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Abstract: This study analyzed logging industry employment and profitability in recent decades in
the U.S. based on Occupational Employment Statistics (OES), Quarterly Workforce Indicators (QWI),
Quarterly Census of Employment and Wages (QCEW), and Timber Product Output (TPO) Reports.
The logging industry in the U.S. has experienced reduced employment with an aging workforce over
the past two decades. The changes might be related to increased productivity from mechanization,
combined with reduced demand for logging, but estimates of capital and labor productivity for
logging are not available. To overcome the data limitation, a simple and cost-effective economic
model, Economic Input-Output Life Cycle Assessment (EIO-LCA) Model, was applied to estimate
the profitability of the entire industry at a state level. It was found that the reduced demand and
increased operating costs led to poor profitability and a wave of closures of logging firms but also
accelerated the adjustment in the logging industry. Serious challenges facing the forestry sector
include the lack of an effective monitoring tool for the logging industry, structural shortage of logging
labor, and rising operating costs.

Keywords: logging employment; aging workforce; mechanization; labor productivity; EIO-LCA;
profitability

1. Introduction

With technological advancements, policy changes, parcelization of forestland, business
cycles, and the change of relative costs of factors, the labor force of the logging industry
in the world has undergone dramatic changes in the past few decades [1–5], especially in
the U.S. [6]. Employment in the U.S. logging industry is concentrated in the West and the
South, which experienced large declines in employment. The employment decline was
likely related to the change in the age distribution of the loggers [7,8]. Survey results from
various studies have indicated an increase in the mean and median age of logging business
owners and employees [9–15]. The logging industry in Canada is also facing a similar
situation [16]. These authors discuss the importance of the age imbalance in logging, and
many U.S. industries face an aging workforce as the Baby Boomer generation nears the
retirement age [17–20].

Since logging wages have increased at about the rate of inflation and the interest rate
remains low, logging firms continue to mechanize in many countries [2,21–24]. In the U.S.,
Capital investments were mostly used for harvesting and transportation equipment, in
addition to buying stumpage [16]. Early in the 2000s, the initial investment of logging firms
was between $0.4 million to $1.5 million [25]. By the mid-2010s, the average equipment
investment of Georgia logging firms was $1.97 million, and $2.23 million for South Carolina
firms [26]. However, demand for logging workers continues despite mechanization [27].
U.S. logging firm owners have indicated that recruitment of qualified employees was a
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challenging aspect of managing their business [11,28], as well as for their counterparts in
New Zealand [4,29].

On one hand, changes in employment and mechanization affect the cost of logging and
profit, while, on the other, firm profitably affects employment and mechanization [30,31]. In
some U.S. firm-level surveys, the profits of logging firms were decreasing [10,32,33], while
other surveys in other regions showed the profits still increasing or at least stable [12,25,34].
However, the acquisition of the profit data is solely based on the questionnaires issued to
the selected firms. Due to time and budget constraints, only a few surveys were conducted,
and the accuracy of self-reported firm financial data is unknown. The limits of survey
data and the lack of industry-level data obscure our understanding of logging industry
profitability. Therefore, a simple and cost-effective economic model to estimate the profit for
the industry would be valuable to investigate the factors affecting profit and how changes
in profit affect the operational behavior of logging firms and would provide information
for policy makers.

Previous research data from logging firms were collected selectively and focused on
aspects of the logging industry such as demography, employment, harvesting systems,
production level, operational costs, and/or profitability. The analyses were beneficial for
the research in the logging industry. However, they failed to identify the overall situation
and trends. Conflicting conclusions drawn from these analyses might be traced to sample
size effects or regional differences. This paper adds both firm-level data from previous
research with federal- and state-level data, providing additional evidence for industry-level
trends and relationships.

This study focused on the two major core factors related to business in the logging
industry: labor and firms. The objective of this paper was to provide a quantitative analysis
of U.S. logging industry data and present trends in employment and profitability over
the last 20 to 30 years. The results of the study will help us better understand the factors
influencing the U.S. logging industry.

2. Data and Methodology
2.1. Study Area

The study area included regional and state data from New England (Connecticut,
Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont), the Mid-Atlantic
(Delaware, Maryland, New Jersey, New York, and Pennsylvania), the South (Alabama,
Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South Car-
olina, Tennessee, Virginia, and West Virginia), the Midwest (Illinois, Indiana, Iowa, Kansas,
Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wiscon-
sin), the Southwest (Arizona, New Mexico, Oklahoma, and Texas), and the West (Alaska,
Colorado, California, Hawaii, Idaho, Montana, Nevada, Oregon, Utah, Washington, and
Wyoming).

The main interest of this paper was to study the industry-level situation and trends
in the logging industry. Therefore, we selected indicators for the logging industry using
official estimates of employment, wage, number of establishments, production level, and
production price of the logging industry (Code 1133 North American Industry Classification
System, NAICS) at the state level from U.S. Bureau of Labor Statistics, U.S. Census Bureau,
and U.S. Department of Agriculture, Forest Service. The logging industry (NAICS 1133)
comprises firms primarily engaged in cutting timber; producing rough, round, hewn, or
riven primary wood; cutting and transporting timber; and producing wood chips in the
field [35].

2.2. Data Sources

Specifically, we extracted the data for the logging industry from Occupational Em-
ployment Statistics (OES), Quarterly Workforce Indicators (QWI), Quarterly Census of
Employment and Wages (QCEW), Timber Product Output (TPO) Reports, and Producer
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Price Index (PPI). Due to the availability of data, the analysis presented in this paper
focused on the period from 1997–2019.

The OES program collects data on wage and salary workers in nonfarm establish-
ments for about 800 occupations, including national and state annual employment, hourly
wage, and annual wage data. The OES survey is a semi-annual mail survey of nonfarm
establishments [36]. The data are classified by the Standard Occupation Code (SOC) and
NAICS Code. The data extracted from OES included state-level employment, mean hourly
wage, and annual mean wage data of Fallers, Logging Equipment Operators, Log Graders
and Scalers, Logging Workers, and All Others from 1997 to 2019 [37].

The QWI has a set of 32 economic indicators, including employment, job creation/
destruction, wages, hires, and other measures of employment flows. The QWI data are
based on the administrative records on employment collected by the states, social security
data, federal tax records, and other census and survey data. The QWI data set includes
quarterly national and state employment and wage data for most industries. Application
Programming Interfaces (APIs) can be applied to extract QWI data via Python, R, or Excel.
The package “CenPy” was used to run APIs from QWI on Python and Library “tidyqwi”
on R. The data extracted from QWI included information like state-level employment data
from 1997 to 2017, state-level employment by age classes in 1997, 2007, and 2017, state-level
monthly earnings of newly stable employees in the logging industry and all industries in
the U.S. from 1997 to 2019, and state-level total quarterly payroll from 2001 to 2019 [38].

The QCEW publishes a quarterly count of employment and wages reported by em-
ployers covering more than 95% of the U.S. jobs available at the county, state, and national
levels by detailed industry. The QCEW data are collected from the unemployment insur-
ance (UI) accounting system, Quarterly Contributions Report (QCR), Report of Federal
Employment and Wages, Annual Refiling Survey (ARS), and Multiple Worksite Report
(MWR). However, QCEW excludes sole proprietors, the unincorporated self-employed,
unpaid family members, and specific farm and domestic workers from having to report
employment data, which likely reduces the representativeness of the data set [39]. Data
from QCEW can be extracted through the One-Screen Data Search [40]. The State-level
Number of Establishments in the logging industry (NAICS 1133) from 2001 to 2015 were
also extracted from QCEW [41].

TPO is conducted by Forest Inventory and Analysis (FIA) to estimate timber products
at the state level. Primary wood-using mills were sampled, by state, to estimate roundwood
production [42]. However, TPO only covers some states and some years. The state-level
total volume of roundwood products from 1997 to 2018 was extracted from the TPO data
set [43]. PPI data by NAICS Industry can be extracted at the one screen tool [44]. However,
the PPI data set does not have any state-level data. The national PPI for NAICS 1133 from
1997 to 2018 was extracted from PPI by Industry.

2.3. Methodology

We used OES data to calculate the compound annual rate of growth with regards to
the total hours worked in the logging industry at the state level and used TPO data to
calculate the compound annual rate of growth with regards to the volume of output in the
logging industry at the state level. Considering that the volume of output cannot reflect
the improvement of product quality, we introduced the price factor, PPI, in the logging
industry with an index base set at 1981 = 100 [45]. The volume output multiplied by PPI
expressed the value of output, which was used to estimate the labor productivity [46]. The
rate of growth in labor productivity based on volume of output is equal to the compound
annual rate of growth in the volume of logging production minus the compound annual
rate of growth in hours worked. Additionally, the rate of growth in labor productivity
based on value of output is equal to the compound annual rate of growth in the economic
value of logging production minus the compound annual rate of growth in hours worked.

Considering the difficulty of collecting profit data and the lack of profit statistics
at the federal or state level, we applied a new method to simply estimate the profit of
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logging firms, which was the Economic Input-Output Life Cycle Assessment (EIO-LCA)
Model. EIO-LCA models are based on the environmental Input-Output (I/O) modeling
approach [47] and are developed by Carnegie Mellon University [48]. EIO-LCA models
were applied to estimate the materials and energy resources required for the supply chain,
environmental emissions, and economic values. In EIO-LCA models, the output of the first
tier of suppliers, X1, is given by Equation (1):

X1 = (I + A)y. (1)

where I is the identity matrix, y is the final demand, and A is the matrix of intermediate
input coefficients. Equation (1) means the sector and all other sectors need to produce I × y
and A × y units of production, respectively, to meet the demand [49].

The output of the first tier of suppliers also creates a demand for output from their
direct suppliers, the second tier of suppliers. The final demand of the second tier of
suppliers is A × A × y. Consequently, the final demand of the third tier of suppliers is A ×
A × A × y, and so on. Thus, the total output can be written as:

X = (I + A + AA + AAA + . . .)y. (2)

where X is a vector of total output.
The intermediate input coefficients aij. can be calculated by Equation (3):

aij = Xij/X−1
j (3)

where Xij. is the intermediate transaction from industry i to industry j and Xj. is the total
input of industry j.

The value added for any industry is the difference between its total input and the total
cost of intermediate transactions:

Vj = Xj −
n

∑
i=1

Xij. (4)

where Vj is the value added for industry j [50], and it is the sum of compensation of
employees, taxes, and profits in industry j [51].

3. Results and Discussions
3.1. Employment

Declining employment is a problem endemic to the logging industry and experienced
in all industrialized countries [52], such as Canada [2] and Europe [3] with a similar
situation in the U.S. The regional employment declined from 1997 to 2017 (see Table 1), and
employment in the whole country fell at an annual rate of 2.0% [38]. The Southwest region
experienced the fastest decline of all six regions with a decrease of 3.9%. The Mid-Atlantic
had the lowest employment and the second-fastest regional decline. The South, which had
the highest employment, had a decline near the U.S. total, at −1.8%.

The lack of newly hired workers is one of the main reasons presented for declining
employment [14]. One proposed cause of the decline in the number of younger loggers has
been the relatively low appeal of logging employment and business creation [10]. The sur-
veys attributed difficulties in recruiting to uncertainty and instability concerning business
outlook and seasonal operations [28,33,53]. Logging jobs are physically demanding, mostly
outdoors, and require work in poor weather and isolated areas [54]. Higher compensation
may be required to attract new employees. However, over the years, the wages of newly
hired employees in the logging industry have been almost the same as the average for all
industries in the U.S., and in some years, even lower (Figure 1), while other industries can
offer higher pay, better benefits, and more steady work [33].
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Table 1. Annual growth of employment in the logging industry from 1997 to 2017 [38].

Region
Total

Employment,
1997 *

Total
Employment,

2017

Total Growth of
Employment

(%)

Annual Growth
of Employment

(%)

New England 3283 2750 −16.2 −0.9
Mid-Atlantic 2284 1327 −41.9 −2.7

The South 36,761 25,575 −30.4 −1.8
The Southwest 3154 1430 −54.7 −3.9

Midwest 5206 4176 −19.8 −1.1
The West 20,853 12,553 −39.8 −2.5

* For states that had no employment data for 1997, the closest available year was used.
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Figure 1. Average monthly earnings of newly stable employees in the logging industry and all
industries, U.S., during 1997 to 2019 [38].

Due to the abovementioned situation, some logging firms hire foreign workers instead.
In northern Maine, the logging firms relied on workers from Québec, Canada [55]. In the
South, it was estimated that Hispanic workers accounted for 3.37% of the total logging
workers. They are concentrated in Arkansas and North Carolina [56]. Foreign workers
in logging employment entered the U.S. through the H-2B visa program, temporarily
importing non-agricultural guest workers [57], and, later, through the H-2A program after
2008 [58]. It was found that some undocumented foreign workers also engaged in logging,
but some of them might transfer to the legal program because the logging firms shifted
to legal labor [59]. The low job quality of logging might increase the number of foreign
workers, and recruiting foreign workers might partly offset the decline in employment
in the logging industry and save costs [60]. However, this also caused opposition from
domestic logging workers. They argued that the foreign workers took jobs that should be
going to domestic citizens and were depressing wages [55].

The age class of the employees reflected the expansion of the industry into the mid-
1990s followed by a steady decline. The mode age class shifted from 35–44 in 1997 to 45–54
(28%) by 2007. By 2017, age classes 45–54 (25%) and 55–64 (22%) had similar employment.
The 55–64 age class showed relatively large growth from 2007 to 2017, increasing from
10% to 22% (Figure 2). The population in the U.S. had a similar trend and those aged 55
and older accounted for 26.7% and 36.7% in 1999 and 2019, respectively [26]. The shift in
age coincided with the decline in employment; so, the shift may result from the aging of
current workers and the limited demand for new labor.
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Figure 2. Age distribution of employees in the logging industry, U.S., 1997, 2007, and 2017 [38].

Technical advancement is another main reason for declining employment. We esti-
mated the rate of growth in labor productivity of some states in the South, Southwest, and
the West (Table 2). The Volume of Output column and the Value of Output column are
the rate of growth in the volume of logging production and the economic value of logging
production, respectively. The Hours Worked column is the rate of growth in hours worked.
Except for Tennessee and Oregon, both rates of growth in labor productivity were positive.
The output and hours worked declined in most states since 1997, but output declined at a
slower pace than hours worked, which led to labor productivity growth. These findings
are consistent with the studies in Uruguay, Argentina, Brazil [22], New Zealand [4], and
Nordic countries [21].

Table 2. The rate of growth in output, hours worked, and labor productivity, U.S. (%) [37,43].

Region State Report
Year

Volume of
Output

Value of
Output

Hours
Worked

Labor Productivity
(Volume)

Labor Productivity
(Value)

The South Alabama 1997–2015 −1.5 −1.3 −2.3 0.8 1.0
Arkansas 1997–2015 −1.4 −1.2 −4.6 3.4 3.6
Florida 1997–2015 0.3 0.5 −1.5 1.8 2.1
Georgia 1997–2015 −0.1 0.2 −2.2 2.1 2.4

Kentucky 1997–2015 −0.3 0.0 −2.4 2.1 2.4
Louisiana 1997–2015 −0.3 0.0 −2.0 1.8 2.0

Mississippi 1997–2015 −1.3 −1.1 −2.5 1.2 1.5
N. Carolina 1997–2015 −1.7 −1.4 −1.7 0.1 0.3
S. Carolina 1997–2015 0.8 1.0 −0.7 1.4 1.7
Tennessee 1997–2015 −2.5 −2.2 −0.9 −1.6 −1.3
Virginia 1997–2015 0.0 0.3 −0.3 0.3 0.6

The
Southwest

Oklahoma 1997–2015 −1.4 −1.1 −5.1 4.0 4.2
Texas 1997–2013 −2.5 −2.2 −3.2 0.8 1.1

The West California 2000–2016 −1.8 −1.1 −4.7 3.0 3.7
Colorado 2002–2016 4.5 5.8 3.7 0.7 2.0

Idaho 2001–2015 0.9 2.2 −2.4 3.3 4.7
Oregon 2003–2017 0.1 1.3 3.0 −2.8 −1.6

Washington 2002–2016 −1.6 −0.3 −1.7 0.1 1.5
Wyoming 2000–2018 3.7 4.6 −3.2 7.2 8.1

Average −0.3 0.2 −1.8 1.6 2.1
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Although the employment in the logging industry declined, the number of logging
equipment operators remained stable, from 22,690 in 2002 to 21,110 in 2019. The fallers
declined, from 8410 in 2002 to 3180 in 2019. According to SOC codes, fallers (45-2021)
use motor-manual methods (chainsaws) to fall trees [61]. The change could indicate an
increase in mechanization or increased productivity caused by equipment upgrades or be
related to changes in the terrain and forest types where timber harvesting occurred. The
two states with declining productivity in Table 2 also might be characterized as somewhat
dependent on motor-manual felling. However, similar states such as Washington and
Kentucky had growth. Although mechanization can replace labor, the logging industry
might also face a structural shortage of labor. This industry did not lack workers, but the
availability of skilled and technical workers may be limited. For example, it may take a
new worker a year to master forwarder operation, including time on simulators [62]. With
the progress of mechanization, logging firms increasingly needed equipment operators
but faced difficulties in recruiting qualified employees [11]. This situation also occurs in
Europe [63–66] and New Zealand [67].

As the data in Table 2 indicate, the production level decreased in most states across
this time. Most of the major states for logging, such as most southern states, had varying
degrees of decline in output and corresponding declines in employment. A small number
of states, Florida, South Carolina, and Oregon, had increased harvest level, but employment
declined.

3.2. Profitability

Figure 3a,b shows the results of the logging EIO-LCA models with the inflation-
adjusted profits of logging firms and profits per logging firm (2019 Constant-dollar) in
several states. From 1995 to 2009, the real profit and weighted average profit made by
logging firms in these states continued to decline, reaching the lowest point in 2009 because
of the economic recession.

Demand for logging services is highly dependent on the economic cycle. The amount
of timber harvested has largely been impacted by the demand for wood-frame housing [68]
and the pulp, paper, and furniture industries in the past decades [9,69]. When the economy
is in boom periods, demand for construction, house renovation, and furniture stimulate
the demand for logging production, which in turn promotes the increase in prices and then
the logging output. During an economic recession, logging suffers a sharp drop in profits
due to the decline in demand and then prices. Their European counterparts are also facing
the same situation [66,70].

Figure 4 demonstrates the relationship between the annual new private-owned hous-
ing units started in the U.S. and profit per logging firms. The new housing started can be
applied as an indicator of demand for logging production. It can be observed that there is a
positive correlation between profit and the new housing, as depicted in Figure 4. The new
housing units started to reach their lowest point at 6648 in 2009 because of the economic
crisis of 2008. Meanwhile, the profit also reached its lowest point. Following the economic
crisis, the demand for housing began to increase, which was reflected in logging profit.
Although the profit and new housing units had the same tendency after 2009, the profit
decreased more than the new housing units during the recession and did not return to the
level before the recession, making them not less correlated after 2009. This may result from
the increasing operating costs, which squeezed the profit.
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The data show that the production level of all the states in 2009 dropped sharply
(Figure 5a), and the Annual PPI of Logging also showed a decrease (Figure 6) due to the
2008 economic recession. Revenues from the logging industry in several states fell sharply
in 2009 and then began to rebound (Figure 5b), indicating that the revenue of logging
services was seriously affected by the economic recession. From the comparison of these
indicators, we can infer that the economic cycle had an impact on demand for logging
production, which then affected the price and production level of firms, finally influencing
both the revenue and the profit. These findings are similar to the findings in Canada [2,73]
and Europe [74].
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2015 [37,43,75]. Notes: AL, FL, GA, LA, MS, NC, SC, TN, TX, and VA signify Alabama, Florida,
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respectively.

Increasing operating costs (e.g., insurance premiums, wages, logging equipment,
and fuel costs) also reduced profit [32,76]. This challenge was also found in Canada [2]
as well as in Europe [21,23,24]. Logging firms have operating costs as a combination of
internal costs with labor, capital, and operating cost components, which can be observed in
Figure 7a,b.
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(2019 Constant-dollar), 2001 to 2015 [38,77].

We projected that wage and profits had a relatively negative correlation, as in Figure 7a.
For example, from 2002 to 2005, the real wages fell, while profits rose. When wages reached
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a low point in 2005 and 2013, profits reached high points, which indicated logging firms
lacked profit-sharing distributions with their employees.

Figure 7a also showed that wage accounted for a larger proportion of total costs. In
the South, the wage accounted for more than 30% of the total costs [78]. Nominal wages in
the logging industry increased by 3.73 times since 1977, with an average annual increase of
3.18% [79].

We selected the states with the largest employment in the six regions and estimated
the annual inflation-adjusted payroll (2019 Constant-dollar) paid by per logging firms in
these six states from 2001 to 2019 (Figure 8). Real payroll per firm in these states rose from
2001 to 2016, except for New York, which remained stable. Unlike the demand for logging
production and prices, real payroll per firm in these states was not greatly affected by the
economic recession. After 2016, real payroll per firm in Oregon and Texas fell sharply,
but the average of these six states increased steadily from 2001 to 2019. The increase in
payroll was coincidental with the change in labor productivity. The average growth in labor
productivity (volume) of sample states was 1.6%, while the labor productivity (volume) of
Texas alone was 0.8% and that of Oregon was −2.8% (Table 2).
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Figure 7b depicts a similar relationship between capital and profit. Capital stock per
ton production increased sharply in 2009. The decline in production level, which resulted
from economic recession, led to an increase in unit capital stock. This also implies an
increase in unit capital expenditure because some capital expenditures are fixed costs and
will not decrease as the production level decreases. This also shows that the sharp decline
in profits in 2009 was not only due to changes on the demand side but also due to constant
labor costs and capital expenditures, which led to an increase in unit costs and squeezed
profits. Transportation costs also rose over the period, including driver wages, log truck
insurance, and transportation rates [26,80].

After 2009, real profit rose (Figure 3a). Low profit, resulting from low demand and
rising costs, was previously an important reason for firm owners to leave the logging
industry [81]. The number of logging firms had been decreasing, and the recession starting
in 2008 accelerated this process. In the short run, logging firms would run without making
a profit if they could cover variable costs to meet cash flow demands. In the long term,



Forests 2021, 12, 1720 12 of 16

logging firms would use unprofitable jobs to bridge the gap between profitable jobs,
especially when idling the business would result in greater losses [82].

With the reduction of profit and the impact of the 2008 economic recession, logging
firms closed. However, the economic recovery increased demand while the number of
logging firms still fell, leading to the rising market prices. The average firm profits were
also restored to the pre-recession level (Figure 3b). Thus, despite rising costs, increased
profit began to attract new firms to enter the logging industry. The number of logging firms
in some states stopped decreasing in 2015 and started to increase slightly [41].

3.3. General Discussion

While it appears the declining employment resulted from the unavailability of newly
hired workers [14], the more fundamental cause can be technological advancement repre-
sented by mechanization and the decline in the demand for logging production. We believe
the decline in employment due to the inadequacy of newly hired workers is a short-term
issue, whereas mechanization tends to be a long-term one. This is consistent with other
studies [8,10,13,16]. Recruiting foreign workers might partly offset the decline in employ-
ment, but it would also cause opposition from domestic logging workers. Additionally, the
inadequacy of newly hired workers results in the continuously aging workforce, which
Canada is also facing [16].

The labor shortage in the logging industry is a structural shortage, not a lack of labor,
but a lack of skilled and technical workers. The structural shortage of labor will be a serious
challenge for the logging industry. Logging firms are making up for the labor shortage
through mechanization. However, mechanization also means increasing the qualifications
of required workers. However, based on the reality of a continuously aging workforce and
the decline of younger workers entering, finding qualified workers could be difficult [13,78].
A similar situation has also been reported in other countries, such as in Europe [63–65] and
New Zealand [4,29].

Since the early 1970s, employment in the logging industry in the U.S. has been steadily
declining, while the production level has increased significantly, mainly due to techno-
logical advancements. As a result, the overall productivity of the logging industry has
increased. There are significant differences in the logging industry productivity among
different regions and states. Georgia and South Carolina have the highest logging labor
productivity. Rising productivity levels in the southern U.S. have been described by Con-
rad IV et al. [26]. High productivity in the South is largely the result of the mechanized
harvest system and its compatibility with planted pine forests. Mechanized logging op-
erations accounted for more than 70% of the logging firms in Georgia since 1987, and it
has accounted for more than 80% since 1992 [8]. These studies are consistent with the
results of our study. However, an opposite situation has been identified, and the logging
employment in Montana, decreased by 44% since 1993, while the production level and
revenue decreased more (64% and 71%, respectively), which indicated productivity of the
logging industry might decrease [83]. Another study from Alberta, Canada, found that
the rate of technical change and total factor productivity growth was negative because of
stringent forest management regulations [84].

The prosperity of the logging industry is highly dependent on the economic conditions
with an impact on both demand and price. Other studies based on firm-level data have
reached similar conclusions: The economic recession that began in 2008 severely affected
the business environment in which they operated and their profits were not sufficient to
sustain their operations [76,85]. Coupled with the continuous increase in operating costs,
these two factors together led to a wave of closures of logging firms. Similar situations
were found in Canada [2,73] and Europe [74]. However, it also accelerated the adjustment
of the logging industry. With the decline in the number of logging firms, the adjustment
of business strategies and the recovery of the economy, the profits of logging firms have
risen again.
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4. Conclusions

This paper analyzed the logging industry in the U.S. in recent decades from federal-
and state-level data, including OES, QWI, QCEW, and TPO. The logging industry has been
experiencing reduced employment and the implications of the aging workforce. This might
be due to increased productivity from the technological advancement of mechanization and
reduced demand for logging. The EIO-LCA model was applied to estimate the profitability
of the entire industry at the state level. It was found that the reduced demand and increased
operating costs led to poor profitability and a wave of closures of logging firms, but also
accelerated adjustment in the logging industry.

These data sets contain many state-level indicators from multiple states over long
periods, which can provide valuable information to investigate the facts and trends in the
logging industry. The firm-level surveys also have value, such as those from Georgia and
South Carolina [26], Michigan [69], Maine [86], and the South [14,27,85]. These surveys
can provide important information about the logging industry at the firm level, but those
surveys were not conducted every year and suffered from small sample sizes and the
associated bias. As a result, the multi-year, industry-level data can better demonstrate
changes across the U.S. or regions and serve for comparisons between states and/or regions.
The U.S. Bureau of Labor Statistics and the USDA Forest Service should pay attention to
the construction of these databases, ensure the completeness and validity of the data, and
strive to include data from more states. Then, it would be easier for policy makers and
industry practitioners to effectively monitor the entire logging industry.

This paper also presents a feasibility method for estimating the profit for the logging
industry. Due to time and budget constraints and a lack of profit statistics at the industry
level, it is valuable to estimate profit by the EIO-LCA model, which is simple and cost
effective. It can provide information to support the logging business operation and policy
making.

Employers may need some assistance in on-the-job or off-the-job training to increase
the number of qualified loggers. Skills’ certification and occupational licensing have been
used to provide mobility for workers and may help employers easily identify qualified
workers. Future research needs to apply econometric modeling to analyze the contempora-
neous causal relations among employment, wage, mechanization, production price, and
other factors in the logging industry and to investigate the dynamic relationship among
employment and other factors in short and long terms.

The logging industry is an important part of the timber supply chain and has an
important impact on sustainable forest management. Therefore, logging firms with high
production efficiency will determine the future of forestry in the U.S. [6,87]. Future research
is needed to measure the capital productivity and total factor productivity of logging firms
at the industry level and study the influencing factors. With the outbreak of COVID-19, the
U.S. economy fell into a recession again. Subsequently, the federal government launched
multiple rounds of economic stimulus policies, which not only stimulated the economic
recovery but also promoted the prosperity of the real estate market. Future research can
focus on the impact of COVID-19 as a natural experiment to study the consequences of
the economic cycle on the logging industry or the impact of the real estate market on the
logging industry.
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