USDA
L oL

United States Department of Agriculture

A Process to Establish and Use
Base Period Prices for National
Forest System Transaction
Evidence Timber Appraisal

Richard W. Haynes
Kenneth E. Skog
Richard Aubuchon

Forest Forest Products General Technical Report December
Service Laboratory FPL-GTR-242 2016




Abstract

The USDA Forest Service is required to appraise timber
prior to it being offered for sale. Currently the Forest Ser-
vice uses a transaction evidence based approach, but con-
cerns have been raised about availability—both in number
and applicability—of timber sales used as the basis of this
approach. In addition to the problem of few sales, in certain
situations a notable fraction of the sales may be made at the
minimum rate. This transaction evidence system and the
application of a rollback factor in setting a minimum bid
rate can result in appraised prices declining over time in
areas with low competition, even though primary product
prices are increasing. This study evaluates several changes
that may be needed to address these concerns. The changes
should be able to provide a base period price (BPP) that
does not rely on local transactions. The estimated BPP could
rapidly respond to change in timber and product market
conditions and after local cost adjustments would provide
an estimated fair market value for sales with mixes of saw-
timber and nonsawtimber products. We propose use of price
mark-up rules to estimate BPPs for various timber product
classes. These price mark-up rules could be estimated for
various geographic zones and would predict quarterly aver-
age stumpage prices for recent sales based on primary prod-
uct price indexes. The mark-up equation estimates of aver-
age base period stumpage price are compared to actual high
bid values for 810 recent Forest Service timber sales. The
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comparisons highlight a number of issues that need to be
addressed and require decisions by forest management deci-
sion makers as part of implementation. These issues include
selection of geographic zones where mark-up equations
may be needed to estimate BPP, appropriate size of timber
appraisal zones when mark-up equations are used, assign-
ment of sawtimber and nonsawtimber volumes to appraisal
groups, structure and extent of uniformity of cost adjust-
ments, treatment of high- and low-value hardwoods, adjust-
ments for bid premiums, and selection of rollback factors.
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Preface

This report is part of an effort to examine and potentially address various issues involved

in appraising USDA Forest Service timber sales. This study provides information that will
help in further discussions among timber purchasers and Forest Service timber appraisers

to address selected issues. The intent of this report is to review a number of contemporary
issues and suggest ideas that would address those issues and provide an appraisal process
that is transparent, consistent across Regions, and more specific to the mix of products being
sold by the Forest Service.

This report was prepared by a small group of individuals that have been involved in the
appraisal process. This group selected a number of issues to discuss and address. The Forest
Service and timber purchasers will need to further consider the extent to which individual
issues will be addressed in any revision to appraisal methods. Extensive review comments
from a variety of individuals and organizations have greatly influenced the development of
the final report.
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Introduction

The USDA Forest Service is required to appraise timber
prior to it being offered for sale. The objectives of timber
appraisal (see section 2420.2 of the Forest Service Manual)
are to

1. estimate fair market value for National Forest timber
offered for sale,

2. set an advertised rate that encourages sufficient com-
petition for National Forest System (NFS) timber that
results in values that are fair to both the Government and
purchaser,

3. bring advertised values close to bid values,

4. ensure that appraisals are sensitive to changes in the
market for forest products, and

5. redetermine stumpage values to ensure fair market value
received for timber under contracts of more than seven
years duration.

Although appraisal methods have changed over time, trans-
action evidence methods are currently used in Regions 1-9
and the residual value method is used in Region 10. In the
past several years, there has been growing concern about
availability—both in number and applicability—of timber
sales used as the basis of transaction evidence methods in
certain Regions. In addition to the problem of few sales,

in certain situations a notable fraction of the sales may be
made at the minimum rate. With this transaction evidence
system and the application of a rollback factor in setting an
advertised rate, Base Period Prices (BPPs) can decline over
time even though primary product prices are increasing.
This study is intended to address this concern by suggest-
ing use of price mark-up equations to estimate BPPs, where
Forest Service managers decide they are needed, as a substi-
tute for existing transaction evidence prices. The proposed
price mark-up equations should have the following features:

¢ Be available nationwide

» Work with current or revised system of local cost
adjustments

* Rely on data readily available in the public sector

» Be easy to understand and operate, using variables that
have a “real world” basis

» Rapidly adjust BPPs in response to change in timber and
product market conditions

* Predict BPP that can be used in combination with cost and
sale adjustments to set a fair market value for sales with
mixes of sawtimber and nonsawtimber products

 Evaluate predicted average BPPs for appraisal zones by
comparing them to bid rates for recent historic sales (such
as prior 2-3 years)

» Can eventually be implemented using the Timber Infor-
mation Manager (TIM) program

A successful method is one that meets these objectives and
could be effectively implemented by a diminishing timber
sales staff. The intent would be to have a tool that could pe-
riodically estimate equations that would be used by staff in
each appraisal zone to estimate BPPs. Use of systematically
developed BPPs could increase societal confidence that the
agency is estimating “fair market values” and may also in-
crease financial returns to the treasury (and payments to the
States) by reducing the number of situations where timber
is sold at appraised prices that do not reflect current market
prices.

We define BPP per unit of timber volume for a given ap-
praisal group and appraisal zone as the estimated value
from the high bid price for a sale in the current calendar
quarter where the sale has volume-weighted average char-
acteristics. These average characteristics include average
costs (including stump to landing, haul) and average market
demand conditions. Average market demand conditions are
determined by an estimated primary product price and the
average conversion efficiency of mills in the zone. These
average market conditions will determine the average price
mills can pay for stumpage. The BPP implicitly includes
any average bid premium that the winning bidders have paid
above the recent average appraised prices.

This definition (label as A) differs to a degree from the
definition used in various Forest Service Regions (label as
B). In definition B, BPP is generally defined as representing



the appraisal group’s volume-weighted average winning bid
price of the competitively sold timber sales in the base peri-
od, with the exceptions of Regions 1, 8, and 9 and Regions 5
and 6 biomass. For Region 1, it is the average of the win-
ning bid price plus road maintenance costs, environmental
costs, temporary development costs and specified road costs
and is called the “actual past average value.” For Regions 8
and 9, it includes the application of a rollback factor. For
Region 5 biomass, it is an estimated value. For Region 6
biomass, it is the delivered chip price converted per hundred
cubic feet (CCF). In general the BPP reflects average sale
characteristics of the base period sales.

In definition A, BPP is the estimated average high bid price
for a sale in the current quarter where the sales characteris-
tics are average for a recent period. In definition B, BBP is
the average high bid price for a sale of average characteris-
tics over a historic period as close to the present as possible
and extending back a number of quarters.

The Transaction Evidence Appraisal (TEA) system has been
used by the Forest Service (except in Region 10) for the past
25 years. It was intended to reduce appraisal costs (by re-
ducing the need for cost collection) and to reduce the differ-
ence (bid premium) between appraised and high bid prices.
To function as intended, TEA depends on a number of trans-
actions (sales) in competitive markets (that is, with multiple
bidders). The downturn in the Forest Service timber sales
program starting in the mid-1990s has led to fewer sales in
the time periods that comprise the various transactions data
bases and, in many areas, fewer bidders. The great reces-
sion of 20082009 further reduced the basis for transaction
evidence, raising questions about whether timber sale ap-
praisals reflect fair market value, especially in declining or
rapidly changing markets. (The Forest Service is required by
36 CFR 223.60 to sell timber at “fair market value.” From
an economics perspective, this value is like a reserve price
that represents the agency’s view of a sufficient price, taking
into account local cost adjustments and the average mix of
bidders.) Specific problems are the drop in competition, in-
adequate number of transactions, outdated appraisal zones,
lack of transparency in regional cost adjustments, increased
use of stewardship contracting, and the tendency to lag mar-
ket price changes. The primary objective of the study is to
provide a method to estimate BPP (that is, stumpage prices,
or net returns to the landowner from selling timber, general-
ly expressed as dollars per CCF in Forest Service sales) that
may be used when transaction evidence data are limited and
to provide a preliminary evaluation of their use. These aver-
age base period stumpage prices are estimated for a given
timber appraisal group (such as softwood sawtimber) as a
function of primary product (such as softwood lumber) price
in a given appraisal zone. Depending on decisions of Forest
Service managers, this method might be used to estimate
BPPs in a limited set of Regions with minimal alterations

to the current appraisal system or for all BPPs with more
extensive system alterations. The implementation section
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discusses options for managers. This study suggests that
BPPs be estimated for six appraisal groups—for each of two
species groups (softwoods and hardwoods) there are three
product groups (sawtimber, nonsawtimber, and fuelwood).
These groups are flexible and could be divided into low- and
high-value subgroups. The BPPs are estimated for the cur-
rent quarter for a given appraisal group in a given appraisal
zone. For an individual sale, a BPP for an appraisal group

is further adjusted by local cost adjustments and potentially
by a rollback factor to provide an indicated advertised rate
(before base rate adjustment).

The Problem

Figure 1 shows variations in primary wood product prices
that drive what wood product mills can pay for Forest Ser-
vice stumpage. These lumber and wood pulp prices drive
prices that can be paid for logs at mills and the stumpage
price that can be paid for offered timber. (We implicitly as-
sume that given longer Forest Service timber sale contracts,
bidders base their bids on expectations for future product
values, which may or may not be reflective of current prod-
uct values.) A problem for the timber appraisal system is
how to account for this known influence of primary product
price on appraised price. Our proposed solution to this prob-
lem is to select and use primary product prices (such as lum-
ber prices) familiar to bidders to estimate current stumpage
prices (discussed in a later section).

For lumber prices, the market swings are notable. These are
commodity markets that reflect key movements in overall
economic conditions. Also notable are differences between
softwood species (the lower group of lines) and hardwood
(HWD) species, reflecting differences in end uses and mar-
kets of these species groups.

Figure 1b shows one of the price series for wood pulp.
Although showing less volatility than for lumber, it still re-
flects general market cycles. Lumber prices were more vola-
tile than pulp prices because of greater volatility in housing
construction markets over this period than in paper end-use
markets. Both charts illustrate the dilemma facing agencies
when market conditions are relatively uncertain and addi-
tional known variables (such as sale volumes, species, prod-
uct groups, logging system requirements, haul distances,
slash and road maintenance adjustments, and other local sale
adjustments) influence sale value.

Although strong economic theory indicates that primary
product prices will influence what mills pay for stumpage,
our ability to detect the degree of influence using data series
will depend on variation in primary product prices, varia-
tion in other factors that influence stumpage prices, and the
length of the data series. While Figure 1 shows notable vari-
ation in primary product prices over 13 years, we use data
from a shorter time, since 2009, to estimate the relationships
between primary product prices and stumpage prices.
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The intent of an appraisal system is to provide an adver-
tised value as the starting point for a bidding process. This
starting point needs to represent a “fair market value” in
the sense that such a value is one that both willing buyers
and sellers would agree on. For most sales of public timber
in the United States, the final market price is set by public
auction, where bidders bid based on their perceptions of the
value of timber being offered and future market conditions.
(In the United States, public agencies selling timber use
various ways to develop appraised prices, but most include

some form of product prices.) Most agencies do not attempt
to estimate a final price, because it is not possible to do so
without knowing who the purchaser will be or what eco-
nomic conditions will be at time of harvest, which is often
two or more years after a sale. (USDA Forest Service timber
sale contacts can range in length from less than 1 year to

10 years; most sales are in the 2—4 year range.) Often the
goal of the appraisal process is to attract multiple bidders
and have a high likelihood of successfully selling the sale at
initial offering. The issue in developing an appraisal process
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Figure 1—U.S. prices for (a) lumber, by region, and (b) wood pulp. (Lumber prices from Random Lengths (2014),
Luppold (2015), and WWPA (2011); June 2006 world wood pulp price from World Bank (2015), U.S. wood pulp

price index from USBLS (2015a).)



is how to include expectations of lumber market conditions.
TEA systems were intended to provide a minimum adver-
tised value that reflects current market conditions; but as
Figure 1a illustrates, market conditions can change rapidly
and TEA systems typically use data from a number of quar-
ters in the past. Given how forest product markets, including
stumpage, can be characterized as experiencing relentless
change (Haynes 2008), can we develop an appraisal method
that ties changes in stumpage prices to product prices, and
how would that method work?

A Revised Method to Calculate Base
Period Prices for a Timber Sale

In this section we discuss three key parts of the appraisal
method and possible revisions to those parts. We first give
an overview of appraisal calculations then review the model
that will be used to estimate the BPP. Next we review spatial
aggregations for which we develop relationships between
product prices and Forest Service sold prices. We call the
spatial aggregations “appraisal zones,” but unlike the former
use of appraisal zones for appraising timber, which tended to
be small (often subparts of a Forest Service Region), these
are larger, follow broad timber market areas, and combine
several National Forests and, in some cases, parts of more
than one Forest Service Region. In most cases, these larger
appraisal zones follow the various regional definitions used
in some of the spatial timber market models from various
Resources Planning Act (RPA) timber assessments (see
Adams and Haynes 1980). Then discuss the timber product
(appraisal group) framework for this study.

Overview of Timber Appraisal Calculations

An initial objective for the appraisal system is to calculate a
predicted bid rate, PBR’,.. This value is for a particular sale
(i), for volumes in each of several timber appraisal groups
(g), in a given appraisal zone (z). For simplicity, we drop the

g and z notation for appraisal group and appraisal zone.

The PBR for a sale, i, is calculated based on (1) an expected
average current price for stumpage in the appraisal zone and
(2) an adjustment to that expected average price (and aver-
age sale conditions) to account for the difference between
average costs to get stumpage to a mill and specific sale i
costs to get stumpage to a mill:

PBR?ZBPS+ZJ_:1(CJ.7(L}[) (1)
where BP® is the estimated current average stumpage price
for stumpage in appraisal group g for the stumpage mar-
ket in appraisal zone z. In the TEA system, this is called
the BPP. C; is the estimated current average cost for cost
center j in a given appraisal zone. Cost centers include
felling/bucking/yarding, hauling, and road maintenance;
include routine adjustment for quality or risk or for any un-
usual adjustment; and include any deposits required by the
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purchaser. They include any cost to a purchaser that would
cause them to adjust their bid. Cj; is the estimated cost for
cost center j or adjustment for quality or risk or unusual cir-
cumstance specifically for sale i.

In some ways, Equation (1) follows the process a bidder
uses to develop site-specific prices (called site prices; for a
discussion, see Haynes (2008)) that recognize local differ-
ences in operations and costs compared to regional aver-
ages. The adjustments (_3] — C; are not increased or decreased
by a multiplier, on the assumption that these differences
accurately indicate the adjustments to average costs that bid-
ders effectively would use when calculating a bid price. We
assume that bidders do not modify these estimated costs, by
increasing or decreasing them, when including them in a bid
calculation.

The appraisal system begins with a BPP and volume for
each appraisal group (an aggregation of species, such as
lodgepole pine and grand fir) in a sale. Several adjustments
are applied to each BPP, including market adjustments and
local cost adjustments from recent average costs (such as
haul cost). Adjustments may also be made for quality, risk,
and a catch-all—"“unusual adjustment.” The result is the
PBR for each appraisal group, which is adjusted by a com-
petition or “rollback” factor and any property value added
to the sale. The result is the indicated advertised rate for
the appraisal group. This value is compared to a base rate
for each appraisal group in the sale. The base rate is cal-
culated by selecting, for each appraisal group, the higher

of a minimum rate or a minimum deposit to the National
Forest Fund ($0.25/CCF), plus the cost of reforestation on
regeneration acres and any timber property value over the
amount used to offset deficit values (FSH2409.18,45.42). If
this base rate is higher than indicated advertised rate (a defi-
cit appraisal group), it is used as the value for the appraisal
group. The indicated advertised rates of other appraisal
groups are adjusted downward in proportion to their posi-
tive (nondeficit) value to recover the upward price adjust-
ment in the deficit appraisal group(s). The current minimum
rates are $1/CCF for a low-value appraisal group, $3/CCF
for a medium-value group, and $5/CCF for a high-value
group (FSM2431.31b). The result after any substituting and
adjusting due to base rates is the advertised rate for each
appraisal group, which is intended to be a fair market value.
There are some differences among Forest Service Regions;
for example, in Regions 8 and 9, a rollback factor is used in
calculating the BPP, whereas other Regions apply the factor
to the PBR.

Model for Estimating Base Period Price

We propose a method to estimate BPP;, which is average
stumpage price in the current quarter ¢ as a function of price
in the current quarter of the product that is made from the
timber, P’

BPP’ =¢, + ¢, PP 2)
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This approach for estimating a raw material price is com-
mon in agricultural markets (Wohlgenant 2001). The price
change for the factor of production (raw material such as
stumpage) is estimated as a function of price change in
product markets. Discussion of the link between factor and
product markets is a common aspect of production econom-
ics. In the case of timber, stumpage markets are considered
to be derived from product markets where stumpage is one
factor in the production of lumber or wood pulp (other fac-
tors are typically labor and capital). Economic theory and
empirical evidence indicate that as product prices increase,
the ability of mills to pay higher prices for stumpage in-
creases as well. Conversely, as product prices decrease, the
ability of mills to pay for stumpage decreases. Finally, we
are proposing not that the price mark-up rule could predict
the high bid for a specific sale but rather that it estimates
the high bid if a sale has average costs and average bid pre-
mium. Models for predicting the specific high bid would
be more complex and would include sale characteristics,
market condition expectations, number of bidders, and other
factors. Our goal is to estimate the BPP, the starting point
for timber sale appraisal, which would then be modified by
local cost adjustments and potentially a rollback factor and
then compared to the legal minimums to determine the ad-
vertised rate.

We estimate current quarterly average stumpage prices (by
product class) as a function of current quarterly primary
product price (for lumber or wood pulp). The data are quar-
terly, and past studies suggest that lumber and stumpage
prices adjust to changes in either market within a month
(Haynes 2008). We use nominal price data (inflation is not
removed) for both stumpage and primary products. This
implies that any adjustment in product price within a quarter
will be reflected in an adjustment to stumpage price within
the same quarter. For our method, we assume that we can
use the latest reported product price to estimate current aver-
age stumpage price.

In Equation (2), BPP® is the price in the stumpage market
and PP is the price in, say, the lumber market. Coefficients
¢, and ¢, are estimated from historic price data for the two
markets. In agricultural literature, this is called a marketing
margin or sometimes a price mark-up rule and used to relate
farm level prices to wholesale product prices. (George and
King (1971) summarize this use and discuss how marketing
margins can be used to develop derived demand functions.)
In forestry, this relation has been used to understand how
changes in the product market are transmitted to the stump-
age market (Haynes 1977, Spelter 2005).

Depending on estimates for ¢, and c,, there are three pos-
sible types of relations between the factor (stumpage) and
the product (such as lumber, wood pulp, biomass): The
contribution of factor cost to product cost is fixed if ¢ is
significant and ¢, is zero, is proportional to the product price
if ¢, is zero, or is mixed if both are significant.

A caution to be aware of in interpreting the coefficients is
that measurement scales are different between volumes in
product markets and volumes in stumpage markets. For
example, lumber prices are dollars per thousand board feet
lumber tally, whereas Forest Service stumpage prices are

in dollars per hundred cubic feet ($/CCF). This means that
the estimated coefficients will include implicit conversions
between measurement scales and cannot be used to estimate
price elasticity of stumpage prices with respect to product
prices. In past studies, price mark-up rules have been used
to estimate elasticity of price transmission, which can be
used to estimate elasticity in the stumpage market from elas-
ticity in the product market. This is useful in determining
how price changes in one market are transmitted to the other
market (Haynes 1977).

For the case where only ¢, is used, the actual calculation of
aggregate BPP for all appraisal groups in a sale is a volume-
weighted average price across the product groups calculated
as

BPP = wC3 B +w,C3 P*P + w3F + y Dy PP 3)
+y, D3 PP + p3F

where w|, w,, and wy are proportions of softwood saw-
timber, softwood nonsawtimber, and softwood fuelwood,
respectively; PP is price of softwood lumber; and C} and
(3 are softwood sawtimber and nonsawtimber coefficients,
respectively; P*P is wood pulp price; F is firewood permit
fee for the appraisal zone (a proxy for fuelwood prices be-
cause of a lack of reported prices); y,, ¥,, and y; are propor-
tions of hardwood sawtimber, hardwood nonsawtimber, and
hardwood fuelwood, respectively; P/ is price of hardwood
lumber; and D} and D3 are hardwood sawtimber and non-
sawtimber coefficients, respectively. (Prices of softwood
lumber, wood pulp, and hardwood lumber are from the
primary product data set shown in Table 3; hardwood saw-
timber and nonsawtimber coefficients are estimated for a
single-coefficient equation in Table 6.)

In actual application, Equation (3) will be modified for spe-
cies and product groupings in the various appraisal zones.

Appraisal Zones

Forest Service timber appraisals have long depended on
using appraisal zones to represent similar timber market,
timber production, and milling cost conditions. Traditionally
these have been relatively small geographic areas reflecting
timbersheds or working circles for clusters of forest product
manufacturing facilities. The number of these zones varies
by Forest Service Region, but they are geographically spe-
cific. The past three decades have seen steady consolidation
of the forest products industry, where there are now fewer
but larger facilities drawing timber from broader areas. Dur-
ing this same period, the Forest Service shifted its timber
appraisal processes away from residual value to transaction



evidence (TEA) processes, reducing the need for local
manufacturing cost collection used for the residual value
method. (Region 10 is the one exception, where the residual
value approach is stilled used.) With the TEA method, the
role of appraisal zones, while still being based on log flows
to a milling center, changed to being areas used to make
cost adjustments to the average transaction evidence price
to reflect sale-specific conditions. At the same time, western
products markets for Forest Service timber have become
less diverse as panel markets have changed and softwood
lumber and associated residue (including biofuels) markets
have increased (see the discussion in Haynes (2008) for an
explanation). Coinciding with the diminishing diversity of
products markets is the increase in bidders for Forest Ser-
vice timber that operate in multiple Forests and/or Forest
Service Regions. Some of these bidders question the differ-
ences between Forest Service Regions in appraisal and sale
practices. Another component of this evolution has been
changes in lumber market price reporting. There are now
broad composite indexes for regional species (and grade)
groupings that are reported monthly. These broad price
composite indexes are a key component in the method we
propose to estimate BPP. The relationship between stump-
age and lumber prices is used to estimate average stumpage
price for each product appraisal group used in each zone.
These lumber prices are broad regional aggregates including
a range of species available in the region.

After considering the availability of stumpage price data for
National Forest locations and appropriate matching to mar-
kets and lumber price index data, we propose nine appraisal
zones for the country, not counting Alaska (see Appendix 1
for assignment of National Forests to each appraisal zone):

1. Coast—Western Oregon, Washington and northern
California (15 National Forests)

2. Inland, North—eastern Oregon, Washington, all of
Region 1 plus Boise, Payette, and Salmon—Challis
National Forests in Idaho, Montana (30 National Forests)

3. Inland, Central—Idaho/Nevada border National
Forests, Nevada, Utah, Colorado, Wyoming, South
Dakota (20 National Forests), most of Regions 2 and 4
(minus the Idaho Forests of Region 4 north of the Snake
River) (31 National Forests)

4. Inland, South—All of Region 3, southern California
(16 National Forests)

5. Sierra—middle forests in California (9 National Forests)

6. Southeast—National Forests in Region 8§ east of Texas
(26 National Forests)

7. Mid-South—Texas, Arkansas, Missouri (8 National
Forests)

8. Lake States—Minnesota, Wisconsin, Michigan
(8 National Forests)

9. Northeast—Region 9 without the Lake states
(8 National Forests)
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Why these nine appraisal zones? They each correspond to

a broad lumber market. The coast appraisal zone is roughly
the same as the Western Wood Products Association’s
(WWPA’s) coast region and the area covered by the North-
west Forest Plan (NWFP), and contains two traditional
lumber markets (Douglas-fir and redwood markets). The
three inland appraisal zones (North, Central, and South) cor-
respond roughly to the WWPA’s Inland region. The North
Inland appraisal zone is roughly the old inland empire
timber market that has pine and Douglas-fir markets. The
Central Inland appraisal zone is an area where production is
scattered but mostly in the eastern part focusing on mixed
softwood species. The South Inland appraisal zone includes
National Forests where there is little product production and
the Forest Service has had difficulty in sustaining a sales
program; there are some local markets for pine lumber. The
Sierra appraisal zone includes National Forests in eastern
California where there are active markets for lumber produc-
tion in the Sierra Mountains; this zone has a mix of species
including pine and true firs. The Southeast appraisal zone
includes both the product-diverse southern pine markets and
Appalachian hardwood markets in several of the states as-
sociated with the furniture industry. The Mid-South appraisal
zone (mid-south west of Mississippi) contains traditional
pine sawtimber and hardwood markets of the Ozarks. The
Lake States appraisal zone includes the three lake states with
a mix of hardwood and softwood markets. The Northeast
appraisal zone includes both the northeast States and Ohio
valleys with primarily Appalachian hardwood markets.

Product Codes and Appraisal Groups

The Forest Service has an extensive list of timber product
codes (Appendix 2). Thirteen product codes (shown in bold
in App. 2) are included in the Forest Service Timber Cut and
Sold reports (one of the basic data sets used in this study).

A combination of a product code and one or more species
codes are used to define an appraisal group for which cost
adjustments are made for individual timber sales. For ex-
ample, sale number 11054 (FY2014) in Region 9 has a total
volume 1,894 CCF divided among four species and two
product codes (saw timber and pulpwood), for a potential
total of eight appraisal groups. In the case of sale number
11054, volumes are identified for each of four species codes
and two product codes; cost adjustments are applied sepa-
rately for each. There are no limits to the number of possible
combinations of species and product codes for each sale.
Each combination is treated as a possible appraisal group
requiring cost adjustments to an average base period ap-
praised price for volume in each group. Cost adjustments are
made for logging costs (felling, bucking; skidding, loading)
and for hauling, road maintenance, contracting costs (such as
lopping and scattering vegetation along roads or away from
leave trees), temporary development costs, unusual sale-re-
lated costs, specified road costs, and for other risks to arrive
at an advertised rate. (Temporary development costs vary
among regions. Most would include temporary bridges and
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Table 1—Assignment of FS products into product
groups used in the revised appraisal method

Product FS products, FS products,
group names numbers
Sawtimber Sawtimber, Poles, Pilings, Ties 01, 03, 04, 09
Nonsawtimber Pulpwood, Posts, Nonsawtimber 02, 06, 08
Fuelwood Fuelwood, Miscellaneous 07,14, 18, 19,
Convertible, Cull Logs, Small 20, 21

Roundwood, Green biomass
Convertible, Dry biomass
Convertible

landings and their decommissioning. Some regions include
seed and fertilizer costs in this category, whereas others

list it separately, called in these cases “seed and fertilizer”
or “erosion control.”) In our approach to form appraisal
groups, we have grouped species into two broad groups
(hardwoods and softwoods) and grouped timber products
into three product groups (sawtimber, nonsawtimber, and
fuelwood) resulting in a maximum of six possible appraisal
groups (Table 1). These groupings represent actively func-
tioning stumpage markets within the appraisal zones. The
most widespread markets for National Forest timber are for
softwood sawtimber; in the east, there are also markets for
hardwood sawtimber. In the east and especially the South,
there are also functioning markets for nonsawtimber that
include both traditional pulpwood and chip or fiber input for
other engineered products. Although characterized by less
formal markets, there are various markets and permit sys-
tems for fuelwood or biomass used for energy applications.

Data Sets

Three data sets are constructed for this study. The first two
(Forest Service data on timber sold volume and price, and
data on primary product prices) give averages by quarter.

The third data set contains 810 Forest Service timber sale
records. (These sales represent the variety of timber sales of-
fered over the past several years, including regular, thinning
and salvage sales. Each sale reflects unique circumstances
that may lead to out of the ordinary bidding as illustrated in
various figures later.) For a selection of sales, these records
include sale dates, sale volume, species and product groups,
cost data, and appraised and high bid prices. The third

data set includes all sales for several fiscal years for some
regions and all sales in fiscal year 2014 for other regions.
The first data set includes timber volume sold and volume-
weighted average price by quarter and covers the period
fiscal year 2009 to the third quarter of fiscal year 2014. The
second data set, which includes quarterly price for lumber
and wood pulp, covers the fourth quarter of 2008 to the sec-
ond quarter of 2014 (a total of 23 quarters). This period was
chosen because it includes the most recent 20 quarters avail-
able at the start of this project (which was assumed to be the
minimum sample size for estimation and to represent recent
supply and demand trends that set prices). Generally this is
a period where timber markets reflected both the full effect
of the great recession of the 2000s and the beginning of the
€conomic recovery.

Forest Service Timber Sold Data

All the Forest Service sold data for fiscal years 2009 to
2014.3 were entered in two Excel spreadsheets. These data
cover the calendar year period of 2008.4 to 2014.2. Each
row contains the sold volume and bid prices for up to 13
products included in the sold data for that period. Aggregate
volumes of sawtimber, nonsawtimber, and fuelwood sold
by quarter are shown in Figure 2. Of the total 2.55 billion
cubic feet of timber sold over this period, 86.4% was soft-
woods and 13.6% hardwoods. For the three product groups,
57.8% was sawtimber, 24.3% was nonsawtimber, and 17.9%
was fuelwood. These proportions varied among regions,

3,500,000
Sawtimber
3,000,000
Nonsawtimber
2,500,000 Fuelwood
2,000,000 Total
L
O
O
1,500,000
1,000,000
500,000
0 1

2009 2010 2011

2012 2013 2014

Figure 2—Volumes sold by the Forest Service Timber Sales Program, FY2009-2014 (USDA Forest Service 2014).



Table 2—Total volume and value of Forest Service
timber sales, FY2009-2014

Volume Value Volume Value
(x10° CCF) 3 (%) (%)

Coast 3.64 137.74 14.24 18.13
Inland North 5.86 148.88 22.95 19.60
Inland Central 3.26 32.09 12.77 422
Inland South 1.39 9.44 5.46 1.24
Sierra 2.43 44.00 9.53 5.79
Southeast 3.40 130.10 13.29 17.12
Mid-South 2.30 90.57 9.00 11.92
Lake States 2.67 110.47 10.44 14.54
Northeast .60 56.44 2.32 7.43
Total 25.55 759.73 100.00 100.00

with higher proportions of sawtimber sold in the western
National Forests. (Proportions among the three product
groups were 66.5%, 8.9%, and 24.5% for western appraisal
zones and 41.7%, 52.9%, and 5.4% for the eastern appraisal
zones.) Spikes in the sales program in Figure 2 reflect a con-
sistently higher number of sales, and corresponding volume,
sold in the fourth quarter of each fiscal year (third quarter of
each calendar year).

The total value of all timber sold during this period was
$759.7 million. Table 2 shows total timber volume and val-
ue for each of the new appraisal zones. It shows that there
are differences between the volume and value proportions
by appraisal zone. An important difference is that all eastern
zones have higher value proportions than volume propor-
tions, reflecting higher competition, more active markets for
nonsawtimber material, and higher value species than west-
ern zones (except for the Coast zone).

Primary Product Price Data

Primary product prices are shown in Table 3 and Figure 1.
These are presented in their nominal dollar form and reflect
both long-term market trends and short-term market adjust-
ments, such as the drop in prices in 2008—-2009 accompany-
ing the great recession.

Softwood and hardwood lumber prices. The product prices
are market price proxies that bidders for Forest Service
sawtimber are reacting too as they bid for Forest Service
sawtimber. To serve this purpose for our appraisal method
and for bidders, they need to be widely available (reported)
and representative of demand for timber provided by Forest
Service sales.

In this section, we describe the sources, data compilation
issues, and various propositions about the price series. The
lumber price series represent the product markets for saw-
timber sold by the Forest Service. A secondary purpose is
to discuss the relation between the lumber price indexes
collected by the Bureau of Labor Statistics and stumpage
prices, to provide background to discussions of how they
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can be used to adjust stumpage prices to actually be paid
after timber is sold. Some of the price series and indexes are
periodically published in two Forest Service publications
(Howard and Westby 2013, Zhou 2013). The sources we
use for softwood and hardwood lumber prices are Random
Lengths, the Hardwood Market Report, and the Western
Wood Products Association (WWPA). See the series and
their sources in Table 3.

Various lumber price indexes are published by the Bureau of
Labor Statistics (BLS) and in Howard and Westby (2013).
BLS lumber price indexes have been simplified in recent
years, but they still report a national price for all lumber,
softwood lumber, and hardwood lumber. These are the
lumber price index (WPUO081 1982=100), the softwood
lumber index (WPUO0811), and the hardwood lumber index
(WPUO0812). These changes have made them useful for il-
lustrating broad trends but less useful for developing base
prices that need to reflect regional differences in species
mixes.

Some of the most widely used softwood lumber price series
in the West are the WWPA Coast and Inland lumber price
series. Summaries of the WWPA price data are published by
Zhou (2013). Random Lengths (“the weekly report on North
American forest products markets,” which uses the rule that
monthly prices are averages of weekly prices starting with
the week that has the first Thursday of the month) collects
and publishes nearly 300 lumber species and grade prices,
but most useful for our estimation methods are 6 of their

11 lumber composite prices: Coast Dry Random and Stud,
Inland, Southern Pine, Western SPF, Eastern SPF, and Green
Douglas Fir (Random Lengths 2014). These lumber com-
posite prices are collected and published weekly by Random
Lengths, intended to enable readers to quickly grasp price
comparisons among different species, end uses, and regions.
The weekly prices are also compiled into monthly averages
and published as part of their monthly market overviews
and annual yearbooks. For our purposes we compute a price
series equivalent to the WWPA coast price series using

two Random Lengths composite series. This price series is
formed as the weighted average of the Coast Dry Random
and Stud and green Douglas Fir composite prices using the
proportions of kiln dried and green lumber for the coast and
inland regions published by WWPA in their annual year-
books (for example, WWPA (2011)). The various softwood
lumber price series we use are shown in Figure 1a.

Hardwood lumber prices. We use an unpublished composite
series developed by Bill Luppold (USFS, Northern Research
Station). He developed a weighted price for Number 1 Com-
mon grade of hardwood lumber that uses 1C lumber prices
by species weighted by the volume that each particular spe-
cies is in the forest inventory for the Appalachian and north-
ern area. (The species and weights are Ash, 0.04; Basswood,
0.01; Beech, 0.01; Birch, 0.01; Cherry, 0.04; Hickory, 0.03;
Hard maple, 0.09; Soft maple, 0.06; Red oak, 0.36; White
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Table 3—Primary wood product price data

Inland West Southern Pine  West spruce, pine, East spruce, pine West Coast Hardwood
softwood lumber lumber and fir lumber and fir lumber  softwood lumber  lumber Wood pulp
Year  Qtr ($/MBF) ($/MBF) ($/MBF) ($/MBF) ($/MBF) ($/MBF) (81t
2008 4 263.00 262.33 185.00 263.33 191.03 583.10 813.78
2009 1 251.00 235.33 158.33 235.33 171.64 559.60 750.56
2 256.67 236.00 178.67 245.67 181.88 489.90 701.51
3 295.67 246.00 211.67 273.33 213.69 483.10 704.07
4 298.33 246.67 220.00 277.67 212.81 515.90 753.12
2010 1 352.33 314.67 278.67 319.33 259.50 536.10 804.49
2 373.67 350.33 275.33 340.67 282.21 598.90 897.93
3 316.67 254.33 235.67 297.33 234.38 621.65 956.50
4 343.67 257.33 268.67 309.33 264.95 616.90 943.49
2011 1 363.00 287.33 289.67 331.00 292.45 578.80 946.51
2 347.33 254.67 246.67 302.67 273.77 556.70 959.99
3 348.33 252.67 255.33 311.00 278.60 558.10 959.53
4 338.67 249.33 239.33 302.33 260.68 558.70 906.76
2012 1 358.33 279.67 265.33 326.00 277.33 545.65 902.35
2 388.67 321.00 302.33 365.00 301.26 550.55 901.42
3 389.67 310.00 311.33 378.00 318.67 550.85 906.99
4 395.00 338.67 331.33 387.00 324.27 551.85 888.17
2013 1 455.33 422.67 382.33 439.00 393.50 585.75 868.64
2 455.33 395.33 336.67 416.67 372.87 657.75 872.59
3 434.33 363.00 323.33 378.00 351.98 676.70 877.24
4 475.33 359.33 359.00 406.00 394.21 691.80 881.19
2014 1 485.67 395.67 361.00 416.00 409.32 772.50 878.40
2 481.33 399.00 338.33 409.00 362.60 843.25 902.81

Data sources: All softwood Iumber series, Random Lengths (2014); Hardwood lumber, Hardwood Lumber Market Report as compiled by Luppold (2015);
Wood pulp, USBLS (2015a) and World Bank (2015) for the June 2006 dollar value per metric ton. Data from Random Lengths and the Hardwood Market

Report are used with permission of the publishers.

oak, 0.18; Yellow poplar, 0.16; and Walnut, 0.01.) Common
grade is often referred to as Cabinet grade because of its
adaptability to the standard sizes of kitchen cabinet doors
and is also used in the manufacture of furniture parts. Lum-
ber prices by species are published in the Hardwood Market
Report (various years). (The Hardwood Market report is
published weekly and provides benchmark pricing and mar-
ket commentary on North American lumber and hardwood
products industry.) To represent quarterly prices, he uses
prices reported for the first of the month for January, April,
July, and October. Although hardwood lumber prices appear
in Figure 1a to have risen sharply, the deflated recent prices
are below levels reached in the mid-2000s. The one excep-
tion is black walnut, which enjoys strong export markets.

Wood pulp prices. Nonsawtimber can include small logs
that can be sold to make several types of products that can
vary by appraisal zone. Traditionally, nonsawtimber has
been sold as pulpwood to make pulp and composite panel
products (Table 1). More recently, some small logs could
be used by small log sawmills to make lumber. These
markets are predominantly in the eastern United States
and are emerging in the West, where sellers are considered
to arbitrage small logs between pulp, panel, and lumber

markets. A stumpage owner will sell stumpage in the market
with the highest return. Because the pulpwood markets will
have to match prices for other small log uses, we use pulp
prices to predict the nonsawtimber stumpage markets in the
Eastern United States.

There is no single market pulp price for the United

States, but there is a BLS national wood pulp price index
((WPU09110501) 2006 (June) = 100) (USBLS 2015a) that
we use to construct a price series for wood pulp. A wood
pulp price specific to the United States can be constructed
by taking the June 2006 world wood pulp price ($697.3/mt
or $632.6/t) and multiplying it by the U.S. wood pulp index
in 2006 and thereafter. (The world wood pulp price is the
price ($/mt) for Swedish wood pulp, especially softwood
sulphate bleached, air-dry weight pulp at North Sea Ports
(World Bank 2015).) The resulting price is shown in Fig-
ure 1b and Table 3.

Timber Sales Data for Individual Sales

The third data set is a collection of individual sales data sets
from each Forest Service Region except for Region 10. We
use these data sets to compare BPP estimates to final sales
prices and show local sales costs.



Table 4—Time periods and number of sales for
individual timber sales data by Region and zone

Number

Region and new zone of sales

Region 1 (Inland North)

Time period
FY2010.3-FY2015.1 64

Region 2 (Inland Central) FY2010-FY2014 171
Region 3 (Inland South FY2010-FY2014 62
Region 4 (Inland Central) FY2010-FY2014 142
Region 5 (Coast) FY2007.4-FY2014 10
Region 5 (Sierra) FY2007.4-FY2014 40
Region 5 (Inland South) 0
Region 6 (Coast) FY2014 41
Region 6 (Inland North) FY2014 19
Region 8 (Mid-South) FY2014 24
Region 8 (Southeast) FY2014 76
Region 9 (Mid-South) FY2014 26
Region 9 (Lake States) FY2014 103
Region 9 (Northeast) FY2014 32

These data were compiled in Excel spreadsheets from ap-
praisal information on FS-2400-17 forms kept for each tim-
ber sale. The data include sales of timber from final harvest,
intermediate treatments, and salvage treatments but do not
include timber removed as part of stewardship contracts
where timber goods are traded for ecosystem restoration
treatments. All the sales were sold using sealed or oral auc-
tion procedures. These data sets include sale identifiers,
administrative variables, general sale information, and cost
center and other adjustments. For details on data they usu-
ally contain, see Appendix 4. The data sets vary among Re-
gions in the variables they include and the number of sales.
There are at least 50 sales for each Region, and several Re-
gions sent data for the FY2010-2014 period or for all sales
in a fiscal year (most frequently FY2014) (Table 4).

We added several summary variables to each sale. Depend-
ing on the variables in the regional data sets, these include
(1) fractions of volume that are in certain categories

(such as, percentage sawtimber, percentage softwoods)

(2) volume-weighted average costs (logging, haul costs,
slash disposal, temporary roads, sale contact costs, specified
road costs), (3) advertised bid price (after local cost adjust-
ments), (4) high bid price, and (5) bid premium (difference
between the advertised rate and high bid price). The actual
data sets contain more detail for each product and species
combination. For example, the Region 9 data set has 14 pos-
sible appraisal groups that are subject to cost adjustments
for each sale.

Matching Appraisal Zones and Product Prices

Table 5 indicates the primary product prices that are used in
each appraisal zone. Assignment of primary product prices
was guided by the need to estimate stumpage prices for spe-
cies groups that are sold in each zone. Differences between

10
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Table 5—Match up among appraisal zones stumpage
prices and primary product price series

Softwood Hardwood

Appraisal Saw- Non- Saw- Non-
zone timber  sawtimber timber sawtimber
Coast Coast Coast N/A N/A
Inland North Inland Inland N/A N/A
Inland Central ~ West SPF*  West SPF N/A N/A
Inland South West SPF West SPF N/A N/A
Sierra Inland Inland N/A N/A
Southeast Southern Wood pulp ~ Hlum®  Wood pulp

Pine
Mid-South Southern Wood pulp Hlum  Wood pulp

Pine
Lake States East SPF Wood pulp Hlum  Wood pulp
Northeast East SPF Wood pulp Hlum  Wood pulp

“Spruce—pine—fir lumber.
Hardwood lumber.

eastern and western regions in the primary product price
series used for hardwood species and nonsawtimber prod-
ucts will be explained in the next section.

Results

First, we present estimated price mark-up rules for each ap-
praisal group in each appraisal zone. This includes discus-
sion of caveats for using the equations. Second, using data
on individual sales, we compare our estimates of stumpage
price from the mark-up equations to high bid prices for
individual sales. In addition to the obvious goal of learn-
ing if our estimates are above or below actual high bid, this
comparison provides a basis for subsequent discussions
about local cost adjustments and possible requirements for
rollback factors that would need to be applied to initial ap-
praised price.

Estimates of Price Mark-Up Equations

Price mark-up rules, in the form of linear equations, were
estimated for the four groups, hardwoods and softwoods,
sawtimber and nonsawtimber, for all appraisal zones. Re-
gressions were made first using two coefficients (¢, ¢,) in
the form shown in Equation (2), second with a constant term
only (¢;), and third with a coefficient for primary product
price only (c,). We evaluated the predictive ability of the
equations by estimating root mean square error (rmse) com-
paring predicted quarterly average stumpage price to actual
quarterly average stumpage price and r* values for the equa-
tions. Equations with a single coefficient for primary prod-
uct price did not have strong predictive power for stumpage
price (low %), but the predictions were always better than
using the previous quarter’s stumpage price as a prediction
of the current quarter’s price. Use of a recent period’s lo-

cal stumpage price to estimate current BPP is the current
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Table 6—Estimated coefficients for stumpage price
equations?®

Non-

Sawtimber RSQ  sawtimber  RSQ

East equations—softwood

Lake States 0.22360 0.417  0.048832 —0.119
Northeast 0.12757 0.960  0.048832 —0.026
Southeast 0.21052 0.775  0.026354 —0.327
Mid-South 0.14644 0911  0.014885 —0.253

East equations—hardwood

Lake States 0.11845 0.102 0.03136 0.155

Northeast 0.41791 0.146 0.00419  -0.095
Southeast 0.08085 0.260 0.00919  —0.085
Mid-South 0.11690 0.260 0.00961 0.004
West equations

Coast 0.14916 0.298 0.02514  -0.043
Inland North 0.10203 0910 0.03515 0.484
Inland Central ~ 0.04000 0.726 0.04967 0.395
Inland South 0.02448 0.843 0.00513 0.556
Sierra 0.08599 0.626 0.03888 0.258

Coefficients are for the equation y = ax, where y is stumpage price
in $/CCF and x is product price for lumber in $/MBF or pulp in
$/ton. The R* (RSQ) values are computed as [1 — (residual sum of
squares)/(centered sum of squares)]. The value is negative in cases
where a constant value has a lower error of estimate for stumpage
values than the equation estimate.

transaction evidence appraisal method. The regression with
a constant term gave lower rmse than the equation with a
single coefficient on primary product price for 18 of 26 ap-
praisal groups. The two-coefficient regressions gave some-
what lower rmse and higher r* values, but coefficients were
often not statistically significant. We use single-coefficient
equations to estimate stumpage price (Eq. (4)) because, with
competition among mills for stumpage, the stumpage price
would consistently increase with primary product price
(coefficients are shown in Table 6):

BPPS =, PP (4)

We made preliminary tests to determine if the data could
be transformed to improve the predictive equation (for ex-
ample, by testing for stationarity of prices series and adjust-
ments to attain stationary series for prediction equations).
Initial tests did not suggest predictions would be altered no-
tably. Appendix 5 discusses possible ways to improve BPP
predictions.

Certain modifications were made in forming the equations.
In the western appraisal zones, hardwood volume was a
small part (1.1% of the total sales program, and 84.3% of
hardwood volume was sold as fuelwood) of the total Forest
Service timber sales program. Consequently the mark-up
equations for sawtimber and nonsawtimber stumpage price

were estimated using the price for total (both softwood and
hardwood) volumes sold. Also, in the West, few timber sales
are sold solely containing nonsawtimber. These relatively
small volumes of nonsawtimber leads to greater price vola-
tility in the nonsawtimber markets, as shown in Figure 3 for
two example western regions.

Because the volume and value of western sales are predomi-
nantly for sawtimber, western bidders likely develop their
bid price for sawtimber volumes while considering the value
they can obtain from the associated nonsawtimber volumes.
(This same type of behavior has been observed in the South,
where the issue is hardwood volumes in softwood stands.
The hardwoods are referred to as the “come along volumes,’
and it may be that some hardwood value is assigned by bid-
ders to the softwood bid price and would be one explanation
for lower hardwood pulpwood prices relative to softwood.)
In cases where nonsawtimber is a biddable product, bid-
ders may bid higher on nonsawtimber to keep sawtimber
bids lower. The higher the potential bid for sawtimber (as
influenced by lumber price), the higher the possible bid for
nonsawtimber. For the few sales with significant nonsaw-
timber volumes, bidders still adjust bid price in accordance
with current lumber prices if they think they can sell some
nonsawtimber logs for sawtimber prices; the price for the
portion of nonsawtimber not suitable for sawtimber uses
would be influenced by chip prices. Another explanation for
high overbids is that Forest Service cruising procedures are
incorrectly calling logs nonsaw when they actually contain

a sawlog. The purchaser reveals this information via their
bid prices. There is also the case where the nonsaw product
class consists of very different product types that have very
different prices. For example, the nonsaw product class in
Region 1 consists mostly of pulp and post and pole materi-
als. Pulp logs typically sell for $25 to $30 per ton in specific
areas in Region 1. Post and pole material ranges in value
from $50 to $65 per ton, which at the upper end of the range
rivals sawtimber prices. This highlights the issue of creating
product classes ignoring the values of the material and “not
appraising” the nonsaw material and advertising the material
at $1/CCF.

>

Western chip prices are mostly proprietary except for chip
export prices (see table 49 in Zhou (2013)), which are
shown in Figure 3a and are generally for mill residues.
(Chip export prices, which are arbitraged against other
products for stumpage, can be used as a proxy for the driver
of domestic nonsawtimber stumpage prices (Haynes 1999,
Busby 2006).) Export prices are not immediately available
to use in predictions. Both parts of Figure 3 indicate that
western nonsawtimber prices are more volatile than chip
export prices. It seems likely that this volatility is due to the
influence of volatile lumber prices in the bidding process.
The volatility of nonsawtimber prices may result from the
bidding process where their price is established in joint
bids with sawtimber. It seems likely that both chip prices

11
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Figure 3—(a) Softwood sawtimber, nonsawtimber, and chip export prices for the Coast Appraisal
Zone (sawtimber and nonsawtimber, USDA Forest Service (2014); Chip export price, Zhou (2013)) and
(b) softwood sawtimber and nonsawtimber prices for the Inland Central Appraisal Zone (USFS 2014).

and sawtimber/ lumber prices influence the movement of
nonsawtimber prices. As a first approximation to track the
volatility of nonsawtimber prices, we use lumber prices
to estimate nonsawtimber prices. If chip price data can be
found that are available in the current period to make pre-
dictions, then they may be used to improve predictions of
nonsawtimber price.

In the four eastern appraisal zones, there are clear differ-
ences between sawtimber and nonsawtimber markets. These
differences are illustrated in Figure 4 from the southeast
appraisal zone. Prices in both sawtimber and nonsawtimber
markets vary in broadly similar ways, unlike those shown in
Figure 3.

Estimated coefficients are shown in Table 6. For the eastern
appraisal zones, equations for softwoods and hardwoods
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(four equations for each appraisal zone) follow a general
format:

1. Sawtimber stumpage price is a function of lumber price.
2. Nonsawtimber stumpage price is a function of wood pulp
price.

For the west, equations for total volumes only (two equa-
tions for each appraisal zone) follow a general format:

1. Sawtimber stumpage price is a function of lumber prices.
2. Nonsawtimber stumpage price is a function of lumber
prices.

Model Tests by Forest Service Region

The new method for calculating BPPs can be evaluated
using data on individual sales by Region. Our equation
estimates an initial stumpage price, which is the estimated
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Figure 4—Forest Service sold prices for softwood sawtimber, nonsawtimber, and fuelwood
for the Southeast Appraisal Zone (USDA Forest Service 2014).

price for an average cost sale, before individual sale cost
corrections and application of rollback factors, and with an
average bid premium. In the simplest form, we can compare
a new estimate of the BPP using prices from our mark-up
equations to the high bid price for the individual sales.
Results of interest include

1. the number of sales where BPP is higher than the high
bid price (if the new BPP was used without cost correc-
tions, these sales would likely have resulted in no bid
sales) and

2. the number of sales where an adjusted BPP is higher than
the high bid price where the BPP for each is adjusted for
some local costs.

These results will indicate (1) the need for cost adjustments
in the development of the initial appraised price, (2) modi-
fications that may be needed in how nonsawtimber volumes
are valued, and (3) how haul cost differences impact local
sale prices in spatially diverse regions (such as Region 3).

Common influences over time on timber sales used include
shifts in Forest Service management and shifts in market
conditions. Since the mid-1990s, the Forest Service has
shifted management objectives from harvesting certain areas
for volumes of timber to objectives to treat forest land to at-
tain certain ecosystem outcomes. The consequences include
more volume from thinning treatments, limited harvest of
large trees (over 22 in. (56 cm) in the west), lower volumes
per acre harvested, shifts to logging systems that result in
higher costs, and increasing harvest volumes of difficult-to-
utilize timber (such as more dead or small-diameter timber).
In addition to various cost impacts, if Forest Service utiliza-
tion definitions lag industry utilization practices, we could
find that appraised prices are less than high bid prices as
bidders achieve greater product recovery from material that

the agency might have considered unmerchantable. (This is
not a new phenomenon; it was observed in the late 1970s in
the disposition of yarded unmerchantable material (YUM)
in Region 6.) As has been noted in discussion of Figure la,
sales data sets generally cover the end of the period associ-
ated with the “great recession” and most of the figures for
the test results, if they include multiple years, demonstrate
the downward price trends in 2008-2010 and recovery af-
terwards. The sale data sets do not include stewardship sales
or in many cases direct sales. (The Region 4 dataset is an
exception and has some direct sales.)

Forest Service Region 1. Region 1 is part of the proposed
Inland North Appraisal Zone. Results comparing BPP to
high bid for individual sales in Region 1 are shown for
sales ordered chronologically in Figure 5a. There were

64 sales from the period FY2010 to FY2015. The BPP
does not include cost corrections for individual sales, and
its values for nonsawtimber are higher than their assumed
price in the appraisals (which values all nonsawtimber at
$1/CCF). Figure 5b shows BPP values for two different
values assigned to nonsawtimber. The line BPP-R1 indicates
the appraised price using Region 1 default appraisal values,
and the BPP line indicates the BPP with the new (higher)
appraised price for nonsawtimber. There are no cost
adjustments for prices in Figure 5. BPP is computed using
Equation (3) modified to include just softwood species.

In these examples we assigned a value of $6.25/CCF for
fuelwood, hardwood, and softwood (based on converting a
$5/cord fuelwood collection permit fee from cords to CCF
by the ratio 1.25 CCF/cord).

Individual sales are shown on the x axis, with the oldest
sale (FY2010.3) on the left and the newest (FY2015.1) on
the right. In this simplest approach to sale appraisal, BPP

13
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Figure 5—Region 1 (a) BPPs and actual high bid price for sales from 2010 to 2015 and (b) BPPs using two nonsawtimber
value assumptions. (BPP from mark-up equations and Table 6 applied to appraisal group volumes from USDA Forest
Service Region 1 (2014); high bid from USDA Forest Service Region 1 (2014); BPP-R1 is the same as BPP except R1
minimum bid prices are used for nonsawtimber volumes.)

is higher than high bid price for 34% of all sales. Figure 5b of sales (for example, sales 20-23, the four sales from the

shows BPP with and without use of the default R1 price of Flathead National Forest offered in FY2013 that are plot-

$1/CCF for nonsawtimber. Using the R1 price for nonsaw- ted as circles) have sufficient nonsawtimber volumes (48%

timber, we overestimate high bid price for 26% of sales. in these sales) to reduce appraised prices and consequently
lower the high bid to levels less than might have been

These results suggest that further thought needs to be given
to how to appraise sales in a time of changing sawtimber/
nonsawtimber definitions. Figure 5b reveals that groups

expected.

14



A Process to Establish and Use Base Period Prices for National Forest System Transaction Evidence Timber Appraisal

120
100
80
60
40
20

$/CCF

O_

-207]

—40
—60

-80

Base period price

——— High bid

Base period price,
adjusted for haul
costs

~100 ;
2010 2011

I I 1
2012 2013 2014

Figure 6—Region 3 BPP, actual high bid price, and adjusted BPP for sales from 2010 to 2014. (BPP from mark-up
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Forest Service Region 3. Region 3 is part of the proposed
Inland South appraisal zone. Results comparing BPP to high
bid prices for Region 3 are shown in Figure 6. This Region
provided a data set that had 62 sales covering fiscal years
2010-2014. The chart is plotted chronologically, with earli-
est sales on the left and latest sales on the right. There are
three prices plotted in Figure 6: BPP, high bid prices, and
BPP adjusted for differences in haul costs. BPP was less
than high bid price on 18% of these sales. In an attempt to
improve its performance, we adjusted the BPP by the differ-
ence from the average of haul costs, after which the adjusted
price was less than the high bid price for 68% of the sales.
This is “better” performance in that the adjusted price over-
estimates the high bid 32% of the time. However, the fact
that the adjustment reduced estimated prices on average in-
dicates that the adjustments were for a set of sales with costs
that were, on average, greater than the longer-term average.

Our comparison of estimated BPPs (and adjusted BPPs)

to high bid prices is imperfect to the degree that the time
period of sales used to estimate the BPP equations (20+
months), the time period for the sample of recent sales, and
the time period used to compute average costs used to make
actual appraisals can differ. The degree to which estimated
BPP over- or underpredicts will be influenced by these dif-
ferences. If the time periods and average costs were all the
same, we would expect estimated BPP to underestimate (or
overestimate) the sample set of sales 50% of the time.

Regions 2 and 4. These Regions are considered together
because they share the same appraisal zone, Inland Central.

This appraisal zone is unique in that nonsawtimber products
are valued higher than sawtimber products. This may reflect
diverse trends, such as the lack of traditional sawtimber
markets, active small log markets that range from corral
poles and posts, house logs to small logs for “chip and saw”
type of manufacturing, and a large volume of dead and
dying timber.

Both are large data sets (Region 2 has 171 sales, Region 4
has 142) and cover 2010-2014. Comparisons of high bid
and BPP for Regions 2 and 4 are shown in Figures 7 and 8.
Like other Regions, both Regions 2 and 4 exhibit price
spikes associated with highly competitive bidding for select
sales. Prices are generally higher in Region 4, reflecting the
larger proportion of nonsawtimber on sales in that Region.

In Region 2, BPP exceeded high bid 57% of the time, and in
Region 4 it exceeded high bid 31% of the time. If we reduce
BPP by the amount of average bid premium in each Region,
we reduce the percentage of cases where adjusted BPP ex-
ceeds high bid to 49% and 19%, respectively. There are no
cost adjustments or rollback factors applied to BPP in either
Figure 7 or 8.

Both of these Regions are in the proposed Inland Central ap-
praisal zone, so the price mark-up rule estimation uses sold
information for both Regions. In the potential implementa-
tion, local cost adjustments will be applied across the Re-
gions comprising this appraisal zone. There are some differ-
ences in the cost data for these two Regions, and these may
account for some of the differences between the Regions
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Figure 8—Region 4 BPP and actual high bid price for sales from 2010 to 2014. (BPP from mark-up equations
and Table 6 applied to appraisal group volumes from USDA Forest Service Region 4 (2014); high bid from USDA
Forest Service Region 4 (2014).)

shown in Figures 7 and 8. As shown in Table 7, there is a
difference in sale yarding costs between the Regions that
make combined cost comparisons difficult. These costs are
typically the largest of the cost centers and may be due to
use of more expensive yarding systems in Region 2 than in
Region 4. Hauling, road, and slash costs seem more uniform

between the Regions.
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Some other differences would especially affect BPP esti-
mates. Table 8 shows sawtimber, nonsawtimber, and fu-
elwood proportions for Regions 2 and 4. Because BPP is
computed as a volume-weighted average, the differences
between the regional proportions will lead to different esti-
mates of BPP.
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Table 7—Average local sales costs by cost center for
Regions 2 and 4

Sale Sale Sale Sale Spec High Appraised
yard haul road slash road bid price

Region2 81.47 4524 448 295 232 13.68 11.15
Region4 3191 5042 328 3.64 1237 18.66 12.32
Average  58.98 47.59 393 326 6.88 1594 11.68

Table 8—Average timber product mix for
Regions 2 and 4

Sawtimber Nonsawtimber Fuelwood
(%) (%) (%)
Region 2 89.47 10.52 0.0007
Region 4 25.17 48.92 25.90
Average 60.30 27.94 11.75

Both Regions have experienced beetle outbreaks, and per-
haps appraisers in Region 4 assigned more of the beetle
killed timber to the nonsawtimber and fuelwood product
groups. As noted elsewhere, BPP overvalues fuelwood rela-
tive to current Forest Service practices. Because the data
used to estimate the price mark-up equations relies on high
bids, it does include results of sales where bidders have
higher utilization expectations for nonsawtimber than used
in the original appraisal. This may occur in those cases
where nonsawtimber includes green small (4-9 in. (10—

23 cm) small-end diameter) sawtimber. In Region 4, howev-
er, nonsawtimber prices could be low because much of this
material might be dead material, not used as sawtimber and
perhaps appraised as fuelwood. Another factor contributing
to lower prices in Region 4 is the relatively high proportion
of direct sales (a third of the sales sold without competition)
in the data set.

Forest Service Region 5. Region 5 is divided into three

of the proposed appraisal zones (Coast, Sierra, and Inland
South). Sales data were provided for 50 sales for National
Forests in the Coast and Sierra zones. The BPP and the high
bid price for sawtimber are shown in chronological order
(oldest to newest) in Figure 9.

Figure 9a shows five sales with an estimated negative ad-
justed BPP that would be appraised at base rates. The fig-
ures show that for each zone the majority of BPP estimates
are above the high bid price (50% for the Coast appraisal
zone). Adjusting estimated BPP for each sale by the sale’s
difference in costs from the average makes the most differ-
ence (reduces BPP on average) for sales in the Coast ap-
praisal zone. To attain advertised rates that exceed high bid
prices in fewer cases will require adjusting BPP with cost
adjustments and rollback factors. Rollback factors would
ideally provide an advertised rate that has a low likelihood
of no bid and has a low likelihood of high overbid. Bidders
or agencies often have expectations about adequate levels of

Table 9—Average individual sales costs for
Region 5 Coast and Sierra zones

Cost center Cost ($/CCF)
Sale PAL Fire Protect 8.62
Sale stump to truck 94.87
Sale Haul Cost 50.35
Sale Specific Cost 4.84
Sale Slash Cost 6.90
Sale Erosion Control 5.25
Sale Specified Road Cost 6.31
Sale Road Maintenance 12.66
Sale BD Deposit 3.64
Sale Surface Replacement Deposit 4.27
Sale Road Maintenance Deposit 2.67
Sale Engineering Deposit 0.66
Sale Temp Rd 2.15

bid premium expressed in percentage terms. If the starting
point is lowered by various cost adjustments, the expecta-
tions for the high bid will be lower. For individual sales,
there could be a correction to BPPs (up or down) depending
on how individual sales costs differ from the average.

Region 5 costs illustrate another point: The sum of various
costs is significant. Average costs for the Coast and Sierra
zone sales are shown in Table 9.

Not counting log and haul costs, the average of these costs
is $57.97/CCF. Most of the remaining costs are various
“deposits” and have become part of the way costs are
assigned in timber management programs.

Forest Service Region 6, west of the Cascade Mountains.
Results for the west side of Region 6 are shown in Figure 10
for 41 fiscal year 2014 coast appraisal zone timber sales

(the data set also included 19 sales from eastside national
forests). As in other Regions, if the BPP was not adjusted, a
majority (51%) of sales would not have sold. Three different
prices are shown in Figure 10.

The BPP is computed using Equation (3) with appropriate
coefficients and lumber prices. The adjusted appraised price
is the BPP adjusted by the degree to which four costs in
each sale differ from average cost in the recent base period
(yarding, hauling, temporary roads, and specified roads).
The high bid price is from each sale.

The fact that cost adjustments bring BPP closer to high bid
prices suggests that cost adjustments are important. How-
ever, there are still differences between adjusted BPP and
high bid for some groups of sales, which suggests further
attention is needed on how to make adjustments for certain
types of sales. For example, judging from sale names, nearly
50% of the westside sales are thinning sales, which typically
have higher logging costs and often lower value material.
As suggested by the Capital Forest Study (Curtis and others
2004) switching logging methods from two stage logging to

17
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Figure 9—Region 5 (a) Coast zone and (b) Sierra zone BPP, BPP adjusted, and high bid price for sales.
(BPP from mark-up equations and Table 6 applied to appraisal group volumes from USDA Forest Service
Region 5 (2014); high bid from USDA Forest Service Region 5 (2014).)

thinning would increase logging costs by nearly $15/CCF
(expressed in 2014 dollars) which should reduce bid prices
(stumpage prices) by a corresponding amount.

Given that BPP reflects an average, not correcting for higher
logging costs associated with some sales could lead to ap-
praised prices higher than bidders would be willing to pay
for that sale.
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Table 10—Proportion of volume sold in fiscal year 2014
by appraisal group in the Southeast and Mid-South
appraisal zones

Softwood (%) Hardwood (%)
Non- Non-
Appraisal zone Sawtimber sawtimber Sawtimber sawtimber
Southeast 41 40 9 11
Mid-South 68 28 2 3
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Figure 10—Region 6 West side BPP, adjusted BPP, and high bid price for sales. (BPP from mark-up equations and
Table 6 applied to appraisal group volumes from USDA Forest Service Region 6 (2014); adjusted BPP is BPP adjusted
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Forest Service Region 6 (2014).)

Forest Service Region 8. Region 8 is divided into two
proposed appraisal zones, the Mid-South and the Southeast.
Region 8 provided 100 FY2014 sales, and the results for
the two appraisal zones are shown in Figure 11. There is a
difference between the sales in the two appraisal zones in
terms of species and product groupings (Table 10). Region 8
did not assign any timber to the fuelwood product group.

In spite of the Mid-South having a greater proportion of
softwood sawtimber sales, average BPP values are 13%
higher in the southeast because of the high proportion of rel-
atively higher value hardwood sawtimber in the southeast.

Both figures illustrate the tendency of BPP values to exceed
both high bid and advertised prices in a majority of cases.
Only 37% of the BPP values fell below high bid prices in
these two examples. Two points should be considered: The
first is minor, but this data set included sales awarded in
FY2014 and some sales may have been appraised in 2013
using lower product prices. Second, this points out the need
to consider various cost adjustments. For example, when

average costs and bid premium are subtracted from BPP val-
ues, they are less than high bid 99% of the time.

Forest Service Region 9. Results for the three appraisal
zones in Region 9 are shown in Figure 12 (a—c) for 161
FY2014 timber sales. Region 9 is divided among three
appraisal zones: Mid-South (Mark Twain NF), Lake States
(6NF), and Northeast (7NF). There were 26 sales in the
Mid-South appraisal zone, 103 sales in the Lake States
appraisal zone, and 32 sales in the Northeast appraisal zone.
The BPPs for eastern regions are computed as a volume-
weighted average using the general relation shown in
Equation (3).

The BPP values vary among the three appraisal zones large-
ly because of differences in the mix of species and products
among the zones. These differences are shown in Table 11
and largely account for range in BPP values that average
$61.95, $42.61, and $145.11/CCF for the Mid-South, Lake
States, and Northeast national forests, respectively. In these
first estimates, BPP values exceed actual high bids 38% of

Table 11—Volume proportions of Region 9 sales by product group and appraisal zone

Hardwood (%)
Softwood (%) Sawtimber Total
Sawtimber  Nonsawtimber ~ Fuelwood  Low High  Nonsawtimber  Fuelwood (%)
Mid-South 10 14 0 49 17 0 9 100
Lake States 12 20 0 4 4 60 0 100
Northeast 2 4 0 1 48 45 0 100
Region 9 10 16 0 25 47 2 100
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the time. One caution to note is that BPP values for all three
zones share what is probably an overestimate of the value of
fuelwood at $6.25/CCF. A more important factor illustrated
here is how “low-value” hardwoods are treated. In terms

of applications, hardwood species are differentiated into
primary and secondary species, with primary species being
those used for some type of appearance application, such as
cabinet and furniture parts. Here we refer to these species

as high-value species. Secondary species (or low-value spe-
cies) are those used for industrial products (pallets, ties, and
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board roads, mats). Some species, such as oak, are used both
for appearance and industrial products, complicating this
differentiation. This is important because the proportion of
lumber values passed on to stumpage prices is the highest
for hardwood lumber. The lumber price being used is based
on higher value uses and will raise the appraised price for
hardwood sawtimber including lower value species such as
Aspen (Populus tremuloides).

This raises the question of how to adjust for these low-
value species. In 2014, the hardwood lumber price averaged
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$836.31/MBF and the average price for aspen lumber was
$348.33/MBF, a ratio of 0.417. Using this proportion and
the information from Table 11, we modify Equation (3) and
recompute BPP:

BPP = wCAPP + wyCP™P + wyF + y;, DARP )
+ y1pDALPP + y, D PP + y3 F

where y,, and y,, are the low and high sawtimber propor-
tions from Table 11 and the parameter L is the ratio of low-
to high-value hardwood species appropriate to the region/
appraisal zone.

Making this adjustment for the Region 9 sales in the Mid-
South and Lake States appraisal zones is shown in Figure
12d. Average BPP values are reduced 36% for sales in the
Mid-South and 4% for sales in the Lake States appraisal
zones. This adjustment increases the number of sales where
BPP values are less than the high bid, but they still exceed
high bid 35% of the time. In some ways, Table 11 explains
the reasons for the larger impacts in the Mid-South sales.
In the Mid-South, more sawtimber is coded as low-value
hardwoods (species code 4; hardwood other), whereas in the
Lake States, aspen is frequently assigned to the nonsawtim-
ber product group.

Finally, the Region 9 cost adjustment process differs from
the west. In Region 9, felling/bucking and skidding/load-
ing adjustments are not compared against a recent average.
Instead, regional guidance recommends that adjustments
be made when these costs fall outside a normal range. Two
other costs vary notably among sales—haul costs and road
maintenance costs. For the sales in FY2014, these averaged
$23.54/CCF and $5.91/CCF, respectively.

The lack of cost adjustments and the somewhat higher BPP
values compared to high bid values in Figures 12 (a—c) sug-
gest that a rollback factor might be an appropriate way to
adjust BPP and to increase the likelihood that sales will be
sold.

Adjustments for bid premium. The BPP reflects both aver-
age costs incurred by bidders and average bid premium
(difference between the advertised rate and high bid price).
The excess amount bid on Forest Service sales can be large
depending on the extent of competition, sale attributes, and
economic conditions at the time of sale (Table 12). Some
agencies, such as Oregon Department of Forestry, have bid
premium targets as a measure of their appraisal system’s
performance. They attempt to keep appraised prices within a
set ratio with final bid prices.

Adjusting BPP for the average bid premium increases the
number of times it is less than the high bid price. For ex-
ample, in both Regions 3 and 6, a downward adjustment of
BPP for average bid premium about doubled the number of
sales where the BPP is less than the high bid price.

Table 12—Average bid premium and ratio of high bid to
appraised price by Region for individual sales data

Average bid  Ratio of average

premium high bid to
Region Appraisal zone ($/CCF) appraised price
1 North Inland 26.44 1.88
2 Central Inland 2.53 1.23
3 South Inland 3.99 2.30
4 Central Inland 6.34 1.51
5 Sierra 11.68 1.58
6 Coast 30.62 1.94
8 Southeast, Mid-South 9.63 1.28
9 Central Inland, Lake 31.88 1.70

States, Northeast

One inference of these significant bid premiums is the need
to adjust for them either directly or as part of any rollback
feature of any revised appraisal process.

Lessons from these examples. First, without any adjust-
ments, BPPs exceeded high bids for 72% of the sales nation-
ally. Making corrections for local cost variation can improve
performance, but a need for rollback factors is still likely to
adjust the BPP prior to or after these adjustments. Second,
there are examples of sales with higher than average non-
sawtimber volumes where use of BPP would be higher than
use of Minimum Rates. This was demonstrated in multiple
regions and suggests more consideration if base rates are

set too low Our estimates of BPP might be improved (lower
rmse) if western chip prices are used as predicting variables.
Third, cost adjustments are necessary and reflect how bid-
ders differentiate among sales characteristics and the hetero-
geneity of the timber sales. The example from Region 3 us-
ing haul cost differences to adjust BPP illustrates this point.
Sales with lower haul costs (sales that are closer to mills)
often had higher bid prices.

The example from Region 9, where we adjusted for low-
and high-value hardwood species, demonstrates both the
ability to do this in a meaningful way and the difficulty of
using the somewhat arbitrary species code assignments. If
this is to be pursued, greater consistency will be needed in
the use of various catch-all species codes, such as Softwood,
Hardwood other (species codes 1 and 4), and combined
Softwoods and Hardwoods (species codes 7 and 8). There
will also need to be a general understanding of the defini-
tions of high- and low-value hardwood sawtimber.

Although not tested as part of this study, use of higher
sale-specific local costs that reduce the advertised price
(the starting point in bidding) may reduce high bids over-
all as bidders tend to cluster about perceived levels of bid
premium for competitive sales. (These local costs require
justification so that there is not the perception that they are
being used to manipulate an appraisal in order to achieve
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Figure 12—Region 9 (a) Mid-South, (b) Lake States, and (c) Northeast BPP, sale advertised price, and high bid
price for sales. (d) Mid-South and Lake States BPP and BPP adjusted for low- and high-value hardwood sawtimber
(BPP2). (BPP from mark-up equations and Table 6 applied to appraisal group volumes from USDA Forest Service
Region 9 (2014); appraised price and high bid from USDA Forest Service Region 9 (2014).)

a predetermined price that may not reflect a fair market
value.) For example, in Region 6, average bid premium is
94% of the advertised price but bidders may collectively
consider sales that have bid premiums in excess of 50%
to be “highly” competitive, regardless of the starting point
(minimum acceptable bid price); once sales price reaches
50% over the minimum acceptable bid, bidding may slow
except in special cases.
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Escalation of Timber Sales Prices
after the Sale

After a timber sale is sold, many months may go by before
the timber is harvested. The value of the timber at harvest
for each appraisal group (and the payment due for the tim-
ber) can be calculated by applying the percentage change
in producer price indexes (from the U.S. Bureau of Labor
Statistics) that drives the price for each stumpage appraisal
group. The percentage increase or decrease in value of
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Figure 12 (con.)—Region 9 (a) Mid-South, (b) Lake States, and (c) Northeast BPP, sale advertised price, and high bid
price for sales. (d) Mid-South and Lake States BPP and BPP adjusted for low- and high-value hardwood sawtimber
(BPP2). (BPP from mark-up equations and Table 6 applied to appraisal group volumes from USDA Forest Service
Region 9 (2014); appraised price and high bid from USDA Forest Service Region 9 (2014).)

timber in each appraisal group would be determined by as product prices decrease, the ability of mills to pay for
the percentage increase or decrease in the primary product stumpage decreases.
producer price index between the month of the sale and the

month of the harvest. Three producer price indexes (not seasonally adjusted)

could be used to increase price for sawtimber and nonsaw-

The basis for using changes in producer price indexes is the timber. To adjust softwood and hardwood sawtimber prices
same as the basis for using changes in product prices to pre- in each appraisal zone, these are the national level softwood
dict BPP. Economic theory and empirical evidence indicate and hardwood lumber producer price indexes, WPUO0811
that as product prices increase, the ability of mills to pay and WPUO812, respectively (USBLS 2015a). For nonsaw-
higher prices for stumpage increases as well. Conversely, timber in the West, the softwood lumber price index would
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be used. For softwood and hardwood nonsawtimber in the
East, the wood pulp producer price index, WPU0911, could
be used.

The Bureau of Labor Statistics provides guidance on how
to include language in contracts that would escalate prices
from a base month to a final sales month (USBLS 2015b).
The producer price indexes for a particular month are typi-
cally published on the BLS web site by the 10th to 18th

of the following month. All producer prices indexes that
are not seasonally adjusted are routinely subject to revi-
sion once, four months after original publication (USBLS
2015b). The BLS recommends that escalation adjustments
always use the latest version of the PPI data available at the
time escalation calculations are made.

Discussion

Here we discuss several inferences for implementation.
These include two adjustment issues in timber appraisal that
are frequently made to reduce the likelihood of no bid sales;
some thoughts on the question “Does the Forest Service re-
ceive a fair price for timber it sells?”; guidance for the For-
est Service price adjustment mechanism after a sale is made;
and finally some thoughts about how to implement the ap-
proach described here.

Adjustment Issues

Local cost adjustments. The examples illustrate the
importance of cost center adjustments to BPPs and the
variety of approaches to these adjustments. Many of the
examples illustrate that adjusting for sale-specific local costs
are a necessary and important step to reduce the likelihood
of no bid sales. Adjustments for logging and hauling costs
are the largest; as illustrated in Region 6, adjustments for
different logging systems may be important, especially
considering the increased costs associated with thinning
sales. Adjusting for haul costs is important especially in
areas with limited processing facilities. The example from
Region 3 is such a case. It also provides an empirical
example of how transportation costs can impact market
prices in a way that is consistent with our understanding of
spatial economics.

Implications for rollback factors. In the original discussion
of adoption of TEA systems, rollback factors were seen

as a way to reduce the likelihood of no bid sales. No bid
sales were and still are seen as being unnecessarily time
consuming.

Below is an equation we suggest as a framework for dis-
cussing the components that determine a final high bid price
for an individual sale in the context of many sales in an
appraisal zone over a historic time period. We use this equa-
tion to suggest how to estimate a rollback factor for a cur-
rent sale (after the historic period) given historic sales data.

We discuss a simplified situation where sales have an Indi-
cated Advertised Rate (the rate before comparison to Base
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Rates) that is the same as the Advertised Rate. We represent
these as each having timber in a single appraisal group. The
discussion would be similar if sales had timber in multiple
appraisal groups and Advertised Rate differed from Indi-
cated Advertised Rate.

Over a number of quarters, /=1 to n, in a given appraisal
zone, a number of timber sales will provide sale prices for
timber in various appraisal groups. We may view those sales
prices as being composed of several components:

HBP,, = ¢, P’ + (C - C,) + (BPM, - BPM) (6)
where HBP, ; is the high bid price per unit volume for sale
i that occurs in quarter #; ¢, P} is the BPP per unit volume
calculated by multiplying the primary product price (such
as softwood lumber) by coefficient ¢,, which was com-
puted by a mark-up equation over the periods ¢ =1 to n;
(C - C,-) is the volume-weighted average costs for all sales
over quarters = 1 to » minus the total cost for sale i; and
BPM, — BPM) is bid premium for sale i minus the volume-
weighted average bid premium per unit volume for all sales
over the quarters £ =1 to n.

Equation (6) can be used in two ways. First, it can be used
to retrospectively explain the components that make up high
bid price for a set of sales over a historic period; and second,
it can be used prospectively for a sale in a quarter soon after
the historic period (such as for four quarters after) to discuss
how to estimate a roll back factor based on historic data for
(BPM, — BPM).

Retrospectively, Equation (6) gives components that explain
high bid price for sales over a historic period. These include
the first two terms that would be used to compute advertised
rate—before any rollback—for a given new sale i during
the historic period. The first term is a computed BPP, ¢,P?.
For this retrospective evaluation (and prospective use of

the equation is discussed later), we assume that the ¢, coef-
ficient is estimated using sales data over the historic period.
This BPP already includes an adjustment for average costs
and an adjustment for average bid premium. For an individ-
ual sale 7 in the historic period, we need the second and third
terms to adjust for sale i specific costs and bid premium,
(c-c)+(BPM, - BPM).

The bid premium adjustment will only be known retrospec-
tively for a group of sales. Note that the bid premium values
used are the difference between an advertised rate (without
any rollback), given by the first two terms, and the high bid.
The bid premium we compute is not exactly the one a bid-
der would have computed because they could have different
estimates of a BPP and cost adjustments. The bid premium
adjustment term (BPMI. - BPM) includes any errors we
made in the first two terms in estimating a bidder’s estimate
of market value and cost adjustments.
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Based on the sales that occurred over quarters ¢ = 1 to n, our
bid premium correction factor will have a probability distri-
bution that will range from negative to positive values.

Now consider that we would like to estimate an Advertised
Rate, including a rollback factor, for a sale j that occurs in
a quarter m somewhat later than the historic period (such as
up to four quarters later).

We would use the first two terms of Equation (6) to estimate
an Advertised Rate (before any rollback) for sale j. We as-
sume this estimate would include a historic average amount
of bid premium. If we assume that the probability distribu-
tion in the new current quarter for (BPMi - BPM) is the
same as for the historic period and that the distribution is
symmetric around the average bid premium, then there is a
50% chance that the bid premium for sale j could be higher
or lower than the average.

The historic distribution for the bid premium correction fac-
tors can be used directly to help select a rollback factor. For
any given rollback factor, we can estimate the probability
that the final bid will exceed the Advertised Rate minus a
given rollback factor.

For example, with no rollback factor and based on our as-
sumptions, we would estimate a 50% chance that the final
bid will be higher than the Indicated Bid Price estimate. If
we take a rollback factor that is equal to one standard devia-
tion of the bid premium correction factor (and the bid pre-
mium correction factor is normally distributed), then there
will be an 83% chance that the final bid will be higher.

The distribution of bid premium correction factors can be
estimated using historic sales data and used to determine the
probability that a given rollback adjustment will result in a
high bid that exceeds the Advertised Rate.

Does the Forest Service Get a Fair Price?

Given that predicted BPPs (without individual sales cost
adjustments) exceeded high bids by roughly 70% of the

378 timber sales in our regional examples, it is reasonable
to ask if the initial starting points (BPPs) were a fair price.
Given the assumed values for nonsawtimber and fuelwood,
these are reasonable starting points. The BPP values indicate
the values actually paid on average for timber sales. They
include the effect of some sales with large bid premiums.
That there are such large bid premiums on individual sales
that are competitive is reflective of the diverse bidders with
different costs structures and product utilization abilities or
factors that TEA may not be sensitive to, such as restrictions
on when a purchaser can operate on a specific sale.

The final high bids reflected in the BPP values will be the
truest measure of average fair market stumpage prices avail-
able. They represent what an actual purchaser is willing to
pay given their expectations for product recovery and their
cost management. At the same time, the BPP is the point of
central tendency in a non-normal distribution of a very het-
erogeneous product called a timber sale.

There are opportunities to reduce bid premiums, especially
in the appraisal of nonsawtimber volumes. Figure 4 illus-
trates the way that the small sawtimber (generally less than
11 in. (28 cm)) market is differentiating itself and offering
higher market values than the base rates commonly used.

In the South, chip and saw technologies are widespread

and create utilization opportunities that maximize returns
for logs down to 4 in. (10 cm) small-end diameter. Similar
technologies are evolving in the west where there are higher
value market opportunities (including export markets) for
clean mill residues. These opportunities in timber appraisals
would not necessarily increase bid prices because bidders
are already making assumptions that exceed those embed-
ded in the current appraisal process. These types of assump-
tions are factors that can lead to higher than expected bid
premiums on some sales.

Part of the motivation for adopting the TEA appraisal
process in the mid-1980s was as an attempt to reduce bid
premiums, which at the time were perceived to be too large.
Recent experience shows that this goal is not currently being
achieved with the present TEA appraisals. Although some of
the blame may be attributed to a backward-looking system
to track market volatility, other causes of high bid premi-
ums include local supply issues, underestimating utilization
abilities of potential high bidders (for material tagged as
nonsawtimber or fuelwood), and excessive use of local cost
reductions that reduce appraised prices relative to market
prices.

Implementation Guidance

Forest Service managers could decide to use price mark-up
equations to estimate BPPs for the new appraisal groups
while maintaining the existing appraisal zones and the exist-
ing cost centers used to make local adjustments. Alterna-
tively, they could use the new BPPs for some or all of the
appraisal zones and/or a set of cost centers that are more
standardized across appraisal zones. One strength of the
method to estimate BPP is its simple, transparent approach
that is also conceptually robust in that it is based on well-
established theory on the relation between product and
stumpage markets. Alternative appraisal zones suggested
match broad lumber market indexes, such as the Coast re-
gion or the Inland north region. That is, bidders for National
Forest timber in these areas are competing in similar mar-
kets. High bid prices for individual sales should primarily be
due to differences in unique sale characteristics (species and
grade composition, sale length, and size) and costs (such as
logging costs, haul distances).

The mark-up equations needed to estimate BPPs would be
updated periodically (such as quarterly or biannually) by
Forest Service staff using new data on average quarterly
prices by appraisal zone and prices or price indices for pri-
mary products.
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The mark-up equations for each appraisal group in an ap-
praisal zone will be estimated using quarterly average
stumpage sales values for a certain number of most recent
quarters. For our equations we used 23 quarters. The esti-
mated average price (BPP) for a sale in the current quarter
will implicitly include the average local costs for the sales
that occurred over those recent quarters. They will also in-
clude an average bid premium over those quarters.

The local cost factors used to adjust the BPP (C;; values in
Eq. (1)) must be the deviations from the weighted average
local costs over the same set of quarters where sales prices
are used to estimate mark-up equations. Forest Service man-
gers will need to decide how many quarters of data are to be
used to estimate both the mark-up equations and the average
local costs. Because average local costs would be estimated
by weighting by volumes sold, the mark-up equations would
need to be estimated using volume-weighted sales data. To
maintain the integrity of these assumptions, we assume that
the BPP would be implemented with National/Regional
guidance at the National Forest level. Each National Forest
would use the BPP from the appraisal zone it is assigned to.
It would also use the cost adjustments from average costs
that are appropriate for their appraisal zone. If adjustments
are to be made for low- and high-value species, there will
need to be a more consistent use of species codes across
National Forests.

If the new appraisal zones are used, there will need to be an
effort to reorganize information on sales by the new zones
that are now grouped by areas within Regions. For the new
appraisal zone arrangement, most Forest Service Regions
are parts of several appraisal zones, so this restructuring
would involve collaboration across Regions but should lead
to greater transparency for bidders who operate across For-
est Service Regions.
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Glossary

Advertised Rates—The minimum acceptable bid rates for
timber (specific condition A/AT4) in the sale advertisement
and bid form. They are the indicated advertised rates, as ad-
justed, so that all advertised rates are at least as high as base
rates.

Appraisal Zone—A geographic area encompassing a Re-
gion, a National Forest, a group of Ranger Districts, or com-
binations thereof. The zone boundary is usually determined
by similarities in haul distance, species composition, timber
quality, market area competition, or logging methods.

Appraised Value—The estimated fair market value of
standing timber that will be converted to commercial prod-
ucts, such as lumber or pulpwood.

Base Period—The time period used for identifying com-
petitive sales for determining the Base Period Price.

Base Period Price—With the exceptions of Regions 1, 8,
and 9 and Regions 5 and 6 biomass, the value representing
the appraisal group’s volume-weighted average winning
bid price of the competitively sold timber sales in the base
period. For Region 1, it is the average of the winning bid
price plus road maintenance costs, environmental costs,
temporary development costs, and specified road costs and
is called the “Actual Past Average Value.” For Regions 8
and 9, it includes the application of a rollback factor. For
Region 5 biomass, it is an estimated value. For Region 6
biomass, it is the delivered log price converted to CCF. It
reflects the average sale characteristics of the base period
sales and is the starting point of a transaction evidence
appraisal.

Base Rates—The lowest rates of payment for timber that
are authorized by the contract (specific condition A/AT4).
Base rates are not subject to change by rate redetermination,
except for reduction under contract provisions B/BT3.31

for environmental modification, B/BT3.32 for catastrophic
damage, and B/BT3.33 for market change during suspen-
sion. Base rates are the higher of either (a) the applicable
minimum rates (FSM 2431.31b) or (b) the Knutson—Van-
denberg deposits for essential reforestation, plus timber
property value, plus $0.25 per hundred cubic feet (CCF).

Bid Premium Rates—The amounts by which the purchaser
bids in excess of the advertised rates (specific condition A/
AT4). Bid premium rates remain constant during the term of
the contract, except for reduction under contract provisions
B/BT3.31 for environmental modification, B/BT3.32 for
catastrophic damage, and B/BT3.33 for market change dur-
ing suspension.

Bid Rates—The contract rates bid by the timber sale pur-
chaser, exclusive of required deposits (specific condition
A/AT4). These rates may be subject to escalation (FSM
2431.34 and contract provision B/BT3.2).
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Comparative Rates—Determination of stumpage value by
comparison with stumpage rates received by comparative
bids on similar sales (sec. 44.5).

Competition Adjustment— See Rollback Factor.

Cost Adjustment—Adjustments to the Base Period Price

to reflect operating cost differences between the base period
sales and the sale being appraised. These adjustments are for
differences in logging cost, specified road construction cost,
haul cost, and other costs that significantly affect value dif-
ferences between timber sales.

Deficit Appraisal—An appraisal where the average indi-
cated advertised rate is less than the average base rate.

Fair Market Value—The value at which property (timber)
would change hands between a willing and knowledgeable
seller and a willing and knowledgeable buyer, neither un-
der compulsion to sell or buy and both having reasonable
knowledge of the relevant facts. In addition to type, quality,
and quantity of timber, fair market value reflects the time of
sale, the highest and most profitable use, the location, a rea-
sonable time to find a purchaser, and an open and competi-
tive market. It can be viewed as an estimate of market value
that reflects the price an operator of average efficiency who
is able to pay that price and retain sufficient profit to main-
tain long-run operations is willing to pay.

Fuelwood—Wood used by conversion to some form of
energy.

Indicated Advertised Rates—The estimated value of the
timber after accounting for all differences between the sale
and the sales in the base period including timber property
value, any market adjustments, and the rollback factor. If
necessary, this value is adjusted to increase it to base rates.

Market Adjustment—An adjustment to the appraisal data
so that it represents current market conditions.

Minimum Rates—The lowest rate at which the Forest
Service may sell timber (FSM 2431.31b), except under con-
tract provisions B/BT3.31 for environmental modification,
B/BT3.32 for catastrophic damage, B/BT3.33 for market
change during suspension, an administrative use sale or per-
mit under 36 CFR 223.2, stewardship contracts sold under
36 CFR part 223.1, incidental amounts of material not meet-
ing utilization standards of the timber sale contract, or to
provide for the removal of insect-infested, diseased, dead, or
distressed timber (36 CFR 223.61).

Nonsawtimber—Logs of insufficient size or quality to be
suitable for conversion to lumber.

PAL—Project Activity Level, used in Region 5 where it is
an industrial operation’s fire precaution system. Its costs are
assessed on a per CCF basis.

Predicted Bid Rate—With the exceptions of Regions 8 and
9, the value after cost adjustment to the Base Period Price
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for differences in average sale characteristics, timber qual-
ity, risk, and market conditions. With the exception of Re-
gion 1, the predicted bid rate is adjusted downwards by the
rollback factor to arrive at the indicated advertised rate. For
Region 1, a Rapid Market Adjustment is considered follow-
ing the rollback, prior to arriving at the indicated advertised
rate. The indicated advertised rate will also include any
Timber Property Value in the sale.

Public Works Road Construction Cost—The total cost of
constructing all permanent roads specified in the timber sale
contract, estimated as if construction is to be accomplished
by an independent contractor. It includes the additional costs
of a public works contract.

Pulp—In the context of this paper, the wood chips from
which pulp is produced, usually derived from mill edgings
and small timber.

Purchaser Credit—Credit earned by purchaser’s construc-
tion of specified roads. Purchaser credit was discontinued

in contracts advertised after March 31, 1999, but may be a
factor in redetermining rates or damage calculations for con-
tracts advertised prior to then.

Quality Adjustment—An appraisal adjustment to reflect
differences in timber quality between the base period sales
and the sale being appraised.

Rate Redetermination—An adjustment of bid rates to re-
flect current appraised values. The rate redetermination may
be necessary because of contract extension, contract modi-
fication, catastrophic damage, or other reasons specified in
the timber sale contract.

Risk Adjustment—An appraisal adjustment to reflect
unusual conditions not reflected in market, quality, or cost
adjustments and that is tied to uncertainties surrounding the
sale.

Road Construction Cost—The total cost of constructing all
permanent roads specified in the timber sale contract, esti-
mated as if construction is to be accomplished by the timber
purchaser. The road construction cost is the cost amount
used in timber appraisal calculations.

Rollback Factor—A downward adjustment applied to the
volume-weighted average winning bid price of the competi-
tively sold timber sales in the base period for Regions 8 and
9; and to the predicted bid rate for all other Regions. For
Regions 2, 3, and 4, the downward adjustment is determined
by applying the factor to the Adjusted Base Period Price.
For Regions 5 and 6, the adjustment is determined by ap-
plying the factor to the predicted bid rate itself. The rollback
factor may also be referred to as the competition adjustment,
competition amount, or competition factor. In the appraisal
process, the rollback factor is intended to (a) set advertised
rates at a level to capture sufficient competition for the es-
tablishment of an actual fair market value, (b) compensate
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for possible changes in the market between the base period
and the bid date, (c) reflect differences in sale conditions
that may not have been reflected in the appraisal, (d) allow
for the risk that timber volumes, sale characteristics, or val-
ues may vary from those used in the appraisal, and (e) allow
for the risk that markets or other economic conditions may
change during the period of the contract.

Sawtimber—Logs of sufficient size and quality as to be
suitable for conversion to lumber.

Specified Roads—Roads planned for future recurrent uses
for which the timber sale contract specifies location, stan-
dards, and construction specifications.

Standard Rates—The lowest rates at which the Forest Ser-
vice may sell timber without a supporting appraisal calcula-
tion (FSM 2431.31a).

Stumpage Value—The value of uncut timber.

Timber Property Value—The cost of manufacture from
the standing tree to the state of manufacture where the sale
is made, which is usually in decks. This would include the
constructed value of felling and bucking, skidding, deck-
ing, slash treatment, erosion prevention, and a proportionate
share of overhead and depreciation. In trespass cases where
the timber is found at a mill, add transportation value and
an estimated value for loading and unloading. This cost is
added to the stumpage value of the standing tree (sec. 47.3).

Transaction Evidence Appraisal (TEA)—An appraisal
method designed to estimate fair market value of timber
based on bid rates of past timber sale transactions. The base
data is compiled from sales sold competitively over a period
of time known as the base period.

Unusual Adjustment—An adjustment to the appraisal data
to reflect known unusual conditions, not reflected in other
market, quality, risk, or cost adjustments.
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Appendix 1—Assignment of National Forests to Appraisal Zones

Appraisal Forest
Region zone number Forest name
5 1 5 Klamath NF
5 1 8 Mendocino NF
5 1 10 Six Rivers NF
5 1 14 Shasta—Trinity NF: Shasta NF, Trinity NF
6 1 3 Gifford Pinchot NF
6 1 6 Mount Hood NF
6 1 5 Mt. Baker—Snoqualmie NF: Mt. Baker NF, Snoqualmie NF
6 1 Olympic NF
6 1 10 Rogue River—Siskiyou NF: Rogue River NF, Siskiyou NF
6 1 12 Siuslaw NF
6 1 15 Umpqua NF
6 1 18 Willamette NF
1 2 2 Beaverhead—Deerlodge NF: Beaverhead NF, Deerlodge NF
1 2 3 Bitterroot NF
1 2 4 Idaho Panhandle NFs: Couer d’Alene NF, St. Joe NF, Kaniksu NF
1 2 5 Clearwater NF
1 2 8 Custer NF
1 2 10 Flathead NF
1 2 11 Gallatin NF
1 2 12 Helena-Lewis and Clark NF: Helena NF, Lewis and Clark NF
1 2 14 Kootenai NF
1 2 16 Lolo NF
1 2 17 Nez Perce NF
4 2 2 Boise NF
4 2 12 Payette NF
4 2 13 Salmon—Challis NF: Salmon NF, Challis NF
6 2 1 Deschutes NF
6 2 Fremont—Winema NF: Fremont NF, Winema NF
6 2 Malheur NF
6 2 Ochoco NF
6 2 14 Umatilla NF
6 2 16 Wallowa—Whitman NF: Willowa NF, Whitman NF
6 2 17 Okanogan—Wenatchee NF: Okanogan NF, Wenatchee NF
6 2 21 Colville NF
2 3 2 Bighorn NF
2 3 3 Black Hills NF
2 3 4 Grand Mesa, Uncompahgre, and Gunnison NFs: Grand Mesa NF, Uncompahgre NF, Gunnison NF
2 3 6 Medicine Bow—Routt NFs and Thunder Basin National Grassland: Medicine Bow NF, Routt NF,
Thunder Basin National Grassland
2 3 7 Nebraska NF and Grasslands: Samuel R. McKelvie NF, Buffalo Gap, Fort Pierre, and Oglala
National Grasslands, Nebraska NF
2 3 9 Rio Grande NF
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Appraisal Forest

Region zone number Forest name
2 3 10 Arapaho & Roosevelt NFs, Pawnee National Grassland: Arapaho NF, Roosevelt NF, Pawnee
National Grassland
2 3 12 Pike and San Isabel NFs, Cimarron and Comanche National Grasslands: Pike NF, San Isabel NF,
Cimarron National Grassland, Comanche National Grassland
2 3 13 San Juan NF
2 3 14 Shoshone NF
2 3 15 White River NF
4 3 1 Ashley NF
4 3 3 Bridger—Teton NF: Bridger NF, Teton NF
4 3 7 Dixie NF
4 3 8 Fishlake NF
4 3 10 Manti—LaSal NF
4 3 14 Sawtooth NF
4 3 15 Caribou—Targhee NF: Caribou NF, Targhee NF
4 3 17 Humboldt-Toiyabe NF: Humboldt NF, Toiyabe NF
4 3 19 Uinta—Wasatch—Cache NF: Uinta NF, Wasatch NF, Cache NF
3 4 1 Apache—Sitgreaves NFs: Apache NF, Sitgreaves NF
3 4 2 Carson NF
3 4 3 Cibola NF
3 4 4 Coconino NF
3 4 5 Coronado NF
3 4 6 Gila NF
3 4 7 Kaibab NF
3 4 8 Lincoln NF
3 4 9 Prescott NF
3 4 10 Santa Fe NF
3 4 12 Tonto NF
5 4 1 Angeles NF
5 4 2 Cleveland NF
5 4 7 Los Padres NF
5 4 12 San Bernardino NF
5 5 3 Eldorado NF
5 5 4 Inyo NF
5 5 6 Lassen NF
5 5 9 Modoc NF
5 5 11 Plumas NF
5 5 13 Sequoia NF
5 5 15 Sierra NF
5 5 16 Stanislaus NF
5 5 17 Tahoe NF
5 5 19 Lake Tahoe Basin Management Unit
8 6 1 National Forests in Alabama: William B. Bankhead NF, Talladega NF, Tuskegee NF, Conecuh NF
8 6 2 Daniel Boone NF
8 6 Chattahoochee—Oconee NFs: Chattahoochee NF, Oconee NF
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Appraisal Forest
Region zone number Forest name
8 6 4 Cherokee NF
8 6 5 National Forests in Florida: Apalachicola NF, Osceola NF, Ocala NF
8 6 6 Kisatchie NF
8 6 7 National Forests in Mississippi: Bienville NF, Delta NF, De Soto NF, Holly Springs NF,
Homochitto NF, Tombigbee NF
8 6 8 George Washington and Jefferson NFs: George Washington NF, Jefferson NF
8 6 11 National Forests in North Carolina: Nantahala NF, Pisgah NF, Uwharrie NF, Croatan NF
8 6 12 Francis Marion and Sumter NFs: Francis Marion NF, Sumter NF
8 6 60 Land Between the Lakes National Recreation Area
8 7 9 Ouachita NF
8 7 10 Ozark—St. Francis NFs: Ozark NF, St. Francis NF
8 7 13 National Forests and Grasslands in Texas: Angelina NF, Davy Crockett NF, Sabine NF, Sam
Houston NF, Caddo—Lyndon B. Johnson National Grasslands
9 7 5 Mark Twain NF
9 8 3 Chippewa NF
9 8 4 Huron—Manistee NFs: Huron NF, Manistee NF
9 8 7 Ottawa NF
9 8 9 Superior NF
9 8 10 Hiawatha NF
9 8 13 Chequamegon—Nicolet NF: Chequamegon NF, Nicolet NF
9 9 8 Shawnee NF
9 9 12 Hoosier NF
9 9 14 Wayne NF
9 9 19 Allegheny NF
9 9 21 Monongahela NF
9 9 20 Green Mountain & Finger Lakes NFs: Green Mountain NF, Finger Lakes NF
9 9 22 White Mountain NF

32



A Process to Establish and Use Base Period Prices for National Forest System Transaction Evidence Timber Appraisal

{

- REGION 1 .~
¥

“ REGION 6 »
(" Pacific i
. Northwest

g
REGION 4
Intermountain

(LB

REGION 2
. Rocky Mountain

i REGION 3
Southwestern

L -

e

Tl

LEGEND
USFS Administrative Regions ﬂ
USFS Forests

500
Miles

Kilometers
800

0 80 160 320 480 640

LEGEND
Proposed Appraisal Areas |"__|
USFS Forests

Forest Service Administrative Regions and proposed appraisal zones.

33



Appendix 2—Product Codes and Product Names

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
26
27
28
29
30
31
32

34

SAWTIMBER
PULPWOOD
POLES
PILINGS
MINE PROPS
POSTS
FUELWOOD
NON-SAW
TIES

COOP BOLTS
ACID/DIST.
FLOAT LOGS
TRAP FLOAT
MISC-CONYV.
XMAS TREES
NAV STORES
NON CONV.
CULL LOGS
SM RND WD
GRN BIO CV
DRY BIO CV
SPWOODPR
BEE TREES
TRANSPLANT
LIMB/BOUGH
FOLIAGE
NEEDLES
BARK

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
60
61
64
65

CONES-GRN
CONES-DRY
SEED
NUTS/SEED
FRTS/BERYS
TREE SAP
TREE RESIN
ROOTS
BULBS
MUSHROOMS
FUNGI
MOSSES
HERBS
FERNS
WILDFLOWRS
GRASS

AQTC PLNTS
VINES
MSLTO/SPMS
CACTI
GRNBIO-NCV
DRYBIO-NCV
OTHER PLNT
WORMS
INSECTS
ANML ARTF
OTHR ANM
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Appendix 4—Appraisal Information Collected from Individual Sales

Administrative information
Region

Forest

FY

Quarter

Sale Number
Green/Salvage
SBA

Deficit

Timber Property
Bid Method

General sale information
Product/Unit of Measure
Species Name/Group
Species Code

Volume

Quadratic Mean DBH
Base Period Price

Cost centers and other adjustments
Market Adjustment

Rapid Market Adjustment
GBCv-Nonsaw Adjustment
Falling and Bucking

Skidding and Loading

Logging Adjustment

Base Skid-Yard Cost

Sale Skid-Yard Cost

Skid-Yard Cost Adjustment
Base Stump to Truck

Sale Stump to Truck

Stump to Truck Adjustment
Base PAL Fire Protection

Sale PAL Fire Protection

PAL Fire Protection Adjustment
Base Haul Cost

Sale Haul Cost

Haul Cost Adjustment

Base Road Maintenance Cost

Sale Road Maintenance Cost
Road Maintenance Cost Adjustment
Surface Replacement Deposit
Road Maintenance Deposit

Base Contract Cost

Sale Contract Cost

Contract Cost Adjustment

Base Slash Cost

Sale Slash Cost

Slash Cost Adjustment

Base BD Deposit

Sale BD Deposit

BD Deposit Cost Adjustment

Base Development and Other Cost
Sale Development and Other Cost
Development and Other Cost Adjustment
Base Temporary Road Cost

Sale Temporary Road Cost
Temporary Road Cost Adjustment
Base Erosion Control Cost

Sale Erosion Control Cost

Erosion Control Cost Adjustment
Base Other Costs

Sale Other Costs

Other Costs Adjustment

Quality Adjustment

Unusual Adjustment

Risk Adjustment

Sale Specified Road Cost
Engineering Deposit

Timber Property Value

Market Area Adjustment (R1 only)

Minimum bid price (advertised price)

High bid price (or “no bid”)
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Appendix 5—Methods to Improve Predictions of Base Period Price and
Estimate the Probability Distribution of High Bid Price

Decreasing the Error in Prediction of
Base Period Price

Base Period Price (BPP) may be estimated in the current
quarter for a given appraisal group in a given zone using a
mark-up regression equation linking the current quarter’s
primary product price to stumpage price:

BPP; = c,PP +u, (A1)
In Equation (A1), BPP is the estimated high bid price for
sales with average costs and average bid premium. Equation
(A1) is fit on quarterly average stumpage price and primary
product price data over a historic period and includes an
error term u,, which is the difference between the predicted
average high bid price for quarter ¢ (¢,P) and the actual
average high bid for quarter ¢. The difference u, is the
amount by which actual quarterly average sales costs and
actual average high bid premium differ from the grand aver-
age over the entire period of the data used to fit the regres-
sion equation.

For a given mark-up equation, we define an improvement in
the prediction of BPP; as a reduction in the standard devia-
tion of the error term u, for the predicted value.

We would be able to decrease this error by using two or
more smaller zones rather than one larger appraisal zone.
The standard error of predictions would be less for at least
one of the smaller zones but not necessarily all the smaller
zones.

Estimating the Probability Distribution of
High Bid Price for a Given Sale

If we make two key assumptions, we may use a more
detailed equation that shows the components of High Bid
Price for sales over a historic period and may be used to
predict the probability distribution of high bid price for a
sale in one to a few quarters after the historic period:

HBP,; = c,P" + (E - q) + (BPMi - W) (A2)

(BPMi - BPM) =HBP,; —- [cthp + (C - Ci>] (A3)
We assume that (1) the average sales costs for the follow-on
quarters are the same as for the historic period and (2) the
distribution of bid premium correction factors as defined

in Equation (A3) are the same as for the historic period.
Equation (A2) gives the components that explain the high
bid price for each individual sale over the historic period.
As for Equation (A1), the term ¢,PP is an estimate of the
high bid price for a sale with average costs and average bid
premium over the historic period of data for individual sales.
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Note that there is no error term because we assume that we
compute (BPM,. - BPM) using data over the historic period
using Equation (A3).

Technically the bid premium correction factor as defined
here includes any error in using c,PP to predict the market
stumpage value when there are average costs and average
bid premium in quarter # and any error in using (C— C;) to
estimate cost corrections that the high bidder used.

If we assume the distribution of (BPMi - ]W) terms

over the historic period remains the same for a few follow-
on quarters, we may use that distribution to select a bid
premium correction factor for a sale in a follow-on quar-
ter—using Equation (A2)—where the selected bid premium
correction factor gives an estimate of HBP, ;, which has a
certain probability of being greater than the actual high bid
price. This would be the probability of a no bid sale.

Estimation of Base Period Price by a
Mark-Up Equation Given Possible
Patterns in Error Terms

Recall that the mark-up equation given by Equation (A1)
predicts stumpage price for a given appraisal group. It is fit
using quarterly data on stumpage prices and primary product
prices. The error term #, in equation A1 may be expressed as
u=(C-C)+ (BPM, - BPM) (A4)
where C, is the average costs for sales in quarter ¢ of the his-
toric period, C is the average of costs for all sales over the

historic period, and the bid premium correction factor for all
sales in quarter ¢ of the historic period is defined as

(BPM, - BPM) = BP, - [Csz’ +(c- Cr>]

There may be patterns in the error terms u, that can lead to
incorrect estimates of the parameter ¢,. For example, it is
possible for the error terms to be serially correlated, or to
have differing variance over time. It is also possible that
certain data points are outliers and have undue influence in
comparison to other data points.

The error term in Equation (A4) is composed of two vari-
ables—the cost difference and the bid premium difference.
The cost difference term is determined by the choices forest
managers make in selection of timber sales and the cost fea-
tures of those sales. Any pattern in those differences would
be due to patterns in those decisions. The bid premium
difference term is influenced by many factors, including

the mix of timber products for sale, the location relative to
mills, number of bidders, and strength of markets for prod-
ucts. Also it is possible that the two terms could be corre-
lated for some sets of time periods, and this would influence



A Process to Establish and Use Base Period Prices for National Forest System Transaction Evidence Timber Appraisal

the pattern of errors. It is not clear that even if there were
patterns in the errors over some periods that these patterns
would persist. Also, cost pattern conditions and bid pattern
conditions in one appraisal zone would not necessarily hap-
pen in another zone.

A basic strategy in estimating mark-up equations would be
to correct for serial correlation with autoregressive equa-
tions when indicated, transform variables when needed to
adjust for heteroscedasticity, and trim outlier data points to
reduce their influence. These methods were used for a sam-
ple of mark-up equations. Some equations exhibited serial
correlation and corrections modified ¢, slightly and could be
used in place of uncorrected estimates. Visual inspection of
residuals could indicate if transformation of variables may
help reduce heteroscedasticity. Visual inspection of several
mark-up equations did not find systematic trends in vari-
ance in residuals. Inspection of residuals identified a number
of outliers, and estimates without them modified ¢, values
slightly.

Although the ¢, estimates can be improved by these and
other measures, additional predictor variables would likely
be needed to reduce standard deviation of errors for estimat-
ing Base Period Price notably.

A strategy that is very likely to reduce error in predict-

ing Base Period Price is to use smaller rather than larger
appraisal zones to the extent that there are a sufficient num-
ber of sales to fit equations for the smaller zones.
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