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• Workforce development e�orts must recognize that there are multiple pathways to the range of jobs 
within the forest management and wood products sectors, and avoid reliance on single programs and 
one size �ts all approaches. A sca�olding framework comprised of many interconnected ladders with 
transferable skills should be adopted as a model for training and workforce development; 

• State funding for forest health work must include funding to pay forest restoration worker wages and 
bene�ts that are comparable to �re response wages and bene�ts. The state should fund programs that 
seek to support nontraditional forestry workers, including underrepresented communities and women, 
to attract and retain more workers to the sector;

• Workforce development strategies should  be tailored to meet the economic and social conditions of 
workers in rural communities, and respond with work that o�ers year-round, family-supporting wage 
jobs;

• Networking opportunities must be created to ensure professional and business development across the 
forest industry. Networking opportunities, including job fairs and virtual platforms, can help current and 
future workers identify and secure quality job opportunities, and can help businesses increase worker 
retention in the sector;

• To ensure that potential workers stay in the industry, state investments must emphasize job quality, 
family wages, building partnerships between industry and training entities, and rural infrastructure 
investments, including housing and broadband; and

• Marketing and communications should highlight the role and importance forest workers play in 
sustaining forests and watersheds to improve public sentiment and appreciation for the sector and to 
encourage more to join the workforce.

• A trained and available workforce to conduct forest management activities and to produce value added 
forest products is essential for meeting forest health goals and providing a much needed economic 
boost to forested regions of the state;

• Recruitment of unskilled but ready-to-work individuals is a primary barrier for many forest sector 
employers as lack of a�ordable housing and cost of living relative to pay limits labor availability. Social 
challenges such as substance abuse, poor worker health and lack of transportation also limit worker 
availability;

• Community colleges represent an important pathway to workforce training and development, but they 
are challenged to serve low population communities and impoverished residents with long commutes. 
College and other workforce programs need to meet workers and potential employees where they are;

• Many current training programs (e.g., apprenticeships, associate’s degrees, etc.) center workforce 
resources on �re response and post-�re treatment rather than forest management. E�ective 
development of a workforce in this sector will involve strategies that integrate workforce training 
pathways that are focused on forest health, including Traditional Ecological Knowledge and cultural 
burning, and value-added forest products businesses;

• The state must ensure that workforce development utilizes a range of tools and resources, including on 
the job training, K-12 programs, community colleges, apprenticeships, and other training opportunities 
that o�er case management services and innovative industry/training partnerships; and

• A new approach to hiring and retaining workers referred to as “sca�olding” that builds on family 
supporting wages, worker well-being and «exibility to enable workers to more easily move laterally and 
upwards is needed.

Recommendations

Highlights
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5.1 A snapshot of California’s current state of forest employment
As timber processing capacity has been in 

steady decline across the state since the early 
1990s, so has employment in the forestry sector.157

Whereas in 1998, the forestry sector employed over 
90,000 workers in the sector, that number dropped 
to just over 50,000 in 2010, its all-time low, and has 
rebounded to over 57,000 in 2016. Most of the 
recent growth is led by secondary wood products 
manufacturing.158 While 20% of workers in the 
agriculture, forestry, �shing and hunting sector 
are low wage workers,159 the average employee in 
the sector earns just over $60,000 per year, though 
those in the wood products manufacturing sector 
earn roughly $48,000 per year.160 Given that there 
are a wide variety of jobs in the forestry sector, 
spanning commercial felling, logging, primary and 
secondary processing, as well as noncommercial 
thinning and fuels reduction, among others, it is 
challenging to track trends in the sector as more 
businesses are transitioning to wild�re-related 
work.

In 2019, private sector employment accounted for 43% of all forest sector jobs in the state. The primary 
forest products industry that employed the most workers was Corrugated and Solid Fiber Box Manufacturing 
employing 10,781 individuals,161 followed by sawmills at 3,514 individuals and Veneer, Plywood and engineered 
wood products at 3,339 individuals. Key forest employment �gures for 2020 by industry can be found in 
Appendix 2. Given that many forest industry businesses are small family businesses, or are owner operated 
establishments without paid employees, employment records for these businesses are captured separately 
from businesses with paid employees (Table 12).

157 Marcille, K. C., Morgan, T. A., McIver, C. P., & Christensen, G. A. (2020). California’s forest products industry and timber harvest, 2016. Gen. Tech. 
Rep. PNW-GTR-994. Portland, OR: US Department of Agriculture, Forest Service, Paci�c Northwest Research Station. 58 p., 994.

158 ibid
159 Even, W. E., & Macpherson, D. A. (2019). Where Does the Minimum Wage Bite Hardest in California?. Journal of Labor Research, 40(1), 1-23.
160 Marcille, K. C., Morgan, T. A., McIver, C. P., & Christensen, G. A. (2020). California’s forest products industry and timber harvest, 2016. Gen. Tech. 

Rep. PNW-GTR-994. Portland, OR: US Department of Agriculture, Forest Service, Paci�c Northwest Research Station. 58 p., 994.
161 Quarterly Census of Employment and Wages, 2020 Annual Average, Employment Development Department, Labor Market Information 

Division

A robust forest products workforce is needed to ensure that forest restoration 
e¥orts can grow across the state (photo credit: Adobe stock photos)
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Table 12. Non-employer establishments (e.g. owner operator with no paid employees) for 2018 from U.S. Census Bureau, Nonemployer Statistics

Sector Number of non-employer 
establishments

Forestry and logging 1,687

Support activities for forestry 829

Utilities 1,207

Wood product manufacturing 1,918

Paper manufacturing 175

Basic chemical manufacturing 118

Machinery manufacturing 1,873

Furniture and related product manufacturing 2,447

Lumber and other construction materials merchant wholesalers 647

Machinery, equipment, and supplies merchant wholesalers 2,010

Paper and paper product merchant wholesalers 680

Specialized freight trucking 5,541

Commercial and industrial machinery and equipment rental and leasing 5,669

Scienti�c research and development services 8,145

Vocational rehabilitation services 1,910

Commercial and industrial machinery and equipment (except auto-
motive and electronic) repair and maintenance 3,938

Total 38,794

5.2 Employment barriers facing forestry and forest products businesses

5.2.1 Hiring and labor shortage issues 
Hiring issues precede workforce development issues because without access to and availability of workers, 

training strategies will be ine�ective. In many cases, workforce development strategies must also include 
outreach, training and worker readiness investments to develop a pipeline of workers. The focus of this chapter is 
primarily on workforce development barriers and solutions, and not on labor issues. Nonetheless, some key labor 
and social challenges that impact workforce development e�orts within the forest sector are brie�y outlined. 

In a June 2021 seminar series on workforce development within California’s forest industry, a Sierra Paci�c 
Industries representative explained the serious labor shortages they face. At their Quincy and Red Blu� mills, 
they have openings for 30 workers each, while at their Burney mill, they have openings for 20 workers. They 
noted a reliance on H-2B work visas to secure seasonal migrant workers for replanting work that is essential to 
their vertically integrated business model. Industry and labor experts estimate that H-2B workers account for 10 
to 15 percent of the contracted forestry services workforce in the state.162

162 https://laborcenter.berkeley.edu/putting-california-on-the-high-road-a-jobs-and-climate-action-plan-for-2030/
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Recruiting unskilled but ready-to-work individuals is a primary barrier for many forest sector employers. 
Current workforce development programs are unable to support this need given that they target training e�orts 
on higher skilled employment (e.g., millwrights). The cost of housing and living in rural areas, despite on average 
being lower than urban areas, often exceeds what low-wage workers can a�ord, exacerbating hiring shortages. 
For example, preliminary survey results from CSU Chico’s Forest Workforce study found employers cited small 
pools of candidates (23.4%), lack of housing (14.9%), and high cost of living (12.8%) as major challenges facing 
the sector.163 Across all interviews for this study, housing was consistently identi�ed as a primary barrier to 
increasing the forest industry workforce. For more information on rural housing needs, see section 2.2 (Mass 
timber o�ers a strategy for economic growth).

Another barrier to recruiting workers is job quality. One interviewee who works with manufacturers noted 
that many forest processing facilities could bene�t from simple improvements in working conditions, including 
attention to ergonomics, lighting, and generally designing facilities to attract potential employees.

5.2.2 Worker readiness
Workforce development and training entities, as well as wood products manufacturers, noted the 

challenges of worker readiness and worker turnover as major barriers for meeting employer needs. One 
manufacturer explained that for every two or three hires, only one is likely to last beyond the training period. 
For employers conducting on the job workforce training in forest management, social challenges including 
substance abuse, poor worker health, lack of transportation and lack of housing were identi�ed as main barriers. 
Additionally, in many of the rural communities closest to the forest resource, there is limited social support and 
lack of healthcare to meet mental, behavioral and physical health needs.164

Contrary to the perspective that employers want workers who are skilled and ready to work, many wood 
products manufacturing jobs have a fairly low barrier to entry and often provide on the job training. Once 
an employer is ready to hire, they are able and indeed expect that they will provide training speci�c to their 
machinery and work. One community college workforce development program leader noted their industry 
partner, a wood products manufacturer, had the philosophy that: “We can really train anyone, we just need a 
warm body that can pass a drug test.”

Northern Arizona University Forestry Workforce Center
Under a $350,000 grant from the U.S. Department of Commerce’s Economic Development 

Administration, Northern Arizona University’s Ecological Restoration Institute is working to build a 
skilled forest management workforce through a new program, known as the Forest Operations Training 
Center. In 2019, the local population of Coconino county experienced economic and job losses through 
the closure of the Navajo Generating Station, as well as cuts of 250 jobs from the Kayenta Coal Mine 
Complex. The goal of the program is to provide steady and well-paying jobs to local residents, while 
simultaneously building a skilled workforce to expand the pace and scale of forest restoration work in 
Northern Arizona. The Forest Operations Training Center will provide career development opportunities 
and training for forestry equipment operators, logging truck drivers, and heavy equipment repairs 
mechanics, with special e�orts to recruit workers who had previously lost their jobs from the shuttering 
of the coal mine and generating station, as well as young adults and veterans. Overall, the center will 
help to promote forest health, while simultaneously promoting the well-being of local rural economies.

163 Forest Sector Workforce Study: Preliminary Findings (2021), Center for Economic Development, CSU Chico.
164 Sierra to California All Lands Enhancement (SCALE) virtual meeting, June 2021. Organized by Sierra Institute for Community and   

Environment.
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5.2.3 Lack of investment in local businesses
For in-woods work, including road building, logging, chipping, pruning, among others, many smaller 

businesses located close to the forest lack the investment they need to expand their businesses, purchase 
needed equipment, or compete for contracts with large corporations and out-of-state entities. Without capacity 
to compete with out-of-state entities that typically pay their employees less and do not hire locally, in-state 
businesses are less competitive for public contracts when preference is not given to local businesses.165

This trend has been exacerbated by destructive �res and disaster declarations that lead to mega-contracts 
for which no local entities can compete. National and even multinational cleanup enterprises secure these 
contracts and consider “local” hires to be contractors within the state. This creates a cycle of disinvestment from 
the local forest industry in favor of businesses elsewhere, resulting in less opportunity both for local workers 
and local businesses and continued local decline, especially in the case of mega-�re cleanups. This cycle persists 
when businesses are unable to innovate or expand into new markets and new forest products. This has serious 
implications for workforce development e�orts since it is impractical to train workers for jobs that do not exist, 
or where there is not a commitment to hire from an industry partner. In California where the forestry sector 
appears at the early stages of a renaissance, few businesses can o�er workers employment guarantees, which, 
in e�ect, translates into reduced opportunities to train workers to support their needs.

Nevada’s Workforce Integration Tool:
In early 2020, the Nevada Department of Employment, Training, and Rehabilitation received the 

Data Insights and Innovations award, presented by National Association of State Workforce Agencies’ 
Workforce and Labor Innovation Committee, for their Demographic Reporting Enhancement Tool. The 
tool was developed by the Department of Employment, Training, and Rehabilitation Research and 
Analysis Bureau and provides a detailed picture of Nevada’s underserved communities for the purpose 
of providing them with targeted assistance. The data generated by the tool is shared statewide and 
facilitates the agency’s outreach. Speci�cally, it aids them in �nding employment solutions by identifying 
challenges and opportunities for job seekers in those speci�c areas, as well as employers engaging with 
underserved populations.

5.2.4 Need for evaluation and standardization of training 
  programs and credentials 

There is little available data on current training programs pertaining to key metrics, such as job placement, 
retention, wages, and wage progression. Similarly, there is no consensus for what industry-recognized credentials 
through a training program should look like. Community college leaders noted a lack of outcome data is an issue 
for their training programs. For the industry overall, standardized and articulated job pathways are limited. This is 
in part because large employers often provide on-the-job training and track individuals’ skills based on company-
speci�c criteria. In addition, job training in the sector lacks standards for required skills and occupational safety, both 
of which are key to articulate the need for, ensure demand for, and to signal the skills needed by the workforce.166

Outcome data from workforce training programs in the state is limited, though community colleges, universities 
and workforce development agencies are launching outcome assessments. Currently, the California Conservation 
Corps is working to track individuals after they exit their program, but at present have only preliminary data. Shasta 
Community College lacks a system to track or follow up with program participants after they exit the program. 
However, a new tracking system, Job Speaker (the community college version of Handshake, a platform to connect 

165 ibid
166 Collier, R. 2020. Putting California on the High Road: A jobs and climate action plan for 2030. Accessed from:     

https://laborcenter.berkeley.edu/putting-california-on-the-high-road-a-jobs-and-climate-action-plan-for-2030/
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college students and employers), will in a few years allow community colleges to better access cohorts, and improve 
tracking of program participants. Investments for tracking individuals and evaluating programming are essential to 
improve e�ectiveness of training programs.

5.3 Barriers facing potential or current workers

5.3.1 Broadband 
Lack of access to broadband continues to be a major hurdle for programs working to educate and train in 

rural forested regions of California. While some urban counties have broadband coverage just shy of 100%, rural 
broadband access often trails far behind. Sierra County, for example, has just 2% broadband coverage, Plumas 
County has 12.5% coverage, and Trinity County has 26.2% coverage.167  Coverage rates also do not address 
speed or quality of service, and typically ignores service cost and the number of provider options. Too often, 
rural residents lack a choice of provider, speed, or cost of service. 

Low coverage rates and lack of choice represent a signi�cant challenge for online opportunities, and 
workforce development sta� at community colleges all stated that broadband must be expanded and improved 
for training programs to thrive. Many types of career technical education programs require online training, 
which may be especially challenging for extension programs or community colleges that serve rural residents. 
While e�orts are being made to expand broadband access in rural areas, this is a long-term e�ort, and many 
training programs must adapt programming in the short-term.

5.3.2 Worker expectations
Some workers, especially those with young families or elder care responsibilities, may be interested 

in working in the forestry sector, but may require more scheduling �exibility and overall support. For these 
potential workers, production and manufacturing facility sta�ng needs are often not aligned with their needs 
and may exclude a ready workforce. Manufacturing facilities that rely on a lean manufacturing model and require 
strict management to meet production goals lose potential employees because of this. Two community college 
workforce program leaders noted that industry partners faced challenges with employees who needed time 
o� or more �exible scheduling. One interviewee also noted that younger workers are considered unreliable for 
production-style facilities with rigorous routines. Industry partners were noted as seeking to hire veterans who 
are seen as more likely to prefer the structured environment of a manufacturing facility. 

Living wages and a clearer progression of job opportunities are also needed to attract workers. Many 
forestry and entry level wood product manufacturing jobs that o�er little upward mobility, and some neither 
pay a living wage to start nor support workers adequately during training, though this latter issue is starting 
to change in order to attract workers. In other industries, like construction, with clear apprentice “steps,” a low 
wage during training is an investment toward future mobility at a much higher wage. These pathways are 
typically lacking for forest work and wood products manufacturing. 

5.4 Key legislative e�orts to build a forest workforce fall short 
While various non-pro�t and private entities across the state have pursued bottom-up workforce 

development strategies, the state has pursued policy measures to enact necessary investment. One example 
includes SB-462 (Community colleges: Urban and Rural Forest and Woodlands Restoration and Fire Resiliency 
Workforce Program). This bill was introduced in 2019 but died in appropriations. This bill outlined a path for 
community college investment in forest and �re protection through partnership between state community 
colleges, the University of California extension system, apprenticeships and vocational programs. The program 

167 https://broadbandnow.com/California
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was to be enacted through a forest and woodlands restoration workforce model curriculum developed by 
the California Community College Chancellor’s O�ce in collaboration with the California Community College 
Academic Senate. 

The California Community College Academic Senate initially voiced opposition to the bill on the grounds 
that curriculum “should be inherently driven by local economies and workforce needs expressed by employers 
of the region,”168 and because writing elements of the curriculum into statute limited the ability of colleges to 
adapt to industry expectations, as well as to the needs of individual communities and regions. The bill was 
modi�ed to address these concerns, ensuring that programming is adapted to regional needs, but it still failed. 
It reportedly departed from the state’s traditional curriculum development and program execution process, 
including requiring the development of a curriculum and providing funding to California Community Colleges 
to implement a speci�c workforce program. 

Overall, the state’s emphasis has been on policies to increase fuels reduction work, �re�ghting, and 
bioenergy, but legislative support for training the needed workforce has been lacking. For example, recent 
legislation indicates state commitment to turning restoration into value-added bioenergy and wood products, 
including SB-901, SB-1122, and others, and the state’s Forest Resilience and Wild�re Task Force (formerly the 
Forest Management Task Force) has recommended increasing markets for value added wood products as a way 
to increase pace and scale of forest management work and as critical to a new forest economy that can help 
meet the state’s carbon neutrality goals. Workforce training and development, however, have lagged behind. 

5.5 Solutions and Approaches

5.5.1 Sca�olding of opportunities in the forest economy
Across the forest sector there are many job types with varying levels of training needed for each job, but 

initial entry into the �eld remains a challenge within the sector. Often, once employed, workers are tracked 
into speci�c job types, with limited opportunity for upskilling, professional development and opportunities 
to advance or follow speci�c interests. In many rural forested regions of the state, there is not only a shortage 
of entry level workers but very few resource management professionals including foresters, biologists, 
archeologists and engineers who are also critical to the industry.

The “sca�olding of opportunities” approach represents a support system for individuals to access high 
quality job opportunities, becoming better equipped to access higher wages or more desirable employment. 
This sca�old also represents the diverse set of job types that must exist within a forested region in order to 
meet the economic needs of the communities that exist there and the demand for forest management activity. 
A foundational principle for this framework is that workforce development must ensure that workers have 

168 Stanskas, J. (2019, April 8). SB462 (Stern) Community colleges: Forestland Restoration Workforce Program. Academic Senate for California 
Community Colleges. https://www.asccc.org/sites/default/�les/SB462%20%28Stern%29%20Community%20Colleges%20Forestland%20
Restoration%20Workforce%20Program.pdf

Sterling University
Sterling Solutions is a company that produces TerraLam CLT mats, with a focus on catering to 

energy infrastructure. As a company, they have prioritized relationships with local communities and 
have held events with high school students from the area in order to build awareness of employment 
options and opportunities. Additionally, they have developed a workforce educational program 
called Sterling University. This training program is focused on helping their employees to be 
successful both within the company, as well as the local communities. Examples of courses included 
in the program include English as a second language and budgeting. 
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opportunity both in terms of access to high quality and high wage jobs, as well as to training opportunities 
to move up and across the sca�olding �lling the range of job types critical to the forest restoration economy 
(Figure 10).

Figure 10. A sca¥olding of employment opportunities that is built on high job quality standards

With traditional job training it is not always the case that workers can progress into better paying jobs. 
When there is progression, professional development is envisioned as a ladder whereby a worker can gradually 
build the skills needed to access better and higher paying jobs. In this traditional model, the worker starting at 
the bottom is actually standing on the ground, usually earning low wages and facing physically challenging, 
often repetitive work. This model also does not account for the transferability of skills between di�erent, related 
careers. In this case, workers would have to essentially start over again when looking to make any lateral moves 
or move into a new natural resource job, for example when moving from work in a mill to work in the forest and 
restoration-related activities. 
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The sca�olding framework o�ered here, by contrast, is comprised of many interconnected ladders 
requiring a stable platform from which to build. Jobs that comprise the forest restoration economy have many 
transferable skills in addition to the highly specialized skills required for each unique position. Workforce 
development e�orts therefore build from a platform of family-supporting wages with a focus on worker well-
being and safety, and with recognition that other di�erent opportunities are available. Ergonomics and general 
safety can ensure workforce longevity, while entry-level jobs that pay family-supporting wages can ensure 
better recruitment and retention in the sector. 

The platform of this sca�old displays how entry level jobs are not dead-end jobs, but can open up many 
di�erent career possibilities, thereby enticing more workers to move into the �eld. A nascent example of the 
framework implementation exists at Shasta College that requires students in their heavy equipment operator 
program to take a �eld ecology course. Similarly, they require students focused on �eld ecology to take a course 
related to industrial timber operations to better understand what their industry-focused colleagues face. 

The sca�old framework shows how a robust forest restoration economy can be built from a stable platform 
with multiple entry points to recruit, train, and retain a skilled, experienced, and growing workforce, and entice 
more workers to move into a �eld with opportunities to move laterally into other productive occupations in the 
broad �eld.

5.5.2 Regionally-driven approaches
The High Road Training Partnership (HRTP) in forest restoration,169 located in several decentralized 

locations across the Sierra Nevada and surrounding regions, is an example of the sca�olding being launched in 
practice. HRTP is a partnership of Tribes, employers and nonpro�ts including Calaveras Healthy Impact Product 
Solutions (CHIPS) and the Sierra Institute for Community and Environment working to provide critical skills-
building and training opportunities, build regional capacity, provide employment opportunities and improve 
forest management worker capacity within some of the most underserved Tribal and rural communities in 
the state. This partnership builds on over a decade of tribal forestry crew development between CHIPS and 
regional Tribes, and is an e�ort to create a new restoration worker with more skills, greater opportunity, and 
more economic security. When the impacts are multiplied across the region, it can increase resilience across 
underserved and disadvantaged rural communities. It also is an important example of e�orts underway to 
incorporate Traditional Ecological Knowledge and practices into current landscape restoration and work. 

Though it builds on long term tribal workforce development e�orts led by Tribes and CHIPS, the most 
recent and robust iteration of the workforce development e�ort was developed through actions taken by the 
Inter-Tribal Stewardship Workforce Initiative (ISWI). ISWI is made up of Tribal leaders and Tribal natural resource 
sta� that work directly with their Tribal members. They identi�ed job training and workforce development in 
the forest industry as a critical and pressing need for their communities. In light of this need, ISWI members 
convened to write a letter to the governor’s o�ce and visit Sacramento to advocate on behalf of Tribes and 
tribal work crews in January 2020, based largely on their exclusion from Camp Fire clean-up work and the 
hundreds of millions of dollars of contract work associated with it. 

ISWI continues to advance action to build tribal restoration workforces and advocate for local and Tribal 
contracts within the sector. This type of e�ort facilitates restoration and fuels reduction work and �lls a critical 
need for workers in the Sierra Nevada and surrounding regions where economic opportunity, ecologic health 
and public health are threatened by drought, wild�re, and climate change. Communities closest to the forest 
resource have faced some of the greatest hardships from recent wild�res that compound with historical social 
and economic challenges, many tied to the decline of the timber industry and the lack of new economic 
opportunities. This work also o�ers opportunities for Tribes to work their ancestral homelands and rebuild 
cultural connections and workforce capacities.

A key challenge that regionally-driven approaches like HRTP must rise to meet is providing the support 
and resources that translate initial entry into forest restoration (or the base of the sca�olding framework) 
into high quality jobs. When individuals have access to training opportunities that result in family supporting 

169 https://cwdb.ca.gov/wp-content/uploads/sites/43/2021/05/2021.HRTP_.Sierra_ACCESSIBLE.pdf
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wages, they are not only able to access economic opportunity and mobility for a higher quality of life, but they 
are able to reside within the region to serve as land stewards. This mobility is critical to meeting forest health 
and climate goals, for which a range of workers with speci�c training are needed, ranging from “in �eld” forest 
crews, environmental planning specialists, and Traditional Ecological Knowledge practitioners, to mechanics, 
foresters, heavy equipment operators and truck drivers. The sca�olding framework represents not just the 
range of pathways between employees, jobs and training opportunities, but also the range of resources that 
can be made available through creative traditional and nontraditional learning approaches to advance skills 
and professional workforce development. 

The sca�olding framework applies to individual workers and highlights the need to increase opportunities 
for workers in the forest restoration economy. It also applies to communities in forested areas and the diversity 
of job types that are essential for them to thrive. The lack of a well-rounded workforce (e.g., all the job types 
needed to complete a restoration project) slows the pace of completing forest management and landscape 
restoration projects. Building a restoration workforce that includes entry level-to-professional workers that are 
based in rural communities will help increase the pace and scale of landscape restoration projects. Further, 
the inclusion of additional trainings and paradigms such as Traditional Ecological Knowledge is essential for 
reshaping the forest industry to approach the forest resource not just as an economic resource, but as a cultural 
and ecological one. Tribes have long maintained mixed conifer and other ecotypes through cultural burning 
practices. These practices are needed more than ever to restore landscapes and reduce the risk of catastrophic 
wild�re. The forest industry more generally needs new approaches to improve environmental sustainability 
and bring bene�t to local communities.

California does not have su�cient workforce to enact change at the pace and scale needed. By advancing 
regionally-placed e�orts such as these, and by building partnerships between employers, training entities and 
communities that are challenged to develop restoration work crews or wood utilization facilities, investments 
can provide much needed employment, address worker shortages and complete more critical forest restoration 
work. Partnerships that advance tribal crews and tribal wood utilization e�orts, like the HRTP, also �ll a critical 
need to advance equity in the forest restoration workforce by providing pathways to training and career 
advancement that results in digni�ed livelihoods for Tribal workers on their ancestral homelands.

Employment is critical to improve social wellbeing within long-ignored rural communities. Investment 
in support services that make sustained employment more tenable for those facing serious social challenges 
is critical within the forest restoration and wood utilization economies. Regional employers note that after 
prolonged and rampant unemployment within rural communities in Sierra Nevada, the Klamath Region, and 
other forested regions, many individuals are digging themselves out of �nancial holes. These regions are also 
some of the least served by social and healthcare services, especially preventative and specialty care. For those 
with substance abuse disorders, special physical health needs like diabetes care, and other social, emotional, 
behavioral and physical health challenges, access is limited due to short supply of social and health care workers 
and facilities. Meanwhile access to support services is further limited by small town dynamics of con�dentiality, 
limited access to providers that can provide specialty care, or sometimes even professional, con�dential and 
culturally and socially appropriate care. A lack of public transportation options combined with high poverty 
rates also means many individuals lack transportation options to access necessary services available in larger 
towns and cities.

The creation of employment opportunities and the provision of support services must both be linked 
to address the needs of rural workers in order to address workforce shortages. Providing jobs without such 
support can lead to high turnover, challenges for employers, and limited work being completed where it is 
needed most. Providing social and �nancial support, improved healthcare access accompanied with clearly 
articulated pathways for employment, and digni�ed, living wage jobs will directly address worker shortages, 
reduce poverty and help other social challenges in rural forested communities. Linking these services with 
job opportunities advanced through the sca�olding framework o�ers the foundation needed for successful 
development the forestry workforce. 
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5.5.3 Building capacity in rural forested regions 
Communities located in forested regions in the state are also many of the most economically depressed. 

Generally, people living in rural areas tend to face higher burdens from physical isolation, limited economic diversity, 
and poverty than their urban counterparts, with fewer institutional and �nancial resources available to respond to 
both internal and external stressors.170 In the Sierra Nevada region in particular, contraction of the mill and timber 
industries has contributed to limited economic opportunity, as well as a shrinking tax base.171

Given their proximity to forested areas, rural communities are heavily impacted from the e�ects of severe 
wild�re. Many mountain communities are dependent on income from outdoor recreational tourism, an industry 
which generated $3.6 billion in taxable sales and supported 36,400 tourism jobs in the Sierra Nevada in 2019.172

However, smoke events and other threats from wild�re constrain these activities. For example, the 2018 Ferguson �re 
was estimated to have caused a direct and indirect spending loss of $45.1 million and a reduction of $1.1 million in 
visitor related local government taxes in Mariposa County.173 Additionally, impacts from the �res go beyond tourism, 
and can have devastating outcomes for mountain communities in the form of infrastructure damage, private property 
loss, and more. In the 2020 wild�re season, the North Complex, Creek, and SQF �res burned through the Sierra Nevada, 
resulting in 16 lives lost and more than 3,500 homes and businesses destroyed.174 This year’s Dixie Fire (2021) is the 
second largest in California’s history, with CalFire estimating it burned 963,309 acres, and destroyed 1,329 structures 
including 700 homes, the majority of which were in small rural locales. The Caldor Fire, starting just after the Dixie Fire, 
burned 221,775 acres, with 1,003 structures lost, including 782 homes. Ultimately, these catastrophic disasters have 
compounding e�ects on communities already impacted by social disadvantage. 

Fortunately, rural forested regions also present opportunities for wood product business development. Most 
former timber hubs are located in current federally designated Opportunity Zones with promise for redevelopment 
and remediation of former mills and industrial sites. Forested communities in the state also have historical and cultural 
ties to wood utilization, with many families having multiple generations of forest sector workers. Innovative wood 
product businesses present an opportunity to bolster or rebuild rural communities and allow the next generation to 
be employed locally, rather than moving to urban centers or elsewhere.

A robust forest restoration workforce can also generate the resources and infrastructure needed to assure a 
consistent supply of wood biomass for energy production through bioenergy and value-added forest products 
businesses. As new wood biomass to energy or biofuels technologies become available and as markets emerge for 
innovative wood products, rural regions have a unique opportunity to capture investment in a reinvented industry and 
develop business and wood industry campuses that serve as hubs for forest biomass processing and high wage jobs. 

Tribal communities in rural forested regions have faced a legacy of colonial exploitation including the 
exploitation of valuable resources. Without owning land, many tribes struggle to build capacity, start businesses, 
manage resources, and use their knowledge on the landscape.   Still, a growing number of Tribes are interested in 
starting and managing forest crews, including those involved in the aforementioned HRTP program. The ability of 
tribes to obtain contracts on the land, while not a solution to historical injustices, are essential for Tribal employment 
in the Sierra Nevada and surrounding regions, homeland stewardship, and community and economic resilience. 
Resources including forests and watersheds are culturally important and essential for tribal members’ livelihoods. 
Federally recognized tribes have unique entitlements to obtain federal work contracts because they are sovereign 
nations. Increasingly, forest industry contracts suggest or require incorporation of Traditional Ecological Knowledge 
and acknowledge its importance to ecosystem health. This focus on ecologic bene�t and traditional knowledge, 
combined with increasing investment by the state in the forest sector, largely driven by wild�re mitigation and carbon 

170 David Hales et al., Ch. 14 Rural Communities. Climate Change Impacts in the United States: The Third National Climate Assessment, 
(U.S Global Change Research Program, 2014), https://nca2014.globalchange.gov/downloads/low/NCA3_Full_Report_14_Rural_  
Communities_LowRes.pdf.

171 Sierra Nevada Conservancy, Protecting and restoring the health and resilience of Sierra Nevada watersheds and communities: The Sierra 
Nevada Conservancy Strategic Plan 2019-2024, (2019), https://sierranevada.ca.gov/wp-content/uploads/sites/326/2019/12/StrategicPlan_
web_a11y-20191217.pdf.

172 Wilson, Jackson, Patrick Tierney, and Carl Ribaudo. Impact of Wild�re on Tourism in the Sierra Nevada Region: Synthesis of Research Findings 
and Recommendations. 2020. https://calmatters.org/wp-content/uploads/2020/09/�re-tourism-study.pdf.

173 ibid
174 Sierra Nevada Conservancy, “2020 (mega) wild�re season,” last modi�ed April 7, 2021, https://sierranevada.ca.gov/2020-mega-wild�re-season/.
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capture concerns, presents an opportunity to retool 
the forest industry and integrate ecologic, social, and 
economic bene�ts.

This investment must include capacity support for 
rural workforces and businesses within communities 
closest to the forest resource. Without investment in 
rural communities and in businesses that add value to 
biomass harvested from restoration activities, it is often 
left in the forest, or piled and burned, while the state 
continues to import the vast majority of wood products 
from neighboring states and Canada. This represents 
a loss of material that could contribute to bioenergy 
and wood products manufacturing sectors and bring 
economic bene�t to struggling rural economies. The 
opportunity for rural development through wood 
utilization businesses and subsequent increases in 
family supporting wage jobs is coming at a time when 
rural communities are facing uncharted challenges. 
Along with annual devastation from wild�re, the 
Covid-19 pandemic has worsened economic conditions and opportunities within rural forested communities, which 
are now often reliant on tourism that has proven to be a volatile economic driver in the wake of wild�re evacuations, 
power safety shut o�s and Covid-19 lockdowns. 

5.5.4 Investment in forestry and natural resources programs across K-12
Education, training and multiple pathways to career advancement are key to creating and sustaining interest in 

forestry and natural resources careers. Although more could be done to develop education, outreach, and awareness 
about the forest industry and the range of jobs, including entry level jobs, several creative solutions already exist, 
including the Forestry Challenge – an academic challenge for high school students in forestry that serves 400 
California high school students annually. This program is designed to stimulate interest from high school students 
and educate them about opportunities in and pathways to forest sector careers. 

In California, overall, the current education pathways that exist include: 18 high schools o�ering forestry 
coursework, 16 community colleges o�ering degrees in forestry and/or natural resources, two apprenticeships within 
the community college system, and eight universities o�ering degrees in natural resources.175 Some nonpro�ts have 
developed complementary programs to support high school students engaged in forest restoration work, including 
Sierra Institute for Community and Environment’s Plumas Conservation Restoration and Education in Watersheds 
program. This program brings together high school youth from rural areas in the northern Sierra and the Bay area 
and, more recently, has expanded to include students from across the country. These students work together on 
forest restoration projects in Plumas and Lassen Counties and beyond.176 Some youth from this program return as 
leaders to train and guide future youth crew work, some go on to natural resource programs in higher education, 
while still others leverage their initial forest restoration experiences to obtain work in the sector.

5.5.5 Community colleges
The California Community Colleges System is an asset to the state and a strong resource for workforce 

development e�orts. Often community colleges are tasked with meeting workforce development needs across all 
sectors. For many of the forested regions of the state, this means students often must travel distances to attend 
a course in person. Further, while program-industry partnerships increase job attainment chances upon program 
completion, only some programs have successfully built these partnerships as a part of the program. Although the 
community college system is robust across counties, community colleges operate with substantial bureaucratic 

175 See linked map to current education programs in the State: Forestry Education Programs in CA
176 https://pcrew.sierrainstitute.us/

5.6 Building an inclusive forestry culture

Kindergarten through 12th grade programming can introduce 
children to careers in the forest restoration economy (photo 
credit: Adobe stock photos)
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barriers, making it di�cult to quickly pivot to industry needs. 
One community college workforce program lead noted that 
industry partners shared that their college training program is 
outdated and needs to be modernized. 

Despite these challenges, many creative solutions are 
emerging from the community college system. These include: 
credit for prior learning, worksite learning, community education 
and non-credit learning. In order to speed up training times, 
individuals can take pre-assessments to test out of classes and 
more quickly obtain a certi�cate. Shasta Community College is 
currently developing a pre-assessment option. In this model, a 
student with a number of skills in a speci�c �eld can demonstrate 
knowledge pro�ciency and be required only to take those classes 
from an established curriculum that they are lacking in order 
to meet program competency. This means students spend less 
time in school, need fewer resources and less time to complete 
programs, and are available for employment sooner. Community 
colleges, like Shasta, are also working to ramp up non-credit 
non-degree vocational programs to pivot more quickly to meet 
industry needs. 

On-the-job training is another key step in ensuring training 
leads to job attainment. Both Shasta Community College and Butte Community College require work experience as 
part of their associates degree and certi�cation programs. This allows student workers to gain understanding of the 
job they are working towards and allows employers to gain experience with the students. These programs are also 
exploring interdisciplinary coursework in their natural resources programs, including business and accounting in career 
technical education programs to spur entrepreneurship and increase mobility of students. Another approach is for 
community colleges to prepare students through a general trades curriculum from which employers can hire out of a 
pool of certi�cate or degree holders from the college or through company-provided on the job training. 

On the job training separate from educational institutions should be recognized as a viable pathway for workforce 
recruitment and development, especially for those who have been unsuccessful in school, have struggled with 
addictions, or have family or other �nancial commitments that preclude traditional educational pathways. Many of 
these individuals do not view traditional educational programs as appropriate pathways to work. The approach taken 
by Calaveras Healthy Impact Product Solutions (CHIPS) hires workers, many of them Tribal members, to work on woods 
crews involved in a variety of forest restoration projects. Work is a training program and is supported as such, as crews 
build skills and progressively improve performance. Workers progress by learning basic to advanced skills while in the 
�eld and being paid, with some moving into management roles. Some of these workers go on to seek educational 
opportunities to advance their jobs and careers.

Overall, community college career technical education is an important pathway for workforce training and 
development, but as appropriate as such programs may be, they are still challenged by low population communities 
and impoverished residents with long travel time to community colleges. Programs must be developed to meet workers 
and potential employees where they are. Alternative pathways involving on-the-job training and other regionally driven 
solutions that train workers where they live, where activities are conducted, and close to the source forests are needed.

5.5.6 State-certi�ed apprenticeship programs
A state-certi�ed apprenticeship creates a clear pathway to a high-quality job and ensures early investment 

in low wage on-the-job training leads to a high-quality, family-supporting wage career. For example, the California 
Fire�ghter Joint Apprenticeship Committee (Cal-JAC) has become a cornerstone of professional standards for 
�re�ghters throughout the state of California. Cal-JAC is co-sponsored by the O�ce of the California State Fire 
Marshal, representing management, and the California Professional Fire�ghters, AFL-CIO, representing labor. A similar 
state-certi�ed apprenticeship program for forest restoration workers would serve the state’s long-term goals of forest 

Community college programs o¥er important 
opportunities for early career forest workers
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management, provide workers with assurances around job quality and provide standards for types of training and 
skill requirements. This provides assurances for businesses that a workforce is available, signaling wider commitment 
to the state’s forest and forest products industry. This also enables a shift in workforce resources from �re�ghting into 
forest health, wild�re prevention, and wood products manufacturing.

5.5.7 Job quality 

5.5.7.1 Public lands contracts as levers for job quality and workforce standards
State and federal contracts provide the opportunity to set wage �oors and job quality standards within the 

forest industry. This mechanism o�ers the possibility to change industry practices. Standards for forest workers and 
wood manufacturing job quality are quite low compared to many other trade jobs. Through contract language, state 
and federal land management and climate mitigation, contracts can be leveraged to meet co-bene�ts of job quality, 
industry needs, and forest health. These contracts can also support on the job training, provided expectations and 
payment are aligned with training needs and crew skill progression.

California Conservation Corps CalNat Course:
The California Conservation Corps has partnered with the University of California Agriculture 

and Natural Resources to develop a California Naturalist (CalNat) course, designed to enhance 
California Conservation Corps members training, while also providing them with an additional 
credential in support of their continuing education and careers in natural resource management. 
Required topics in the course include biodiversity and ecosystem services, geology, climate, and 
soils, water, invasive species, and more. The program combines a science-based curriculum, 
experiential learning, problem solving, citizen science, and community service as a part of a 40-hour 
(over �ve weeks in duration) course. Overall, the CalNat partnership and program will help to address 
the workforce development needs of California Conservation Corps youth and provide them with 
opportunities to further their education and experience in natural resource management. 

5.5.7.2 Partnership building and regional investment  
Lacking a robust in-state forest management apprenticeship program or forest restoration speci�c labor 

organizations, community college natural resource programs and career technical education programs rely 
heavily on dedicated sta� and committed community/industry partners. Workforce coordinators at both 
Butte and Shasta Community Colleges noted that the investment in working partnerships between training 
organizations and industry or agencies is critical for the success of their programs. Leadership sta� at Butte 
Community College’s natural resource program attributes success in job placement after program completion 
to partnerships with natural resource agencies. These are partnerships built on longstanding respect and 
collaboration between program sta� and regional agencies like the Forest Service, U.S. Fish and Wildlife Service, 
and the County Parks and Recreation Department. 

Shasta Community College sta� also attribute much success to e�ective training programs with industry 
partners. In Shasta’s rural forested region, the college must partner with multiple and often small employers 
and enterprises to develop workforce training partnerships and programs. In this way, the career technical 
education program relies on collaboration with many small operators to build the pathway for their training 
program. This takes extra coordination and relationship building to enable competitor businesses to work 
together to articulate workforce needs. These approaches highlight the need to bridge gaps that may exist 
between training programs and industry.
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5.5.8 Elevating forestry jobs and increasing inclusivity  

For the past several decades, environmental and political tensions, and economic challenges related to the timber 
industry resulted in an overall denigration of the forest industry and forest jobs. Threats of catastrophic wild�re, climate 
change and shifts toward longer term planning in resource management along with state carbon reduction goals warrant 
new approaches and characterization of the need and value of forest restoration. Public education campaigns must be part 
of a comprehensive plan to educate the public about forest management practices, and create a culture that values forestry, 
forest workers, and locally-sourced forest products. For example, the Oregon Forest Resources Institute publishes Oregon 
Forest Facts to share data with Oregonians and to foster a culture of forest pride.177

The social media e�ort #ForestProud is another public information campaign aimed at building pride in forest 
sector employees, attracting and retaining diverse talent, providing material to members to communicate their role as 
environmental stewards, and connecting forests to everyday lives of citizens.178 Media campaigns that show more diverse 
representation in the workforce, or highlight the diversity of skills needed for a robust forest restoration economy will also 
prove to be e�ective tools to appeal to and attract a more diverse workforce.179

Education and training programs that rebrand to focus more on aspects of sustainability and ecosystem health will be 
more successful at attracting and retaining a more diverse cohort. For instance, one key stakeholder who worked with mass 
timber manufacturers noted that when his college program changed names from a focus on forest products to a focus on 
renewable materials, the program grew not only in numbers but in diversity of students. In a similar way, when the U.S. Forest 
Service rebranded their Woody Biomass Utilization Grant Program to the Wood Innovations Grant, interest and excitement 
grew. Careful rebranding can attract new and diverse talent to the sector, bringing along innovative ideas and enthusiasm.

A retooling of the forest industry must include targeted e�orts to reach Tribal groups, women and other 
underrepresented groups who face barriers to entry in the forestry sector, including historical exclusion from the �eld, and 
lack of access to capital, among others. Building a forestry sector that celebrates local knowledge, ecological diversity and the 
opportunity for creative value-added businesses can help grow the number of people attracted to forestry and restoration 
professions. E�orts to include underrepresented groups in forestry must recognize the importance of leaders that come 
from within speci�c groups. For example, e�orts to include women in forestry may be more successful if presented by a 
women who shares a similar background, communication style and set of lived experiences.180  E�orts to promote workforce 
development in Tribal communities must be culturally responsive and respectful of traditional homeland stewardship 
practices and cultural norms around work and relationships to the land.

177 https://oregonforests.org/forest-facts-�gures
178 https://forestproud.org/
179 Larasatie, P., Barnett, T., & Hansen, E. (2020). The “catch-22” of representation of women in the forest sector: the perspective of student leaders 

in top global forestry universities. Forests, 11(4), 419.
180 Redmore, L. E., & Tynon, J. F. (2010). WOWnet: A communication and networking model for women. Journal of Extension, 48(5), 1-8.

Shasta College Heavy Equipment and Logging Operations 
and STEP-UP Programs

Shasta College launched its Heavy Equipment and Logging Operations program in the fall of 2019. 
The program o�ers students the opportunity to receive a certi�cate in Heavy Equipment and Logging 
Operations, while providing them with hands-on opportunities to gain experience in the �eld, from 
actual logging and running the equipment to shipping logs to the local mills. This program is the result of 
successful collaboration from a wide variety of industry partnerships including Sierra Paci�c Industries, Del 
Logging, Inc., Creekside Logging, Pape Machinery, Sierra Cascade Logging Conference, Peterson Timber, 
the Loggers Association of Northern CA, and Associated California Loggers. Speci�cally, Shasta College 
obtained a commercial timber operator license. This, with a logging contract and land use agreement with 
Sierra Paci�c Industries, has allowed students the opportunity to train on active mechanized logging sites. 
Additionally, Shasta College also manages a program called STEP UP, in which people with criminal records 
are given the chance to obtain certi�cates and learn trades as skilled laborers. Students are referred to this 
program through the Shasta County Sheri�’s O�ce and the Probation Department, and Shasta college 
has worked with local law enforcement agencies for roughly four years in order to facilitate the program.
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• More investment into research and development at the community-scale can ensure high- 
quality production and the most e¥cient use of wood �ber. These investments should be 
linked with a university-based extension program to ensure that community-scale enterprises 
have access to capacity and know-how to drive innovation and meet product standards;

• The state should consider how to provide community-based business support for community-
scale wood product operations, especially given their role in processing lower-value timber. 
Targeted support should include necessary infrastructure and processing capacity across 
the state, including small and medium-sized sawmill enterprises, as well as wood products 
campuses where multiple businesses can co-locate to share infrastructure and know-how; 
and

• The state should invest into a wood products innovation fund targeting local, community- 
scaled businesses. Investments could provide necessary support to small companies looking 
to develop, test, and bring wood products to market, with a focus on adding as much value as 
possible to lower-value biomass and timber.

• Community-scale wood product manufacturing presents  an  opportunity  to  meet  goals 
of rural development and fuels reduction and forest management. E�orts in other states 
have shown that community-driven operations can catalyze the Forest Service to o�er fuels 
reduction or restoration projects once they know there will be an outlet for processing lower 
value wood;

• Community-scale operations are nimble, innovative, and can manufacture a wide range of 
wood products to serve local, state, and national wood product needs;

• Many di�erent and innovative wood products can feasibly be produced at the community- 
scale, though without signi�cant investment into research and development, many products 
will struggle to make it to market;

• Wood product campuses o�er the possibility to ensure economies of scale for community- 
scale wood product businesses, though more research is needed to understand challenges 
they face in recruiting and serving wood product businesses; and

• Some innovations in community-scale forestry and wood product manufacturing o�er 
successful examples for how to solve problems around �ber supply chains and business 
models.

Highlights

Recommendations
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6.1 De�ning community-scale
This chapter examines a variety of other innovative wood products that are suited to be manufactured 

at the community-scale. This chapter uses “community-scale” to explore products that can be manufactured, 
marketed, and sold by rural community-based businesses. They involve wood production technologies that do 
not operate at the industrial scale in the tens of millions of dollars and more.  The role of the wood products 
campus is also considered, an idea that has in recent years gained attention for its ability to support both in-
woods and manufacturing jobs in rural, forested areas across the state. There are numerous groups in areas 
across the Sierra Nevada and North Coast regions of California advancing campuses.

To make forest treatment economical, costs associated with harvest must be exceeded by the value of 
wood being harvested (Figure 11). For this reason, small diameter roundwood product manufacturing is most 
feasible when residuals are sold to di�erent markets to capture the maximum value from wood removed as a 
part of fuels reduction work. This chapter explores products that have market potential beyond biomass energy, 
which constitutes one of the lowest value added products for wood. This chapter concludes by highlighting 
the continued barriers facing community-scale innovative wood product manufacturing, presenting some 
potential solutions, and showcasing a few creative solutions to challenges associated with the harvest and 
transformation of low value material.

Figure 11. The orange dotted line shows the cost to harvest small diameter roundwood in comparison to di¥erent wood products. Currently 
most small diameter roundwood harvest from forest treatments is not economically viable without signi�cant subsidy given than most trees 
under 10 inches diameter at breast height are chipped or pile burned in the forest (data from USDA Forest Service, Presentation by Mark Knaebe, 
USDA Forest Products Laboratory. Uses for Forest-Thinning Material).

A vision for community-scale 
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A vision for community-scale manufacturing
Interest in community-scale operations is growing across the state of California as the forest 

sector is experiencing a sort of renaissance, driven by interests in growing a sustainable bioeconomy, 
meeting fuels reduction needs across the state, and addressing climate change. There are few successful 
examples from which to draw. One example is Heartwood Biomass (www.heartwoodbiomass.com/), 
formerly Integrated Biomass Resources, in Wallowa County, Oregon. Recognizing that economic 
development is a critical component of a working forest economy, Heartwood has been working since 
2009 to link forest restoration harvest to markets, creating jobs and building rural economies in the 
process. Heartwood identi�ed a market for low value timber harvested during forest restoration work, 
and they currently produce �rewood, posts and poles, and wood chips, employing 25 people in the 
operation. Heartwood relied on a combination of local government and non-pro�t support to get 
started. Speci�cally, Wallowa County purchased the site, o�ering it to Heartwood under lease with 
a buy option that allowed the business to get started. Wallowa Resources, similarly, helped secure 
grant funding to catalyze the start-up. While the challenge of securing feedstock contracts on federal 
lands is seen as a prevailing barrier to business growth, Heartwood played a key role in ensuring 
forest restoration happens on public lands. “Once the facility was built, they [the Forest Service] 
realized there was an outlet and they started o�ering stewardship sales once a year,” said Matt King 
of Heartwood Biomass. For the past 11 years, the Forest Service has released stewardship projects 
on which Heartwood has bid. Since no other business entity can make a pro�t on these projects, the 
Forest Service has granted these projects to Heartwood for 10 of the last 11 years to add value to low 
value material. The Forest Service was able to retain receipts locally, which bene�ts local schools, the 
county and leads to improved forest conditions. Given their success, Heartwood is currently in an 
expansion phase, and is exploring how to replicate its business approach elsewhere.

In contrast to large-scale wood products manufacturing facilities that may process signi�cant quantities 
of wood into commodity products for the global marketplace, community-scale wood products manufacturing 
facilities are better aligned to achieve dual goals of rural development and sustainable forest management.

Community-scale wood product manufacturers 
have long been an important part of the forest sector, 
servicing timber and non-timber forest product 
needs regionally. Community-scale operations are 
also able to �ll expressed needs within a community, 
providing goods and services that are in demand 
locally. Community-scale enterprises can add value 
to forest products that may otherwise be burned 
as waste wood in the forest, and can create jobs in 
the process. Critically, community-scale enterprises 
draw from a limited area—balancing raw material 
demands with sustainable production—and 
reducing haul times and distances. They can catalyze 
Forest Service project o�erings for fuels reduction or 
restoration projects since they can create an outlet 
for processing lower value wood, with bene�ts 
accruing to di�erent sectors in a community. Heartwood Biomass processes �rewood on a bucking saw with a 

merchandizing line.  Photo courtesy of Heartwood Biomass
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6.2 Selected innovative wood products
In this section, ten di�erent innovative wood products are examined, with a product overview, a brief description 

of the production and manufacturing process, and the potential market locally and beyond described. Each product is 
considered for how it may support forest treatment by giving life to California markets that currently do not exist or are 
niche. Where possible, regional climate change-related bene�ts are considered as well. The products chosen represent a 
spectrum from short-term to long-term tangibility. Low investment costs on some operations provide  an  opportunity  
for partial to full ownership by local residents or community-based businesses.

Products chosen feature use of wood chips, wood wool, modi�ed wood, products extracted from wood, and sawn 
lumber. Involving wood chips and wool are viable methods of processing low value wood. While chips can be used as 
biomass fuel, innovative wood products have possible markets as well. Insulation made from wood wool has thermal, as well 
as acoustic properties, which are likely to be in higher demand in more urban areas. Wood wool can also be used to make 
evaporative cooling pads, which are useful and e�cient in California’s increasingly dry climate. Among the overstocked tree 
species in California’s forests, wood wool could potentially provide a market for ponderosa and Je�rey pine, in particular. 
Modi�ed wood can be produced through either chemical or thermal processes. Modifying wood with the following methods 
requires boards to be intact, so larger diameter trees are needed compared to wood chips or wood wool.

At a cellular level, wood contains lignin, resins, cellulose, etc., that have industrial value as products. While 
manufacturing the following products at community-scale sites could be viable for, and valuable to, local communities, it 
also might be beyond of the scope of the community-scale operations produce �nished products. It may be more viable 
for community-scale manufacturers to extract the primary product onsite and ship it to larger facilities for secondary 
processing. Initial processing that takes place in communities close to natural resources can reduce shipping costs of 
bulky wood and help rural communities capture more value.

Summary scores are also provided to describe various aspects of the suitability of each product to needs and 
constraints. Scored categories include: overall use of forest material, anticipated speed to build a business, ease in securing 
a workforce, current economic viability for a business manufacturing a product, safety of inputs and manufacturing 
process, suitability for production and consumption in California, and potential market and pro�tability. Scores range 
from 5 to 1, and summary scores are out of a total possible 35 points. Scoring is informed by the 2020 Joint Institute for 
Wood Products Innovation report: Literature Review and Evaluation of Research Gaps to Support Wood Products Innovation.

 Table 12. Description of indicators and scores used to assess suitability of innovative wood products

Overall use of forest materials 1 - lower volume
5 - higher volume

Anticipated speed to build business from permitting 
to full production

1 - long-term (several years required)
5 - short-term (several months required)

Ease in securing workforce (takes into account 
education and training)

1 - signi�cant training-education needed
5 - minimal training needed

Current economic viability of a business producing 
this product

1 - low
5 - high

Safety of inputs and manufacturing process 1 - low
5 - high

Suitability for production/consumption in California 1 - low
5 - high

Potential market and pro�tability nationally and/or 
internationally

1 - low
5 - high



Page 83

Scoring Criteria

Products:
Erosion control 

blankets and 
wood wattles

Wood �ber 
insulation

Evaporative 
cooling pads

Thermally
modi�ed wood

Wood chips
as winter road 

treatment

Overall use of forest 
materials

4-5 3-4 2-3 3 4

Anticipated speed to build 
business from permitting 
to full production

4 3-4 4 3-4 4-5

Ease in securing workforce 
(takes into account 
education and training)

4-5 3 4 2-3 5

Current economic viability 
of a business producing 
this product

3-5 4 3-4 4 2

Safety of inputs and 
manufacturing process 

4-5

Para�n wax: 
4-5;

Polyurethane 
binder: 4

5 Nitrogen gas: 4-5
Magnesium 
chloride: 5

Suitability for production/
consumption in California

4-5 4-5 4 4 3

Potential market and 
pro�tability nationally 
and/or internationally

3-4 4 3 3-4 2

Summary score
(higher is better)

26-33 25-29 25-27 23-27 25-26

Products are ranked from highest to lowest summary score. Where possible, scores are informed by the 2020 
report, Literature Review and Evaluation of Research Gaps to Support Wood Products Innovation, compiled by the 
Joint Institute for Wood Products Innovation. Summary scores assume that all indicators are of equal value.

Table 13. Innovative wood product scores for selected products
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Scoring Criteria

Products:
Wooden 
pallets 

and crates

Chemically 
modi�ed wood

Bio-based 
adhesives 
and dust 

palliatives

Wood wool 
cement 
board

Cellulosic nanocrystals 
with cement

Overall use of forest 
materials

4-5 3 1-2 2 1

Anticipated speed to 
build business from 
permitting to full 
production

4 3-4 3-4 3-4 1-2

Ease in securing 
workforce (takes into 
account education 
and training)

4-5 2-3 2-3 3 1-2

Current economic 
viability of a 
business producing 
this product

2 4 3-4 3-4 1

Safety of inputs 
and manufacturing 
process 

5

Acetic acid/acetic 
anhydride: 2-4;

Furfuryl alcohol: 
1-2

Various 
extractive 

agents: 
2-4

Cement and 
plaster: 4-5

Mineral acid 
hydrolysis:   2-3; 

Organic acid 
hydrolysis:  4-5; 

Acetic acid as solvent: 3-4

Suitability for 
production/
consumption in 
California

3 4 4 3 3

Potential market 
and pro�tability 
nationally and/or 
internationally

2 3-4 3-4 3 5

Summary score
(higher is better)

24-26 20-26 18-25 21-24 14-19

Table 13. Innovative wood product scores for selected products (cont.)



Page 85

6.2.1 Erosion control mats and wood wattles
Product overview: Erosion control is an increasingly important in California, especially in light of wild�res, 

and several erosion control products can be made from low-value wood. Climate change is ushering in �re 
and �ood regimes that contribute to signi�cant erosion, particularly in mountainous landscapes. Prolonging 
droughts are increasing �re severity, resulting in more barren slopes. At the same time, precipitation is 
becoming increasingly �ashy, and occurring more often in the form of rain. Taken together, these processes are 
increasing in signi�cant erosion in California. The good news is that treatments to thin overstocked forests can 
also produce material to make two kinds of erosion control products. The �rst products are erosion control mats 
or blankets that can be spread over a surface to mitigate erosion. Mats made of wood wool sell in the $150-$250 
range for 100 x 100 ft. sections. More commonly used products in California today are wood wattles. These long 
tubes can utilize wood wool or wood chips, stu�ed inside a sleeve, stretched out across a surface in order to 
prevent perpendicular erosion. Wattles made with wood wool can be found for approximately $40 for a length 
of 25 ft. Wattles made from straw are slightly cheaper at approximately $30 for the same length. While wattles 
made from straw and other �bers, like coconut �bers, might have some cost advantages, products made from 
wood have alternative advantages that make them more viable in mountainous parts of California.

Production and manufacturing: Wood wool is often made from aspen wood because of durability of the 
long �bers and the amount of water that aspen wood can soak up. Preliminary research indicates that wood 
wool can also be made from ponderosa and Je�rey pine and have similar properties. One of the primary 
disadvantages of ponderosa and Je�rey pine might be the presence of sap. While this could bear negatively 
on other products that utilize wood wool, erosion control products would be minimally in�uenced by the 
presence of sap. The utilization of ponderosa and Je�rey pine as feedstock opens up a large market of low-value 
ponderosa and Je�rey pine in California. Straw wattles are currently being produced and sold in California at a 
lower price than wood wattles utilizing aspen wood. Replacing aspen wood with ponderosa and Je�rey pine 
would likely bring wood wattles down to a more competitive price point. 

Additionally, wood wool can hold more water than straw, and the weight gained by wood wattles when 
they become wet makes them a sturdier product; this is particularly important in steep terrain. Wood wattles 
also tend to be made in smaller diameters, which makes shipping size more e�cient. Compared to straw 
wattles, wood wattles are smaller products to ship, and they gain more weight when wet, which suggests that 
bringing the price point down by using ponderosa and Je�rey pine could make wood wattles a common-sense 
product. When shipped, wattles normally fall into the “oversized” category because of their shape and size, so 
local production is important for overall cost. Wattle sleeves are generally made from UV degradable plastic or 
biodegradable burlap. Seeds and fertilizers can be preloaded into wattles or erosion control blankets. Products 
are made with sterile base materials in order to prevent the transport of invasive species. It follows that the use 
of local materials could have purchase in erosion control products. 

Potential market: The potential market for erosion control products in California is large. These are single 
use products that biodegrade in place. Increasing �ood and �re regimes in California are leading to more and 
more of these products being placed across the landscape. In the public sector, major users of erosion control 
products include the US Forest Service and Caltrans. The Forest Service has a history of purchasing erosion 
control products from an international company called North American Green, based in Indiana,181 which 
may present a missed opportunity to support local, community-scale producers. In more ad hoc situations, 
the Forest Service has purchased from local vendors. For erosion prevention following the North Complex 
�re in 2020, the Forest Service purchased straw wattles from a hardware store in nearby Brownsville, CA. The 
straw wattles carried at that store are made in the Sacramento Valley town of Arbuckle, CA, by a company 
called CalVista. While straw wattle manufacturing is already occurring regionally, a niche for wood wattles and 
erosion control mats using wood wool from ponderosa and Je�rey pine is a signi�cant gap to be �lled, both 
for California’s community-scale wood products markets and for durable products using local materials. Wood 
chips can also be used in larger diameter wood wattles using thicker sleeves, opening up the potential to utilize 
white �r. While climate change poses many burdens to rural, forested communities, the market for erosion 
control products provides a useful outlet for low-value wood produced by forest thinning projects. 

181 Information on US Forest Service supply chains was obtained through communication with sta�.
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6.2.2 Wood �ber insulation
Product overview: Wood �ber insulation utilizes wood chips from California’s softwoods, as it provides 

insulation that is well suited for California’s climates. This product works in concert with mass timber, but its 
use of small wood chips and wood waste is distinct from most mass timber products used in construction. 
Sometimes called low-density �berboard, wood �ber insulation is made from low-value wood waste and soft 
wood chips can be produced from small-diameter ponderosa and Je�rey pine and white �r. The technology 
has its origins in Germany in the 1930s and came to market in the 1990s, primarily in Germany. As an insulation 
product, wood �ber insulation performs similarly to rigid foam insulation. It can be manufactured in a variety of 
densities, R-values, thicknesses and edge styles. Several insulation characteristics are advantageous for climates 
in California. High thermal displacement properties contribute to cooler indoor temperatures, particularly when 
wood �ber boards are installed on a roof. Additionally, boards are water and �re resistant; instead of igniting 
in �re, the material chars. The high thermal storage capacity of wood �ber insulation would be bene�cial in 
the Sierra Nevada, where elongated heat release can provide desired e�ects in the large, diurnal temperature 
swings between day and night. Barriers to production are minimal but include higher production costs than 
other insulation materials. These costs are likely to come down as supply of materials, and demand for insulation, 
increase. Taken as a whole, wood �ber insulation can be a favorable wood product for California.

Production and manufacturing:  There are two ways to produce wood �ber insulation out of softwood chips 
and wood waste: a wet method and a dry method. The wet method is similar to the process of making paper, 
where wet pulp is compressed then dried. The dry method involves mixing wood �bers with a polyurethane 
binder, adding para�n wax for water resistance. One of the few negative environmental impacts associated 
with the boards is that para�n wax is produced with petrochemicals. After mixing, boards are compressed and 
cured. Altogether, the dry method uses about 40% less energy than the wet method. The dry method is the 
most common for boards in the United States, where boards are generally manufactured with tongue-and-
groove edges on all four sides. The most common type of board composition is about 85% wood �ber.

Figure 14. Erosion control blankets and wood wattles
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Potential market: Manufacturing of wood �ber insulation in the United States is underdeveloped, and a 
market niche exists in California for production. To the extent that boards are sold in the United States, they 
are generally imported from Europe and sold on the East Coast. The primary manufacturing entities are in 
Brooklyn, Maryland, and Quebec for the Canadian market. A company called GO Lab is redeveloping an old 
paper mill in Maine to produce wood �ber insulation. Given that one of the primary qualities advertised about 
wood �ber insulation is the environmental bene�t which is negatively impacted by shipping distances, a niche 
exists for wood �ber insulation that is made in California, especially that made close to source material. When 
used in construction, wood �ber insulation can contribute to green building certi�cation for materials used, 
and when manufactured in a rural area, wood �ber insulation can contribute to the thinning of overstocked 
softwoods and the creation of jobs.

6.2.3 Evaporative cooling pads
Product overview: Evaporative cooling is an e�cient substitute for air-conditioning in dry climates. 

Sometimes called “swamp coolers”, evaporative coolers blow cool air by turning water into vapor using 
heat, which has a cooling e�ect in low humidity conditions. The process happens on an evaporative cooling 
pad, inside the cooling unit, where a water-soaked wood wool pad allows water to change phase to vapor. 
Evaporative cooling pads go through a lot of soaking and drying during their lifespans and need to be replaced 
after the life of the pad, ideally before they grow mold. A pad generally lasts between three and eight years, 
depending on the material the pad is made from and the use. Cooling pads made from synthetic material don’t 
deteriorate like wood, though they do not generate the pleasant odor of wood pads. Replacement pads are 
sold in home improvement and hardware stores, and present a reliable market for wood wool. Community-
scale manufacturing operations that make cooling pads could either make replacement pads to go on regional 
store shelves, or partner with a producer of an evaporative cooling system to supply pads for that brand. Either 
way, in the warming and drying climate of California, particularly in the Central Valley, there is a potentially 
burgeoning market for cooling pads. 

Figure 15. Wood fiber insulation
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Production and manufacturing: Cooling pads are currently made from several di�erent materials. Among 
pads made from wood wool, the dominant product is made from aspen wood because it is a hardwood that 
planes well, has a pleasant odor, and expands to hold a lot of water, making it very e�ective. While there is 
aspen in California, other overstocked species of wood in California’s forests could be used in cooling pads as 
well. Further research is needed to establish which type of feedstock could be viable for cooling pads, though 
a potential candidate is ponderosa and Je�rey pine due to their pleasant odor. An additional type of cooling 
pad is made with paper in a honeycomb arrangement. There was a thrust in research on cooling pads around 
2011 that included experimentation with novel cooling pad materials such as vetiver grass or coconut �bers.182

Although it appears that various materials may be e�ective substitutes for synthetic cooling pads, wood seems 
to work best, underscoring an advantage to the marketability of California’s softwoods.

Potential market: Evaporative cooling has become an energy-conscious, commonplace alternative to air 
conditioning in parts of the American Southwest. While much of California is not quite as dry as Arizona or New 
Mexico, the need for air cooling systems, combined with high energy costs, could make evaporative cooling 
more attractive in California, especially as the climate becomes drier and warmer.  Because evaporative cooling 
works best in climates with relative humidity less than 30%, this technology could allow much of California’s 
population to cool spaces with less energy than traditional air conditioning, reducing its contribution to climate 
change. Lawmakers could further incentize the use of evaporative cooling systems through credits or tax 
breaks. If materials used in developing evaporative cooling systems contribute to the thinning of California’s 
overstocked forests the result would be a win-win for the state. Pads produced in the Sierra Nevada could 
market to dry, hot climates to the west, in the Central Valley, and to the east, in Nevada. 

182 Jain, J. and D. Hindoliya. 2011. Experimental Performance of New Evaporative Cooling Pad Materials. Sustainable Cities and Society. 
Volume 1, Issue 4. 

Figure 16. Evaporative cooling pads
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6.2.4 Thermally modi�ed wood
Product overview: Thermally modi�ed wood is already being produced in the region. Sunset Moulding 

in Chico, CA produces a product called Pakari out of thermally treated Monterey pine. That particular pine 
is scarce in California, so Sunset Moulding imports it from New Zealand and Chile. The thermal modi�cation 
process e�ectively cooks the wood in order to remove lignin and other organic compounds from wood cells, 
similar to how steel is made from re�ning iron ore. Similarly, thermally modi�ed wood is stronger than its parent 
material because of its lack of impurities. Thermally modi�ed wood is also much more resistant to water, insects 
and decay, and in that way, the end product is similar to chemically modi�ed wood. Thermally modi�ed wood 
is darker than its parent wood as a result of the caramelization of lignin. The desired color of the end product 
seems to bear on the selection of the parent wood for aesthetic purposes, and could potentially create a market 
for a non-desirable wood that becomes desirable through modi�cation. After heating, the �nal stage of thermal 
modi�cation involves bringing steam into the kiln in order to bring the wood’s moisture content back up to 
between 6% to 7%. The entire process takes approximately sixty-�ve hours.

Production and manufacturing: Thermal modi�cation was developed in Finland and has been used 
commercially in Europe since the 1990s. A common product from Finland is called ThermoWood. Initial 
development of thermal modi�cation focused on softwoods, where modi�cation occurs at temperatures 
at or above 170 degrees Celsius. Softwoods that have been thermally modi�ed include pine, spruce, �r and 
hemlock. More recently, modi�cation testing has been done on hardwoods like American ash, birch and red 
oak. It is important to note that each species has a unique heating process that optimizes the modi�cation of 
that particular wood.

Potential market: Thermal modi�cation produces a good wood product for decking and siding because 
of its strength and resistance to moisture and rot. It e�ectively replaces the need to stain or paint exterior 
wood. The drawback is that thermally modi�ed wood can be very sti� and brittle. As siding, it works well as 
tongue and groove boards because it expands and contracts less than regular boards. These kinds of decking 
and siding products are being produced in Chico, CA and the potential market for them is large. Many wood 
�nishes consist of combustible hydrocarbons, and modi�ed wood could present a more �re-safe alternative 
for exterior wood. There is local demand for these products and potential growth in national and international 
markets. There is already an established international market in Europe for thermally modi�ed wood products. 
Technologically, the process of thermal modi�cation is highly developed and there may be room for testing new 
wood types. Commercially, Sunset Moulding serves as an example of a viable business model, although it is not 
utilizing merchantable wood from California. The development of thermally modi�ed wood from California is 
a market niche that could be �lled, and the technology is established to advance it. Thermally modi�ed wood 
is currently priced on the high side for products like siding, and can be found at approximately $8 to $10 per 
square foot. Utilizing local timber may be a way to bring the cost down into a range that is more competitive 
with exterior wood products that require stain or paint. Commercial barriers include the upfront cost of a kiln 
and training in the thermal modi�cation process. A small-scale production facility might cost around or under 
$10,000 for the price of a kiln, and the cost increases signi�cantly with increases in size and power of the kiln. 
Research and experimentation on modifying locally abundant wood types has the potential to open up the 
market in California to modi�ed wood products. Taken as a whole, modi�ed wood seems to be a promising 
outlet for regional wood products. 
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6.2.5 Wood chips as winter road treatment
Product overview: In several parts of the world, wood chips have been used for winter road treatment as an 

alternative to salt and sand. The practice of applying wood chips for traction on winter roads originated in Switzerland 
and has more recently been employed in Quebec. The Colorado Department of Transportation has conducted 
research on the use of wood chips, and California appears to be a candidate for utilization of the wood product 
as well. Softwoods, such as spruce, poplar and birch, have been the preferred feedstock, making the softwoods of 
California viable source material. Pine, �r and cedar could be candidates for source material in the Sierra Nevada. 
Small, rectangular wood chips can be spread over road surfaces using the same equipment that spreads salt or sand, 
although some machinery requires minor modi�cation to spread wood chips. The �at shape of wood chips results in 
approximately three times the surface area, per unit weight, compared to granular materials like salt. These �at wood 
chips are either dipped in, or impregnated with, magnesium chloride before application to accelerate the melting of 
ice and snow. Salt can alter the pH of soil and dehydrate vegetation on roadsides, which are already high-risk areas 
for the ignition of �re. Although magnesium chloride has a neutral pH and melts ice slower than salt, salt does not last 
as long and needs to be reapplied more frequently than impregnated wood chips. Wood chips additionally provide 
traction on top of snow and ice. For these reasons, wood chips with magnesium chloride may have advantages for 
longer stretches of cold weather. Additional advantages of wood chips over salt and sand is that wood chips are 
biodegradable and do not salinate fresh water. These di�erences suggest that wood chips may have more value in 
California as higher-elevation winter road treatments.

Production and manufacturing: Currently, there are no known cases in the United States of wood chips being 
used as winter road treatment. The nearest example is in Quebec, where woodchips used in the Montreal suburb of 
Rosemere are produced in the nearby rural town of Joliette. At his factory in Joliette, Andre Prevost has the exclusive 
license in Canada to make and sell these wood chips.183 It is not known if and where licensing would be a barrier to 
production in the United States. A primary barrier to the utilization of wood chips appears to be cost e�ectiveness. 
Salt and sand are cheaper treatments, so �nding niches where wood chips improve cost e�ectiveness, or comply 
with environmental regulations, may be key to �nding locations where wood chips are more viable. If wood chips are 

183 https://www.cbc.ca/news/canada/montreal/rosemere-wood-chips-1.4499146

Figure 17. Thermally modified wood



Page 91

already available at a site, barriers to production are signi�cantly 
lower and include details like the infusion of a magnesium 
chloride brine, however, it is not entirely clear if brine infusion 
is essential in order for wood chips to be an e�ective winter 
road treatment. While cost of production may be higher than 
for salt or sand, the increased surface area and lighter weight 
of wood chips may reduce costs associated with transportation 
and wear and tear on machinery during the spreading process. 
The manufacturer in Quebec would not share production costs, 
but indicated that a viable business model was developed that 
included acquisition of chipping machinery. Source material in 
California is not a signi�cant barrier because all that is necessary 
are basic wood chips, preferably from soft wood that breaks 
into a usable geometry; this could potentially come from a large 
range of sources. Wood chips as winter road treatment o�er a 
business opportunity with minimal production barriers and as a 
value-added product for a facility that already makes wood chips. 

Potential market: Market potential for wood chips as winter road treatment includes high-elevation areas, like 
Switzerland, and continental, high-latitude areas, like Quebec. In the United States, California and Colorado have 
high-elevation regions that are close to source material, while the Upper-Midwest and Northeast may be candidate 
areas as well given the long duration of cold stretches. The Northwest is also a viable region given the abundance 
of source material and need to restore overstocked forests. Within California, higher elevations in the Sierra Nevada 
seem to have the most favorable combination of source material for production and longer cold stretches for winter 
road treatment. The bene�ts of using wood chips for winter road treatment show considerable promise. Beyond 

Wood chips can be used in various innovative wood 
products (photo credit: Adobe stock photos)

Figure 18. Wood chips as winter road treatment



Page 92

the environmental bene�ts over salt or sand, wood chips are also not as corrosive on road surfaces. There may be 
aesthetic di�erences that the public might not initially support, but in the example of Rosemere, Quebec, the general 
public held favorable views of the use of wood chips. In the Sierra Nevada, conditions of source materials, weather 
patterns, infrastructure and environmental concern/regulation exist that could foster the use of wood chips. It would 
likely require a local, county or state entity in charge of winter road maintenance to explore the niche in order for 
wood chips to be viable at a signi�cant scale.           

6.2.6 Wooden pallets and crates
Product overview: Wooden pallets and crates are 

essential in many modern manufacturing operations. 
Some are plastic or metal, but the majority of pallets or 
crates are made from wood.  Manufactured goods are 
stacked onto pallets, which provide a point of engagement 
for forklifts or other transportation devices to load and 
unload heavy stacks of goods. Pallets or crates can be 
loaded into containers, thus serving an important role 
in the movement of cargo in the international shipping 
industry. Pallets and crates are made in a variety of sizes and 
special-order con�gurations, and are not internationally 
standardized. Furthermore, there is a signi�cant amount of 
pallet repair and reuse, so the market for producing usable 
pallets has an ad hoc character combined with substantial 
demand. A wood products expert with the Forest Service’s 
Forest Products Lab indicated that nearly half of all cut 
wood ends up as pallets, and that pallet-grade wood is 
generally low-quality cut wood. Other wood products 
experts from the US Forest Service have indicated that 
pallets are a challenging industry. This inquiry explores the 
viability of a niche for pallet and crate production closer to 
source material and farther from urban/port areas where 
most pallet and crate manufacturing is found. 

Production and manufacturing: In 2016, pallet 
production in the United States used approximately 55% softwood and 45% hardwood, although in the Western 
United States softwoods accounted for 98%.184  The most common pallet is a 48”x40” pallet that is the standard for the 
Grocery Manufacturers Association (now the Consumer Brands Association). Pallet production used approximately 
43% of all hardwood lumber produced in the United States in 2016, and approximately 15% of softwood lumber.185

Softwoods utilized include spruce, pine and �r, and Douglas �r could be a candidate for rural pallet or crate 
production in California. The two most common types of pallets are stringer and block. Stringer pallets are cheaper, 
made from softwood, and are often thrown away after initial use. They can be found in the $10-15 range per unit. 
Block pallets cost about twice as much and are more durable because they incorporate hardwood. They can also be 
lifted from all four sides, whereas stringer pallets can only be lifted from two sides unless they have special notches 
that can make them lift-able from four sides. A community-scale manufacturing operation in California would likely 
focus on stringer pallets, which are made from 2”x 4” and 1”x 4” cut wood. With regard to using small diameter trees, 

184 Gerber, N., Horvath, L., Araman, P. and B. Gething. 2020. Investigation of New and Recovered Wood Shipping Platforms in the United States. 
BioResourses. 15(2), 2818-38.

185 Madison’s Lumber Reporter. 2018. North America full-year 2016 lumber production: WWPA. Lumber Track. Accessed from:   
https://madisonsreport.com/2017/03/16/north-america-full-year-16-lumber-production-wwpa/

Wooden crates can be made from small diameter roundwood 
(photo credit: Adobe stock photos)
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it is important to know if manufacturers join multiple 2”x 2” dimensional cut wood in order to achieve the strength 
of preferred 2”x 4” dimension. The strength of pallets can be improved by using better nails, and this method could 
provide an entry point into engineering stringer pallets with smaller-dimensional source material. Community-scale 
manufacturing could potentially be subject to less regulation on pallet standards if manufacturing does not cross 
state or international borders. 

Potential market: California has a big pallet and crate market, and most of the large-scale producers are in urban 
areas. This is correlated with large transshipment ports in the Bay Area and Greater Los Angeles. In the Northern 
Sierra Nevada, there appears to be a gap in the production of new pallets between the IMI Pallet Factory in Redding 
and Sierra Pallet in Reno, NV. Pallet operations in Chico appear to focus on recycling old pallets. In Plumas County, 
neither Collins Pine in Chester, nor Sierra Paci�c Industries in Quincy, appear to assemble pallets with their cut 
wood. A community-scale operation could potentially use residual, low-quality wood from those mills and assemble 
pallets or crates at a di�erent location. Another option would be to both cut wood and assemble pallets or crates 
at a facility like a wood products campus. The primary barrier for production in rural areas is that pallets are most 
often needed in urban centers from where goods are shipped. Community-scale manufacturing of pallets or crates 
would require further exploration of goods that could be shipped on pallets within rural communities, like hay, or 
nearby products that are exported on pallets, like fruit. Fruit or other produce shipping could be viable but is also an 
established industry in the region that could be di�cult to get into. Another option would be to assemble pallets or 
crates near source material and then ship them to urban/port areas. Access to high-volume shipping, like railroad, 
could be advantageous in shipping assembled pallets. The market for pallets and crates in California is large, and 
while �nding a market supportive of community-scale operations could be challenging, it would provide an outlet 
for a lot of low-value wood.

Figure 19. Wooden pallets and crates
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6.2.7 Chemically modi�ed wood
Product overview: Modi�ed wood is a durable product for decking and siding that does not need to be 

treated with combustible hydrocarbons. As such, modi�ed wood is, to an extent, replacing tropical hardwoods 
and relieving some pressure on their burdened ecosystems. Chemical modi�cation swells cell wall polymers so 
that moisture cannot penetrate into wood. Thermal modi�cation produces a similar end product, but requires 
larger upfront investment for a kiln. While thermal modi�cation is already showing to be a viable business 
model in Chico, CA, chemical modi�cation could produce a similar product with lower upfront costs. Neither 
chemical nor thermal modi�cations are being done on woods logged from California forests, and comprise a 
market of great potential for California timber. 

Production and manufacturing: Chemical modi�cation of wood can be achieved through acetylation or 
furfurylation. Acetylation increases the acetyl content of wood, which makes wood more stable while greatly 
reducing its water absorption capacity. Softwoods generally have acetyl content from 0.5% to 1.5%, while 
hardwoods have a higher acetyl content of between 2% and 4.5%; acetylation takes acetyl content much higher 
than these levels. Experimentation still needs to be done, but the acetylation process uses acetic anhydride. 
These substances are commonly used in factory settings, and the resulting acetylated wood is nontoxic. The 
modi�cation process was developed in Germany, and is now most notably done in the Netherlands by a 
company called Accsys Technologies. The products they manufacture are the result of modifying radiata pine 
(referred to as Monterey pine in California), speci�cally clear pine lumber, where the wood gains approximately 
20% of its weight through acetylation. Monterey pine grows in California, but is protected to a level where it is 
not commercially viable as feedstock. Experimentation is needed to establish if redwood or incense cedar can be 
chemically modi�ed. As a wood product from the Sierra Nevada, further research could include experimentation 
with ponderosa and Je�rey pine. Furfurylation is a chemical modi�cation process that employs furfuryl alcohol 
as its modifying agent. Although furfuryl alcohol is made from agricultural waste, like sugarcane and corn cobs, 
it is recorded on California’s Proposition 65 list as cancer causing. While this may be limiting in the production of 
furfurylated wood in California, the end product is nontoxic. Additional work is needed to determine if furfuryl 
alcohol is viable in an industrial setting. Modi�cation occurs by impregnating wood with furfuryl alcohol and a 
catalyst, then heating the wood to cause polymerization.

Figure 20. Chemically modified wood
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Potential market:  Furfurylated wood is notably manufactured out of Norway, by a company called Kebony 
AS. They produce a hard furfurylated wood that gains approximately 35% of its weight through modi�cation, 
as well as a soft furfurylated wood that gains approximately 20% of its weight through modi�cation. The 
production of furfurylated wood in California has more uncertainty than acetylated wood because of furfuryl 
alcohol’s presence on the Proposition 65 list, but both modi�cation processes are in need of further exploration 
on California’s abundantly available feedstock.    

6.2.8 Bio-based adhesives and dust palliatives
Product overview: Bio-based adhesives are less toxic and more environmentally friendly than their petroleum 

based counterparts. A big question for bio-based adhesives concerns the extent to which they can compete with, and 
possibly replace, petroleum-based adhesives. Tacki�ers are chemical compounds that provide tack, or stickiness, to 
adhesives, and wood products like pine resin can serve that purpose. Products like pine resin and lignin are derived 
from biomass and are biodegradable. Bio-based adhesives are already being used in the packaging industry, where 
low grade adhesives are suitable. They are additionally being used in biomedical applications because the adhesives 
are biocompatible, meaning that the body more readily accepts the material. Biocompatibility is of high value for 
adhesives that are used on skin or body tissue. Some bio-based adhesives are being used in construction, and there 
is a lot of potential for growth in this sector if bio-based adhesives can continue to be manufactured for increasing 
strength and consistency. At a community-scale wood products facility, it is conceivable that mass timber and its 
adhesives are both sourced from the same location. This could be signi�cant for the use of cross-laminated timber, 
and other mass timber products, on the inside of structures. The extent to which bio-based adhesives meet the 
standards to qualify for use in mass timber is an issue to keep a close eye on for the community-based manufacturing 
of wood products.

Production and manufacturing: Bio-based materials used in adhesives include starch, vegetable oil, proteins, 
lignin and natural resins. A recent review article explored the potential for lignin-based adhesives to be used in 
composite wood panels.186 Lignin is the natural glue in plants that holds cellulose �bers together, and it can be easily 
obtained from spent pulping liquors. Lignin-based adhesives indeed can meet relevant standards for composite 
wood panels, but modi�cation of the adhesive is needed. First, the reactivity of lignins needs to be enhanced. This 
can be done through demethylation, oxidation, methylolation, phenolation, reduction and hydrolysis. Second, 
crosslinkers are needed to ensure bonding quality. Crosslinkers capable of copolymerizing with lignins include 
phenolic resin, tannin, polymeric diphenylmethane disocyanate (pMDI), furfural and ethylenimine. While chemistry 
makes it possible, the primary barriers to production are economic and technical issues. Because these processes are 
so technical, a community-scale manufacturer could extract primary material from locally-available wood products 
for shipping to a secondary processing site with more technical capacity for �nal production

Potential market: It should be noted that other low-value wood products are currently used in road 
maintenance, and could �t into a large-scale scheme of wood utilization. Chunkwood is used in road stabilization, 
particularly in low-volume roads. Because of the relatively low density of chunkwood, it can be supported by weak 
subgrades that might not be able to support necessary gravel loads.187 Additionally, wood products are used as 
dust palliatives on low-volume roads. When spread over road beds, lignin sulfonates and tree resin emulsions can 
improve excessively dusty conditions.188 This is a product that the Forest Service is aware of and could potentially 
buy for forest operations. Supplying lignin sulfonates and tree resin emulsions to government agencies would tie 
in well with larger schemes to connect public and private actors; this kind of arrangement would use local forest 
products that support forest thinning to assist with low-volume road maintenance. Dust palliative and bio-based 
adhesives are wood products that secure extra value from wood. It remains to be seen what levels of extraction and 
processing could be compatible with and economically viable for community-scale manufacturers.

186 Ang, A., Z. Ashaari, S. Lee, P. Tahir, and R. Halis. 2019. Lignin-based Copolymer Adhesives for Composite Wood Panels – A review. International 
Journal of Adhesion and Adhesives. Volume 95.

187 Kester, M., S. Shoop, K. Henry, J. Stark, and R. A�eck. 1999. Rapid Stabilization of Thawing Soils for Enhanced Vehicle Mobility: A Field 
Demonstration. CRREL Report 99-3.

188 Federal Highway Administration. Roadway Surfacing Options Photo Album: Companion Document to Context Sensitive Roadway Surfacing 
Selection Guide. Publication No. FHWA_CFL/TD-05-004a. August 2005.
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6.2.9 Wood Wool Cement Board
Product overview: Wood wool boards are among the oldest standardized insulation products made out 

of renewable, raw materials. Wood wool cement boards are commonly used in construction because of their 
properties that provide acoustic insulation, thermal insulation, �re safety and moisture resistance. Acoustic 
insulation and absorption properties make wood wool cement board a viable product in the �eld of acoustic 
engineering. Boards can be placed in auditoriums and concert halls to engineer the way that sound moves 
through, and stays in, a space. Additionally, boards can be made to absorb sound and can break up a larger 
space into several smaller, acoustically-discrete spaces. The varying acoustic properties depend on the use of 
plaster in the binding agent. Thermally, wood wool provides insulation and is commonly used in roof panels.

Production and manufacturing: While wood wool has been around for a long time, sometimes called 
“excelsior”, wood wool cement boards were �rst used in Europe nearly a hundred years ago. Parent wood is 
usually pine or spruce, making wood wool boards a suitable candidate product for California. Wood wool is 
made by planing logs into long, thin �bers using a wood wool machine. Because of the high porosity of wood 
wool, its volume is much larger than the parent wood. Fibers are generally between 1 to 3 mm in width, and 
are then coated with a cement of choice, then shaped and cut into desired board dimensions. The type of 
cement, or binding agent, used on the wood wool bears on the insulation properties of the board. There is 
currently not a clear, leading manufacturer of the boards. Some boards are made by relatively small-scale 
producers, while other are imported from China. This wood product, more than the others listed, is imported to 
an extent where price competition from abroad could be a barrier to production. If trade relations with China 
liberalize, �nding economies of scale domestically might be necessary to make for competitive prices. Wood 
wool cement board can currently be purchased for approximately $10-15 per square meter. A viable wood wool 
cement board production facility in California would require access to pine logs, a wood wool machine ($2,000 
- $7,000), cement processing capacity, saws ($500 - $2,000), and some sort of transportation network. A small-
scale production facility could cost less than $5,000, whereas a larger-scale facility could cost in the $10,000 to 
$15,000 range. 

Figure 21. Bio-based adhesives and dust palliatives
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Potential market: While the uses of wood wool cement board as a construction material vary, sometimes 
even used for aesthetic purposes, there seems to be a larger market for it in larger indoor as well as outdoor 
spaces due to the board’s durability. In commercial and civic spaces, acoustic and thermal engineering 
properties likely weigh on the selection of materials more than they do in residential design. Retro�tting of 
o�ce space can include wood wool cement board to improve acoustics in tight work spaces. For outdoor uses, 
wood wool cement board can replace highway and rail line cement sound barriers, reducing the environmental 
impact of technologies used to bu�er the noise level for pedestrians and residents living alongside major 
tra�c corridors. While the supply chain of boards draws on rural materials, demand seems to have an urban 
character. Potential markets include civic and o�ce spaces, both regionally and nationally. It may be bene�cial 
to associate with a larger manufacturing entity because of the often-specialized nature of orders, or to be a 
supplier for engineering �rms that utilize the acoustic and thermal properties of the boards. California, with 
overstocked pine-�r forests and large cosmopolitan cities, has a potential market for the manufacturing of wood 
wool cement board. Abundant source material, combined with demand for acoustic and thermal engineering 
in modernizing urban areas, leaves California with a market niche to �ll in producing and manufacturing this 
innovative wood product.

6.2.10 Cellulosic nanocrystals for cement
Product overview:  When added to cement paste, cellulosic nanocrystals signi�cantly increase the strength 

of the cement once dried. Plant cell walls are comprised of cellulose, and cellulosic nanocrystals can be derived 
from wood. Acid can be used to dissolve wood, leaving behind only crystalline cellulose. These nanocrystals are 
so small and can only be detected with an electron microscope. Nanotechnology and nanocrystals are having 
a vanguard moment in science, with wood products playing an important role in the development of cellulosic 
nanocrystals.

Production and manufacturing: Cellulosic nanocrystals increase the degree of hydration in cement. The 
presence of nanocrystals in cement allows for water to use them as conduits to go where the water wants to 
go, resulting in a more even curing of the cement when it is dried. A commonly cited study showed that this 

Figure 22. Wood wool cement board
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increase in the degree of hydration increased the �exural strength of cement by approximately 30% with a 0.2% 
volume of cellulosic nanocrystals with respect to cement.189 When water is added to cement paste, the mixture 
�ows better but at the expense of the strength of the cement when it dries. With cellulosic nanocrystals in the 
paste, less water can be added while the strength of the cement increases. A collaborative project is underway to 
better understand the potential of this technology in large-scale applications by employing it in the construction 
of a cement bridge in Yreka, CA. This project is a public/private partnership between the Forest Service, Purdue 
University, Oregon State University and a private nanotechnology company called P3Nano. With the goal of 
rapidly commercializing cellulosic nanomaterials, P3Nano represents the commercial viability of this technology, 
while the R&D is largely being done within public institutions.

Potential market:  Currently, cellulosic nanocrystals are available for laboratory studies, and their cost and 
locations of production are not clear. However, cellulosic nanocrystals have potential as commercial products, and 
companies, such as P3Nano, are involved in research and bringing innovations to market. To develop a supply of 
cellulosic nanocrystals at a commercial-scale, nanocrystals could be co-produced alongside other wood products, 
increasing the economic viability of a wood products operation. For purchasers, cellular nanocrystals as an additive 
in cement would increase construction costs; however, nanocrystals would reduce the quantity of cement needed 
for construction projects overall, in addition to reducing carbon costs. If research continues to show that nanocrystals 
can increase the strength of cement by approximately 30%, then approximately 30% less cement could conceivably 
be used. There is also value added in design considerations because of the need for less cement. The technology is in 
nascent stages, and the cost of commercially producing cellulosic nanocrystals is not well known, but the relatively low 
input-cost method of producing them with acid could make it competitive as a cost-e�ective product. 

Additional barriers to production presumably include expensive, high-powered microscopes to be able to see 
nanocrystals, and a sta� trained in the manufacturing and testing of nanocrystals. Given that this technology is still 
new, California nanocrystal producers could potentially supply both domestic and international markets, allowing rural 
communities to capture some of the value of wood products. On the construction end, the implementation of new 
practices in construction could be impacted by labor unions. Taken together, this wood product has such broad market 
potential that it could provide some stability to labor in wood producing, nanocrystal producing, and cement pouring 
industries. The potential for cellulosic nanocrystals in cement is high, but the utilization is still in development.

189 Cao, Y., P. Zavatierri, J. Youngblood, R. Moon, and J. Weiss. 2015. The in�uence of cellulose nanocrystal additions on the performance of 
cement paste. Cement and Concrete Composites. Volume 56.

Figure 23. Cellulosic nanocrystals with cement
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6.3 Opportunities & challenges to grow community-scale manufacturing
While community-scale manufacturing and sale of innovative wood products o�er an opportunity to scale up 

forest treatment e�orts, develop rural economies, and build more locally-available solutions to California-speci�c 
markets, there remain numerous barriers to the establishment of community-scale enterprises. Speci�cally, many 
questions remain about the viability of community-scale wood product businesses, especially given that the 
markets for some innovative wood products are niche, underdeveloped, or underexplored. In particular, wood 
products developed in one part of the country may be subject to restrictions based on California regulations 
for occupational, residential, human, or environmental health. Other considerations relate to energy and water 
availability, especially given increasing drought conditions across the state. Any group interested in developing a 
community-scale business should do their due diligence to ensure they follow appropriate rules and regulations. 
Furthermore, other considerations may restrict marketability for some products, for example in �re prone areas 
where mulch used around a house may impact home hardening against �re. 

However, innovative wood products from California are uniquely positioned to help the state reach climate 
goals, not only by reducing use of non-renewable materials and potentially by locking up carbon in long-lived 
products, such as with cellulosic nanocrystals that can reduce the amount of cement needed in construction, but 
also because the natural properties of wood �ber and related products o�er unique solutions to reduce carbon-
intensive practices. For example, in areas of low humidity where households rely on air conditioning for hot 
summer months, swamp coolers using wood wool pads o�er an environmentally-friendly alternative for cooling 
the air.

Beyond production and market-related practical considerations, any community-scale wood products 
operation needs to consider access to feedstock, both in terms of availability and price. Federal harvests may or 
may not include forest treatment harvest options and this has the potential to impact reliable supply for businesses 
hoping to access low-value material harvested from public lands. Wood product business start-ups may struggle 
to secure a bank loan without a guarantee of at least a 10-year supply, but with a 20-year supply preferred. This 
can put potential businesses in a di�cult situation of being unable to secure enough capital to start-up or grow. 
Creative solutions are being explored, though it is critical that these solutions are scalable throughout the state.

Tuolumne County’s Biomass to Business feedstock aggregator:
The ability for community-based wood product businesses to secure �nancing is often dependent on their ability 
to prove feedstock supply that is consistent with the species, quantity, and quality needed to turn a pro�t on 
any given loan. Furthermore, when businesses rely on the open market to secure feedstock, they are subject to 
market rate �uctuations which may be volatile and reduce long-term pro�tability. Tuolumne County is developing 
an innovative solution to link buyers of low value feedstock to land owners seeking forest restoration and fuels 
reduction treatment. Tuolumne County’s Business Directorate is seeking to connect wood product businesses 
to biomass producers by creating a public utility map of trees on private lands using LiDAR. Building from the 
Bu�erwood concept proposed in the 2020 Joint Institute report190 landowners located in proximity to maintained 
roads seeking forest treatment can sign up and aggregate their lands with others in the neighborhood seeking 
forest treatment. Collective land treatment has the potential to signi�cantly reduce costs associated with 
harvest of low value material, enabling businesses to also connect with their target feedstock needs. Private 
landowners that sign up for forest treatment can bene�t not only from collective �re resilience a�orded to treated 
neighborhoods, but they can bene�t from certi�ed management e�orts that could potentially reduce barriers 
to �re insurance. Furthermore, the traceability o�ered through this public mapping tool could allow businesses 
to certify their wood sourced from sustainable practices. Although a certi�cation program for this kind of wood 
does not currently exist, this program or other related e�orts, such as the Source Veri�ed Good Wood program,191

could serve as a model to add value to wood products sourced from sustainably managed forests.

190 Sanchez, D., Zimring, T., Mater, C., Harrell, K. 2020. Literature review and evaluation of research gaps to support wood products innovation. 
A report submitted to the California Board of Forestry and Fire Protection. Accessed from: https://bof.�re.ca.gov/media/9688/full-12-ajiw
pi_formattedv12_3_05_2020.pdf

191 https://www.goodwoodveri�ed.com/
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Finally, there remain some questions about species suitability for certain products. Whether local softwood species 
can be suitable replacements for products tested-and-tried with other tree species remains to be determined for many 
products. More research and development is needed to identify relevant products and to re�ne processing. While the 
USDA Forest Products Laboratory out of Wisconsin is a great resource for many community-scale products, this research is 
not always relevant to local species and local markets.192 Furthermore, because many community-scale innovative wood 
products are not necessarily developing cutting-edge technology, but rather building from or modifying well-established 
manufacturing processes to scale, it is unlikely local producers would be able to secure outside funds needed to support 
the necessary research and development. This creates numerous challenges for smaller entrepreneurs that need support 
for sector innovation. 

In Oregon, essential infrastructure for smaller wood products manufacturers is supported through the Oregon Wood 
Innovation Center, housed at Oregon State University.193 Not only does the Oregon Wood Innovation Center support 
the necessary basic research to develop products and markets, but it serves as a networking site where wood product 
companies can sell or buy logs or wood products. In contrast, no such clearinghouse exists in California, which may limit 
the ability for community-scale entrepreneurs to e�ectively develop wood products businesses. Although the University 
of California Forest Products Laboratory regularly updates a map of wood processing facilities around the state,194 more 
work is needed to identify and support networking of businesses in the wood products sector. Some key information that 
could facilitate growth of the sector includes, among others: Wood product businesses with product to sell, wood product 
businesses looking to buy product, wood product campuses with space to host businesses, logger/truck drivers/other 
heavy equipment operators looking for work, and landowners with available logs/woody biomass. This kind of centralized 
clearinghouse could also merge support for research and development related to the needs of small and innovative wood 
products businesses.

Other key challenges facing small wood product businesses have to do with the logistical and legal challenges 
associated with starting a new manufacturing business in the state. Small businesses have to navigate CEQA and other state 
and local regulations, and may face considerable costs in the establishment of a manufacturing facility when operating 
as independent businesses. Community-scale business approaches bring the added bene�t of economies of scale to site 
development. For example, a new business located in a rural part of the state may need to identify and develop a site that 
is appropriately zoned, secure relevant permits associated with the manufacturing process, and likely may face challenges 
from neighbors with di�erent ideas for how land use and zoning should impact their land. These all present potential 
uncertainties that may be too costly for a single business owner to handle alone.

Members of the forestry community have long considered the possibility of clustering wood products businesses,195

in part to reduce the barriers facing new wood products businesses seeking to enter the market, develop a site, gain 
required approvals, etc. Wood products campuses, or wood products business zones, present the opportunity to 1) reduce 
costs associated with business development for individual businesses, 2) create economies of scale when associated 
businesses use complimentary materials (for example, bark to create mulch and small-sized logs for �rewood) and shared 
infrastructure (for example a biomass cogeneration facility and dry kiln for lumber), and 3) pull from a skilled workforce that 
has experience in the wood products sector.196 Although numerous locations across the state are pursuing wood products 
campus models, most are still at the early stages of development and face many challenges getting o� the ground.

 Given that forest restoration requires scaled-up e�orts, wood products campuses present many opportunities to 
meet both forest restoration and economic development goals.197 Like cooperative models, such as the Oregon Woodland 
Cooperative (https://www.oregonwoodlandcooperative.com/), wood products campuses also have been associated 
with higher wage premiums for workers, estimated at between 7.4 and 13% higher for both in-woods work and for the 
manufacturing sector.198 These numbers indicate that wood products campuses could also bene�t the wider restoration 
economy. More research and development is needed to understand and advance community-scale wood product campuses.

192 https://www.fpl.fs.fed.us/contact/index.php
193 http://owic.oregonstate.edu/about-owic
194 http://ucanr.edu/sites/WoodyBiomass/�les/212812.pdf
195 Braden, R., Fossum, H., Eastin, I., Dirks, J., & Lowell, E. (1998). The role of manufacturing clusters in the Paci�c Northwest forest products

industry. Center for International Trade in Forest Products. Seattle, WA. Working paper, 66, 43.
196 Aguilar, F. X., Grala, R. K., & Bratkovich, S. M. (2009). Use of georeferenced data to study clustering in the primary wood products industry of 

the US South. Canadian journal of forest research, 39(12), 2494-2504.
197 Nicholls, D. (2014). Forest products cluster development in central Arizona—Implications for landscape-scale forest restoration.   

Gen. Tech. Rep. PNW-GTR-898. Portland, OR: US Department of Agriculture, Forest Service, Paci�c Northwest Research Station. 18 p., 898.
198 Gibbs, R. M., & Bernat Jr, G. A. (1997). Rural industry clusters raise local earnings. Rural America/Rural Development Perspectives, 12(2221-2019-2640), 18-25.
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Appendix 1: Methodology for this report
This report used multiple methods to identify key barriers and potential solutions. Primarily, research 

began with an extensive literature review focused on mass timber and wood products manufacturing, workforce 
development, and community-scale businesses. From October 2020 through August 2021, Sierra Institute for 
Community and Environment sta� and a�liated consultants conducted web searches and Google Scholar 
searches around these di�erent topics to map out sectors, generally, and to understand what work has been 
done in the state of California. We examined literature from around the globe to identify key policy mechanisms, 
government interventions and subsidies, technological and ecological changes, and social considerations that 
have been shown to accelerate or decelerate adoption of mass timber technologies.

Interviews were used to �ll gaps in knowledge and deepen understanding. From October 2020 through 
August 2021, a team of Sierra Institute sta� and consultants conducted one-on-one and group semi-structured 
interviews. These interviews were held with 75 key stakeholders from the mass timber, wood products, and 
workforce development sectors, including the forestry and wood products manufacturing sector, the design 
and build community, research and development, and policy and government. Interviews lasted between 
half an hour long and up to two hours. In some cases, interviews were conducted in a group with multiple 
stakeholders from the same category. A total of 19 interviews were conducted with representatives of the mass 
timber manufacturing sector, ranging from newly created, small-scale businesses to large, industrial producers.

All interviews were conducted under conditions of con�dentiality, meaning any details that may reveal 
company names were withheld to improve the quality of data gathered through interviews.  Where speci�c 
details were necessary to include for contextual purposes, special permission was requested to showcase the 
work of companies and organizations using green pull-out boxes throughout the report. The summary table 
below is used to show the range of stakeholders interviewed.

Table 1.1. Number of key stakeholders interviewed by category

Category of key stakeholder group N

Mass timber manufacturer, machine sales, and related 19

Higher-education and research 18

Non-governmental organization 11

Government 9

Machines and hardware sales 7

Contractor 3

Advocacy association 3

Mass timber distributor 1

Building developer 1

Other 3
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Several workshops and conferences 
were also attended and helped inform 
wider understanding of the sector, 
including the 3-day 2021 International 
Mass Timber Conference, a virtual event 
hosted by the Forest Business Network 
from March 30th through April 1st 2021. 
While there, multiple pre-recorded and 
live sessions were attended and informed 
the wide array of considerations facing 
the growth of the mass timber sector. 
Other workshops and webinars held both 
in California and across the Southwest 
region of the United States were   also 
attended, including the Southwest
Ecological Restoration Institutes conference
in March 2021, forestry workforce 
development workshops for the Sierra 
region, among other workshops, seminars, and conferences. All data gathered were used to directly or indirectly 
inform this report.

We also relied on insider, �rst-hand experience of the mass timber industry and labor sector.  This included 
both Sierra Institute for Community and Environment’s experience as an organization that built the �rst all-
CLT building in the State of California, and the role that Steve Marshall, a Sierra Institute for Community and 
Environment consultant, played in growing the sector through the USFS Wood Innovations Grant, through his 
time working with SmartLam, and in his role as President of Mass Timber Strategy, a consulting �rm focused 
on growing the mass timber sector. Roy Anderson, Ph.D. contributed his extensive experience working in the 
sector with The Beck Group.

The Beck Group also attempted to conduct a sector-wide survey. A questionnaire was developed with 
eleven questions total, focused on topics of raw materials, manufacturing, product mix, and projects. Questions 
were developed from a combination of BECK’s past experience in benchmarking and in consultation with 
an employee of a North American mass timber manufacturer. Much of the data gathered in the survey is 
quantitative in nature, which means the results could be aggregated and presented as averages, ranges, etc. 
without revealing any company-speci�c data. 

Contact information for key sta� at the �fteen largest industrial manufacturing operations was either 
already known, or gathered via industry contacts, websites, etc. Each manufacturer was emailed the survey 
with a request that it be completed, with a follow up on each email with an additional reminder or email, phone 
call, or both. Unfortunately, only one company completed the survey, meaning results could not be shared 
because it would be speci�c to that company. 

Manufacturers that explained to The Beck Group why they did not �ll out the survey felt that the 
information was too sensitive given that the North American industry was too immature for manufacturers 
to feel comfortable sharing detailed operating information. In the future it is possible that the industry will 
mature to the point that the manufacturers report and share certain operating information. This information 
can enable stakeholders such as certi�cation agencies, customers, �nanciers, company owners, and more to 
have better information about the state of the North American mass timber industry.

Brown�eld remediation work to create a wood chips storage shed at Indian Valley 
Wood Products Campus in Crescent Mills, California
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Appendix 2: Key forest employment �gures for 2020
All data presented here are taken from the Quarterly Census of Employment and Wages Program, a program 

with the U.S. Department of Labor’s Bureau of Labor Statistics and the California Employment Development 
Department’s (EDD) Labor Market Information Division. EDD cannot validate that all the information provided 
through their online Find Employers Tool, a tool that uses a webcrawler to collect anonymous third party data, 
is completely accurate. However, this is the most accurate, high-level data available at present for this sector.

Table 2.1. Forest Sector employment by general category, excluding Education and Research. See Tables 2.2 through 2.7 for detailed 
employment information.

Table 2.1. Forest Sector employment by general category 

   Sub Cluster Annual Average 
Employment

Annual Average 
Employment Percentage

Primary Forest Products (Table 2) 27,354 8%

Forestry Support (Table 3) 34,089 10%

Secondary Forest Products (Table 4) 34,091 10%

Forest Management and
Public Administration (Table 5) 215,018 60%

Forestry-Dependent Industries (Table 6) 18,388 5%

Transportation (Table 7) 29,446 8%

Total 358,386

Table 2.2. Primary Wood Products (*Private employment only, no public employment) 

Industry Annual Average 
Employment*

Veneer, Plywood, and Engineered Wood Product Manufacturing 3,339

Sawmills 3,514

Wood Preservation 445

Paper Mills+ 670

Paperboard Mills 451

Corrugated and Solid Fiber Box Manufacturing 10,781

Folding Paperboard Box Manufacturing 2,656

Other Paperboard Container Manufacturing 1,442

Paper Bag and Coated and Treated Paper Manufacturing 1,595

Stationery Product Manufacturing 825

Sanitary Paper Product Manufacturing 773

All Other Converted Paper Product Manufacturing 863

Total 27,354

+ California currently has no pulp or paper mills
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Table 2.3. Forestry Support
(*Includes both private and public employment. Public employment makes up 0.08 percent of employment in this sub cluster.)

Industry Annual Average 
Employment*

Forest Nurseries and Gathering of Forest Products 233

Logging 1,964

Support Activities for Forestry 2,273

Sawmill, Woodworking, and Paper Machinery Manufacturing 328

Construction Machinery Manufacturing 775

Construction and Mining (except Oil Well) Machinery and Equipment Merchant 
Wholesalers 3,180

Construction, Mining, and Forestry Machinery and Equipment Rental and Leasing 8,224

Commercial and Industrial Machinery and Equipment (except Automotive and 
Electronic) Repair and Maintenance 17,112

Total 34,089

Table 2.4. Secondary Wood Products (*Private employment only, no public employment) 

Industry Annual Average 
Employment*

Biomass Electric Power Generation 385

Wood Window and Door Manufacturing 3,934

Cut Stock, Resawing Lumber, and Planing 577

Other Millwork (including Flooring) 2,993

Wood Container and Pallet Manufacturing 6,120

Manufactured Home (Mobile Home) Manufacturing 2,048

Prefabricated Wood Building Manufacturing 844

All Other Miscellaneous Wood Product Manufacturing 1,703

Cyclic Crude, Intermediate, and Gum and Wood Chemical Manufacturing 72

Wood Kitchen Cabinet and Countertop Manufacturing 9,512

Non-upholstered Wood Household Furniture Manufacturing 2,168

Wood O�ce Furniture Manufacturing 1,233

Custom Architectural Woodwork and Millwork Manufacturing 2,502

Total 34,091



Page 105

Table 2.5. Forestry Management and Public Administration 
(*Includes both private and public employment. Public employment makes up 99.9 percent of employment in this sub cluster.)

Industry Annual Average Employment*

Timber Tract Operations 33

Executive O�ces 2,352

Legislative Bodies 5,783

Public Finance Activities 43,337

Executive and Legislative O�ces, Combined 99,257

American Indian and Alaska Native Tribal Governments 6,116

Other General Government Support 26,078

Administration of Conservation Programs 32,062

Total 215,018

Table 2.6. Dependent Industries (*Private employment only)

Industry Annual Average 
Employment*

Lumber, Plywood, Millwork, and Wood Panel Merchant Wholesalers 10,291

Printing and Writing Paper Merchant Wholesalers 1,170

Industrial and Personal Service Paper Merchant Wholesalers 6,927

Total 18,388

Table 2.7. Transportation (*Private employees only)

Industry Annual Average 
Employment*

Rail Transportation 30

Specialized Freight (except Used Goods) Trucking, Local 24,043

Specialized Freight (except Used Goods) Trucking, Long-Distance 5,373

Total 29,446
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