
 

 

 

 

   

 

Annotated Bibliography 

Regional Dialogue on Incentivizing Mass Timber 
to Reduce Climate Change in Central New 
England and Eastern New York 
This bibliography includes studies relevant to the work of the Regional Dialogue on Incentivizing Mass 
Timber to Reduce Climate Change in Central New England and Eastern New York. It is intended to 
include studies that are helpful to:  

1. Understand potential supply, demand, forest impacts, carbon impacts, and socio-economic 
impacts of mass timber in central New England/Eastern New York;  

2. Further evaluate the potential impacts of mass timber development and effectiveness of 
various incentives; and,  

3. Make decisions about appropriate production, use, and incentives of mass timber in central 
New England/Eastern New York.  
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I. MASS TIMBER PROPERTIES AND MANUFACTURING 

Shear Properties of Symmetric Angle-ply Cross Laminated Timber (CLT) Panels 

• Publication: Journal of Materials in Civil Engineering 32(9) 

• Principal investigators/lead researchers: A. Bahmanzad, P. Clouston, S. Arwade, A. Schreyer 

• Date: September 2020 

• Link: Abstract available here. 

• Description: This study explores how varying fiber orientation of the mid-layer of three-ply 
CLT affects the shear properties of the panel. The traditional 90° layup of CLT is rudimentary 
compared to most laminated composite materials, offering room to explore what future 
mass timber panels could look like. The results of this study show a tendency for major axis 
bending and shear properties to increase when changing fiber orientation of the mid-layer 
from 90° to 30°. Likewise, mean values of effective shear stiffness and shear strength from 
the CLT panel with 30° fiber orientation were 828% and 48% higher, respectively, than those 
for traditional 90° CLT. The abstract notes, “Finite element simulations were in good 
agreement with the experiments for 90° CLT; however, for angled CLT specimens, the finite 
element model and shear analogy method predicted higher deformation due to the biaxial 
shear stresses from off-axis loading and bending-twisting coupling in the mid-layer, which 
these stresses are not taken into account by either prediction method.” This research 
furthers knowledge of how different panel configurations could be used to make strong and 
reliable CLT panels. 

 

Feasibility of Two Northeastern Species in Three-Layer ANSI-Approved Cross-Laminated Timber 

• Publication: Journal of Materials in Civil Engineering 32(3) 

• Principal investigators/lead researchers: Hamid Kaboli, Peggi Clouston, and Seth Lawrence 

• Date: March 2020 

• Link: Here   

• Description: This study examined the structural performance of three-layer CLT panels 
fabricated from underutilized and lower-quality tree species grown in northeastern US: 
eastern hemlock and eastern wide pine. Researchers tested panels to evaluate major and 
minor axis bending properties and major axis shear property. The results of the study show 
that both eastern hemlock and eastern white pine panels meet baseline structural 
performance requirements of the American National Standards Institute/American Plywood 
Association (ANSI/APA) PRG 320 standard (a standard for performance-rated CLT)-- 

Eastern hemlock is one of the more abundant tree species in forests of the northeastern 
United States, but currently has a limited structural market; likewise, the species is under 
infestation by the invasive woolly adelgid (>50% of trees in Eastern U.S. infested). Thus, CLT 
could provide a new market for eastern hemlock, both creating an economical thinning and 
harvest opportunity and preventing infested trees from falling and becoming fuel for 

https://ascelibrary.org/doi/full/10.1061/%28ASCE%29MT.1943-5533.0003348
https://meridinstorg.sharepoint.com/sites/MPT-MassTimber-MeridianTeam/Shared%20Documents/Meridian%20Team/Dialogue%20Assessment/Assessment%20Interviews/Interview%20Notes%20and%20Follow-up/Interview%20Notes/ASCE.JOM.TwoNESpecies-ANSI.pdf?CT=1609874967277&OR=ItemsView
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wildfires. Eastern white pine is the most abundant saw timber in Massachusetts. Application 
of these species, and underutilized species in mass timber products generally, can 
contribute to more sustainable building materials and better forest economies, 
management, and health. 

 

Think Wood Mass Timber Website 

• Publishing Institution: Wood Works and the American Wood Council 

• Link: Here 

• Description: There are wide range of resources available on this website regarding the 
properties and uses of Mass Timber, including: 

▪ Mass Timber overview  

▪ Mass timber’s fire performance  

▪ Mass Timber’s acoustical performance  

▪ Tall mass timber code provisions in the 2021 IBC  

▪ Cost optimization for mass timber  

▪ Mass timber project examples in the WoodWorks project gallery  

▪ Platte 15, Denver case study  

 

The Case for CLT Manufacturing in Maine 

• Publishing institution: Maine Mass Timber Commercialization Center 

• Date: January 2019 

• Link: Here 

• Description: “The Northeastern U.S. is known for its vast forestlands of commercial 
softwood timber. Sitting atop this region lies Maine – the most heavily forested state in the 
nation (as a percentage of land area) containing nearly 26 billion cubic feet of wood. With a 
unique combination of vast softwood resources and proximity to the large population 
centers of the Northeastern U.S., Maine’s experienced workforce, sustainably managed 
private forests and economic development partners are working together to develop a 
“new forest economy”. By supplementing our traditional products with advanced 
manufacturing, emerging technologies and new market applications, the goal is to continue 
Maine’s 400-year history of supplying products to consumers both in our region and the 
world. This document demonstrates that Maine is well situated, and its many stakeholders 
are organized and fully supportive of mass timber products.” 

 

 

II. MASS TIMBER BUILDINGS 

Buildings as a global carbon sink 

https://www.thinkwood.com/mass-timber
https://www.thinkwood.com/our-ceus/mass-timber-north-america
https://www.woodworks.org/wp-content/uploads/Wood_Solution_Paper-Fire-Design-of-Mass-Timber-Members-WoodWorks-Apr-2019.pdf
https://meridinstorg.sharepoint.com/sites/MPT-MassTimber-MeridianTeam/Shared%20Documents/Meridian%20Team/Dialogue/%09https:/www.woodworks.org/wp-content/uploads/wood_solution_paper-MASS-TIMBER-ACOUSTICS.pdf
https://meridinstorg.sharepoint.com/sites/MPT-MassTimber-MeridianTeam/Shared%20Documents/Meridian%20Team/Dialogue/%09https:/www.woodworks.org/wp-content/uploads/wood_solution_paper-TALL-WOOD.pdf
https://meridinstorg.sharepoint.com/sites/MPT-MassTimber-MeridianTeam/Shared%20Documents/Meridian%20Team/Dialogue/%09https:/www.woodworks.org/wp-content/uploads/wood_solution_paper-Mass-Timber-Design-Cost-Optimization-Checklists.pdf
https://meridinstorg.sharepoint.com/sites/MPT-MassTimber-MeridianTeam/Shared%20Documents/Meridian%20Team/Dialogue/%09https:/www.woodworks.org/project-gallery
https://meridinstorg.sharepoint.com/sites/MPT-MassTimber-MeridianTeam/Shared%20Documents/Meridian%20Team/Dialogue/%09https:/www.woodworks.org/wp-content/uploads/case_study-Platte-Fifteen.pdf
https://composites.umaine.edu/wp-content/uploads/sites/20/2020/01/MMTCC-Attraction-Package-ver-01_07_2020-abridged.pdf
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• Publication: Nature Sustainability 

• Authors: Galina Churkina, Alan Organschi, Christopher P. O. Reyer, Andrew Ruff, Kira Vinke, 
Zhu Liu, Barbara K. Reck, T. E. Graedel, Hans Joachim Schellnhuber 

• Publication/completion date: August 2020 

• Link: Here 

• Description: “The anticipated growth and urbanization of the global population over the 
next several decades will create a vast demand for the construction of new housing, 
commercial buildings and accompanying infrastructure. The production of cement, steel 
and other building materials associated with this wave of construction will become a major 
source of greenhouse gas emissions. Might it be possible to transform this potential threat 
to the global climate system into a powerful means to mitigate climate change? To answer 
this provocative question, we explore the potential of mid-rise urban buildings designed 
with engineered timber to provide long-term storage of carbon and to avoid the carbon-
intensive production of mineral-based construction materials.” 

 

Housing as a determinant of health equity: A conceptual model  

• Publication: Social Science & Medicine Volume 243 

• Principal investigators/lead researchers: Carolyn B. Swope, Diana Hernández 

• Date: December 2019 

• Link: Here 

• Description: “Housing is a major pathway through which health disparities emerge and are 
sustained over time. However, no existing unified conceptual model has comprehensively 
elucidated the relationship between housing and health equity with attention to the full 
range of harmful exposures, their cumulative burden and their historical production. We 
synthesized literature from a diverse array of disciplines to explore the varied aspects of the 
relationship between housing and health and developed an original conceptual model 
highlighting these complexities. This holistic conceptual model of the impact of housing on 
health disparities illustrates how structural inequalities shape unequal distribution of access 
to health-promoting housing factors, which span four pillars: 1) cost (housing affordability); 
2) conditions (housing quality); 3) consistency (residential stability); and 4) context 
(neighborhood opportunity). We further demonstrate that these four pillars can lead to 
cumulative burden by interacting with one another and with other structurally-rooted 
inequalities to produce and reify health disparities. We conclude by offering a 
comprehensive vision for healthy housing that situates housing's impact on health through 
a historical and social justice lens, which can help to better design policies and interventions 
that use housing to promote health equity.” 

 

J.W. Olver Design Building – A Case Study of a US Mass Timber Building 

• Publication: Wood Design Focus: A Journal of Contemporary Wood Engineering 29(2) 

• Principal investigators/lead researchers: Alexander Schreyer, Peggi Clouston 

https://teams.microsoft.com/l/file/6D7990A6-BCEE-467E-ADD6-042F3E4AAB5A?tenantId=24b6b182-8525-4c2e-b395-ec04acc6299e&fileType=pdf&objectUrl=https%3A%2F%2Fmeridinstorg.sharepoint.com%2Fsites%2FMPT-MassTimber%2FShared%20Documents%2FGeneral%2FResources%2F2020%20NatSustain%20Buildings%20as%20a%20global%20carbon%20sink.pdf&baseUrl=https%3A%2F%2Fmeridinstorg.sharepoint.com%2Fsites%2FMPT-MassTimber&serviceName=teams&threadId=19:75c258650e524024a2798e9bd31cc5ff@thread.tacv2&groupId=e4f439a2-b535-4a87-9489-d06b6b6fff44
https://www.sciencedirect.com/science/article/abs/pii/S0277953619305659
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• Date: Summer 2019 

• Link: Here 

• Description: This study examines three specific components of the John W. Olver Design 
Building. The building is a four-story, 87,600 ft2 structure which is one of the first and only 
institutional buildings in the US to utilize engineered mass timber and is an example for 
wood-concrete composite systems and off-site construction materials and a teaching tool 
for this form of construction. The three specific components examined are: the hybrid 
glulam-steel “zipper” truss, the CLT shear cores, and the CLT-concrete composite panel 
systems. Major lessons learned from the planning and execution of the building include that 
wood can be a cost-competitive choice if project design, procurement, and execution are 
well-planned; construction and weather enclosure can occur faster with a well-conceived 
wood based and CNC-prefabricated structure; wood structures can be competitive with 
steel structures with respect to column grids and can allow for easier installation of 
MEP/HVAC systems; and in-process coordination between architecture, structure, and 
MEP/HVAC is essential for all off-site construction. 

 

Wood and Human Health 

• Publication: WoodWorks Wood & Human Health Series 

• Date: 2014 

• Link: Here 

• Description: “A recent study at the University of British Columbia and FPInnovations has 
established a link between wood and human health. In the study the presence of visual 
wood surfaces in a room lowered sympathetic nervous system (SNS) activation. The SNS is 
responsible for physiological stress responses in humans. This result opens the door to a 
myriad of stress-related health benefits that the presence of wood may afford in the built 
environment. The application of wood to promote health indoors is a new tool for 
practitioners of evidence-based design.” 

 

III. MARKET ANALYSIS 

Assessing the Wood Supply and Investment Potential for a New England Engineered Wood Products Mills 

• Publishing institution: New England Forestry Foundation 

• Date: July 2017 

• Link: Here 

• Description: “New England Forestry Foundation (NEFF) assigned Pöyry Management 
Consulting to evaluate the engineered wood product investment opportunity in the New 
England region of the US. The focus was to identify engineered wood products that can 
penetrate the high and mid rise construction market. In this report Pöyry and NEFF have 
identified that Cross Laminated Timber (CLT) would have the highest investment potential 

http://wdf.forestprod.org/Archive/FPS-Wood%20Design%20FOCUS-July2019.pdf
https://www.woodworks.org/wp-content/uploads/2014-SE-WSF-Fell-Healthy-Buildings.pdf
https://newenglandforestry.org/wp-content/uploads/2017/12/CLT-in-New-England-NEFF-report.pdf
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from both market and wood supply perspective. The preliminary analysis also indicates that 
local CLT production could be competitive in the US Northeast market.” 

 

Effects on U.S. Timber Outlook of Recent Economic Recession, Collapse in Housing Construction, and 
Wood Energy Trends 

• Sponsoring institution: U.S. Forest Service, Forest Products Laboratory, General Technical 
Report, FPL-GTR-219, 2012: 21 

• Authors: Peter J. Ince; Prakash Nepal 

• Publication/completion date: 2012 

• Link: Here 

• Description: “This paper reviews recent trends and structural changes in U.S. forest product 
markets and projects their effects on the long-range U.S. timber market outlook. The 
analysis derives from the same U.S. and global economic model that produced 50-year 
projections for the 2010 RPA nationwide forest assessment, but analysis is revised to more 
accurately include the economic recession of 2007–2009, the collapse in U.S. housing 
construction since 2005, and expected growth in wood energy consumption. The analysis 
uses the 2012 USDA Baseline global macroeconomic and currency exchange rate outlook, 
along with a revised U.S. housing projection. Results provide a coherent 2012 baseline 
outlook to 2060 that takes into account recent market trends and includes a rebound in U.S. 
timber harvest and higher net exports but only modest expansion in timber harvest over the 
long run, resulting in only modest increases in real timber stumpage prices and expanding 
U.S. timber growing stock inventories.” 

 

IV. PUBLIC POLICY 

Massachusetts Climate Plan 

• Publishing institutions: Massachusetts Executive Office of Energy and Environmental Affairs 

• Publication/completion date: December 2020 

• Links: MA 2050 Decarbonization Roadmap, 2030 Clean Energy and Climate Plan 

• Description: These are documents related to Massachusetts’ Climate Plan of relevance to 
mass timber. The first, “Massachusetts 2050 Decarbonization Roadmap,” shows how 
challenging it is to reach a “No Net Carbon Emissions” goal by 2050. The chapters on natural 
carbon sequestration and additional carbon sequestration highlight how Massachusetts is 
thinking about how to “offset” the last 15% of emissions (about 13 million tons of carbon 
dioxide per year). The concept of a multi-state effort for forests similar to the Regional 
Greenhouse Gas Initiative (RGGI), is noted as is the potential for significant carbon storage 
via reforestation, afforestation or forest management. The second, “The Land Sector 
Technical Report,” notes additional storage in wood products should be considered along 
with reducing the footprint of development on forests. The third, “The 2030 Clean Energy 
and Climate Plan” gives direct support to the inter-state work for reaching our 2030 and 

https://www.fs.usda.gov/treesearch/pubs/42506
https://www.mass.gov/info-details/ma-decarbonization-roadmap#final-reports-
https://www.mass.gov/info-details/massachusetts-clean-energy-and-climate-plan-for-2030
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2050 climate emissions goals and voices support for expanding the use of Mass Timber (see 
Natural and Working Lands section). 

 

Private Working Forests as a Natural Climate Solution: CEO Principles 

• Publishing institution: National Alliance of Forest Owners  

• Publication/completion date: 2020 

• Link: Here 

• Description: This letter is a shared vision for increasing the contribution of forests and 
forest products to climate mitigation from leaders of the environmental, conservation, and 
forest products business communities, including CEOs of American Forest Foundation, 
American Forests, Environmental Defense Fund, National Alliance of Forest Owners, The 
Nature Conservancy and 43 other timber companies and interests. The letter recognizes 
that private working forests and forest products can play an important role in mitigating 
climate change and outlines principles for increasing the contribution of forests and forest 
products to climate mitigation. Principles include items such as recommending policies 
include incentives and market-based mechanisms and be designed to be accessible and 
credible to maintain working forests, increase carbon benefits across the working forest 
value chain, and encourage broad participation from forest owners, forest products 
manufacturers and potential investors; suggesting that public funding should be directed to 
improve forest carbon science and data collection and incentivize the incentivize the 
development of new technologies, techniques, and practices to improve forest carbon 
inventories and life cycle analyses for forest products; and endorsing that policies rewarding 
the carbon benefits of forest products, such as mass timber and other advanced building 
materials, must be based on scientifically sound life cycle analysis and include safeguards to 
promote positive outcomes for forests and the climate. 

 

Status of public policies encouraging wood use in construction – an overview 

• Publishing institution: Secretariat of the Advisory Committee for Sustainable Forest 
Resources (ACSFI) 

• Date: April 2020 

• Link: Here 

• Description: “This report has been prepared for the Advisory Committee on Sustainable 
Forest-based Industries (ACSFI) of the Food and Agriculture Organization of the United 
Nations (FAO). It provides an overview of policies encouraging the use of wood as 
construction material and thus contributing to the transition towards a bioeconomy. The 
use of wood in construction differs significantly across countries, cultures and traditions, 
often depending on climates and resources. Moreover, global data on the most commonly 
used construction materials are limited, making it difficult to assess relative market shares 
of concrete, steel, brick, stone and wood. The majority of residential houses in places such 
as North America, Australia and Scandinavia have wood frames, although this is very 
uncommon in other parts of the world such as the Mediterranean. Thanks to recent 

https://nafoalliance.org/ceo-principles/
http://www.fao.org/forestry/49801-0cae892398185071321d397e2c1e0d520.pdf
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innovations, potential may exist for further growth in the wood construction sector, in 
particular for multistorey buildings, although the products involved have not yet been 
generally adopted into the mainstream. While wood has been used in many traditional 
building systems for centuries, technologies have advanced to allow for engineered wood 
products (EWPs) to effectively substitute other fossil-based materials, including steel and 
concrete, in large-scale construction. Uptake of these EWPs has been steady (Gosselin, 
Blanchet, and Lehoux and Cimon, 2017), but market share compared to traditional building 
materials remains limited. In Germany, for example, timber reaches some 15% of the 
market share for building materials, while neighbouring countries like Austria and 
Switzerland reach twice that percentage (Ludwig, 2019). An enabling policy environment 
may facilitate an increased uptake from wood as a construction material through WEP in an 
increasingly climate-conscious era, where the use of wood over fossil-intensive materials 
can have direct and indirect benefits for climate change mitigation and adaptation as well as 
sustainable development. This overview identifies and collects cases of wood 
encouragement policies (WEP), covering policies formulated at national, regional or local 
levels promoting the use of wood as building material. It is descriptive rather than 
prescriptive in nature, and utilises information gathered primarily from secondary literature 
sources, including reports, news articles, and conference papers. Cases of WEP were 
identified through Internet searches, and policy documents were accessed directly from 
government websites when available, or via email requests to the relevant bodies. Policies 
at all levels of government – local, regional (e.g. district, provincial) and national – were 
taken into account. This document begins by analysing the benefits attributed to the use of 
wood as a construction material, before outlining some of the challenges that may limit 
wider use of wood as construction material. Selected examples of WEP are then briefly 
presented before concluding with an outlook on possible future trends related to the use of 
wood as a construction material.” 

Removing Barriers to Cross-Laminated Timber Manufacture & Adoption in California 

• Publishing institution: Wood Works! BC 

• Author: Sandra Lupien 

• Date: May 2018 

• Link: Here 

• Description: “Public forestlands in California’s Sierra Nevada are dangerously over-
crowded—the result of over a century of federal and state policies and budgets favoring fire 
suppression overactive forest management to help forests maintain a healthy density. 
(Sierra Nevada Conservancy) According to Sierra Nevada Conservancy, healthy, fire-adapted 
forests1 in the mid-1800s hosted 50-80 trees per acre, whereas many Sierra Forests today 
have between 300-400 trees per acre. (Sierra Nevada Conservancy). The dense conditions 
force trees to compete for scarce water and nutrients, which makes them more vulnerable 
to bark beetle infestation, as is tragically evidenced by the 129-million dead trees standing 
in Sierra Nevada forests. California’s overstocked forests also appear to increase wildfire 
spread and intensity (Stephens 2018). The presence of many shorter, smaller-diameter trees 
helps conduct fire not only horizontally through the forest, but vertically into the crowns of 
trees, resulting in the most destructive high-severity fires. (Stephens et al.) These wildfires 

https://sagehen.ucnrs.org/pubs/Theses/LupienMay2018.pdf
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are increasingly costly to taxpayers: From July 2017 to January 2018, the State of California 
spent $700m, and the US Forest Service spent $632m, fighting fires in the state. (Downey) 
These wildfires emit many millions of metric tons of carbon dioxide and other greenhouse 
gasses, as do beetle-kill pine trees left to burn or rot in forests. These cycles threaten to 
shift California’s largest carbon sink—forests—into sources of carbon emissions that can 
undermine the State’s visionary greenhouse gas emissions reduction goals. (Forestry 
Climate Action Team). Broad consensus among forest managers, ecologists, and policy 
makers holds that increasing the pace and scale of active forest management, including 
ecological thinning of smaller-diameter trees and beetle-kill pine, is critical to tackling both 
the wildfire and GHG emissions hazards associated with the high forest density. A number 
of key reports have identified mass timber construction materials, including cross-laminated 
timber (CLT), as having the potential to create a badly needed revenue stream to conduct 
ecological thinning and create a long-lived, carbon-sequestering use for the wood 
harvested. This report examines potential California manufacture and adoption of cross 
laminated timber (CLT), not only in terms of its viability as a new product and industry, but 
specifically how a robust California CLT industry can produce a value-added product that a) 
creates a revenue stream for ecological forest management by sourcing logs exclusively 
from projects that restore and maintain the health of public forest lands, and b) captures 
much of that forest carbon in the built environment for decades into the future. Given that 
about 60% of forests in California are federally owned, this report focuses primarily on 
management of U.S. Forest Service lands. Through an extensive literature review, more than 
60 expert interviews, a survey of potential CLT adopters, and attendance at the annual Mass 
Timber Conference in Oregon, the report identifies key: opportunities that could help 
support CLT as a catalyst for ecological, active forest management in California; barriers to 
supply, industry/manufacture, and adoption of CLT using wood harvested from federal 
forest management projects; and recommendations to help remove these barriers.” 

 

Wood First Act 

• Publishing institution: Wood Works! 

• Link: Here 

• Description: This page describes the Wood First Act, an initiative of the Government of 
British Columbia, which requires provincially-funded projects to use wood as the primary 
construction material. The initiative launched in 2009 to contribute to further job creation 
and environmental sustainability. Education, research, and outreach elements of Wood First 
are led by Forestry Innovation Investment, the Province’s market development agency for 
forest products. 

 

V. LIFE CYCLE ASSESSMENTS2 

 

2 Other studies from CORRIM not included in the Annotated Bibliography can be found here. 

https://wood-works.ca/bc/featured-topics/wood-first-act/
https://corrim.org/lcas-on-wood-products-library/
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Wood buildings as a climate solution 

• Publication: Developments in the Built Environment 

• Authors: Austin Himes, Gwen Busby 

• Publication Date: September 2020 

• Link: Here 

• Description: “We conducted a systematic literature search and meta-analysis of 23 studies 
with side by-side life cycle analysis comparisons of mid-rise buildings using mass timber and 
conventional, concrete and steel, building materials. Based on 18 comparisons across four 
continents, we found that substituting conventional building materials for mass timber 
reduces construction phase emissions by 69%, an average reduction of 216 kgCO2e/m2 27 
of floor area. Studies included in our analysis were unanimous in showing emissions 
reductions when building with mass timber compared to conventional materials. Scaling-up 
low-carbon construction, assuming mass timber is substituted for conventional building 
materials in half of expected new urban construction, could provide as much as 9% of global 
emissions reduction needed to meet 2030 targets for keeping global warming below 1.5⁰C. 
Realizing the climate mitigation potential of mass timber building could be accelerated by 
policy and private investment. Policy actions such as changing building codes, including 
mass timber in carbon offset crediting programs and setting building-sector-specific 
emissions reduction goals will remove barriers to and incentivize the adoption of mass 
timber. Private capital, as debt or equity investment, is poised to play a crucial role in 
financing mass timber building.” 

 
Comparative life-cycle assessment of a mass timber building and concrete alternative 

• Publication: Wood and Fiber Science 52(2), pp. 217-229 

• Authors: Shaobo Liang, Hongmei Gu, Richard Bergman, Stephen S. Kelley 

• Date: April 2020 

• Link: Here 

• Description: “The US housing construction market consumes vast amounts of resources, 
with most structural elements derived from wood, a renewable and sustainable resource. 
The same cannot be said for all nonresidential or high-rise buildings, which are primarily 
made of concrete and steel. As part of continuous environmental improvement processes, 
building life-cycle assessment (LCA) is a useful tool to compare the environmental footprint 
of building structures. This study is a comparative LCA of an 8360-m2, 12-story mixed-use 
apartment/office building designed for Portland, OR, and constructed from mainly mass 
timber. The designed mass timber building had a relatively lightweight structural frame that 
used 1782 m3of cross-laminated timber (CLT) and 557 m3of glue-laminated timber (glulam) 
and associated materials, which replaced approximately 58% of concrete and 72% of rebar 
that would have been used in a conventional building. Compared with a similar concrete 
building, the mass timber building had 18%, 1%, and 47% reduction in the impact categories 
of global warming, ozone depletion, and eutrophication, respectively, for the A1-A5 building 
LCA. The use of CLT and glulam materials substantially decreased the carbon footprint of the 

https://www.sciencedirect.com/science/article/pii/S2666165920300260?via%3Dihub
https://www.researchgate.net/publication/340960305_Comparative_life-cycle_assessment_of_a_mass_timber_building_and_concrete_alternative


MARCH 2021   MASS TIMBER DIALOGUE GROUP: ANNOTATED BIBLIOGRAPHY   11 | 23 

 

 

 

 

building, although it consumed more primary energy compared with a similar concrete 
building. The impacts for the mass timber building were affected by large amounts of 
gypsum board, which accounted for 16% of total building mass. Both lowering the amount 
of gypsum and keeping the mass timber production close to the construction site could 
lower the overall environmental footprint of the mass timber building.” 

 

A Life Cycle Assessment of Hardwood Lumber Production in the Northeast and North Central United 
States 

• Publishing institution: Consortium for Research on Renewable Industrial Materials 
(CORRIM) 

• Principal investigators/lead researchers: Steven S. Hubbard, Richard D. Bergman, 
Kamalakanta Sahoo, Scott A. Bowe 

• Date: 2020 

• Link: Here 

• Description: This study is a part of a larger project to update the life cycle inventories for 
major wood products produced in the United States on a five-year cycle. The study used 
hardwood lumber manufacturing data collected for the 2017 production year from sawmills 
operating in the northeast and north central regions (NE/NC) of the U.S. with the goal of 
documenting the energy and material inputs, outputs, and emissions associated with the 
manufacturing of hardwood lumber in the NE/NC. Its scope was cradle-to-gate and 
considered impacts of input materials, fuels, and electricity, and emissions and waste from 
forest establishment, management, and harvesting through hardwood lumber produced 
and packaged at the sawmill gate.  

 

Environmental benefits of using hybrid CLT structure in midrise nonresidential construction: An LCA 
based comparative case study in the U.S. Pacific Northwest 

• Publication: Journal of Building Engineering 26 (2019) 

• Authors: Francesca Pierobona, Monica Huangb, Kathrina Simonenb, Indroneil Gangulya 

• Date: July 2019 

• Link: Here 

Description: “In this study, the cradle-to-gate environmental impact of a hybrid, mid-rise, 
cross-laminated timber (CLT) commercial building is evaluated and compared to that of a 
reinforced concrete building with similar functional characteristics. This study evaluates the 
embodied emissions and energy associated with building materials, manufacturing, and 
construction. Two alternative designs are considered for fire protection in the hybrid CLT 
building: 1) a ‘fireproofing design’, where gypsum wallboard is applied to the structural 
wood; and 2) a ‘charring design’, where two extra layers of CLT are added to the panel. The 
life cycle environmental impacts are assessed using TRACI 2.1 and the total primary energy 
is evaluated using the Cumulative Energy Demand impact method. Results show that an 
average of 26.5% reduction in the global warming potential is achieved in the hybrid CLT 

https://corrim.org/wp-content/uploads/2020/06/FINAL-Northeast-and-Northcentral-Hardwood-Lumber-Production-LCA-CORRIM-Report.pdf
https://www.sciencedirect.com/science/article/abs/pii/S2352710219302542?via%3Dihub
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building compared to the concrete building, excluding biogenic carbon emissions. Except 
ozone depletion, where the difference in impact between scenarios is<1%, replacing 
fireproofing with charring is beneficial for all impact categories. The embodied energy 
assessment of the building types reveals that, on average, the total primary energy in the 
hybrid CLT buildings and concrete building are similar. However, the non-renewable energy 
(fossil-based) use in the hybrid CLT building is 8% lower compared to that of the concrete 
building. As compared to the concrete building, additional 1,556 tCO2e and 2,567 tCO2e are 
stored in the wood components of the building (long-term storage of biogenic carbon) in 
the scenario with fireproofing and with charring, respectively.” 

 

Life Cycle Assessment (LCA) of Cross-Laminated Timber (CLT) Produced in Western Washington: The Role 
of Logistics and Wood Species Mix 

• Publication: Sustainability 11 

• Authors: Cindy X. Chen, Francesca Pierobon, Indroneil Ganguly 

• Date: 2019 

• Link: Here 

• Description: “The use of cross-laminated timber (CLT), as an environmentally sustainable 
building material, has generated significant interest among the wood products industry, 
architects and policy makers in Washington State. However, the environmental impacts of 
CLT panels can vary significantly depending on material logistics and wood species mix. This 
study developed a regionally specific cradle-to-gate life cycle assessment of CLT produced in 
western Washington. Specifically, this study focused on transportation logistics, mill 
location, and relevant wood species mixes to provide a comparative analysis for CLT 
produced in the region. For this study, five sawmills (potential lamstock suppliers) in 
western Washington were selected along with two hypothetical CLT mills. The results show 
that the location of lumber suppliers, in reference to the CLT manufacturing facilities, and 
the wood species mix are important factors in determining the total environmental impacts 
of the CLT production. Additionally, changing wood species used for lumber from a heavier 
species such as Douglas-fir (Pseudotsuga menziesii) to a lighter species such as Sitka spruce 
(Picea sitchensis) could generate significant reduction in the global warming potential 
(GWP) of CLT. Given the size and location of the CLT manufacturing facilities, the mills can 
achieve up to 14% reduction in the overall GWP of the CLT panels by sourcing the lumber 
locally and using lighter wood species.” 

 

CORRIM Report: Life Cycle Assessment for the Production of Northeast - Northcentral Softwood Lumber 

• Publishing institution: Consortium for Research on Renewable Industrial Materials 

• Principal investigators/lead researchers: Maureen Puettmann 

• Date: 2019 

• Link: Here 

https://www.mdpi.com/2071-1050/11/5/1278/pdf
https://corrim.org/wp-content/uploads/2020/06/CORRIM-AWC-NENC-Lumber.pdf
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• Description: This study describes the energy and materials for producing softwood 
dimensional lumber in the (Northeast – Northcentral (NE-NC) region through a cradle-to-
gate life cycle inventory on the manufacturing process and discusses the environmental 
impacts, global warming, ozone depletion, acidification, smog, and eutrophication. Its goal 
was to generate a gate-to-gate LCA of NE-NC US softwood lumber manufacturing and use 
this data to develop a cradle-to-gate profile of NE-NC US Lumber. The study concluded that 
emissions from the forest resources LCI were small compared to manufacturing emissions; 
emissions at the mill site to land and water were small, and mill site airborne emissions 
originated mainly at the boiler and dryer. Electrical energy use was highest in the sawmill, 
and the drying process dominated overall energy use and emissions. Lumber production 
consumed 89% of total energy, and all of the mill on-site heat energy was generated with 
wood. Energy generated by renewable fuels represented about 63% of total energy from 
cradle-to-gate, making the NE-NC softwood lumber mills 63% energy self-sufficient. Total 
non-renewable fuel use was 35% of total energy from cradle-to-gate. Of the non-renewable 
fuels used, forestry operations consumed 17% and transportation consumed 13%. 

Assessing the greenhouse gas effects of harvested wood products manufactured from managed forests 
in Canada 

• Publication: Forestry: An International Journal of Forest Research 91 (2) pp.193–205 

• Authors: Jiaxin Chen, Michael T Ter-Mikaelian, Hongqiang Yang, Stephen J Colombo 

• Publication/completion date: April 2018 

• Link: Here 

• Description: “We developed a life-cycle analysis (LCA) system to quantify the carbon 
dynamics for Canadian-made harvested wood products (HWP). We considered the carbon 
stocks of HWP in use and in landfills/dumps, emissions reduced by substituting HWP for 
non-wood construction materials, HWP production emissions and methane emissions from 
decomposing wood disposed of in landfills. Carbon dynamics analyses were conducted for 
five HWP production scenarios. Results indicate structural panels have the highest potential 
in mitigating greenhouse gases (GHG) emissions, followed by lumber and non-structural 
panels. Net GHG effects of Canadian-made HWP were evaluated by integrating HWP carbon 
dynamics with forest carbon analysis using four forest management units (a total of 2.21 
million ha of forests managed for timber production) from Ontario, Canada, as a case study. 
If HWP substitution benefits were estimated using the average displacement factor, and the 
wood obtained by increasing harvesting (relative to the baseline harvest scenario) in these 
four management units is used for structural panel, lumber, non-structural panel and 
business as usual HWP production, 0, 21, 39 and 84 years are needed to achieve net 
emission reductions, respectively; net emission reductions were, respectively, estimated to 
be 112, 93, 66 and 21 Mt CO2-equivalent in 100 years. Our results suggest harvesting 
sustainably managed forests in Canada to produce long-lived solid HWP can significantly 
contribute to GHG mitigation.” 

 

Comparative assessment for biogenic carbon accounting methods in carbon footprint of products: a 
review study for construction materials based on forest products 

https://academic.oup.com/forestry/article/91/2/193/4812633?login=true
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• Publication: iForest Biogeosciences and Forestry 

• Authors: Lars Tellnes, Christelle Ganne-Chedeville, Ana Dias, Franz Dolezal, Callum Hill, and 
Edwin Zea Escamilla 

• Publication date: 2017 

• Link: Here 

• Description: “The forest and building sector is of major importance in climate change 
mitigation and therefore construction materials based on forest products are of great 
interest. While energy efficiency has had a large focus in climate change mitigation in the 
building sector, the carbon footprint of the construction material is gaining relevance. The 
carbon footprint of construction materials can vary greatly from one type to another, the 
building sector is consequently demanding documentation of the carbon footprint of the 
materials used. Using an environmental product declaration (EPD) is an objective and 
standardised solution for communicating the environmental impacts of construction 
products and especially their carbon footprint. Nevertheless, it is challenging to include the 
features of forest products as pools of carbon dioxide. There is currently a focus on research 
into methods for the accounting of sequestered atmospheric carbon dioxide and also 
implementation of these methods into technical standards. This paper reviews the recent 
research and technical standards in this field to promote a common understanding and to 
propose requirements for additional information to be included in EPDs of forest-based 
products. The main findings show the need for reporting the contribution of biogenic 
carbon to the total on greenhouse gas emissions and removals over the product’s lifecycle. 
In order to facilitate the implementation of more advanced methods from research, the EPD 
should also include more detailed information of the wood used, in particular species and 
origin.” 

 

Big Box Retail: Cost and environmental studies compare wood and steel buildings 

• Publishing institution: WoodWorks 

• Principal investigators/lead researchers: Frank Werner, Klaus Richter 

• Date: 2015 

• Link: Here 

• Description: This report examines the findings of two studies on opportunity for wood 
structure in stores and restaurants known as “big box” retail. The first study was a cost 
comparison and the second was a life cycle assessment, both on the same big box project 
designed in steel vs. wood. The comparison found that wood design outperformed steel 
both in terms of cost and environment. With respect to cost, there were savings of nearly 
$1 million, or 22%, primarily through structure cost savings and roof insulation savings. With 
respect to the environment, the wood building performed better than steel in five out of six 
impact categories, including global warming potential, acidification potential, 
eutrophication potential, smog potential, and non-renewable energy use (the last impact 
category was ozone depletion potential, where the wood building results were 5% higher). 
The study concluded that while big box retails buildings are most often framed with 

https://www.zora.uzh.ch/id/eprint/141252/1/iForest_ifor2386-010_Tellnes.pdf
https://www.woodworks.org/wp-content/uploads/Big-Box-Retail-Wood-vs-Steel-Oct-2015.pdf
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structural steel, masonry, and concrete, the use of wood framing could create significant 
cost savings and environmental impact reductions.  

 

The Environmental Performance of Renewable Building Materials in The Context of Residential 
Construction – Phase II 

• Publishing institution: Consortium for Research on Renewable Industrial Materials 

• Principal investigators/lead researchers: Bruce Lippke, Leonard Johnson, Jim Wilson, 
Maureen Puettmann 

• Date: 2011 

• Link: Here 

• Description: This study expands on the work of “The Environmental Performance of 
Renewable Building Materials in the Context of Residential Construction – Phase I” by 
extending the coverage to 11 of the modules in the research plan and providing more 
complete geographic coverage. The Phase II research reinforced Phase I findings that wood 
framing resulted in generally reduced environmental burdens relative to steel or concrete 
framing and that a life cycle perspective is essential because there can be large tradeoffs 
between the impact on one stage of processing relative to another such as storing carbon in 
the forest or in products. In addition to the environmental improvement opportunities 
identified in Phase I, this study recommended using more wood to meet seismic standards, 
recognizing that life cycle analysis is essential to measure improvement across all stages of 
processing as tradeoffs exist across the system, and that policy or investment decisions 
focusing on just one processing stage or carbon pool can be counterproductive, and 
focusing on product development that reduces the environmental footprint along with 
product life. 

 

A Synthesis of Research on Wood Products & Greenhouse Gas Impacts 

• Publishing institution: FPInnovations 

• Principal investigators/lead researchers: Roger Sathre, Jennifer O’Connor 

• Date: 2010 

• Link: Here 

• Description: This study reviewed existing scientific literature to summarize consensus 
findings or range of findings addressing the net life cycle GHG footprint of wood 
construction products. Reviewed studies include 66 international studies on fossil energy 
used in wood manufacturing compared to alternatives, the avoidance of industrial process 
carbon emissions as from cement manufacturing, carbon storage in forests and forest 
products, wood byproduct use as a biofuel replacement for fossil fuels, and carbon storage 
and emission due to forest products in landfills. All studies reviewed found that the 
production of wood-based materials resulted in lower greenhouse gas emission than 
alternative productions. Likewise, the majority of studies reviewed showed that over the full 
life cycle of building materials,  there were lower total emissions for wood products, and 

https://www.woodworks.org/wp-content/uploads/2071-2071-1-PB-Corrim-Phase-2-Report.pdf
https://www.woodworks.org/wp-content/uploads/FPI-Greenhouse-Gas.pdf
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end-of-life management of wood products was found to be the most significant variable to 
full life cycle carbon profile of wood products. In general, the study indicates that amongst 
the literature, there is a clear carbon rationale for increasing wood substitution for other 
products, as long as forests are sustainably managed and wood waste and byproducts are 
used responsibly. 

 

Life-Cycle Impacts of Inland Northwest and Northeast/North Central Forest Resources 

• Publishing institution: Consortium for Research on Renewable Industrial Materials 

• Principal investigators/lead researchers: Elaine E. Oneil, Leonard R. Johnson, Bruce R. 
Lippke, James B. McCarter, Marc E. McDill, Paul A. Roth, James C. Finley 

• Date: 2009 

• Link: Here 

• Description: This study provides a quantitative assessment of economic and environmental 
impacts of forest management activities in portions of the Inland Northwest (INW), 
including Montana, Idaho, and eastern Washington, and of the Northeastern and North 
Central (NE/NC) forests from Minnesota to Maine and south as far as Missouri, West 
Virginia, and Pennsylvania. The study employed different management scenarios, grouped 
productive timberlands by forest type, productivity, management intensity, and ownership, 
and used simulations from the US Forest Service Forest Vegetation Simulator to estimate 
standing and harvested biomass and log volumes passed on as resources to the 
manufacturing segments for lumber, plywood, or oriented strandboard. A single estimate of 
yield and the corresponding harvesting impacts was then produced by stratifying and 
averaging this data on ownership, management intensity, and forest type, and the study 
simulated both historic harvest rates and increased management intensity scenarios. The 
study found that in the INW, the shift to the higher intensity scenario increased the average 
production of merchantable volume at harvest to 249-399 m3/ha across the forested land in 
each ownership class; for the NE/NC region, the production of merchantable volume 
averaged 263 m3/ha for softwood and 328 m3/ha for hardwood forests with an insignificant 
volume response from more intensive management; average growth varied for INW forest 
categories from low on federal land with the base case of 0.7 – 6.7 m3/ha•yr for moist state 
and private land under the intensive management alternative. Current condition estimates 
of softwood log and bark carbon exported for mill processing in the INW and NE/NC regions 
were 751 and 988 kg/ha•yr. The study also compared average softwood removals and forest 
carbon from the four regions and found that removals from softwood forests were 
estimated at 3.3 (INW), 4.0 (NE/NC), 8.9 (SE), and 11.1 (PNW) m3/ha•yr—corresponding to 
an overall carbon transfer from the forest to the mill of approximately 751, 988, 1621, and 
3475 kg/ha•yr, respectively. The research posited that while not all carbon will, or should 
be, recoverable in normal harvesting operations, its analysis suggests that it creates 
substantial recovery opportunities.  

 

Wooden Building Products in Comparative LCA: A Literature Review 

• Publication: The International Journal of Life Cycle Assessment 12(7):470-479 

https://corrim.org/wp-content/uploads/2017/12/WFS_SI_Impacts_of_Inland_NW_NE_NC_Forest_Resources.pdf
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• Principal investigators/lead researchers: Frank Werner, Klaus Richter 

• Date: November 2007 

• Link: Here 

• Description: This study reviewed results of approximately 20 years of international research 
on the environmental impact of the life cycle of wood products used in the building sector 
compared to functionally equivalent products from other materials. Key results of the study 
include that fossil fuel consumption, potential contributions to the greenhouse effect, and 
quantities of solid waste tend to be minor for wood products compared to competed 
products; impregnated wood products tend to be more critical than comparative products 
with respect to toxicological effects and photosmog depending on the preservative used; 
wood product incineration can cause higher acidification and eutrophication impacts than 
other products, while thermal energy can be recovered; there is high consumption of fossil 
energy associated with the production of fibers, participles/chips, and glues, resins, etc.; 
and in LCAs of entire buildings, materials used outside the areas of applicability of wood 
dominate the environmental profile of the building. The study’s concluded that wood 
products installed and used appropriately have a favorable environmental impact in 
comparison to functionally equivalent products from other materials. 

 

The Environmental Performance of Renewable Building Materials in the Context of Residential 
Construction – Phase I 

• Publishing institution: Consortium for Research on Renewable Industrial Materials 

• Principal investigators/lead researchers: John Perez-Garcia, Bruce Lippke, David Briggs, 
James B. Wilson, James Bowyer, Jaime Meil 

• Date: 2005 

• Link: Here 

• Description: This study evaluates the performance of wood products with respect to energy 
use and material utilization. Given increasingly intense public interest and debate on 
environmental impacts and sustainability of building products manufacture and use, and 
concerns about forest management/product flow that originate from forests, the research 
evaluated the life-cycle performance of comparable materials used in the construction, use 
and demolition of residential houses. The study identified key environmental improvement 
opportunities, including redesigning houses to use less fossil-intensive products (e.g., steel 
and concrete); redesigning houses to reduce energy use (both active and passive); adopting 
building codes that reduce the use of wood, steel, and concreted; utilizing low-valued wood 
fiber for biofuel to substitute for fossil fuels; using engineered products producing higher-
valued products from less desirable species; improving efficiencies for processes like the 
boiler or dryer to reduce energy use; improving pollution control; employing more intensive 
forest management; increasing recycling of demolition wastes; and increasing product 
durability (primarily applies to moisture/weather exposed areas). 

 

https://www.researchgate.net/publication/225509271_Wooden_building_products_in_comparative_LCA
https://www.woodworks.org/wp-content/uploads/2071-2071-1-PB-Corrim-Phase-1-Report.pdf
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VI. FOREST CARBON FLUX AND MITAGATION POTENTIAL 

Carbon budget of the Harvard Forest Long‐Term Ecological Research site: pattern, process, and response 

to global change 

• Publication: Ecological Monographs 90(4) 

• Authors: Adrien C. Finzi, Marc‐André Giasson, Audrey A. Barker Plotkin, John D. Aber, 

Emery R. Boose, Eric A. Davidson, Michael C. Dietze, Aaron M. Ellison, Serita D. Frey, Evan 
Goldman, Trevor F. Keenan, Jerry M. Melillo, J. William Munger, Knute J. Nadelhoffer, Scott 
V. Ollinger, David A. Orwig, Neil Pederson, Andrew D. Richardson, Kathleen Savage, Jianwu 
Tang, Jonathan R. Thompson, Christopher A. Williams, Steven C. Wofsy, Zaixing Zhou, David 
R. Foster 

• Publication/completion date: August 2020 

• Link: Here 

• Description: “How, where, and why carbon (C) moves into and out of an ecosystem through 
time are long‐standing questions in biogeochemistry. Here, we bring together hundreds of 

thousands of C‐cycle observations at the Harvard Forest in central Massachusetts, USA, a 

mid‐latitude landscape dominated by 80–120‐yr‐old closed‐canopy forests. These data 

answered four questions: (1) where and how much C is presently stored in dominant forest 
types; (2) what are current rates of C accrual and loss; (3) what biotic and abiotic factors 
contribute to variability in these rates; and (4) how has climate change affected the forest’s 
C cycle? Harvard Forest is an active C sink resulting from forest regrowth following land 
abandonment. Soil and tree biomass comprise nearly equal portions of existing C stocks. 
Net primary production (NPP) averaged 680–750 g C·m−2·yr−1; belowground NPP 
contributed 38–47% of the total, but with large uncertainty. Mineral soil C measured in the 
same inventory plots in 1992 and 2013 was too heterogeneous to detect change in soil‐C 

pools; however, radiocarbon data suggest a small but persistent sink of 10–30 g C·m−2·yr−1. 
Net ecosystem production (NEP) in hardwood stands averaged ~300 g C·m−2·yr−1. NEP in 
hemlock‐dominated forests averaged ~450 g C·m−2·yr−1 until infestation by the hemlock 

woolly adelgid turned these stands into a net C source. Since 2000, NPP has increased by 
26%. For the period 1992–2015, NEP increased 93%. The increase in mean annual 
temperature and growing season length alone accounted for ~30% of the increase in 
productivity. Interannual variations in GPP and NEP were also correlated with increases in 
red oak biomass, forest leaf area, and canopy‐scale light‐use efficiency. Compared to long‐

term global change experiments at the Harvard Forest, the C sink in regrowing biomass 
equaled or exceeded C cycle modifications imposed by soil warming, N saturation, and 
hemlock removal. Results of this synthesis and comparison to simulation models suggest 
that forests across the region are likely to accrue C for decades to come but may be 
disrupted if the frequency or severity of biotic and abiotic disturbances increases.” 

 

Greenhouse gas emissions and removals from forest land, woodlands, and urban trees in the United 
States, 1990-2018 

https://esajournals.onlinelibrary.wiley.com/doi/epdf/10.1002/ecm.1423
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• Sponsoring institution: U.S. Department of Agriculture, Forest Service, Northern Research 
Station. Resource Update FS-227 

• Authors: Grant M. Domke; Brian F. Walters; David J. Nowak; James Smith; Stephen M. Ogle; 
J.W. Coulston; T.C. Wirth 

• Date: 2020 

• Link: Here 

• Description: “As a signatory to the United Nations Framework Convention on Climate 
Change (UNFCCC), the United States has been reporting an economy-wide Inventory of 
greenhouse gas (GHG) emissions and removals since the mid-1990s (US EPA 2020). Forest 
land, harvested wood products (HWPs), and urban trees within the land sector collectively 
represent the largest net carbon (C) sink in the United States, offsetting more than 11 
percent of total GHG emissions annually (US EPA 2020). Estimates of GHG emissions and 
removals are compiled by U.S. Department of Agriculture (USDA) Forest Service researchers 
and are based primarily on National Forest Inventory (NFI) data collected and maintained by 
the Forest Inventory and Analysis (FIA) program within the USDA Forest Service. This 
report—the second in a new series of annual updates—provides an overview of the status 
and trends of GHG emissions and removals from forest land, woodlands in the grassland 
category, HWPs, and urban trees in settlements in the United States from 1990 to 2018. The 
estimates for the United States summarized here are based on the compilation reported in 
the Land Use, Land-Use Change, and Forestry chapter of the US EPA (2020) submission to 
the UNFCCC. New in this report, most of the national scale estimates are also reported by 
individual U.S. state (Fig. 1) and are available online for the entire 1990-2018 time series.” 

 

A systems approach to assess climate change mitigation options in landscapes of the United States forest 
sector 

• Publication: Carbon Balance and Management 13(1) 

• Authors: Dugan, Alexa J.; Birdsey, Richard; Mascorro, Vanessa S.; Magnan, Michael; Smyth, 
Carolyn E.; Olguin, Marcela; Kurz, Werner A. 

• Publication/completion date: 2018 

• Link: Here  

• Description: “United States forests can contribute to national strategies for greenhouse gas 
reductions. The objective of this work was to evaluate forest sector climate change 
mitigation scenarios from 2018 to 2050 by applying a systems- based approach that 
accounts for net emissions across four interdependent components: (1) forest ecosystem, 
(2) land-use change, (3) harvested wood products, and (4) substitution benefits from using 
wood products and bioenergy. We assessed a range of land management and harvested 
wood product scenarios for two case studies in the U.S: coastal South Carolina and Northern 
Wisconsin. We integrated forest inventory and remotely-sensed disturbance data within a 
modelling framework consisting of a growth-and-yield driven ecosystem carbon model; a 
harvested wood products model that estimates emissions from commodity production, use 
and post-consumer treatment; and displacement factors to estimate avoided fossil fuel 
emissions. We estimated biophysical mitigation potential by comparing net emissions from 

https://www.fs.usda.gov/treesearch/pubs/all/59852
https://www.fs.usda.gov/treesearch/pubs/57016
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land management and harvested wood products scenarios with a baseline ('business as 
usual') scenario. Results: Baseline scenario results showed that the strength of the 
ecosystem carbon sink has been decreasing in the two sites due to age-related productivity 
declines and deforestation. Mitigation activities have the potential to lessen or delay the 
further reduction in the carbon sink. Results of the mitigation analysis indicated that 
scenarios reducing net forest area loss were most effective in South Carolina, while 
extending harvest rotations and increasing longer-lived wood products were most effective 
in Wisconsin. Scenarios aimed at increasing bioenergy use either increased or reduced net 
emissions within the 32-year analysis timeframe. Conclusions: It is critical to apply a systems 
approach to comprehensively assess net emissions from forest sector climate change 
mitigation scenarios. Although some scenarios produced a benefit by displacing emissions 
from fossil fuel energy or by substituting wood products for other materials, these benefits 
can be outweighed by increased carbon emissions in the forest or product systems. 
Maintaining forests as forests, extending rotations, and shifting commodities to longer-lived 
products had the strongest mitigation benefits over several decades. Carbon cycle impacts 
of bioenergy depend on timeframe, feedstocks, and alternative uses of biomass, and cannot 
be assumed carbon neutral.” 

 

Substitution effects of wood-based products in climate change mitigation 

• Publication: From Science to Policy 7. European Forest Institute 

• Authors: Pekka Leskinen, Giuseppe Cardellini, Sara González-García, Elias Hurmekoski, 
Roger Sathre, Jyri Seppälä, Carolyn Smyth, Tobias Stern and Pieter Johannes Verkerk. 

• Publication/completion date: 2018 

• Link: Here 

• Description: “While the positive role of forests in climate change mitigation is generally well 
perceived, the contribution of wood products to mitigation is much less known and 
understood. Current national reporting of greenhouse gas emissions to the United Nations 
Framework Convention on Climate Change (UNFCCC) and related processes does not 
attribute the substitution benefits of wood-based products directly to the forest sector. 
However, this information is important when developing optimal strategies on how forests 
and the forest sector can contribute to climate change mitigation. 

“A substitution factor (or displacement factor) typically describes how much greenhouse gas 
emissions would be avoided if a wood-based product is used instead of another product to 
provide the same function – be it a chemical compound, a construction element, an energy 
service or a textile fibre. Overall greenhouse gas substitution effects can be estimated by 
combining information on the quantity of wood products that are produced or consumed, 
with product-specific substitution factors. 

“The number of available scientific papers linked to substitution has increased in recent 
years, however, there is a lack of studies that provide an overall synthesis of the topic. This 
From Science to Policy study aims to help us to better understand what is the most updated 
knowledge on greenhouse gas effects of various wood products compared to alternative 

https://doi.org/10.36333/fs07
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materials, and what are the limitations. It also identifies important research gaps that 
should be covered to have a better understanding of the substitution effects." 

 

Carbon, Fossil Fuel, and Biodiversity Mitigation with Wood and Forests 

• Publishing institution: Journal of Sustainable Forestry 33(3) 

• Authors: Chadwick Dearing Oliver, Nedal T. Nassar, Bruce R. Lippke & James B. McCarter 

• Date: 2014 

• Link: Here 

• Description: “Life-cycle analyses, energy analyses, and a range of utilization efficiencies 
were developed to determine the carbon dioxide (CO2) and fossil fuel (FF) saved by various 
solid wood products, wood energy, and unharvested forests. Some products proved very 
efficient in CO2 and FF savings, while others did not. Not considering forest regrowth after 
harvest or burning if not harvested, efficient products save much more CO2 than the 
standing forest; but wood used only for energy generally saves slightly less. Avoided 
emissions (using wood in place of steel and concrete) contributes the most to CO2 and FF 
savings compared to the product and wood energy contributions. Burning parts of the 
harvested logs that are not used for products creates an additional CO2 and FF savings. 
Using wood substitutes could save 14 to 31% of global CO2 emissions and 12 to 19% of 
global FF consumption by using 34 to 100% of the world’s sustainable wood growth. 
Maximizing forest CO2 sequestration may not be compatible with biodiversity. More CO2 
can be sequestered synergistically in the products or wood energy and landscape together 
than in the unharvested landscape. Harvesting sustainably at an optimum stand age will 
sequester more carbon in the combined products, wood energy, and forest than harvesting 
sustainably at other ages.” 

 

Quantifying the biophysical climate change mitigation potential of Canada’s forest sector 

• Publishing institution: Biogeosciences 

• Authors: C. E. Smyth, G. Stinson, E. Neilson, T. C. Lemprière, M. Hafer, G. J. Rampley, and W. 
A. Kurz 

• Date: 2014 

• Link: Here 

• Description: “The potential of forests and the forest sector to mitigate greenhouse gas 
(GHG) emissions is widely recognized, but challenging to quantify at a national scale. Forests 
and their carbon (C) sequestration potential are affected by management practices, where 
wood harvesting transfers Cout of the forest into products, and subsequent regrowth allows 
further C sequestration. Here we determine the mitigation potential of the 2.3×106 km2 of 
Canada’s managed forests from 2015 to 2050 using the Carbon Budget Model of the 
Canadian Forest Sector (CBM-CFS3), a harvested wood products (HWP) model that 
estimates emissions based on product half-life decay times, and an account of emission 
substitution benefits from the use of wood products and bioenergy. We examine several 

https://doi.org/10.1080/10549811.2013.839386
https://bg.copernicus.org/articles/11/3515/2014/
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mitigation scenarios with different assumptions about forest management activity levels 
relative to a base case scenario, including improved growth from silvicultural activities, 
increased harvest and residue management for bioenergy, and reduced harvest for 
conservation. We combine forest management options with two mitigation scenarios for 
harvested wood product use involving an increase in either long-lived products or bioenergy 
uses. Results demonstrate large differences among alternative scenarios, and we identify 
potential mitigation scenarios with increasing benefits to the atmosphere for many decades 
into the future, as well as scenarios with no net benefit over many decades. The greatest 
mitigation impact was achieved through a mix of strategies that varied across the country 
and had cumulative mitigation of 254 TgCO2e in 2030, and 1180 TgCO2e in 2050. There was 
a trade-off between short-term and long-term goals, in that maximizing short-term 
emissions reduction could reduce the forest sector’s ability to contribute to longer-term 
objectives. We conclude that (i) national-scale forest sector mitigation options need to be 
assessed rigorously from a systems perspective to avoid the development of policies that 
deliver no net benefits to the atmosphere, (ii) a mix of strategies implemented across the 
country achieves the greatest mitigation impact, and (iii) because of the time delays in 
achieving carbon benefits for many forest-based mitigation activities, future contributions 
of the forest sector to climate mitigation can be maximized if implemented soon.” 

 

Potential increases in natural disturbance rates could offset forest management impacts on ecosystem 
carbon stocks 

• Publishing institution: Forest Ecology and Management 308 

• Authors: Bradford, John B.; Jensen, Nicholas R.; Domke, Grant M.; D'Amato, Anthony W. 

• Date: 2013 

• Link: Here  

• Description: “Forested ecosystems contain the majority of the world’s terrestrial carbon, 
and forest management has implications for regional and global carbon cycling. Carbon 
stored in forests changes with stand age and is affected by natural disturbance and timber 
harvesting. We examined how harvesting and disturbance interact to influence forest 
carbon stocks over the Superior National Forest, in northern Minnesota. Forest inventory 
data from the USDA Forest Service, Forest Inventory and Analysis program were used to 
characterize current forest age structure and quantify the relationship between age and 
carbon stocks for eight forest types. Using these findings, we simulated the impact of 
alternative management scenarios and natural disturbance rates on forest-wide terrestrial 
carbon stocks over a 100-year horizon. Under low natural mortality, forest-wide total 
ecosystem carbon stocks increased when 0% or 40% of planned harvests were 
implemented; however, the majority of forest-wide carbon stocks decreased with greater 
harvest levels and elevated disturbance rates. Our results suggest that natural disturbance 
has the potential to exert stronger influence on forest carbon stocks than timber harvesting 
activities and that maintaining carbon stocks over the long-term may prove difficult if 
disturbance frequency increases in response to climate change.” 

 

https://www.fs.usda.gov/treesearch/pubs/45050
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The illusion of preservation: a global environmental argument for the local production of natural 
resources 

• Publishing institution: Journal of Biogeography 

• Authors: Mary M. Berlik, David B. Kittredge, and David R. Foster 

• Date: 2002 

• Link: Here  

• Description: “The United States (US) and other affluent countries consume vast quantities 
of global natural resources, but contribute proportionately less to the extraction of many 
raw materials. This imbalance is due, in part, to domestic policies intended to protect the 
environment. Ironically, developed nations are often better equipped to extract resources 
in an environmentally prudent manner than the major suppliers. Thus, although citizens of 
affluent countries may imagine that preservationist domestic policies are conserving 
resources and protecting nature, heavy consumption rates necessitate resource extraction 
elsewhere and oftentimes under weak environmental oversight. A major consequence of 
this ‘illusion of natural resource preservation’ is greater global environmental degradation 
than would arise if consumption were reduced and a large portion of production was shared 
by affluent countries. This paper considers some implications of the consumption, 
management and conservation of forests and wood at a local and global scale.” 

 

https://harvardforest.fas.harvard.edu/sites/default/files/Berlik_JBiogeography_2002.pdf

