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ABSTRACT

The forest products industry (FPI) is a key component of West Virginia’s
economy, yet its response to the COVID-19 pandemic and subsequent
recovery remains only partially understood. This study examines the
economic contributions and structural evolution of West Virginia’s FPI from
2019 to 2024 using IMPLAN input—output analysis. Economic contributions
are evaluated in terms of employment, output, value added, and labor income
across seven major sectors spanning upstream (forestry and logging) and
downstream (wood manufacturing, furniture, and paper-related industries)
activities. Results indicate that the industry experienced a strong post-
pandemic recovery in output and value added, exceeding pre-pandemic levels
by 2022-2023, while employment continued to decline through 2024. Direct
employment decreased by 18.3%, whereas direct value added increased by
approximately 36%, accompanied by substantial gains in labor productivity.
These trends suggest a structural shift toward more capital-intensive and
efficiency-driven production. Sector-level analysis reveals divergent
trajectories across the value chain. Downstream sectors, particularly primary
and secondary solid wood products, drove growth and productivity gains,
while upstream sectors exhibited persistent contraction, raising concerns
about long-term supply chain capacity. Paper-related industries showed high
productivity but declining economic scale, reflecting ongoing structural
changes in product demand. Overall, the findings indicate that the post-
pandemic evolution of the FPI reflects structural reorganization rather than a
simple return to pre-pandemic conditions. The results highlight the
importance of supporting both downstream innovation and upstream
capacity, as well as workforce development, to sustain long-term
competitiveness in the industry.
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INTRODUCTION

The forest products industry (FPI) plays a critical role in West Virginia's economy. Located within
the Appalachian region of the eastern United States (Figure 1), West Virginia accounted for
approximately 0.36% of total U.S. gross domestic product (GDP) in 2025 (U.S. Bureau of
Economic Analysis 2026).

South
America o°

Figure 1. Geographic location of West Virginia , USA (Source: Adapted from WorldAtlas.com).

The state contains more than 12 million acres' of forestland covering approximately 78 percent of
the state (USDA Forest Service 2021). West Virginia is among the most heavily forested states in
the United States and supports a diverse forest-based economy. In 2018, based on a survey of
primary wood-using mills, the state produced 138,701 thousand cubic feet’> (MCF) of timber
products (USDA Forest Service 2024). The state is also the second leading hardwood producer in
the U.S., with approximately 75 billion board feet® of timber inventory (West Virginia Economic
Development 2021). Forest products manufacturing and related activities generate employment

and income across all 55 counties and contributed approximately 15,000 jobs in 2022 (Gazal et al.

! One acre is equal to ca. 0.405 hectares.

2 1 MCF is approximately 28.3168 cubic meters (m?).

3 One board foot (BF) is a unit of volume in the lumber industry measuring 1 foot by 1 foot by 1 inch. 1BF is equal to
0.00236 m?
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2024). The industry also serves as a key source of exports for the state, and yields a wide range of
products, including lumber, flooring, furniture, paper products, and other value-added wood
materials. As a result, the performance of the forest products industry has important implications
for economic development, particularly in rural communities where forestry-related employment

remains an important source of livelihood.

The forest products industry is also an important economic driver at the global and national levels,
generating substantial employment, value added, and economic activity throughout supply chains.
Globally, the forest sector directly employs more than 18 million people and supports over 45
million jobs in total (Li et al. 2019). Direct value added from the sector exceeds US$539 billion,
with total contributions to global gross domestic product estimated at approximately US$1.3
trillion. These figures highlight the substantial multiplier effects generated by forest-based
industries and their broader role in supporting economic activity across related sectors. In the
United States, the forest products industry likewise represents a significant component of regional
and national economies. The FPI generates more than half a trillion dollars in forest products
output. When accounting for broader economic effects, the industry supports over 3.84 million

jobs and contributes approximately US$290 billion in annual payroll (Poudel and Dahal 2025).

The forest products industry has historically been sensitive to major economic disruptions and
structural changes in the broader economy. Previous studies have documented how global
competition, technological change, and shifts in housing markets have influenced the performance
of forest-based industries in the United States and globally (Woodall et al. 2012, Stordal et al.
2021, Kuzman et al. 2022). Economic downturns, such as the Great Recession, led to substantial
declines in production and employment across many forest product sectors, particularly those
linked to construction and housing markets. In West Virginia, earlier research has shown that the
forest products industry has experienced significant fluctuations in economic contributions over
time due to macroeconomic events, market changes, and evolving industry structure (Gabbert et
al. 2020). For example, between 2006 and 2010, the industry’s direct economic contributions

declined by more than 35%, largely as a result of the 2008 housing market collapse.

More recently, the COVID-19 pandemic delivered a major economic shock, disrupting global
supply chains, altering consumer demand patterns, and triggering labor shortages across many

sectors of the economy. Recent studies have examined the pandemic’s economic impacts on the
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forest products industry, given the sector’s significant role in regional and national economies and
its vulnerability to global disruptions (Gazal et al. 2024, Jayasundara et al. 2024). Studies
examining the effects of the pandemic on the forest sector have reported mixed impacts across
industry segments. Some sectors experienced supply chain disruptions, labor shortages, and
production slowdowns, while others benefited from increased demand associated with home
improvement activities, packaging materials, and hygiene-related products (Conrad et al. 2024,
FAO 2020, Gagnon et al. 2022, Prestemon 2022, Stanturf and Mansuy 2021). Empirical research
in the United States has also shown that although the pandemic initially disrupted forest product
supply chains, the sector demonstrated considerable resilience due to strong consumer demand and

its designation as an essential industry (Chizmar et al. 2024).

Recent national-level analyses suggest that the forest products industry has shown resilience amid
economic shocks. In the United States, total value added from forest products increased by
approximately 14.5 percent from the pre-COVID period to 2022, even as direct employment
declined slightly (Poudel and Dahal 2025), indicating increasing productivity and structural
change in the sector. The pandemic’s effects on product demand, pricing volatility, and labor
availability have underscored the sector’s economic significance and sensitivity to market
disruptions (Deb et al. 2023, Prestemon 2022). Despite the growing body of research, an important
knowledge gap remains regarding the comprehensive economic impacts of COVID-19 on the FPI,
particularly regarding longer-term recovery patterns and potential structural changes within the
sector. Furthermore, contrasting findings regarding price volatility and supply chain disruptions
highlight ongoing debates about the magnitude and duration of the pandemic’s impact on the

sector.

Recent research focusing specifically on West Virginia examined trends in the state’s forest
products industry during the COVID-19 period by analyzing economic contributions from 2019
through 2022 (Gazal et al. 2024). The industry experienced declines across several economic
indicators during the pandemic's peak in 2020, particularly in output and employment. However,
recovery began quickly, with improvements observed in output and value added by 2021 and
continuing into 2022. While these changes coincided with the economic disruptions associated
with the COVID-19 period, broader macroeconomic conditions, supply chain disruptions, labor
shortages, technological change, and evolving market dynamics may also have influenced industry

performance during this time. Despite improvements in output and value added, employment
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levels remained below pre-pandemic levels, suggesting possible structural adjustments within the

industry.

Although early recovery patterns have been documented, less is known about how the industry has
performed in the years following the initial post-pandemic rebound. This study extends earlier work
by examining the economic contributions of West Virginia’s FPI using IMPLAN data through 2024,
allowing for an assessment of whether the industry’s recovery has continued and whether longer-
term structural changes have emerged following the COVID-19 pandemic. In many industries, the
pandemic accelerated longer-term structural trends including automation, digitalization, and
supply chain restructuring (Kuzman et al. 2022). In the forest products industry, these changes
may influence employment patterns, productivity, and the distribution of economic activity across
upstream and downstream sectors. Understanding whether the forest products industry has
continued to recover or has transitioned into new structural trends is therefore important for
policymakers, industry stakeholders, and researchers interested in the long-term competitiveness

of the forest sector.

This study extends previous research on the economic contributions of West Virginia’s FPI in
several important ways. First, it incorporates newly available IMPLAN data through 2024,
reallowing for a more comprehensive assessment of the industry’s post-pandemic trajectory.
Second, the study explicitly examines differences between upstream and downstream sectors
within the forest products industry. Third, this study provides updated sector-specific recovery
patterns and structural changes across the forest products value chain. Finally, the study examines
labor productivity within West Virginia’s FPI, providing additional insight into how economic
output and workforce dynamics have evolved across sectors over time. These analyses provide a
clearer understanding of the changing structure and economic role of forest-based industries in

regional economic development.

Using IMPLAN data from 2019 through 2024, the study addresses the following research

questions:

1. How have the industry's economic contributions evolved from the pre-pandemic period

through 2024? And,

2. What sector-level trends emerged during the post-pandemic recovery?
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DATA AND METHODS

Economic contribution analysis and IMPLAN

Input—output (I-O) analysis is widely used to estimate the economic contribution of industries
within regional economies. Originally developed by Wassily Leontief in the 1930s, I-O models
describe the economic relationships among industries by capturing how sectors both supply inputs
to and demand inputs from one another (Miller and Blair 2009). These interindustry linkages allow
researchers to trace how economic activity in one sector generates additional economic activity
throughout the broader economy. By quantifying these relationships, [-O models can estimate the
level of production required across industries to satisfy final demand for goods and services

(Berman and Plemmons 1979).

This study uses IMPLAN (Impact Analysis for Planning), a widely applied [-O modeling system,
to estimate the economic contributions of the forest products industry in West Virginia. IMPLAN
enables researchers to construct regional economic models and evaluate the economic effects
associated with existing industries, policy changes, or other economic events within a defined
geographic region. The modeling framework is based on a Social Accounting Matrix (SAM),
which extends the traditional I-O framework by incorporating both market transactions among
industries and institutional transactions involving households, governments, and other entities
(Nealy 2023). By accounting for these institutional relationships, the SAM framework captures
not only the interindustry effects generated through supply chains but also the economic activity

resulting from households' and other institutions' income spending.

Economic contributions estimated using IMPLAN are reported as direct, indirect, and induced
effects. Direct effects represent the economic activity generated by the industry itself as it produces
goods and services to meet final demand. Indirect effects reflect economic activity generated by
supplier industries that provide inputs to the primary industry. Induced effects arise from
household spending of income earned by employees and business owners in both the direct and
indirect industries. The sum of these three components represents the industry's total economic

contribution to the regional economy.
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Economic contributions in this study are reported using four commonly applied measures:

*  Employment — The number of full-time and part-time jobs supported by the industry.

* Labor Income — Total wages, salaries, and benefits paid to workers, including payroll
taxes (includes social security and employment taxes).

*  Output — The total value of production or sales generated by the industry within the
region.

* Value Added — The contribution of the industry to gross regional product, calculated as
the difference between industry output and the cost of intermediate inputs. Value added
consists of employee compensation, proprietor income, indirect business taxes, and other
property-type income.

Data

State-level IMPLAN datasets for West Virginia were used in this study. The analysis incorporates
data for 2019 through 2024 to examine changes in the economic contributions of the forest
products industry before, during, and after the COVID-19 pandemic. The 2019 data represent pre-
pandemic conditions, while the 2020 dataset reflects the initial economic disruptions associated
with the pandemic. However, caution should be taken when interpreting and comparing economic
data with other years due to the unprecedented structural disruptions associated with the pandemic,
including changes in household spending, government stimulus programs, industry shutdowns,
and labor market adjustments (IMPLAN 2021). Subsequent years capture the recovery and post-
pandemic period. Extending the analysis to include data through 2024 provides a more
comprehensive assessment of the forest products industry's trajectory beyond the immediate
pandemic disruption. While our earlier study largely focused on the initial impacts of COVID-19
and the early stages of recovery, the inclusion of additional years allows for evaluation of whether
the industry’s recovery has continued and whether longer-term structural adjustments have
emerged. Compared with previous analyses that examined the economic contributions of West
Virginia’s forest products industry through 2022, the expanded dataset enables a more complete
assessment of post-pandemic trends in employment, output, value added, and labor income across

the forest products value chain.

IMPLAN’s national data are primarily derived from the Bureau of Economic Analysis (BEA)

benchmark input (i.e., output tables and other federal economic datasets).

www.forest-journal.com 38



http://www.forest-journal.com/

Gazal et al. (2026) Journal of Forest Business Research 5(1), 32-60, 2026

Analysis

The economic contributions of the West Virginia forest products industry were estimated using
the cloud-based IMPLAN modeling platform. Specifically, the industry contribution analysis
function was used to measure the economic activity generated by the industry and its associated
supply chain linkages within the state economy. This approach estimates the magnitude of
economic activity attributable to an existing industry within a defined region. The West Virginia

forest products industry was represented by seven major sectors:

1. forestry;
logging;

primary solid wood products manufacturing;

2
3
4. secondary solid wood products manufacturing;
5. wood furniture manufacturing;

6. pulp, paper, and paperboard manufacturing; and

7. secondary paperboard and other paper products manufacturing.

These sector classifications follow those used in prior studies of the West Virginia FPI (Gabbert
et al. 2020, Gazal et al. 2024) and are consistent with broader industry definitions proposed in the
literature (Joshi et al. 2017). Each sector’s definition corresponds to specific IMPLAN industry
codes, largely aligned with the NAICS-based definitions. The seven categories were constructed
by aggregating thirty individual IMPLAN sectors representing forest-based production and
manufacturing activities (Table 1). Consistent with the approach used by Gabbert et al. (2020),
Sector 19 (support activities for agriculture and forestry) was adjusted to include only forestry-
related activities. The seven sectors were also grouped in the context to their position in the forest
products value chain. Forestry and logging were classified as upstream sectors, representing raw
material production and extraction, while all remaining sectors were classified as downstream,

reflecting processing and manufacturing activities that convert raw timber into higher-value

products.
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1able 1. FPI major sectors mcluded i IMPLAN analysis. Model sector abbreviations and IMPLAN

sector numbers are in parentheses.

FPI Model Sectors

2024 IMPLAN Sectors

Upstream Sectors

Forestry (F)

Logging (L)

Downstream Sectors
Primary Solid Wood Products
(PSWP)

Secondary Solid Wood Products
(SSWP)

Wood Furniture (WF)

Pulp, Paper, and Paperboard
(PPP)

Secondary Paperboard and other
Paper Products (SPOP)

(15) Forestry, forest products, and timber tract
production; (19) Support activities for agriculture and
forestry

(16) Commercial logging

(124) Sawmills; (125) Wood preservation; (126) Veneer
and plywood mfg.; (128) Reconstituted wood product
mfg.

(127) Engineered wood member and truss mfg.; (129)
Wood windows and doors mfg.; (130) Cut stock,
resawing lumber, and planing; (131) Other millwork,
including flooring; (132) Wood container and pallet
mfg.; (133) Manufactured home (mobile home) mfg.;
(134) Prefabricated wood building manufacturing
(135) All other miscellaneous wood product mfg.

(348) Wood kitchen cabinet and countertop mfg.; (349)
Upholstered household furniture mfg.; (350) Non-
upholstered wood household furniture mfg.; (352)
Institutional wood furniture mfg.; (353) Wood office
furniture mfg.; (354) Custom architectural woodwork
and millwork mfg.; (356) Showcase, partition, shelving,
and locker mfg.

(136) Pulp mills; (137) Paper mills; (138) Paperboard
mills.

(139) Paperboard container mfg.; (140) Paper bag and
coated and treated paper mfg.; (141) Stationery product
mfg.; (142) Sanitary paper product mfg.; (143) All other
converted paper product mfg.
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The analysis was conducted using the cloud-based IMPLAN platform. Economic contributions
were estimated using IMPLAN’s built-in industry contribution analysis function, which evaluates
the economic role of an industry or group of industries within a regional economy by capturing
backward inter-industry linkages. Unlike traditional economic impact analysis, contribution
analysis estimates the relative magnitude and economic significance of existing industries within
the study area (IMPLAN 2023). Calculations followed Method 1 described by Parajuli et al. (2018)
for conducting economic contribution analyses. Economic contributions were estimated for each
of the seven major sectors individually, as well as for the forest products industry (FPI) as a whole.
Because separate industry contribution analyses were conducted for each sector, the resulting
estimates are not additive. Summing sector-level contributions would lead to double-counting of
inter-industry linkages captured within IMPLAN’s input—output framework. Therefore, total FPI
contributions are reported independently and should not be interpreted as the sum of individual
sector estimates. All economic values are reported in 2026 constant U.S. dollars, and results are

presented in terms of employment, output, labor income, and value added.

To provide additional insights into industry structural change, supplementary indicators were
calculated. Labor productivity was approximated using value added per worker, calculated as the
ratio of direct value added (GDP contribution) to direct employment. This measure is commonly
used in productivity and structural change analyses as a proxy for labor productivity (Azenui et al.

2025, BenDor et al. 2015, Herrendorf et al. 2022, Pelkki and Guitierrez, n.d.).

RESULTS

Overview of FPI trends

The economic contribution of West Virginia’s FPI is presented in Table 2. Results indicate a post-
pandemic recovery characterized by increasing output and value added alongside declining

employment.
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Table 2. Economic contribution of the WV FPI: 2019-2024. Dollar amounts reported in 2020
constant dollars.

Contribution Type 2019 2020 2021 2022 2023 2024
Direct

Employment 9,545 8,867 9,172 9,127 8,506 7,798
Output ($MM) 2,112 1,907 2,276 2,995 2,956 2,736
Value Added (SMM) 611 597 848 940 943 830
Labor Income ($MM) 546 536 525 529 520 531
Total

Employment 15,591 14,304 14,319 15,120 13,759 13,143
Output ($MM) 3,133 2,800 3,152 4,127 4,014 3,835
Value Added (SMM) 1,142 1,066 1,299 1,513 1,526 1,433
Labor Income ($MM) 858 828 791 854 846 860

Direct employment declined steadily from 9,545 jobs in 2019 to 7,798 in 2024, representing an
18.3% reduction over the study period. The most notable decline occurred after 2022, indicating
that employment losses persisted even as broader economic conditions in WV improved. In
contrast, direct output increased from $2.11 billion in 2019 to a peak of $2.99 billion in 2022,
before slightly decreasing to $2.74 billion in 2024. Despite this slight decline after 2022, output
levels in 2024 remained substantially higher than pre-pandemic levels. A similar pattern is
observed for direct value added, which increased from $610.9 million in 2019 to $940.1 million
in 2022 and remained elevated at $943.0 million in 2023 before declining to $830.3 million in
2024. This represents an overall increase of approximately 36% relative to 2019. In contrast, direct
labor income remained relatively stable over the period, fluctuating within a narrower range, from

$545.7 million in 2019 to $531.4 million in 2024.

In terms of total effect, which consists of direct, indirect, and induced effects, similar trends
emerge. The FPI’s total employment impact declined from 15,591 jobs in 2019 to 13,143 in 2024
(—15.7%), with a temporary increase in 2022 before resuming its downward trend. The total output
impact increased from $3.13 billion in 2019 to $4.13 billion in 2022, followed by a modest decline
to $3.84 billion in 2024. The total value added impact rose from $1.14 billion in 2019 to a peak of
$1.53 billion in 2023 and remained relatively close to the 2023 value in 2024. Total labor income
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followed a relatively stable trajectory, declining slightly between 2019 and 2021 before increasing
to $865.0 million in 2024.

Direct value added per worker in West Virginia’s forest products industry shows a clear upward
trend over the 2019-2023 period, followed by a modest decline in 2024 (Figure 2). Productivity
increased from approximately $63,000 per worker in 2019 to over $110,000 in 2023, indicating
substantial gains in output generated per employee. The most notable increase occurred between
2020 and 2021, suggesting a period of rapid adjustment and efficiency gains following the initial
impacts of the COVID-19 pandemic. Despite a slight dip in 2024, productivity levels remained
well above pre-pandemic levels. This pattern aligns with broader sectoral trends, in which output

and value added recovered more quickly than employment.

120 000.00
100 000.00
80 000.00
60 000.00

40 000.00

(S/Worker)

20 000.00

0.00

Direct Value added Per Worker

2019 2020 2021 2022 2023 2024
Year
Figure 2. Labor productivity in WV's FPI as measured by direct value added per worker, 2019-2024.

Upstream sectors

The economic contributions of the upstream sectors, comprising forestry (F) and logging (L), are
presented in Table 3. Overall, the results indicate that upstream activities experienced persistent
employment contraction alongside fluctuating output and value added, reflecting structural

challenges in the resource extraction segment of the forest products value chain.

www.forest-journal.com 43



http://www.forest-journal.com/

Gazal et al. (2026) Journal of Forest Business Research 5(1), 32-60, 2026

1able 3. Economic contribution of the FPI upstreamn sectors: 2019-2024. Dollar amounts reported
m 2026 constant dollars.

Year and  Output ($MM) Employment Value Added Labor Income

Sector (SMM) (SMM)
Direct Total Direct Total Direct Total Direct Total

2019

F 36 62.0 996 1,160 27 41 33 41

L 163 302 1,551 3,091 110 189 135 185

2020

F 25 43 923 1,036 23 33 30 35

L 160 272 1,444 2,835 113 159 117 159

2021

F 30 53 987 1,130 26 39 34 41

L 150 260 1,450 2,809 97 140 98 140

2022

F 39 63 910 1,054 32 45 33 40

L 152 256 1,406 2,562 98 125 89 125

2023

F 24 38 738 814 21 31 21 25

L 133 194 1,303 1,721 128 165 93 113

2024

F 28 45 733 827 27 38 27 32

L 127 212 1,145 1,852 107 158 103 132

Logging accounted for the majority of upstream economic activity. In 2019, logging generated
$163.1 million in direct output, compared to $36.5 million in forestry, and supported 1,551 direct
jobs, compared to 996 in forestry. This pattern remained consistent throughout the study period,

with logging contributing approximately four to five times more output than forestry.

Both sectors experienced notable declines following 2019. In forestry, direct output decreased
from $36.5 million in 2019 to $25.2 million in 2020 before recovering to $39.0 million in 2022
and declining again to $27.6 million in 2024. Direct employment followed a downward trend,

falling from 996 jobs in 2019 to 733 jobs in 2024 (—26.4%). Direct value added exhibited similar
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variability, increasing to $32.0 million in 2022 before declining to $20.9 million in 2023 and
partially recovering to $26.7 million in 2024. Total effects mirrored these patterns, with total
output declining from $62.0 million in 2019 to $44.7 million in 2024 and total employment
decreasing from 1,160 to 827 jobs.

The logging sector exhibited a more consistent decline in output and employment, although value
added fluctuated more substantially. Direct output decreased from $163.1 million in 2019 to
$127.5 million in 2024, while direct employment declined from 1,551 to 1,145 jobs (—26.2%).
Total direct output followed a similar trajectory, declining from $301.9 million in 2019 to $212.2
million in 2024. Despite this contraction, direct value added increased to $127.7 million in 2023,
then declined to $107.1 million in 2024, suggesting short-term gains in efficiency or market
conditions. Labor income in logging declined from $134.7 million in 2019 to $103.2 million in

2024, although temporary increases were observed in 2023.

Labor productivity trends for the upstream sectors are presented in Figure 3.

120000
100000
80000

60000

(S/Worker)

40000

/\/

20000

Direct Value Added Per Worker

2019 2020 2021 2022 2023 2024
Year e L

Figure 3. Labor productivity in WV's FPI upstream sectors as measured by direct value added per
worker, 2019-2024.

Overall, both forestry (F) and logging (L) exhibited increases in productivity over the study period,
although the magnitude and consistency of these gains differed substantially between the two

sectors. Forestry maintained the lowest productivity levels throughout the period. Direct value
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added per worker fluctuated within a relatively narrow range, increasing from approximately
$26,700 per worker in 2019 to $35,200 in 2022, before declining slightly in 2023 and reaching
$37,500 in 2024. These modest gains suggest gradual improvements in efficiency. In contrast,
logging consistently exhibited higher productivity levels, though with greater variability over time.
Productivity increased from approximately $70,900 per worker in 2019 to $78,100 in 2020, before
declining to $66,700 in 2021. Following this dip, productivity rose steadily, reaching a peak of
nearly $98,000 per worker in 2023 before declining slightly to $93,500 in 2024.

Downstream sectors

Economic contributions of the downstream sectors are presented in Table 4. Overall, these sectors
exhibited stronger recovery dynamics and higher economic activity than upstream sectors, with
growth concentrated in primary and secondary solid wood products. However, trends varied across
sectors, particularly between solid wood manufacturing and paper-related industries. A consistent
pattern emerges across all sectors. Output and value added generally increased or remained stable
while employment declined, and employee compensation did not increase proportionally,

indicating rising productivity alongside a shift toward more capital-intensive production.

Among all downstream sectors, primary solid wood products (PSWP) consistently represented the
largest contributor to economic activity. Direct output increased from $879.1 million in 2019 to a
peak of $1.48 billion in 2023 before declining to $1.27 billion in 2024, while total output followed
a similar trajectory, rising from $1.48 billion to over $2.10 billion in 2023 and $1.88 billion in
2024. Direct value added increased substantially from $208.4 million in 2019 to $395.0 million in
2023 before declining to $318.2 million in 2024. In contrast, direct employment declined from
2,720 jobs m 2019 to 2,118 jobs mn 2024 (-22.1%), indicating significant labor contraction despite
strong output growth. Employee compensation remained relatively stable, increasing only slightly

from $139.0 million in 2019 to $142.6 million in 2023 before declining to $135.8 million in 2024.

www.forest-journal.com 46



http://www.forest-journal.com/

Gazal et al. (2026) Journal of Forest Business Research 5(1), 32-60, 2026

1able 4. Economic contribution of the FPI downstream sectors: 2019-2024. Dollar amounts
reported in constant 2026 dollars.

Year and  Output ($MM) Employment Value Added Labor Income
Sector (SMM) (SMM)
Direct Total Direct Total Direct Total Direct Total
2019
PSWP 879.1 1,480.1 2,720 6,806 208.4 535.9 139.0 378.1
SSWP 533.1 880.1 2,393 4,362 165.0 332.5 123.5 231.9
WF 208.6 332.8 1,418 2,136 54.1 116.6 75.2 113.2
PPP 180.8 300.5 231 840 26.1 84.0 21.9 58.3
SPOP 110.7 147.3 234 434 20.6 39.6 18.2 29.5
2020
PSWP 687.3 1,183.9 2,485 5,902 164.2 440.5 130.6 331.4
SSWP 526.5 824.0 2,193 3,923 159.9 307.7 133.9 2335
WF 225.9 342.1 1,388 2,065 79.9 139.8 75.9 113.8
PPP 176.4 286.4 221 804 34.1 88.8 29.0 64.6
SPOP 105.8 140.8 209 403 22.7 41.1 20.2 31.7
2021

PSWP 1,004.0 1,507.6 2,494 5,919 349.3 619.0 136.9 323.2
SSWP 617.9 928.7 2,331 3,989 242.1 392.4 137.4 228.6

WF 221.4 344.5 1,456 2,127 75.2 137.7 76.9 113.4
PPP 151.8 245.9 235 710 34.4 80.4 22.8 50.3
SPOP 100.5 135.5 215 401 23.4 41.4 17.9 28.6
2022

PSWP 1,393.6  2,076.0 2,568 6,625 363.0 717.5 136.3 361.1
SSWP 849.2 1,298.4 2,372 4,460 292.9 494.0 143.9 260.5

WF 254.7 402.5 1,412 2,153 82.2 154.6 85.6 126.1
PPP 202.9 3253 256 804 48.1 105.1 24.9 56.6
SPOP 103.6 142.3 200 395 24.2 44.1 16.3 27.5
2023

PSWP 1,484.7  2,105.6 2,453 5,846 395.0 763.8 142.6 361.9
SSWP 783.6 1,224.7 2,307 4,235 256.7 467.0 133.5 252.5
WF 275.5 440.3 1,346 2,145 77.6 164.5 101.3 149.0
PPP 146.3 218.5 165 475 37.0 74.5 15.0 35.3
SPOP 107.9 146.8 191 381 26.3 47.7 14.2 26.3
2024

PSWP 1,271.7  1,877.2 2,118 5,307 318.2 665.5 135.8 353.0
SSWP 818.6 1,293.5 2,248 4,341 2493 480.9 145.5 280.7
WF 279.6 450.3 1,292 2,093 84.2 174.2 99.1 148.7
PPP 109.0 168.9 113 362 21.4 524 9.3 26.5
SPOP 102.1 137.5 146 308 22.7 42.0 11.7 22.4
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The secondary solid wood products (SSWP) sector also demonstrated strong performance. Direct
output increased from $533.1 million in 2019 to $818.6 million in 2024, with a peak of $849.2
million in 2022. Direct value added rose from $165.0 million in 2019 to $292.9 million in 2022
before stabilizing at $249.3 million in 2024. Employment declined modestly from 2,393 jobs to
2,248 jobs (-6.19%), indicating relatively stable labor demand compared to other sectors. Employee
compensation increased from $123.5 million in 2019 to $145.5 million in 2024, suggesting some
improvement in labor earnings, though these gains remained smaller relative to increases in value

added.

The wood furniture (WF) sector exhibited moderate but consistent growth. Direct output increased
from $208.6 million in 2019 to $279.6 million in 2024, while direct value added increased from
$54.1 million to $84.2 million. Direct employment declined from 1,418 jobs to 1,292 jobs (-8.9%),
indicating gradual efficiency gains. Employee compensation increased more noticeably in this
sector, rising from $75.2 million in 2019 to $99.1 million in 2024, reflecting a stronger alignment

between economic growth and labor earnings compared to other downstream sectors.

In contrast, the pulp, paper, and paperboard (PPP) sector experienced substantial contraction
across all indicators. Direct output declined from $180.8 million in 2019 to $109.0 million in 2024,
despite a temporary increase in 2022. Direct employment declined sharply from 231 jobs to 113
jobs (-51.1%), representing the largest proportional decline among all sectors. Direct value added
peaked at $48.1 million in 2022 before declining to $21.4 million in 2024. Employee compensation
also declined significantly, from $21.9 million in 2019 to $9.3 million in 2024, indicating a

simultaneous reduction in both labor demand and earnings.

The secondary paperboard and other paper products (SPOP) sector exhibited a more gradual
contraction. Direct output remained relatively stable, decreasing slightly from $110.7 million in
2019 to $102.1 million in 2024. Direct value added fluctuated modestly, increasing to $26.3
million in 2023 before declining to $22.7 million in 2024. Direct employment declined from 234
jobs in 2019 to 146 jobs in 2024 (-37.6%), while employee compensation decreased from $18.2
million to $11.7 million over the same period. These patterns suggest that production levels were

maintained despite reductions in labor input and compensation.
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Figure 4 illustrates labor productivity trends across the downstream sectors of West Virginia’s
forest products industry, measured as direct value added per worker from 2019 to 2024. Overall,
productivity increased across most sectors, although the magnitude and consistency of these gains

varied.
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Figure 4. Labor productvity in WV’s FPI downstream sectors as measured by direct value added
per worker, 2019-2024.

Among the sectors, pulp, paper, and paperboard (PPP) exhibited the highest labor productivity
throughout the study period. Productivity increased from approximately $113,000 per worker in
2019 to a peak of about $224,000 in 2023, then declined to approximately $189,000 in 2024.
Despite recent declines in output and employment, PPP maintained the highest productivity

advantage across all sectors.

The primary solid wood products (PSWP) sector demonstrated notable productivity growth,
particularly after 2020. Productivity increased from approximately $77,000 per worker in 2019 to
$161,000 in 2023, before slightly declining to about $150,000 in 2024. This sharp increase aligns
with observed declines in employment alongside rising value added, indicating significant

efficiency gains within the sector.

The secondary paperboard and other paper products (SPOP) sector showed steady and consistent

growth in productivity over the study period. Productivity increased from approximately $88,000
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per worker in 2019 to $155,000 in 2024, representing one of the most stable upward trends among
downstream sectors. This pattern suggests gradual improvements in efficiency despite modest

changes in output.

In contrast, the secondary solid wood products (SSWP) sector experienced moderate productivity
growth followed by stabilization. Productivity increased from about $69,000 per worker in 2019
to approximately $123,000 in 2022, before declining slightly and stabilizing around $111,000 by

2024. This indicates some efficiency gains, though less pronounced compared to PSWP.

The wood furniture (WF) sector consistently exhibited the lowest productivity among downstream
sectors. Productivity increased from approximately $38,000 per worker in 2019 to about $65,000
in 2024, with relatively gradual growth throughout the period. While gains were observed, the

sector remains more labor-intensive relative to other downstream industries.

DISCUSSION

The results indicate that the post-pandemic evolution of West Virginia’s forest products industry
is best characterized not as a simple recovery to pre-pandemic conditions, but as a process of
structural adjustment and reorganization across the value chain. At the aggregate level, the industry
surpassed pre-pandemic output and value-added levels by 2022-2023, yet employment continued
to decline through 2024. This divergence between economic output and labor use is one of the
clearest findings of the study and is consistent with broader structural change processes in which
industries respond to shocks by increasing efficiency, reorganizing production, and shifting toward
more capital-intensive operations (Banas et al. 2021, He et al. 2021, Poudel and Dahal 2025, Ye
and Dai, 2020)

At the industry level, direct employment fell from 9,545 jobs in 2019 to 7,798 jobs in 2024, while
direct output rose from $2.11 billion to $2.74 billion, and direct value added increased from $610.9
million to $830.3 million. Direct value added per worker rose from approximately $64,000 in 2019
to more than $110,000 in 2023 before settling at about $106,000 in 2024. This may imply that the
industry’s post-pandemic trajectory was driven less by workforce recovery and more by gains in

per-worker value added. Such patterns are consistent with literature showing that periods of
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disruption can accelerate adoption of labor-saving technologies and drive improvements in
production processes (Brandeis and Hodges 2015, Dao and Platzer 2024, de Vries et al. 2021, Li
et al. 2019, Poudel and Dahal 2025). Yet these aggregate patterns mask substantial differences
across sectors. The most notable structural distinction in the results is the divergence between the

upstream and downstream segments of the forest products value chain.

The forestry and logging sectors showed persistent weakness over the study period. Forestry
remained relatively small in economic scale and exhibited patterns of decline and temporary
recoveries. Logging, while larger and economically more significant than forestry, also
experienced sustained contraction in both direct employment and output. Results from the current
study suggest that upstream segments did not participate in the broader post-pandemic growth
observed elsewhere in the industry. The logging results are especially important given the sector’s
critical role as a supply-chain link between standing timber and downstream manufacturing.
Logging direct employment fell from 1,551 jobs in 2019 to 1,145 jobs in 2024, while output
declined from $163.1 million to $127.5 million. Even though value added per worker increased
over the period, those gains were achieved in the context of declining scale. Productivity gains on
a per-worker basis appear to reflect labor contraction, consolidation, and possibly mechanization
rather than sectoral expansion. This distinction matters because productivity gains in shrinking
sectors do not necessarily indicate sectoral strength; instead, they may reflect the survival of more
efficient firms after weaker operators exit. This aligns with long-standing concerns in the forest
sector regarding logging capacity (G C et al., 2020), labor shortages (Bowman et al. 2023, He et
al. 2021), high capital requirements (Conrad et al. 2018; 2024, He et al. 2021), aging operator
demographics (Bowe et al. 2025, Bowman et al. 2023, Conrad et al. 2024, G C et al., 2020), and
transportation bottlenecks (Knight et al. 2024, Kogler et al. 2025). These structural challenges
predated the pandemic and may have been further exacerbated by it and its aftermath. (Jayasundara
et al. 2024, Stanturf and Mansuy 2021). A sustained decline in logging capacity may ultimately
constrain downstream sectors if the supply of logs cannot keep pace with manufacturing demand
and the resulting structural imbalance. Downstream processors may be recovering or expanding

more quickly than the upstream sectors that supply raw materials.

The forestry sector results raise a somewhat different but related concern. Although forestry is

smaller than logging in absolute economic terms, it remains important because it encompasses
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timber tract production and a range of forestry support activities that support the entire forest
products supply chain (Espinoza 2020, FAO 2022, United Nations Economic Commission for
Europe 2025). Forest management and related upstream activities provide the foundation of raw
material supply, and their vitality is essential to the long-run sustainability and competitiveness of
downstream logging and manufacturing operations. Its contraction may signal reduced investment
in forest management-related functions, with longer-term implications for resource stewardship,
stand quality, and timber availability (Barrette et al. 2023). However, the relatively short study
period and the absence of direct measures of forest conditions warrant caution when drawing
broader conclusions about long-term forest resource conditions. Nevertheless, the results suggest
that the long-run competitiveness of the industry depends not only on manufacturing performance

but also on the vitality of upstream land- and resource-based activities.

In contrast to upstream sectors, the downstream manufacturing sectors, particularly primary and
secondary solid wood products, were the strongest performers over the study period. These sectors
accounted for the majority of output and value-added growth within the industry and exhibited
clear gains in labor productivity. The PSWP sector was the most dynamic component of the
industry. Direct output rose from $879.1 million in 2019 to $1.27 billion in 2024, while direct
value added increased from $208.4 million to $318.2 million, despite a decline in employment
from 2,720 to 2,118 jobs. Its productivity gains were especially notable. Value added per worker
nearly doubled over the period, rising from roughly $76,600 in 2019 to more than $150,000 in
2024. The SSWP sector also showed strong performance, with substantial increases in output and
value added alongside relatively stable employment. These sectors appear to have translated post-
pandemic market conditions into sustained gains in economic performance. Studies across Europe
and North America show that downstream wood manufacturing and secondary processing have
captured much of the post-pandemic growth, especially where linked to construction, furniture,
packaging, and bioeconomy products This result is consistent with broader forest products
literature documenting strong demand for lumber, millwork, engineered components, packaging-
related products, and other wood-based materials during and after the pandemic period (Kuzman
et al. 2023, Mensah et al. 2025, Poudel and Dahal 2025, Stanturf and Mansuy 2021, van Kooten
and Schmitz 2022). Wood products industries benefited from elevated construction activity, home
renovation demand, supply-chain disruptions that favored domestic production, and price spikes

in wood commodities.
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The divergence between output growth and labor compensation in PSWP is also noteworthy.
Output and value added rose sharply, yet employee compensation remained relatively stable. This
suggests that gains in productivity and value-added gains were not matched by proportional gains
in labor compensation. This does not necessarily imply declining wages per worker, but it does
indicate that a growing share of value creation may have been associated with capital, margins, or
non-labor components associated with capital deepening and technological change (Abdih and
Danninger 2017, Curtis et al. 2021, Poudel and Dahal 2025). Empirical evidence from wood
products manufacturing indicates that increases in labor productivity have been driven in part by
rising capital intensity, which tends to reduce labor’s share of value added even when employment
levels or average wages are relatively stable (Sorenson et al. 2016). This reinforces the
interpretation of a shift toward a more capital-intensive industry (Autor et al. 2020, Guta et al.
2026). The SSWP sector also showed substantial gains in output and value added, but employee
compensation increased more noticeably than in the PSWP sector. Even so, its overall performance
is still consistent with an industry structure increasingly driven by productivity growth rather than

employment expansion.

The wood furniture sector exhibited a more moderate trajectory than PSWP and SSWP. Output
and value added increased over the study period, and productivity improved from approximately
$38,000 per worker in 2019 to more than $65,000 in 2024. Employment declined only modestly
relative to other sectors, a result consistent with other studies that identify furniture manufacturing
as relatively resilient due to its downstream position, smaller average firm size, and reliance on
flexible production systems rather than large-scale capital substitution (Kuzman et al. 2023,
Sorenson et al. 2016). These trends suggest that the wood furniture sector adapted to evolving
market conditions without the same degree of restructuring observed in solid wood manufacturing,
achieving productivity improvements through incremental process innovation, lean manufacturing
practices, and workflow optimization rather than widespread labor displacement (Abu et al. 2019;
2021). This stability may reflect continued demand for cabinetry, custom woodwork, and related
products, initially spurred by pandemic-related shifts in consumption. It may also be attributed to
longer-term structural drivers supporting growth in the furniture sector, including urbanization,
expansion in hospitality and commercial markets, increasing consumer interest in do-it-yourself
(DIY) and ready-to-assemble (RTA) furniture, and ongoing technological advancements and

research and development (R&D) in wood furniture manufacturing (Research and Markets 2024).
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The paper-related sectors exhibit a contrasting pattern relative to solid wood manufacturing. PPP
had the highest labor productivity among downstream sectors throughout the study period, rising
to more than $220,000 per worker in 2023 before declining to about $190,000 in 2024. But this
productivity occurred alongside sharp contractions in employment and output. Similarly, SPOP
showed steady productivity gains while employment declined. Findings from these sectors
illustrate that increasing productivity is not always synonymous with sectoral strength, as
productivity can increase when employment falls more rapidly than output, particularly in capital-
intensive manufacturing industries (Charles et al. 2019). In solid wood manufacturing, rising
productivity accompanied expanding output, suggesting growth-oriented efficiency gains. In PPP
and, to a lesser degree, SPOP, rising productivity occurred alongside contraction, implying that
fewer workers were supporting a smaller or stagnant economic base. This pattern is more
consistent with consolidation, capital deepening, and reduced labor requirements than with sector
expansion and aligns with long-term structural changes in paper markets, including digital
substitution, mill closures, shifting product demand, and concentration of production in larger or
more specialized facilities (Ghosal and Nair-Reichert 2007, Hussain and Bernard 2017, Sinclair

and Dubois 2020, Susaeta and Rossato 2021, Toppinen et al. 2017).

The findings suggest a structural shift in West Virginia’s forest products industry, whereby
post-pandemic recovery occurred through internal reorganization and rising capital intensity,
altering sectoral composition and labor demand instead of returning employment to pre-pandemic
levels. These changes have several implications. First, the continued strength of downstream
manufacturing suggests that value-added processing remains a major source of economic
resilience and competitiveness in West Virginia’s forest sector. Policies and business strategies
that support modernization, equipment investment, process innovation, and higher-value
production may therefore reinforce areas of existing strength. Second, upstream contractions raise
concerns about longer-term supply-chain stability. If logging and forestry continue to weaken
while manufacturing remains strong, the result could be a tighter log supply, higher procurement
costs, or greater dependence on wood sourced from longer distances. That, in turn, could erode

some of the gains achieved in downstream sectors.

For this reason, policies aimed at sustaining the forest products industry should not focus solely

on mills and manufacturing. They should also consider the viability of harvesting, hauling, and
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forestry support infrastructure. Third, the divergence between rising value added and
comparatively modest changes in employee compensation suggests that the benefits of post-
pandemic restructuring may not be evenly distributed across labor. This reinforces the importance
of workforce development strategies that prepare workers for increasingly technical and capital-
intensive roles in the sector. If productivity gains are being driven by mechanization, automation,
and process upgrades, future employment may depend less on labor quantity and more on skills,
adaptability, and technical training. Future industry performance may also be influenced by
evolving trade policies, particularly those affecting hardwood export markets and tariffs on
imported wood products, which may influence both upstream sectors reliant on export demand
and downstream manufacturers competing with foreign imports. Recent U.S. actions, including a
10% tariff on all timber and lumber imports and a 25% tariff on imported kitchen cabinets and
furniture (Anderson et al. 2025, Lawder and Shepardson 2025) raise input costs for downstream
manufacturers and reshape competitive dynamics with foreign suppliers. Finally, looking beyond
the current industry structure, the weakness of paper-related sectors suggests new opportunities in
the forest bioeconomy. Engineered wood products, pellets, biochar, and other innovative uses of
forest-based materials, including textiles, chemicals, and packaging, may offer promising
pathways to sustain and enhance industry value. Evidence suggests that even a modest
participation in these alternative markets could generate substantial new revenues, partially

offsetting losses from declining graphic paper demand (Hurmekoski et al. 2018).

CONCLUSIONS

This study examined the economic contributions of West Virginia’s forest products industry from
2019 through 2024 using IMPLAN data, focusing on direct and total effects, as well as labor
productivity measured by direct value added per worker. The results show that the industry’s post-
pandemic trajectory was marked by a strong recovery in output and value added but a continued
decline in employment. At the aggregate level, the industry generated more output and value added
in 2024 than in 2019, even though direct employment declined substantially. This divergence
suggests that the post-pandemic recovery was driven more by efficiency gains and structural

adjustment than by the restoration of labor demand.
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The strongest performance was concentrated in primary and secondary solid wood products, which
combined higher output and value added with major gains in labor productivity. These sectors
were the principal drivers of industry recovery and appear to have captured the benefits of
favorable market conditions during and after the pandemic. Forestry, logging, and paper-related
sectors lagged behind, with the former showing contraction and instability and the latter exhibiting
high productivity but shrinking economic scale. These patterns reveal an increasingly uneven value
chain in which downstream manufacturing is strengthening even as upstream capacity and some

traditional processing sectors weaken.

Overall, the results indicate that West Virginia’s forest products industry has not simply returned
to its pre-pandemic structure. Rather, it has shifted toward a more capital-intensive, higher-
productivity, and more manufacturing-centered configuration. For industry stakeholders and
policymakers, this implies that future competitiveness will depend not only on supporting high-
performing downstream sectors but also on maintaining upstream capacity, strengthening
workforce skills, and identifying new market opportunities for sectors facing long-term structural

decline.
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