














The nurber of mills was identified for each area for each year using a
variety of sources, and cross-checking each (Keegan, 1980; DNRC, 1980;
Anonymous, 1981; Hearst, 1981; Anonymous, 1980). All mills that were
identified are included, regardless of mill size.

The plant milling capacity was determined for each milling area
for each year using a variety of sources, and cross-checking each
(Keegan, 1980; DNRC, 1980; Anonymous, 1981; Hearst, 1981; Anonymous,
1980). The capacity was measured in terms of annual sawtimber volume
capacity (million board feet Scribner). The following assumptions and
conversion from production figures were made in order to convert all
capacities to the same scale (Keegan, 1980):

1) All mills operate 240 days per year,

2) Sawmills run two shifts per day, and

3) Plywood plants run three shifts per day.

4) Conversion factors used to equal 1 board foot Scribner:
lunber production - 1.3 board feet lumber tally,
plywood production - 2.42 sq. feet 3/8" plywood.

The results of compiling data from all sources and converting production
figures to plant capacity are shown in Table 1. The capacities at each
milling area at the date of sale were recorded for each lurmber sale
sampled.

Also very important when describing the market in which a sale
exists, is the ownership of milling capacity. Certainly there will be
differences in market power and sale value in situations where eight or
nine mills share equal amounts of the capacity, as compared to the
extreme situation where one mill owns 100 percent of the capacity in the

area. In an attempt to quantify the distribution of capacity, a curve
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Table 1. Plant capacity by mill area for western Montana.
Plant capacity expressed as units of raw material for all
sawmills and plywood plants (million board feet Scribner).

Plant Capacity by Year

1974 1975 1976 1977 1978 1979 1980

Mill Area Center

Darby/Conner 101.3 88.3 88.3 88.3 96.3 96.3 96.3
Missoula 422.9 422.9 408.1 436.5 452.8 452.8 334.8
Superior 48.4 48.4 48.4 48.4 57.6 57.6 57.6
Seeley Lake 20.3 20.3 20.3 20.3 25.8 25.8 25.8
Pablo/Polson 56.1 56.1 56.1 56.1 57.6 57.6 57.6
Thompson Falls 85.6 85.6 85.6 54.2 64.7 64.7 64.7
Libby 138.0 138.0 156.4 156.4 168.9 168.9 168.9
Eureka 64.6 64.6 64.6 64.6 104.5 104.5 104.5
Kalispell/ 322.0 322.0 322.0 322.0 355.8 355.8 355.°

Columbia Falls
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was constructed for each center for each year using techniques similar
to the Lorenz curve method outlined by Bowman (1945). The cumlative
percents of aggregate plant capacity were plotted arithmetically against
the cumlative percents of mills owning that capacity, beginning with
the smallest mill in the area. If mill capacity was equally
distributed, the plotted distribution would result in a straight line as
indicated in Figure 2. The more convex the plotted distributions are,
the more unequal is the distribution of plant capacity. Assuming the
area under the straight line to be equal to one, the areas under each
actual curve were measured as a proportion of the area defined by equal
distribution of capacity. The smaller the number, the less equal the
distribution of mill capacity observed. Since capacity or size of the
plant is related to size of the firm, which translates into economic or
market power, more unequal distribution of capacity is related to
concentration of market power. As the distribution becomes more
unequal, the value of a timber sale should decrease because the stumpage
market is less competitive (Mead, 1966). The concentration ratio was
obtained for each milling area for each year, and the concentration
ratio existing for each milling area at the time of the sale was
recorded for all timber sales.

An alternative measure of concentration is the amount of capacity
the largest mills control. This was calculated by dividing the capacity
owned by the largest mill by the total capacity for a mill area, and was
expressed as a percentage.

Now that we have described the marketplace in terms of tll'le charac-

teristics above, we must relate these descriptors to the timber sale.
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Figure 2. Concentration of mill capacity plotted for the

Kalispell/Columbia Falls mill area.

The shaded

area represents the actual distribution of capacity
observed for that area for the period 1978-1980.



It can be suggested that as the nurber of mills, mill capacity,
and distribution of capacity each increase independently, competition
for a timber sale will increase and the value will increase as a result,
all other things being held constant. However, each of these is
interrelated to the others, and it is upon the compounded effect that
sale value depends. Also, the relationship of sale value to these
factors, together or combined, depends directly upon the location of the
sale with respect to the nurber, capacity and distribution of mills,

The question then became a problem of how to relate the sale
location to the marketplace. It was decided that the distance between
each sale and milling center is a reasonable measure of location, as
well as relatively simple to determine. For a description of the

methodology used, see the section titled Transportation Costs (p. 14).

The market variables were aggregated for each sale by dividing each mill
area variable by the distance to the milling center and suming as
follows:

1) Aggregate nurber of mills related to sale location is
expressed as:

where NLMBi = nurber of mills in mill area i
DISIi = haul distance from sale to mill center i
1 = subscript referring to each of nine

milling areas

2) Aggregate mill capacity related to sale location is
expressed as:

2, (_CAP.
Z(DIST;)
i=1
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where CAP. = plant capacity in mill area i
DISi‘i = haul distance from sale to mill center i
1 = subscript referring to each of nine

milling areas

3) Aggregate concentration of mill capacity related to sale
location is expressed as:

Z(Dlsr )

where G]\C = Lorenz concentration ratio for mill area i
DIST haul distance from sale to mill center i
i subscript referring to each of nine
milling areas

4) Aggregate concentration of mill capacity related to sale
location is alternatively expressed as:

(MBIG )
DIST
i=1

where MBIG; = capacity of largest mill in area i
DIST. = haul distance from sale to mill center i
MBIG; = percent of capacity owned by largest mill
in area
subscript referring to each of nine
milling areas

o
1]

5) Aggregate mill capacity and number of mills (average
capacity) related to sale location is expressed as:

( CAP, )
2" \DIST, * NOVB
i=1
where CAP. capacity in mill area i

Dlsi‘

1
1

haul distance from sale to mill center i
nunber of mills in area i

subscript referring to each of nine
milling areas
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The aggregation of the market variables as above allows the
sumarization of each of the mill area/sale location variables into one
for each sale, rather than the nine that would be necessary if all
milling areas were to be individually included. It seems reasonable to
do this because the value of a single sale should depend upon its
aggregate location, i.e., its location relative to each milling center

and the structure of each center.

Model

The value of a sale rests not only on some intrinsic
characteristics of the sale itself, but also on the market. A
regression model was proposed to test sale value as a function of sale
and administrative characteristics, and some variables describing the
marketplace. The form of the proposed model was:

BID = By + B; In SNVOL + B, SPLS + B3 In DBH +
20 ek

+ By (PVJA *"YDGL) + B, (PVSK * YDSK) +
PVOC + By Ln HVPA v By SBA ¥ By, FSWL +

B), HIREND + B;, z(msri) + B3 Z(gllg:

the adjusted high bid price per thousand board feet

where BID
SNVOL = net sawtimber volume included in the sale

SPLS

weighted average selling price log scale
DBH = weighted average DBH

ADEF = average defect

PVJA = percent of volure jammer logged

PVSK = percent of volume skyline logged

YDGL = mean external yarding distance jammer

YDSK = mean external yarding distance skyline
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PVCC = percent volume clearcut
HVPA = average volure per acre harvested

SBA = dummy variable used to identify SBA sales
FSVOL = National Forest uncut volume under contract

HIREND

twelve-month trend in housing starts

9 ((II‘CI) the aggregate mill concentration related to sale
Z DIST, location

i=1

9( CAPi) = the aggregate mill capacity related to sale location
Z DIST,

i=l

In = natural logarithm

Other market variables were eventually substituted for the two
specified here in the proposed equation. The equation is listed here

only to indicate its general form.
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Chapter 5
RESULTS

Introduction

The results of the effort to examine sale and marketplace
relationships using a variety of sale and market characteristics are
presented in this section. The analyses were done using a step-wise
regression model available in SAS. All tests were one-tailed, as the
non-zero significance and the sign of each coefficient was hypothesized.
Since the relationships between variables were of interest, a regression
model was developed and is described in Table 2.

The model explains 74 percent of the variation in bid price per
thousand board feet (Table 2). As indicated by the prob-value in colum
five, all of the coefficients are significantly non-zero at the alpha
equals .10 level, and most at the .05 level or above. The model is
presented in this format because the goal was not to develop a final
predictive model, but to test some relationships. Readers may screen
the results and draw their own conclusions as to the appropriateness of
each variable. The null hypothesis is rejected if the prob-value is
less than the value of alpha chosen by the modeler. The results of the
analysis, as presented here, include all variables that were significant

at the alpha equals .10 level.

Sale Characteristics

Most of the variables used to describe the sales themselves were

significant, and the signs of the coefficients were as expected.
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Table 2. Final regression model developed when examining sale and
market characteristics.

Dependent variable . . . . . . . . . . . . . BID = adjusted bid price

Multiple R® = .74 Standard Error of Estimate = 25.31

Analysis of variance:
Degrees Freedom Sum of Squares Mean Square F

Regression 12 333901.154 27825.096  43.44
Residual 182 116569.965 640.494
(2)

(1) Regression (3) (4) (5)
Variable coefficient Standard error F value Prob-value
INTERCEPT -266.488
In (SNVOL) 11.017 3.047 13.07 .0004
SPLS 0.450 0.035 164.15 .0001
In (DBH) 88.888 11.075 64.42 .0001
ADEF - 0.992 .414 5.74 .0176
PVJA*YDGL - 0.0007 0.0002 10.79 .0012
PVSK - 0.561 .079 50.28 .0001
In (HVPA) 7.681 4.361 3.10 .0799
SBA - 31.919 4,398 52.66 .0001
FSVOL - 0.042 0.015 8.35 .0043
HTREND 0.061 .028 4.70 .0315

( CAPi)

EE: DIST; 4.294 .976 19.37 .0001
ZEZ(hl NUMB ) -25.079 5.375 21.77 .0001
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The size of the sale as measured by the natural logarithm of net
volune was found to be positively related to sale value, as was the
weighted average selling price, the natural logarithm of the weighted
average DBH, and the natural logarithm of the average volume per acre
harvested. As total net volume, average diameter and average harvest
volune per acre increase, the value of the sale also increases, but at a
decreasing rate. As the weighted average selling price increases, the
sale value rises. If all else is held constant, a one dollar rise in
the average selling price of similar quantities of stumpage will result
in a 45 cent rise in the value of a new sale.

The relationship between sale value and average defect was found,
as expected, to be negative. A one percent increase in the percent
defect resulted in a 99 cent decrease in bid price per thousand board
feet.

When considering logging system variables, several interactive
variables were included in the model. The product of the percent volume
jammer times the yarding distance line skidded, and the percent volume
skyline times the yarding distance skyline were included in the
analysis. Both of these variables were significant. Percent volume
jammer logged and percent volume skyline logged were tested together in
place of the interactive variables and both found to be significant at
the .05 level, as well as have the expected negative coefficients.
Yarding distances alone were not significant. The best overall
statistical results were obtained for the model using percent volume
skyline logged and the variable combining janmer percent times the

yarding distance. These two variables were therefore retained in the
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final analysis. In further tests, either set of variables may be used,
as the differences in the final model are small.

Percent volume clearcut was included in the original analysis, but
the results showed this variable to be not significant at any level. A
small negative coefficient was produced for this measure of logging
method, which was the opposite of what we expected. Perhaps the effect
of this variable is not as simple as first hypothesized. The negative
coefficient may be explained by the fact that although as the amount of
clearcutting rises the ease of logging in terms of sawing and skidding
increases, much of the smaller material thus produced must then be
removed from the site and merchandized, resulting in increasing costs.
Both average diameter and harvest volume per acre are included in the
model and should account for changes in the size and amount of harvested
material. The lack of significance noted for percent volume clearcut
may be due to the fact that this variable is accounted for by the two
just mentioned, and thus is redundant. Because the coefficient was very
small, and was not significantly non-zero at any level, this varial'e
was excluded from the final model.

The relationships found between bid price and the sale
characteristics were generally as expected, and similar to those found
in other studies of this nature. No further discussion of these

findings is necessary at this point.

Set-Aside Sales

The only administrative variable considered in this analysis was

the dummy variable used to identify Small Business Administration set-
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aside sales. The coefficient calculated for this variable was very
significant. While the coefficient was negative as hypothesized, it has
a larger impact on price than expected. Based upon the sales included
in this study, designation of a sale as SBA would result in a $31.92

decrease in value per thousand board feet.

The Market Place

Several variables have been proposed as descriptors of the market
conditions, including the volume of uncut timber under contract and the
trend in housing starts.

The national forest uncut volume under contract was found to be
significant and have a negative effect upon sale bid price. Although
the coefficient is small, multiplying it by the average uncut volume
found during this seven year period for the sales sampled here results
in a $14.59 decrease in value per thousand board feet.

A second market variable tested was the twelve-month trend in
housing starts. This variable was found to be significant at the .05
percent level, and was retained in the final model. In some models
tested, however, it was not significant. There are perhaps some better
overall measures of economic condition than housing starts.
Particularly at the current time, alternative measures should be
considered. The USFS (1985) has noted better results using mill
production data because stumpage prices no longer seem to be as closely
linked to housing starts as in the past. This is partially due to the
substitution of other products (both wood and non-wood) for plywood and

dimension lurber produced in this area, and the alternative sources of
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wood products currently being used by the construction industry. During
the period sampled in this study, however, housing starts were an
adequate measure of the market conditions. The relationship to sale
value is positive, with a one percent increase in housing starts over a

twelve-month period resulting in a six cent increase in bid price.

Mill Capacity and Its Distribution

In addition to the two variables describing market or economic
conditions, several variables were used to describe the market structure
itself.

The market structure was first quantified using the aggregate mill
capacity variable together with the Lorenz concentration ratio variable
as described in the methods section. The Lorenz concentration variable
was found to be not significant at the .10 level. Upon reflection, it
seemed that while the ownership of capacity should be significant, this
variable was not the best measure of the distribution. Because the area
measured under the curve in Figure 2 reflects the overall concentration,
not the average or the amount owned by size class of owner, we decided
to use an alternate measure of distribution of capacity.

It was hypothesized that some estimate of concentration involving
the amount of capacity the largest mills control would be a better
measure of concentration. This hypothesis reflects the theory that
larger mills have more economic power, usually control more in-house
resources, and thus have more buying power (Mead, 1966). Mead suggests
that there are fewer bidders on sales purchased by large firms, and

sales purchased by large firms have lower value. Accordingly, the
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percent of capacity owned by the largest mill at each center was
substituted for the Lorenz concentration in the equation, which also
included the mill capacity variable. The market structure variables
tested together in the model were:

9 9

DIST, DIST;
i=1 i=1
where CAP, = capacity in mill area i
DIST; = haul distance from sale to mill center i
MBIG; = percent of capacity owned by largest mill in

area i
subscript referring to each of nine milling areas

i

It was found that both of these variables were significant, but that
they are highly correlated with each other (correlation coefficient =
.82). They therefore were not used together in the final model. The
high amount of correlation is probably due to the fact that the
proportion of capacity controlled by the largest owner in each mill area
in western Montana does not vary greatly, with the exception of Flathead
County. There are, in general, a nurber of small mills in each area,
and one or two large mills that account for the majority of the milling
capacity. In only one area does the largest mill own less than half of
the existing capacity, and the average owned by the largest mills is 67
percent. This number should indeed be strongly correlated with the
total capacity in each area, as we found in our modeling efforts.

It was also hypothesized that the number of mills alone might
explain a large portion of the variation in bid value. It was found
that the number of mills related to sale location, is a significant

measure of market structure. The nurber of mills was expressed as:
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9 1 cap. d 2 CAP, )
s(ors) *™ =(orer s,

i=1 i=1

where CAP; = capacity in mill area i

(=

DIST; = haul distance from sale to mill center i
NlMBi = number of mills in area i
1 = subscript referring to each of nine milling areas

Both of these variables were significant, and use of these together
resulted in the best statistical model tested. The measures of market
structure, in the form used here, relate market milling capacity and the
number of mills in existence to the location of the sale, and
interactively both are related to bid price. The first variable is a
measure of milling capacity relative to sale location. The second gives
us an estimate of the average capacity at each center relative to sale
location, and is perhaps a measure of the average market power existing
relative to each sale and the average distribution of plant capacity.

In sumary, we have identified several characteristics of the
marketplace which are useful in establishing a bid price for timber
sales. The market variables that are significant include the number of
mills, the plant capacity, and a combination of the two, all related to

sale location.
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sales. The market variables that are significant include the number of
mills, the plant capacity, and a combination of the two, all related to

sale location.
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Chapter 6

CONCLUSION

As agencies or organizations attempt to make procedures more
efficient and accurate, many are currently using or becoming interested
in using transaction evidence in appraising stumpage. Generally, models
have been used to predict stumpage value as a function of some sale and
market characteristics stratified by time and geographic location. This
study is an extension of previous transaction evidence appraisal efforts
that supplies additional information concerning how sale value is
related to the market, the marketplace structure, and sale location.
The results are significant in several ways.

Stumpage valuation done using methods like this is generally more
cost-effective and more objective than other methods. This study adds
to the current body of knowledge concerning factors affecting sale
value, supplying information on how sale value is related to market
structure. Several different variables were used in combination to
describe market structure. Any one of them may, by itself, be an
adequate measure of marketplace characteristics., In summary, the plant
capacity and nunber of mills, when combined withrthe distance to the
sale, were important marketplace variables.

This method can be used in appraising stumpage by any agency,
organization, or private owner, as the market and sale information
necessary to do so is readily available to both seller and purchasers,

and to agencies, organizations and individuals other than the Forest
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Service. Some development work will be necessary, but similar
techniques can be applied in many cases.

Not only are the techniques described here useful in stumpage
appraisal, but also in assigning a value to any timber inventory.
Whether an estimate of value is necessary for potential sale, as an
assessment of the value of assets, for tax purposes, or perhaps for long
range planning, transaction evidence appraisal is a valuable tool. The
location of a quantity of stumpage and its relation to the existing
marketplace have been shown to be important factors in establishing the
value of a timber sale. The same result applies to any inventory.

More should be said here about the importance of this information
in decision-making, investment analyses, and planning. Management or
investment decisions can be guided by using this technique if the
decision criteria include economics. When making thinning and
harvesting decisions, or prioritizing stands for treatment, location of
a stand or inventory and its relation to the marketplace can now be
added to the analyses to supplement other information.

In addition to the sale location and marketplace characteristics
used in this study, one measure of the availability of alternative
supplies of stumpage (Forest Service volume under contract) was shown to
be significant in predicting sale value. Although additional measures
of stumpage supply might be proposed, the conclusion can be drawn that
the existence of alternate supplies of stumpage does indeed affect sale
value. This factor should not be ignored when appraising stumpage or
inventory, nor when planning harvests, timber sales, or long-range

activities.
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As was shown in other studies, designation of a sale as SBA
negatively impacted the value of that sale. This is an issue only on
government stumpage sales. However, the policy makers and the public
should at least be aware of the impact of such designation on the value
of a sale., Careful consideration should be given to the real cost (loss
of revenue) of such a decision, along with the implications for the
businesses involved.

In the course of this study, a regression model was developed to
test the relationships between some variables and timber sale value.
The model shown is not meant to be a final. The sample of timber sales
used to develop this model was from the period 1974-1980, and is
somewhat outdated. Market conditions in terms of number, size and
location of potential buyers have altered significantly since that time.
These methods should be tested on current conditions and sales in order
to develop a final predictive model. The data base should also be
expanded to include other mill areas and national forests, as well as
perhaps inventories or timber sales from other ownerships.

One of the things attempted in this study was the measurement of
the location of the sale. Time and resources limited this to the
measure of haul distance to each milling center. It may be that a
better measure of spatial location will enable the modeler to quantify
the relationship of sales to mill centers more accurately. Working
circles could be defined around each mill center and a sale located
within each area more precisely, especially in relation to all of the

mill centers. This would require use of computer mapping, or creation
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of a distance direction/location matrix network to generate spatial
relationship information.

This study has, however, quantified the relationship between sale
location, market structure, some other market characteristics including
supply of other stumpage, and the value of the stumpage. This
relationship will be useful in estimating the value of any quantity of

timber, in decision-making or investment analyses.
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Name

BID

ADEF

PVJA

HVPA

Appendix A

VARIABLE DEFINITIONS

Definition

Adjusted high bid value per MBF
expressed in 1980 dollars. Includes
the reported high bid + ineffective

road credits + environmental protection

costs + road maintenance costs +
temporary development costs.

Net sawtinmber volume (million board
feet Scribner).

Weighted average selling price log
scale (1980 dollars) based on
proportionate volume by species in
each Western Wood Products Association
species group.

Volume weighted average diameter of trees

trees included in the sale (nearest
tenth inch).

Average defect observed in the
sawt imber, expressed as a percent.

Percent of sale volume jammer logged.
Percent of sale volume skyline logged.

Mean external yarding distance line
skidded (yards).

Mean external yarding distance skyline
logging (yards).

Percent of sale volume clearcut.

Average volume per acre harvested
(thousand board feet Scribner).

Dummy variable used to identify SBA
set-aside sales (0=no, 1=SBA sale).

41

Range

44.49-282.00

1.01- 24.23

8.9 - 23.2
1.3 - 47.9
0.0 -100.0
0.0 -100.0
0 -750.0
0 -1500
0.0 -100.0
1.8 - 31.0
0 or 1

125.76

6.26

342.53

14.3

10.5

13.8
14.8

258

305

33.5

11.1



FSVOL

HIREND

MBIG

DIST

Forest Service uncut sawtimber volume
under contract by forest sale located
in and year of sale (million board
feet Scribner).

Twelve-month trend in seasonally
adjusted housing starts. This is
equal to the nurber of starts 12
months prior to the sale divided
by the nurber of starts at the time
of the sale and expressed as a
percentage.

Subscript referring to each of nine
milling areas defined in western
Montana.

Number of mills operating within each
milling area. Only lumber mills and
plywood mills were included. Mills
producing other miscellaneous products

such as cedar shakes were not included.

Milling capacity existing in each
area expressed as units of saw-
timber material for each year
(million board feet Scribner).

Lorenz concentration ratio for mill
area i.

Percent of plant milling capacity
owned by the largest mill within
each milling circle.

Distance from each timber sale to the
center of each milling area. This is
calculated as the paved distance plus

three times the unpaved distance (miles

to the nearest tenth).
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53.6 -626.5

27 =279

1 -9

1 -41

20.3 -452.8
015- 091

30 -100

5.0 -302.0

343.4

140.3

9.6

144.8

.41

64.6

168.5
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