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The study aimed to investigate the climate change mitigation potentials and economic profitability of forest biomass (timber and energy biomass) production and utilization in substituting fossil-intensive materials and energy under alternative forest management scenarios in Finnish boreal conditions. The effects of alternative management on mitigation potentials, expressed as net CO2 exchange, were calculated by summing up carbon sink/source dynamics in both forest ecosystem and technosystem. The work employed forest ecosystem model (SIMA) simulations to assess carbon sequestration and production of timber (sawlogs and pulpwood) and energy biomass (logging residues, coarse roots, and stumps) in forests, and a life cycle assessment (LCA) tool to calculate net CO2 exchange of biomass utilization. Current Finnish forest management recommendations targeting timber production were used as a baseline. Alternative management scenarios included higher/lower stocking in thinning and harvest intensities in final felling (timber, logging residues, with and without coarse roots and stumps). The study showed that maintaining 20% higher stocking and intensive biomass harvesting would increase mitigation potential in comparison with baseline since they could increase carbon sequestration and biomass production. However, a tradeoff between greatest mitigation benefits and economic profitability existed. Sawn wood products would be the best option for long-term substitution and prolonging techno-carbon stocks. The mitigation benefits in forests initially dominated more by younger stands were greater compared to that by old stands in Finland. Therefore, the timing of carbon sequestration and substitution impacts, integrated with initial conditions of forests may influence the preference of forest management for climate-smart forestry.
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