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Substitution effects of wood-based products in climate change mitigation
Online materials

Methods of the systematic review

We identified appropriate studies based on a comprehensive literature search. We began by
conducting three queries in Scopus:

1 forest AND ( displace* OR substitut* ) AND carbon AND product*

2 Ica AND wood AND substit*

3 compar* and LCA and wood

These queries identified 488 studies, 87 and 377 studies, respectively. We screened the documents
for relevance based on information provided in titles, abstracts, keywords and results, and
shortened the list to 81 studies in the first query, 22 studies in the second query and 12 studies in
the third query. We also reviewed the reference lists of the identified studies to identify additional
relevant references and considered the studies by Riter et al. (2016) and Valada et al. (2016).
Reviewed studies were limited to those published in English, Swedish, Finnish, German or French.

The review includes only studies that provided original substitution factors and excluded studies
relying fully on substitution factors from previous studies. Furthermore, we included studies which
contained original data that could be used to calculate substitution factors, i.e. GHG emissions from
a wood product, GHG emissions from a functionally-equivalent non-wood product, amount of wood
contained in the wood product, and amount of wood contained in the non-wood product. Studies
were excluded from the meta-analysis if they only provided estimates for emissions during the life
cycle of a wood product but did not compare against a non-wood product. For studies that included
multiple scenarios or estimates for substitution factors, we included each estimate as a separate
datapoint in our meta-analysis.

In total, we identified 51 relevant studies, containing 433 separate substitution factors. We compiled
the substitution factor data in a spreadsheet, together with other relevant data including the life
cycle stage(s) considered in the study, the type of wood and non-wood products, and characteristics
of the manufacturing process and end-of-life management of the products. We then converted the
substitution factors into common units of GHG emission reduction due to using wood products
(expressed in mass units of carbon) per unit of additional wood used in the wood product compared
to the non-wood product (expressed in mass units of carbon). Where necessary for unit conversions,
we used IPCC default values for sawn wood density (0.458 Mg oven dry mass per m? air dry volume)
and for carbon fraction of oven dry wood (0.5) (IPCC 2013). Unless otherwise stated, we assumed an
air-dry moisture content of 15% (mass of water per mass of oven dry wood). Analyses were carried
out in R version 3.4.2.
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Review of upscaling studies

Table 1 summarizes the data types and approaches applied in upscaling calculations in eight
different studies representing 7 countries. These studies used some of the same information (e.g.
FAO statistics) but most used regional or national databases. In many cases modeling approaches
(MO) were applied to reflect dynamic processes, and these models are a combination of empirical
data (D) and process models. Scaling up to larger landscapes or country level analyses always relied
on smaller scale studies (ST) and/or assumptions (AS).

Table 1: Data sources applied in upscaling studies

D Empirical data
SD Statistical Database

ST Studies
AS Assumptions
MO Model(s)
- Not Available
Smyth et Chen et al. Matsumoto | Knaufetal. | Soimakallio Suteretal. | Braunetal. | Lundmark
al. 2014 2018 etal. 2016 | 2015 etal. 2016 | 2017 2016 etal. 2014
Forest GHG D, MO D, MO SD, ST, D, MO AS, MO | SD, MO SD SD, ST,
emissions and MO MO
removals
Primary Wood SD SD, MO | sDb, MO | SD, MO | SD, MO | SD, MO | SD, MO MO
Products
End Use ST,SD | SD, MO | SD, MO ST SD SD MO ST
Statistics
Emission ST ST ST ST AS, ST SD ST SD
Values
Half Lives AS ST ST ST - AS AS ST
Alternative ST ST - ST - - - ST
products

Braun, M., Fritz, D., Weiss, P., Braschel, N., Blichsenmeister, R., FreudenschuR, A., Gschwantner, T.,
Jandl, R., Ledermann, T., Neumann, M., Polz., W., Schadauer, K., Schmid, C., Schwarzbauer, P., &
Stern, T., 2016. A holistic assessment of greenhouse gas dynamics from forests to the effects of
wood products use in Austria, Carbon Management, 7(5-6), pp. 271-283.



Chen, J., Ter-Mikaelian, M., Yang, H., Colombo, S., 2018. Assessing the greenhouse gas effects of
harvested wood products manufactured from managed forests in Canada. Forestry, Volume 00, pp.
1-13.

Knauf, M., Kéhl, M., Mues, V., Olschofsky, K., Friihwald, A. 2015. Modeling the CO2-effects of forest
management and wood usage on a regional basis. Carbon Balance and Management, 10 (1)

Lundmark, T., Bergh, J., Hofer, P., Lundstrom, A., Nordin, A., Poudel, B.C., Sathre, R., Taverna, R. and
Werner, F., 2014. Potential Roles of Swedish Forestry in the Context of Climate Change Mitigation,
Forests 2014, 5, 557-578; d0i:10.3390/f5040557

Matsumoto, M., Oka, H., Mitsuda, Y., Hashimoto, S., Kayo, C., Tsunetsugu, Y. & Tonosaki, M., 2016.
Potential contributions of forestry and wood use to climate change mitigation in Japan. Journal of
Forest Research, 21, 211-222.

Smyth C.E., Stinson G., Neilson E., Lempriere T.C., Hafer M., Rampley G.J., Kurz W.A., 2014.
Quantifying the biophysical climate change mitigation potential of Canada's forest sector.
Biogeosciences, 11, 3515-3529.

Soimakallio, S., Saikku, L., Valsta, L., Pingoud, K., 2016. Climate Change Mitigation Challenge for
Wood Utilization The Case of Finland. Environ. Sci. Technol. 50, 5127-5134.

Suter, F., Steubing, B., Hellweg, S., 2017. Life Cycle Impacts and Benefits of Wood along the Value
Chain: The Case of Switzerland. Journal of Industrial Ecology 21, 874—-886.



