti.74
Tl.74
8T7.45
65,20
87.45
75.52
87.45
T1.74
87.45
75.52
87.45
71.55
T4.55
75.52
75.52
87.45
75.52
T1.55

F—B COST SKID COST AREA COSTY

$/CCF

3.28
4.34
2.86
4.34
2.94
2.86
3.26
2.94
4.28
3.34
2.81
2.58
2.58
4.36
2.99
2.88
3.78
6.42
3.29
2.86
2.93
2.081
2.88
$.69
2.86
2.79
5.25
.44
$.43
4.34
3.38
3.04
2.81
2.01
3.33
2.74
2.86
4.36
3.41
2.58
2.86
2.99
2.86
3.65
2.64
2.99
4.83
2.86
4.82
2.58

$/CCF

3.73
6.69
4. 17
6.69
4.81
3.48
4.66
4.81
6.69
3.93
4.81
5.4
3.89
5.40
©.35
3.65
9.33
5.40
4.66
4.10
4.33
4.81
4.41
3.7
4.17
4.81
6.69
5.40
6.16
6.16
5.40
8.19
4.81
4.81
3.7
4.67
4.10
6.16
3.73
3.89
2.99
4.35
4.10
4.76
4.68
4.35
6469
2.99
6.16
3.89

$/CCF

0.35
0.61
0.65
.61
0.98
0.2¢
0.47
0.98
0.48
0.642
0.48
0.58
0.40
0.90
0.56
0.2¢6
0.32
5.08
0.59
1.10

0.25-

0.48
0.77
1.49
L.04
0.41
1.91
0.68
0.78
0.64
0.45
0.35
0.48
0.48
0.5¢
0.37
0.44
0.67
0.88
0.43
0.37
0.38
0.92
1.45
0.52
0.21
1.23
0.31
l.36
0.29

HARV.CUST

$/CCF

7.36
11.64
7.68
Ll1.64
8.74
6.58
8.40
8.74
11.45
7.69
8.11
8.60
6.88
10.67
7.90
6.77
13.43
16.90
8.55
8.06
T.51
8.11
8.07
92.95
8.07
8,02
13.85
9.52
11.37
11l.14
9.24
11.57
8.11
8.11
T.59
7.78
Te 6l
11.19
8.02
6.91
6.23
T.72
7.88
9.86
T.84
7.55
12.75
6.16
12.34
6.76

PAGE 36

HAUL COST RD DEV. NET VALUE
$/CCF $/CCF $/CCF $/ACRE
1.70 0.0 78.39 5330.70
1.39 0.0 62.49 "2936.87
0.26 0.0 79.51 3498.45
1.16 0.0 62.72 2947.75
2.92 0.0 59,90 1437.53
0.31 0.0 80.56 3544.58
2.71 0.0 66.50 3325,12
3.01 0.0 59.80 1435,.30
2.53 0.0 6l.54 3446,29
2.38 0.0 T6.28 4271.54
1.23 0.0 62,22 3048.58
l.04 0.0 6l.91 3033.74
3.986 0.0 60.90 2983.9¢
3.91 0.0 60.95 2742.72
4.37 0.0 63.24 2213.51
1.92 0.0 TT.65 3455.55
2.22 0.0 39.87 3113.13
3.66 0.0 54.96 439.70
2.12 0.0 66.9% 2677.89
2. 86 0.0 76,53 2104.64
1.88 0.0 68.22 2865.23
1.20 0.0 62,24 3049,93
2.37 0.0 70.8% 2621.40
2.83 0.0 TA.6T7 2030,97
3.44 0.0 75.93 2088.20
3.33 0.0 60.40 3478.78
3.95 0.0 ST.72 . B865.84
2499 0.0 63.01 2205.36
3.01 0.0 6l.14 2384.59
4.90 0.0 59.49 2819.61
0.89 0.0 65.38 3400.00
0.94 0.0 59.22 2884.21
0.79 0.0 62.84 3079.25
1.00 0.0 62.63 3069.00
1.26 0.0 T8.60 3458.32
2.51 0.0 54.91 3519.76
‘4006 0.0 75.99 5167.03
4. 47 0.0 59.85 2693.44
4.93 0.0 T4.50 2011.62
6. 85 0.0 57.98 1855.37
5.75 0.0 75.48 3351.11
6. 85 0.0 60.95 2194.21
T.47 0.0 72.10 2372.18
6.85 0.0 56.84 1535.45
6. 54 0.0 60,17 3465.97
7.90 0.0 60.07 3934.78
T.67 0.07 55.04 1210.81
8.08 0.0 73.21 3257.98
1.28 0.0 55.90 1241.00
B8.47 0.0 56.32 2759.84

VAR



WESTLAKE PSYU - STAND APPRAISAL FOR STATE VARIABLE SUBSYSTEM

STAND ECONOMICS REPORT

STAND NO. AGE SITE G-TYPE VOLUME STOCK.  SELL PR.
CCF/AC  PCT, $/CCF
20086160 14 2 s 22.20 0.52 75.52
20073160 14 2 PLS - 49.00 1.18 71.5%
20099460 L& 2 S 22.20 0.%2 75.52
20077160 14 2 F 44.50 1.13 87.48
20129160 14 2 PLS 49,00 1.18 71.55%
21005153 14 1 F 61.90 1.22 87.45
210535155 14 1 F 61.90 1.22 87,45
21001155 14 1 F 61.90 1.22 87.45
21024160 14 1 PL - 26.00 0.¢2 65.20
21044139 16 t F 61.90 1.22 87.45
21026160 14 1 FS 52.00 0.89 86.34
21038160 16 1 sPL $2.00 0.91 13.76
21025160 14 1 s 60.00 0.99 71.74
21029153 18 t SPL - 635.40 1.15% 73.76
21012160 16 1 PLS 60.00 0.9? T1.74
21049160 16 1 s 65.00 1.18 15.92
210368150 16 2 SF 65.00 1.69 17.61
21055160 16 2 S $5.00 .53 73.52
210531060 16 3 rLS 19.00 o0.081 71.5%
220868160 14 1 SPL 32.00 0.5 73.7¢
22032159 14 t PL 33,40 0.86 6%.20
22094160 16 ' SPL 32.00 0.5%% 13.78
22011155 14 1 F 44,40 0.87 87.43
22018160 14 1 s $2.00 0.9% 75.52
22005160 14 1 ES 43,00 0.73 86.34
22012155 1 1 S 32.00 0.58 75.5%2
22000160 14 1 rLS 49.00 0.81 T1.74
22008153 14 1 PLF 53.40 0.88 74,58
22004159 16 1 PL . 53.40 0.85 65.20
22024160 14 2 SF 47.00 1.22 17.61
22119160 14 2 FPL 48.00 1.0¢ 82.29
22053160 16 2 3 47.00 1.11 75.52
22038160 14 F] F 27.00 0.69 87.43
22116160 14 . 2 FPL 37,00 0.80 82.29
22067160 14 2 F 62.00 1.58 87.45
22102160 14 2 SPL 32,00 0.74 10.09
22005155 14 3 PL 10.80 0.50 10.28
22034153 14 3 S 10.80 0.4l 75.52
220091593 14 3 PLS 10.80 0.6 71.55%
23039155 14 '] PL 64.10 1.03 65.20
23012160 14 1 PLS 63.00 1.0¢ T1.74
23055160 16 1 F 464,00 0.87 87.45
23017160 14 1 S $5.00 1.09 15.52
23043160 16 1 F 44.00 0.87 87.45
23049155 14 1 3 52.10 0.9% 75.52
23070160 14 1 s 65.00 .13 75.52
23004155 1¢ 1 PL 64.10 1.03 65.20
23030155 14 ) PL 64.10 1.03 65.20
23168160 16 1 £ 44,00 0.87 87.45
23030160 14 1 S 15.00 0.27 75.52

F-B COST SKID COST AREA COST

$/CCF

D T [~ e o

4.82
2.58
4.82
2.86
2.58
3.29
2.86
3.29
2.55
2.86
2.88
4.12
2.58
3.71
2.58
4,23
3.64
3.85
3.99
4.36
2.76
4.36
3.32
3.38
3.37
3.46
2.81
2.82
2.76
4.07
2.85
4.34
2.86
4.59
2.86
%.36
3.20
3.82
3.25
2.93
3.25
2.86
3.38
3.79
2.99
4.23
2.74
2.93
2.86
4.35

$/CCF

6.16
3.89
6.16
2.99
5.27
3.73
4.10
3.73
3. 17
2.99
.14
5.00
3.89
30 85
3.89
5.40
3.46
4.05
4. 76
6.20
4.67
6.20
3.73
5.40
3.93
5. 40
4.61
4.25
4.67
5.72
3.18
6.16
4.17
4.01
4.10
6.20
4.67
5.40
4.81
7.99
4.76
4.10
5.40
6.38
4.35
6.16
4.67
7.99
2.99
9.33

$/CCF

1.36
0.28
1.36
0.31
0.62
0.38
0.46
0.38
0.53
0.27
0.26
0.78
0.23
0.33
0.23
D.563
0.33
0.3%
2.14
0.85%
0.44%
0.85%
0.53
0. 43
0.55
0.74
0.48
0.44
0.44
0.61
0.28
0.64
1.06
i.10
0.49
0.85
2.19
2.19
2.19
0.26
0.65
0.69
0.43
0.38
0.38
0.67
0.37
0.26
0.31
1.12

HARY.COST HAUL COSTY

$/CCF

12.34
6.76
12.34
6.16
08.47
T.40
T.42
T7.40
6.84
6.12
6.28
9.91
6.71
T.91
b. 'l
10.25%
T.45
8.25
10.89
11.42
1.87
11.42
7.%9
9.2¢
7.83
9.60
8.11
T.51
T.87
10.40
6.32
11.15
8.09
9.70
T.45
11.42
10.06
11.42
10.25
11.18
8.66
T.65
9.21
10.56
T.72
10.85
7.78
11.18
6.16
14.80
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SERERELSEEREREEREE LS LG KRN RS E S E SR REEESERC R EEE AR A SN E R R AC L ER SRR RUENA R LR RS AL ERESRE SRR LSS RRQ R

RO DEV. NET VALUE
$/CCF $/CCF $/CCF $/ACRE
T.67 0.07 55.44 1230.81
8.08 0.0 S6.71 2778.84
1.00 0.0 56.18 1247.23
T.64 0.0 73.65 3277.34
8.07 0.0 55.01 2695.52
7.66 0.0 T2.39 4480.80
7.18 0.0 72.84 4508.88
7.69 0.0 T2.36 4479.28
7T.28 0.0 51.08 1328.11
6.98 0.0 74.3% 4602.07
1.97 1.73 10.36 363%8.77
8.61 1.73 53,51 2782.48
8.53 1.73 Se.7T 3286.27
6.98 0.0 $8.86 3849.71
7.78 1.73 $5.52 3331.09
8.38 1.73 55,16 - 3585.11
8.09 1.73 60.34 3921.88
T.78 1.73 ST.75 37%3.93
8.29 1.73 50.64 962.16
3.94 0.0 58.41 1869.11
4.17 0.0 33.16 2838.49
5.98 0.0 56.36 1803.6%
5.03 0.0 78.83 3322.%8
2.74 0.0 63.%54 13303.97
- 2.0% 0.0 T6.44 3287.06
6.6% 0.0 59.27 10896.74
2.50 0.0 6l.13 299%.44
3.24 0.0 63.80 3406.95
4.32 0.0 $3.01 2830.78
3.61 0.0 63.60 2989.23
5.62 0.0 70.36 33717.10
4,67 0.0 59.70 2806.06
3.26 0.0 716.10 20%4.56
6.61 0.0 65.98 2441.44 .
%5.5% 0.0 T4.4% 4615.77
5.45 0.0 $3.23 1703.30
4.72 0.0 55.50 599.42
4.35 0.0 59.75  645.31
3.56 0.0 ST.74 623.63
.29 0.0 49.73 3187.82
4.60 0.0 58.48 3686.23
6.34 0.0 T3.66 3232.43
3.24 0.0 63.07 3468.79
6.64 0.0 70.25 3090.99
6.02 0.0 61.78 3218.97
6.85 0.0 57.82 3758.49
%.56 0.0 52.86 3388.11
4.26 0.0 49,76 3189.81
6.81 0.0 76.48 3277.15
6.69 0.0 54.03 BlL0.69

STT



WESTLAKE PSYU ~ STAND APPRALSAL FOR STATE VARIADBLE SUBSYSTEM
COCS S SESEEENSSENSELERESSOSSSLBEREISEEOESESELESESREESSS SO ERESSESENEESEEEESOSBESSSOEEEEEESCEREERERESESIUESESSEEESEECIESSESEE

STAND NO. AGE SIVE G-TYPE VOLUME
CLF/AC
23152160 14 1 S 25.00
23020155 14 2 PL 26.20
23003160 14 2 S 45.00
23045155 14 2 ACON 18.50
23149160 14 2 SF 44.00
23150160 14 2 PL 26.00
24038155 14 1 PL 64.00
24106160 14 L SPL 50.00
24003160 14 1 S 45.00
24075155 14 L F 61.90
24088160 14 1 PLF 58.00
24002160 14 1 PLF 61.00
24137160 14 1 SPL 52.00
24112160 14 1 FS 44.50
24138160 14 1 PLF 58.00
24073160 14 3 PLF 58.00
24013160 14 2 FS 44,50
24037155 14 2 F 40.00
24032160 14 2 FS 35.00
24130160 14 2 FS 45.00
24072160 14 2 SPL 45.00
25040160 14 1 FS 44.00
25004160 14 1 PLF 58.00
25005160 14 1 SPL - 56.00
25059160 14 1 PL 22.60
25022160 14 3 S 56.00
23054160 14 1 PLS 32.00
25053160 1¢ 1 S 36.00
25073160 14 2 LS 28.00
39002160 14 1 SF 47.00
43008160 14 1 PLS 49.00
53001155 14 1 SPL 65.00
33006155 14 3 PLS 11.00
33012155 14 3 PLS 11.00
‘76007155 14 1 S 65.00
76002153 14 1 S 22.00
76006155 14 1 PLS 64.00
17019155 14 3 PLS 64.10
77002155 14 1 PL 32.00
77043155 14 1 PLS 64.00
77004155 14 1 SPL 50.60
77036155 14 1 SPL 65.40
77003155 14 1 PLS 64.00
17034155 14 2 PL 30.00
77035155 14 2 PLS 64.00
9037160 16 3 F 19.50
8054160 16 1 PL 58.00
8020160 16 1 PL 58.00
8063160 16 1 S 49.00
8019160 16 1 S 49.00

STOCK.
PCT.

0. 45
0.6%
1.06
0.56
l.14
0.63
1.03
0.88
0.82
l.22
0.95
1.00
0.91
0.75
0.95
0.95
0.98
1.02
0.77
0.99
1.05
0.75
0.93
0.98
0.36
1.02
0.53
0.65
0.67
0.91
0.81
.14
0.47
0.47
1.18
0.40
1.05
1.06
0.52
1.05
0.89
1.15
1.05
0.73
1.5%
0.65
0.89
0.83
0.87
0.87

STAND ECONOMICS REPORT

SELL PR.

$/CCF

75.52
67.12
75.52
64.72
77.61
67.12
65.20
73.76
15.52
87.45
74.55
T4.55
13.76
86.34
74.55
T6.55
81.29
8T7.45
81.29
81.29
70.09

86.34

T4.55
73.76
65.20
75.52
TL.74
75. 952
71.55
77.61
Tl.74
73.76
T1.55
T1.55
75.52
75.52
T1.74
T1.74

65.20

Tl.74
73.76
13.76
T1.74
6T7.12
71.55
87.45
70.79
70.79
75.52
75.52

F-8 COST SKID COST AREA COST

$/CCF

2.99
2.87
.36
2.58
2.93
2.55
2455
2.93
4.36
2.86
2.64
3.19
2.93
2.88
2.64
2.64
3.37
2.686
3.41
2.88
2.93
2.88
2.64
4.10
2.55
4.28
2.58
2.99
3.65
3.27
2.58
2.93
4. 75
4.75
2.99
4.83
2.58
2.58
2.55
3.25
2.93
4.04
2.58
3.53
3.25
2.86
2.91
2.73
4.25
3.35

$/CCF

4.35
4.67
5.40
3.48
3.76
3.n
3.7
4.75
5.40
2.99
3.40
4.26
4.16
3.65
3.40
3.40
3.93
2.99
3.93
3.65
4.16
3.14
4.68
5.7¢
3.
6.16
3.89
4.35
4.76
4.66
3.89
4.16
4. 76
4.76
4.35
5.40
3.89
3.89
3.1
4.76
4.16
5.00
3.89
4.64
4.76
4.09
T.64
4. 43
6.64
5.51

$/CCF

0.55
0.90
0.92
1.07
0.31
0.53
0.26
0.21
0.90
0.27
0.34
0.67
0.26
0.2¢
0.2%
0.34
0.53
0.4l
0.58
0.24
0.46
0.31
0.52
0.56
0.60
0.54
0.43
0.38
1.45
0.50
0.40
0.21
3.69
3.69
0.21
1.85
0.21
0.21
0.43
0.63
0.27
0.62
0.21
1035
0.63
Loel
0.29
0.4l
0.58
0.48

HARV.COST
$/CCF

7.88
8.45
10.67
7.13
7.00
6.84
6.58
7.89
10.67
6.12
6.38
8.12
1.35
6,77
6.27
6.38
7.83
6.27
8.01L
6.77
7.53
6.33
T.84
10.37
6.92
10.98
6.91
1.72
9.86
8.44
6,88
7.30
13.21
13.21
7.55
12.07
6.69
6.69
6,75
8.64
7.36
9.67
6.69
9.53
8.64
8.42
10.84
1.57
11.e8
9.34
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HAUL COST  RD DEV.  NET VALUE
$/CCF $/CCF $/CCF  $/ACRE
5.66 0.0 61.98 1549.47
“.26 0.0 56,41 1425.62
3.2¢ 0.0 61.61 2T72.64
6.01 0.0 51.58 954,32
5,59 0.0 65.02 2861.02
6.89 0.0 53.39 1388.06
6.46 0.0 52,16 3338.26
6430 7.5¢ 52,03 2601.31
3.89 0.0 60.96 2743.2¢
6449 0.0 76,84 4632,42
5.23 0.0 62.94 3650.42
4.92 0.0 61.51 3751,93
4.82 0.0 61.59 3202.56
0.84 0.0 78,73 3503.70
1.05 0.0 67.23 3899.19
5.38 0.0 62.79 3641.69
0.81 0.0 72,65 3232.86
1.57 0.0 13,61 2944.28
0.91 0.0 72,37 2533.08
4,45 0.0 70.07 3153.12
3.91 0.0 58,65 2639.47
7.29 0.0 12,72 3199.77
6.40 0.0 60,32 3498.32
6.83 0.0 56.56 3167.43
1.60 0.0 50,68 1145.42
6.76 0.0 57.78 3235.77
8.04 0.0 56,79 1817.23
6.35 0.0 6l.45 2212.24
8.03 0.0 53,66 1502.47
2.69 0.0 66,49 312¢.85
3,95 0.0 60,90 2984.21
8.64 1.73 56,09 3645.92
8.63 1.73 47,97  527.71
8.33 1.73 48,28 531.08
10.34 0.0 57.63 3745.76
10.31 0.0 53,13 1168.95
10.01 0.0 55,04 3522.58
9.74 0.0 55,31 3545.24
9.29 0.0 49,17 1573.35
9.89 0.0 53.21 3405.13
9.75 0.0 56.65 2666.66
9.88 0.0 56,21 3545.57
8.67 0.0 56.37 3607.96
9.56 0.0 48.03 1440,63
9.45 0.0 53,66 3421.31
1.19 0.0 77.84 1517.98
3.51 0.0 56,44 3213.45
3.24 0.0 59,98 3478.92
3,57 0.0 60,47 2962.90
1.83 0.0 64,35 3153.12

911



STAND NO. AGE SITE G-TYPE

WESTLAKE PSYU - STAND APPRAISAL FOR STATE VARIABLE SUBSYSFEM
C0000S0ECEAERES SO AR REEEER SR RREEARERRERENEL ERRRREEEARIEREEEREEERARERERANEEE RS ERRERERERRREREARRRENLRSEEEEERREECESRE LR 0L L LS00 0E

VOLUME STOCK.

CCF/AC

8002160 16 1 PL 64.90

6003160 16 1 S 49.00

80341560 16 2 S 44.80

8065160 16 2 covo 51.50

8033160 16 2 F 38.40

8001160 16 2 F 38,40

8064160 16 2 F 38.40

10001160 16 1 F 38.00
10029160 16 1 F 38.00
10058160 16 2 S 47.00
11034160 16 1 F 57.00
11013160 16 2 F 40.00
11043160 16 2 SF 55.00
12001160 16 1 S 47.00
12056160 16 1 S 47.00
14060160 16 1 SF 47.00
14038160 16 3 F$ 32.00
14128160 18 1 S 49.00
14062160 16 1 SF 52.00
14122160 16 1 S 49.00
15110160 16 1 F 38.40
13034160 16 1 F 44.00
15027160 16 1 F 38.40
16013160 16 1 F 38.40
16073160 16 3 S 30.00
16045160 16 1 S 30.00
16046160 16 1 F 38.00
17053160 16 1 PL 44.50
17033160 16 1 PLS 49.20
17020160 16 1 PL 44,50
17001160 16 4 S 70.30
17002160 16 1 PL 64.90
17040160 16 2 S 49,20
L7019160 18 2 S 55.00
17031160 16 2 S 49.20
17032160 16 2 F 38.40
10055160 16 1 F 38.40
18101160 16 [\ S 49.00
18001160 16 1 S 47.00
18089160 16 1 F 38.00
18022160 16 i S 29.00
18073160 16 1 F 50.00
18074160 16 1 S 57.00
18040160 16 2 S 20.00
19033160 16 1 F 46.50
19014160 16 1 F 38.00
19001160 16 1 F 38.00
19045160 16 1 PLF 57.00
20057160 16 i S 47.00
20056160 16 2 F 59.00

PCT.

1.00
0.87
1.02
1.61
0.93
0.93
0.93
0.73
0.73
1.07
1.10
0.95
1.39
0.83
0.83
0.89
0.83
0.87
0.98
0.87
0.7¢
0,83
0.7¢
0. T4
0.93
0.53
0.73
0.68
0.79
0.68
l.z.
1.00
1.12
1.28
.12
0.93
0.7%
o.s’
0.83
0.73
0.51
0.97
1.0t
0.45
0.90
0.73
0.73
0.91
0.83
l.42

STAND ECONOMICS REPORT

SELL PR.
$/CCF

10.79
75.52
75.52
32.36
85.37
85.37
85.37
87.17
87.17
75.92
87.17
85.37
71.61
75.52
18,52
75.33
88.03
75.52
75.33
75.52
8r.17
87.17
sr.17
87.17
75.52
15.52
87.17
70.79
12.82
70.19
75.52
10.79
75.52
75.52
75.52
85.37
87.17
75.52
15.52
ar.1?
75.52
81.17
15.52
15.52
87.17
87.17
87.17
74.55
15.52
85.37

F-8 COST SKID COSY AREA COST

$/CCF

2.72
3,35
4.29
2.65
2.86
3.33
2.86
3.34
3.34
8.27
3.28
3.33
3.95
s.27
2.96
4.01L
3.36
4.25
3.23
8.25
6,45
2.86
3.33
€.45
3,42
3.42
3.34
2,97
3.28
zl'b
3.31
2.72
4,25
3.33
$.25
4,45
2.86
3,35
427
3.3¢
4,53
3.30
3,33
4.84
2.86
2.86
3.36
2.66
2.96
2.86

$/CCF

4.43
5.51
6.64
6.27
4.09
3.80
4.09
3.80
3.80
6.64
3.80
3.80
5.42
5434
4.55
5.42
3.69
5.34
4.41
5.34
3.47
4.09
3.80
3. 47
5.51

5.51 -

3.80
T.64
4. 27
4.43
551
4. 43
5.06
5.51
5.06
3. 47
4.09
5.51
6.64
3.80
6.16
3.80
551
6.16
3.20
4.09
3.80
3.21
4.55
3.20

$/CCF

0.36
0.48
0.64
0.56
0.75
.62
0.75
0.62
0.62
0.61
0.41
0.59
0.52
0.86
0.42
0.51
0.45
0.93
0.45
0.83
1.45
0.69
0.62
1.45
0.79
0.79
0.62
0.38
1.13
0.53
0.34
0.36
1.13
0.43
1.13
1.45
0.79
0.48
0.61
2.52
1.04
0.47
0.41
1.51
0.36
0.80
.62
0.2%
0.29
0.23

HARV.COST HAUL COST

$/CLF

T.52
9.34
11.57
9.47
7.70
T.75
T.70
T.76
T.76
11.52
7.50
T.72
9.89
10.47
T7.93
10.04
T.48
10.42
8.10
10.42
9.36
T.64
T.75
9.36
9.72
9.72
T.76
10.99
8.68
T.72
9.15
7.52
10.44
9.27
10. 44
9.36
T.74
9.34
11.52
T.76
11.74
7.57
9.25
12.52
6.42
7.75
T7.76
6.09
7.80
6.29

$/CCF

3.19
1.90
5,44
3.48
5.36
2.43
3.3
2.08
1.63
1.36
2.68
1.79
1.15
3.99
‘.‘8
3.82
2,00
2.48
2.86
2.55%
2.36
o174
2,33
3,02
0.89
0.46
3.00
3.28
3.62
2.80
2.18
3,08
3.20
3,00
3,17
3.55
7.65
4.67
4.14
“.84
.14
4.90
4.58
462
5.5%
5.65
7.73
6.85
8.33
8.75
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RD DEV. WET VALUE
$S/CCF $/CCF $7ACRE
0.0 60.09 3899.75
0.0 54.29 3150.04
0.0 $8.51 2621.10
0.0 19.41  999.52
0.0 12.32 2771.19
0.0 75.20 2887.63
0.0 T4.34 2854.65
0.0 17.34 2938.77
0.0 T7.78 2955.67
0.0 62,64 2944.01
0.0 77.00 4388.93
0.0 75.87 3034.81
0.0 86.57 3661.39
2.0 61.06 2869.64
0.0 63.41 2980.28
0.0 61.46 2888.73
0.0 78.55 4084.81
0.0 62.62 3060.42
0.0 64.38 3347.56
0.0 52.55 3064.81
0.0 15.43 2897.18
0.0 T4.79 3290.94
0.0 T7.10 2960.53
0.0 74.79 2871.95
0.0 66,91 1947.40
0.0 65.34 1960.16
0.0 76.42 2903.17
0.0 $6.53 2515.45
0.0 60.52 29T7.43
0.0 60.27 2682.05
0.0 64.19 4512.54
0.0 60.20 3906.90
0.0 61.88 3044.45
0.0 63.24 36T78.44
0.0 51.91 3046.21
0.0 72.46 2782.39
0.0 TL.78 2756451
0.0 61.51 3014.19
0.0 59.86 2813.44
0.0 T4.57 2833.85
0.0 59.04 L712.13
0.0 Te.71 3735.32
0.0 61.69 3516.24
0.0 56.38 1167.68
0.0 75.21 3497.31
0.0 73.77 2803.14
0.0 71.68 2723.93
0.0 6l.61 3511L.94
0.0 59.39 2791.35
1.73 68.60 4047.40

L1t



WESTLAKE PSYU — STAND APPRAISAL FOR STATE VARIABLE SUBSYSTEM
CEEOEEESORBEENC RSP RNENS LR ESENENEREEESRSEEE SO SLESOSRINENEE S S EEROBROISINCEEES LIRSS SRRSO EN0ESENOLREERE 0SS0 S0 00000288000

STAND ND. AGE SITE G-TYPE VOLUME

! CCF/AC
21011155 16 1 F 46.20
2105315% 16 1 F 46.20
21024155 16 1 S 70.30
21037160 16 1 S 42.00
21023155 16 1 F 46.20
21054155 16 1 S 70.30
21028155 16 1 F 46.20
21006160 16 2 S 47.00
21011160 16 2 S 49.00
21001160 16 2 S 47.00
21048160 16 2 S 42.00
21023160 16 2 S 49.00
22052160 16 i F 49.00,
22003135 16 1 PL 58.00
22023160 16 | N SF 47.00
22001155 16 1} S 48.00
22002153 1¢ 1 F 66.20
22029155 16 1 F 66.20
220301593 16 1 S 49.00
22031135 16 1 PL 53.00
22118160 16 2 SF 47.00
22004160 16 2 FS 64.00
22062153 16 3 S T.70
22006155 16 3 S T.70
23139160 16 1 F 38.00
23029155 1s 1 PL 58.00
23019155 16 1 PL 64,90
23069160 16 1 S 47.00
23167160 16 1 F 38.00
23054160 16 1 F 66.00
23001155 1& t S 49.00
23092160 16 1 F 60.00
23046155 16 1 covo 68.70
23002155 16 1 F 38.40
23065155 16 1 F 68.70
23003155 16 1. PL 64.90
23044155 16 1 S 49.00
23066155 16 1 S 44.80
23043155 16 i F 66.20
23038155 16 2 F 38.40
23016160 16 2 S 47.00
23002160 16 2 F 23.00
23018155 16 2 F 38.40
23148160 16 2 SF 38.00
23001160 16 3 S 32,00
23011160 16 3 F 23,00
24001155 16 1 F 46.50
24025160 16 1 SPL 49.00
24005159 16 1 F -54.60
24014155 16 1 F 39.70

STOCK.

PCT.

0.89
0.89
l.2¢
0.7¢
0.89
l.2¢6
0.89
1.07
l.12
1.07
0.96
le12
0.95%
0.89
0.89
0.85
1.28
1.28
0.87
0.82
l.19
1.33
0.28
0.28
0.73
0.8
1.00
0.83
0.73
1.28
0.87

L.16

2.83
0. 74
1.33
1.00
0.87
0.79
1.28
0.93
1.07
0.55
0.93
0.96
1.15
0.73
0.9)
0.85
1.05
0.77

STAND ECONOMICS REPORT

SELL PR.

$/CCF

87.17
87.17
75.52
75.52
87.17
75.52
87.17
75.52
75.52
75.52
75.52
75.52
87.17
70.79
7%.33
75.52
87.17
87.17
75.52
T70.79
77.61
82.41
75.52
75.52
87.17
70.79
70.79
75.52
87.17
87.17
75.52
87.17
32.36
87.17
87.17
70.79
75.52
75.52
87.17
85.37
75.52
85.37
85.37
TT.61
75.52
87.45
87.17
76.18
87.17
87.17

F-8 COST SKID COST AREA COST

$/CCF

2.86
2.86
3.78
4.32
3.91
4.13
3.91
3.75
2.96
3.75
4.32
2.96
2.86
2.73
4.01
3.35
3.27
3.27
3.35
2.74
2.91
3.31
5.05
4.00
2.86
2.91
2.72
4.27
2.86
2.86
3.35
2.86
2.65
3.33
2.86
2.72
2.96
2.96
2.86
3.81
3.35
4.79
3.33
2.91
4.47
4.79
.35
3.26
%.29
2.86

$/CCF

3.20
4,09
%.25
5.34
2.90
6.64
2.90
9.03
4.55
9.03
5.34
4.55
4.09
4.43
5.42
5.51
3.80
3.80
5.51
4.43
3.5¢
3.69
9.03
5.51
3.20
T.64
4.43
6.16
3.20
4.09
5.51
4.09
4.65
3,80
3.20
4,43
4.55
4.55
3.20
5.87
5.51
3.66
3.80
3.54
5.34
3.66
4.39
4,84
4.39
3.20

$/CCF

0.43
0.62
0.34
0.97
0.52
0.43
0.49
0.36
0.28
0.36
0.97
0.28
0.62
O.41
0.61
0.49
0.36
0.36
0.48
0.45
0.29
0.37
2.18
3.07
0.52
0.29
0.36
Q.64
0.36
0.46
0.48
0.50
0.29
0.62
0.29
0.36
0. 40
0. 44
0.30
0. 44
0.50
1.77
0.62
0.36
1.27
1.77
0.58
0.48
0.50
0.50

HARV .COST

$/CCF

6.49
7.57
8.37
10.63
T.33
11.20
7.30
13.13
T.79
13.13
10.63
T.79
T1.57
T7.57
10.04
9.35
T.42
T.42
9.34
T.62
6.74
7.38
16.26
12.58
6.58
10.84
T.52
11.08
6.42
T.41
9.34
T. 46
T7.59
7.75
6.35
T.52
T.91
T.95
6.36
10.12
9.36
10.22
T.75
6.81
11.08
10.22
9.32
8.59
9.17
6.56

PAGE 40

HAUL COST RD DEV. NET VALUE
$/CCF $/CCF $/CCF $/ACRE
7.09 0.0 73.59 3399.79
6.99 0.0 T2.61 3354.65
6.98 0.0 60.16 4229.55
8.14 1.73 55.02 2310.80
T.15 0.0 72.68 3358.04
6.98 0.0 57.34 4030.88
6.99 0.0 72.88 3367.19
7.95 0.0 54.44 2558.69
1.99 t.73 58.00 2842.08
T.75 0.0 56.66 2568.11
8.31 1.73 54.85 2303.70
B8.41 1.73 57.59 2821.86
6.03 0.0 13.57 3604.92
4.59 0.0 58.64 3400.97
3.63 0.0 61.65 2897.62
4.63 0.0 6l.54 2953.79
5.23 0.0 T4.52 4933.33
5.39 0.0 T4.36 4922.36
5.19 0.0 60.99 2988.74
5.28 0.0 57.90 3068.66
4.92 0.0 65.95 3099.50
4. 49 0.0 70.55 4514.97
5.03 0.0 54.23 417.58
4.72 0.0 58,22 448,31
3.83 0.0 76,76 2916.97
4.49 0.0 55.47 3217.07
4.42 0.0 58.86 3819.71
6.91 0.0 57.53 2704.05
3.76 0.0 T6.99 2925.44
6.18 0.0 73.58 4856.35
S5.44 0.0 60.7T4 2976.33
5.76 0.0 T73.95 4437.17
5.77 0.0 19.00 1305.55
5.18 0.0 T4.25 2851.04
5.75 0.0 75.07 S5157.47
4.47 0.0 58.80 3816.42
5.55 0.0 62.05 3040.53
5.78 0.0 6L.7T9 2768.09
3.68 0.0 T5.13 4973.61
5.58 0.0 69.67 2675.2¢
3.01 0.0 63.15 2968.06
4.53 0.0 T0.62 1624.21
5.53 0.0 72.10 2768.69
5.37 0.0 65.44 2486.58
3.57 0.0 60,87 1947.89
3.33 0.0 73.90 1699.73
6. 81 0.0 71.04 3303.30
5.30 0.0 62.29 3052.18
6.81 0.0 7T1.18 3886.63
6.73 0.0 73.88 2932.97
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bl dd il l il il i dd il hdd i i dadd i ddd i dd i dd il il el i L A L Y Y T T Y T YT T YT Y T Y TT T T VPO rerrrsrpy ey

STAND ECONOMICS REPORT

STAND NO. AGE SITE G-TYPE VOLUME STOCK. - SELL PR. F-B COST SKID COST AREA COST HARV.COST HAUL COST RD DEV. NET VALUE

CCF/AC PLT. $/CCF $/.CF $/CCF $/CCF $/CCF $/CCF $/CCF $/CCF $/ACRE
24031160 16 1 FS 62.00 0.99 88.03 3.32 3.69 0.38 7.39 5.41 0.0 75.23 4664.48
24081155 16 3 F 46.50 0.90 87.17 2.86 3.20 0.36 6.42 6.52 0.0 T4.23 3451.68
26012160 16 |} SF 49.00 0.92 75.33 3.24 4. 41 0.48 8.13 5.46 0.0 61.74 3025.28
24136160 16 1 PLF 46.50 0.7¢ T4.55 2.64 3.21 0.29 6.14 0.91 0.0 67.50 3138.65
24089155 16 1 F 43,60 0.8% 87.17 2.86 4.09 0.66 T.61 6.97 0.0 72.59 3164.87
24023155 16 1 F $6.50 0.9) 87.17 2.86 3.20 0.42 5.49 7.07 0.0 73.61 3423.03
24087155 16 1 F 52.00 1.0) 87.17 2.86 3.20 0.32 6.38 6.72 0.0 76,07 3851.41
24098155 16 1 F 38.00 0.73 ar1.17 2.86 4.09 0.75 7.71 T.13 0.0 T2.34 2748.79
24036155 16 3 F 52.00 1.00 87.17 2.686 3.20 0.32 6.38 6.40 0.0 T4.39 3868.07
24057153 16 1 F 49.00 0.95 87.17 2.86 3.20 0.34 6.40 T.06 0.0 73.73 3612.90
24062160 16 2 FS 46.50 0.97 82.41 $.45 4.49 0.58 9.52 0.84 0.0 72,06 3350.65
24026155 16 2 F 59.00 1.62 85.37 2.86 3.20 0.23 6.29 8.78 1.73 68.57 4045.65
24068155 16 2 F 52.00 1.25% 85,37 2.86 3.20 0.32 6.38 T.70 0.0 Ti.30 3707.43
24105160 16 2 FS 46,50 0.97 82.41 2.88 3.45 0.23 6.55 0.91 0.0 T74.9% 3485.36
24134160 16 2 F$ 46.50 0.97 82.41 2.88 2.97 0.29 . 6.14 0.85 0.0 75.43 3507.56
24071160 16 2 SPL 54.00 1.21 73.50 2.91 3.92 0.37 7.20 3.95 0.0 62.34 3366.49
24111160 16 2 FS 46.50 0.97 82.41 2.88 3.45 0.23 6.55 0.87 0.0 74.99 3487.03
24094160 16 2 SPL 47.00 1.05 73.50 2.91 3.92 0.42 T.26 3.85 C.0 62.39 2932.21
24001160 16 3 FS 25.00 0.75 84.60 4.82 3.73 1.53 10.18 4.46 0.0 69.96 1748.96
25039160 16 1 FS 49.00 0.78 88.03 2.88 2.97 0.28 6.12 6.32 0.0 75.59 3704.04
23052160 16 1 PLF 57.00 0.91 74.55 2.66 3.21 0.2¢ 6.09 6.78 0.0 61.69 3516.27
25003160 16 2 FPL 52.00 1.07 83.29 2.85 4.11 0.58 1.55 6465 0.0 69.10 3593.07
25016160 16 2 FS 38.00 0.79 82,41 2.88 4.06 0.80 7.73 6.90 0.0 67.78 2575.78
39001160 16  § F 57.00 1.10 87.17 3.28 3.80 0.41 7.50 2.78 0.0 76.89 4382.73
46012160 16 1 SPL 49.00 0.85 76.18 3.26 4.84 0.48 8.59 S.61 0.0 6l.98 3036.87
53010155 16 2 S 42.50 0.97 75.52 4.32 5.34 0.96 10.61 8.33 1.73 54.85 2331.09
76005155 16 1 F 38.00 0.73 87.17 2.86 3.20 0.36 6.42 10.10 0.0 70.65 2684.64
77001155 16 1 PLS 61.00 0.98 12.82 2.58 3.67 0.22 . 6.48 8.99 0.0 57.35 .3498.49
17047155 16 2 F €6.50 1.12 85.37 2.86 3.20 0.36 6. 42 8.43 0.0 T0.52 3279.38
77033155 16 2 SF 49.00 1.2¢ TT.61 4.00 4.41 0.83 9.23 9.32 0.0 59.05 2893.60
77055155 16 2 F 46.50 1l.12 85.37 2.86 3.20 0. 36 6.42 8.63 0.0 70.32 3270.06
77066155 16 2 F 46.50 1.12 85,37 2.86 3.20 0.36 6.42 8.41 0.0 70.55 3280.45
10005160 18 1 SPL 10.00 0.17 73.76 3.72 4.6% 2.36 10.72 1.91 0.0 6l.13 611.30
10072160 18 2 PL 10.00 0.23 70.28 2.55 4.66 3.02 10.24 l.47 0.0 58.57 585.73
10032160 18 2 SPL 10.00 0.22 73.76 3.72 4. 6% 2.36 10.72 l1.61 0.0 61.4) 614.34

EXECUTION TERMINATED 12:04:01 V¥=23.706 RC=0 $13.47

$S16
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r - FACTOR ANALYSIS - REVISED JAN. 8, 1975

_____IHE;ERDGRAH“HILL ATTEMPT TO ACQUIRE 2 PAGE(S) OF MEMORY TD RUN THIS PROBLEM

(a2

e ANPUT _FORMAT_ . e

F’ *88¢eFACTOR ANALYSIS ON 20 TYPE [SLAND STATE VARIABLES OF THE WESTLAKE PSYU

(AG)10XeF5.2910X9FBs2918X9F(1XeFS5.2) 97Xy (1XFE6.2))

A

| OQUTPUT FORMAY i (A4:10X,8F8,3)
___ NUMBER OF VARIABLES . __ . . ... . .._..20 ...
MAX, ITERATIONS FOR COPMUNALITIES 1
MAX. I[TERATIONS FOR RCTATICN 50

LOWER LIMIT ON EIGENVALUES 0.10000

___ MAXIMUM NUMBER QOF FACTORS 1O _BE EXTRACTED . 8__ . -

UPPER LIMIT ON REFERENCE AXIS CCRRELATIONS 0.95000

| YHE CORRELAYIQN MATREX IS FORMEC . . .
DIAGONAL ELEMENTS ARE UNALTERED

VARIMAX ROVATION IS PERPFORMED

YARIABLE NAMES ARE READ_IN__

CASE [IDENTIFICATION 1S READ WITH EACH CASE

19 VALa180 SE.€E6 14.417 207.850 0

NUMBER OF CASES 1985
_____ i o STJDEV. QF i o _ . B}
VARTABLE MEAN ST.DEV. VARTANCE THE MEAN MINTMUM MAXTMUM ~ % OBSERVATIONS ™ ~7SUM )
1 VOL NOW  23.637 18.129 328,670 0.40691 0.0 70.300 1985.0 46519,
2 VAL NOW  1347.7 1184.5 0.140299E407 26.586 ~51.850 53307 1985.0 0.26752E+07
3 VOL240 7.4104 4.7313 22.38564 0.10619 0.33000 30.15J 1985.0 14710,
4 VOL360 16,041 T.6736  58.8847  0.17223 1.4000 464730 1985.0 L.3L84l.
5 voLa8so 24,655 9,6387 92,9038 0.21634 2.8000 64,000 1985, 0 47749,
6 VOL@100  30.481 11.011 121.241 2.24714 442000 T1.22¢ 1985, 0 60504,
7 VOL@120  34.584 11.915 141.966 0.26743 5.1700 72.500 1985.0 68648,
8 vOLal40 37,154 12.535 157.135 0.26136 5.7109 T1.79 T9R5.0 73830,
9 vOLal60  28.591 12.515 166,806 0.28988 5.9800 75,260 1985.0 76604.
10 VOL@180 35,341 13,138 172.602 0.29488 6.0800 77,00 1985.0 18091, ~
11 VOL3200  35.476 13.211 174.520 0.29651 6.0802 77.580 15985, 0 78363,
12 VAL@40 46,240 17,452 304,594 0.39172 0.0 76,95 1985.0 91985.
13 VALE60 48,406 15,428 238,038 034629 2.4700 78.37) 1585.0 96085,
14 VAL380 51,737 14,658 214,853 0.32900 8.3900 T9.17J 1385.0 0. TOZTOF+05
15 VALaL00  52.611 14.102 216,151 0.32999 9.8100 19.854 1985.0 0.10443E+06
16 _VALA120 52,156 14,627 213,940 0.32630 9.9400 80,270 1565.0 0.106 TOE+D6
17 VAL3140 52,582 14.501 210.286 0.3:548 10.030 80456y 1985.0 0.10636F +06
L 18 VALal6D 55,515 14,272 206,557 0. 3¢258 10,060 80.65 ISE5.0 0.11032F +06
.32359 10,0990 80.510 1985. 0 0.11054E+06
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4 CORRELATION MATRIX

WITH INITIAL COMMUNALITY ESTIMATES ON THE DIAGONAL

1 vOL NOw 2 VAL NOW 3 VOL#40 4 VOL@60 5 VOL380 6 VOLa@100 7 voLalz2u 8 VOLal40
1 vOL NOW 1.0000
. 2 VAL _NOW 0.56134 1.0200 )
” 3 VOL340 0.70019 C. 74511 1.0000 ~
4 VOL360 0.73942 0.15220 0.95301 1.0000
S vOLa80 _____ 0.7z223 _Q.72201 . 0.88170 0.97927 1.0000 ) L L
6 VOL2100 0.68139 0.67404 0.80335 0.93124 0.98476 1.0000
7T voLal20 0.6€034 0.64806 0.75660 0.89694 3496556 0.99552 1.0000
8 VOL@140 0.64117 0.63122 0.72504 0.87242 U.94923 0.98732 0.99770 1,0000
9 vOLal60 0.64366 0.62845 0.70922 0.85792 0.93843 0.98041 0.99405 0.99896
10 voLaleo 0.63948 0.62789 0.70005 0.84641 0.92860 0.97332 0.98935 0.99623
11_vOLa200 0463734 0.62760  _ _ 0.69240 0.83617 0.91853 0.96451 0.98257 0.99155 ]
12 VAL240 0.44926 0.58170 0.56655 0.58483 0.59311 0.58782 0.56947 0.55045
13 VAL360 0.42065 0.57957 0.52952 0.53121 0.52012 0.49671 0.46932 0. 44514
14_VAL@80O 0,37204 0.5375% 0.45870 0.44026 0.43428 0.41928 0.39801 0.37787
15 VAL2100 0.37204 0.53580 0.45436 0.44593 0.45192 0.45160 0.43458 0.41536
16 VAL@120 0.34585 0.51455 0.42496 0.40240 0.40320 0.39913 0.38181 0.36248
17 _VAL@140 0.33935 _ 0.51140 __  0.43832 _  0.42710 0.42050 0.40390 0.37908  0.35592
18 VAL3160 0.33768 0.50107 0.41503 _ 0.41352 0.42176 0.41996 0.40247 0.38313
, 19 vaLaieo 0.32992 0.49630 0.41145 0.40489 0441115 0.40830 0.39058 0.37123
! 20 vAL@200 0.33015 0.49683 0.41095 0.40424 0.41046 0.40769 0.39011 0.37091
: 9 VOLa2160 10 _VOL®180 _ 11 VOL&200 12 VAL340 13 VAL&#60 14 VAL3BD | (15 _VAL3100 le VALal20
' 9 vOLal60 1.0000
10 VOL3180 0.9%505 1.0000
11 v0La200 0+95616 0.59894 1.0000
12 VAL340 0.54723 0.54715 0.54247 1.0000
13 VALa60 0.44028 0.44066 0.43595 0.93441 1.0000
14 VAL380O 0.31155 0.38143 0.37925_  _ 0.91010 _ 0.96855 . ._le0Q00 -
15 VAL3100 0.41521 0.41963 0.41687 0.90450 0.94086 0.,96298 i.0000
16 VAL2120 0.36243 0.36743 0.36488 0.88951 0.94109 0.98298 0.97629 1.0000
AT _VAL3140 0,35297 0.35531 0.35147 0.88700 0.97792 0.98599 0.94903 0.966819
18 VALa160 0.38243 0.38546 0.38155 0.90604 0.96193 0.98962 C.96850 0.98087
19 vAL3180 0.37384 0.37464 0.37137 0.90436 0.96358 0.99219 0.96874 0.98252
20_VALa200 0.37063 0.37456 _.0.37143 . 0.,90405 = 0.96361 0.99221 . 0.96855 = 0.98260 . . .
11 YAL@140 18 YAL@160 19 vALal18Q 20 VAL@#200
17 VAL3140 1.0000
18 VAL2160 0.58591 1.0000
19_VALa180 0.58859 0.59811 1,000 . _ e e e
20 VAL3200 0.98857 €.59860 0.99992 1.0000
ARES OF CFF DIAGONAY ELEMENTS= 91,689

EIGENVALUES

MEAN OF SQUARES OF OFF DIAGONAL ELEMENTS= 0.24129
SQUARE ROOTY OF MEAN OF SQUARES OF OFF CIAGONAL ELEMENTS= 0.49121

13.353 4.8831 0.99859 0.44807 0.11590 0.81387E-01 0.42399E-01 0.32316E-J1 U,15498E~-01

0.13468E-01

007656 TE-02 0.36242E-02 0.29308E-02 0.11856E-02 0.36499E-03 0,.,10261E-03 U.61443E-04 J.23207F-0& J.,11182F-04
. __CUMULATIVE PROPORTION OF TOTAL VARIANCE

0. 66767
. 0.99959

0.98415
0.99997

3.99715
1.0000

0.99853
1.0000-

0.99614¢
1.00u0

0.91182
0.99977

0.56175
0.55%91

0.98995
0.99999

0.99402
1.0000

0.3278TF-35

0.99920
1.0000 !

(44}



"PER CENT OF TOTAL VARIANCE ACCOUNTED FOR BY EACH FACTOR

66,6684
0.03828

24041530

0.01812

4.99293
0.01465

2+264034
0.00563

0.571949

0.00182

 0.40693

0.00051

0.21200
0.03031

0.16158
0.00012

_0,07749
" 0.00006"

0.06734
70.00002

TIME FOR INITIAL FACTOR-LOADINGS-MATRIX IS 0.,9036E-01 SECONDS

—— TIME FOR _ACCURACY CHECK IS

0.14E-01 SECONDS.,

YALUES
0.37567E-04 0.1B819E-04 0.14133E-05 0,65505E-06 0.41168E-06
ERROR BOUNDS FOR EIGENVECTORS
0.88 703E-05 0.96892E-05 0.51346E-05 0.39441F-G5 0.24787E-05
VAR ABLE ORIGINAL EST IMATED FINAL
_COMMUNALITY _ CCMMUNALITY. _COMMUNALETY e
1 VOL NOW 1.0000 1.0000 0.99126
2 VAL NOW 1.€000 1.0000 0.99027
3 VOLa40 1.0000 1.0000 0.98504
4 VOLa60 1.0C00 1.0000 0.99583
5 V01280 1.6€00 1.0000_____ 0,99173 o _
6 VOLa100 1.0000 1.0000 0.99373
7 vOLa120 1.cco0 1.0000 J.99746
8_v0L3)40 1.0000 1.0000 0.99950
9 voLa160 1.6000 1.0000 0.99538
10 voLa180 1.0000 1.0000 0.99665
11 voLazao 1.0000 1.0000  0.99032 ~ ~ i
12 VALa40 1.ccoo 1.0000 0.99574
13 VAL360 1.0000 1.0000 0.97270
14 VALR80 }.0000 1.0000 U.99097
15 VALa100 1.0000 1.0000 0.95786
16 VAL3120 1.0000 1.0000 0.97938
17_VAL3140 1.0000 1,0000 . 0.983T2 . ... . ..
18 VAL2160 1.0000 1.0000 0.99409
19 VALa180 1.0000 1.0000 0.99666
20 YAL2200 1.0000 1.0000 0.99668
SUM OF COMMUNALITIES
20,000 20.000 194799 e
NEAN COMMUNALTTY
1.0000 1.0000 0.98995

£C1



MATRIX OF RESIDUALS WITH UNIQUENESSES ON THE DIAGONAL ™)
1 vOL NOW 2 VAL NOW 3 VOL240 4 VOL#60 5 VOL&80 6 VOL2100 7 VOLA120 8 vOLa140
1 YOL NOW 0.£7174E-02 )
2 VAL NCW -0.91265€-02 0.97333E-02 9
3 VOL340 ~0e35534FE-02 0.27814E-02  0.14904E-01
4 VOL360 0.21908E-02 ~0.20159€-02 -0.70986E-02 0.41677E-02 ) .
$ voLa8o 0.33746E-02 -0,28839E-02 -0,10628E-U1  0.51995€-02 0,82735E-02 -
6 VOL3100 0.28821E~02 =~0.23TC4E-02 -0.73530E-02 0,27575E-02 0.59740E-02 0.62680€-02 .
@120 0.16088E-02 =-0.12977€-02 =-0.34454E-02  0.89682E-03  U.28231E-02  0.37083F-02 0.25378E-02
8 VOLals0 0.51583E~03 -0.49829E-03 -0.44167E-03 -0.96217E-04 0.23999E-03  0,76830t-03  0.75542F-
9 VOLal60 -0.86503E-03 0.76016E-03  0.,228156-02 -0.10083E-02 -0.18933€E-02 -0.17807E-02 -0.90764E-03 ~-0.31695E-04
10 _vOLa180 -0s266C6E-02  0,23713E-02  0.56B18E~02 -0,24798E-02  -0.46165E-02 ~0.44308E-02 -0.257376-02 -0.59011E-03
11 voLaz00 ~0.42044E-02 0.36806E-02 . 0.88062E-02 ~0.35335E~02 =-0.72878E-02 =-0.74902E-02 -0.46286E-02 =0.12340E-02 T
12 VAL340 ~0e11718E-02 0.84226€E-03  0.58352E-02 <~0.25060€6-02 -0.31741E-02 -0,17698€-02 -0,75978E-03 -0,21454E-03
13 YAL360 ~032913E-03  0.,10206E-02 ~-0,10528E-01  0.39277E-02  0.405606-02  0,12831E-02  0.33243FE-03  0.36636E-03
14 VALa8O 0.58578E-03 -0.13457€-02 0.16386E-02 -0.18351E-03 -0.95029E-03 <-0,294916-02 -0.19564F-02 -0.30764E-03
15 VAL3100 ~0.26389E-02 0.13569E-02 0.666856-02 -0.180356-02 <-0.30800E-02 =~-0.23340E-03 -0,13928€-03 -0,79373E-03
16_VAL@120 ~0,59319E-03 -0.66988E-04 _ 0.71187€-02_ -0.30779E-02 -0.38106€-02 =-0.14455E-02 =-0,92232E-04  0.13000€-03
17 VAL3140 0.27643E-03 0.79160E-03 -0, €86748E-02 0.27637E-02 0.43482E-02 0.24230E-02 0.91475€-03 0.28867€-03 7T
18 VAL2160 0.237T19E-02 -0.19416E-02 -0.167656-02 0.105026-02 0.18554E-02 0.,17578E-02 0.10693E-02 0.36952E-03

A
20 VAL2200

l6 E-02
0.14593E-02

-0.12883E-02
~011126E-02

-0.44208€-03
-0.27316€E-03

0.14951€-03
0.96285E-04

16 voL3180

0.73969€-03

0.54278E-03 0.

0.77025E~-03
-0

0.46679E-03
0.

0.13560€-03

15 VALa100

9 VOLa160 11 VOLa200 12 valaso 13 vaLa69 14 vaLa®& 16 vALa120
9 vOLa160 0.62016E-03
10_vOL3180 0.12511E-02 _0.33483E-02
11 VOLa200 0,19608E-02  0.55886E-02  0,96840E-02
12 VAL240 0.50547E-03  0.13548F-02 0.18987E-02  0.42621E-02
13 VAL@60 -0.310366-03 -0.78137E-03 -0.54873E-03 -0.10082E-01  0.27299€-00
14 vVALa80 0.102216-02  0.17191€-02  0.26835€-02  0.79175€-03 -0.19754€-02 ~ 0.90317€-02
15 VAL@100  -0.59869E-03 0.31433E-04 0.16374E-03  0,42493E-02 -0,11358E-01 -0.90035E-02 0,42141E-01

6 VAL@]20

0.31492E-03

0.10607E-02

0.10644E-02

0,63927€-02

-0.12980E-01

-0.12903E-03

0.10535E-01 0.206255-01

17 VALA140 . =-0.603486~03 =0,13096E-02 -0.16332E-02 -0.59421E-02 0.15300E-01 ~-0.2968B6E~-0

18 VALZ160 -0+31338€-03 -0,15534E-02 -0.26963E-02 0.27T151E-04 -0.28075E-02 -0.12059E-03 -0. 586885 02 -0.63844E 02

19 VAL160  -0,10749E-03  -0.55921E-03 _=-0.10381€-02 _ 0.18968E-04 -0.17267€-02 = .80526E-03 -0.62411€-02 -0.42151£-02

20 VALa3200 ~0.56242E-04 -0.40027E-03 <0, T6087E-03" 0.11253E-04 =0.15377E-02 0.84897€-03 -0.,64333E-032 -0.418188-02
17 VAL@140 18 VALa3160 19 VALa180 20 VAL3200

17T VAL3140 C.16284E~01

18 VAL@160 0,23255E-03  0,59091€-02 ) )

19 vALal80 0.11656E-02 0.34282E-02 0.333506-02

20 VAL@200 0.11843E-02 0.331B6E-02 0632%44E-02 0.33249E-02

FACTOR-LOADINGS MATRIX BEFORE ROTATTON

FACTOR
. 1 2 3 4 5
VARIABLE

1 vOL NOwW 0.68814 =0.34108 <0.57664 0.26138 —0.23780E-01

2 VAL NOW 0.177661 -0.17475 -0.56269 0.19868 0.67334E-02

3 VOL@40___ C.78140  -0.22948 -0.287178 -0.42557 0444416F-01 o ]
I 4 vOLa60 0.684C09 ~0.43995 -0.14138 -0.27654 U 74704E -02

5 VOL280 0.86155 -0.47837 ~0.769T6E-03 =-0.14351 0.46521E-02
L 6_VOLa100 0.85693 -0,49319 0.12286 -0.32329E-01  0.456B82E-02 J

%C1



7 VOL#120 0.£4072 -0.5C841 0.17626 0.326756-01  0.506826-02 =
8 VOL4140 0.82412 -0.52245 0.20413 “0.75384E-01  0.46892E-02
9 vOLaleo  c.B2Cl8 -0.51961 0.21464 0.10273 0,77856E-02 e

10 vOLa180 €.81895 -0.51231 0.22091 0.12063 0.12450€-01 T
11 vOLa200 0.81266 -0.5107¢C 0.2211% 0.13521 0.16219€-01

12 VAL@40 C.88098 034944 U.57415€-U1 -0.41U8YE-01 -0.30417 J
13 VALa60 0.£5565 0.48086 ~0.19613E-01 ~0.64189€-01 -0.69493F-01 3
14 VAL38O 0.81855 0.56565 -0.39091E-U2 -0.30987€-02  0.30675E-01

15 VAL3100  C.82445 0.52393 0.3B0U6E-0L  0.33432E-01  0.32755€-01 e
16 VALal20 0.7584% 0.57880 0.198056-01  0.30497E-01  0.73902E-01

17 VALa140 0.80074 0.50165 0.77114E-02 =-0.29647E-01- 0.57235E-01

18 VAL@]60 0.81124 0.57462 0.508669E-01  0.29516E-01  J.38203E-01

19 vAL2180 0.80539 0.58553 0.54986E-01  0.24539€-01  0.39298E-01

20 VAL@200 0.£0519 0.58578 0.54487E-01  0.25908E-01  0.39708E-01
SUM OF SQUARED FACTOR-LOADINGS DIVIDED BY SUM OF COMMUNALITIES

0.67445

0.24663

0.50436E-01

0.,22631€E-01

0.58537€-02

ORTHOGONAL ROTATION

— - ITERATVION _ SIMPLICITY

CRITERION
0 -0.45574
1 =71.7960
2 -7.8022
3 -7.8022

TINE FGR ROTATION IS 0.2832E-01 SECONDS

ROTATED FACTOR-LOADINGS MATRIX

FACTOR
1 2 3 4 5
VARJABLE .
I vOL NOw -0.16661 0.5C079 -0.83842 0.9167T8E-01 -0.19123E-01
2 VAL NOW -0.35260 0.45265 -0.80010 0.14449 0.40995E-02
3 VOL@40___ -0,2616! 0,62007 -0,34573 0.64230  -0,49246E-02
4 VOLa60 -0.23314 0.78903 -0.30849 0.47179 ~0.,33852€-01
S vOLas8o -0.22223 0.88344 -0.24841 0.30788 ~-0.28889F-01
6 vyOLal00 ~0.,22939 0.53800 -0.18417 0.16391 -0.21920E-01
7 vOL&3l20 ~0.21224 C.558715 -0e16042 0.,84817E-01 -0.16746E-01
8 vOLals0 ~0.19338 0.5¢859 -0.15015 0.34750€E-01 -0.13857E-01
9 VOLa160 _ -0.19392 0.96913___ -0,14967 0.53295E-02 -0,88033F-02 o B
10 vOLal180 -0.19917 0.56663 -0.14968 -0,13834E-0L -0.29037€-02
11 vOLaz200 -0.166S8 0.96293 -0.15328 ~U.28031E-01 0,20333E-02
12 VAL @40 -0.E5019 0.37106 ~-0.,12528 0,98471E-01 -0.33138
13 VALa60 ~0.92716 0.24412 -0.15058 0.14569 -0.97857E-01
14 VAL380 -0.56179 0.17367 -0.13478 0.77270E-01 0.737T05€6-02
15 VAL@L00 _ ~0.545C8 __  0.22129 _ _ =0.12004 0.34225E-01 0.11385€-01
16 VAL3120 -C.56690 0.16214 ~0.11843 0.36848E~01 0.53010E-01
: 17T VAL3140 -C.56873 0.15427 -0.106062 0.95281E-01 0.32146E-01
: 18 VAL@160 -0.57501 0.18604 -0,89319E-01 0.24090E-01 0.16705€E-01
; 19 vALAal80 -C.%7870 0.17344 -0.87268€-01 J.28373E-01 0.17601E-01
20 VAL@200 -C.S7872 0.17304 ~-0.88123€-01 0.27257€-01 J.18117€-01

SUM OF SQUARED FACTOR-LOADINGS DIVIDED BY

0.44108

0.41428

SUM OF COMMUNALITIES

0.,9544bE-01

0.42735E-01

0.64530E-02

A



MATRIX OF CORRELATIONS OF FACTORS WITH VARIABLES.
VARIABLES ARE REORDERED ACCORDING TO HIGHEST CORRELATION WITH A FACTOR,

FACTOR
1 2 3 4 5
VARIABLE
12 VAL340  -0.85019 0.37109 -0.12528 0.98471E-0L -0.33138
_)3._VAL@6Q _ -0.92716_ ___ 0.246412  -0.15058 _ _ 0.14569 -0,97857€-01 L
. 15 VAL3100  -0.94508 0.22129 <0.12004 0.34225€-01  0.11385£-01 T T
16 VAL3120 -C.56690 0.16214 -0.11843 0.36848E-01  0.530106-01
14 VAL@8BO _ —0.56779 0,17367 -0,134178 0.77270E-01 _ 0.73705E-02
17 VAL3140 -C.96873 0.15427 ~0.10662 0.95281E-01  0.32146E-01
18 VAL@160  -0.57501 0.18604 -0.89319€-01  0,24090E-01  0.16705E-01
19 VAL2180__ ~0.S7870 0.17344 -0.87268£-01_ _ 0.28373E-01_  0.17601E-01 o
20 VAL@200 -C.57872 0.17304 ~0.88023E-01  0.27257€-01° 0.181L7E-01 ' -
sREeERRR SRS REES —omamman  eesemee=  eecece————
9 V0L8160  -0.19392 0.96913 ~0.14987 0,53295€6-02  ~0,8B033E-02
8 vOLal40 -0.19338 0,5¢859 ~0.15015 0.347506-01 -0.13857€-01
10 VOL@180 ~-C.15617 0.56663 -0.14968 -0.13834E-01 =0.29037E-02
11 VOL@200  -0.19698  0,56293 -0.15326 . =0.2803lE-Ol  0.20333E-02
7 vOLal20 -0.21224 0.55875 ~0.16042 0.8481TE-Ul" ~0.16746E-01l T T T
6 VOL2100 -0.22939 0.53800 -0.168417 0.16391 ~0.21920E-01
3 V0L38Q  -0.23223 0.88344 -0.24841 0.30788 -0.28889E-01
4 VOLa60  -0,22314 0.78903 —0.30849 0.4T179 ~0.33852E-01
e o NE B eRe R AR ERRE 2 mcmmemman 0000 eemcece-
2 VAL NOW _ -0,35260 0.45265 -0.80010  0.14649 _ 0.40995€-02 o
1 VOL NOW  -0.16961 0.50079 =0.83842 0.91678E-01 -0.19123€-01
-— - ———— -————— (222222t ] LR 22 21 5 1 S ttuhahad
3 VOL@40  -0,26161 0.62007 -0.34573 0.64230 -0.49246E-02
e . et SXEEERERE (I T T3 21
........ Sk Rkkk

SUM OF SQUARED FACTOR-LCADINGS OIVICEC BY

0.44108

0.41428

SUM GF COMMUNAL ITTES

0.95448E-01

0.42735€E-01

0.64530E-02

REGRESSION COEFFICIENTS FOR FACTOR SCORES

FACTOR I B .
1 2 3 T s ) T
VARIABLE

1 VOL NOW 0.65893E-01 -0.82960E-01 -0,75377 -0.34574 -0.15961
2 VAL NOW 0.,27321€-01 -0.11401 -0.68219 -0.18956 0.92376E-01
3 VOL@40 0.361726-01 =-0.S7135E-01  0.80654E-01 1.0657 0.28871
4 VOLa60 0.22988F-01 0.17539 _  0.14050__  0.43151 0.13599 — . .
5 vOLa80 0.58785E-01 -0,73450E-C1 0.2S7T77€E-01 0.55866 -0.15694 o T
6 VOL@100 ~0.1356€E-01  0.12190 0.85045E-01 0.59506E-03  0.,18325
7 voLalao 0.522146-01  0.3€319 0.19740 -0.24686 -0.5004 1E-01
8 vOLa140 0.0 0.0 0.0 0.0 0.0
9 vOL3160 0.0 0.0 0.0 0.0 0.0
10 VOL3180 Ce3S076E-01  0.66511 0.19681 -0.98837 0.43771
11 vOLa200 0.0 0.C 9.0 0.0 0.0
12 VAL@40 ~0.48789F-01 -0.3C885E-C1 0.77869E-02 -0.10910 -2.6213
13 VAL®360 -0,10215 -0,6036GE-01 - 0.14283E-0U1  0,11488 -0.61065
14 VALa8O -0.13259 ~0.112056-C1 _ 0.15862€-01 -0,39411E-02 0,27798
15 VAL3100 -Q.12774 -0.58356E-C2 0.121776-01 -0,64786E-01  0.28050
16 VAL3120 -0.14376 -0,2€654F-01 0.72592E-02 =-0,17418E-01 J.63829
17 VAL@140 -0.13589 ~041721CF-C1  0.51064E-01  0.73321F-01  0.48543
18 VAL3160 -0.14030 0.56296E-02 0.41283E-01 -0,77385E-01  0.33670
19 VAL#1B0 -C.2782S -0.51287E-01  0.64936E-01 -0.63340E-01  0.,60941

971
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APPENDIX -VII

Volume And Value Yield Classes From Cluster Analysis



AGE WEIGHTED VOLUME YTELD CLASSES
IN YRS. IN CCF/ACRE

Y

1 2 3 4 5 6 T 8 9 10

AR R T TR EER S T I T T T S NS I I R T R R T T S R R I T T T T T S AR I R R T R E R E S I I RN AN T AR IR RIS R

20% 0.92 0.00 0.11 0.0 0.18 0,02 2.27 0.36 0.00 0. 00

402 12.69 6.59 4.34 1. 51 2.10 5«16 17.78 2.7T0 8.06 10,88

60 22.63 15.54 9.98 5.63 5,01 12.05 29.56 6.49 18,47 27.40
— 80T 29.5% 24.57 15.44 11.58 T.96 19.13 37.66 10.55 28,22 41.65
100 34.20 32.24 19.7; 16.65 10.37 25020 42.89 13.97 35.99 52426
120t 37.02 37.02 22.75 19.74 12.22 29.05 46,12 16.68 41.10 58.62
T#OY IB. TR - 40.02 25,76 Z21.76 13.43 31.49 48.07 18.43 46,43 62.59
160: 36.63 41.65 25.79 22.99 14,03 32.82 49.24 19,33 464,35 64,68
180: 40,09 42,52 26.34 23. 73 14,31 33.55 50.01 19.89 47.32 65.45
2007 40.23 42.64 26.53 23.97 14,43 33.70 50.20 20.13 4T7.55 65.19

8¢CI1



’ AGE WEIGHTED VOLUME YTELD CLASSES
> IN YRS, IN CCF/ACRE
11 12 13 lkl 15
20: 0.0 0.28 l.10 5. 15 2.43
403 9.30 21.23 8.63 28.74 20.29
80 23.11 46,70 16.70 8375 35.73
! 803 35.71 63.96 23.12 53. 65 46.43
1003 45,62 71.18 27.73 59,40 53.61
1202 51.60 T2.46 30.71 62.91 58.02
1402 55.32 7T1.61 32.71 64.83 60.73
160: 57.28 68.77 34.03 66.11 62.12
18073 58.13 65.09 34.90 67.07 62.87
200: 58.01 60.01 35,33 66.74 63.16
[~ EXECUTTON YERNINAYED
T=11,37 ORs=17 $3.36, $3.457

$S16

6C1



AGE WEIGHTED ECONOMIC YIELD CLASSES
s IN VRS, IN $/CCF
1 2 3 & 5 6 7 ] ] 10
SRR R R e R R R I P T R T R P ¥ S RCREC T I rIETEST=zss === SR SRR T I I R T S S S S S R I R I I C R R TR NE NN REEE RS
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
40 S€, 77 ££,07 8409 37.63 6.65 34452 53,54 62.06 71.93 56. 94
601 59,82 55.51 15.0¢ 46,94 71.80 48.63 53.98 63,70 73.79 59.36
803 62,08 571.07 18,20 7.28 T5.81 LYY 4] 5587 5%, 88 T4. 89 59.38
100t 63,23 56,79 19.79 56,75 77.39 51.88 56493 65443 75.70 61,43
120: 63.96 59,34 20,50 58483 78.19 56428 57.69 65480 76.18 61.68
140: €3.¢% 55.62 2I.1% 60.26 T8.70 58.05 58,58 5. 5% T8. 13 §2.59
160t ¢4,86 €2.44 21.57 60,90 78,75 58.88 60.85 66440 15.81 63,03
180t €5,27 €1,96 21.90 61419 79.01 59,03 60,97 66,77 76.66 62.73
200¢ €5, A7 €le 14 2215 61.41 19.21 59.45 6l.15 67.00 T6. 80 03. 1IU

0€T



AGE WEIGHTED ECONOMIC YIELD CLASSES

IN YRS, IN $/CCF
>
11 12 13 14 15 16 17 18 19 20
EEESTERCCEECIETEEECEECSISSSCSSSCSCSSSISSSSNSECCISIICIISSSCSESSSC S CSST=SESSSSSSSSSSSSSSSCESTSSSSREIZSISSSISICSIsSIssusIIas
20: 0.0 0.0 0.0 0.0 0.0 0.T 0.0 U.0 U.0 U.0
403 23.¢5 £2.44 13,78 38.88 6.76 51.77 0.0 50.64 17.82 11. 70
60 71.99 51.57 38.53 43,31 12.78 50.10 60.78 48.41 18.42 34,82
80: 15,46 55476 54,53 56.30 1570 .18 88.7T7 53.52 T8.57 51.53
100: 16.88 £€.28 50.23 50.34 17.19 57.08 Tl.47 55.15 18.62 47,26
120 17.64 58675 57.71 58.11 17.82 57.75 12. 74 5590 18,64 54.82
140: T6.15 5€.66 -1: %14 58445 18 . 44 55 .20 73.53 53.48 T8.65 55. 82
160: 18,31 60.38 8,98 58. 86 18,84 59.42 73.90 57.62 18,65 56,26
180: 18,63 60,33 59.30 59,08 19.14 59426 T4 27 57.50 18.64 56.58
200 78.88 €Ce 51 59.53 59.26 19.38 59 .44 74,55 57.67 I8.62  56.80

1t



AGE WEIGHTED ECONOMIC YIELD CLASSES

N IN YRS. IN $/CCF
21 22 23 24 25 26 27 28 23 30
s3smEEsssEEmEomEsCoCCoSSSSEITETSSSSRESSESSSEECERSSISTTSCESSISTSCCECTRTSISCATECSrSNATCSSISsasissEIriISITCESTOSTICEEER
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 \o.o
401 16,74 £C. C1 70615 25.02. 4.10 66426 6.06 45,91 S.78 52+ 35
602 66,92 47.87 71.40 37.16 10,31 67.71 36.82 44,84 45,14 54,23
80 T0.54 $2.22 T2.2¢ 39,04 13,18 08, 60 35.7€ %39.29 52,00 5%. 84
1003 72.01 £3,14 12.91 45,21 14,65 69.14 47.56 51.27 54459 S4.63
1203 72.52 £3,65 73,29 51.38 15.27 69,88 49,82 52,17 55.98 56435
140: T3.23 ¥2.45 T3.58 52.11. 15.88 T0.31 50.55 — 50.63 56,12 55,91
1602 73.26 56,06 73.16 52,50 16,217 70,25 51,00 53,62 57417 57,93
180: 73.50 55,83 73.57 52.79 16,57 70,48 51s 25 53. 71 57.45 57.33
2003 T3. 8¢ TE.ST T3.67 53.00 15,80 T0.64 51.40 53.86 57.6% 57. 52

EXECUTICMN TERMINATEC
T=11.,83 CR=130 $3.80, $3.86T

$SIG

cel
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APPENDIX VIII.

Transportation Economics By Compartment For The Westlake PSYU



COMPARTMENT REPORT

- - ——— - — —— ———

COMPARTMENT REGION # OF # OF AVERAGE HAUL MIN. HAUL MAX. HAUL AVERAGE ROAD
STANDS UNLOCATABLE STANDS COST ($/CCF) COST ($/CCF) COST ($/CCF) DEV. COST ($/CCF)

T T e s o e e = o e e o o o s o o o . B = 2 e o o 0 2 o o im0 o o e o W e e o o e . e . ot v o o e

9 60 38 0 1.63 0.83 2.63 0.0
6 60 17 1 2.03 1.93 2.38 0.0

8 60 65 5 3.06 0.86 5.83 0.0

10 60 133 0 1.69 0.10 4,22 0.0

11 60 64 0 2.09 0.77 2.75 0.0

14 60 100 17 2.86 1.20 4.40 0.0

15 60 126 1 2.80 1.57 5.00 0.0

16 60 62 4 1.06 9.30 3.25 0.0

18 60 92 0 4,82 3.38 7.91 0.0

19 60 59 24 6.85 4.88 8.06 0.0
20 60 113 17 7.67 5.70 9.10 0.07
21 55 58 28 6.98 6.25 7.69 0.0
22 60 123 1 4.48 2.05 6.71 T 0.0
23 60 151 8 .47 2.85 6.93 0.21
23 55 64 s 5.25 4.26 6.42 0.0
24 60 140 1 4,22 0.03 6445 1.21
24 55 84 2 7.05 6.20 8.90 0.25
12 60 95 0 4.10 2.13 6.73 0.0

17 60 54 3 2.51 1.36 3.62 0.0

22 11 70 15 4.72 2.88 6.84 0.0

25 60 68 3 6.76 6.05 8.41 0.0

39 60 15 0 2.91 2.69 3.06 0.0
44 60 12 0 6.59 6.43 6.77 0.0

76 55 11 o 10.13 9.96 10.34 0.0
17 55 64 o 9.35 : 8.21 10.31 0.01
21 60 65 0 7.99 6499 8.97 1.04
40 60 4 0 3.34 - 3.29 3.35 0.0

43 60 12 0 -6 e42 3.95 6.89 0.0
46 60 10 0 5.94 5.61 6.17 0.0

53 55 12 0 8.49 8.32 8.64 1.73
27 . 5S 4 0 10.45 10.31 10.56 0.0

%€l
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Transportation Analysis Results For An Isle Pierre Appraisal
Point - Stand 057



WESTLAKE PSYU -~ TRANSPORTAT JON NETWORK ANALYSIS PAGE 42
000000888000 00880002 0006044620000 SASRREERRSESRIRISEICEIRECESIEIEISNEENNENRIEEIE0O0EIGIREISSS s 800 0000800008

TYPE ISLAND REPORY

STAND NMO. TYPE AGE SITE SLC USE CENTROID LOCATION DIST. TO NEAREST RD. ROD. NO. 0IST. TO NAP HAWL COST ROAD DEVELOPMENTY

IN LAT-LONG. (MILES) UMILES) ($/CUNIT) COST ($/CUNIT)
0002160 PL 8 i s 1 $331.17 12252.33 0.69 13 51.18 11.26 0.0
8003160 s 8 1 & 1 $335.43 12252.20 0.51 17 45.30 2.9 0.0
8034160 s 8 2 5 1 5327.89 12242.27 1.36 13 6l.41 13.51 0.0
8065160 COID 8 2 13 1 5331.43 12242.60 7.10 17 52.48 11.55 0.0
8033160 F 8 2 s 1 5328.63 12242.80 5.97 15 61.02 13.42 0.0
8001160 E e 2 & 1 $332.93 12250.23 2.33 v 7.7 10.50 0.0
8064160 £ 8 2 13 1 $331.77 12243.33 6.47 17 51.89 11.81 0.0
10001160 F 8 1 & 1 $339.98 12301.75% 0.32 21 39.83 .7 . 0.0
10029160 F 8 L & 3 5339.41 12306.08 0.96 22 7.43 1.43 0.0
10058160 s 8 2 s 3 5341.48 12305.48 2.30 2 6.19 1.3 0.0
11034160 F 8 I & & 5366.46 12314.71 2.31 2e 14.07 2,68 0.0
11013160 F o 2 & 1 $339.77 12313.30 1.32 27 .93 1.79 0.0
11043160 SF 8 2 s 1 $340.59 12312.62 0.66 23 6437 1.18 0.0
12001160 s 8- 1 [ $341.33 12325.59 2.34 3 22.18 3.9 0.0
12056160 s 8 1 10 1 5342.27 12325.41 3.39 3 23.21 4.10 0.0
14068160 SF 8 1 s 1 $333,75 12313.80 0.69 32 20.69 ..93 0.0
14038160 FS 8 i s 1 $338.43 12312.73 2.40 21 11.09 2.00 0.0
14128160 s 8 1T 9 2 $336.33 12315.60 1.50 27 13.7¢ 2.48 0,0
14062160 SF 8 1 & 2 5300.00 12300.00 20,77 3 60.41 13.29 0.0
14122160 s 8 1 9 1 5336.41 12316.70 1.00 27 14.17 2.33 0.0
15110160 ] 1 12 1 $336.56 12304.73 1.11 32 2e.18 8.20 0.0
15034160 F 8 L T 5330.80 12309.36 1.53 13 $8.20 12.80 0.0
15127160 F &8 1 & 1 $335.43 12304.53 1.02 32 20.18 6.19 0.0
16013160 £ 8 1 12 1 $337.38 12304.32 0.40 21 a4.1l %70 0.0
16073160 s 8 1 & 2 5339.3% 12253.93 1.51 17 40.70 0. 9% 0.0
16045160 s 8 [ S | §339.06 12254.77 1.09 18 - se.T? .33 0.0
16046160 F 0 1 4 1 $337.41 12304.02 0.32 21 44,03 9.69 0.0
17053160 PL O 1 e 1 5330.68 12256.46 1.71 13 51.57 11.3¢ 0.0
17033160 PLS 8 t 12 1 $329.23 12254.38 0.57 13 53.19% 11.69 0.0
17020160 PL 8 1 & 2 5331.66 12254.50 0.21 1] 49.40 10.87 0.0
17001160 S o 1 o 1 $332.46 12256.13 1.06 13 46.57 10.24 0.0
17002160 PL 8 "R S §330.66 12254.89 0. 82 13 $0.67 11.13 0.0
17040160 s o 2 12 2 5329.80 12257.2) 1.69 1e 51.23 11.27 0.0
17019160 s 8 2 & 2 $330.00 12257.23 1.69 14 $0.33 11.07 0.0
17031160 s 8 2 12 $329,77 12257.46 1.53 14 51.07 11.23 0.0
17032160 F 8 2 12 $329,63 12254.63 0.51 13 $2.62 11.62 0.0
18055160 F 8 1 T 3 5327.06 12308.20 .68 Y 28.71 6.32 9.0
18101160 s o i & 8 5324.T3 12304.39 0.72 ’ S1.47 11.32 0.0
18001160 s 8 1 s 3 5330.30 12305.3) 1.42 1 55,49 12.20 0.0
18089160 £ 8 1 & 2 $324.80 12306.60 0.63 ’ 52,25 11.49 0.0
18022160 s 8 1 Tt $324.39 12304.63 1.0% 9 51.80 11.40 0.0
18073160 F 8 1 s 1 5325.89 12306.80 0.82 ’ $2.30 11.93 0.0
18074160 s 8 1 4 1 $325.03 12303.80 0.7 ’ $1.06 11.23 0.0
18040160 s 8 2 T 6  5325.50 12305.46 0.49 9 81.23 11.27 0.0
19033160 F 8 1 18 1 $321.0% 12305.27 0.51 s 42.89 9.43 0.0
19014160 F 8 1 T 1 $321.05 12306.39 0.25 8 s1.85% 9.21 0.0
19001160 F 8 1 P $325.25 12307.96 0.50 e 29.10 6.40 0.0
19045160 A.F s 2 $300,00 12300,00 20.17 604 132 JJQ_J
2005716 3 S $323.35 12316.46 1.39 %6 31,97 7.0 0.0
. ¥ 713 $322.05 12317, s 'y . & PYY 1.73

9¢1
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Summary Of Cut Sch2duling Results - Case 1

Objective:

Objective value
at 30 years:

Objective value
at 200 years:

Long run sustained
yield average:

Volume harvested
in decade 1:

Net revenue in
decade 1:

maximize volume
over 200 yrs.

6,978.3 MCCF

39,265.6 MCCF

1,831.9 MCCF/decade

2,575.0 MCCF

$106.3 MM

Short _Tecn -

maximize volume

over 30 yrs,

7,802.,3 MCCF

38,422.1 MCCF

1,831.9 MCCF/d=cade

2,879. 1 MCCF

$116.5 MM
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Species Harvest By Timber Class - Case .1



TIMBER CLASS

VOLUME IN M C CF

TOTALSS

F

0.33
18.28
17.6¢
1.15
30.98
22.06
20.12
10.52
21.99
56.54
13.24
84.32
0.0
95.68
19.25
0.14
91.05
32.76

408.09

20.7

[

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

SPECIES BREAKOCWN OF HARVEST IN DECADE 1 — CASE 13 LONG TERM
00300000 8088000000800088480030505080000800088880085008006000008

H

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
G.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.27

2.50
0.84
0.05
l.64
3.51
4.18
0.52
L.70
3.41
0.28
0.58
0.0
0.74
0.45
0.04
0.63
9.01

30.32

l.o

S

7.87
154.43
5.74
0.37
83.61
40.36
38.52
6.04
18.51
60.44
3.91
4.33
0.14
12.43
6.11
0.28
4.7C
65.68

513.59

1.5

cy

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

Pu

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0

PL

3.94
32.13
5.27
0.35
18.73
370.15
282.43
126.38
185.97
26.1719
8l.92
4.16
0.0
608
i12.19
1.06
449
421.97

1684.01

5T.4

PY

0.0
0.0
C.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

L ct L] MB [} A PA
0.0 0.03 0.0 0.0 0.13 0.30 0.0
0.0 0.70 0.0 0.0 157 6.01 0.0
0.0 0.09 0.0 0.0 1.84 1.40 0.0
0.0 0.0 0.0 0.0 0.15 0=13 0.0
0.0 0.43 0.0 0.0 le32 3.67 0.0
0.0 2.43 0.0 0.0 1.9 7.03 0.0
0.0 2.66 0.0 0.0 226 S.81 0.0
0.0 0,26 0.0 0.0 0.48 1.29 0.0
0.0 1a15 0.0 0.0 2.7% 3.2%5 0.0
0.0 1.10 0.0 0.0 2.40 4.11 0.0
0.0 0.)J0 0.0 0.0 0.89 0.07 0.0
0.0 0.0 0.0 0.0 174 155 0.0
0.0 3.37 0.0 0.0 0.0 8.0 0.0
0.0 0.02 0.0 0.0 2.02 2.30 0.0
0.0 0.2¢ 0.0 0.0 1.66 1.39 0.0
0.0 0.03 0.0 0.0 0.02 0.08 0.0
0.0 0.0 0.0 0.0 1.88 1,47 0.0
0.0 6.95 0.0 0.0 .11 11.95 0.0

0.0 19.35 0.0 0.0 27.16 $52.7% 0.0
0.0 0.7 0.0 0.0 0.9 .8 0.0

6€1



SPECIES BREAKOOWN OF HARVEST IN DECADE 1 - CASE 13 SHORT TERM
S000080 000800800500 0800000000088080505008300000680000000500088

TIMBER CLASS F c H 8 s cyY Pu PL (4 L (44 o ne 8l A PA

VOLUME IN N C CF

7 0.33 0.0 0.0 0.27 " 7.817 0.0 0.0 3.94 0.0 0.0 0.03 0.0 0.0 0.13 0.30 0.0
14 11.6% 0.0 0.0 0.84 S5.74 0.0 0.0 5.21 0.0 0.0 0.09 0.0 0.0 le84 .40 0.0
16 7.15 0.0 0.0 0.05 0.37 0.0 0.0 0.35 0.0 0.0 0.0 0.0 0.0 C.0%5 0.33 GC.0
30 22.06 0.0 0.0 3.51 40.39 0.0 0.0 370.15 0.0 0.0 2.43 0.0 0.0 1.95 1.03 0.0
34 2.60 0.0 0.0 0.02 0.13 0.0 0.0 0.13 0.0 0.0 0.0 0.0 0.0 0.05 0.0% 0.0
36 20.12 0.0 0.0 4.18 38.52 0.0 0.0 282.43 0.0 0.0 2.66 0.0 0.0 2.2¢ S.0 0.0
43 10.%2 0.0 0.0 0.52 6.04 0.0 0.0 126.38 0.0 0.0 0.26 0.0 0.0 .48 -1.29 0.0
34 27.99 0.0 0.0 1.70 18.51 0.0 0.0 18%.97 0.0 0.0 le15 0.0 0.0 2.79 3.2%3 0.0
5 45.01 0.0 0.0 l.41 40.64 0.0 0.0 12.63 0.0 0.0 0.39 0.0 0.0 143 2.49 0.0
o3 856.54 0.0 0.0 3.41 60.44 0.0 0.0 2679 0.0 0.0 le10 0.0 0.0 240 4. 12 0.0
o7 13.2¢ 0.0 0.0 0.28 3.91 0.0 0.0 081.92 0.0 0.0 0.10 0.0 0.0 0.808 0.87 0.0
68 04.32 0.0 0.0 0.58 4.35 0.0 0.0 4.16 0.0 0.0 0.0 0.0 0.0 176 1.5% 0.0
69 0.0 0.0 0.0 0.0 0.14 0.0 0.0 0.0 0.0 0.0 3.37 0.0 0.0 0.0 0.0 0.0
3 935.68 0.0 0.0 0.74 12.43 0.0 0.0 6.08 0.0 0.0 0.02 0.0 0.0 2.02 2.30 0.0
[ 12,08 0.0 0.0 0.92 16.56 0.0 0.0 9.49 0.0 0.0 0.0% 0.0 0.0 1.68 1.0 0.0
sl 19.2% 0.0 0.0 0.45 6.17 0.0 0.0 112.19 0.0 0.0 . 0.2¢ .0 0.0 1e66  1.39 0.0
3 0.14 0.0 0.0 .06 0.28 0.0 0.0 1.06 0.0 0.0 0.03 0.0 0.0 0.02 0.05 0.0
[ 1) 91.0% 0.0 0.0 0.63 4.7C 0.0 0.0 4.49 0.0 0.0 0.0 0.0 0.0 1.00 1.47 0.0
92 95.82 0.0 0.0 6.18 91.59 0.0 0.0 829.23 0.0 0.0 3.82 0.0 0.0 4.85 12.95 0.0
% 32.76 0.0 0.0 9.01 65.69 0.0 0.0 421.97 0.0 0.0 6.95 0.0 0.0 4.1 18.95 0.0

TOVALS: 7715.15 0.0 0.0 34,74 424.47 0.0 0.0 2484.65 0.0 0.0 22.68 0.0 0.9 32.28 60.39 0.0
g 20.2 0.0 0.0 0.9 11l.1 0.0 0.0 64.90 0.0 0.0 0.6 0.0 0.0 0.8 | PY ) 0.0

A
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Summary Of Cut Sch=2duling Results - Case 2

Objective:

Objective value
at 200 years:

Volume production
at 200 years:

Long run sustained
yield average: .

Volume harvested
in decade 1:

Net revenue in
decade 1:

VYolume -

maximize volume

over 200 yrs. .

$179.3 mM

39,265.6 MCCF

1,831.9 MCCF/decade

2,575.0 MCCF

$106.3 MM

Value -

maximize value

ovar 200 yrs. .

$200.4 MM

38,385.3 MCCF

1,831.9 MCCF/decade

2,864, 3 MCCF

$119.4 MM
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Summary Of Cut Sch=duling Results - Case 3

Objective:

Objective value
at 200 years:

Volume production
at 200 years:

Long run sustained
yield average:

Volume harvested
in decad=s 1:

Net revenue in
decade 1:

TRACS -
maximize value

ovar 200 yrs..
$200.4 MM
38,385.3 MCCF
1,831.9 MCCF/decade

2,864.,3 MCCF

$119.4 mm

CARP -

"maximize value-

over 200 yrs. .

$267.2 MM

40,471.,2 MCCF

1,755, 7 MCCF/d=2cade-

3,4402.4 MCCF

$162.6 MM



