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ARTICLE INFO ABSTRACT

The production structure of the lumber manufacturing sector in western Washington was investigated using
a translog cost function with capital. labor, and sawlog inputs. Analyses were performed with a panel data
set of biennial observations from 1972 to 2002 on a cross section of sixteen western Washington counties.
Production structure was examined using Allen and Morishima partial elasticities of substitution, own- and
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cross-price factor demand elasticities, and total factor productivity decomposed
technical change effects. Allen and Morishima substitution elasticities agreed that capital and labor were
most easily substituted inputs. Own-price elasticity at the regional level showed that capital demand was the
most responsive to changes in own-price while log demand was least. Demand for logs was virtually
unresponsive to changes in capital and labor price, suggesting that producers had little flexibility to reduce

into scale effects and

total costs by substituting away from log inputs. Total factor productivity increased by 1.54% every two years
on average; productivity gains in the industry were dominated by scale effects. Hicks-neutral technological

change was rejected; technical change bias was sawlog-saving, capital-using, and labor-neutral

Results

suggest that policies influencing log costs had the greatest impact on sawmill viability.

Published by Elsevier B.V.

1. Introduction and background

In 2007, sawmills in Washington produced 4.76 billion board feet
of lumber, adding 1.75 billion dollars to the state economy and
providing 6218 documented jobs (Western Wood Products Associa-
tion, 2008). With 85% of statewide production, lumber  manufacturing
has remained particularly viable in western Washington.l despite
macroeconomic  uncertainty,  regulatory constraint, and competition
from foreign and other domestic producers (Mittelhammer et al.,
2005). Trends in lumber production are of particular interest because
sawmills are a traditional source of jobs and economic prosperity in
rural areas with few other employment opportunities.

There are many reasons for a comprehensive economic analysis of

the western Washington  lumber industry. After a period of dramatic
of lumber output and capacity expansion in western Washington
mills, lumber demand collapsed as the 2007 sub-prime mortgage

crisis curtailed housing markets nationally. Predicting the impact of
this nationwide  slow-down on production inputs is problematic;
input demand  characteristics of lumber producers in western
Washington ~ have not been examined since 1995 (Stevens). Wide-
spread adoption of labor-saving technology and consolidation  of
capacity and production into fewer large-scale mills located near
urban  manufacturing centers and transportation corridors  raises

concerns  for fural employment and community stability. Yet,
substitution characteristics between labor and capital investment

are unknown. Overall sawmill costs are largely attributed to raw
materials (Fig. 1), implying an inelastic relationship  between sawlog
demand and price that remains unquantified.2 Last, studies show that
investment in technology increases productivity; yet this claim has
not been evaluated for mills in western Washington  (Mittelhammer
et al., 2005; Helvoigt, 2006).

This study differs from previous studies in several ways. This is the
only known study of lumber manufacturing in western Washington
performed  since the mid-1990s. The data set contains biennial
observations ~ from 1972 to 2002, spanning three decades  with
known market perturbations.  This is the first study using a translog
flexible cost function model and the first to estimate total factor
productivity in western Washington.  Previous studies have used Allen
elasticity of substitution to explain input substitution in the industry.
Blackorby and Russell (1989) showed that with more than one factor
input, Morishima substitution elasticities (MES) are the appropriate
measure of elasticity of substitution.  This is the first study to estimate
MES for western Washington.

Table 1 lists lumber production studies performed in the U.S.since
1980 with area of study, functional form, inputs. outputs, data sample,
and technology variable indicated. Only one previous study focused
specifically on the western Washington  lumber industry (Stevens,
1995). Stevens data set induded biennial observations from 1980 to
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1988, a recessionary period with negative profits and many mill
closures. With only five time-series points and 16 cross-sectional
county groups, he acknowledged that parameter estimates could
benefit from additional time-series observations. Mittelhammer, et al.
(2005) examined methods to explicitly model technical change in the
lumber industry at the state level. The most recent observation was
eighteen years ago as the author's objective was to examine the
industry before the spotted-owl controversy of the early 1990s. The
remaining studies examined lumber production at a regional or
national scale. Allbut two of these studies is over a decade old, and
none include data more recent than 1996. Six studies employed a
translog cost function approach, including the most recent (McQueen
and Potter-Witter, 2006). Results from these studies appear in
Tables 7 and 8.

This study uses a translog flexible cost function approach to
analyze the production structure and input substitution of the lumber
manufacturing sector in western Washington with biennial data from
1972 to 2002. The total cost function is estimated simultaneously with
cost-share equations using three inputs: labor, logs, and capital.
Output is an aggregate of softwood and hardwood lumber production;
residues were omitted owing to data inconsistencies.>  Measures used
to assess economic performance are Allen and Morishima partial
elasticities of substitution, own- and cross-price elasticities of factor
demand, and total factor productivity, decomposed into scale and
technical change effects. The next section summarizes the theoretical
and empirical model, followed by data sources. Remaining sections
present analysis results and conclusions.

2. Theoretical and empirical model

Lumber production can be modeled using a production function

representing the relationship between inputs and outputs:

where Yis lumber output (thousand board feet, lumber tally), K is
capital (dollars), L is labor (total manhours), Sis sawlogs (thousand
board feet, Scribner log rule), and T is a time trend representing
technology (years). The dual relationship between production and
costs motivates the use of a corresponding cost function®:

where Cis total cost, Yis lumber output, Py, P, and Ps are capital,

labor, and sawlog price, respectively, and T is a time trend.
Assumptions imposed on producer and market behavior a priori are:
mills produce a single output and minimize costs, mills purchase or
rent cost-minimizing levels of production inputs, markets are
competitive, and output and input prices are exogenous.

Awell-behaved cost function isconcave in input prices. The principal
minors of the Hessian matrix of second-order partial derivatives are
negative semidefinite and symmetric, meaning fx,.x, = fx;x; (Silberberg
and Suen, 2001). Factor demand functions must be non-negative to
ensure the cost function is monotonic in both Yand P, and the cost
function must be homogeneous of degree one with respect to input
prices. These curvature properties are maintained hypotheses about the
geometry of the function that can be tested or imposed a priori
(Chambers, 1988).

Atranslog cost functional form was selected for flexibility with
respect to restrictions. returns to scale, elasticities of substitution, and
technical change (Berndt and Christensen, 1973).5 After imposing
linear homogeneity with respect to input prices and symmetry of
cross-partial coefficients using the restrictions:



The benchmark translog cost model was sequentially compared
against models of a homothetic and homogeneous cost function,
unitary elasticity of substitution, Hicks-neutral technology, and no
technical change by applying the following restrictions (McQueenand
Potter-Witter, 2006):

Likelihood ratio tests (LRT)were employed to select between
models. Test statistics were compared against chi-square critical values
with degrees of freedom equal to the number of model restrictions
(Greene, 2003). Allen and Morishima elasticities of substitution, own-
and cross-price demand elasticities, total factor growth, and input factor
bias were calculated from parameters of the selected model.

Allen partial elasticities of substitution (Allen, 1938) describe the
extent that inputs are technically substitutes in production. Where Mi
is the cost share value for input i, Allen partial elasticities of
substitution are”:

Thismeasure is symmetric, meaning OA'i —0A.., Positive Allenelasticity
values imply that inputs are substitutes; values g}eater than or less than
one indicate an elastic or inelastic relationship, respectively.

Own- and cross-price elasticities are factor demand elasticities
that reflect changes in input demand resulting from changing input
prices. Own (i=j) and cross (i #j) price elasticities of factor
demand are derived from input cost shares and Allen substitution
elasticities:

Morishima substitution elasticities, unlike Allenelasticities, are not
symmetric and are derived from factor demand elasticities:

Total factor productivity (TFP)measures residual output growth
not accounted for by growth in factor inputs. The percentage change
in TFPis estimated as (Nagubadi and Zhang, 2006):

If TFP growth is positive, costs are decreasing over time (given
fixed input prices and output), and productivity is increasing.If Tjf' is
negative, costs are rising over time.



Growth in TFP can be decomposed into technology and scale
effects. The first term T is the rate of technical change: it is the
negative derivative of the cost function with respect to time:

If the industry exhibits constant return to scale, scale effects equal
zero and TFP growth is solely measured by technical change, T.
Separating TFP into scale effects and technical change effects has
questionable validity both when using aggregated industry data and
in atime-series setting (Diamond et al., 1978% Crilichesand Ringstad,
1971, Baardsen, 2000), yet scale and technical change effects are
reported for comparability to earlier studies.

When time isused as a proxy for technology, technical change is
Hicks-neutral ifthe marginal rate of substitution is independent from
time. Rejection of Hicks neutrality suggests the presence of input
factor bias. Factor bias of the ith input is the coefficient of the
interaction term between capital, labor, and sawlogsand output: By,
BLy, By (Kant and Nautiyal, 1997). When Bjy is less than, equal to, or
greater than zero, technical change is input saving, neutral, or using,
respectively.

3. Data

Data required for the translog cost function include total sawmill
costs, total cost and prices of inputs capital, labor, and logs, and
volume of lumber output. Mill-level data for labor quantity, log
quantity, and lumber production were available biennially from the
Washington  Mill Survey (Washington Department of Natural
Resources (WADNR),1972-2002a,b). These were aggregated and
combined with additional county-level cost and price data con-
structed from sources described in Appendix A. This study uses
biennial data from 1972 to 2002,%° resulting in a panel data set of 256
observations. Values were adjusted to 1982 dollars using the all-
commodity producer price index (PPI).

4. Results
Likelihood ratio tests rejected all model restrictions at the 1%

significance level (Table 2). These results are contrary to McQueen
and Potter-Witter, who could not reject Hick's neutral technical

change in sawmills in the Great Lakesstates. Stevens neither tested
nor imposed restrictions on his model. Subsequent calculations of
elasticities and total factor productivity were based on coefficients
from the benchmark model.

Coefficient estimates and standard errors from the translog cost
function appear in Table 3. The R-squared value of 0.9805 suggests a
good fit between the translog cost model and sawmill data. Of the 23
estimated parameters, 16 were significant at the 1% level and 3 were
significant at the 5%level. Three of the six the technology variables
were not significant, yet Hicks-neutral and no technical change
models were rejected by the likelihood ratio test. Since the translog
does not satisfy the conditions for well-behaved cost function globally
(Berndt and Wood, 1975), concavity in input prices and strictly
positive input demand functions were tested and met for each
observation.

Descriptive statistics for capital, labor, and log cost shares are listed
in Table 4. Logsaccounted for 58% of sawmill costs. Although labor and
capital contributions to costs (24 and 18% respectively) were smaller
on average, maximum values of 71 and 61% suggest that county-level
aggregation of labor and capital costs may dilute impacts observed at
the individual mill level.

Allen and Morishima partial elasticities of substitution with
associated standard errors appear in Table 5. All inputs were inelastic
Allen substitutes with the greatest substitutability between capital



and labor (0.7369). With substitution elasticity of 0.2876, capital and
logs were the most difficult to substitute.

Morishima partial elasticities of substitution were consistent with
Allen substitution elasticities. All input combinations were inelastic
substitutes. Capital and labor were the strongest Morishima sub-
stitutes; labor was somewhat easier to substitute for capital than the
converse (Table 5). Morishima elasticities confirm that sawmills were
least able to substitute between logs and the other inputs.

Price elasticity results presented in Table 6 show that all input
pairs are inelastic substitutes. The own-price elasticities all had the
expected negative sign; capital demand was most responsive to own-
price changes and log demand the least. The labor-log cross-price
elasticity was the largest at 0.2023; a 1%increase in log price increased
labor demand by 0.20%. Demand for logs was the least elastic with
respect to changes in capital and labor input prices.

When evaluated at the mean values of input variables, total factor
productivity inthe western Washington lumber industry improved by
an average of 1.54%every two years over the study period. After
decomposing TFPinto scale effects and technical change, it was clear
that scale had a far greater impact on TFPthan technical change.

Overall, the proportion of TFP growth attributable to scale was 1.45%.

Output rose by almost 3%every two years and the output elasticity
value of 0.51 suggests increasing returns to scale (McQueen and
Potter-Witter, 2006). The rate of technical change was estimated at
0.09 per biennium. Hicks-neutral technological change was rejected;
technical change bias was sawlog-saving, capital-using, and labor-
neutral.

5. Discussion and conclusions

The structure of the western Washington lumber industry can be
represented by an unrestricted translog cost function exhibiting
nonunitary elasticity of substitution, nonconstant returns to scale,and
biased technical change. Restrictions for unitary elasticity of substi-
tution, homogeneity, homotheticity, no technical change, and Hicks-
neutral technology were rejected. Input demand was not independent
from factor prices or output; the hypothesis that factor shares are
independent of prices was strongly rejected. Estimated cost and factor
demand functions are well behaved; curvature and positivity
requirements were met for each observation.

Sawmill profitability was primarily driven by log costs, which were
nearly 58%of sawmill variable production costs on average. Holding

output constant, elasticities show that log demand was unresponsive
to own- or cross- input prices, with only a modest ability to substitute
capital for logs. Thus, the industry was highly sensitive to unexpected
changes in log markets. Price elasticities confirm that increasing log
prices led to increased demand for capital and reduced demand for
labor. Improved lumber recovery resulting from capital investment
was achieved at the expense of sawmill workers. This conclusion is
intuitive; a mill may layoff workers or postpone investment in
facilities when faced with rising costs, but it is impossible to create
lumber without wood.

Total factor productivity in western Washington sawmills is
comparable to other regions. McQueen and Potter-Witter (2006)
found that productivity in the Great Lake states improved by 0.69%
annually; Nagubadi and Zhang (2006) estimated TFPgrowth of 0.54%
in Canadian sawmills. However, productivity improvements were
dominated by scale effects, rather than technical change, suggesting
that mill owners sought to capture cost savings by expanding
production. The technical change that did occur was sawlog-saving
as producers attempted to mitigate the impact of log costs. One thing
is clear; efforts to minimize input costs are a crucial part of producer
strategy.

Sincelog costs exert a critical influence over western Washington's
production of lumber, policies that reduce volatility in log prices
should be the most beneficial to the industry. Continued access to
adequate raw material supply is one way to ensure that sawmills
remain solvent Timber harvest has dramatically declined over the
study period on all ownership categories (WADNR1972-2002b). The
greatest declines have been on national forests as a result of federal
policy. Unanticipated harvest declines have also occurred on state
trust lands, on western Washington tribal lands, on industrial forest
lands, and on western Washington non-industrial private lands,
largely in response to changing regulations, market conditions, and
land conversions. There is concern that harvest from non-industrial
lands will continue to decline as landowner preferences shift away
from financial gain from harvested timber (McQueen and Potter-
Witter, 2006). Lower harvest rates could raise log prices, leading to
closure of mills with the least ability to substitute away from wood.

Landconversionand parcelization offorest land holdings also impact
log costs. Conversion is greatest close to urban populations and major
transportation routes. In these cases development values of land can
exceed land expectation values associated with commercial forestry
values by 15-20 times (Bradley et al., 2007). Regulatory cost and
complexity, social pressure from new residents and, for family forest
landowners, generational changes and estate taxes are other motiva-
tions to convert. Forest conversion eliminates timber economic benefits
and much ofthe ecologicalbenefit of forest lands. With evidence that the
land base of suitable timber inwestern Washington isshrinking, policies
that limit urban expansion are likelyto benefit lumber producers.

With skyrocketing fuel prices, another option is to examine
policies that reduce transportation costs for delivering logs from the
forest to the mill or delivering lumber from the mill to product
markets. Since capacity is increasingly being located away from
logging sites, mills may benefit from incentives to utilize alternative
fuels or modes of transportation, such as water and rail.



While log costs are critical components
of taxes and forestry regulations

of production costs, the costs
are also important to private forest
landowners.  Washington has one of the highest tax obligations for
owning timberlands and harvesting timber in the U.S. (Perez-Garcia.
2006). Washington's  stringent stream buffer requirements for forestry,
intended to benefit salmon, impose a significant cost, especially on
owners of small forest parcels. High costs can undermine the incentive
to sustain land in forestry, jeopardizing access to raw materials required
by sawmills.

Given these challenges to sawmill viability, the role of sawmills in
generating employment and rural development in western Washing-
ton appears to have diminished. However, Lee and Eckert-jennings
(2002) found that small- and medium-sized sawmills provided the
most stability in employment  during periods of both long-term
growth and decline in the Washington forest products industry,
Improving the operating environment  for small mills may be one
approach to stabilizing wood-producing ~ communities. Policies such as
providing access to limited supplies of state and federal timber,
providing favorable credit and taxation, and reducing the dispropor-

tionate impacts of environmental  regulations on small mills might
help create and maintain steady employment opportunities in rural
areas (Tables 7 and 8).
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Appendix A

An exhaustive description of the data can be found in Daniels (2007).
Total labor cost was annual payroll values by county for Standard
Industrial ~ Classification (SIC) code 242 from 1972 to 1996 and NAICS
code 3211 from 1998 to 2002 (U.S. Department  of Commerce, Bureau of

the Census, 1972-2002).11 Industries in SIC242 and NAICS3211 do not
match exactly; separating wood-preservation  facilities from sawmills
was not possible at the county level owing to disclosure laws. However,
the bias created by this data inconsistency appears to be minimal; state-
level data show that wood preservation facilities comprised no more
than 9% of NAICScode 3211 between 1998 and 2002. In addition, the
1997 Economic Census declared sales or receipts from NAICSwithin 3%
of SIC sales or receipts (U.S. Department of Commerce, Bureau of the
Census, 2000).

Missing payroll values were generated in two ways. If the period
immediately prior and immediately following the missing value was
reported, the missing value was an average of those two values. If
several consecutive years were missing, values were generated using

Labor quantity is denned as annual mill operating hours (WADNR,
1972-2002a,b).  County level wages were calculated by dividing total
labor cost by operating hours. The resulting data series contained total
biennial labor cost and wages for each county.

The volume (thousand board feet, Scribner log rule) of logs
consumed by western Washington lumber manufacturers  consists of
an all-species log volume from mill data for each county. (WADNR,
1972-2002a).

Three sources were used to construct the log price series. Log
prices from 1972 to 1985 were an average of number 1, number 2,
number 3, and number 4 domestic grades of Douglas-fir and western
hemlock  compiled by the Industrial  Forestry Association  and
published annually in Warren (1972-2002).  Log prices for 1986 and
1988 were published in the Forest Price Report (National Agricultural
Statistics ~ Service (1986-1988)). For each of three sub-regions,
Douglas-fir and hemlock-fir prices were averaged over four domestic
grades: special mill, number 2, number 3, and number 4. After 1988,
prices were available from the Log Lines Price Reporting Service
(1989-2002).  Monthly prices for Douglas-fir and western hemlock



special mill, number 2, number 3, and number 4 grades were averaged
to form annual prices. Log Lines reports western Washington log
prices at three sub-regional levels.

The total cost of capital was represented by the assessed building
values of sawmills responding to the WADNR mill survey (Stevens,
1995). Values were gathered from County Assessor officesand state
archive facilities in Olympia, Bellevue, and Bellingham, Washington.
Building values were selected to represent capital because building
assessments were more consistent across counties than machinery
and equipment, introducing a potential downward bias to capital
stock values. Missing assessment values were estimated using
ordinary least squares to regress county sawmill capacity (available
in the mill survey) on available assessed values.

User cost of capital calculations require generating a capital stock
series. Initial capital stock values were the 1972 total assessed building
value for sawmills in each county. Subsequent stock values were
generated using the perpetual inventory method (Christensen and
Jorgensen, 1969) modified in two ways. Because appraisers consider
depreciation when evaluating properties, no adjustments for depreci-
ation were incorporated into building values. The series was also
adjusted forthe service life of capital stock assuming a building lifespan
of 25 years (Baardsen, 2000). User costs of capital were then constructed
using the capital stock series, a discount rate (Moody's AAA Corporate
Bond Rate), and county property tax rates (Washington State
Department of Revenue, 1972-2002).

Lumber output volume (thousand board feet, lumber tally) was
acquired from the mill survey (WADNR,1972-2002a,b). Mill survey
data do not specify lumber grade; the series consists of all-species and
all-grades of lumber produced by county.
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