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EXECUTIVE SUMMARY

The purpose of this project was to assess market opportunities for second-growth clearwood lumber by identifying
industry segments that currently utilize clearwood lumber and determining whether alternative markets will continue
to exist for clearwood lumber produced from intensively-managed forests in the Pacific Northwest. The historical
lumber price datawas analyzed and industry segmentsthat have traditionally utilized clearwood lumber were
surveyed.

Survey Results

Of survey respondents 33% were moul ding manufacturers, 14% were millwork manufacturers, 10% produced doors,
8% made windows and 23% made other products such as furniture, cabinets, crafts, paneling, stair parts, and other
specialty products.

The use of individual specieswas often associated with specific industry segments. Approximately 81% of the
ponderosa pine was used in the production of mouldings and windows. Douglas-fir was primarily utilized in the
manufacture of doors (49%) and other products (29%). Southern pine was used primarily in structural products,
although 15% was used for mouldings and 11% was used for doors. Approximately 87% of the radiata pine was used
for the production of moulding and millwork.

The geographic location of the survey respondentswas: 33% from the northeast, 26% from the Pacific Northwest,
25% from the southwest, and 16% from the southeast. On average, most of the firms that participated in the survey
could be classified as small- to medium-sized. While respondents’ average annual purchase of softwood lumber was
reported to be 5,800,000 board feet, the median volume purchased was just 700,000 board feet. Similarly, whilethe
median sal es revenue reported by respondents was $2.8 million, average sales revenue was more than three times that
amount. Roughly 50% of the respondents reported total sales revenue of lessthan $2.5 million.

Concernsregarding the ability of plantation-grown timber to substitute for old-growth lumber products may be
exaggerated. The study found that the two most important lumber attributes were reliability of supply and price. The
least important attributes were identified as being mechanical strength and vertical grain.

Based on afactor analysis, the original sixteen lumber attributes were reduced to four factors: timber quality,
manufacturing properties, mechanical properties, and price/supply. The results of the survey suggest that many
manufacturersin industry segments that have traditionally relied on clearwood lumber as araw material input have
successfully substituted lower-grade lumber (e.g., shop grade lumber), non-traditional species, and hon-wood
products to offset reduced supplies and price increases.

In 1989, 58% of respondentsindicated that raw material substitutes had replaced 31% of the softwood lumber volume
previously used in their production process, although the median volume was only 5%. By 1994 however, 83% of
respondents reported that they were substituting 36% (median of 24%) of their softwood lumber with other raw
materials. Thisisastatistically significant increase. The top three reasons that respondents indicated were
important considerationsin their decision to utilize a substitute product were the price of the substitute, product
availability, and reliability of supply. Reduced environmental impact was reported to be the least influential attribute.

Those manufacturers who did use substitute productsin their manufacturing process tended to have higher sales
revenue and employed twice as many people asfirmsthat did not use substitute products. Approximately 60% of
moul ding manufacturers indicated that they used araw material substitute for softwood lumber, while 77% of
millwork manufacturers, 83% of window manufacturers, 62% of door manufacturers, and all of the structural product
manufacturers reported using some raw material substitutesin their manufacturing processes.



Price Trends

Analysis of pricesfor softwood lumber products at the producer wholesale level (based on bi-weekly spot prices)
indicate that, while lumber is a semi-homogeneous product, there are important and persistent differencesin value
based on species and grade. The user survey results suggest that price isan important variable in the purchase
decision and likewise in decisions to utilize substitute raw materials, including non-wood materials.

There is adefinite structure of nominal and real (inflation-adjusted) pricesin the softwood lumber market, indicating
that buyers purposefully differentiate lumber on the basis of perceived attributes associated with the intended end
use. Lumber grades, which seek to specify broad groups of product attributes, are imperfect. Lumber products can
frequently be downgraded to lower end uses and potentially upgraded through reprocessing, for example, by
removing knotsto produce short clear pieces of lumber. However, price trends indicate that lumber grades are a
useful basisfor differentiating products and to measure how prices perform in both arelative and absol ute sense
over time.

Relative price analysisindicates that clearwood grades of softwood lumber command a significant premium relative to
the overall market, asindexed using Douglas-fir Standard & Better 2x4’ s as the baseline commodity index. The
aggregate softwood lumber market is sensitive to macro-economic factors linked to business cycles, particularly to
residential construction. As such, considerable fluctuation in aggregate lumber prices can be expected, with the
overall vector of product prices moving somewhat in tandem. Nevertheless, movementsin relative prices can and do
occur, leading to potential substitution between clearwood lumber grades and other, less expensive lumber grades
and non-wood substitutes.

The price analysis confirmed that Shop, C & Better selects, and Moulding & Better grades of Douglas-fir, ponderosa
pine, and southern pine lumber command significant rel ative price premiums over the common and structural
softwood lumber grades. Shop grades of Douglas-fir commanded an average premium of 43% while ponderosa pine
#3 Shop commanded a premium of 85% relative to the baseline commodity index. C & Better Select lumber exhibited
an even larger relative premium, 125% for southern pine and 474% for ponderosa pine. Moulding and Better lumber
demonstrated relative premiums of 214% for Douglas-fir and 356% for ponderosapine. These relative price premiums
were quite stable over the 1989-1995 data period, with long-term trends slightly upward with respect to the relative
prices for ponderosa pine C & Better Selects and Moulding & Better grades.

Increasing relative prices, however, provideincentives for buyersto consider substitute products. While the trends
estimated in this study are not strongly upward, taken together with the results of the industry survey, the producers
of clearwood lumber grades should be aware of the growing potential for substitute products capable of meeting end
user demand and which are price competitive. In the short-term, considerable relative price instability was evident in
response to business cycles, with the consequences being that end users frequently experience rapid increases and
decreasesin therelative prices of clearwood lumber grades which do not reflect longer-term trends but are perceived
asindicators of significant market shifts. Asmeasured by the standard deviation of relative prices around the long-
term price trend, clearwood grades of lumber typically had variations three to eight times greater than commaodity
structural lumber grades.

Markets respond to changesin perceived relative prices, whether generated by a change in the product’ s own price
or from a changein the price of acompetitive product. The analysis of price elasticities (own-price and cross-price)
was limited by the availability of relevant price and consumption information at adisaggregated level. The review of
the economic literature indicates that softwood lumber is generally priceinelastic in both the short- and long-run.
Given the niche nature of markets for clearwood lumber grades, it might be expected that the demand will be
somewhat more inelastic, indicating that the quantity of clearwood consumed isless responsive to relative price
changesin the short-term, but also that prices will be more sensitive to structural market shifts. Timber supply shifts
likely account for much of the relative price instability observed for the higher-valued clearwood lumber products.

In addition to the movements of relative prices, this study found that the price premiums paid for clearwood grades of
lumber (in 1995 dollar terms) were substantial and quite stable when measured as the prevailing differences from the
overall softwood lumber market. Inreal terms, average price premiums for #3 Shop grade lumber over the baseline



product ranged from $159/mbf for southern pine and $166/mbf for Douglas-fir to $280/mbf for ponderosa pine. Real
price premiumsfor C & Better Select lumber averaged $405/mbf for southern pine and $1,563/mbf for ponderosa pine.
Finally, real price premiums for Moulding grade lumber were $692/mbf for southern pine and $1,196/mbf for
ponderosapine. For al the clearwood lumber species/grades combinations with sufficient price data, the real price
differences were found to increase modestly over time, with the exception of Douglas-fir Moulding and Better grade
lumber, where aslight downward trend in real price difference was observed for a shorter, three-year data period. The
persistence of these price differences over the 1989-95 market cycles and abnormal supply disruptions would indicate
that clearwood grades of softwood lumber are effectively differentiated in the perception of end users and the price
differences are not a simple result of transient market disruptions.

The analysis also determined the spread of real prices between commodity and clearwood lumber grades within
individual speciesof lumber. Where it is possible to alter the grade yields through intensive forest management, the
spread of real pricesis highly relevant as more clearwood replaces lower-valued gradesin the total lumber recovery
volume. Real price spreads remained stable during the 1989-95 period for the clearwood grades, with slightly positive
trends observed for all products with the exception of Douglas-fir Moulding & Better grade lumber.

Conclusions

This study found that clearwood lumber is a differentiated product for which end users are willing to pay a
substantial premium. Those respondents who utilize clearwood lumber as araw material input in their manufacturing
process indicated that they value reliability of supply, price, and price stability over timber quality. Thiswould seem
to indicate that manufacturers cannot, or will not, continue to accept higher relative prices and rapid price
fluctuations. The lumber price trend data indicate that softwood lumber products are highly differentiated in terms of
perceived market value, reflecting the unique attributes of specific lumber grades that are valued by end users. The
price analysis supports the conclusion that price-induced substitution is an important driver behind the convergence
in relative prices between the higher grade ponderosa pine lumber products and the overall softwood lumber market,
but that clearwood grades of lumber have generally maintained their relative price differentials. However, the price
analysisand industrial survey results suggest that, for more and more manufacturers, clearwood lumber attributes
may be available from lower grade lumber products and substitute products. The survey results clearly indicate that
many manufacturers are switching to substitute products to meet their raw material needs and provide price stability
for their manufacturing operation.

Based on these results, lumber producers and plantation managers can better assess whether to adopt management
practices that emphasize the production of clearwood lumber for high-value niche markets, or whether they might be
better off focusing on the production of commodity grade products. Given the significantly different cost structure
associated with each of these production strategies, the results of this study can help managers determine which
strategy isthe most cost effective based on the characteristics of the market segments they are serving.
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INTRODUCTION
Wheat is Clearwood?

Until recently, value-added forest products manufacturersin the US have relied upon the readily available, high
quality, large diameter, old-growth timber which produces high yields of defect-free, straight-grained lumber. The
historic availability of high quality softwood lumber, often referred to as clearwood, has influenced the perceptions of
manufacturers as well as the production techniques used in many value-added segments of the wood processing
industry. Asthe structure of the forest resource changes, however, value-added forest products manufacturers are
encountering increasing difficulty in obtaining reliable supplies of clearwood lumber products.

Historically, clear softwood lumber has been defined as knot-free, straight-grained wood with narrow growth rings,
suitable for both appearance and structural end-use applications (Anon. 1992b). However, in recent years the
perception of clearwood has been changing, reflecting the evolution of the structure of forestsin the Pacific
Northwest from an old-growth resource to a second-growth plantation resource. In comparison to old-growth
forests, plantation grown timber is characterized by wide growth rings, more knots, and different physical and
mechanical properties. These differences can be attributed to the faster growth rates of treesin plantations, different
earlywood-latewood ratios, and a higher proportion of juvenile wood. The differences between old-growth timber
and plantation timber extend beyond appearance to include strength properties, physical properties, and processing
characteristics. Asaresult, the clearwood resource derived from second-growth forests differs substantially from the
old-growth resource of the past.

The Clearwood Resour ce Supply

Recent court decisions and federal |egislation have resulted in a substantial decrease in the total volume of timber
harvested from public forest lands in the Pacific Northwest. These court decisions aswell asfederal legislation
related to the forest resource in the Pacific Northwest have been influenced by both political and environmental
interest groups, either to preserve endangered species habitat or to foster multiple use regimes. Asaresult, federal
court decisionsin the late 1980’ s and early 1990’ s have effectively halted the harvest of most federal timber sales that
had been under contract but not yet harvested (Anon. 1991c). For example, the total volume of timber harvested from
federal forest landsin Washington and Oregon between 1988 and 1994 declined by 36% and 70%, respectively,
accounting for the dramatic decline in timber harvest experienced in these states (Figure 1).

The combination of federal harvest restrictions, adverse court decisions, and other economic and political factors has
contributed to priceinstability, characterized by drastic price fluctuations for lumber products at the national level
(Anon. 1994b, Irland et al. 1993). For example, recent dataindicates that the price of Douglas-fir structural timber
increased 58% between 1988 and 1993, while ponderosa pine No. 2 5/4 Shop grade lumber increased 59% over the
same period (Warren 1995). Although lumber prices have since declined as the market adjusted to supply
uncertainties, the expectation of future price instability provides an opportunity for alternative timber species and
substitute materialsto gain afoothold in the US marketplace.

To compensate, wood processors in the Pacific Northwest have been forced to increase their reliance on timber
harvested from private forest lands. Private timber harvests (as a percentage of the total harvest) in Washington and
Oregon increased from nearly 50% in 1988 to 67% in 1994 (Warren 1995). In recent years, private timber owners have
increased their harvest levelsin response to higher log prices, increased demand, and the fear of future legislative
restrictions on private timber harvests. For example, Oregon’s 1993 private timber harvest volume recorded its
highest level since 1971 (Anon 1995a). Since most private forest land in the Pacific Northwest has been silviculturally
managed for relatively short rotations with minimal silvicultural improvements prior to harvest, logs obtained from
these forests tend to be smaller in size and of lower quality than those obtained from public forests (Robinson 1992,
Tomasko 1992, Mitchell et al. 1989, Flora 1986).
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Contributing further to the supply uncertainty is the fact that harvest restrictions are occurring in other timber supply
regions. For example, US manufacturers have traditionally relied on softwood lumber from Canadato supplement
domestic lumber supplies. However, arecent study conducted by Price-Waterhouse forecasts a 17% reductionin
British Columbia (BC) harvest levels, while the recent US-Canada lumber tariff agreement will further reduce lumber
imports from Canada (Anon. 1995c).

Theremoval of over 50% of federal and state timber from the market in the US and the anticipated decline in harvest
levels and lumber exports from BC has had a significant impact on the forest productsindustry in the Pacific
Northwest. Mill closuresrose from 8in 1988 to 54 in 1990, with a subsequent cumulative loss of 9,300 mill jobs
(Ehinger et al. 1994). The reduction in timber harvests in the Pacific Northwest has | eft the region’ s wood processing
industry searching for alternative sources of raw material.

TheRoleof Silvicultural Stand Management in Increasing Clearwood Yields

To better meet the needs of the wood processing industry, forestersin the Pacific Northwest are currently assessing
whether intensive silvicultural treatments such as thinning and/or pruning represent a viable economic strategy for
producing increased volumes of clearwood lumber. Recent research indicates that intensive forest management is
probably the best method for improving the quality of timber derived from forest plantations, potentially increasing
the gross value of the resource, and perhaps generating a higher net return on forest investments (Fight et al. 1993,
Haynes and Fight 1992, Fight et al. 1992, Cahill 1991, Cahill et al. 1988, Cahill et al. 1986).

There are different strategies for increasing wood quality and gross timber value through intensive forest
management. For example, establishing arelatively dense forest stand promotes rapid crown closure and can reduce
limb size. Thinning promotes an increased growth rate, producing larger diameter trees by removing nearby
competing trees (Briggs 1995). Finally, acombination of thinning and pruning can produce wood with smaller and
fewer knots--two characteristics which are important attributes in the lumber grading process. Pruning also
encourages clearwood to form sooner and induces atree to produce more wood than would an unmanaged tree in the
same stand over the same period of time.

Despite the advantages of pruning and thinning regimes on forest growth rates and lumber quality, it isnot readily
apparent that these silvicultural practices would always increase the rate of return from private forest land
investmentsin the Pacific Northwest. The decision to adopt intensive silvicultura practicesisinfluenced by: 1)
whether foreign competitors can obtain better results at lower costs, 2) the stumpage price when the timber is
harvested, 3) how long it takes for the trees to reach a harvestable age and, 4) what timber attributes are valued by
end users and to what extent they are willing to pay a higher price for these attributes (Briggs 1995, Fahey and
Willets 1995, Horgan 1992).

Some indication of the financial implications of intensive forest management practices can be derived from the
experiences of countries such as New Zealand and Chile, where they have been intensively managing radiata pine
forest plantations for over thirty years (Eastin 1993, Anon. 1991b, Carson 1988, Kininmonth 1986, Mishiro et al. 1986).
Similarly, southern pine forest managersin the US are improving their management practices to increase timber yield
and quality. These non-traditional species are beginning to gain market share in industry segments once dominated
by old-growth clearwood by taking advantage of technological innovations, efficient resource use, attention to
quality and uniformity, and aggressive marketing (Flora 1995, Cox 1993).

In addition to their experience with intensive silvicultural management regimes, New Zealand and Chile forests have
substantially shorter rotations than those observed in the Pacific Northwest. While intensively managed radiata pine
forests can produce high quality timber in rotations as short as 24 years, Douglas-fir forests in the Pacific Northwest
have aminimum rotation of 45 years when intensively managed (Oliver et al. 1986). In addition, the growth rates for
softwood plantationsin New Zealand and Chile are much higher than in the US. For example, the mean annual
increment of radiata pinein New Zealand and Chile averages 24 m*/halyr and 20 m*/halyr, respectively, whileit is 12
m/halyr for southern pinein the US south and 10 m*halyr for Douglas-fir in the Pacific Northwest (NZ FOA 1995).



The Natur e of Old-Growth and Second-Growth Clearwood

Certainly, fast-grown plantation timber is not adirect substitute for old-growth clearwood lumber due to the different
physical and mechanical properties of the two products. For example, fast-grown plantation timber has alower
density, wider growth rings, a higher percentage of juvenile wood, and different processing characteristics. Hence,
plantation-grown lumber may not always compete with high quality old-growth lumber in all industry segments
because it does not possess the technical characteristics desired by manufacturersin specific industry segments or
other users. For example, wide growth rings and a high proportion of juvenile wood reduces strength properties and
adversely affects machinability and the ability of the wood to accept paints and stains evenly. A higher proportion
of juvenile wood adversely impacts the dimensional stability and drying characteristics of plantation grown timber as
well (Briggs 1995, Fahey and Willets 1995).

Species selection can a so influence the level of quality and the economic incentive to utilize intensive forest
management methods. Fight et al. (1993), using aprice premium analysis, found that differencesin timber quality
exist between different species receiving the same silvicultural treatments. For example, they found that although
pruned second growth Douglas-fir forests generated a higher rate of return than did second growth ponderosa pine
forestsreceiving asimilar silvicultural treatment, Douglas-fir was more susceptible to problems regarding appearance
and machinability.

When considered together, these factors have contibuted to concerns regarding the quality and acceptability of
plantation clearwood as a direct substitute for old-growth clearwood in some end-use market segments. Arethe
attributes associated with old-growth clearwood necessary to achieve the end-use values in changing markets?
Perhaps such specifications are not adequate to differentiate raw materialsin today’s markets. Timber supply
shortages, actual and perceived, are forcing industry managers to reevaluate their perceptions of lumber quality and
value, with the result that the lumber attributes associated with old-growth clearwood might not be an appropriate
indicator of the lumber attributes that are valued today.

Market Trend Towards Wood and Non-Wood Substitutes

Increasing price trends for clearwood lumber products suggest that greater returns might be derived from the
application of intensive forest management practicesin the Pacific Northwest (Fight et al. 1993, Mitchell and Polsson
1993, Somerville 1988). Whiletechnological innovations have increased the recovery of clearwood lumber (Wagner
1993, Anon. 1992a, Baldwin 1992, Cown et al. 1988, Park 1985), new methods of grading lumber and predicting
clearwood removals have been adopted to further increase the yield of clearwood lumber (Park 1994, Barrett and
Kellogg 1991). Despitethis, questions remain asto whether manufacturers and consumers are willing to accept fast
grown plantation clearwood as adirect substitute for old-growth clearwood and whether past price premiumsfor the
higher grades of softwood lumber will likely be maintained.

Non-traditional timber species and non-wood substitute materials are becoming more competitive as aresult of the
increasing price trends of clearwood lumber products (Baldwin 1992, Tomasko 1992, Anon. 1991a, Cahill 1991).
Manufacturers who have traditionally relied on old-growth clearwood as araw material input for their manufacturing
processes are how turning to substitute materials such as hardwood lumber, finger-jointed lumber, LVL, edge-glued
panels, medium density fiberboard, and high density foam products. It would appear that the challenge confronting
value-added forest products manufacturers who have traditionally relied on an old-growth clearwood resource isto
either identify new sources of clearwood lumber that possess acceptabl e attributes or identify substitute products
that provide similar processing and end-use characteristics. The changing pattern of prices within softwood lumber
species and grades, as well as between wood and non-wood products, will to some extent determine the degree to
which clearwood lumber will maintain afavored market position.



RESEARCH OBJECTIVES

The purpose of this project was to assess changing market opportunities for clearwood lumber by identifying
industry segments that currently utilize clearwood lumber and determine whether markets for clearwood lumber are
changing with respect to relative price differentiation and quality premiums. In particular, this project was designed
to address the following research objectives:

1. Identify those segments of the forest productsindustry that utilize clearwood lumber as araw material input for
their manufacturing process.
?  What clearwood attributes are perceived to be important by manufacturers within each industry segment?
?  What timber species are being used within each industry segment?
?  Which grades of lumber are being used within each industry segment?

2. ldentify those clearwood lumber attributes that are perceived to be important by managers.

3. ldentify what products are being used as substitutes for clearwood lumber within each industry segment.
?  What non-traditional timber species are being substituted for clearwood?
?  What wood-based materials are being substituted for clearwood?
?  What non-wood materials are being substituted for clearwood?
?  What product attributes are perceived to be important factorsin influencing the use of substitute materials?

4. Compileatime series of price trends for clearwood products.
?  How do pricesfor clearwood products compare to the prices for non-clearwood products?
?  What arethe relative and absolute price differences for non-clearwood products competing in the same
product market?
?  What are recent trendsin both relative prices and price premiums for clearwood grades of softwood lumber
in comparison with the broader aggregate softwood lumber market?

5. Assessthe competitiveness of substitute materials with respect to clearwood lumber.
?  What are the estimated cross-price elasticities of traditional clearwood lumber species with respect to non-
traditional clearwood lumber species?
?  What isthe cross-price elasticity of clearwood lumber products with respect to other wood and non-wood
substitutes?

6. Assessalternative sources of clearwood products, both foreign and domestic.
?  Where are plantation grown clearwood products being produced?
?  What isthe current and future supply situation for clearwood products?



LITERATURE REVIEW
Defining Old-Growth Clearwood

The forest product industry in the Pacific Northwest has traditionally relied upon the old-growth resource as araw
material supply for its manufacturing operations. The high quality, large diameter old-growth resourcein thisregion
produces high yields of clearwood lumber, defined as knot-free, straight-grained wood with narrow growth rings
suitable for both appearance and structural end-use applications (Anon. 1992a).

Horgan (1992) estimated that the industrial demand for clearwood lumber, both softwood and hardwood, exceeded 59
million n in 1992, approximately 38% of which was for softwood species. However, government regulations, court
injunctions, and political, economic and environmental pressures have substantially reduced the available supply of
public timber, forcing manufacturersin the Pacific Northwest to utilize substitute products and species. One
implication of this changing resource baseisthat clearwood lumber today differs substantially from what was
considered to be clearwood lumber just ten or twenty years ago.

In a substantive sense, clearwood as a product is poorly defined despite the highly detailed rules used to specify
clearwood lumber grades. Although grading rules are highly specific, they do not provide adefinition of clearwood
because they fail to take into account many of the attributes that are important to manufacturersin different industry
segments. Theideathat the definition of clearwood is based on a set of attributes that varies by industry segment
greatly increases the difficulty of defining clearwood. Y et the determination of a definition of clearwood lumber is
important to forest managers as they devel op forest management regimes to produce high quality logs (Horgan 1992).
For example, lumber length is an important factor which differs between industry segments based on the end product
and the manufacturing process. If the moulding and millwork industry requires a minimum clearwood length of 2 to
2.4 meters, plantation managers need to take this requirement into account when designing their management
regimes. Conversely, if the target market for clearwood lumber is furniture and furniture component manufacturers,
then almost any length could be regarded as clearwood.

Industries Using Clearwood

Forest products firms are often segmented into two industry groups based on the type of product being
manufactured. Theseindustry segments, while encompassing awide range of products, generally produce non-
appearance (structural) products and appearance products. Non-appearance products are generally used in
structural applications where they are covered by other materials and, thus, their visual characteristics are important
only to the extent that they might affect their structural integrity. Examples of structural products would include wall
studs, floor and ceiling joists, sub-flooring panels and exterior sheathing.

In contrast, appearance products are used in end-use applications where visual aesthetics are important. Clearwood
lumber is often used to manufacture appearance products because of the requirement that the raw material should
possess few visual defects. Theindustriesthat typically utilize clearwood lumber as araw material input include
moulding, millwork, doors, windows, stairs, flooring and cabinets. In addition to using clearwood lumber,
manufacturers of appearance products frequently utilize Shop grade lumber aswell. Shop lumber is graded based on
the quantity and size of clear cuttings that can be obtained from a board, with the higher grades tending to produce
longer clear cuttings (Fahey and Willets 1995). The strategy of utilizing both high grade clearwood lumber and lower
cost Shop grade lumber enables a manufacturer to reduce raw material costs.

While many industry segments are able to incorporate factory lumber into their raw material mix, other industry
segments, such as the moulding industry, have traditionally relied on the higher grades of clearwood lumber asaraw
material input because of the availability of long clear lengths. A recent study identified a number of lumber
characteristics that were reported to be important to moulding and millwork manufacturers (Columbia Information
Systems 1991). The most important lumber characteristics were found to be auniform grain pattern, absence of
knots, ease of machining, dimensional stability and smooth surface texture. Characteristics such as straightness of



grain, ease of gluing, nail holding ability, paintability, ease of pressure treating, ease of drying and
earlywood/latewood color differences were of lesser concern.

The Columbia Information Systems study also found that two-thirds of millwork manufacturersrelied primarily on a
single species as araw material input, with 60% favoring ponderosa pine, 18% Douglas-fir, and 8% sugar pine. This
finding coincides with the results obtained from a national study of the moulding and millwork industry conducted
by CINTRAFOR (Briggset al. 1994). While many millwork manufacturers expressed concern regarding future raw
material supplies, most continueto rely on asingle species and 68% of the respondents had not even considered
using a substitute product.

However, the Columbia Information Systems study did find that 28% of millwork respondents are exploring waysto
extend their clearwood resources. Strategies for maximizing the clearwood resource supply included using thinner
veneers (61%), combining speciesin the raw material mix (8%), and introducing new processing technologies (8%).
A further 13% of respondents reported implementing changes in the manufacturing process to allow the use of
finger-jointed lumber, glue laminated lumber, or lower grades of lumber. Finally, some moulding and millwork
manufacturers reported shifting to non-traditional species out of necessity. Jaenicke (1992) observed that the
millwork industry’ s raw material supply has begun to include such non-traditional species aslow density hardwoods
(e.g., western red alder and yellow poplar), southern pine, and imported radiata pine.

Alter native Softwood Timber Species

Another strategy for addressing the reduced availability of clearwood lumber involves the substitution of non-
traditional timber species. While there are always afew innovative manufacturers willing to evaluate and adopt new
species and products, it generally requires some type of radical, discontinuous change within the business
environment to provide the impetus for widespread change at the industry level.

Perhaps the most effective impetus for change within the forest products industry would be areduction in the
resource availability from traditional resource supplies, exactly the situation that existsin the Pacific Northwest.
Manufacturersin thisregion, who have traditionally relied upon the high quality pine, hemlock, and Douglas-fir
resource, are now being forced to consider alternative resource supplies. While many manufacturers have already
begun to utilize non-traditional domestic softwood species (e.g., southern pine, spruce and fir), others have begun to
evaluate low density hardwood species such as yellow poplar, western red alder and aspen. In addition, some
manufacturers have begun to utilize imported softwood species, atrend that reflects the increasingly global nature of
the forest productsindustry. Given the resource situation in the Pacific Northwest, including British Columbia,
offshore suppliers of wood products have atremendous opportunity to increase market acceptance for their products
inthe US.

The global softwood plantation resource

A substantial area of forest plantations, estimated to total approximately 95 million hectares, has been established
globally (Laarman and Sedjo 1992). However, there are only afew countries where plantations represent an important
component of the total forest resource and where thereis substantial export potential, Table 1. The most widely
known softwood speciesisradiata pine whichis grown in New Zealand, Chile, Australiaand South Africa. However,
an equally important species, both in terms of plantation area under cultivation and from a utilization perspective, is
southern yellow pine. While southern pine plantations have been established in a number of South and Central
American countries, the most important plantation resource islocated in southern Brazil and Argentina.

From aresource availability perspective, plantation timber is becoming more and more important as timber harvesting
constraints are imposed in the natural forests of the traditional timber supply regions. Not only do the plantationsin
many of these regions exhibit rapid growth rates, but the combination of high growth rates with improved genetic
stock and intensive forest management practices further increase the quality and value of the plantation resource. In
most cases, the harvest level from the established plantation resource exceeds domestic consumption requirements.
Asaresult, countries such as New Zealand and Chile have become significant



Tablel. Plantation location, area, and species composition of selected countries.

Country Plantation area (ha.) Species composition

Brazil 6,200,000 30% pine, 52% eucalyptus

Chile 1,800,000 79% radiata pine, 14% eucalyptus
New Zealand 1,388,000 91% radiata pine, 5% Douglas-fir
South Africa 1,330,000 51% pine, 39% eucalyptus
Australia 1,105,000 67% radiata pine, 21% other pine
Argentina 880,000 54% pine, 30% eucalyptus, 15% poplar

Sources: Various 1990-1995.

exporters of forest products, while other countries such as Brazil, Argentina, and South Africa are expected to
increase their exports substantially in the near future.

Theradiata pineresource

Radiata pine has until recently played arelatively minor role in Pacific Rim timber markets. The major timber importing
countriesin Asia (Japan, Korea, Taiwan and China) have traditionally relied on North America and southeast Asiato
supply softwood and hardwood timber products, respectively. However, harvest restrictions in these regions have
substantially reduced the availability of timber resources, raising questions regarding the future timber supply.
Reduced timber harvest in traditional supply regions provided radiata pine producers with the opportunity to expand
their market presence in the Asian markets aswell asin the US Pacific Northwest. To the extent that radiata pineis
perceived as areliable resource supply and a credible substitute for traditional softwood species, it represents a
significant competitive threat to forest managersin North America.

Despite the fact that extensive radiata pine plantations have been established in New Zealand, Australiaand Chile for
almost a century, radiata pine remained relatively unknown in the world lumber markets until recently. Perceptions of
radiata pine as alow quality timber species have deterred it from gaining widespread acceptance internationally.
However, new attention is being focused on radiata pine as the supply of more traditional softwood species becomes
restricted and higher priced. Asgreater volumes of radiata pine appear on world markets, and as end users become
more familiar with itstechnical properties, radiata pine can be expected to gain even greater market acceptance.

Approximately 9 million acres (4 million hectares) of radiata pine plantations have been established worldwide,
primarily in the Pacific Rim region. Chile and New Zealand possess the largest radiata pine plantations, with 2.9 and
2.6 million acres (1.3 and 1.2 million hectares), respectively. Australia, with the third largest radiata pine resource, has
just over 1.6 million acres (750,000 hectares) of radiata pine plantations. Radiata pine represents the primary
plantation species in both Chile and New Zealand, where it comprises over 80% of total plantation area. The
establishment of new radiata pine plantationsin New Zealand and Chile is substantial, with 120,000 acres planted per
year (48,000 hectares/year) in New Zealand and 141,000 acres/year (57,000 hectares/year) in Chile. The establishment
of new plantations exceeds the rate of harvest; in Chile plantation establishment exceeds harvest by aratio of four to
one.

Radiata pine plantations have been demonstrated to produce timber much faster than plantationsin North America.
Managed plantation forests in New Zealand and Chile have mean annual increment growth rates of 24 m*ha/yr and
20 ni/halyr, respectively. These values compare favorably with those obtained from plantations in the southern US
(12 m/halyr) and the Pacific Northwest (10 m*/halyr). High plantation growth rates have allowed both Chile and New
Zealand to rapidly increase their harvest levels as the plantation resource matures. In Chile, the sustained yield from
radiata pine plantationsis currently 15 million m® per annum and it is expected to increase to 24 million m® per annum
by the year 2010. A similar situation existsin New Zealand, where radiata pine plantations currently produce 13
million m? per annum, with annual production volumes expected to increase to 24 million m?® by 2010 and 33 million n*
by 2020. Given the small domestic market for wood products in these countries, the vast majority of their timber



harvests will be directed to offshore markets.

In the past, radiata pine plantations have not been intensively managed, resulting in poor quality lumber. Asaresult,
radiata pine has acquired areputation of poor quality, appropriate for such uses as wood chips for the pulp and
paper industry and araw material for the pallet and container industry. Thisis particularly true in Japan whereitis
often referred to as “ scrap pine”. Over the past 30 years, however, both New Zealand and Chile have developed
improved genetic stocks in combination with intensive silvicultural regimes that emphasize selective thinning in
combination with pruning early in therotation. Thissilvicultural regime has resulted in increased growth rates that
facilitate the production of clearwood. Over the next twenty years the volume of pruned logsis expected to increase
substantially in both New Zealand and Chile, exceeding 10 million n?® by year 2015. Despiteits reputation of low
quality, pruned radiata pine clearwood compares favorably with domestic US softwoodsin the areas of machinahility,
finishing and treatability.

Both New Zealand and Chile have become significant exporters of radiata pine based on their comparative advantage
over other softwood producers. Areaswhere New Zealand and Chile have an advantage over North American
producersinclude: lower log costs, lower labor costs, higher softwood growth rates, high internal rates of return on
investments in softwood plantations, and tax incentives that encourage plantation establishment and promote
intensive silvicultural management practices (Gruenfeld 1992).

As these countries continue to develop substantial inventories of mature timber, they have begun devel oping export-
oriented marketing strategies for value-added products such as moulding, millwork and preservative treated timbers
in Asian markets. In addition, radiata pine producers have begun to take advantage of high stumpage pricesin the
Pacific Northwest to develop marketsin the US. For example, the Western Wood Products Association estimates
that in 1994 radiata pine represented 5% of the raw material utilized by the Pacific Northwest moulding and millwork
industry where it competes directly against ponderosa pine (Anon. 1991b). Radiata pine producers expect to seethis
market grow at arate of 10% per year throughout the 1990's (Anon. 1991b).

Substitutesfor Clearwood Lumber

Wood-based substitutes. The most common substitute for old-growth clearwood lumber islumber derived from other
species of softwood. The reasonsfor this are obvious: while individual species can be expected to have different
physical and mechanical properties, they are far more likely to be reasonable substitutes for each other than would be
non-wood materials. One area of concern, however, relates to the fact that plantation species may possess | esser
mechanical properties that would reduce their suitability for some manufacturing processes. AsCahill (1991) points
out, processing technology may not change quickly enough to allow short-term substitution of lower strength
species such as radiata pine. Hardwood species are another substitute for clearwood softwood lumber in a number
of wood product industries, including moulding and millwork (Anon. 1993a, Anon. 1993b, Tomasko 1992, Anon.
1991a). Thereisaso atrend towards the utilization of engineered wood products in applications such as doors,
windows, paneling, flooring, and some structural uses (Anon. 1994a).

Within the door industry, there have been anumber of wood-based material s that have gained acceptance as
substitutes for clearwood lumber. Traditionally used in the production of stiles and rails, clearwood lumber is now
being replaced by finger-jointed lumber, laminated veneer lumber (LVL) and edge-glued lumber. A recent study
conducted by Columbia Information Systems (1991) found that finger-jointed lumber was used by approximately 30%
of door manufacturers. Door cores are increasingly being made from medium density fiberboard (MDF), oriented-
strand board (OSB), or other wood-based composite materials that may or may not utilize awood veneer overlay.

A variety of wood-based materials, such as finger-jointed lumber and LV L have been utilized as substitutes for
clearwood within the window industry. A new composite product, known as Timberstrand’ lumber, has also recently
been used in the manufacture of windows. However, the acceptance of these substitute material's does not appear to
be as widespread as within the door industry. For example, the Columbia Information Systems study found that only
about 5% of window manufacturing firms were using finger-jointed lumber.

The moulding industry has al so successfully incorporated wood-based substitute products into its manufacturing



processes. For example, mouldings are now being produced from materials such as MDF and finger-jointed lumber.
M ouldings made from these substitute products are either primed or wrapped with wood veneers to simulate solid
wood. Finger-jointed lumber has had particular success in the moulding industry because it possesses superior
characteristicsin comparison to clearwood in several respects: it has more uniform strength properties, is more
dimensionally stable, has less tendency to warp, and contains virtually no rejects (Anon. 1993b, Anon 1992b). Asa
result, finger-jointed lumber has increased its share of the mouldings market from 19% in 1965 to 40% in 1991, while
the market share of clearwood has declined from 70% to 38% over the same time period (Tomasko 1992).

Non-wood substitutes. Non-wood materials have also begun to gain acceptance as substitutes for clearwood lumber
in some industry segments. Aluminum, steel, and plastic (vinyl) have successfully been employed by window
manufacturers as a substitute for clearwood for a number of years. For example, in 1988 just 15% of the windows
manufactured used wood, while 19% used awood/vinyl combination, 32% used aluminum and 31% used vinyl (F. W.
Dodge, Inc. 1992).

Market acceptance for these substitute materialsis often attributed to lower raw material costs and the increased ease
of maintenance. Consumer preference has also been an important factor in the acceptance of non-wood substitute
products. For example, market research hasindicated that most consumers prefer wood windows, and as aresult,
many manufacturers have developed vinyl windows that simulate the look of wood (Anon. 1993c).

Within the door industry, non-wood substitute materials include steel, polystyrene foam, and fiberglass. From 1984
to 1988, steel doorsincreased their share of the door market from 43% to 63%. This success has been attributed to
lower maintenance costs, increased energy efficiency, lower raw material costs, and increased strength. In contrast,
fiberglass doors, made of a compression molded fiberglass-faced panel pressed over afoam plastic core, have
experienced difficulty in gaining market acceptance, capturing just 3% of the market in 1992. Despite this, some
industry observers expect that fiberglass doorswill eventually capture a 25% share of the door market in the future.

Clearwood lumber al so faces competition within the moulding and millwork industry from a number of non-wood
substitutes. The two most common non-wood substitute materials utilized within the moulding and millwork industry
are polystyrene and polyvinyl chloride foams. These high density foam products are manufactured in long lengths
and can be machined using existing manufacturing technology. Foam mouldings can be painted or overlaid with a
wood veneer to simulate clearwood moulding (Anon. 1992c).

TheRoleof Pricesin Clearwood Lumber Markets
The concept and measurement of prices

An objective of this study wasto investigate the trends and performance of softwood lumber market prices, and the
degree to which specific grades are differentiated. Clearwood lumber grades can potentially be differentiated within
the range of lumber products for a specific species, against the average for the overall lumber market, or against
similar grades of clearwood products derived from other species groups. Differentiation of a specific clearwood
product can be measured in several ways. Typically, price differences can be expressed in either absolute value terms
(e.g., actual dollar difference) between two products or as arelative price (price ratio) between a clearwood lumber
grade and abaseline, or index, lumber product. Each of these measuresis utilized in this study, with the particular
measure of differentiation related to the meaning or interpretation of market dynamics.

Although the concept of priceisrelatively straight-forward, the drivers that affect both absolute and relative price
movements can be complex. A common problem in the evaluation of price relationships for acommaodity product
such as softwood lumber is the necessarily large number of assumptions that must be made in defining the nature of
price. Priceisthe measure of value of exchange between willing buyers and sellers of aproduct. Thisexchangeis
presumed to take place in a specific market and to be inclusive of all buyers and sellers acting independently in their
own best economic interest. In practice, many simplifying assumptions are needed in order to specify the relevant
end use markets for clearwood lumber, the scope of the product included in that particular market, the nature of
demand for the products being considered, and the relevant suppliers. Priceisalso relevant asameasure of a
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buyer’ s perception of marginal value of clearwood lumber as derived from markets for final products and as a measure
of marginal revenue asrelated to supplier’ s output decisions given their specific competitive factor advantages such
asraw material and/or labor costs (Labys 1973, McKillop et al. 1980).

Theideal softwood lumber price model would include the most influential factorsin defining product/price
relationships relative to both consumers (buyers) and producers (sellers), while being able to accommodate dynamic
changesin supply and demand conditions over time.

In order to examine the differentiation of clearwood softwood lumber within the aggregate lumber market and to
determine the potential changesin differentiation due to the shift from clearwood products derived from old growth
and second-growth forests over time, this study utilizes the available data on price as reported by industry sources.
However, it is necessary to understand the measurement of price within the lumber market at the wholesale or
producer level, and to determine what price actually meansto primary and secondary manufacturersin terms of the
distinguishing attributes measurable by reported product grades and groupings of products as reflected in available
pricedata. Limitationsin the availability of price data, and the nature of the price data, are a constraint on the
empirical analysis of how prices differentiate clearwood products over time and the degree to which that
differentiation may be changing in response to changing lumber quality, clearwood availability or supply, and the
emergence of potential substitutes.

Characteristicsof lumber prices

Although the concept of priceis easily understood, the measurement of price is complicated by many factors. One of
the primary complicating factorsisthe aggregation of diverse lumber products when reporting lumber prices. For
example, softwood lumber prices are often expressed as an average for an aggregation of products, species, and
grades. While acomposite index price may provide an average price, it al'so masks the variation that exists between
individual softwood lumber products. In other words, a composite price index, while an effective index for macro-
trendsin the softwood lumber market, can mask the presence of significant and important price variations between
individual lumber products. Asaresult, aggregate prices generally include multiple softwood lumber products, often
products with distinctly different attributes (i.e., old-growth and second-growth clearwood). At thismacro level,
softwood lumber is treated as a homogeneous or non-differentiated product which is assumed to be bought and sold
in asingle softwood lumber market. In reality, thereisavery complex vector of differentiated prices for softwood
lumber products with different attributes at any given time. This set of prices represents differentiated products with
unique prices which prevail at a given time, and which may well persist over time even as the aggregate market
responds to overall economic and market conditions. The set of prices reflects the differentiated, or unique,
attributes attached to different products which are important to end users and which reflect conscious choices and
preferences for which end users are willing to pay a premium.

Lumber prices, as with many commodity products, are subject to price fluctuations, and tend to be highly seasonal in
response to market factors, primarily new housing starts and repair and remodel activity. Pricestend to be higher in
the late winter to early summer months, when new housing orders begin to increase and available inventories are low.
Lumber markets are also subject to agreat deal of volatility, primarily dueto cyclical supply and demand. Further,
sudden changes in the markets for lumber inputs such as raw material supply shockslike those that resulted from
federal regulations and court decisionsin the Pacific Northwest, can unexpectedly impact lumber markets through
supply shifts. These factors can lead to unanticipated lumber market supply shortages, resulting in short-term price
volatility. This market volatility further complicates prices as distribution channel memberstry to keep inventories
low to minimize their exposure to financial risk when prices|ater stabilize and revert back to more modest levels (Irland
19%a, Prins 1993, Anon. 1992b). Another effect of market instability isthat softwood lumber pricestend to be much
more volatile than other building materials (Irland 19944).

Lumber price measurements are also affected by the structural and market complexities within the forest products
industry. For example, prices aretypically reported as the wholesale mill price, producer price, or FOB price.
However, due to the spatial separation of millsfrom their customers, additional transportation costs are incurred, the
magnitude of which depend upon the final destination, mode of transportation, and delivery time. Asaresult, actual
consumer prices, while ultimately determining buyer behavior, are seldom reported and atime series of retail
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softwood lumber prices by product or grade is not available. Another factor affecting lumber prices are the
distribution costs that are passed on to the manufacturer and retailer. Most retailers do not purchase timber directly
from the mill, relying instead on awholesaler, agent, or other intermediary who generally charges a 20-40% margin on
the FOB miill pricefor their services (Irland 1994a).

Determining the market price for alumber product is a complicated endeavor, particularly since raw material prices do
not always follow a cost-plus structure (Lynn 1994). Product prices usually depend on the producer’ s costs, factors
that unpredictably influence the availability of supply, and the customer’ swillingnessto pay for a particular product
(Sohngen and Haynes 1994). The prices that remanufacturers are willing to pay for softwood lumber or any other
industrial raw material are strongly influenced by their perception of value and their

anticipation of short-term market trends (Irland 1994, Roy and Johansson 1993, Prins 1993, Flora 1986, Labys 1973).

Characteristics of clearwood prices

The concept of product differentiation relates to the ability of end usersto identify differences between products,
whichin turn help to distinguish market segments. With respect to clearwood lumber, manufacturers are often willing
to pay ahigher pricein order to obtain specific product attributes, such as no knots, longer lumber lengths, narrow
growth rings, or uniform moisture content. The perceived quality of lumber isrelative to the consumer’ s perception of
tangible and intangible product attributes. Where differencesin price for similar products persist over time, the
products are assumed to be at least partially differentiated.

As aconsequence of product differentiation, lumber products possessing similar but unique characteristics can
command different pricesin the marketplace. Individual product attributes may not be equally important for all
products, end uses, or markets and the importance of different attributes can vary drastically by end user (Adamset
al. 1992). Lumber attributesthat are perceived differently by manufacturers can lead to different equilibrium prices,
reflecting partially differentiated supply and demand conditions. Specific product attributes are assumed to account
for most of the price variation within the aggregate lumber market. At any given timethereisarange of pricesfor
similar products that defines the price premium. This price premium can be expected to persist between similar
products on the basis of species, grade, size class, or product availability (Floraet al. 1993). Anexampleof aprice
premium is the observed price differential that exists between species for similar products of West Coast hem-fir and
Douglas-fir. Although the products manufactured from these species have similar attributes and end uses, Douglas-
fir has maintained arelative price premium over coast hem-fir due to its superior strength characteristics (Haynes and
Fight 1992).

Price differentials between products can vary dramatically over time depending upon changesin prevailing market
conditions, aswell asintrinsic softwood product attributes and the buyers perceptions of the unique value of these
attributes. For example, the prices of softwood lumber products that are relatively scarce with few direct substitutes
will react differently to market or raw material supply changes than would more abundant lumber products for which
there are abundant substitutes. Thisis demonstrated by the greater price volatility of higher grade lumber products
compared to the price levels of lower grade lumber products (Irland 1994a). Another factor in the volatility of
clearwood lumber pricesisrelated to the change in the proportion of high quality lumber in the product mix resulting
from the decline in the supply of traditional old-growth timber (Figure 2). For example, the amount of old-growth
harvested as a percentage of the total harvest in Washington State has fallen from 56% in 1981 to essentially zeroin
1994 (Warren 1995).

Changesin lumber quality can be masked by price indexes that aggregate multiple lumber grades or species. A closer
inspection of price and volume production data within a particular product line can help to identify these changes.
For example, the production of Douglas-fir select lumber by coastal millsin 1993 declined to just 0.1% of the total
lumber volume, down from 2.4% in 1985. Meanwhile, the percentage of Douglas-fir light framing
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lumber hasincreased to 54.7% from 41.8% in 1985 (Warren 1994). This changeis not the result of market decisions
that reflect end-user preferences, but rather is driven by the changing nature of the available raw material resourcein
the Pacific Northwest (Warren 1994).

According to Haynes and Fight (1992), the change in the lumber product mix reflectsthe declineinlog quality. Many
manufacturers have recognized that the typical log grade available for usein the region’s sawmills no longer contains
the same quality of wood which could be purchased even afew years ago. For example, the No. 2 & Better log grade
now contains more No. 2 lumber than Better (Fryer 1995, Haynes and Fight 1992).

Therelative wood quality differentials within alog or lumber grade, however, can be further masked by changesin
the purchasing specifications stipul ated by lumber buyers, a process known as proprietary grading. Proprietary
grading occurs when alumber buyer specifies that the lumber purchased must meet more specific criteriathan those
defined by the lumber grading rules. For example, the definition for No. 2 Clear & Better Douglas-fir lumber hasfairly
specific grade specifications (Table 2). A lumber buyer may request No. 2 Clear & Better Douglas-fir but further
specify an average of 8 growth rings per inch and only 2 irregularities on the face of the lumber. While the lumber
buyer will certainly pay ahigher pricefor this proprietary grade of lumber, thisis seldom reflected in the reported
price for the related lumber grade. In addition, the incidence of lumber defects in the remaining lumber is not
quantified, although the average quality of the remaining lumber within the grade will be lower.

All of these factors combine to obscure important quality and price information even when specific lumber grade data
isavailable, further complicating the understanding of the selling and buying practices of both producers and
consumers of clearwood. Further, other external factors influencing lumber markets also play arole ininfluencing the
price differentials and the changesin relative price over time for clearwood lumber, (e.g., the availability and relative
price of substitute products).

Theeffect of relative price trends on substitution of clearwood lumber

This study seeks to examine the substitutability between clearwood lumber and alternative products, including the
potential for using different lumber grades when relative prices favor such products and when the quality attributes
are deemed acceptable. Although these products may not necessarily be perfect substitutes, oftentimes buyers do
respond to relative price differentials.

An upward trend in absol ute clearwood lumber prices, however, does not necessarily lead directly to immediate raw
material substitution. Competitive substitution takes alonger time to occur and depends upon the perceived change
in the relative price between two products, the likely persistence of the price change, and the transitional costs
associated with the raw material substitution process. Drastic relative price disruptions caused by extreme supply
volatility, or other unexpected events, which are expected to persist over the longer term can be expected to
encourage manufacturers to look for substitutes (Irland 1994, McKillop et al. 1980). Other factors, of course, also

Table2. A comparison of lumber grading rules and proprietary grade criteria.

Douglas-fir No. 2 & Better Export R List Grade Rules Hypothetical Proprietary Grade Specifications
sound timber sound timber

well manufactured well manufactured

3irregularities permitted on face side 2irregularities permitted on face side

4 irregularities permitted on reverse side 4 irregularities permitted on reverse side
average at least 6 annual growth rings average 8 annual growth rings

knots permitted on the reverse face only knots permitted on the reverse face only

Source: WWPA Vol. 3 Factory Lumber Western Wood Species Book.
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affect decisions regarding material substitution and include labor costs, transportation costs, processing efficiencies
and/or the additional costs associated with using substitute products (Prins 1993).

Adoption (switching) costs are another factor that affect substitution and maintain price differentials. Adoption
costs can be prohibitive in many industries using clearwood lumber due to the fact that different species or other raw
materials might not have similar processing characteristics. For example, if amoulding and millwork manufacturer
utilizes ponderosa pine in the manufacturing process, it might not be able to switch to southern yellow pinefor a
variety of reasons, including differencesin the machining and kiln-drying characteristics (Anon 1994a). In this case,
specific changesin material handling and processing need to be evaluated before the new raw material can be
incorporated in the manufacturing process, changes that can be quite costly to asmall firm with few slack resources.
According to Briggset al. (1994), almost 70% of moulding and millwork plants had fewer than 20 employeesin 1987,
making the cost of retooling amillwork plant problematic.

Futurepricetrendsfor clearwood lumber

Due to recent clearwood lumber relative price trendsin the US, manufacturers who have traditionally utilized
clearwood grade raw materials from the Pacific Northwest have turned to global suppliersto supplement their raw
material supply. Competition from global suppliers may dampen relative price movements for softwood lumber in the
future, or at least moderate absol ute price movements and relative price spikesin the future due to the nature of
global trade flows. New suppliers are potentially better able to penetrate US markets given the opening of the former
Soviet Republic, the increasing production levels from radiata pine plantationsin New Zealand, Chile, and South
Africa, and the maturing of southern yellow pine plantations in the southeastern US, southern Brazil, and Argentina.
These new supplierswill help to moderate future timber supply volatility and will contribute incrementally to the
supply of clearwood products available to secondary wood manufacturers (Sohngen and Haynes 1993).

The globalization of trade, however, will also complicate the general price relations of many products as pricesin the
Pacific Northwest are simultaneously impacted by production and consumption trends occurring in other global
markets. For example, Haynes and Fight (1992) found that in most cases absol ute prices increased more for higher
grade products than for commaodity grades, except in the case of Douglas-fir C Select lumber. They attributed this
exception to the reduced explanatory and predictive ability of the hypothesized statistical relationship for C select
prices due to assumptions that must be made in determining the nature of market responses within both the export
and domestic market for this grade. Overall, the upward trend in absolute lumber pricesis expected to continue as
wood consumption grows and the global timber supply becomes more limited. However, the future trends for the
relative price differentials within the various grades of softwood lumber (including clearwood) are less certain.
Potentially, relative prices and price premiums for clearwood lumber could continue to increase relative to lower grade
softwood lumber products.

Elagticities of demand and product substitution

This study also investigates the nature of the competitive demand between clearwood lumber products and
substitute products as reflected in the economic concept of own-price elasticity of demand and the related concept of
cross-price elasticity between potential substitute products. Thislatter form of price elasticity is different from the
more common measurement of own-price elasticity for a specific product, such as clearwood lumber, and
conceptually estimates the relative response in the use of one product (e.g. clearwood) in response to a changein the
relative price of acompetitive grade of lumber aswell as non-wood substitutes.

In general, the concept of elasticity measures the impact of asmall changein the price of a product on the
consumption of that product. Thisown-priceelasticity isusually expressed as a proportional change or a
percentage. For example, if the price of lumber were to rise by 1%, and lumber consumption subsequently fell by one-
half of apercent, the elasticity of demand would be -0.5. More commonly, own-price elasticity of demandis
expressed as the absolute value with the implicit assumption that the relationship between price and quantity
consumed is negative. Thisis consistent with normal demand theory whereby the consumption of normal economic
goodsisinversely related to the price. At higher prices, less of agood will be consumed assuming all other factors
influencing demand remain constant, including the price of substitute products. Hence anincrease in aproduct’s
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priceisalso animplicit increase in that product’ s relative price in comparison to substitutes.

An own-price elasticity of demand of 0.5 representsinelastic demand. This meansthat a change in the price of
lumber would affect the volume consumed by a proportionately smaller amount. In contrast, an own-price elasticity
with avalue of greater than 1.0 would represent elastic demand since the percentage change in quantity consumed
would exceed the percentage changein price.

A different own-price elasticity may exist depending upon whether the relationship between own-price and quantity
is short-term or long-term. Short-run elasticities tend to be more inelastic due to the limited ability of buyersto
perceive the change in relative price, to consider the costs of changing inputs and actually adopt substitute materials
in the short-term, the limited number of possible substitutes, and/or other limited supply adjustments. The economic
short-term is defined as the current market period when all factors influencing markets (both supply and demand)
other than price are held constant. Thisincludes the assumption that the availability and price of substitutes remains
constant as well as the other factorsinfluencing both demand and supply relationships. Asone or more of these
short-term constraintsis relaxed, the analysis moves towards along-run perspective with changes possible between
comparative market periods. Long-run elasticities are likely to be more elastic (or at |east lessinelastic) as new
substitutes become available and other factors become dynamic.

A related, but conceptually different, measure of elasticity frequently encountered in economic analysisisthe cross-
price elasticity of substitution. Technically, the cross-price elasticity variable can relate to either substitution or to
complimentary relationships between products. In this study, cross-price elasticity refersto the potential for
substitution asindicated by a positive sign for the algebraic measure of elasticity. This measure of elasticity relates
to the change in the consumption of one commodity (clearwood) in response to a change in price of acompetitive
and/or substitute product. If the algebraic sign of the cross-price elasticity is positive, then the two products would
be considered to be substitutes for one another. For example, the consumption of lumber would be expected to
increase if the relative price of plywood increases as users substitute lumber for plywood in some applications. If the
cross-price elasticity is negative, the products are considered to be complimentary. For example, the consumption of
nails may increase as the relative price of softwood lumber decreases.

It should be noted that cross-price elasticity isintrinsically related to long-term comparative changesin markets due
to relative price fluctuations. Inthe short-run, the prices of al other commodities (substitute or complimentary) are
assumed to be constant. The estimation of cross-price elasticity relaxes this short term assumption by allowing the
price of asubstitute (or complimentary) product to change relative to the price of the specific product under
consideration. The measurement of cross-price elasticity isdirectly linked to achangein relative price. If the price of
both goods increased proportionately, the real price relationship (relative price) would remain constant and thus no
market response would normally be observed.

If two products are perfect substitutes with no perceived differencein quality or physical attributes between the two
commodities, the cross-price elasticity of substitution would be infinite, indicating that as the price of one product
rose, consumers would switch to the other product. Thissituation is applicable to non-differentiated commodities
(e.g., commodity grades of lumber or gasoline) where each supplier’s product is presumed to be the same. Therefore,
if one producer changes their price, consumers would (presumably) immediately substitute less expensive identical
goods from other suppliers.

If two products are completely different (unique and fully differentiated) the cross-price elasticity of substitution
would be zero, implying that a changein the price of one item would not affect the consumption of the other. Thus,
the smaller the absol ute val ue of the cross-price el asticity, the greater the product differentiation between two
products. Conceptually, if the price of one good increases, a greater share of income may be devoted to the purchase
of that good, reducing the remaining income available for expenditure on the second good. The reverse would be
true with aprice decrease. Available income is another demand shifter for the product being considered, but this
“income effect” is normally assumed to be insignificant where moderate to small changesin relative price and
consumption are implied relative to total consumer expenditures.

Price differentials do exist between different types and grades of softwood lumber products precisely as aresult of
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the fact that lumber products are not identical (e.g., grades, species) and are thus partially differentiated in terms of
end use demand. Intermediate and secondary producers, aswell asfinal consumers, are willing to pay different
pricesto obtain adifferent set of product attributes. The willingness to pay such premiums over timeis expressed by
the stability in both the absolute and relative premium. A change over timein the relative price indicates a changed
willingness to maintain the price differential, either due to achange in the perceived attributes (change in the product
quality) or the greater advantage (availability and/or price) of possible substitutes. Relative price changestherefore
indicate the extent to which past differentiation may be changing in the face of contemporary changes in softwood
lumber markets.

One of the major difficultiesin determining price elasticities for lumber productsisthat short-term price and quantity
changes can be due to unexpected supply and demand shifts. Such changes, when experienced, may be perceived as
only temporary, with relatively little response, or permanent, leading to a sequence of longer term dynamic
adjustments. For large relative price changes, short-term price elasticities might not necessarily be reflective of
ongoing market change where demand or supply shifters can be assumed to be dynamic (Irland Group and Joel
Popkin and Co. 1993). In such cases, measures of short-term (static) price elasticities may not be very helpful. On the
other hand, for long-term elasticities (after market dynamics are allowed), observed market changes may confuse
second-order changes for one commaodity (own-price elasticity response) with simultaneous substitution changes
occurring for other products (cross-price elasticity) aswell.

Estimates of price elagticitiesfor softwood lumber

Many studies have sought to examine both own-price and cross-price elasticities of demand for softwood timber and
lumber products. These deal with the both short- and long-run relationships between different species groups
and/or end-use markets (Hseu and Buongiorno 1993, Phelps 1993, Adamset al. 1992, McKillop et al. 1980, Waggener
et al 1978). Fewer studies have been done concerning the substitution of non-wood products for specific grades of
softwood lumber, primarily due to limited prices series for new products, incompatible volume comparisons, or the
introduction of new technologies (Moffett 1993, Prins 1993, Adamset al. 1992, McKillop et al. 1980).

Own-Price Elagticities of Demand. A review of elasticities of demand for softwood lumber products was carried out
by Phelps (1993). Thisresearch note summarized the findings of many earlier studies conducted in both the United
States and Canada regarding both supply and demand elasticities. Domestic demand for both North American and
foreign supplies were summarized. Domestic demand related to the demand expressed by users/consumers within
North America, explicitly excluding the additional or incremental demand expressed by potential buyersin other
countries. Total demand was inclusive, recognizing the combined influence of both domestic and export demand
(Table 3).

The studies cited include awide variety of product classifications, ranging from an aggregation of softwood lumber
to separate aggregations for softwood and hardwoods. End uses were identified by some researchers, most
commonly utilizing residential and non-residential components, while Mills and Manthy (1974) defined elasticities for
primary and secondary uses. Several studieswere focused on the demand for a single species of softwood lumber.
Unfortunately, in none of the reviewed studies were the product classifications sufficient to derive elasticity
estimates for clearwood |lumber grades.

The estimates summarized by Phelps most frequently utilized annual data observations, with less frequent
observations made on amonthly or quarterly basis. Most elasticity estimates were long-run, implying measured
market responses over adefined period of time which exceeded the data period. For example, along-term estimate
may rely on afive year adjustment to annual changes as revealed by the use of annual data.

As noted above, the theoretical definition of elasticity is static; that is, elasticity is defined asthe responseto a

stated price change on the quantity demanded during the fixed market period. The use of long-term elasticities
introduces an element of dynamic adjustment, whereby factors other than own-price elasticity can and will impact
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Table 3. Elasticities of total demand for North American softwood lumber (Phelps 1993).

Country/region Elasticity =~ Short/Long Authors Comments
Run
Canada -0.02 LR Sharma (1986) Residential construction
Canada -0.05 LR Gellner, Constantino, and Percy ~ Residential and non-residential
(1991) construction
us 0.03 LR Mills and Manthy (1974) Douglas-fir wholesale price
index (primary, secondary)
-0.08
us LR Mills and Manthy (1974) Southern pine wholesale price
051 index, primary price index,
044 secondary
us -0.88 LR Robinson (1974) Douglas-fir
us -0.08 LR Adams (1977) Softwood lumber
us -0.35 LR Waggener, Schreuder, and Softwood lumber
Hoganson (1978)
us LR Adams and Haynes (1980) Regional
NW -0.30
SW -034
Rocky Mountains -0.40
N Central -0.40
NE -0.39
SE -034
us -0.17 LR McKillop, Stuart, and Geissler Softwood lumber
(1980)
us -0.91 LR Rockel and Buongiorno (1982) Softwood lumber,
Douglas-fir
US Pacific NW -0.36 LR Merrifield and Haynes (1983) lumber and plywood (US and
0.06 Canada)
us -0.29 SR Spelter (1985) Point elasticity
-0.16
-013
-011
us -0.88 LR Spelter (1985) Point elasticities (period)
-0.39
us -017 LR Adams, McCarl and
Homayounfarrokh (1986)
us -0.38 LR Sharma (1986) Residential construction
us -0.27 SR Lewandrowski (1989) Southern pine
us -0.04 SR Lewandrowski (1989) Douglas-fir, western pine
-0.22
us -0.38 LR Gellner, Constantino, and Percy  Residential and non-residential
(1991) housing
us -0.60 LR Seldon and Hyde (1991) Sawmill and planing mill output
us -0.13 SR Adams, Boyd, and Angle (1992)  Residential and non-residential
-0.55 LR housing
-115 LR
us -0.67 SR Lewandrowski (1992) Southern pine
-0.15 Douglas-fir
-0.14 Western pine
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the quantity demanded. In this sense, long-term elasticity estimates a composite response to own-price elasticity
together with amixture of other factors normally assumed to be constant in the short-run.

The short-run own-price elasticities summarized in Table 3 clearly illustrate the general finding that softwood lumber
demand elasticity ishighly inelastic. The negative sign on all the measures of elasticity indicate that the changein
quantity demanded isinverse to the assumed price change. A risein price (+) will result in a decrease in quantity
demanded (-) assuming all other factors remain constant. The absolute measure of short-term own-price elasticity
ranges from 0.035 to about 0.285 with the majority in the range of 0.15 to 0.20. This simply meansthat for small to
moderate price changes, softwood lumber demand is highly inelastic, with proportionately small changesin the
quantity of lumber being demanded so long as all other factors remain constant.

The estimates for long-term demand elasticities are more variable. As noted, these estimates attempt to include both
the response to own-price changes and the subsequent market dynamics of alonger period as other factorsin the
marketplace adjust. Animportant contributing factor is the possible substitution of other products for softwood
lumber as usersreconsider their decisionsin light of changing softwood lumber prices.

The long-term elasticities for softwood lumber summarized by Phel ps range from approximately 0.02 to 1.15. The
lower of these val ues approaches the values observed for short-run elasticities noted above. In general, however,
the long-term estimates of elasticity reported by Phelps range from 0.45 to 0.60. The higher range estimates, however,
indicate considerably more market response, although the absolute values fall below 1.00, indicating inelastic
demand. Itisnot possible hereto completely interpret the many different estimates provided, the differencesin
methodology and estimation techniques, or the different data utilized. Nevertheless, it would appear that long-term
elasticities for softwood lumber increase, on average, by approximately 0.30 to 0.65 over short-term estimates. This
response in the estimates is consistent with theoretical considerations, whereby other factorsimpact the quantity of
softwood lumber demanded in the long-run, in addition to own-price elasticity.

Cross-Price Elasticitiesfor Lumber Products

By timber species. One aspect of softwood lumber substitution/elasticity research has focused on the substitution
between different timber species. Hseu and Buongiorno (1993) found small cross-price €l asticities between the
various species commonly exported from Canadato the US. Market export price effects existed for all species (large
own-price substitution) while substitution effects were found to be species specific.

Sedjo et al. (1994), in investigating the radiata pine log market, found that this market was strongly influenced by US
log prices. A 4 to 5% increase in radiata pine consumption was associated with each 1% increase in the price of US
logs. Among wood based and non-wood substitutes, adoubling in the price of structural softwood lumber was
estimated to increase brick consumption by 51%, cement consumption by 15%, and structural steel consumption by
32% (Prins 1993). Cross-price €lasticities among wood-based construction materials were estimated to be low but
highly significant. (Rockel and Buongiorno 1982).

By end-use market. An analysis of elasticities by end-use market has also been undertaken (Adamset al. 1992) The
authors studied elasticities for construction end-use markets, where they segmented the repair and remodeling sector
rather than treating the construction sector as an aggregate. Although the end-use markets were broadly defined,
they found that lumber own-price elasticities varied widely depending on the end-use market. They found significant
decreasing cross-price elasticity trends for the residential repair and remodel market since 1950. They attributed this
decline to the decreasing share of lumber to total costs and a decreasing own-price elasticity of demand for wood-
based inputs. Although other studies appear to indicate a decline in short-term el asticities over time, the studies are
not comparable. For the manufacturing sector, the end-use market is so large and heterogeneous that a meaningful
aggregate measure of specific raw material inputsis unavailable (Adamset al. 1993).

Other conceptual and analytical difficulties also exist for estimation of cross-price elasticities. Earlier studies
generally do not allow for quantifying the market responses to technology and policy changes. It isalso difficult to
differentiate changesin own-price elasticity over time from the cross-price effects which are important for estimating
cross-price elasticity (Spelter 1985). It should be noted that many studies of own-price elasticitiesincorporate timelag
variablesto allow for measurement of the diffusion of change in consumption in response to price changes. A price
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changein Period 1, for example, may be related to an observed change in consumption in Period 4, presumably after
buyers have had time to observe market changes and adjust their consumption decisions accordingly. While
attempts have been made to account for the influence of other dynamic variables, the resulting own-price elasticity
estimates obviously include some substitution effects (Waggener et al. 1978). Spelter (1985) noted that cross-price
el asticities change as the diffusion process proceeds. Adjustments do not proceed immediately, but as markets react
to dynamic changes over time (diffusion of adjustments), elasticities decline at adecreasing rate. In general, most
elasticity of substitution studies undertaken have focused on structural materials because of the greater availability
of composite price series which are available for the substitutes (McKillop et al. 1980, Mills and Manthy 1974).

CLEARWOOD SURVEY
Survey Design and M ethodology

A mail survey was devel oped and implemented to identify manufacturers perceptions of clearwood lumber, aswell as
to assess the importance of various clearwood lumber attributes on the softwood lumber purchase decision. A
national survey of clearwood users was carried out in the spring and summer of 1995. An advisory board, comprised
of members of the forest products industry, industry associations, and the USDA Forest Service was assembled to
provide guidance during the course of the project. The following sections describe the development of the survey
instrument, sample frame selection, data collection, assessment of non-response bias, and the statistical analysis of
the survey data.

Survey instrument

In order to address the problem of defining clearwood, a set of softwood lumber attributes was devel oped through a
review of the literature and exploratory interviews with managers of firmsthat utilize clearwood lumber as araw
material input in their manufacturing process. Theinitial list of attributes was refined by the researchers and
submitted to the members of the advisory board for comment. Thefinal list of clearwood attributes was incorporated
into the survey instrument where respondents were asked to rate the importance of each attribute in influencing their
purchase decision using a seven point Likert-like scale.

Participants were al so asked to identify any products that they had used as a substitute for softwood lumber. The
list of substitute products was devel oped from areview of the literature and from advisory board member input.
Respondents were next asked to rate the importance of a set of variablesin influencing their decision to use
substitute products. Aswith the previous question, importance was measured with a seven point Likert-like scale
wherearating of ‘1’ was defined as being not important and arating of ‘7’ was very important.

In order to aid in the analysis of the data, demographic information was collected from each respondent. At the
beginning of the survey, each respondent was asked to provide information on the volume of softwood lumber used
in their manufacturing process, the source of their softwood lumber, and the grade of lumber used. In the second
section they were asked to identify the species of lumber used in the manufacture of each product line. Finally, each
respondent was asked to indicate the firm's number of employees, location, and gross sales revenue.

The survey instrument was thoroughly pre-tested by industry managers, industry experts, and marketing faculty
members experienced in survey methodology. Following modification of the preliminary questionnaire, the revised
survey was administered to five industry managers to obtain their comments. To encourage participation, the
guestionnaire length was kept to minimum.

Censusof industrial consumer s of clearwood

The population of interest for the survey consisted of secondary manufacturers in those industry segments that
traditionally utilize clearwood lumber in their production process. The industry segments of interest included:
moulding, millwork, doors, windows, stairs, and flooring. The population of manufacturers was compiled from
variousindustry association directories (i.e. Wood Moulding and Millwork Producers Association, Wood Window
and Door Association, and the Southeastern Lumber Manufacturers Association) and the Directory of the Wood
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Products Industry. Thefinal sample frame consisted of 1,719 manufacturers. In order to increase the accuracy of the
survey, acensus of manufacturers was conducted.

Given the time constraint and large sample size, amail survey was determined to be the most effective and cost
efficient method for collecting data (Dillman 1978). Each participant was sent a survey questionnaire with a stamped,
self-addressed, return envelope. A cover letter described the purpose of the study and ensured participants that
their responses would be kept strictly confidential. In addition, each participant was offered a copy of the research
findings as an incentive to participate in the survey. Follow-up post cards were mailed to each participant at two and
four week intervalsto increase the likelihood of their participation in the project. Copies of the survey instrument,
cover letter and follow-up postcards are presented in Appendix A.

Of the 1,719 questionnaires mailed, atotal of 319 responses were obtained, of which approximately half (142) were
deemed to be unusabl e because they were either incomplete or the respondent indicated that they did not utilize
clearwood lumber in their manufacturing process. Based on the remaining 177 usable responses, the effective
response rate for the survey was calculated to be 11.6% using the following formul a:

R = U
(M- ND - NCU)
where:
R = responserate
U = number of usable responses
M = total number of questionnaires mailed

ND = number of undeliverable questionnaires
NCU = number of firms not using clearwood

Non-response bias

Non-response biasis asignificant concern in the interpretation of survey data because of the possibility that survey
respondents may differ in some way from non-respondents (Fowler 1984, Armstrong and Overton 1977). If non-
response bias exists, then the information obtained from the survey may not be representative of the population. In
order to test for non-response bias, the Armstrong-Overton method for analyzing time responses across early and
late respondents was employed. The Armstrong-Overton method uses late respondents as a proxy for non-
respondents on the assumption that late respondents are more like non-respondents than are early respondents.
Early and late respondents were tested across a number of survey questions and no significant differences were
detected, an indication that non-response bias was not afactor in the analysis of the survey responses.
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Results and Discussion
Demographic Description of Survey Respondents

This section summarizes the demographic data obtained from the questionnaire. Respondents were asked several
guestions concerning their manufacturing operation, including the total volume of softwood lumber purchased, their
total salesrevenue, the geographic location of their manufacturing facility, the number of workers employed, and
their primary manufacturing activity. Other descriptive information relates to the source of timber purchases, grade of
timber used, and the distribution of species used in their different product lines

Thefirst question of the survey asked the respondent to estimate the total volume of softwood lumber used annually
in their manufacturing operations (Table 4). Theresults of this question indicated that the total volume of softwood
lumber utilized by responding firms was approximately 889 million board feet (mmbf). While the average annual
volume of softwood lumber used totaled 5.8 million board feet per firm, the median annual volume of softwood lumber
used was 700,000 board feet. The average volume used was skewed by a number of large firmsthat used well over 10
million board feet of lumber annually. In contrast, almost 60% of the respondentsindicated that their manufacturing
operation used less than 1 million board feet, while about one-third of the responding firms used less than 100,000
board feet of softwood lumber. Thisinformation provides a strong indication that the typical firm using clearwood
lumber as araw materia input was a small- to medium-sized firm.

Respondents were also asked to report their annual sales revenue (Figure 3). The analysis of the survey data
indicated that the average sales revenue for the responding firms was almost $9.1 million, although the median sales
revenue was determined to be a more modest $2.8 million. The average revenue figure was skewed by the responses
of afew largefirms. Almost half of the respondents reported that their annual sales revenue was less than $2.5
million, while approximately one-third reported having annual sales revenue of lessthan $1 million. The annual sales
revenue data provides further support that survey respondents tended to be small- to medium-sized firms.

The survey also asked respondentsto describe their position within the firm. Thirty-six percent of the respondents
indicated that they were the president/CEO of the firm, 14% were the owner of the firm, and another 14% were the
purchasing manager. The remaining respondents held avariety of other positions within their firms, including vice
president (10%), general manager (9%), manufacturing manager (7%), and salesymarketing manager (4%). Given the
national structure of the sample frame, the survey data was analyzed to determine the geographical distribution of the
respondents. Theresults of the analysisindicated that the largest segment of the firms was located in the
northeastern US (33%), followed by the northwest (26%), the southwest (25%), and the southeast (16%).

Table4. Percentage of solid softwood lumber purchased by respondents' firms annually.

Volume (mbf) Number of respondents® Per cent of firmsresponding
10,000 or less 28 18
10,000 <= 100,000 25 16
100,000<= 1,000,000 35 22
1,000,000 <= 10,000,000 42 27
Over 10,000,000 23 15
®h=163.
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Figure3.  Distribution of firmsby annual salesrevenuesin 1994.

One of the objectives of the survey was to determine where manufacturers were sourcing the raw material usedin
their operations. This question was of particular interest because of recent speculation that US firms have begun to
source their raw materials from offshore suppliersin response to both supply restrictions and the price instability of
domestic lumber. When asked where they purchased their softwood lumber, the overwhelming majority of
respondents indicated North America, including the US, Canada, and Mexico (Table 5). While New Zealand provided
the largest volume of imported softwood timber (2.6% of the total lumber purchased by respondents), less than 5% of
the total volume of softwood lumber purchased by respondents was obtained from offshore suppliers.

Prafile of Industry Segments

One objective of the study was to identify industry segments that use clearwood lumber and to evaluate how their
use of this product was changing. Respondents were asked to estimate the annual volume of lumber dedicated to the
manufacture of specific product lines. Thisinformation was used to segment firms by their primary manufacturing
activity since many firms are involved in the manufacture of more than one product line. Analysis of the survey data
indicated that moulding manufacturers comprised the single largest industry segment, with 33% of respondents
indicating that they were involved in the manufacture of moulding products (Figure 4). Other

Tables. Source of timber used by manufacturers, by country of origin.
Source Country Per cent Cumulative Per cent
North America 955 955
New Zealand 26 9.1
Chile 0.9 9.0
Brazil 0.6 9.6
Other countries 04 100.0
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industry segmentsincluded in the survey were millwork manufacturers (14% of respondents), door manufacturers
(10%), window manufacturers (8%), pallet and packaging manufacturers (7%), structural products manufacturers
(6%), and manufacturers of miscellaneous products (22%). Producers of products such astoys, craft items, musical
instruments, stair parts, furniture components, and cabinets were grouped together in the miscellaneous products
category to ensure the confidentiality of their responses because of the small number of responding firms engaged in
the manufacture of each of these products.

Firm size. The number of employees reported per firm ranged from 1 to 3,000 (Table 6). The average number of
employees was 94, with 23% of the respondents employing 10 people or less, and atotal of 65% of the firms
employing 50 or less. The median number of employeeswas 30. The survey dataindicates that moulding
manufacturers, on average, tended to be small firms, purchased the smallest volume of softwood lumber, and had the
lowest sales revenue, while window manufacturers, on average, had the highest number of employees, purchased the
largest volume of softwood and had the third highest sales revenue.

Timber speciesused. One of the objectives of the study wasto identify the timber species being used by secondary
wood processors. In addition, the information from the survey was used to evaluate what timber specieswere used
within specific industry segments and determine if there was arelationship between industry segment and the timber
species being used asaraw material input. In order to assess the relationship between industry segment and timber
species, respondents were asked to indicate what timber species they were using as araw material input for each of
their product lines.

Pallet
%

Structural
6%

Moulding
33%

Other products
22%

Millwork

10% 14%
Window

8%

Figure4.  Industry segmentation of the firmsresponding to survey.
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Table6. Summary of the demographic characteristics of survey respondents, by industry segment.

Industry segment Number of firms Average number of Average volume of Average annual
employees lumber used, (mbf) sales, ($000)
Moulding 48-51 53 2,453 6,318
Millwork 19-22 131 8,730 17,326
Windows 9-12 415 9,815 15,188
Doors 12-15 106 7,023 16,320
Pallets 10-11 56 2,886 9,195
Structural materials 910 61 7,187 7,602
Other products 29-34 56 5,401 5,609

Theresults of the data analysisindicated that ponderosa pine was the most preval ent species being used by the
respondent firms, comprising 28% of softwood lumber inputs (Figure 5). Other important timber species being used
included hem-fir (19%), southern yellow pine (15%), Douglas-fir (9%), and white pine (9%). Otherdomestic softwood
species ( e.g., western red cedar, redwood, lodgepol e pine, and a spruce-pine-fir lumber mix) represented 14% of the
raw material being used. Radiata pine was the only imported softwood species used in significant volumes,
representing 7% of the raw material input reported by survey respondents.

There was a definite relationship between timber species and industry segment (Table 7). Over half of theraw
material utilized by the moulding and millwork industries and almost three-quarters of the raw material input for the
window industry was ponderosapine. Similarly, amost two-thirds of the raw material input for door manufacturers
consisted of hem-fir (33%) and Douglas-fir (31%).

Radiata Pine
7%

Other domestic
softwoods

Ponderosa Pine
27%

14%
White Pine
Y%
Southern Pine
Hem-fir 15%
19% DouglasHir

9%

Figure5.  Summary of the timber species being used by respondentsin 1994.
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Table7. Analysis of timber species used by responding firms, by industry segment.

Timber Species M oulding Millwork Windows Doors Other
Domestic species

Ponderosa pine 53% 51% 74% 15% 8%
Southern pine 10% 3% 1% 12% 17%
Douglas-fir 2% 1% 1% 31% 12%
Hem-fir 11% 25% 2% 33% 21%
White pine o 1% 8% 6% 23%
Other domestic 6% 1% 2% 1% 19%
Imported species

Radiata 8% 14% 5% 0% 0%
Other imported 1% 0% 0% 0% 0%

Hem-fir was an important raw material input for al of the industry segments with the exception of windows, where it
represented just 2% of the raw material. White pine was used to some extent in each of the main industry segments,
with the exception of the millwork industry, although its use never exceeded 10% of the raw material input. Southern
yellow pine was primarily used in the door and moulding industries, although it represented a small percentage of the
raw material used by millwork and window manufacturers. Given the focus of the project on clearwood lumber, the
pallet and structural products were integrated into the “other” category for this analysis and there does not appear to
be a strong orientation towards a single species by these firms.

Radiata pine represented a substantial component of the raw material mix for manufacturersin the moulding and
millwork industries (Table 7). Millwork manufacturersrelied on radiata pine to supply 14% of their raw materials and
it represented 8% of the raw material input for moulding manufacturers. Of the total volume of radiata pine lumber
imported in 1994, 87% was used by the moulding and millwork industry, which used approximately 2.5 million board
feet of radiata pine lumber.

Timber gradesused. Respondents were also asked to identify the grades of timber that they used in their
manufacturing operations, based on a series of broad grade categories. Respondents indicated that the raw material
mix used in their manufacturing operations was derived from eight softwood lumber grades (Table 8). While more
firms (69) used C & Better lumber than any other grade of softwood lumber, shop grade lumber was by far the most
widely used grade of softwood lumber, representing 45.5% of the total volume of lumber used. Although eight
grades of softwood lumber were utilized by respondents, just three grades represented nearly three-quarters of the
total softwood lumber used: Shop, Common, and Standard & Better.

Figure 6 provides a summary of the grades of softwood lumber segmented by the primary industry groups that
traditionally utilize clearwood lumber. The most commonly used softwood lumber grades across all of the industry
segments were Shop and Common. The primary softwood lumber grades used by moulding manufacturers were
Moulding (both stain and paint grade), while millwork manufacturers favored Shop grade lumber. Both window and
door manufacturers reported using a similar mix of softwood lumber grades, athough window manufacturers used
more Common grade lumber while door manufacturers used more C& Better grade lumber. Finally, manufacturers of
structural products used more Common, Standard & Better, and Shop grades of lumber than anything el se.

Interestingly, the moulding, millwork, door, and window manufacturers reported using more Shop lumber than any
other grade of softwood lumber. Traditionally, the greatest volume of high grade lumber (M oulding and C& Better)
has been utilized within the moulding, millwork, and door industries. Thisisstill the case, although the proportion of
high grade lumber in their raw material mix appears to be declining. This changein raw material mix can be attributed
in part to reduced availability and high price of high grade softwood lumber. In addition, changesin products and
product lines have also impacted the type of raw material used in the manufacturing process.
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Table8. Summary of lumber grades used by responding firms.

Lumber Grade Number of FirmsUsing Lumber Volume (mmbf) Per cent of Total
Moulding: stain 46 39.3 44
Moulding: paint 26 380 43
C & Better 69 580 6.5
D 36 24 25
Common 46 138.9 15.6
Standard & Better 40 1054 119
Cutstock 30 734 83
Shop 52 404.8 455
Other 4 8.6 10

Clearwood Lumber Attributes

Another objective of the study was to determine the relative importance of different softwood lumber attributes.
Respondents were asked to rate the importance of sixteen different softwood lumber attributes with respect to their
manufacturing operation. The importance of each softwood lumber attribute was rated using a seven point Likert-like
scalewhere ascore of “1” indicated that the attribute was not important, while a score of “7” indicated that the
attribute was considered to be very important.

The mean importance rating for each lumber attribute is presented in Figure 7. The importance data was analyzed
using avariety of statistical techniques. First, the statistical test known as Hotelling’s T was used to determine if
the attribute means were significantly different from the intermediate rating of 4. If they were not found to be
statistically different from four, the attribute had less impact on the respondents lumber purchase decision. On the
basis of the statistical analysis, it was found that twelve of the attributes had importance ratings that were
significantly higher than four and were consequently perceived by respondents to be important.

Reliability of supply, price, and price stability were identified as the three most important attributes, with mean
importance ratings of 6.17, 5.99, and 5.89 (Table 9). In contrast, those factors associated with old-growth clearwood
lumber (e.g., absence of knots, straight grain, uniform color, narrow growth rings, and vertical grain) were rated much
lessimportant than the other attributes, generally receiving mean importance ratings below five. Lumber attributes
associated with the technical properties of lumber received intermediate importance ratings when compared to the
economic and old-growth type attributes.

Unfortunately, the sample sizes of some of the industry segments were too small to perform a statistical analysis of
the importance ratings across industry segments. Rather, acomparison of the average importance rating was
performed across industry segments (Table 9). While there was some variation in mean importance ratings for the
different lumber attributes across the industry segments, they were not significantly different from the overall mean
importance ratings presented in Figure 7. However, lumber attributes typically associated with clearwood lumber
grades were again rated lower than many of the other attributes on an industry segment basis.
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Table9. Mean importance rating for softwood lumber attributes by industry segment.

Industry Segment
Softwood Lumber Attribute All Moulding  Millwork Window Door Structural
Reliability of supply 6.17 6.25 590 6.55 6.40 6.60
Price 5.99 6.08 5.60 6.09 6.20 550
Moisture content 5.89 6.32 5.95 6.45 6.47 570
Price stability 581 590 5.48 6.09 573 590
Machinability 5.78 6.25 5.62 6.09 6.07 5.40
Appearance 564 567 571 6.00 6.13 6.00
Dimensional stability 5.63 559 581 6.09 6.27 550
Absence of knots 5.06 542 5.76 5.27 5.67 4,60
Treatability with paint or stain 4.69 518 4,62 582 5.27 380
Durability 4.63 435 510 5.09 543 5.00
Availability in longer lengths 4.60 512 452 470 460 470
Straight grain orientation 444 4.80 471 527 514 430
Uniform color 434 452 457 536 467 380
Narrow growth rings 416 437 424 510 513 390
Mechanical strength 404 3.77 400 427 440 440
Vertica grain 3.77 353 419 4.82 440 3.20

Factor analysis of softwood lumber attributes. Another objective of this study was to identify a subset of softwood
lumber attributes that could be used to represent the concept of clearwood lumber. Thiswas done using a
multivariate statistical technique known as principal component factor analysis. The basic premise of afactor
analysisisthat asubset of underlying, often undetected, and uncorrelated factors can be used to simplify and
explain the complex relationships within alarger set of correlated attributes (Hair et al. 1995). These factors are based
onthe original attributes and can be represented by alinear combination of those attributes. In order for the factor
analysisto be useful, each factor solution should be composed of asmall subset of the original attributes. For
example, the factor analysis of the clearwood lumber attributes generated a four factor solution, where factors | and 11
each contained five softwood lumber attributes, while factors 11l and 1V each included three softwood lumber
attributes (Table 10).

Quite often in afactor analysis each attribute will score moderately high on morethan asingle factor. To simplify the
interpretability of the results, a varimax rotation procedure is used to transform theinitial factor matrix orthogonally
into one where each attribute scores high on a single factor and low on the other factors.

The factor analysis reduced the original 16 softwood lumber attributesto four factors that explained 65% of the total
variancein the data. Factor | accounted for 35.5% of thetotal variance, Factor |1 14.2%, Factor 111 9.8%, and Factor IV
7.0% of the total explained variance (Table 10). Bartlett’stest of sphericity, the Kaiser-Meyer-Olkin measure of
sampling adequacy, and the anti-image correlation matrix were all used to eval uate the appropriateness of using a
principal components factor analysis on this set of data. The results of each of these tests indicated that afactor
analysis was appropriate.

Those softwood lumber attributes that receive high loading scores for a particular factor are grouped together (Table
10). By examining those attributes that score high on each particular factor, we can facilitate the interpretation and
labeling of the factors. For example, Factor | contained the following softwood lumber attributes: narrow growth
rings, vertical grain, straight grain, absence of knots, and uniform color. Based on the fact that each of the softwood
lumber attributes contained in the first factor related to the quality of softwood lumber, the first factor was given the
label “timber quality”. Following asimilar procedure, Factor |1 was labeled “manufacturing properties,” Factor |11
“mechanical properties’ and Factor |V “economic characteristics.”



Table10.  Summary of the factor analysis solution and the factor loading scores.

Rotated Discriminant Function L oading Scor es

Factor I: Factor 11: Factor I11: Factor 1V:
manufacturing mechanical economic
Softwood L umber Attributes timber quality properties properties characteristics
Narrow growth rings .853 153 .086 .090
Vertical grain .814 -.010 264 .066
Straight grain orientation .755 34 264 .066
Absence of knots .665 377 156 -.083
Uniform color .556 S541 -.187 .081
Uniform moisture content 140 759 133 109
Treatability with paint or stain 376 .671 .066 118
Machinability 124 .657 453 231
Availability in longer lengths 469 .544 .060 -129
Appearance 395 .525 -130 117
Mechanical strength 083 -.055 .825 114
Durability 195 .095 795 028
Dimensional stability 004 506 .622 .083
Price stability 079 147 148 .873
Price -.053 -.005 -027 .865
Reliability of supply 048 481 .280 572

It isimportant to note that that the factors are not listed in any particular order with respect to their perceived
importance by the survey respondents. Rather, they are simply listed in a declining order based on their ability to
account for the variance within the survey data. For example, while the factor analysislisted timber quality asthe
first factor, the lumber attributes contained in this factor generally received the lowest mean importance ratings by
the survey respondents.

Theresults of the factor analysisindicate that the original sixteen softwood lumber attributes can be reduced to four
factors which capture 65% of the variance contained in the original data. This suggests that rather than using sixteen
attributes to describe softwood lumber, we can describe softwood |lumber based only on its quality characteristics,
manufacturing properties, mechanical properties, and economic characteristics. It isinteresting to notethat all of the
softwood lumber attributes associated with old-growth clearwood lumber were grouped together under the “timber
quality” factor. Thiswould suggest that these five lumber attributes might form the basis for defining clearwood
lumber.

Per ceptual map of industry segments. The preferences of survey respondents for particular lumber attributes can be
further analyzed by using a perceptual map to locate each industry segment within atwo dimensional space. The
axes of the perceptual map are defined by the factors generated from the factor analysis, where the scal e of the axis
indicates the distance of the industry segment (in standard deviations) from the mean score for each factor. For
example, the closer that an industry segment islocated to the center of the plot, the closer its members were to the
average score for that particular factor. Industry segmentsthat rated afactor as being important will be located in a
positive direction from the center of the map, while those segments that rated a factor as being lessimportant will be
located in a negative direction.

A perceptual map displaying the relationship between the different industry segments along Factors| and Il is

presented in Figure 8. The vertical axis representstimber quality, while the horizontal axis represents manufacturing
properties. Industry segments that rated the attributes in both factors as being important will be
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Figure8. A perceptual map of industry segments along timber quality and manufacturing properties.

located in the upper right quadrant of the map, while an industry segment that rated both factors as being less
important will be located in the lower left quadrant of the map.

The results of the perceptual map indicate that both door and window manufacturers attach similar importance rating
to the two factors when purchasing softwood lumber for their manufacturing operations. They are also the only
industry segments that rated both factors as being important factorsin their raw material purchase decision, as
indicated by their location in the upper right-hand quadrant of the map. Finally, manufacturersin these industry
segments attached a higher importance rating to the quality and manufacturing properties of softwood lumber than
did any other group of manufacturers. In contrast, the perceptual map indicates that pallet and structural products
manufacturers rated both factors as being lessimportant considerationsin their raw material purchase decision,
although pallet manufacturers considered both sets of factors to be considerably lessimportant than did the
manufacturers of structural products.

Substitutesfor Softwood L umber

Another objective of this study wasto identify industry segments that are currently using raw material substitutes
for clearwood lumber and identify their reasons for using substitutes. An analysis of the survey dataindicated that
98 respondent firms used substitutes for softwood lumber, while 79 firms did not.

The analysis of the survey dataindicated that firms using araw material substitute for softwood lumber on average
purchased |ess softwood lumber, had higher sales revenue, and employed more workers than did firmsthat did not
use substitutes (Table 11). Theseresultsindicate that larger firms tend to be the ones that are using substitute
productsin place of softwood lumber. Thisresult suggests that larger firms may have more slack resources available
to invest in new processing technol ogies that more efficiently utilize softwood lumber substitutes. In contrast,
smaller firms may not have the financial or technical resources available that would allow them to capitalize on new
materials or processing technologies. It may also be the case that larger firms are better able to
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Tablell.  Comparison of firmswho have and have not used substitutes for softwood lumber.

Average volume of softwood Averagesales Average number
lumber purchased (bf) revenuein 1994 of employees
Have used substitutes 5,469,445 $10,754,875 122
Have not used substitutes 6,147,866 $7,367,600 61

accept the greater level of risk associated with adopting a new manufacturing technology or raw material input.
Finally, larger firms generally have greater access to market information and, as aresult, may be better able to identify
and eval uate substitute productsin their manufacturing process in response to dynamic market changes or
discontinuous market conditions.

Survey respondents were asked to indicate the percentage of raw material substitutes they used in their
manufacturing process as direct substitutes for softwood lumber during 1989 and 1994. The survey dataindicates
that in 1989, 58% of the respondents used substitute products to replace 31% of the softwood lumber inputs for their
production processes. However, the amount of substitution was skewed by afew large manufacturers and the
median value of softwood lumber substitution (5%) islikely more accurate. However, by 1994, 85% of the survey
respondents reported that they were using substitute products to replace 36% of their softwood lumber
requirements. The median value of softwood lumber substitution increased substantially to 24%. Theincreasein the
volume of raw material substitutes used from 1989 to 1994 was significant at the .05 level.

Fifty-five percent of survey respondentsindicated that they used at |east one raw material substitute for softwood
lumber in 1994. Of those using substitute products, 60% reported using hardwood lumber, 43% indicated using
finger-jointed lumber, 39% used MDF, and 37% used plywood (Figure 9). The percentage of respondents who
reported using non-wood based materials, such as metal and plastic/vinyl, was quite low. Thismay be anindication
that these substitutes are more difficult to incorporate into existing manufacturing processes.

Use of wood-based substitutes, by industry segment. This study sought to determine the frequency of substitution
on an aggregate basis as well aswithin specific industry segments (Table 12). Approximately 60% of the moulding
manufacturersindicated that they were using araw material substitute for softwood lumber. Of those responding,
65% used hardwood lumber in place of softwood lumber, 45% used MDF, and 45% used finger-jointed lumber.
Approximately 77% of millwork respondents reported using raw material substitutes, with 80% using hardwood
lumber, 47% using MDF, and 40% using finger-jointed lumber. Plywood was used by 40% of these respondents,
while edge-glued lumber, veneer wrapped lumber and particleboard were each used by approximately 27% of the
respondents.
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Figure9.  Percentage of respondents who have used raw material substitutes for clearwood lumber.

Over 80% of the window manufacturers responding to the survey indicated that they are using substitute products
for softwood lumber. Fifty percent of the window manufacturers reported using edge-glued lumber while one-third
reported using hardwood lumber, veneer wrapped lumber, LVL and Timberstrand lumber. While 83% of window
manufacturers are using substitutes, only 62% of door manufacturers reported using substitute products.
Approximately 85% of the door manufacturers responding to the survey reported using finger-jointed lumber in their
manufacturing process. Sixty-two percent of the respondents use MDF, while hardwood lumber, particleboard, OSB
and edge-glued lumber were each used 31% of thetime. In contrast to window manufacturers, door manufacturers
more often reported using panel products as substitutes for softwood lumber.

Table12.  Frequency (percent) of wood-based raw material substitution, by primary industry segment

Substitute Product Moulding Millwork  Windows Doors Pallets  Structural Other
Hardwood lumber 65 80 33 31 80 25 61
Plywood 25 40 17 15 60 50 61
Particleboard 30 27 0 31 40 50 1
OB 0 0 0 31 20 50 6
MDF 45 a7 0 62 20 50 28
HDF 5 7 0 8 0 0 0
Finger-jointed lumber 45 40 0 85 0 50 2
Wrapped lumber 0 27 33 15 0 0 6
Edge-glued lumber 20 27 50 31 20 0 39
LVL 5 20 3 23 0 25 11
Timberstrand 5 7 33 23 0 0 6
Respondents using 60 77 83 62 67 100 50

substitutes




Of the 67% of pallet manufacturers who reported using substitute material's, 80% indicated that they use hardwood
lumber, while 60% use plywood and 40% use particleboard. Surprisingly, all of the structural manufacturers reported
using at least one raw material substitute for softwood lumber, with most of the substitution occurring in the use of
panel products. Fifty percent of the respondents producing structural products reported using plywood,
particleboard, OSB or MDF as araw material substitute. In addition, almost half indicated that they were using
finger-jointed lumber to replace solid lumber in their products.

Use of non-wood substitutes, by industry segment. The non wood-based substitutesincluded in the survey
consisted of plastic/vinyl materials and metal. The number of respondents using non wood-based substitutes was
found to be relatively small (Table 13). Lessthan 10% of moulding, millwork, and door manufacturers reported using
non wood-based materials. Similarly, 17% of window manufacturers and 20% of pallet manufacturers are using metal
products as a substitute for softwood lumber. Twenty five percent of structural manufacturers used plastic/vinyl
products as well as another 25% who reported using other non wood-based substitutes.

Factor analysis of substitute product attributes. Another objective of this study was to determine what factors
influenced manufacturersto use alternative materials as substitutes for softwood lumber. Respondents were asked
to rate the importance of 12 factorsin influencing their decision to use alternative material s as substitutes for
softwood lumber in their manufacturing process. Responses were reported using a Likert-like scale with a score of 1
being for those attributes that were not considered to be not important and a score of 7 being used for those
attributes that were considered to be very important in influencing the substitution decision. The mean importance
ratings for each attribute, with the exception of reduced environmental impact, exceeded a score of 4, indicating that
most of the attributes were considered by respondentsto be at least somewhat important in influencing their decision
to utilize substitute products (Figure 10).

A principal component factor analysis was used to determine how important different attributes were perceived to be
in influencing a manufacturer’ s decision to utilize substitute products for softwood lumber. The results of the factor
analysisindicated that the twelve original variables could be reduced to two factors. These two factorswere ableto
explain 61% of thetotal variancein the original data. After analyzing the variables that were included in each factor,
the factors were labeled technical characteristics (Factor |) and price and supply (Factor 1) (Table 14).

Per ceptual map of industry segments. The results of the factor analysisindicate that clearwood manufacturers are
likely to be influenced by the technical characteristics of the substitute product as well as by price and supply
characteristics. When plotted on a perceptual map, which specifiesindustry segment positioning between the
factors, one can seeindustry-specific characteristics that influence the decision to use substitutes for solid softwood
lumber (Figure 11).

The groupings of different industry segments reveal the relevance of the attribute dimensionsin addressing technical
performance/consistent product specifications and price and availability. From this matrix, the window and door
manufacturers appear to cluster in the positive areas of both dimensions, indicating similar factors influence their
decision to utilize a substitute material for softwood lumber.

Table13.  Frequency (percent) of non-wood based raw material substitution, by primary industry segment.

Raw material

substitutes M oulding Millwork Windows Doors Pallets Structural Other
Plastic/vinyl 5 7 0 8 0 25 6
Metal 5 7 17 0 20 0 0
Other 5 7 0 0 0 25 11




Since the number of respondentsin each group was too small to perform a principal component analysis for each
manufacturing type, a comparison of the mean importance rankings for each attribute was performed by industry
segment. The resultsindicate that the top three attributes were identical for each of the industry segments analyzed.
The three most important attributesin influencing the respondents’ decision to utilize a substitute material were: the
price of the substitute product, availability, and reliability of supply (Table 15). In addition, window, door, and
structural manufacturers reported that the price stability of substitute products has an important impact on their
decision to utilize that product. The attribute “reduced environmental impact” was found to have the least influence
on manufacturers’ decision to use a substitute product.

Price of substitutes

Availability

Reliability of supply

Price stability of substitutes
Consistent product specifications
Machinability of substitutes
Superior technical performance
Appearance of substitute

Easeof use

Match products offered by competitors
Availability of longer lengths

Reduced environmental impact

Not Important Very Important

Figure10. Averageimportance ratings of attributesthat influence substitution.



Tablel4.  Rotated discriminant factor loadings (correl ations) between substitution attributes and factor

dimensions.
Rotated Discriminant Function Loading
Factor | Factor 11
Substitution attributes Technical characteristics Price and supply
Ease of use 871 153
Superior technical performance 776 217
Consistent product specifications .750 343
Machinability .626 A75
Appearance .622 241
Availability in longer lengths .618 172
Reduced environmental impact .585 120
To match products offered by competitors .559 375
Price -035 .872
Price stability 199 .871
Reliability of supply 513 776
Availability 426 .587
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Figurel1ll. Perceptual map of attributesthat influence substitution, by industry segment.
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Table15.  Averageimportance ratings for attributes that influence substitution, by industry segment.

Industry Segment
Product Attribute All Moulding  Millwork  Windows Door Structural
Price of substitutes 6.07 5.75 511 6.40 6.88 6.25
Availability 5.93 6.13 511 6.40 6.62 6.25
Reliability of supply 5.83 5.63 4389 6.40 6.50 6.25
Price stability of substitutes 5.78 5.38 444 6.40 6.50 6.25
Consistent product specifications 5.66 550 478 6.20 6.25 5.00
Machinability of substitutes 552 5.63 544 6.40 6.38 425
Superior technical performance 525 4.63 478 5.60 6.25 5.75
Appearance of substitute 522 4.62 4.88 5.80 6.25 5.75
Ease of use 517 4.75 522 5.60 6.13 450
Match competitors offerings 4.65 513 3.56 4.80 557 450
Availability of longer lengths 4.23 4.75 444 6.40 450 4.00
Reduced environmental impact 3.88 2.75 422 4.80 5.50 4.00




PRICES FOR SOFTWOOD LUMBER AND PRICE TRENDS

The consideration of the price trends for softwood lumber products reflects a number of important questions. First,
and most directly related to the current study, the role of pricesin softwood lumber markets and the potential for
substitution of non-clearwood products or lower grade materials with acceptable clearwood attributesis of concern
asthe supply of traditional clearwood material diminishes over time. Can markets be anticipated to move inexorably
towardsincreasing absolute and relative prices? Asrevealed by the survey of secondary manufacturers utilizing of
clearwood lumber products, manufacturers are indeed concerned by increasing prices and have begun to respond to
higher prices through the substitution of alternative products that provide an acceptable mix of attributes previously
obtained from clearwood lumber. Other products are seen as being capable of meeting the requirements of these
producers and price is one of the key determinants influencing the decision to substitute. Together with price, the
predictability of stable and adequate supplies for both clearwood and substitute products determines how markets
will respond. Short-term price spikes due to supply restrictions and the longer-term decline in timber quality have
raised questions as to how dependable clearwood supplies will bein the future. Further, while higher prices are
favorable for timber growers, they potentially encourage greater substitution. While substantial price differentials
have persisted in recent years, can these be expected to continue, or are they only reflective of adisruptive market
period?

Answers to these and related questions are dependent on reliable information regarding disaggregated prices for
specific products. Questions of substitution and the willingness of the lumber market to maintain recent price
differentials rest on the relationship of relative prices; that is, how isone product priced relative to other similar and
imperfect substitutes, and how is this relationship changing over time? On the other hand, investmentsin growing
timber rest on expected real economic return. Thisimpliesthat the real price differential is of central importanceto
forest managers.

Different ways of expressing market dynamicsin terms of price require different measurements. This study is primarily
based on the dynamics of the softwood lumber market and the differentiated niche markets for clearwood grade
lumber relative to potential substitutes. Indicators of relative price behavior are thus reported primarily. However,
the price information also provides valuable insight into recent and expected real returns versus changesin wood
quality and is thus discussed following the analysis of relative price trends and behavior.

Congtruction of Softwood Lumber Price Database

A time series of lumber price datawas constructed in order to identify both absolute and relative price differentials
between various clearwood lumber products and to facilitate a preliminary evaluation of substitution between
different competitive materials. A list of product attributes was formulated a priori to identify a meaningful definition
of clearwood by market segments. While these product attributes can be expected to influence the market price of
clearwood lumber, it was al so necessary to determine product specifications and grades as proxy measures. Market
price information is usually available only for specific product and grade combinations. Thus differences between
these product and grade combinations constituted the basis for distinguishing between related attributes embodied
asdifferencesin grouped product definitions and grading standards.

Crow’ s Weekly Report of Lumber and Panel Products Market Report was chosen as the data source givenit's
relatively complete time series of price datafor avariety of products. In addition, products were specified by species,
region, product size and grade category. Price datafor the period January 1989 through October 1995 was obtained
on a bi-weekly basisto reflect the volatility of the price trends and incorporate the adoption of new species and
products.
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Productsincluded in priceanalysis

The productsincluded in this analysis were chosen to represent awide variety of grades and speciesin traditional
product areas (Table 16). Ponderosa pine was selected because it is the traditional species used to manufacture
moulding and millwork products. Southern pine and radiata pine, however, are now emerging as aviable, low-cost
alternative to western pines in the moulding and millwork market. Although technical challenges still exist regarding
drying and stability, many firmsin the Pacific Northwest are using these species to produce moulding products
(Anon. 1994b).

The objectives of the price series analysis were to:

? identify price differentials between clearwood, clearwood substitutes, and lower product grades,

?  establish cross-price elasticities for clearwood products relative to raw material substitutes,

? identify trendsin absolute price differentialsin real (constant) dollar terms as a measure of market differentiation
and potential return on investment in timber quality management.

Measuring Price Trends and Differences

An important objective of this project was to estimate the degree to which clearwood products are effectively
differentiated from other productsin the marketplace through a price premium and the role that price playsin
influencing the choice of lumber grade and species relative to potential substitutes. In almost all cases, price was a
strongly relevant variable in user decision-making regarding the use of raw material and the purchase of specific
grades or products. Further, prices were shown to be critical to the consideration of possible substitute products,
including non-wood alternatives, where clearwood grades have been traditionally chosen.

Prices are afunction of dynamic market forces. The focus of this section isto review the behavior of the nominal
prices for clearwood products and the structure of prices asameasure of product differentiation in the softwood
lumber market. The subsequent discussion of price trends addresses both the relative price trends for different
products within a specific species and between species for a specific product. Nominal (spot) price trends provide an
initial impression of the apparent price differentials between individual product grade and species over timein order
toillustrate the relationship between species, wood quality attributes, and price as reflected in the open lumber
market.

Relative price movements demonstrate the tradeoffs between species or products within the overall structure of the
softwood lumber market. Changing patterns of relative prices indicate the overall shiftsin product differentiation and
the degree to which one lumber grade enjoys a premium over other softwood lumber products. Relative pricesare
expressed as premiums relative to the price of a standard lumber indicator or baseline product as an index
(percentage) by which one specific item price varies from the overall market baseline. Relative price spreads are also
presented comparing a specific clearwood grade to similar grades of other species and for other grades within the
same species.

Table16.  List of products chosen for the price trend analysis, by species and grade.

Ponderosa pine Douglas-fir Southern pine Hem-fir SPF
Moulding & Better 5/4 Moulding & Better 5/4 Moulding & Better 5/4
Selects 1x6 Selects 1x6
Shop 5/4 Shop 5/4 Shop 5/4
Commons 1x6 Standard & Better 1x6 Commons 1x6
Utility 2x4 Utility 2x4 Utility 2x4 Utility 2x4
Framing RL 2x4 Framing RL 2x4 Framing RL 2x4 Framing RL 2x4




Finally, the trendsin real absolute (constant) prices and price premiums are discussed. Thesereal differencesare
primarily of interest for considerations of possible investments in changing the product quality mix such as through
investment in intensive management to yield greater proportions of clearwood. To the extent that this premium can
be expected to remain constant over time (or potentially increase) for the higher-valued components of lumber
production, such gross returns can be made available to balance the higher costs of intensive management. This
present study does not address these investment questions, yet the data presented for the real absolute trends and
differences provide a point of departure for subsequent investment analysis. Silvicultural investments are, of course,
only one alternative available to increase the val ue of timber production. Investment in new manufacturing
technology, economiesin production and distribution resulting in cost savings, and other approaches are also
potentially available to the lumber industry. Further, the comparative costs associated with intensive forest
management on a global level must also be considered, atopic beyond the scope of the present study.

Nominal pricetrends

The lumber market does not in reality have asimple, single relationship between quantity and price. Instead, thereis
avector of prevailing pricesfor products that are at least partially differentiated on the basis of perceived product
attributes that are important to buyers. In the short-run, this vector of pricesis susceptible to random and

substantial fluctuations due to unexpected developmentsin both supply and demand. In thelong-run, nominal price
trends are useful in establishing the prevailing hierarchy in the relationship between products or species and
illustrating how those relationships may change over time due to shortages (actual or anticipated), changesin
consumer preferences, and/or other demand shifters, including substitution between products. This section
discusses the trends in the absolute nominal (spot) price relationship between the higher-valued clearwood grades of
softwood lumber products and a commaodity softwood lumber baseline product as a proxy for the aggregate lumber
market.

Nominal pricetrendswithin speciesgroups. Ponderosa pine. Ponderosa pine was selected as a primary clearwood
species because the higher grades have traditionally been valued as a superior raw material for the production of
moulding and millwork products. The higher-valued Moulding and Select lumber grades are particularly appropriate
for these industries. Crow's Weekly Lumber Reports tracks the price of ponderosa pine lumber manufactured in the
Northwest. The ponderosa pine harvested in thisregionis generally higher-grade, more expensive, and in short
supply relative to other supply regions. The ponderosa pine productsincluded in this analysis 5/4 Moulding &
Better, 5/4 #3 Shop, 1x6 C & Better, and 1x6 #3 Common. Prices for these products ranged from $200/mbf to almost
$2,800/mbf over the time period investigated (Figure 12). Peak priceswere observed for ponderosa pine C & Better
(1x6) at $2,725in April 1993, closely linked to the peak price of $2,600 for Moulding & Better (1x6) grades at about the
sametime.

A clear differential in nominal prices exists between the ponderosa pine productsincluded in the analysis. The
partially overlapping prices of 1x6 C & Better Selects and 5/4 Moulding & Better grades indicate some potential for
substitution, especially since these products are commonly used by moulding, window, and door manufacturers.
The average price for 1x6 C & Better over the six year period was $1801/mbf, $346 more than the average price for the
5/4 Moulding & Better grade ponderosa pine.

Douglas-fir. The average price of Douglas-fir 5/4 Moulding & Better was $1,175/mbf between 1989 and 1995 (Figure
13). In comparison, Douglas-fir 5/4 #3 Shop, from the beginning of July 1992 until October 1995, averaged only
$540/mbf, indicating a clear differentiation between the two product grades, with each product serving different
markets. The 5/4 Moulding & Better tendsto be used for mouldings as a stain grade, while the 5/4 #3 Shop is used
primarily as a paint grade product for door jambs and similar products because of the numerous knots allowed in this
grade. The Douglas-fir 1x6 Standard & Better, used more for specialty products such as hand rails, ranged in price
from $160 to $405/mbf, averaging $259/mbf. Peak prices for Douglas-fir were reached in late spring of 1993 for 5/4
Moulding & Better grade lumber ($1,545/mbf) and 5/4 #3 Shop grade lumber ($810/mbf).

Finally, the Douglas-fir Standard & Better 2x4 prices remained relatively flat in the $200-300/mbf range throughout the
period of analysis. Standard and Better 2x4 pricesrose in late 1993 and, while the nominal price
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changes were relatively small compared to the higher-valued lumber grades, the percentage increasein price
exceeded 100%. The Standard & Better 2x4 lumber grade was sel ected as an appropriate commaodity index for the
western softwood lumber market since this product together with other light framing grades constituted over 55% of
the Douglas-fir lumber production volume at the end of 1994-1995. It is perhaps this segment of the market (structural
framing lumber) that most frequently characterizes softwood lumber in general.

Southern pine. The average price for 1x6 C& Better southern pine was $706/mbf, which was clearly differentiated
from the other southern pine products included in the analysis (Figure 14). Only limited price datawas available for
southern pine Moulding & Better grades which averaged between $1,050-$1,100/mbf during the period of analysis.
The 5/4 #3 Shop moulding lumber grade was also differentiated from the lower grade products and was not subject to
the same volatility asthe Standard & Better 2x4 lumber. Nominal spot prices were relatively stable from 1989 through
mid-1992. Since then, prices have fluctuated but have generally trended downward.

Hemlock-fir. The production of hemlock-fir lumber isasmaller volume in the western region, averaging about one-
third the volume of Douglas-fir. This species mix does not yield significant proportions of clearwood grades, with C
Selectsvirtually disappearing from the market by 1992. D Select and Shop grades constituted a declining proportion
of production, having dropped from about 5% in 1982 to 0.6% in 1994. Thetrendsin nominal prices, therefore, are
reflective of lower grade construction and structural products (Figure 15).

Hemlock-fir prices have been volatile since mid 1992, rising to a peak in the spring of 1993 when Standard & Better
grades exceeded $500/mbf, while Utility grades passed $300/mbf in late 1993 and early 1994. The two commodity
lumber grades tracked each other with an average spread of about $60-100/mbf.

Spruce-Pine-Fir. Aswiththe hemlock-fir species group, the Spruce-Pine-Fir (SPF) species group does not
traditionally yield significant volumes of clearwood lumber. Therefore, pricesincluded in this study are for Standard
& Better 2x4'sand Utility grade 2x4' s (Figure 16). Prices were observed to be quite variable following arelatively
stable period in 1989-1991, reaching peak levels of $473/mbf in March 1993 for Standard & Better and $315/mbf for
Utility gradesin March, 1994. Aswith hemlock-fir lumber, the SPF species group maintained a steady differential in
nominal prices between these two lower-valued grades, averaging a spread of approximately $60-75/mbf over much of
the observed period.
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Nominal pricetrendsby product/grade category: Structural grades. The composite volume of structural grade
softwood lumber most closely approximates the aggregate lumber market. These grades comprise an increasing share
of lumber production for the major softwood species across the United States as the volume of smaller-diameter,
second-growth timber increases in proportion to large-diameter, old-growth timber which originally served asthe raw
material base. Aspreviously noted, the quality, and hence the proportion of higher-valued clearwood grades, has
declined in relation to total lumber production, resulting in the dominance of the commodity structural lumber grades.
Thus the price performance of this segment of the market dominates overall price statistics and price indices based
on weighted prices across grades.

An assessment of nominal price trends for structural grades of softwood lumber across major species groups
compared the spot prices for Utility and Standard & Better grades. The Utility grades are the lowest valued
structural-light framing products, with grades by species showing a definite but variable pattern (Figure 17). The SPF
species group is generally priced below the structural grade average for Utility products, with the hemlock-fir species
group generaly yielding only slightly higher prices. Douglas-fir and southern yellow pine are normally the higher-
valued structural grade species, with southern pine nominal prices slightly above Douglas-fir in most periods.

The same general pattern is evident for standard & better grades, where prices are much more closely grouped with
smaller and inconsistent price differentials (Figure 18). For the four species groups, the variationsin FOB mill prices
reflect frequent and significant fluctuationsin response to market influences, particularly during the period beginning
in 1993. Prices peaked in late spring 1993, then dropped sharply beforerising in early 1994. Prices have since
declined to level s approximating those observed in late 1992.

Common grades. The price trends were also determined for #3 Commons (ponderosa pine and southern pine) and
Standard & Better (Douglas-fir) grades (Figure 19). Both ponderosa pine and southern pine prices are for kiln-dried
products, while Douglas-fir isfor green material (kiln dried prices were not available). Thetrendsin nominal prices
followed the general softwood structural lumber market trends, with relative stability through mid-1992 and
substantial price fluctuations thereafter with more variable price differentials between species. Ponderosa pine #3
Common grade was typically the highest-valued of this group, with southern pine registering below Douglas-fir. In
general, prices were intermediate to the framing grades (Utility and Standard & Better) with the average prices for #3
Commons maintaining higher levelsin the post-July 1993 markets, and ponderosa pine #3 Commons demonstrating a
substantial price drop in July 1995.
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Shop grades. A comparison of spot FOB prices for #3 Shop grade for ponderosa pine, Douglas-fir, and southern
pine was also made (Figure 20). Only ponderosa pine prices were available for the full observation period. Douglas-
fir prices became available only in May 1992, while prices for southern pine shop grades were not reported until May
1994. Hence, species comparisons are limited to the more recent market periods. Pricesfor ponderosa pine #3 Shop
grades generally rose over the observed period, starting at $400/mbf in January 1989 and increasing to $730/mbf in
April-May 1992. At that time, Douglas-fir #3 Shop was reported at $470/mbf. Both species then experienced a
significant drop in nominal price until August 1992 when prices again increased sharply, reaching peaksin April 1993.
Prices were thereafter very unstable, clustering near $550-600/mbf by late 1995. Southern yellow pine, first reported at
$480/mbf in August 1994 has generally trailed the price of Douglas-fir #3 Shop, having failed to increasein early 1995
in comparison to both Douglas-fir and ponderosa pine #3 Shop grades.

C & Better Select grades. While southern pine C & Better Selects exhibited arelatively steady trend in nominal
prices over the 1989-1995 period, the price of ponderosa pine C & Better Select lumber displayed a greater variability
(Figure 21). Southern pine pricesincreased from about $500/mbf in 1989 to $950/mbf in late 1994. In contrast,
ponderosa pine prices declined from $2,000/mbf in early 1989 to alow of $1,370/mbf during the period March-May
1991 before again rising to exceed $2,700/mbf in March-May 1993. Prices subsequently dropped, reaching alevel of
$1,550/mbf by late 1995.

Moulding & Better grades. The effects of market expectations and reactions to anticipated and actual shortages can
be severe and sudden, especially for the higher grades of lumber products. For example, the passage of the Forest
Resources Conservation and Shortage Relief Amendment Act in January of 1993 drove nominal prices upward for al
lumber products as log export buyers became fearful that higher-grade logs would be unavailable for export and
domestic buyers feared being unable to obtain timber at any cost. Asaresult, both domestic and export buyers
began aggressively competing against one another for the higher grades of lumber.

This pattern of competition can be seen in the prices of most high-grade lumber products. For example, from January
through March 1993, prices for ponderosa pine 5/4 Moulding & Better rose from $1,825/mbf to $2,600/mbf, and from
$1,300/mbf to $1,500/mbf for Douglas-fir (Figure 22). Nominal prices had actually declined from about $1,500/mbf for
ponderosa pine Moulding & Better gradesin early 1989 to lows of about $900/mbf by March, 1991. Pricesthen
increased, at first modestly, then more steeply after August 1992 to the peak of $2,600/mbf in March-April 1993. By
late 1995, ponderosa pine Moulding & Better had declined to $1,350/mbf, below the nomina prices of early 1989.

Pricesfor Douglas-fir Moulding & Better grades were first reported in mid-1992, at just over $900/mbf. The price
pattern thereafter mirrors the price trend for ponderosa pine Moulding & Better through late 1995, but at lower levels
and with somewhat less extreme fluctuations in both up and down markets. Ponderosa pine is obviously the higher-
valued moulding product on avolume basis and that hierarchy is maintained over the period shown.
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Relative price differences

The prevailing structure of nominal prices over time represents both a species and grade differentiation among lumber
buyers. For an analysis of lumber market dynamics and clearwood product differentiation, the relative difference
between pricesisrelevant to both short-run and long-run adjustments (el asticities) and product substitution. The
lumber market is subject to considerable cyclic fluctuation and softwood lumber prices and quantities are sensitive to
changesin the national economy, housing starts, and other macro-level market shifters.

For clearwood lumber users, however, it is also important to understand the dynamics of prices for specific grades of
lumber products within the overall structure of softwood lumber prices. How are clearwood prices changing relative
to the overall softwood lumber market? How are clearwood prices changing relative to other product grades within
the same species group? How are clearwood prices of one species changing relative to similar grades produced from
other (and potentially new) speciesin the marketplace? The survey of manufacturers clearly indicated that clearwood
buyers increasing search for more economical sources of clearwood lumber products capable of meeting their specific
manufacturing requirements. Manufacturers appear to be less concerned about the species or origin of material so
long as the product possesses the required attributes, has a reasonably stable supply, and is price competitive.

Price competition islargely determined by the structure of relative prices. When the overall structure (vector) of
softwood lumber prices fluctuates in concert, relative prices may be largely unchanged. That is, as nominal prices
fluctuate over time, the relative price advantage or premium of one species or grade over another remains constant.
Relative price is conceptually important both to the understanding of product demand (and own-price elasticity) as
well asto product substitution (cross-price elasticity). Asaproduct’s price changesrelativeto itself and/or relative
to other products, manufacturers are provided with an incentive to either increase or decrease their consumption of
the product based on the magnitude and direction of the relative price change and the attributes, price, and
availahility of alternative products.

The evaluation of relative pricesimplies a comparison of prices between two different products. The nominal price for
aclearwood product may be compared with the overall softwood lumber market (the relative price difference) at any
giventime. This measure alows for the determination of how a specific product grade or speciesis priced relative to
the aggregate lumber market over time. For this purpose, abaseline, or standard market indicator price isrequired for
the basis of the comparison. To determine the relative price difference, two prices are compared for the same period.
Asaratio of prices, therefore, the comparison is unaffected by distortions from inflation over time. The resultant
ratio, expressed either as a proportion or as an index, is neutral and the relative price measurement can be compared
directly between different observation periods.

The analysis of relative price differences compares the spot prices of a particular softwood lumber product to the
overall softwood lumber market. As previously discussed, price and consumption trends for structural framing
materials are typically viewed as avalid general indicator for the overall performance of the softwood lumber market.
For thisreason, this analysis uses the price trends for Douglas-fir structural lumber as the baseline commaodity index
for softwood lumber. Relative pricesfor clearwood lumber grades are based on the spot price (nominal price) for a
given time compared to the baseline price.

Thisanalysis utilizes a Relative Price Index (RPI) to measure relative price differentials and changes over time for
individual species and product grades. The RPI compares a specific product or species spot price to the spot price
for the market baseline or commaodity index item. The wholesale price for individual products/speciesis compared to
the index product price to determine the product-specific relative priceindex for that market period. Relative prices
can be expressed either asadecimal fraction (ratio) or as a percentage difference from the base price. Both measures
are utilized in thisanalysis. For example, arelative priceratio of 3.5 would indicate that the price of a selected
clearwood lumber product was 3.5 times that of the market baseline commaodity index. By subtracting 1.00, the
differencein the nominal clearwood lumber price is determined to be 2.5 times the baseline commodity index. RPI
values are expressed as percentages in the figures presented below to facilitate the discussion and aratio of 3.5
would be expressed as 350%.

Softwood lumber basdline commodity index. Based on the overall market share for softwood lumber products,
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Douglas-fir Standard & Better 2x4 framing lumber was selected as an appropriate baseline commodity index. The
trends in the nominal spot prices for both the 2x4 Utility and 2x4 Standard & Better grades exhibit afairly close
clustering of species prices aswas shown in Figures 17 and 18. SPF Utility wasthe lowest valued grade within this
group, with Douglas-fir and hemlock-fir Utility grades closely priced just below southern pine Utility. The spread in
nominal wholesale mill priceswas approximately $100/mbf or less. For Standard & Better 2x4 products, prices
followed an almost equivalent trend but with a closer grouping of prices averaging about $50-$60/mbf above the
Utility grades. Again, SPF wasthe lowest valued species group while Douglas-fir generally was the highest valued
speciesfor standard & better 2x4’s.

It can be seen that the nominal prices for the above mentioned structural lumber grades were relatively constant from
1989 through 1991 (Figures 17 and 18). Beginning in 1992, nominal prices began to increase, with peaksin early 1993

and againin early 1994. Since early 1994 nominal prices have generally declined, being approximately $60/mbf above

1989-92 levels as of October 1995 for both Utility grades and for Standard & Better grades.

The prior discussion of nominal price trends indicates that lumber products (and markets) are not homogeneous, but
rather exhibit a definite vector of differentiated prices across both species and product grades. These trends show a
consistent hierarchy of price vectorsthat indicates a changing relationship in prices over time. Aswith the baseline
structural lumber grades, other product grades exhibit price trends with a broad response to market changes over the
1989-95 period, reflecting the tendency for individual lumber products to respond to the overall trends of the general
softwood lumber market.

If nominal pricesfor all products and product grades responded similarly to market forces, the hierarchy (vector) of
nominal prices would be maintained relative to each other, and the RPlI would remain constant (meaning that the
slope of the trend line over time would be zero). Thiswould indicate that each product would have maintained its
relative differentiation and a constant percentage nominal price premium within the overall softwood lumber market.
That average relative price premium, if maintained, would indicate that buyers are in fact willing to pay more for the
specific lumber grade.

It isalso possible for the RPI to fluctuate in the short term, for example in response to supply and demand shocks
impacting particular product niche markets or cyclic factors uniquely impacting a specific product or grade, yet
maintain a constant average relative price ratio over time. Over the longer term, a product grade can maintain agiven
degree of price differentiation relative to the overall market. A declining trend, however, would indicate areductionin
differentiation relative to the aggregate market over the longer period, whereas an increasing trend would indicate
greater differentiation relative to the market. Both the short-term and longer-term price responses are of interest in
understanding the dynamics of clearwood markets. Short-run fluctuationsin the RPI indicate the relative volatility of
the price for aparticular product. For example, in mid- to late-1992, mid-1993 and late-1994 Douglas-fir clearwood
grades exhibited short-run increases in relative price index values. Buyers of clearwood grades of Douglas-fir
products would experience a notableincreasein price relative to the overall market. While they would predictably
respond in the short-run to such increases in relative price, the longer-run trend is reflective of abroader set of
market responses (including product substitution). A rising relative price trend would at least indicate the potential
for product substitution as buyers perceive that the relative differential or premiumisreal. Similarly, adeclineinthe
trend for the RPI over time would signal a potential for increased competitiveness as a product or grade becomes
relatively less expensive compared to the overall softwood lumber market.

Douglas-fir. The baseline commaodity index (represented by Douglas-fir Standard & Better 2x4’s) is represented by
the horizontal line located at the 100% position in Figures 23-27. In Figure 23, the lower-valued Douglas-fir
commodity products, including Utility 2x4 and Standard & Better 1x6, exhibit arelative price of lessthan 100%,
indicating that the spot price at any observed date was bel ow the baseline commodity index. Further, the plot of the
RPI values for these two commodity items shows that the price rel ationship with the baseline commodity product has
been relatively constant. The only significant variation for the Standard & Better 1x6 grade RPI is between July-
December 1993 and again after July 1994, when the RPI approaches 100%.
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In contrast, the plot of the RPI for both Moulding & Better grades and #3 Shop grades shows a persistent and
increasing RPI. For the clearwood grades, the RPI is noticeably higher than the baseline commodity index and
exhibits considerably higher fluctuation in response to cyclic market factors. The average relative priceratio for
Douglas-fir Moulding & Better grade lumber is 315% of the baseline commodity index, while the average relative price
ratio for #3 Shop grade lumber is 143%. This simply means that the average price over the 1989 to mid-1995 period
(even though spot prices fluctuated in response to short-run market influences) is 3.15 times the baseline commodity
index, while the spot prices for Douglas-fir #3 Shop average 1.43 times the baseline commaodity index.

The price dataillustrates the fact that there have been substantial fluctuationsin both RPI values and the price
trends since early 1992 for the higher-grade Douglas-fir lumber products. Since mid-1992 the trended RPI for
Moulding & Better grades has increased as indicated by the linear trend line plotted in Figure 23. Thetrend line
shows that the RPI increased on average by 0.26% every two weeks or by approximately 0.52% per month relative to
the baseline commodity index. Thus Douglas-fir Moulding and Better grade lumber has increased its degree of
relative differentiation over this period. Inthe short-term, the RPI fluctuated substantially in response to cyclic
market influences. Although the prices of both Douglas-fir Structural grade lumber products and Moulding grade
lumber products fluctuated substantially over this period, relative prices for Moulding grade lumber exhibited more
dramatic price fluctuations than the baseline commaodity product. Asaresult of these short-term price fluctuations
for the clearwood lumber grades, buyers would have an incentive to reduce their purchases of these grades and/or
consider the possibility of product substitution in the longer term.

In the longer term, the higher valued Moulding grades of lumber increased their price differentiation in terms of the
baseline commodity index. Similarly, the RPI for Douglas-fir #3 Shop grade lumber increased at approximately 0.54%
every two weeks or almost 1.1% per month. Although the average relative price differential was less than for the
Douglas-fir Moulding & Better grade lumber, the upward trend in relative price was greater for #3 Shop grade lumber,
indicating that this grade wasincreasingly differentiated from the market average. The steeper price trend for
Douglas-fir #3 Shop grade lumber might be attributed to increased demand as manufacturers substituted lower-priced
Shop grade lumber for Moulding grade lumber in some applications.

Ponderosa pine. As observed with Douglas-fir, the lower-valued grade of ponderosa pine (#3 Common) maintai ned
relative prices at or near the baseline commodity index (represented by the horizontal line located at the 100%
position) (Figure 24). However, the RPI for #3 Shop grades was consistently above the baseline, averaging 185%,
with only avery slight upward trend over time at approximately 0.18% per month. The RPI’ sfor the higher-grade
ponderosa pine lumber products, however, were considerably higher with C & Better grade lumber displaying an
average RPI of 574% over the baseline commodity index.

Thetrend lineindicates that the relative price advantage for C & Better ponderosa pine lumber declined over the

observed period. Although this grade enjoyed arelative price of over 500% compared to the baseline commaodity
index, the RPI declined by over 1.0% every two weeks or by approximately 2.1% per month. The same patternis
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demonstrated by the RPI for ponderosa pine Moulding & Better grade lumber. The average RPI was 456%,

somewhat below thelevel for C & Better grade lumber. The RPI for Moulding & Better grade lumber declined over
the observed period by approximately 0.15% every two weeks or 0.3% per month. By the end of the observation
period, the RPI for these two higher-valued ponderosa pine lumber grades were approaching a common val ue of
approximately 400% the level of the baseline commodity index. The higher-valued grades of ponderosa pine lumber
exhibited arelatively strong cyclical pattern for the relative price index. The RPI’s declined over much of the mid-1992
to late-1993 period for C & Better lumber and from the mid-1993 to mid-1994 period for Moulding & Better lumber,
with strong increases thereafter through early 1995. The RPI for both C & Better grade lumber and Moulding grade
lumber declined throughout the 1995 period.

Southern pine. Aswith both Douglas-fir and ponderosa pine, there is a strong relationship between the baseline
commodity index and the prices for the lower grades of southern pine lumber (i.e., 2x4 Standard & Better, Utility 2x4,
#3 Common 1x6) (Figure 25). The average RPI for these commodities were 96%, 79%, and 72%, respectively. As
these average RPI indicate, the relative prices for the lower grades of southern pine lumber were generally below the
baseline commodity index.

Southern pine C & Better 1x6 lumber has consistently shown a strong RPI, averaging 225% compared with the
baseline commodity index. Further, the relative price trend has been generally upward, increasing at approximately
0.14% every two weeks or by almost 0.3% per month. The price dataindicates a strong cyclic trend for the southern
pine C & Better grade lumber. Overall, the RPI declined during much of the 1991 to mid-1993 period, increased from
mid-1993 to early-1995, and declined during much of 1995,

Hemlock-fir and spruce-pine-fir. The hemlock-fir and SPF species groups do not traditionally yield high quality
grades of softwood lumber. Thisfact isreflected in the product prices where the average RPI’ s for SPF products
were 0.77% for Standard & Better grade lumber and 0.54% for Utility grade lumber (Figure 26). Similarly, the average
RPI’sfor hem-fir lumber grades were 0.89% for Standard & Better grade lumber and 0.62% for Utility grade lumber
(Figure 27).

Although the RPI for hem-fir has fluctuated considerably around the mean, thereislittle trend towards closing the
differential with the baseline commodity index for either hem-fir Standard & Better or Utility grades of lumber. In
contrast, although the average relative price index for SPF is also below the baseline commodity index, the trend has
been towards areduction in the differential with the baseline commaodity index. There has also been greater a
fluctuation in the RPI for the SPF lumber products, particularly since early 1992, indicating more variable markets.

Product Differentiation, Cross-Price Elasticity, and Substitution

Relative price differences between similar lumber products indicate effective differentiation between the products and
also the potential for substitution between the two products. The analysis of price trends between species for similar
products and between product grades within a species group shows definite patterns of prices, on both anominal
and relative basis. The patternsrevealed here indicate that many softwood lumber products are highly differentiated
in terms of the perceived market values, reflecting unique attributes that are individually valued by end users. This
confirms that there is not a single softwood lumber market, but rather a set of related market segments for specific
differentiated lumber products. Nevertheless, the literature for lumber market economics research has shown a strong
overall correlation between end uses and lumber demand for residential construction, giving riseto significant overall
lumber market fluctuations which are frequently reflected in the prices for individual lumber grades.

The price analysis confirms that softwood lumber product differentiation is significant, particularly for those product

grades that possess preferred clearwood lumber attributes. Clearwood lumber products and grades have been able to
sustain alevel of product differentiation based on relative prices over time, with only moderate changes in the longer

term trends of the RPI since 1989.
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The average RPI valuesfor the different softwood lumber products investigated are summarized in the first column of
Table17. Vauesfor the lower-grade lumber products are below 100%, indicating that the baseline commaodity index
product commands a modest relative premium over these competing commaodity lumber products. Shop grade lumber
displays an average relative price premium over the baseline commaodity index ranging from 143% for Douglas-fir to
185% for ponderosapine. C & Better grade lumber exhibits arelative premium over the baseline commodity index of
125% for southern pineto 474% for ponderosa pine. Likewise, Moulding & Better grade lumber commands arelative
price premium of 214% for Douglas-fir and 356% for ponderosa pine.

The price premiumsindicated by the average RPI values presented in Table 17 changed modestly over time, yet
displayed substantial stability. Column 3 of the table summarizes the trend line slope coefficients, indicating the rate
of change per two-week data observation period. For the clearwood lumber grades, the coefficients are positive for
Douglas-fir Moulding & Better grade and #3 Shop grade lumber, southern pine C & Better grade lumber, and for
ponderosa pine #3 Shop grade lumber. The small values of the coefficientsindicate changesin the average RPI of
1% or less per month. Increasing RPI trends are an indication of the potential for product substitution as
manufacturers experience increased rel ative prices over time.

In contrast, the RPI values declined over time for ponderosa pine Moulding & Better grade and C & Better grade
lumber. The average premiumsin relative prices for these grades are high (356% and 474% respectively), with the
rate of declinethe greatest for C & Better products at just over 2% per month over the observed data period. A
declining relative price index would indicate a potential increase in competitiveness, since the product price has
become slightly less expensive relative to the overall softwood lumber market.

Tablel7.  Averagerelative priceindex by species, product grade and time trend.

Average RPI Standard Dev. (RPI) Trend line Slope

Ponderosa pine

Moulding & Better 456 0.56 -0.0015

#3 Shop 185 0.30 0.0009

C & Better 5.74 0.77 -0.0105

#3 Common 0.90 013 N/A
Southern pine

C & Better 1x6 225 0.35 0.0014

#3 Common 1x6 0.72 0.08 N/A

Standard & Better 2x4 0.96 012 N/A

Utility 2x4 0.79 0.08 N/A
Douglas-fir

Moulding & Better 314 0.43 0.0026

#3 Shop 143 0.20 0.0054

Standard & Better 1x6 0.81 0.10 N/A

Utility 2x4 071 0.05 N/A
SPF

Standard & Better 0.77 0.09 0.0007

Utility 054 0.09 0.0011
Hemlock-Fir

Standard & Better 0.89 0.05 0.0002

Utility 0.62 0.05 0.0003




Table 17 also provides a summary of the standard deviation of the RPI values around the trend line. Thismeasureis
abetter index of the short-term dynamics of relative prices and reflects the period to period variation of individual
product prices. The variations indicated by the standard deviations for the standard commaodity grades of softwood
lumber shown in the table are modest, ranging from 0.05t0 0.13. Variations for the clearwood grades, however, are
more significant, ranging from 0.30to 0.77. These variations generally correspond to rapid fluctuationsin the relative
price index during short-term market cycles. Dueto the specialized niche markets for clearwood grades and the
relatively less elastic demand, prices for these grades are more volatile in the short-run, indicating a potential for
greater short-run substitution. In particular, where short-run fluctuationsin relative prices are perceived to be
indicators of possible long-run price trends, buyers may be quicker to initiate decisions on the use of substitute
products.

Thereview of the price elasticity literature indicates that own-price elasticities for softwood lumber products are quite
low (or inelastic) in the short-run, with absolute values in the range 0.035 to 0.285, most of which clustered between
0.15-0.20. Thiswould indicate afairly unresponsive inverse relationship between lumber price changes and their
impact on the quantity of alumber product consumed in the short-run. Since the absolute value of the own-price
elasticity islessthan 1.00, the own-price elasticity isinelastic, indicating that a 1% change in price will result in an
approximate 0.2% inverse change in the quantity of lumber consumed in the short-run (holding all other demand
factors constant). It should be noted that under the restrictive assumptions of short-term elasticity, not only isit
assumed that the price of acommodity changes (own-price) but it isimplicit that the relative price with respect to all
other goods and services also changes, since all other prices are assumed to remain constant.

The change in the price of one commodity relative to the price of other commaodities encourages product

substitution. In the short-run, this substitution is effectively prohibited or minimized by economic assumptions. The
short-run elasticity simply reflects the basic economic phenomenon implied by a negatively sloped demand, that
consumerswill use less of aproduct asits price increases, and conversely, will use more of the product asits price
falls.

In contrast, cross-price elasticity seeks to identify the linked response when the own-price elasticity does not change
but the price of a potential substitute changes. This situation also implicitly reflects achange in therelative price (or
relative price index as defined here). Thisrelationshipisclearly along-term response, allowing buyersto observe
and react to price changes of substitute products over time. Estimates of demand long-term elasticity seek to
incorporate this effect by capturing both the immediate own-price response (shift along a demand function) aswell as
the cumulative shift in demand due to changes in other product prices as well as the possibility that other demand
shifters also change.

Many econometric techniques seek to use adistributed lag approach to estimate long-term elasticitiesin order to
capture the sequential adjustments (Waggener et al. 1978, Moffett 1993). For example, if thereisaone-timefixed
changein aproduct’ s own-price, short-run elasticity estimates the change in quantity consumed during the current
(market) period for a static demand function. However, as buyers learn of the price change, they begin to consider
using other goods, aswell asto modify their product usage in other ways. Clearly acumulative change processis
initiated in response to a specific level of price change. Over time, additional adjustments add to the short-term
adjustment in consumption. Thislagged changein consumption may be small if the time to adjust purchase behavior
isshort. However, over successive time periods, additional (lagged) adjustment takes place, ultimately resultingin a
cumulative long-term elasticity or final change. A major statistical complication isthe inability to observe, in period
two, whether the market adjustment is a continuation of the adjustment from the first period own-price change or
reflects anew, second period short-term change. In thislatter case, the second market period would show the sum of
thefirst (short-run) adjustment to a new own-price change and the cumul ative second period adjustment to the
previous period change. Deconstructing the second period observed change into these two componentsisa
statistical problem that is beyond the scope of the present discussion.

It has been noted that arelative price change can occur either through a change in the price of a specific lumber
product or through the price of apotential substitute product. For example, achangein the RPI for ponderosa pine
Moulding & Better grade lumber between any two periods could have resulted from either a change in the absolute
price for ponderosa pine Moulding & Better grade lumber or from a change in the price of the baseline commodity
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index product (Douglas-fir Standard & Better 2x4's). A 1% declinein the price of ponderosa pine Moulding & Better
grade lumber would have the equivalent impact on the RPI as a 1% increase in the price of Douglas-fir Standard grade
2x4’s. It has been hypothesized in econometric research that buyers should be indifferent to which price changes;
rather, they would base their purchase decisions on the change in the relative price (Simon 1979). Simon’sinnovative
analysis (1979), examined the impact of branded products, where brand names established imperfect product
differentiation between two similar but differentiated products. Softwood lumber istypically not differentiated by a
branding strategy, but rather by product grades. The product attributes established through grading rules allow end
usersto gauge the degree of differentiation between different lumber grades.

In the discussion of relative price trends for softwood lumber species and grades, the possibility for substitutionis
most evident in the variations around the average RPI trend lines for the clearwood lumber products. Where the
trend line slopes are low, the trend lineitself provides a comparison of the variations. The slope coefficients for the
trend lines are generally small, indicating achange in relative price index values of less than 1% per month with the
exception of ponderosapine C & Better grade lumber (Table 15). Where the variation (standard deviation) around
thetrended RPI isfairly significant substitution might be expected to be greater.

Limitations of Harvest and Production Data

A complete statistical analysis of cross-product price elasticity was not feasible in the present study for avariety of
technical reasons. While it was possible to derive specific price trends for the selected clearwood products, it was
not possible to disaggregate the data for the respective volumes consumed by species or grade because lumber
consumption was not available at thislevel of disaggregation. Very limited data was available for Douglas-fir (coast
mills), ponderosa pine (inland mills), hem-fir (inland mills), and hem-fir (coastal mills) (Table 18). The available data
disaggregates production into product grade groupingsin terms of their proportion of total output. Datafor the
Douglas-fir clearwood grades of lumber was compiled on an annual basis for the period 1982 to 1994, with quarterly
production data being available only for 1993 and 1994.

This breakdown of Douglas-fir clearwood lumber production by grade and species, while useful, does not meet the
requirements for a statistical analysis of clearwood trends (both price and consumption) required to derive valid
cross-product price elasticities. As noted, bi-weekly prices were selected as being the most representative of market
movements for clearwood products. Annual or quarterly production and price data tends to mask much of the
dynamic price movement that isimportant in a statistical analysis of market changes and demand shifts. Further,
while the western softwood lumber region isimportant, this region alone no longer determines the clearwood market
dynamics.

The correspondence between own-price change in the short-run (holding other factors constant) and the price
change of a substitute product generates a change in the relative price between the two products and allows for
some interpretation of the elasticity estimates (Simon 1979). In the studies summarized by Phelps (1993) the short-run
own-price elasticity for softwood lumber ranged from 0.15-0.20 for the lumber products included in the reviewed
research studies (primarily construction grade lumber). Assuming that these values represent a measure of the
changeinrelative price of lumber products with respect to substitute products in the short-run, this would imply that
if lumber prices remained constant while substitute product prices changed (resulting in asimilar relative price
change) the cross-product price elasticity would be within the same general range (Simon 1979).

The long-term price elasticities summarized by Phelps (1993) also offer an insight into the process of substitution. By
relaxing the restrictive static assumptions implicit in short-run own-price elasticities, market dynamics can impact
consumption over time. There are, of course, many potential variables which can cause these demand shifts over
time, although a change in relative prices for substitute productsis foremost in terms of price responses. Simon
(1979) introduced avariable for representing all of the non-price termsin the estimated demand equations. For the
lumber elasticity studies summarized by Phelps, it is unfortunately not possible to disaggregate the long-term factors
leading to the estimated differences between short-term and long-term elasticities.
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Table18.  FOB price and estimated yields of Douglas-fir clearwood lumber production in terms of total Douglas-fir
lumber production.

C Selects D Selects & Shop Total
YEAR PERCENT PRICE VOLUME PERCENT PRICE VOLUME VOLUME
recovered $/mbf mbf recover ed $/mbf mbf mbf
1982 450 648 69,814 430 375 66,711 1,551,419
1983 330 685 90,318 350 426 96,322 2,752,061
1984 2.60 688 82,381 340 407 107,729 3,168,444
1985 240 671 70,258 320 410 93,677 2,927,403
1986 210 726 75,269 2.30 405 82,438 3,584,260
1987 2.00 837 79,518 2.80 411 111,325 3,975,895
1988 180 927 66,443 210 474 77517 3,691,263
1989 100 1,078 36,598 1.60 503 58,556 3,659,762
1990 100 1,236 30,386 150 521 45579 3,038,613
1991 0.60 1,200 16,049 1.20 535 32,008 2,674,855
1992 0.30 1,350 7,524 1.00 576 25,079 2,507,869
1993 0.10 1,197 2,386 0.70 809 16,702 2,386,007
Q1 0.10 1,182 577 0.80 723 4,619 577,373
Q2 0.10 1,178 570 0.70 892 3,988 569,718
Q3 0.10 1,128 609 0.60 807 3,653 608,916
Q4 0.10 1,314 630 0.70 825 4,410 630,000
1994 0.10 1,413 2,701 0.80 752 21,607 2,700,841
Q1 0.10 1516 606 0.90 795 5451 605,676
Q2 0.10 1,545 672 0.90 769 6,052 672,422
Q3 0.10 1,328 728 0.60 718 4,368 727,945
Q4 0.10 1,221 64 0.80 722 5,550 693,798
1995
Q1 0.10 1,164 653 0.60 724 3,918 653,005

Source: Warren (1995).

Asasimplification, it is reasonable to assume that the cross-product price responses are no more, and most likely
less, than the long-term total change in elasticity. Hence, the long-term el asticities would provide an upper boundary
on possible substitution. Assuming a once-and-for-all change in softwood lumber relative prices, the long-term
elasticitiesfell in the general range of 0.88-0.91 at the high end, and overall at about 0.45-0.60. By substitution of the
average estimate of short-run elasticity, the additional or incremental dynamic adjustments over time would appear to
approximate an increase in the absolute measure of elasticity from 0.25to0 0.65. That is, after recognizing the short-
term impact of own-price adjustment, it appears that subsequent market dynamics (including both price and non-price
factors) would induce an additional increase in elasticity within the above range. Thiswould provide an initial
approximation of the cross-product price elasticity of substitution for softwood lumber substitutes when prices of
clearwood product grades increase by small amounts.

Real Price Differencesand Economic Returnsto Wood Quality

In thisanalysis, nominal lumber priceswereinitialy differentiated by two separate measuresin order to facilitate
comparison of the spot prices over time:

? Thereal pricedifferenceis computed as the difference between a specific product grade/species and the
baseline commodity index (i.e., Douglas-fir Standard & Better 2x4’s). The baseline commodity index was used as
an indicator of the overall softwood lumber market and nominal price differences were adjusted to a constant
(19959%) basis.



? A real pricespread was computed as the price difference between a species-specific grade and a commodity
grade baseline product chosen from the same species. This measure indicates the comparable spread in the
nominal pricesfor aselect clearwood grade product and the commodity grade product from the same species.
The nominal price spreads were adjusted to a constant (1995$) basis.

The nominal values, as defined above, were first discounted to convert valuesto constant 1982 dollarsin order to
minimize the effect of inflation. The price differences and price spreads were discounted using US Department of
Labor priceindex datafor all intermediate materials with a base of 1982=100. Next, these constant (deflated) values
were adjusted from 1982 to 1995 values (as of January 1, 1995) for ease of interpretation, Appendix E.

Real pricedifferences

Price differences are useful in assessing how an end user’ s perception of value differs between a specific softwood
lumber product and the baseline commaodity product where the baseline commodity product serves as a broad market
indicator for the aggregate softwood lumber market. However, in order to interpret the behavior of price differences
over time, the trends in absolute prices must be converted to real, or constant, dollarsto avoid distortions caused by
general inflationary trends.

Aswould be expected, thereis considerable variation in the real (constant 1995 dollar) price differences which
correspond to fluctuations observed in the nominal price trends themselves. This variation can be attributed to
dynamic market shifts over timein response to broad cyclical influences that impact all grades and species of
softwood lumber. If, however, these influences were completely independent of species or grade, therelative
comparison of pricesin real termswould be constant. Fluctuationsin thereal price differencestherefore indicate a
changing relationship between the different product-specific species/grade products relative to the overall softwood
lumber market as reflected in the commodity baseline product. A value of zero would reflect no difference between
the selected product and the baseline product as measured in constant or real dollar terms. Positive differences
represent areal price premium received by the selected product in real terms compared to the overall market; a
negative difference indicates a comparative price disadvantage relative to the Douglas-fir baseline.

Inthefiguresthat follow, atrend lineisused to illustrate the trend in real price differences based on spot prices for
each of the products being considered. The slope coefficient for the trend line indicates the overall trended change
inthereal price difference over the data series relative to atwo-week interval. Thus, the approximate monthly change
inthereal price difference would be twice the slope coefficient.

Ponderosa pine. Over the observed period, the three selected grades of ponderosa pine displayed positive absolute
real price differentials as reflected by the positive value of the slope of the regression equation (Figure 28). C &
Better lumber enjoyed the greatest real price difference, averaging $1,563/mbf above the baseline commodity index.
Real pricesfor Moulding and Better grade ponderosa pine enjoyed an average premium in real terms of $1,195/mbf,
while #3 Shop grade had an average real price premium of $280/mbf.

A distinct cyclical trend is evident for the real price differentials for both ponderosa pine C & Better and Moulding
and Better grade lumber. Real differences peaked in late spring 1993, reaching levels above $2,300, although the real
price differences have subsequently fallen to the more modest levels observed before the price run-upsin early 1993.
The period trends indicate increasing real price differences for the three grades shown. Real price differences, on
average, showed monthly increases of approximately $1.90/mbf for #3 Shop, $2.02/mbf for C & Better, and almost
$5.65/mbf for Moulding and Better grades.

Southern pine. Theonly grade of southern pine lumber with a substantial series of price datawas the C and Better
1x6 southern pine (Figure 29). This product displayed a positive real price differential over the period observed and
had an average real price difference of $405/mbf over the period 1989 to 1995. Thereal price difference increased at

approximately $3.15/mbf per month.
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Douglasfir. Since Douglas-fir Standard & Better 2x4 was chosen as the overall softwood lumber baseline
commodity index for this analysis, the derivation of price differences and price spreadsisidentical. In both cases
Douglas-fir clearwood grades are compared to the same baseline commodity index. For this reason, the discussion of
Douglas-fir price differencesis deferred to the following sub-section and is presented as the real price spread rather
than the real price difference.

Real price spreads

In many cases, the behavior of real prices over timeisof primary interest in terms of the financial implications of
changing product grade yields within aspecies. Thisisthe case whereinvestment options are being considered in
forest management which might be expected to result in changes in both the total timber volume aswell asthe
relative yields of different product grades. By improving the proportion of clearwood grade yields, a higher gross
lumber return may be available, potentially offsetting costs associated with intensive management practices. |f the
real price spread increases over time, the comparative cost-benefit relationship may also change favorably, assuming
that real costs are constant (or, increasing by a smaller amount). In contrast, adeclinein thereal price spread over
time would reduce the economic attractiveness of intensive forest management investments when evaluated on the
basis of current real premiums. Inthiscase, itisthereal price spread within the species that determines the economic
viability of the investment, since lower-quality wood is being replaced by higher-grade wood which can be converted
into higher-value lumber products.

Real price spreads for the three major species groups yielding clearwood grades are shown below. Trends for SPF
and hem-fir lumber products are not included in this discussion since these species groups do not yield significant
volumes of clearwood grades; therefore the relevance of their real price spread for silvicultural investment purposes
islesssignificant.

Douglasfir. Asnoted, thetrendsin real price spreads and real price differencesfor Douglas-fir clearwood grades are
identical dueto the choice of Douglas-fir Standard & Better 2x4’ s as the baseline commodity index for both
calculations. Thereal price spreads for the Douglas-fir clearwood grades show contrasting trends, although the data
for both of these grades were limited to the past three years (Figure 30). Douglas-fir Moulding & Better displayed a
real price spread of $824/mbf on average over the data period while exhibiting considerable cyclic variation. Based on
the trend observed, the real price spread declined by approximately $1.07/mbf per month to approximately $777/mbf
(in real dollars) by October 1995. In contrast, the average real price spread for #3 Shop was $166/mbf. With similar
cyclic fluctuation, the real price spread trended upward by approximately $2.88/mbf per month since mid-1992 over
the period of observation.

These results pose a possible dilemmafor potential investorsin silvicultural methods to improve grade yields
through intensive management. If silvicultural management practices provide an increase in #3 shop lumber versus
lower-grade lumber, it appears that real price spreads would contribute to improved economic returns. However, if
the gainin quality isreflected in Moulding and Better grade lumber, the moderately declining real price spread might
actually indicate lower returns over time. Future gross gainsto quality improvement would likely lead to positive
returnsto higher grade-lumber, but at a slowly diminishing rate. It should, however, be noted that datawas only
availablefor the period June 1992-July 1995 for the Douglas-fir clearwood grades, thus limiting the length of time for
determining the long-term price trend. Thistrend isbased on some 156 data observations, assuring reasonable
statistical validity for the period covered. Nevertheless, it is possiblethat relatively lower real pricesin the 1989-1992
period would alter the long-term trend line.

Ponderosa pine. The average real price spread for #3 Shop was $315/mbf relative to the baseline index, ponderosa
pine #3 common (Figure 31). Cyclic variation was modest in thisreal price spread, with an overall increasing trend at
approximately $1.59/mbf per month. Thereal price spreads were considerably greater (and more variable) for both the
Moulding & Better and C & Better clearwood lumber grades. The average real price spread for Moulding & Better
was $1,231/mbf, while for C & Better it was $1,598/mbf. Thetrend line for Moulding & Better prices wasincreasing at
approximately $5.33/mbf per month, although the cyclic trend has been downward since early 1993. Thetrend for real
price spreads was also positive for C & Better, increasing at approximately
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$1.70/mbf per month. For each of the three grades of ponderosa pineinvestigated, the positive real price spread
trends observed were slightly lower than the comparabl e trends for the differences relative to the broad Douglas-fir
market indicator baseline. Still, potential investmentsin intensive silvicultural practicesto improve the proportional
yields of the higher valued clearwood grades of ponderosa pine would enhance overall gross economic returnsto the
extent that a portion of the lower valued grade lumber were displaced by increased yields of high grade lumber.
Improved yields of #3 Shop, would on the other hand, contribute more modestly to improved gross economic returns.

Southern pine. The southern pine C & Better 1x6 real price spread is compared to southern pine Standard & Better
2x4's (Figure 32). The averagereal price spread for C & Better 1x6 was $418/mbf over the data period, while the real
price spread trended upward at approximately $2.54/mbf per month.

The average real price spreads for southern pine were less than the real price differences observed relative to
Douglas-fir Standard & Better 2x4’s. Similarly, the trend in the real price spread for southern pine C & Better 1x6
increased at aslightly lower rate than the corresponding change in the trend in real price difference as compared to
the broader Douglas-fir market indicator.

Results and Discussion

Table 19 summarizes the findings for the real price differences and price spreads for the major species and grades of
clearwood lumber included in the price analysis. Again, the real price differences express the actual dollar premium
commanded by a specific product over the period of available price data compared to the baseline commodity index
(represented by Douglas-fir Standard & Better 2x4's) and expressed in inflation-adjusted 1995 dollars. Similarly, the
real price spread represents the actual dollar premium commanded by a specific product relative to the baseline
commodity lumber product of the same species.

Table19. Summary of average real price differences and real price spreads for clearwood products and rate of
change, in 1995 dollars.

Average Real Price Rate of Change Average Real Price Rate of Change

Difference ($/mbf) ($/mbf/month) Spread ($/mbf) ($/mbf/month)
Ponderosa pine
C & Better 1,563 +202 1,598 +1.70
Moulding & Better 1,196 +5.65 1231 +5.33
#3 Shop 280 +1.90 315 +1.59
#3 Common -36
Southern yellow pine
C & Better 1x6 405 +3.15 418 +2.54
Moulding & Better 692 717
#3 Shop 5/4 159 127
Douglas-fir
Moulding & Better 824 -1.07 824 -1.07
#3 Shop 166 +2.88 166 +2.88

Note: Where no rate of change is indicated, price data series was not sufficient to establish a valid long-term trend.
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Thereal price differencesfor clearwood lumber grades were substantial over the 1989-95 period (Table 19). The
lowest prevailing difference was for Shop grades, which ranged from $159/mbf (southern yellow pine) to $280/mbf
(ponderosapine). C & Better grades showed the greatest real price difference, averaging $1,563/mbf for ponderosa
pine and $405/mbf for southern pine respectively. Moulding grade real price differences ranged from $692/mbf for
southern pine to $1,196/mbf for ponderosa pine. Based on trend analysis, these real price premiums appear stable
over the observed data period, with upward trends for all clearwood grades with the exception of Douglas-fir
Moulding and Better. This exception may be influenced by the shorter data time series available and may not fully
reflect the longer trend shown for other species and grades.

Real price differences appear to increase in constant dollar terms, from $1.90/mbf per month for ponderosa pine #3
Shop to $4.65/mbf per month for ponderosa pine Moulding & Better These premiums do not appear to be transitory
or the result of abnormal short-term market dynamics. Since 1989, the softwood lumber market has experienced afull
business cyclein which clearwood products generally maintained and increased their real price premiums.

Thereal price spreads are likewise significant and tend to increase over the observed market period. Thisindicates
that the higher-quality lumber grades within a species are increasingly differentiated by price from the commodity
lumber grades of the same species. Asnoted above, the single exception to increased real price spreadsisfor
Douglas-fir moulding grade, which may be influenced by the shorter data series. The slope coefficients for the
trended behavior of both the real price spreads and real price differences for the lumber productsinvestigated are
summarized in Table 20.

Table20. Summary of rate of change (slope) of trended real price difference and real price spread of selected
clearwood products, by speciesand grades.

Species/Grade Real Price Spread -Trend Slope Real Price Difference-Trend
Coefficient Slope Coefficient
Douglas-Fir
Moulding & Better -0.5356 -0.5356
#3 Shop 14416 14416
Southern pine
C& Better 1x6 12671 1571
Ponderosa pine
Moulding & Better 2.6637 2.8255
C& Better 0.8495 1.0113
#3 Shop 0.7901 0.9519

(Real dollars - Jan 1, 1995)
Note: Slope coefficient represents average trended change per observation period (2 weeks). Average monthly change in real price
difference is approximately twice the coefficient value.



CONCLUSIONS

This study found that clearwood lumber is adifferentiated product for which end users are willing to pay a
substantial premium. Respondents who utilize clearwood lumber as araw material input in their manufacturing
process indicated that they value reliability of supply, price, and price stability over timber quality. The price data
indicates that most higher grades of lumber (e.g., C& Better) displayed a substantial increase in the price premium
received with respect to a baseline, lower quality, product. In addition, the price analysisindicated that clearwood
lumber prices are subject to substantial fluctuations over the short-term. The survey resultsindicate that many
manufacturers are switching to substitute products to meet their raw material needs and provide price stability for
their manufacturing operation.

Although actual elasticity figuresfor product substitution were not determined in this study, it appears that
substitution increases as the supply of high-quality material declinesand pricesincrease. These raw material
substitutes include low-grade lumber products, non-traditional species, wood-based products and non-wood
products. For example, over 40% of the raw material input reported by respondents was shop grade lumber, while
higher-grade lumber products represented just 18% of the total raw material mix. Non-traditional specieswere also
reported to compete successfully with softwood lumber in several of the industry segmentsinvestigated. In
addition, the median use of wood-based substitutes, such as hardwood lumber, finger-jointed material, MDF, and
plywood, rose from 5% in 1989 to 24% in 1994. The study found that wood-based substitutes were much more
frequently used than non-wood products. The characteristics that influence raw material substitution were found to
be price, product availability, reliability of supply, and the technical properties of the substitute product.

Obviously demand for high grade clearwood lumber will continueto exist. However, many manufacturers appear to
be re-evaluating their use of clearwood products as well asthe intrinsic value of these products. Substitution of
lower-grade material for clearwood is extensive and thereislittle reason to believe that it will not continuein the
future. Product quality isalso very important to value-added manufacturers. Clearwood lumber grades represent a
true differentiation of lumber based on the perceived attributesimportant to buyers. A complex price structure exists
between different species and product grades, and between grades of the same species. While only limited price data
isavailable for emerging new substitutes (e.g., radiatapine), it appears certain that niche markets exist for the
differentiated products. While all softwood lumber responds to changes in the underlying fundamental s of market
supply and demand, clearwood products can be characterized by significantly higher relative and absol ute real
prices, with these differencesfairly stable even as the overall market experiences substantial fluctuations of acyclical
nature and even large shocks. Overall, long-term trends in relative pricesindicate increasing prices for clearwood
products, suggesting the potential for increased substitution. On the other hand, the real dollar premiums
commanded by clearwood grades have also been steady and increasing over the longer term, providing greater
returns to timber producers where clearwood grades can be enhanced through quality management. Over time, this
may provide a stimulusto increase the volume of clearwood grade lumber produced through intensive forest
management, subject to favorable management cost trends as well.

In the shorter term, widely fluctuating relative prices reflecting less el astic demand and smaller volumesin the
specialized clearwood niche markets will expose producers and manufacturersto greater than normal uncertainty.
Buyers are wary of widely-fluctuating prices and an uncertain supply outlook. Thus, the short-term perspective may
be more unstabl e with respect to clearwood markets and favor increased product substitution.

This study identified a set of attributes that manufacturers found highly influential during the raw material purchase
decision. Based on thisinformation, forest managers can better assess whether to adopt intensive forest
management practices to increase the production of clearwood lumber for high-value niche markets, or whether they
might be better off managing their forests for the production of commodity grade products. Given the significantly
different cost structure associated with each of these forest management regimes, this study can help forest
managers determine which regime will be most cost effective based on the characteristics of the market segments
served.
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CLEARWOOD LUMBER SURVEY

The purpose of thissurvey isto identify trendsrelated to the use of the higher grades of softwood lumber, often
referred to as clearwood lumber. In particular we are interested in identifying
which industry segments utilize clearwood lumber, why these industries use clearwood,
and what substitute products are being used. ALL RESPONSES WILL BE KEPT CONFIDENTIAL .

1. Approximately how much solid softwood lumber doesyour manufacturing facility purchase annually?
BOARD FEET OF SOFTWOOD LUMBER.

2. What percentage of your softwood lumber came 3. What isthe approximate grade breakdown of
from the following countriesin 1994? Total your softwood lumber purchases? Total should
should equal 100%. equal 100%.

Per centage of Per centage of

Country/Region total purchases Lumber grade total purchases

M OULDING--STAIN GRADE %

NORTH AMERICA % MOULDING--PAINT GRADE %

NEW ZEALAND % C& BETTER %

CHILE % D %

BRAZIL % COMMONS %

ARGENTINA % STANDARD & BETTER %

OTHER (please specify:) CUTSTOCK %

%
SHoP
% %

TOTAL 100% OTHER (please specify:)

%
TOTAL 100%

4. How important do you consider each of the following factor sto be when purchasing softwood lumber ?
Please circle the appropriaterating for each factor listed.

Not I mportant Very | mportant
DIMENSIONAL STABILITY 1 2 3 4 5 6 7
MACHINABILITY 1 2 3 4 5 6 7
MECHANICAL STRENGTH 1 2 3 4 5 6 7
DURABILITY 1 2 3 4 5 6 7
VERTICAL GRAIN 1 2 3 4 5 6 7
NARROW GROWTH RINGS 1 2 3 4 5 6 7
ABSENCE OF KNOTS 1 2 3 4 5 6 7
PRrRICE 1 2 3 4 5 6 7
PRICE STABILITY 1 2 3 4 5 6 7
RELIABILITY OF SUPPLY 1 2 3 4 5 6 7
UNIFORM MOISTURE CONTENT 1 2 3 4 5 6 7
STRAIGHT GRAIN ORIENTATION 1 2 3 4 5 6 7
UNIFORM COLOR 1 2 3 4 5 6 7
TREATABILITY WITH PAINT OR STAIN 1 2 3 4 5 6 7
AVAILABILITY IN LONGER LENGTHS 1 2 3 4 5 6 7
APPEARANCE 1 2 3 4 5 6 7

5. What factorsdo you consider to be most important when pur chasing softwood lumber ?
1) 2) 3)
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6. Please estimate the percentage of softwood lumber that you purchasefor each of the following product linesin 1994.
Percentages across columns should total 100%.

Products:

Moulding

Millwork

Windows

Doors

Stair Parts

Cabinets

Furniture

Other:

Veneer

Total = 100%

%

%

%

%

%

%

%

%

%

7. Pleaseindicate the per centage of softwood lumber purchased by speciesfor each of the products produced at your manufacturing facility.
The percentages (by column) of the products your facility manufactures should total 100%.

Products:

Mouldin

Domestic species:

PONDEROSA PINE

Millwork

Windows

Doors

Stair Parts

Cabinets

Furniture

Veneer | Other:

SOUTHERN PINE

DOUGLAS-FIR

HEM-FIR

WHITE PINE

OTHER SOFTWOODS:

[ mported species: - rr ]
RADIATA PINE
SOUTHERN PINE

OTHER SOFTWOODS:

TOTAL 100% 100% 100% 100% 100% 100% 100% 100% 100%

If you do not use any substitute products, please go to question #12.

8. Which of thefollowing productsdo you currently use asa substitute for solid sawn softwood lumber?
Please check all that apply.

HARDWOOD LUMBER
PLYWOOD
PARTICLEBOARD
ORIENTED-STRAND BOARD (OSB)
MEDIUM DENSITY FIBERBOARD (MDF)
HIGH DENSITY FIBERBOARD
FINGER JOINTED LUMBER

WRAPPED LUMBER (VENEER, VINYL, OR EMBOSSED)

EDGE-GLUED LUMBER
LAMINATED VENEER LUMBER (LVL)
TIMBER STRAND LUMBER (TSL)
PARALLEL STRAND LUMBER (PARALLAM)
PLASTIC/VINYL

METAL

OTHER (please specify:)




9. Approximately % of theraw materialsused in our manufacturing processin 1994 were
substitutesfor solid sawn lumber.

10. Approximately % of theraw materialsused in our manufacturing processin 1989 were
substitutesfor solid sawn lumber.

11. How important are each of the following factorsin influencing your decision to use alter native
materialsassubstitutesfor solid sawn lumber in your manufacturing process?
Please circle the appropriaterating for each factor listed.

Not | mportant Very | mportant

MACHINABILITY 1 2 3 4 5 6 7
PRICE 1 2 3 4 5 6 7
PRICE STABILITY 1 2 3 4 5 6 7
RELIABILITY OF SUPPLY 1 2 3 4 5 6 7
SUPERIOR TECHNICAL PERFORMANCE 1 2 3 4 5 6 7
EASE OF USE 1 2 3 4 5 6 7
CONSISTENT PRODUCT SPECIFICATIONS 1 2 3 4 5 6 7
AVAILABILITY 1 2 3 4 5 6 7
REDUCED ENVIRONMENTAL IMPACT 1 2 3 4 5 6 7
AVAILABILITY OF LONGER LENGTHS 1 2 3 4 5 6 7
TO MATCH PRODUCTS OFFERED BY COMPETITORS 1 2 3 4 5 6 7
APPEARANCE 1 2 3 4 5 6 7
OTHER (please specify:) 1 2 3 4 5 6 7

1 2 3 4 5 6 7

. . ~ Demographic Information .
Theinformation you providein this section will assist usin analyzing the research data. Please
remember that all information will be kept STRICTLY CONFIDENTIAL.

12. What isyour position/title within your firm?

13. How many people does your manufacturing facility employ?

14. Inwhat stateisyour manufacturing facility located?

15. Please estimateto the nearest $100,000 your manufacturing facility’ s salesin 19947
$

25 2 oS oS e &S a2 oS oS oS BN 55 25 25 2 S 2N 2N e e e e e e e e a5 a5 oS aS a5 BN 25 25 25 N 2N N 2N N e e
25 We welcome any additional comments that you would like to make regarding the use of clearwood lumber in your
facility or in general. Thank you again for your assistance.
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May 23, 1995

«Formal_Name»
«Company_Name»
«Street_Address»
«City», «State» «Zip»

Dear «Salutation»:

The Center for International Trade in Forest Products (CINTRAFOR) is conducting astudy to assess the use of
higher-grade softwood lumber, often referred to as clearwood. Changes in the North American timber supply have
significantly impacted the traditional resource base and contributed to the use of alternative wood and non-wood
products as substitutes. The objectives of this study are to identify current end use markets for clearwood lumber,
identify substitute products, and assess the impact of foreign suppliers on the clearwood market.

«Company_Name» is one of asmall number of firmsthat have been selected to participate in this study. The results
from this study will be used to assist manufacturers who utilize clearwood products to better understand trends
affecting the availability of clearwood. Additionally, the resultswill provide insightsinto the utilization of available
wood and non-wood substitutes so that manufacturers may better serve their customers.

In order for this study to be truly representative, this survey should be completed and returned promptly. Itis
important that the individual in your firm who is responsible for purchasing your lumber materials act asthe
respondent. Please forward this survey to the appropriate individual and urge them to complete and returniit. |
would liketo assure you that all information you provide will be held in the strictest confidence.

| understand your time is valuable and appreciate the time you will be taking to assist us with this survey. If you are
interested in receiving asummary of the research results, pleasefill in the enclosed post card and return it to me with
your completed survey in the envelope provided.

Thank you in advance for your participation in this study.

Sincerely,

e

Dr. Ivan Eastin
Professor, Forest Products Marketing
University of Washington



June 27, 1995

About amonth ago, a survey was sent to you seeking information about the use of clearwood lumber at your facility.
We have yet to receive your completed survey.

Thisisthefirst nationwide survey of manufacturers using clearwood lumber. The resultswill help manufacturers and
suppliersto better serve their customers by

& providing an assessment of current end use markets for clearwood lumber,

& identifying alternative wood and non-wood products,

& assessing theimpact of foreign suppliers on the clearwood market.

Y our insights and opinions are avital part of this survey.

If you have not had the opportunity to complete the Clearwood Lumber Survey, we encourage you to so today. Y ou
can obtain a copy of the survey by calling
(206) 543-1918.

Y our contribution to the success of this study is greatly appreciated.

Sincerely,

e

Dr. Ivan Eastin
Professor, Forest Products Marketing
University of Washington
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