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ABSTRACT

THE IMPACT OF CUTTING METHOD
ON NORTHERN HARDWOOD STUMPAGE PRICES

By

Paul J. Lewis

The impact of silvicultural cut method on northern
hardwood stumpage prices was investigated. Timber sales
from four National Forests in Michigan and Wisconsin were
used to create a data base for the study. Using multiple
regression techniques, a model of northern hardwood stumpage
prices was developed for each National Forest. The results
of the study indicate that stumpage prices are more
sensitive to the species mix than to the harvesting method

employed.
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INTRODUCTION

PROBLEM DEFINITION

In the Great Lakes region, northern hardwoods are an
important component of the forest resource. Six million of
Michigan’s 17.5 million acres of commercial forests are
northern hardwoods. Placing an accurate monetary value on
the timber is important in the timber selling process. 1If
the timber is overpriced, it will go unsold. If it is
undervalued, the seller loses money. Although much effort
has been put into developing predictive models in recent
years, some uncertainty still exists. One question which
remains is how the method of cut affects the selling price
of timber.

The primary goal of this study was to identify what
impact, if any, the method of cut has on the stumpage value
of northern hardwood timber. Land managers can use this
information to help make management decisions and to more
accurately predict the selling price of their timber. Since
timber sales from four National Forests in Michigan and
Wisconsin were to be used as the source of data, another
problem that needed to be addressed was the feasibility of

combining data from different regions.

LITERATURE REVIEW

The northern hardwoods group is composed of a number of






different species which grow in association in the Great
Lakes Region. Northern hardwoods are most prevalent in
Indiana, Michigan, Minnesota, Ohio, and Wisconsin. The
species composition varies across the range but is typified
by sugar maple (Acer saccharum Marsh.), yellow birch (Betula
alleghanensis Britton), American beech (Fagus grandifolia
Ehrh.), American basswood (Tilia americana L.) and eastern
hemlock (Tsuga canadensis (L.) Carr.). Other species which
have local importance are balsam fir (Ables balsamea (L.)
Mill.), American elm (Ulmus americanus L.), black ash

( Fraxinus nigra Marsh.), red maple (Acer rubrua L.),
northern red oak (Quercus rubra L.), eastern white pine
(Pinus strobus L.), white ash (Fraxinus americana L.) , and
paper birch (Betula papyrifera Marsh.) (Tubbs et al. 1983).
This diverse mix of species provides for many possibilities
in management.

Several biological factors influence the selection of a
silvicultural system will to harvest a stand of trees. The
size of the trees, their age, their vigor, and the
reproductive habits and shade tolerance of the desired
species need to be considered. Other factors include the
potential outbreak of insects or disease as well as the risk
of fire (Burns 1983).

There are two general methods used for harvesting
timber. Even-aged methods - clearcutting, shelterwood,
seedtree - are used when most of the stand needs to be

removed in the first cut. The difference in age between
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trees in the regenerated stand usually does not exceed 20%
of the rotation age (Burns 1983). Uneven-aged methods -
individual tree selection, group selection, improvement
cuts, commercial thinnings - target specific trees to be cut
while leaving most of the stand intact. The percentage of
the stand cut at any one time is usually no more than 20 to
30 X of the total stand basal area (Smith 1986).

The highest valued products removed from northern
hardwood stands - sawtimber and veneer - come from stands
which have closed canopies and vigorous competition.
Unfortunately, land managers are often tempted to clearcut
stands, either for quick profit or due to a lack of
knowledge about viable alternatives. One common assumption
is that timber sales with low volume per acre
(characteristic of uneven-aged cuts) attract fewer bidders,
and therefore lower the stumpage value of the timber.

Stumpage value is usually defined, and will be used
here, as the value of timber standing on the stump. There
have been numerous publications on the value of timber and
how it can be derived. Guttenberg and Duerr (1949) and
Duerr (1960) provided some of the earlier theoretical
examinations of stumpage value with their concepts of
conversion surplus and conversion value. Both measures are
based on the difference between the end value of the
products and the costs of producing the products. The
difference is that the surplus measure accounts for only

variable costs of production, while the value measure






includes both fixed and variable costs.

In practice, there are several factors which determine
the amount a buyer is willing to pay for a particular stand
of trees. They can be grouped into five broad categories:
1) general demand; 2) species present; 3) location of the
sale; 4) site and sale characteristics; and 5) other
factors.

General demand is influenced by final demands for end
products such as paper and lumber, the general business
cycle, and existing supplies. The value of and demand for
different species varies greatly and affects the sales
price. The location of the sale dictates which mills might
be able to utilize the wood, how many buyers will compete
for the sale, and the general price zones. The sale method,
either sealed bid or negotiated bid, the cutting strategy
used, total volume, the time of year, and the operability of
the site are site/sale conditions which affect the final
price. Other factors which might influence price include
the landowner's need for money and their knowledge of timber
values, the bargaining skills of both parties involved,
scaling errors, and the efficiency of the various processes
involved.

National Forest timber sales are unique in a number of
ways. They are excellent study units because timber is
scheduled for cutting regardless of market conditions, and
because standardized procedures are used from sale to sale

and forest to forest (Holley 1970). Also, the land manager






does not have to be overly concerned about making a large
profit, therefore, biological factors can be given more
consideration than in the private sector.

One drawback to National Forest Timber sales is that it
may take several years to plan and carry out one sale.
Before a sale is advertised, hearings are conducted and the
public is given a chance to challenge the sale. Relatively
few sales go unchallenged due to public concern about the
environment and long-term productivity. Therefore, it is
very important that each sale be carefully planned to reduce
the chance of litigation. Silvicultural prescriptions must
be completely justified in monetary and biological terms.

Since, the Forest Service is mandated to use a
multiple-use approach in managing National Forests, many
decisions on how to cut a stand are based not only the needs
of the desired tree species, but also on things such as
wildlife or recreational needs. Even though the benefits to
wildlife or recreation can be valued, any reference to
timber value in this study is to the financial value of the
timber.

Inherent in the planning process is an accurate
appraisal of the timber value. If the timber is priced too
high, the sale will go unsold, and unsold sales waste time
and money. Niccolucci (1989) found that between 1980 and
1985, approximately 20% of the timber offered for sale on
National Forest lands went unsold. Huang and Buongiorno

(1986) found similar results for the period of 1976 through



1980 on the Chequamegon National Forest in northern
Wisconsin. On the other hand, the Forest Service by law can
not sell timber below its fair market value (Buongiorno and
Young 1984).

The Forest Service uses two basic approaches to
determine the fair market value of timber: residual value
and transaction evidence (Weiner 1981). The residual value
theory holds that timber has no use other than for raw wood
material (Holley 1970). 1Its residual value is therefore the
end value minus costs. Weiner (1981) gives the general
equation for stumpage value (S):

S = SP - (MC + LC + P&R)
where SP is the product selling price, MC is the milling
costs, LC is the logging cost, and P&R is profit and risk
margin.

Residual value has been used by Hotvedt and Straka
(1987) to analyze thinnings in southern pine plantations and
by Darr (1973) to estimate stumpage value in the Pacific
Northwest. This method requires predictions about end
product use as well as the efficiency of the loggers and
manufacturers. Many private companies are reluctant to
provide information about their costs to outsiders. Costs
can only be estimated, leading to a possible bias of the
true stumpage value.

The other widely accepted method of timber appraisal,
transaction evidence, relies on past sales to predict

present stumpage value. This method is replacing the
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residual value method as the way to appraise timber on
National Forest timber sales (McQuillan and Johnson-True
1988). The residual value method is more costly and time
consuming, is very reliant on end product valuation, and may
ignore the effect of competition that cause prices to
deviate from the norm (Vasievich et al. 1988).

The general approach to timber valuation by transaction
evidence is to first gather quantitative data from a number
of timber sales with similar characteristics, and then to
use multiple regression to fit a predictive model. Multiple
regression can quickly identify the variables which most
affect the value of timber (Smith 1979). The calculations
are relatively simple, and goodness of fit statistics can be
used to measure a model’s accuracy and to set up confidence
intervals.

Several researchers have used transaction evidence
models to predict stumpage values of National Forest Timber
sales. Usually, high bid price or total bid price is
modeled as a function of sale characteristics. Anderson
(1969, 1976a, 1976b) found that average stand diameter, the
proportion of the sale in sawtimber, and the current
wholesale price of #2 dimension lumber were the best
predictors of stumpage value in the southern pine region.
Holley (1970) found that the number of bidders, the total
sale volume, the proportion of the sale with grade B or
better logs, and the current wholesale price of #2 dimension

lumber were most important in predicting southern pine



stumpage value.

Buongiorno and Young (1984) found individual species
volume to be the most important factor in predicting total
high bid of northern hardwood timber sales. In developing
their model, they ignored sales which received less than two
bids. Their assumption was that a minimum of two bids was
necessary for the high bid to represent the true market
value of the timber. Young (1983) had previously shown that
all else being equal, sales with only one bid paid
significantly less than sales which received at least two
bids. Buongiorno and Young assumed that potential bidders
are knowledgeable about their competitors, which may not be
true. Shaffer (1985) pointed out that some bidders do not
really want to buy the timber but make a courtesy bid for
information or public relations.

None of the studies reviewed could directly estimate
the effect of harvest method on stumpage value. In Montana,
Jackson and McQuillan (1979) did model average stumpage
price based on sale characteristics including the logging
method and the reproduction method employed. However,
citing a lack of information in the timber sale reports,
they were able to use only imperfect approximations of
several variables, such as percentage of the area tractor
skidded for logging method and percentage of the area
seedtree or clearcut for the reproduction method. They
found that both of these variables significantly affected

stumpage price. They also found tree size and average



-+

c*



volume per acre to be important.

Transaction evidence models illustrate which variables
are the most effective predictors of stumpage value in
different regions. Southern forest sales and western forest
sales are dominated by softwoods which are used for
dimension lumber and plywood manufacturing. Tree size is
the most consistent predictor of stumpage value because
larger trees are used for veneer and as peeler logs, smaller
trees for less valuable 2 x 4’s. Northern hardwood sales
are more diverse, and the species mix is the most important
factor in predicting stumpage price because individual

species vary greatly in value.



MATERIALS AND METHODS

THE CONCEPTUAL MODEL

The literature shows that it is feasible to predict a
stand’s stumpage value based on stand and sale
characteristics. It was decided that National Forest timber
sales would be used to supply the data for the study because
of their availability and standard format.

Choosing the form of the model depends on the
objectives of the researcher and the available data. Based
on conclusions drawn from the literature, the decision was
made to use a transaction evidence approach and multiple
regression techniques to predict stumpage price.

Vasievich et al. (1988) gave a strategy for developing
a transaction evidence model. The process involves adding
variables or groups of variables to the equation until all
important price determinants have been included.

The first decision is the choice of the dependent
variable. Two possible choices are total sale price and
average unit price. Both have drawbacks. Since total sale
volume is a good predictor of total sale price, it may mask
the effects of other variables. Average price per unit is
more powerful, as it removes the effects of volume, but
modelling average price generally produces low coefficients

of determination (R%).

10
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There are five categories of price determinants which
should be included as explanatory variables in any model of
timber values. They are end product markets, eftfects of
time, spatial effects, sale characteristics, and short-term
supply, demand, and competition effects.

End product market variables include the estimated
value of the products to be made from the timber. These
variables are most important for single species or single
product sales. Effects of time variables (i.e. the Producer
Price Index for hardwood lumber) are used to remove trends
from the data due to inflation or seasonal fluctuation.
Spatial effect variables would be used to account for
hauling distance and price zones. Sale characteristics
include the sale size, individual species volume, log grade,
and terrain.

Supply and demand variables explain volume available on
the market at the time of sale and the amount of competition
for the sale. Competition can not be known precisely in
advance, but for this study that is not important. Since a
descriptive rather than a predictive model was desired,
information not known in advance could be used in the model.
The complete list of possible explanatory variables
suggested by Vasievich et al. (1988) is presented in Table
1.

It was decided that a measure of the average unit price
should be used as the dependent variable. The objective of

the study was to determine the effect of
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Table 1. Independent variables for predicting stumpage
prices (from Vasievich et al. 1988).

End Product Markets
Average lumber or log prices by species (prior month)
Average pulpwood delivered prices, by species (prior
month)
Housing starts (prior month or lagged several months

Effects of Time
Months from a base date
Months from base squared

Spatial Effects

Miles of paved road haul distance

Miles of unpaved road haul distance

Distance to nearest consuming mill

Transportation distance and costs

Mill capacity within a defined haul radius of the sale
Average rate of timber removals as percent of inventory
Price zone (dummy variable)

Sale Characteristics
Average skidding distance
Harvesting method (dummy variable)
Percent of volume logged by specific methods
Mean tree diameter
Trees per cord or thousand board feet (Mbf)
Volume per tree or per square foot of basal area
Percent of sale volume in #1 logs
Diameter of a tree of average basal area
Average tree grade
Volume or percent of volume in each grade
Average log grade
Defect percent
Percent of total volume in pulpwood, sawtimber, and
veneer
Total sale volume
Average volume per acre
Size of timber sale in acres

Short-term Supply, Demand, and Competition Effects
Number of mills buying timber from the area of the sale
Number of potential buyers
Number of bidders
Volume available in all sales on the market at the same

time
Volume of damaged timber available on the market
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cutting method on stumpage value and, as discussed
previously, using total sale price might mask the effect.
Table 1 was used as a guideline to select explanatory
variables. The final form of the model would depend on
which variables were available from the Forest Service sales
records, although attempts would be made to insure that all
five of the categories in Table 1 were represented in the

model.

DEVELOPING THE DATA BASE

Timber sales data from four National Forests were used
to develop a data base. The Forests were the
Huron-Manistee, the Hiawatha, and the Ottawa National
Forests in Michigan, and the Nicolet National Forest (NF) in
Wisconsin. These Forests were chosen because of the large
amount of northern hardwood timber sold and their proximity
to Michigan. Information on sales from the period of 1980
to 1989 were found to be readily available for all Forests.

Rejection criteria were established in advance to help
decide which sales should be included in the data base.
Since the northern hardwood sale characteristics were to be
analyzed, sales had to be at least fifty percent northern
hardwoods by volume. The species and species groups
considered to contribute towards the fifty percent minimum
were sugar maple, yellow birch, American beech, American
elm, black ash, red maple, northern red oak, white ash,

paper birch, and mixed hardwoods. Even though eastern
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hemlock and eastern white pine are considered to be part of
the northern hardwood group, they were not included because
they can also be found in association with other conifers.

Only those sales which were sold by sealed bid were
included in the data base. Negotiated sales were not
included because they might not reflect the true market
value of the timber. Often, if a sale receives no bids when
first offered for sale, it is reevaluated and sold by direct
negotiation with a buyer.

The Forest Service condenses most of the pertinent sale
information into one form (FSM-2490). A supplement to this
form, the Appraisal Summary - Transaction Evidence sheet
(FSH 2409.22) was also used. An example of both forms may
be found in the Appendix. A data base was created using
selected variables from the forms. The variables (Table 2)
were chosen using the list in Table 1 as a guideline. The
complete list of variables and their values by Forest may be
found in the Appendix.

The dependent variable could be represented by either
the average high bid or the average statistical high bid.
The measures differ by what value is divided by total sale
volume. Many sales have stipulations that require the buyer
to build or improve permanent roads. The cost of these
roads are estimated by the Forest Service and are credited
to the buyer upon the successful completion of the roads.

Potential buyers bid on the timber knowing they will receive
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Table 2. Predictor and identification variables selected
from timber sales records (FSM-2490 and
FSH-2409.22).

Forest
Ranger District
Sale name
Quarter and fiscal year
Acres in sale
Bid date
Salvage (Y or N)
Contract number
Termination date
For individual species:
Species code
Product unit
Volume
Advertised rate
High bid
Statistical high bid
Total sale volume in Mbf
Average high bid
Average statistical high bid
Number of bidders
Small Business Administration (SBA) Class
Total value of bid
Separate values for sawlogs and pulpwood:
Haul distance in miles
Specified road construction in miles
Temporary road construction in miles
Purchaser credit limit
Temporary road cost
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the credit. The average high bid does not account for this
credit; the statistical high bid does. The statistical high
bid was therefore chosen as the dependent variable in the
regression model. It is also representative of the average
stumpage value of the timber and will be referred to in the
model as STUMPAGE.

The Ottawa NF had several deficit sales which, after
consideration, were eliminated. Deficit sales are not to be
confused with below-cost timber sales. Below-cost timber
sales cost the government more (due to road development,
administrative costs, etc.) than they receive in payment
from the buyer, while deficit sales are those where the
buyer takes less profit than usual (Rideout 1987). The
deficit sales had negative statistical high bids, making it
illogical to leave them in the data base. The costs of
temporary roads, on the other hand, are borne completely by
the buyer.

The Forest Service usually employs several different
cut methods for each sale. If only one cut method were used
on each sale, the number of sales would increase tenfold.
Therefore, each sale is subdivided into smaller units called
purchase units or payment units. The payment units usually
delineate the Compartment-Stand management subdivisions used
by the Forest Service. Only one price is bid for each
species-product in the sale, however, regardless of its
frequency in different payment units. It is impossible,

therefore, to explicitly calculate the effect of cut method
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on stumpage price. It has been assumed that there is an
effect and that the analysis will identify its magnitude and
direction.

The buyer must finish cutting all timber from one
payment unit or group of units before starting cutting in
another. 1In this way, the Forest Service can limit the
amount of damage done if the buyer defaults on the sale.
Default sales were not eliminated from the data set. It was
assumed that the buyer fully expected to harvest all of the
timber and therefore gave a bid based on their evaluation of
the fair market value of the timber. A related requirement
for the buyer is a performance bond equal to approximately
ten percent of the sale value, which is held by a third
party until cutting is complete. The bond is used to pay
for damages in the case of buyer default. It is possible
that the bond requirement influences stumpage prices.

Usually only one cut method is used on a payment unit.
This information - cut method for each payment unit - is
included on form H-2430-9. The individual species volume by
payment unit and the number of acres in each payment unit
are recorded in the standard Forest Service timber sales
contract (FS-2400-6T). The number of acres in sale on
FSM-2490 was found to be an inaccurate measure of the acres
actually cut. The acres in sale include areas which were
not cut but were between two other areas being cut. The sum
of the acres for each payment unit in a sale was therefore

used as the value for total acreage cut.
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The cut methods used varied across the Forests, and not
all methods were used on each Forest. The cut categories
used were clearcuts (CC), shelterwood (SHELTER), seed tree
(SEED), overstory removal (OR), selection (SELECT),
improvement (IMPROVE), commercial thinning (THIN), and
salvage (SALVAGE). Some methods were a combination of
closely associated methods, for example SELECT included
individual tree selection and group selection. Stand
clearcutting and patch clearcutting were listed under CC,
and SALVAGE contained stands salvaged because of mortality
or sanitation. The volume harvested was tallied for each
payment unit and aggregated under the appropriate cut
method. The frequency of each cut method was determined for
every sale as well.

Some payment units had more than one cutting method.
Three additional variables were created to account for that:
EMIX, UNMIX, and MIX. CC, SHELTER, SEED, OR, and SALVAGE
were considered to be even-aged silvicultural treatments
while SELECT, IMPROVE, and THIN were considered to be
uneven-aged methods. If the payment unit was cut by a mix
of even-aged methods, volume cut was listed under EMIX. If
all uneven-aged methods were used, volume was listed under
UNMIX. If both even-aged and uneven-aged methods were used,
the respective volume was listed under MIX. Two general
indicators of cut method volume were also created: EVOL and
UNVOL. EVOL was the sum of even-aged payment unit volume,

UNVOL was the sum of uneven-aged payment unit volume.
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The species and species-products being cut also varied
across the National Forests. Twenty-five different
species-products were found on Hiawatha NF sales, 33 on
Nicolet NF sales, and 27 on Ottawa NF sales. The
Huron-Manistee NF sales only had 9 species-products listed
because, with the exception of aspen, no distinction was
made between hardwoods (i.e. they were all listed as mixed
hardwoods on the sales forms). Aspen was listed separately.

Several new variables were created from the original
ones. All volumes were converted to thousand board feet
(Mbf). This was necessary because pulp volume was reported
in thousand cubic feet (Ccf) or cord volume on the sales
forms. To ensure that the converted volumes were accurate,
the total sale volume was recomputed and compared to the
volume reported on FSM-2490. The conversion factors used
were :

1 Mbf
1 Mbf

1.6 Ccf
2 Cords

The length of the sale in months was calculated by
subtracting the bid date from the termination date to get
the total length in days, and then dividing by 30 to get the
number of months. Specified road costs per Mbf were
calculated by dividing total road cost by total sale volume.
Temporary road costs were calculated in the same manner.
Haul distance was weighted based on the amount of sawtimber
and the amount of pulp in the sale, since they were usually
appraised to different destinations. The percentage of

total sale volume for each species-product was calculated as
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a simple ratio. Overbid was calculated by subtracting the
advertised rate from the high bid.

Finally, a variable for the average volume harvested
per acre (AVGVOL) was calculated. Anderson (1976a) did not
find average volume per acre to be significant in explaining
stumpage price variation, but Jackson and McQuillan (1979)
did.

A list of the variables can be found in Table 3. They
are given with the units they are reported in along with a

description of what the represent.

DEVELOPING THE EMPIRICAL MODEL

Once the list of potential regression variables was
completed, it was time to choose the form of the model to be
tested. As mentioned previously, a multiple regression
model would be used. The general model form Qas

P = bi1Xin + b2X2n + ... + biXin + un

where P is the dependent variable, stumpage value, bi
through bi are unique regression coefficients corresponding
to the independent variables X1 through Xi, and un is a
random error term. A linear model form would be used
because of its flexibility and ease of development and
interpretation. An intercept term would be used in the
model unless it could be shown not to be significantly
different from zero.

The question of regionality had to be answered prior to

model testing. If the sales from different forests were too



Table 3.

Variable

MONTHS
ACRE
PU
BIDS
ADVER
STUMPAGE
OVERBID
VALUE
FOBVAL
HAUL
SAWH
PULPH
SPEC$
SPEC
TEMP$
TEMP
TEMPM
VOL
AVGVOL
EVOL
UNVOL
cC
SHELT
IMP
THIN
SELECT
ROAD
MIX
UNMIX
EMIX
XEVOL
XUNVOL
%CC
XSHELT
XIMP
XTHIN
XSELECT
%ROAD
XMIX
XUNMIX
XEMIX
#CC
#SHELT
#IMP
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A list of the variables used
in the regression analyses.

Months
Acres

$/Mbf
$/Mbf
$/Mbf
$
$/Mbf
Miles
Miles
Miles
$
$/Mbf
$
$/Mbf
Miles
Mbf
Mbf/acre
Mbf
Mbf
Mbf
Mbf
Mbf
Mbf
Mbf
Mbf
Mbf
Mbf
Mbf

Description

Contract length
Total sale acreage

Total number of payment units

Number of bids received

Forest Service advertised rate
Statistical high bid for sale
Difference between ADVER and STUMPAGE
Total high bid
Estimated timber selling price at the mill
Weighted haul distance

haul distance for sawtimber

haul distance for pulpwood

road costs (purchaser credit limit)
road cost per unit of volume
temporary road costs

road cost per unit of volume

road length

Total sale volume

Average volume per acre

by even-aged methods

by uneven-aged methods

Estimat
Estimat
Specifi
Specifi
Estimat
Tempora
Tempora

Volume
Volume
Volume
Volume
Volume
Volume
Volume
Volume
Volume
Volume
Volume

ed
ed
ed
ed
ed
ry
ry

cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut

from
from
from
from
from
from
from
from
from

clearcut PU’s

shelterwood PU’s

improvement PU’s

thin PU’s

selection PU’s

specified road PU’'s

mixed method PU’s

mixed uneven-aged method PU’s
mixed even-aged method PU’'s

EVOL/VOL (Percent of total sale volume)

UNVOL/V
CC/VOL

SHELT/V
IMP/VOL

OL

OL

THIN/VOL

SELECT/

VOL

ROAD/VOL

MIX/VOL
UNMIX/V
EMIX/VO

OL
L

Number of clearcut payment units
Number of shelterwood payment units
Number of improvement payment units
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Table 3. (cont’d.).

Variable Units Description

#THIN Number of thin payment units
#SELECT Number of selection payment units
#ROAD Number of specified road payment units
#MIX Number of mixed payment units
#UNMIX Number of uneven-aged payment units
#EMIX Number of even-aged payment units
MHS Mbf Mixed hardwood sawtimber

RMS Mbf Red maple sawtimber

SMS Mbf Sugar maple sawtimber

YBS Mbf Yellow birch sawtimber

ES Mbf Elm sawtimber

AS Mbf Aspen sawtimber

BES Mbf Beech sawtimber

BC Mbf Black cherry sawtimber

PBS Mbf Paper birch satimber

MCS Mbf Mixed conifer sawtimber

PS Mbf Pine sawtimber (red, white and jack)
HS Mbf Hemlock sawtimber

SS Mbf Spruce sawtimber

RWS Mbf Red and white pine sawtimber

WPS Mbf White pine sawtimber

MHP Mbf Mixed hardwood pulp

AP Mbf Aspen pulp

BFP Mbf Balsam fir pulp

RWP Mbf Red and white pine pulp

MCP Mbf Mixed conifer pulp

SP Mbf Spruce pulp

HP Mbf Hemlock pulp

JPP Mbf Jack pine pulp

CP Mbf Northern white-cedar pulp

WPP Mbf White pine pulp

%(Species) Species volume/VOL (percent of total

sale volume)
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different, then separate stumpage price models should be
used, or dummy variables for each forest should be included
in a composite model. Differences between National Forests
were tested using a two-way contingency table for
differences in the probability of cut methods. Conover
(1980) provides a detailed explanation on the use of
contingency tables. The null hypothesis to be tested was:

Ho : All cut types occur with equal probability on all
four Forests.

verses the alternate:

Hi : At least one cut type does not occur with equal
probability on all four Forests

The test statistic is computed by first creating a
contingency table with the National Forests as the rows and
cut types as the columns (Table 4). The values in the cells
(Oij) are the number of times a payment unit was cut by the
particular cut method on the Forest. A table of expected
values (Table 5) is then calculated and the test statistic T
= Sum[(Oiy - Eij)2/Eij) is compared to values of the
chi-square distribution with (r-1)(c-1) degrees of freedom.
The test statistic for the contingency table was T = 826.
The value of X? with 30 degrees of freedom at the 0.005
alpha level is 53.9. The excessively large value of the
test statistic means that the null hypothesis must be
rejected.

The contingency table test showed that the different
National Forests use at least one of the cut methods in

different proportions. More than one cut method was used in
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Table 4. Observed values for cut types.

Huron-
Hiawatha Manistee Nicolet Ottawa Totals

cC 1 62 199 138 156 | 555
SHELT | 7 49 34 53 | 143
OR H 0 69 14 23 | 106
SALV ' 0 0 17 1) 18
SELCT | 82 18 199 270 , 569
IMP ] 53 4 236 141 | 434
THIN ' 76 98 121 365 | 660
EMIX ' 1 0 6 5 | 12
UNMIX | 18 0 39 65 | 122
MIX ] 34 80 25 43 | 182
ROADS | 10 18 39 91 | 158
Totals 343 535 868 1213 2959

Table 5. Expected values for cut types.

Huron-
Hiawatha Manistee Nicolet Ottawa

CcC H 64 100 163 228 |
SHELT | 17 26 42 59 |
OR ' 12 19 31 43 |
SALV ' 2 3 5 (A
SELCT | 66 103 167 233
IMP ' 50 78 127 178
THIN : 77 119 194 271
EMIX ' 1 2 4 5 |
UNMIX | 14 22 36 50 |
MIX H 21 33 53 75 |
ROADS | 18 29 46 65 |
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different proportions, based on the magnitude of the test
statistic. Comparisons between the observed and expected
values in Tables 4 and 5 confirm this. For example, the
Huron-Manistee NF sales tend to contain more even-aged
payment units and less uneven-aged payment units than
expected. Also, neither the Hiawatha nor the Huron-Manistee
NF’s had any salvage payment units, while the Nicolet NF had
a total of 17. These differences probably reflect the
differences between the National Forests’ species
compositions, and not differences in timber management.

It was assumed that cut types used were consistent over
Ranger Districts within all of the Forests. Since some
Ranger Districts had only a few sales, developing individual
equations would not be prudent.

Further evidence supporting the need for separation of
the four National Forests came from a comparison of the
means of the potential regression variables by Forest. The
least significance difference (LSD) method (Steele and
Torrie 1980) was used to compare the means of selected
variables by National Forest. Significance was deemed to
occur at the 0.05 level. Table 6 shows the results of the
analysis.

While the Huron-Manistee NF averaged the fewest number
of acres, volume, and payment units per sale, it had the
highest average high bid and the greatest volume per acre
removed. In contrast, sales on the Nicolet NF on the

average were larger and worth more in total, yet per acre
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Table 6. Comparison of variable means using Fisher’s least
significant difference (LSD) test.

Huron-

Variable Hiawatha Manistee Nicolet Ottawa
STUMPAGE ($/Mbf)} 16.41 c 30.94 a 23.18 b 27.57 ab
VALUE ($) i1 15727 ¢ 23821 bc 45037 a 33307 a
BIDS H 2.89 a 2.62 a 2.77 a 2.72 a
OVERBID ($/Mbf)] 6.03 a 7.40 a 7.67 a 8.19 a
MONTHS H 42.4 b 34.4 ¢ 51.3 a 48.0 a
HAUL (Miles)| 33.6 b 34.8 b 76.7 a 13.6 ¢
TEMP ($/Mbf)} 0.73 b 0.60 b 0.25 c 1.03 a
SPEC ($/Mbf)} 1.22 b 1.07 b 2.86 a 4.12 a
VOLUME (Mbf) |} 1261 b 824 c 1903 a 1206 b
ACRE H 316 b 148 ¢ 491 a 378 b
PU ' 5.6 c 5.6 ¢ 13.3 a 9.2 b

Means followed by the same letter are not significantly
different at the .05 level.
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volume and per Mbf value was lower. The Ottawa NF and the
Hiawatha NF had similar total volume and acreage in each
sale, but the high bid for Ottawa NF sales averaged ten
dollars higher than high bid for Hiawatha NF sales.

There were other notable differences between National
Forests. The average haul distance (HAUL) was significantly
different between all Forests as was temporary road costs
per Mbf (TEMP). TEMP was much higher on the Huron-Manistee
NF than on any of the other National Forests, but sales from
that Forest had the smallest average specified road costs
per Mbf. This suggests that much more permanent road
building was required (or desired) in the less developed
areas of Michigan’s Upper Peninsula and northern Wisconsin.

Competition for timber appeared to be similar across
the region. The average number of bids per sale ranged from
2.6 to 2.9 with very small standard errors. Likewise, the
average overbids per sale were fairly consistent, although
more variable. Neither of these variables were
significantly different across Forests. The means and
standard deviations for each National Forest can be found in
the Appendix.

Finally, a generalization of Bartlett’s test for
homogeneity (Morrison 1976) was used to determine the
equality of the covariance matrices of the variables listed
in Table 6. The null hypothesis tested was that the
covariance matrices of the four National Forests are equal

verses the alternative that at least two of the matrices are
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not equal.

The test statistic is compared to a chi-square
distribution with 0.5*%(k-1)p(p+l1l) degrees of freedom, where
k equals the number of covariance matrices and p is equal to
the number of variables. The test statistic was found to
equal 1098. The probability of a greater X¢ is less than
0.0001. Therefore, the null hypothesis that the covariance
matrices are all equal must be rejected.

All of this suggests that there are basic differences
between the National Forests represented in the study,
particularly between the Huron-Manistee and the Nicolet.
Regional models should therefore be used for predicting
stumpage prices. Dummy variables for each Forests could be
used, but that would reduce the error degrees of freedom and
complicate interpretation of the results.

The next step was to determine which variables should
be used to predict the dependent variable, STUMPAGE.

Scatter plots were used to examine the relationship between
the independent variables and the dependent variable. None
of the relationships appeared to be nonlinear, so
transformations were not required.

Simple correlation was then used to reduce the list of
possible predictive variables. Several of the independent
variables were highly correlated with each other, or were
uncorrelated with the dependent variable. Aside from
species volume and cut-method variables, the variables which

seemed to be most important for all National Forests
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included contract length (MONTHS), hauling distance (HAUL),
a measure of competition for the sale (BIDS or OVERBID), the
cost of specified roads per Mbf (SPEC), and temporary road
costs per Mbf (TEMP).

The alternative measures of sale competition were
number of bidders and the amount of overbid or bid premium.
OVERBID was chosen for two reasons. First, it had a higher
correlation with the dependent variable, STUMPAGE.

Secondly, bid premium accounts for incorrect appraisals of
the timber value and cost allowances as well as the amount
of competition (Schuster and Niccolucci 1989).

The empirical model would have its own unique variables
for species volume and cut method for each National Forest,
such as total species volume and the percentage of sale
volume for each species. The latter would probably be a
better choice, because the magnitude of the variables would
be approximately the same as the others being used. Total
species volume ranged from zero Mbf to over 1000 Mbf, and
large differences in magnitude within the covariance matrix
can give unstable results in regression analysis. Also,
because the sum of cut method volumes equals the sum of
species volume, they both could not be used in the same
regression.

Because an intercept term was to be included in all
regressions, the percentage of all species could not be used
as this would create collinearity. STUMPAGE was first

regressed only on species-product volume. The significant
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species-products would then be expressed as percent of total
volume in the regression of STUMPAGE on them and the other
non-volume variables.

Cut method could also be represented several
alternative ways, either as percent volume, total volume, or
the number of payment units cut by a particular method. The
number of payment units had the least amount of difference
between the smallest and largest values, so again, the
smaller numbers would probably give better results. Since
the objective was to determine how cut method affected
stumpage value, it was important that a variable expressing
cut method be included in the regression.

Although it did not fit into any particular category in
Table 1, the Small Business Administration (SBA) class of
the successful high bidder was included in the regression in
the form of dummy variables. The three classifications used
were large business (L), small business (S), and no
classification (N). It was thought that differences in
company size might affect the high bid price because of
profit structure, efficiency, or other reasons. Sale size
in acres would also be included in the regression to
determine the importance of the economy of scale, even
though acreage did not correlate well with STUMPAGE.

The one category suggested by Vasievich et al. (1988),
but not found on any of the sales forms, was a measure of
end product markets. Some researchers have included a

variable in their models that estimated the selling price of
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the timber (e.g. McQuillan and Johnson-True 1988). For the
Michigan National Forests, a reasonably good price guide
exists in Timber-Mart North (1981 - 1989). This newsletter,
published quarterly, gives a high, low, and average price
for both stumpage and free-on-board (FOB) mill prices for
timber in three price zones in Michigan. Most products are
given three prices (low, average , high) if a market exists
in that region. The average FOB mill price (FOBVAL) of the
timber in each sale was estimated using the average price
figure given in Timber Mart-North.

Unfortunately, the price source for Wisconsin timber,
the Wisconsin Forest Products Price Review (1985 - 1989)
while providing both standing timber and FOB mill prices,
has limited coverage. Many of the species-products did not
have prices listed in certain periods of the year.
Nonetheless, an attempt was made to develop an approximation

of the average selling price of timber at the mill.

TESTS FOR THE BEST MODEL

Several methods were used to judge the best model. A
priori expectations of the signs of the estimated regression
coefficients were made so as to check the logic of the
models. Logging costs such as haul distance and road
building costs should decrease the average stumpage price
paid. Longer sale periods and increased sale size (up to a
point) should command higher bid prices. Large businesses

might need more profit because of larger overheads than
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small businesses, so an SBA(L) variable should have a
positive coefficient. Higher-valued timber species should
also cause an increase in the bid price.

Even-aged logging methods (clearcut, shelterwood,
overstory removals) should result in higher bid prices
because stands are easier to harvest. More volume per acre
is removed and less care is needed to protect the residual
stand. Uneven-aged methods should then cause a decrease in
bid price for the opposite reasons. More time is needed for
harvesting operations because of the lower volume per acre
and the greater amount of care required.

The first statistical test would be an F-test using the
ratio of the model mean square to the error mean square
compared to the tabular value of F (Steele and Torrie 1980).
This test is synonymous with testing that

Ho : B1 = B2 = ... =B1 =0
verses the alternate

Hi1 : Ho is incorrect
or, that the relation between the dependent and independent
variables is zero. The 0.05 level of significance was
selected for the F-test. Since the total sum of squares
will not change, the model with the highest F-value would
explain the most variation in the dependent variable.

An adjusted R?2 was used to evaluate models rather than
the normal R?2 (an adjusted R? is corrected for small samples
and a large number of predictor variables). It will

generally increase as the F-value does, but it also is
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related to the number of parameters in the model. The
adjusted R?2 was calculated as

Adj. R2 =1 - {[(n - 1i)(1 - R?)] / (n - p)}
where n is the number of observations used to fit the model,
P is the number of parameters estimated, and i = 1 if the
model includes an intercept, i = 0 otherwise.

Another measure of a model’s goodness-of-fit is the
square root of the error mean square, also known as the
standard error of the estimate (SEE). A smaller SEE
indicates that a higher proportion of the variability in the
dependent mean has been explained. When the SEE is divided
by the mean of the dependent variable, the coefficient of
variation (CV) is created. The CV gives a unitless measure
of the model’s variation which can be used to compare it to
the models from the other forests.

The independent variables in the final model also need
to be tested for significance. A t-test was used to
determine if the regression coefficients were significantly
different from zero. The test would be judged significant
at the 0.10 alpha level.

A technique known as stepwise regression would be used
to help select the final model. Although some researchers
do not favor leaving model selection to the whims of a
computer program, if the initial model has been well thought
out, stepwise regression can be used to reduce large models
to a more manageable size. In general, if a variable does

not have a significant coefficient in the full model, it
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does not explain a significant proportion of the variation
in the dependent variable and can be dropped from the model.
However, it is possible that the effects of a group of
variables is significant while individually their effect is
too slight to be significant, or that the presence of one
variable is masking the effect of another (Cramer 1972).
Stepwise regression develops a sequence of regression
models, starting with only one variable and adding or
deleting variables at each step. Independent variables
added earlier may deleted if they no longer provide useful
information once a new variable or set of variables is added
(Neter et al. 1985).

The usual assumptions of classical linear regression
theory were made about the model (see Klienbaum et al.
1988): 1) the errors are distributed normally and
independently with constant variance and a mean of zero; 2)
the model is properly specified, that is the errors do not
contain information about the dependent variable that is not
already included in the model; 3) the dependent variable
(STUMPAGE) is distributed normally and independently; and 4)
the independent variables are measured without error.

The first two assumptions were checked by visual
inspection of the residuals plots (see Chatterjee and Price
1977). Standardized residuals were plotted against the
predicted values of the dependent variable. The
standardized residuals have a zero mean and most should fall

within the range of plus or minus 2 if the model is
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correctly specified. Residuals that diverge from or
converge toward the X axis for increasing values of the
predicted variable indicate heteroscedastic error variances.
These models may be corrected through weighted least
squares., Linear plots or plots with distinct patterns
indicate that an important variable has been left out of the
model.

Violations of the third assumption do not influence
fitting of the least-squares model. However, while the
usual parametric tests of hypotheses are robust, extreme
departures of the dependent variable from normality can
cause problems with statistical inference. Skewness and
kurtosis can be used to judge how close a distribution is to
normal. Stem and leaf diagrams and box and whisker plots
can also be looked at to judge the severity of nonno<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>