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S1. The global contribution of LULUCF to the climate pledges made in Paris

A comprehensive analysis of the global contribution of the Land Use, Land-Use Change and Forestry (LULUCF) sector to the countries’ climate pledges made at the Paris Climate Change Conference in December 20151 has been done by Grassi et al.2. Another analysis, with broadly similar results, has been conducted by Forsell et al.3.
The figure 1 in the main text, in combination with Additional table S1 below, shows that globally LULUCF is expected to provide up to a quarter of the greenhouse gas (GHG) emission reductions planned by countries. Realizing and tracking this mitigation potential require more transparency in countries’ pledges and enhanced science-policy cooperation to increase confidence in numbers2,4. This global-level contribution mainly comes from the expected reduction of emissions from deforestation and forest degradation in Brazil and Indonesia.

Table S1. Information on Nationally Determined Contributions of the countries shown in Figure 1, based on Grassi et al.2. For further details, see Fig. 4b, supplementary section 2 and supplementary Table 5 in Grassi et al.2.

	 
 
	Information from Nationally Determined Contributions

	
	Reference total GHG emissions
	Target 
	Planned total GHG emissions reduction
Gt CO2/y

	
	year
	Gt CO2/y
	         year
	Max reduction
(relative to reference year)
	

	Brazil
	2005
	2.1
	     2030
	-43%
	-0.9

	Indonesia
	BAU 2030
	2.9
	     2030
	-41%
	-1.2

	Russia
	1990
	3.9
	     2030
	-30%
	-1.2

	EU
	1990
	5.6
	     2030
	-40%
	-2.3

	Other countries
	
	55.4
	
	
	-10.3

	All countries
	 
	69.9
	 
	 
	-15.8






S2. The contribution of EU forests to meet the climate targets 

S2.1. Assessing the greenhouse gas mitigation by forest management
Assessing the GHG mitigation outcomes in the forest sector is more complex than in other GHG sectors (e.g., energy, agriculture). This is because it can be hard to disentangle the simultaneous natural and anthropogenic processes that determine forest-related fluxes5. Moreover, unlike in other sectors, future emissions and removals in forests can change over time as a result of forest characteristics such as age-class distributions, which are largely determined by past forest management and natural disturbances6. 
Under the United Nations Framework Convention on Climate Change (UNFCCC), this complexity has been addressed through a distinction between “reporting” and “accounting” of GHG fluxes, which is unique for the LULUCF sector7,8.
“Reporting” refers to the inclusion of estimates of anthropogenic GHG fluxes in national GHG inventories, following the methodological guidance provided by the Intergovernmental Panel on Climate Change (IPCC). The GHG inventories reported under the UNFCCC should, in principle, aim to reflect “what the atmosphere sees” in “managed lands”4,9, within the limits imposed by the method used and the available data. These inventories include the carbon stock changes in all the carbon pools, including living biomass, dead organic matter, soil and harvested wood products.
In the context of mitigation targets (e.g. under the Kyoto Protocol, the Paris Agreement and the EU 2030 climate targets), “accounting” refers to the comparison of emissions and removals with respect to a target and quantifies progress toward this target. Targets are typically expressed relative to the emissions in a base year (or a baseline/benchmark), thus the accounted mitigation outcomes should reflect genuine deviations from the activities generating emissions in the base year (or baseline/benchmark). For the LULUCF sector, specific “accounting rules” may be applied to filter reported flux estimates with the aim to better quantify the results of mitigation actions. LULUCF accounting then produces “debits” or “credits” (i.e. extra emissions or extra emission reductions, respectively) that count toward the target. 
In the context of the recent EU LULUCF legislation10, the forest management mitigation (i.e. the contribution of managed forests to the EU climate targets in the period 2021-2030) will be determined by comparing the actual forest sink to a predetermined science-based projected benchmark (called “forest reference level”), which reflects the continuation of the historical forest management practices taking into account the dynamic impacts of forest aging5,11. If the actual sink falls below this reference level, the corresponding accounting “debit” will need to be compensated for, through extra emission reduction efforts in other GHG sectors, such as transport, agriculture or energy. Therefore, irrespective of the potential evolution of the forest sink12, if the contribution of forests to the EU target has to be assessed, the specific forest accounting rules (such as forest reference level) have to be fully taken into account. Once this is done, the contribution from forests to the EU 2030 target appears relatively small5,13, as discussed in the main text.
Beyond the “direct” forest GHG mitigation described above, reflected in the LULUCF sector, forests may contribute also “indirectly”, through the utilization of wood as an energy source and the substitution of energy intensive materials with durable long life wood products. Here we consider this contribution as “indirect” because it generates GHG savings in other GHG sectors, such as energy and buildings, but not directly in the LULUCF sector.
While the GHG savings from material substitution are addressed elsewhere14, in the following section we illustrate the methodology used to estimate the likely contribution of forest-based bioenergy to the EU 2030 climate target, as reported in the main text.

S2.2. Estimating the contribution of forest-based bioenergy to the EU 2030 climate target
The results presented in support of this comment are not intended to provide a comprehensive assessment of the GHG savings associated with the use of wood for energy purposes in the European Union (EU, including 28 Member States). Rather, we aim to provide an order of magnitude of the expected relative additional contribution of EU wood bioenergy to the EU 2030 climate targets. In doing so, we took into account the new EU LULUCF legislation10, and the accounting rules for forest management, i.e. the forest reference level reflecting the continuation of the historical forest management practices5,11. If the future sink falls below this reference level, the corresponding accounting “debit” from LULUCF will need to be compensated for, through extra emission reduction efforts in other GHG sectors. 
In other words, we have tried to address the question: approximately how much of the planned 40% EU GHG emission reduction in 2030 vs. 1990 can be expected to come from an increase in the use of EU domestic wood production utilised for energy purposes in the same period, without generating accounting debits in the forest (and thus LULUCF) sector? To this aim, below we describe a systems analysis that we made of the essential elements of wood industry resource supply and utilization chains, referring to wood production statistics for the EU.
The Eurostat/UNECE/FAO/ITTO Joint Forest Sector Questionnaire (JFSQ) forest products datasets15, available through the FAOSTAT database16, provide data on the production and international trade of many commodities, including forestry products. These data can be used to estimate the quantity of wood produced and used for energy purposes within the EU.
The database contains data reported for each year on the roundwood produced by countries, including those countries comprising the EU. The reported roundwood production is also disaggregated into four categories of primary products, i.e. (i) sawlogs and veneer logs, (ii) pulpwood, (iii) other industrial roundwood and (iv) wood fuel (including wood for charcoal).  These categories are also reported separately for coniferous and non-coniferous wood.
Although it may be assumed that all the material in the category of wood fuel is used for energy purposes, this does not represent all of the wood used for this purpose. This is because, in addition to wood harvested specifically for energy purposes, wood in other categories includes a significant proportion that is utilised for energy. When other categories of roundwood are processed into sawnwood, paper, card, panelboards, fencing products, etc., residues are generated as by-products in the form of offcuts, bark, slabwood, chips, sawdust and other wood particles. Hence, in order to estimate the total use of roundwood for energy purposes, it is necessary to estimate the proportion of industrial residues generated from other product categories, and of these the proportion utilised for energy. Since 1992, the production of chips, particles and residues has been reported explicitly as a separate category in FAOSTAT data, however, these categories were not reported in 1990. Furthermore, a significant proportion of this material is burned for process heat or power within sawmills and other production plants (and therefore not traded), so it is likely that the quantities reported under this category represent significant underestimates. Hence, the estimation of the quantities of total wood production in the EU used for energy purposes required the analysis of the subsequent utilisation of the four categories of roundwood described above. This analysis involved a number of assumptions as stated below.
Firstly, FAOSTAT roundwood statistics are reported as under-bark volumes (in cubic metres). For the purposes of this assessment, the reported roundwood statistics were converted to equivalent over-bark volumes, by assuming that bark represents an additional 15% of the under-bark roundwood volume of both coniferous and non-coniferous roundwood produced in the EU. However the considerable variation between tree species and within individual trees should be noted.
It was further assumed that 50% of the over-bark sawlog volume is converted into sawnwood with the remainder becoming residues in the form of chips (10%) and other types of residue (40%). For the pulpwood category, it was assumed that 85% of the over-bark volume is utilised for wood-based panels, paper and card, fencing etc., with 5% of the volume becoming residues in the form of chips with a further 10% becoming other residues. For the category of other industrial roundwood, it was assumed that 75% of the over-bark volume is utilised for wood-based panels, paper and card, fencing etc., with 5% of the volume becoming chips and a further 20% becoming other residues.
Having estimated the generation of chips and residues from the (non-wood fuel) roundwood categories, it was then assumed that 50% of the chips and 75% of the other residues are used for energy purposes.
Additional Table S2 shows estimates derived according to the methods described above for the total wood volume produced in the EU and used for energy purposes, in the years 1990 and 2015.

Table S2. Estimates of wood volume produced in the EU (including 28 countries) and used for energy purposes
	Year
	Wood volume (Mm3)

	
	Wood fuel1
	Other categories2
	Total

	1990
	74
	90
	164

	2015
	125
	107
	232


1. Wood production reported as “wood fuel” in FAO statistics for the EU28 plus bark (15%)
2. Wood production in other FAO categories used for energy purposes, estimated as described above (including bark).

An estimate of the GHG emissions mitigated by the utilisation of wood produced in the EU used for energy purposes in the years 1990 and 2015 was then derived.
First, for each year, the result for total wood volume in Supplementary Table 1 was converted to an estimate of wood mass in units of oven-dry tonnes (odt). A conversion factor of 0.435 odt per m3 was conversion, based on assumptions about the wood density of coniferous and non-coniferous wood and the contributions made by these types of wood to total production.  This gave estimates of 73 and 101 Modt respectively for the years 1990 and 2015. These results were estimated by an assumed emissions displacement factor of 1.32 tCO2-equivalent odt-1 (or roughly 0.57 tCO2-equivalent m-3), giving results for GHG emissions mitigated in 1990 and 2015 of 94 and 133 MtCO2-equivalent, respectively. The assumed GHG emissions displacement factor was based on LCA data and results reported by Matthews et al.17, and involved assuming a counterfactual energy source of oil. This leads to estimates of displaced GHG emissions that are greater than if a counterfactual of natural gas were to be assumed, but less than would be the case for an assumed counterfactual of coal.
We then combined the numbers above for 2015 with the additional EU-level harvest expected by 2030 under the continuation of historical forest management practices, i.e. consistent with the “forest reference level” accounting as described in the EU legislation and assuming no LULUCF debits. This additional harvest was estimated from various sources5,12,17, and ranges between about 40 and 70 additional Mm3 in 2030 relative to 2015. By considering the same share on energy vs. non-energy wood as documented historically10 and the conversion factors described above, the expected potential GHG emissions savings associated with forest-based bioenergy are estimated around 153 MtCO2 in 2030. 
Therefore, relative to the EU’s climate target under the Paris Agreement (reduction of about 2250 Mt CO2e/y, i.e. from about 5650 Mt CO2e/y in 1990 to about 3400 Mt CO2e/y in 2030), the indirect contribution of EU forest-based bioenergy to the EU 2030 emission reduction target would realistically add another 3% ((153-94)/2250).
Note that, for the purpose of this comment, we do not discuss the specific GHG savings from various bioenergy pathways, extensively discussed elsewhere18. 

It should be acknowledged that large uncertainties exist on the forest-based bioenergy data for 1990, and that different approaches (including different methods to disaggregate available statistics) may lead to different estimates of the amount of wood used for energy purposes. 
As example of a different approach, Camia et al.19 performed a comprehensive analysis of wood flows within the forest sector, covering non-energy as well as energy uses of harvested wood, trade in wood commodities and reconciliation of estimates with other available data sources on wood energy use within the EU. They estimated EU wood resource balance sheets and woody biomass flows using both forest-based sector statistics (from the FAOSTAT database described above) and energy-related statistics such as the UNECE/FAO Joint Wood Energy Enquiry (JWEE)20 and the EU Member States national renewable energy action plans (NREAPs) Progress Reports21. For the year 2015, their findings show that energy statistics imply a significantly greater amount of forest-based bioenergy (more than 400 Mm3) compared to forest-based sector statistics19. This discrepancy between different statistics, equivalent to more than 100 Mm3 at EU level in 2015, is the amount of wood likely unaccounted from the source side, and which would be needed to explain the material and energy produced reported from the use side (see Camia et al.19 for details). Using data from Camia et al.19, the contribution of EU forest-based bioenergy to the EU 2030 climate targets would slightly increase, reaching about 4% of the foreseen total EU GHG emission reduction. 
Furthermore, it should be also noted that the recast of the EU Renewable Energy Directive22 introduces new risk-based requirements for forest biomass in order ‘to minimise the risk of using unsustainable forest biomass production’ and alignment with LULUCF requirements, with the aim of ensuring proper carbon accounting.
Despite the uncertainties illustrated above, we believe that the results provided here represent robust evidence to support the message that, in fact, the additional contribution of EU forest-based bioenergy to the EU 2030 climate targets should be expected to be relatively small, i.e. in the order of 3 to 4% of the foreseen total EU GHG emission reduction.
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