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Abstract

The impact of labor on the forest products industry is
generally analyzed by input-output models, which do
not take into account such economic variables as wage
rates, scale of production, and technical change. The
aim of this report is to summarize results from econo-
metric research that pertain to labor demand. The
report reviews major microeconomic relationships (elas-
ticities), describes principal empirical approaches used
to estimate elasticities, and summarizes statistical es-
timates drawn from the literature. The final section of
the report discusses implications for policy analysis and
suggests future research directions.
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Errata

Page 4, column 2, 11 lines from the bottom

The subscript W should be lowercase as shown below.

ln C = α0 + αQ ln Q + αw ln w + αr ln r

Page 10, column 2, number 4

4. Solid-wood products show no significant change in total factor
productivity, whereas pulp and paper products show
increasing total factor productivity (τ = -0.008
for solid-wood products, 0.003 for pulp and paper
products).
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Introduction

Changes in employment and income have been key is-
sues in many policy debates related to North American
forest products industries. Anticipated threats to pro-
ceasing jobs helped galvanize political support for trade
sanctions against Canada in the 1986 softwood lumber
dispute. The possibility of chronic unemployment in
timber-dependent communities underlies much of the
controversy over the fate of old-growth forests and the
spotted owl in national forests in Washington and Ore-
gon. Similar concerns have led to proposals to ban log
exports from state forests in the Pacific Northwest.

Market models of the North American forest prod-
ucts sector, such as the Timber Assessment Market
Model (TAMM) (Adams and Haynes 1980), are, by
construction, more suited to analyzing wood supply
and demand than labor-related issues. Labor impacts
are most commonly analyzed by input-output models.
Input-output models assume a very simple, Leontief
model of labor demand: expenditure on labor inputs
constitutes a constant share of the value of forest prod-
ucts output. The effects of wage rates, prices of other
inputs, scale of production, technical change, and other
economic. variables on labor demand are ignored.

Econometric research during the past 20 to 30 years
has indicated that factors other than output are in-
deed significant determinants of input demand by forest

1 Currently an Associate in the Harvard Institute for
International Development, Cambridge, Massachusetts.

products industries. The objective of this report is to
extract and summarize findings from this substantial
literature that pertain to labor demand. More than
40 articles in a range of economics and forestry journals
were reviewed. Although very few of the studies were
explicitly concerned with labor demand, together they
contained a substantial amount of useful information.

The first section briefly reviews the major microeco-
nomic relationships–elasticities–pertinent to labor
demand. The second section describes the principal
empirical approaches used to estimate these elastici-
ties. The third section forms the core of the paper: a
summary of statistical estimates drawn from the litera-
ture. The final section discusses implications for policy
analysis and suggests future research directions.

Microeconomics of Labor Demand

Most analyses of forest sector production have assumed
that industries minimize input costs for a given level of
output, subject to an existing production technology.
This cost-minimization orientation is maintained here.

Let us assume that wood products are manufactured
using three variable inputs: labor L, capital K, and
materials W, including wood. Prices of these inputs
are w, r, and p, respectively. The state of technology is
denoted by a time index t. The minimum cost of pro-
ducing Q* units of output is given by the cost function



Demand for labor is derived by Shephard’s lemma, as
follows:

Own-Price Elasticity of Derived Demand

Perhaps the most basic labor demand relationship is
the response to a change in the wage rate. This is mea-
sured by the own-price elasticity of derived demand:

This is a partial elasticity; output, prices of other
inputs, and technology are held constant.

Allen Partial Elasticities of Substitution

Cross-price effects indicate whether other inputs
are substitutes or complements for labor. The most
straightforward measures of cross-price effects are cross-
price derived-demand elasticities:

Traditionally, however, cross-price effects have been
measured by Allen partial elasticities of substitution.
In the two-input case, the elasticity of substitution has
a straightforward interpretation, as it relates input
ratios to ratios of input prices:

The interpretation is more complex in the case of three
or more inputs. Elasticities of substitution in the multi-
input case are beet understood as cross-price elasticities
divided by input cost shares:

where s is input cost-share.

Positive values indicate that inputs are substitutes,
whereas negative values indicate that they are
complements.

Recently, Blackorby and Russell (1989) criticized Allen
partial elasticities as having “no meaning” as a quanti-
tative measure and, as a qualitative measure, “add[ing]
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no information to that contained in the (constant out-
put) cross-price elasticity.” They conclude that the
“real” elasticity of substitution is the Morishima elas-
ticity, which more closely parallels the two-input elas-
ticity of substitution in providing information on the
curvature of isoquants and relative input shares and
in being interpretable as the logarithmic derivative of
a quantity ratio with respect to a price ratio. In keep-
ing with tradition, we will utilize Allen elasticities of
substitution in this paper, in spite of these criticisms.

Elasticity of Size

Scale economies affect labor demand in that a change
in output might not be accompanied by an identically
proportional change in employment. For a production
function, scale economies are measured by the elastic-
ity of scale, which indicates the percentage change in
output when all inputs are multiplied by an identical
scalar.

Homothetic production functions have isoquants whose
slope (i.e., the ratio of marginal products) does not
change with proportionate increases in input quantities
(Silberberg 1978). Equivalently, at given input prices,
input demand ratios are independent of the scale of
operations. The restrictiveness of homotheticity is illus-
trated neatly by a comment by Hamermesh (1986): it
precludes the possibility that “large firms may be bet-
ter able to function with a more capital-intensive pro-
cess at given [input prices] than are small firms.” The
equivalence of elasticities of scale and size discussed in
the text results from cost functions associated with ho-
mothetic technologies being separable in input prices
and output (Varian 1984). If a production function is
homothetic, then its elasticity of scale is equivalent, at
cost-minimizing points of production, to the elasticity
of size of the cost function (Chambers 1988):

The elasticity of size is the inverse of the elasticity of
cost with respect to output. If the production function
is homogeneous, then the elasticity of size is constant.
Homogeneous production functions are the class of ho-
mothetic production functions having identical returns
to scale at all input combinations (Silberberg 1978). If
the production function is not homogeneous, the elas-
ticity varies with the level of output; if the production
function is not homothetic, the elasticity varies with
the prices of inputs.

Total Factor Productivity

Scale economies are one reason why the ratio between
labor input and product output can change even if



input prices are held constant. A second reason is tech-
nical change. Technological innovation may enable a
constant output to be maintained eve” though the
consumption of all inputs is declining over time. A
convenient measure of technical change is the partial
elasticity of costs with respect to time, or total factor
productivity:

A positive τ, for given input prices and level of out-
put, indicates decreasing costs over time, and therefore,
decreasing consumption of inputs. Conversely, if τ is
negative, then input consumption is increasing.

Total factor productivity can also be estimated
noneconometrically by an accounting approach intro-
duced by Solow (1957). Estimates based on this ap-
proach by Frank and others (1988), Jorgenson and
Fraumeni (1989). Jorgenson and others (1987), and
Oum and Tretheway (1988) were included in this re-
view. Estimates from the approach are biased upwards
in the case of an expanding industry with increasing re-
turns to scale because the accounting identities assume
constant returns to scale.

Labor Bias of Technical Change

If technical change has the same proportional impact
on all inputs, then it is termed Hicks neutral. The
more general case permits technical change to impact
input usage differentially. Technical change may tend
toward either increasing or decreasing the utilization
of a particular input. Binswanger (1974) defines the
labor bias of technical change in terms of a cost-share
elasticity:

Technical change is “labor using” (biased toward la-
bor) if the cost share of labor is increasing over time
(τL > 0) and “labor saving” (biased against labor) if
the cost share is decreasing (τL < 0).

Dynamic Considerations

Dynamic effects relevant to labor demand encompass
more than secular changes in technology. An important
issue is whether firms can adjust inputs instantaneously
to their cost-minimizing levels. If this is possible, then
short-run and long-run counterparts of the economic re-
lationships described previously are equivalent. If not,
then short-run and long-run effects may differ substan-
tially. Given the existence of labor contracts and in-
vestments in employee training, and the fixity of certain
capital inputs, we might expect differences in short-run
and long-run states to be an important empirical fea-
ture of labor demand (Nickell 1986, Hamermesh 1989).

Berndt and others (1981) provide an excellent review
of three generations of research on modeling dynamic
input demands.

Empirical Estimation

This section describes empirical approaches for quanti-
fying the elasticities discussed in the foregoing section.
Approaches used in the studies reviewed in this paper
are highlighted. For a broader treatment of empirical
models of labor demand, see Hamermesh (1986) and
Nickell (1986).

General Comments

Research on input demand by forest products industries
has been characterized by borrowing theories and tech-
niques from production economics and applying them
to forest products data. Although production research
in forestry has not made a fundamental contribution
to mainstream production economics, and although
its usefulness for developing forecasting and policy-
analysis models of the forest sector has been questioned
(Cardellichio and Kirjasniemi 1987), it has enhanced
our understanding of the structure and economic be-
havior of forest products industries.

The fundamental theoretical concepts of modern pro-
duction economics were well developed by the late
1950s and early 1960s. A key advance was provided
by Shephard’s (1953) treatise on duality, which demon-
strated that production behavior could be studied via
the more convenient and more economically relevant
cost and profit functions instead of via the produc-
tion function. Major advances in production economics
since then have been primarily in the applied realm.
These advances have progressively reduced the “um-
ber and stringency of ex ante restrictions on functional
forms used to estimate production, cost, and profit
functions and their associated input demand equations.
These developments enable one to test, rather than as-
sume, the nature of virtually all production characteris-
tics of interest.

Leontief and Cobb-Douglas Production Functions

Early efforts to estimate production characteristics
assumed either Leontief or Cobb-Douglas production
functions. For the three-input case, the former may be
represented by

and the latter by
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where A is a positive constant.

Cost minimization subject to these production tech-
nologies results in the following respective labor de-
mand equations:

where

For simplicity, technical change and dynamic effects
have been excluded from these equations.

As mentioned in the introduction, the Leontief produc-
tion function is the basis of the input-output model.
Its labor demand characteristics, in terms of the elastic-
ities described in the preceding section, are

This is obviously a very rigid representation of labor
demand. The Cobb-Douglas form allows for more
flexibility:

A major restriction is that the elasticity of substitution
is required to be 1 for all pairs of inputs.

CES Production Function

In a classic article, Arrow and others (1961) demon-
strated that both of these production functions, as well
as the linear production function, are special cases of
the more general constant elasticity of substitution
(CES) production function:

where

and v and φ are constants.

This is the homogeneous (thus homothetic) version of
the function. As with the Leontief and Cobb-Douglas
functions, technical change and dynamic effects have
been omitted for simplification. If φ = 0, the CES
function simplifies to the Cobb-Douglas function; if
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it simplifies to the Leontief function. The
labor demand equation is given by

The expression for is a lengthy expression that will
not be presented here. Most important, the CES func-
tion, unlike the Cobb-Douglas case, does not necessar-
ily require to be constant. Other relationships are
given by the following expressions:

Translog Cost Function

The approaches reviewed so far are examples of the pri-
mal approach to analyzing production behavior: eco-
nomic behavior is studied via an explicit representa-
tion of the production function. The primal approach,
in particular this approach based on the CES func-
tion, dominated applied production economics dur-
ing the 1960s and early 1970s. In the 1970s, however,
as the implications of Shephard’s duality results were
more fully developed (see Diewert 1971 and Fuss and
McFadden 1978), the dual approach became increas-
ingly popular. Today, it is the dominant approach for
applied production analysis. The dominant function
used to implement this approach is the translog cost
function (Christensen and others 1973, Berndt and
Christensen 1973).

A generalized form of the translog cost function that al-
lows for nonhomotheticity and biased technical change
is as follows:

where t is a time trend, a proxy for technical change.
Letting i and j be indices of input prices (i, j = w, r,
p), the following constraints must be imposed on the



parameters to satisfy basic tenets of production theory,
such as price homogeneity:

then the production technology is ho-
mothetic. If, in addition, αQQ = 0, the technology
is homogeneous. Technical change is Hicks neutral if

Technical change is biased against (for)
input i if αti < 0(> 0).

Deriving a labor demand equation from the translog
cost function is difficult. However, a linear form of the
labor cost-share equation is easily obtained:

The labor-share equation is typically estimated jointly
with the cost function and all but one of the remain-
ing cost-share equations. The cost function and cast-
share equations are estimated jointly to impose cross-
equation parameter constraints, to gain efficiency, and
to increase degrees of freedom. One cost-share equation
must be excluded to avoid singularity problems result-
ing from the cast shares summing to one (Chambers
1988).

Characteristics of labor demand are determined by the
following formulas:

Note that none of these relationships is constant: the
own-price elasticity, the elasticities of substitution, and

the labor bias vary with cost shares; the elasticity of
scale and total factor productivity vary with output,
input prices, and time.

A dynamic version of the translog cost function was
developed by Mohr (1980). Mohr followed Nadiri and
Rosen (1969, 1973) in assuming that input demands are
characterized by a partial adjustment process. For the
three-input case, this assumption implies that dynamic
labor demand is given by

We expect the θij parameters to be positive and less
than or equal to 1 in magnitude, but this need not be
the case. In the short run, consumption of labor only
adjusts a fraction of the way toward its long-run equi-
librium level (L t*). Note that labor demand is affected
by disequilibrium in terms of not only labor inputs but
also inputs of capital and wood. Long-run values of
L t* , Kt*, and Wt* are assumed to be determined by de-
mand or share equations derived from a long-run cost
function.

In the terminology of Berndt and others (1981), this
is a second-generation dynamic model. In a first-
generation model, 0 < θLL < 1 and θLK = θLW = 0;
in a third-generation model, dynamic economic opti-
mization subject to adjustment costs is more explicitly
modeled. Nadiri and Rosen (1969, 1973) and Berndt
and others (1981) discuss conditions related to the θi j

parameters that must be satisfied for the adjustment
process to be dynamically stable.

Empirical Estimates of Labor
Demand Characteristics

Study Characteristics

A literature search of economics and forestry journals
and books revealed 45 studies containing quantitative
information on labor demand by industries in either the
solid wood products sector (in the U.S. classification
system, SIC 24—Lumber and Wood Products) or the
pulp and paper sector (SIC 26—Paper and Allied Prod-
ucts). Broad features of the studies are given in Table 1
and summarized in this section.

The studies were published between 1961 and 1989;
three studies were published in the 1960s, seven in the
1970s, and 35 in the 1980s. Studies were published in
13 different journals; 21 studies were in 4 forestry jour-
nals and 14 were in 9 economics journals. Ten studies
were published in books or as working papers.
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Table 1—Description of reviewed studies

Study

Product Region Approach

Solid Pulp and United Production cost
wood paper States Canada function function

Abt (1987)
Arrow and others (1961)
Banskota and others (1985)
Bible (1983)
Buongiorno and others (1983)
Buongiorno and Gilless (1980)
Buongiorno and Lu (1989)
De Borger and Buongiorno (1985)
Dennis and Smith (1978)
Denny and others (1981)
Ferguson and Moroney (1969)
Field and Grebenstein (1979)
Frank and others (1988)
Greber and White (1982)
Humphrey and Moroney (1975)
Jorgenson and Fraumeni (1981)
Jorgenson and Fraumeni (1989)
Jorgenson and others (1987)
McKinnon (1962)
Martinello (1985)
Martinello (1987)
Meil and Nautiyal (1988)
Meil and others (1988)
Merrifield and Haynes (1983)
Merrifield and Haynes (1985)
Merrifield and Singleton (1986)
Mohr (1980)
Moroney (1970)
Nadiri and Rosen (1973)
Nautiyal and Singh (1983)
Nautiyal and Singh (1985)
Nautiyal and Singh (1986)
Oum and Tretheway (1988)
Sato (1977)
Sherif (1983)
Singh and Nautiyal (l984)
Singh and Nautiyal (1986)
Sosin and Fairchild (1984)
Stier (1980a)
Stier (1980b)
Stier (1985)
Sullivan and Gilless (1989),
Tsurumi (1970)
Wear (1987)
Wear (1989)
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x
x
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x
x
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In general, the studies analyzed aggregate industrial
processing sectors, such as two- or three-digit SIC cat-
egories. Only three analyzed firm-level data (Banskota
and others 1985, Meil and Nautiyal 1988, Sosin and
Fairchild 1984). Thirty-two studies contained infor-
mation on industries in the solid wood products sec-
tor, while 28 contained information on industries in the
pulp and paper sector. Thirty studies concerned indus-
tries in the United States, 15 concerned industries in
Canada, and 2 concerned industries elsewhere in the
world.

Too few studies provided information on labor demand
by nonprocessing forest products industries, such as
logging, to be included in this review. For available in-
formation, see Martinello (1985), Stier (1980a), Sullivan
and Gilless (1989), and Woodland (1975).

Most studies (27) used the dual approach to analyze
production. Twenty-five studies used a cost function
approach; of these, 22 used a translog cost function.
Sixteen studies used a production function approach:
six studies used a Cobb-Douglas function, nine a CES
function, and three a translog function. The studies us-
ing a production function approach were generally ear-
lier ones. Only eight studies estimated dynamic mod-
els (Denny and others 1981, McKinnon 1962, Meil and
others 1988, Merrifield and Singleton 1986, Mohr 1980,
Nadiri and Rosen 1973, Nautiyal and Singh 1986, Singh
and Nautiyal 1986). Only one study (Denny and others
1981) used a third-generation approach. Most studies
relied on time-series data, although four studies used
cross-sectional data and five used panel data.

Labor was treated as a homogeneous input in all but
two studies. Dennis and Smith (1978) and Mohr (1980)
treated production (wage) employees and nonproduc-
tion (salaried) employees as separate inputs. Labor
quantity was typically measured by monthly or annual
full-time equivalents of hours worked or persons em-
ployed. Only one study (Jorgenson and others 1987)
took labor quality into account in determining labor
input quantity. Labor price was generally determined
by dividing the total wage bill (sometimes including
benefits) by total full-time equivalents.

Derivation of Estimates

Estimates of the various economic relationships were
not reported in identical fashion in all studies. For
example, some studies reported cross-price derived-
demand elasticities, whereas others reported Allen par-
tial elasticities of substitution; some reported a com-
plete set of translog cost function parameter estimates,
whereas others reported only a select set of elasticities
derived from these parameters.

As much information as possible was extracted from
each study, given restrictions on how the results were
reported. This frequently involved manipulating pa-
rameter estimates to calculate elasticities not reported
by the authors. Estimates from static models were
treated as long-run estimates for comparison to esti-
mates from dynamic models.

Averages (medians and means) of reported or calcu-
lated estimates were determined across the studies
whenever at least three values from at least three dif-
ferent studies were available. The reader should keep
in mind that these values are averages of estimates
based on various methods applied to data for various
time periods, various industry levels and products, and
various regions. For example, an estimate based on a
dynamic cost function analysis of firm-level data for
softwood sawmills in a Canadian province might be av-
eraged with an estimate based on a static production
function analysis of time-series data on SIC 24 for the
entire United States. Obviously, variation in the esti-
mates is to be expected. The standard deviations of
the mean values were calculated to indicate the degree
of variation. Assessing variation was also approached
by calculating separate averages for the United States
and Canada and for major products within the two
broad industrial sectors (lumber and panels in the solid
wood products sector, and paper in the pulp and paper
sector).

Summary estimates (medians, means, standard devia-
tions) of long-run elasticities are presented in Tables 2
to 8. The “solid wood” and “pulp and paper” rows in-
clude estimates for all industries manufacturing solid-
wood products or pulp and paper products, respec-
tively, regardless of level of product aggregation. In-
formation on more disaggregated products is included
in the “lumber,” “panels” (veneer and plywood), and
“paper” (including paperboard) rows. Estimates for
subnational regions are included in the “U.S.” and
“Canada” columns. Short-run estimates, which were
few, are discussed in the text.

Own-Price Elasticity of Derived Demand

There was consensus among the studies that long-run
labor demand is inelastic with respect to wage rates
(Table 2). Forty-six of 49 estimates of long-run εLL for
solid-wood products and 31 of 36 estimates for pulp
and paper products were between 0 and -1. Inelas-
ticity implies that although wage increases decrease
employment, they cause aggregate labor income to rise.

Demand may be inelastic, but wage responsiveness is
not insignificant. The majority of individual estimates
were significantly different from 0 at the 1-percent level.
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Table 2—Own-price elasticities of derived
demand for labora

Product Region Median Mean SD M N

Solid All -0.36 -0.46 0.40 29 49
wood U.S. -0.37 -0.48 0.46 20 33

Canada -0.41 -0.36 0.21 10 16

Lumber All -0.34 -0.42 0.32 15 28

Panels All -0.40 -0.37 0.21 6 7

Pulp All -0.66 -0.64 0.59 22 36
and U.S. -0.61 -0.61 0.61 13 22
paper Canada -0.73 -0.73 0.60 8 11

Paper All -0.74 -0.60 0.28 6 14

a SD is standard deviation, M number of studies,
and N number of individual estimates.

Table 3—Allen partial elasticities of substitution:
labor-capital

Product Region Median Mean SD M N

Solid All 1.00 1.28 1.73 25 43
wood U.S. 0.97 1.30 1.94 18 33

Canada 1.13 1.19 0.67 7 10

Lumber All 1.02 1.39 2.06 11 20

Panels All 1.15 1.23 0.83 5 8

Pulp All 0.60 0.68 0.53 19 30
and U.S. 0.53 0.64 0.42 11 19
paper Canada 0.92 0.79 0.70 7 10

Paper All — — — 2 5

Table 4—Allen partial elasticities of substitution:
labor-materials

Product Region Median Mean SD M N

Solid All 0.39 0.57 0.84 19 38
wood U.S. 0.44 0.67 1.03 11 23

Canada 0.36 0.42 0.34 9 15

Lumber All 0.39 0.41 0.26 13 25

Panels All 0.24 0.38 0.32 4 5

Pulp All 0.96 1.20 1.11 11 18
and U.S. 0.84 1.33 1.36 5 8
paper Canada 1.00 1.09 0.85 7 10

Paper All — — — 2 5
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Table 5—Allen partial elasticities of substitution:
labor-energy

Product Region Median Mean SD M N

Solid
wood

Lumber

Panels

Pulp
and
paper

Paper

All
U.S.
Canada

All

All

All
U.S.
Canada

All

1.36 1.56 2.00 9 13
0.84 -0.46 2.11 3 3
1.91 2.17 1.50 7 10

2.20 2.45 1.29 6 9

— — — 0 0

0.81 0.75 1.77 7 12
— — — 2 3

1.00 0.40 1.20 6 9

— — — 2 5

Table 6—Elasticities of size

Product Region Median Mean SD M N

Solid All 1.08 1.19 0.47 14 24
wood U.S. 1.00 1.09 0.28 5 9

Canada 1.11 1.26 0.54 9 15

Lumber All 1.07 1.21 0.53 11 17

Panels All 1.20 1.20 0.22 4 4

Pulp All 1.13 1.30 0.64 12 20
and U.S. 1.23 1.42 0.93 4 8
paper Canada 1.13 1.24 0.34 7 10

Paper All 1.13 1.16 0.14 4 10

Table 7—Total factor productivity

Product Region Median Mean SD M N

Solid All -0.008 -0.009 0.020 14 22
wood U.S. -0.004 -0.007 0.021 8 11

Canada -0.009 -0.010 0.026 6 11

Lumber All -0.008 -0.009 0.024 8 13

Panels All — — — 2 3

Pulp All 0.003 0.005 0.026 17 27
and U.S. 0.001 0.006 0.015 10 15
paper Canada 0.007 0.004 0.039 7 10

Paper All 0.007 0.014 0.016 4 11



Table 8—Labor bias of technical change

Product Region Median Mean SD M N

Solid All -0.014 -0.013 0.024 13 23
wood U.S. -0.010 -0.004 0.021 9 14

Canada -0.026 -0.028 0.022 4 9

Lumber All -0.014 -0.019 0.023 8 13

Panels All -0.021 -0.018 0.004 4 5

Pulp All -0.011 -0.025 0.041 8 10
and U.S. -0.010 -0.013 0.004 5 7
paper Canada -0.011 -0.053 0.067 3 3

Paper All — — — 2 4

Pulp and paper labor demand is more elastic, with val-
ues of εLL being approximately 50 to 100 percent larger
than the corresponding values for solid-wood products.
Means and medians show little variation across regions
and products within each sector: solid-wood product
medians range. from -0.35 to -0.41 and means from
-0.36 to -0.48, whereas pulp and paper medians range
from -0.63 to -0.74 and means from -0.60 to -0.73.
The values for solid-wood products are toward the up
per end of the range for all manufacturing industries re-
ported by Hamermesh (1986), -0.15 to -0.50, whereas
the values for pulp and paper products are even higher.
Compared to other sectors, forest products industries
tend to exhibit relatively more wage-elastic labor
demand.

Allen Partial Elasticities of Substitution

There was consensus that capital (K ), materials (W,
including wood), and energy (E ) are long-run substi-
tutes for labor (Tables 3 to 5). Thirty-nine of 43 es-
timates of σLK, 36 of 38 estimates of σLW, and 11 of
13 estimates of σE for solid-wood products, and 29 of
30 estimates of σLK, 17 of 18 estimates of σLW, and
9 of 12 estimates of σLE for pulp and paper products
were positive. Although information was frequently
inadequate to calculate statistical significance, many
estimates were significantly different from 0 at the
1-percent level. Thus, labor consumption is affected not
only by the labor wage but also by other input prices.

To interpret the magnitude of the estimates, recall that
a partial elasticity of substitution is equivalent to a
cross-price derived-demand elasticity divided by the
cost share for the nonlabor input. This implies that
cross-price elasticities must be equal in sign but smaller
in magnitude than the corresponding elasticities of sub-
stitution. We can infer more by using the fact that
production theory requires that the sum of derived de-
mand elasticities for labor must equal zero (Chambers

1988). Since estimates of εLL < 1 in absolute magni-
tude for both sectors, the positivity of all three partial

elasticities of substitution therefore implies that labor
demand is inelastic with respect to prices of capital,
materials, and energy.

Average values of σLK and σLE tend to be larger for
solid-wood products than for pulp and paper products,
whereas average values of σLW are larger for pulp and
paper products. Data in the studies indicate that sK,
sW, and sE are generally all greater for pulp and pa-
per products. This implies that the relative differences
in εLK and εLE between the two sectors are smaller
than the differences in σLK and σLE, whereas relative
differences in εLW are greater.

Elasticity of Size

Homotheticity was statistically rejected in several
studies (Banskota and others 1985, Martinello 1985,
Martinello 1987, Meil and Nautiyal 1988, Merrifield
and Singleton 1986, Sato 1977, Sherif 1983, Singh and
Nautiyal 1986, Sosin and Fairchild 1984, Wear 1987), so
elasticities of size only approximate elasticities of scale.
Mean and median elasticities of size (Table 6) exceeded
1 for both sectors, suggesting the presence of increas-
ing returns to scale. For solid-wood products, however,
most individual estimates were not significantly dif-
ferent from 1 at even the 10-percent level. This indi-
cates that constant returns to scale is the more likely
case. The case for increasing returns is stronger for
pulp and paper products, since almost half the esti-
mates were significantly different from 1 at the 1- or
5-percent level. The average values for pulp and paper
indicate that increases in output resulting from pro-
portionate increases in all inputs can cause the L/Q
input-output coefficient to drop 0.13 to 0.42 percent for
each 1-percent rise in output.

Total Factor Productivity

Estimates of total factor productivity (Table 7) had op-
posite signs for the two sectors. Median, mean, and 17
of 22 individual estimates of t were negative for solid-
wood products, whereas median, mean, and 19 of 27
individual estimates were positive for pulp and paper.
These results suggest that productivity decreased for
solid-wood products and increased for pulp and pa-
per products. However, only four of the 17 negative
estimates for solid-wood products were significantly
different from zero at even the 10-percent level. On
the other hand, eight of the 15 positive econometric
estimates for pulp and paper were statistically signif-
icant at the 10-percent level or higher. (Four positive
estimates were based on accounting approaches (see
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Empirical Estimation, p. 3), and thus their significance
could not be assessed.) It seems safest to conclude that
total factor productivity has not changed for solid-wood
products, whereas it has probably increased for pulp
and paper products. Implications for labor demand are
similar to those in the case of elasticity of size; at con-
stant levels of input prices and output, the L/Q input-
output coefficient remains constant over time for solid-
wood products but falls for pulp and paper products.

Labor Bias of Technical Change

The labor impacts of technical change just noted are
exacerbated by biases against labor use in both sectors.
Eighteen of 23 estimates of τL for solid-wood products,
and all 10 estimates for pulp and paper products, were
negative (Table 8). Most estimates were significantly
different from zero at the 1-percent level. Moreover,
three additional studies on solid-wood products (Abt
1987, Ferguson and Moroney 1969, Greber and White
1982) found related evidence of labor-saving technical
change. For a given level of output, technical change
reduces both labor income and employment in both
sectors.

Dynamic Considerations

Few studies analyzed differences between short-run
and long-run effects. The three-estimate, three-study
criterion was met only for overall estimates of εL L .
Short-run elasticity medians were -0.10 for solid-wood
products and -0.07 for pulp and paper products, and
means (standard deviations in parentheses) were -0.27
(0.25) for solid-wood products and -0.10 (0.09) for
pulp and paper products. As expected, these values
are substantially smaller than the long-run values in
Table 2, especially in the case of pulp and paper prod-
ucts. The immediate response of the pulp and paper
industry to changes in wage rates is slight, but in the
long run the response is greater than in the case of
solid-wood products.

Discussion

For each of the two forest products sectors, medians
and means of a given elasticity are very similar in sign
and magnitude regardless of regional or product def-
initions. A strikingly consistent picture of the major
features of labor demand by forest products industries
emerges (median values are given in parentheses):

1. Demand is inelastic with respect to wage rate, es-
pecially in the case of solid-wood products (εLL =
-0.36 for solid-wood products, -0.66 for pulp and
paper products).
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2. Capital, materials (including wood), and energy are
all substitutes for labor, with labor demand being
inelastic with respect to prices of these inputs (sL K ,
σLW, and σLE = 1.00, 0.39, and 1.36 for solid-wood
products, and 0.60, 0.96, and 0.81 for pulp and
paper products).

3. The solid-wood products sector shows constant re-
turns to scale, whereas the pulp and paper sec-
tor shows increasing returns to scale = 1.08
for solid-wood products, 1.13 for pulp and paper
products).

4. Solid-wood products show decreasing total factor
productivity, whereas pulp and paper products show
increasing total factor productivity (τ = -0.008
for solid-wood products, 0.003 for pulp and paper
products).

5. Technical change is biased against use of labor (τL =
-0.014 for solid-wood products, -0.011 for pulp and
paper products).

These estimates provide overwhelming evidence
that long-run labor demand is not characterized by
simple fixed-coefficient models of the sort represented
by input-output models. Labor demand is determined
by a complex set of neoclassical adjustments to chang-
ing input prices, scale of operations, and technology,
These adjustments may be offsetting in terms of em-
ployment and income impacts, rendering the nature
of change from one equilibrium to another ultimately
an empirical matter. The chief source of ambiguity is
input prices: rising wages cause employment to fall
and aggregate income to rise, but increases in prices
of other inputs can mitigate or reverse unemployment
effects. Scale and technical change effects are more
clearcut: the L/Q ratio will fall for the pulp and pa-
per sector as scale economies are exploited and in-
puts jointly become more productive through technical
change, and it will fall for both sectors as a result of
the bias of technical change against labor.

Although research to date provides a consistent and
enlightening picture of labor demand by forest prod-
ucts industries, our understanding remains rudimen-
tary. Labor demand was not the focus of most studies
reviewed in this paper. In most cases, information gen-
erated on labor demand was an incidental outcome of
an effort to address broader production issues. These
studies mirror developments in applied production eco-
nomics, but they show few links to issues, concepts, or
methods in the labor economics literature. Informa-
tion on dynamics is particularly scarce. The short-run
and long-run effects of unions, contracts, strikes, non-
wage benefits, safety regulations, and investments in
worker training were wholly ignored. Disaggregation of
labor into even so fundamental categories as production



and nonproduction workers was barely attempted. Al-
though it is heartening that the few available elasticity
estimates based on microdata are comparable to the
more numerous ones based on highly aggregate two- or
three-digit SIC data, greater reliance on firm-level data
will be necessary for investigations into the areas just
described.

Much remains to be learned, but this should not ob-
scure the fact that enough information on aggregate,
long-run labor demand has been developed to create
theoretically sound and empirically reliable models of
labor demand for use in forest sector models. For ex-
ample, the elasticities summarized in this review could
be used to create labor/output coefficients that are con-
sistent with forecast scenarios. Of course, making the
labor sector fully endogenous in forest sector models,
so that both labor input and its wage are determined
during model solution, will require development of not
only labor demand equations but also labor supply
equations.
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