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ABSTRACT

Global wood harvests have steadily increased over the last several decades and are projected to continue growing to match de-
mand for wood products. How forest managers respond to changes in wood demand depends not just on timber prices and pro-
duction costs but also on competition with other land uses, changes in forest productivity, and land use policies. Wood demand
projections are sensitive to assumptions about socioeconomic development, including population growth, economic growth,
and policy changes. Using a spatially detailed, process-based land use model (LandSyMM), we simulate global wood demand,
harvests, and forest management intensity under a range of future socioeconomic (Shared Socioeconomic Pathways; SSPs) and
climate (Representative Concentration Pathways; RCPs) scenarios. Wood demand is projected for each country using a price-
elastic demand system that models changes in demand for industrial roundwood and wood fuel in response to changes in coun-
tries' incomes and endogenously modelled wood prices. Competition for land between forestry and agriculture, including for food
and animal feed, is explicitly represented. We find that future wood harvests and forest management intensity vary considerably
between scenarios. Different regions show heterogeneous responses to changes in wood demand, with global demand increasing
between 27% (SSP1-RCP2.6) and 102% (SSP3-RCP7.0) by 2100. The results suggest that additional wood harvests will primarily
be met through intensification of forest management and an increase in potential yields arising from climate change and CO,
fertilisation. However, interactions between extreme events, nutrient limitations, and CO,-driven productivity gains remain
uncertain and are not fully captured in the modelled results. Understanding how global forest management will change and
its impact on forest structure, species composition, and carbon storage is critical in addressing climate change mitigation and
biodiversity protection.

1 | Introduction as wood for construction, cooking fuel, food, and medicinal
plants (Brockerhoff et al. 2017; Ritter and Dauksta 2013; Taye
Forests have played an important role in the economic develop- et al. 2021). The forestry sector contributes more than 1.5 tril-

ment of societies throughout history, providing resources such lion USD to global economies, and forestry products are critical
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inputs in many industries (Li et al. 2022). Additionally, one-
third of households globally rely on wood as their primary cook-
ing fuel, reaching over 50% in several countries (FAO 2016).
The diversity of forestry products, from paper to construction
materials to wood fuel, highlights the high level of material
benefits that society obtains from forests. Forest ecosystem ser-
vices, and more recently, nature's contribution to people, such
as carbon sequestration, soil protection, and water retention, are
increasingly being put into focus as degradation and destruc-
tion of natural habitats continue at alarming rates (Brockerhoff
et al. 2017; Diaz et al. 2019; FAO 2024b; Felipe-Lucia et al. 2018;
IPBES 2019; Isaac et al. 2024). While covering 31% of the world's
land area, forests are the primary habitat for the majority of
terrestrial species and include some of the world's most bio-
diverse regions (FAO 2024b; Hilton-Taylor et al. 2009). Forest
management has evolved considerably, reflecting changes in
societal values, technological advancements, and scientific un-
derstanding (Ritter and Dauksta 2013). Recent discussion has
focused on multi-use management, emphasising the preserva-
tion of biodiversity, improving resilience to environmental dis-
turbances such as climate change, and respecting the land rights
of Indigenous communities (Ellison et al. 2017; Felipe-Lucia
et al. 2018; MacDicken et al. 2015).

Much of the previous work on modelling global forest manage-
ment has focused on forest sector models, with prominent exam-
ples including the Global Timber Model (GTM) and the Global
Forest Products Model (GFPM) (Buongiorno 2015; Favero
et al. 2021; Kallio et al. 2004; Kindermann et al. 2006; Sohngen
et al. 2001). Both models employ a value-maximising approach
to determine the optimal forest management decisions. The
GTM maximises the net present value of the net global timber
market surplus, i.e., the sum of consumer and producer surplus
(Sohngen et al. 2001). Similarly, the GFPM uses a partial equi-
librium approach to model the supply and demand for different
forest products by maximising consumer and producer sur-
pluses net of transaction costs (Daigneault et al. 2022). Although
the GTM and GFPM include detailed representations of forest
management through a combination of different forest types
and forestry products, they are limited in spatial detail. GTM
uses only 16 economic regions, while the GFPM comprises 180
countries with no spatial representation at the sub-national level
(Daigneault et al. 2022).

More recently, forest management has been integrated into
larger modelling frameworks such as global land use models and
Integrated Assessment Models (IAMs) (Doelman et al. 2018;
Lauri et al. 2019; Mishra et al. 2021). Land use models consider
an all-encompassing representation of the land system, includ-
ing agriculture, managed forests, natural ecosystems, and urban
areas. The importance of joint modelling of forestry and other
land uses stems primarily from the need to represent the trade-
offs between different land uses driven by changing demands
for agricultural and forestry products. Land use models typi-
cally offer a higher spatial resolution than forest sector models
and differ widely in their representation of forest management
and products. For example, GLOBIOM includes six forest types
and 35 forest products, while MAgPIE includes only two forest
types and two forest products (Daigneault et al. 2022; Lauri
et al. 2019; Mishra et al. 2021). Differences in model architec-
ture can be a significant source of variation in results from land

use models, even after accounting for initial conditions and sce-
nario assumptions (Alexander et al. 2017; Prestele et al. 2016).
Improved understanding of the inherent uncertainty in land use
projections, therefore, requires comparison across a wider range
of models (Daigneault et al. 2022).

One of the main uncertainties in modelling future changes in
forest management stems from projections of future wood de-
mand (Buongiorno 2015; Daigneault et al. 2022; Lauri et al. 2019;
Morland et al. 2018; Nepal et al. 2021). Between 1961 and 2022,
the global annual roundwood harvest increased by 58%, from
2517 million m? to 3983 million m? (FAO 2024a). Future pro-
jections of global wood demand vary widely depending on
methodology and assumptions about population growth, eco-
nomic growth, and policies relating to energy use and climate
change mitigation (Daigneault et al. 2022; Lauri et al. 2019;
Mishra et al. 2021; Nepal et al. 2021). The demand and supply
of wood products are responsive to changes in prices and eco-
nomic growth, which offers the primary way of modelling fu-
ture wood demand (Morland et al. 2018). Additionally, policies
aimed at increasing the share of energy production from woody
biomass and shifting towards “timber cities” could increase
wood demand beyond historical trends (Mishra et al. 2022; J.
Zhao et al. 2022). Given the potential harm of intensive wood
harvest on forest ecosystems and doubts about the carbon neu-
trality of energy from wood, there is much controversy regard-
ing the net benefits of large-scale bioenergy from forest products
(Peng et al. 2023; Sterman et al. 2018). The lack of agreement
about the likely trajectory of future wood demand means that
novel projections of future demand are needed to help establish
a better understanding of the potential evolution of global for-
est management. Although several past studies have looked at
future forestry scenarios, the diversity of published scenarios is
limited and often lacks spatial or temporal detail.

Here, we address the gaps in understanding future global forest
management by exploring novel, spatially detailed projections of
wood demand, forest management intensity, and wood harvests
for a range of socioeconomic and climate scenarios. Using the
Land System Modular Model (LandSyMM), we simulate how
different countries will respond to changes in wood demand,
considering factors such as changes in forest productivity from
climate change and atmospheric CO, concentration, competi-
tion with agriculture, and international trade. Climate change
has already had a significant impact on forest productivity,
with an overall increase in productivity globally and a variable
pattern locally depending on factors such as water availabil-
ity (Boisvenue and Running 2006). Incorporating climate and
CO, effects into forest sector models is therefore essential to
produce realistic projections of global wood supply (Daigneault
et al. 2022; Favero et al. 2021; Lauri et al. 2019). In addition, the
spatial and temporal patterns of global forest management are
shaped by socioeconomic factors including international trade
(Zhang et al. 2020) and competition for land with agriculture
(Bousfield et al. 2024). LandSyMM explicitly represents these
factors, allowing us to include scenario-specific assumptions
about climate, global trade, and competition for land.

We model a distinct range of scenarios using the Shared
Socioeconomic ~ Pathways (SSPs) and  Representative
Concentration Pathways (RCPs) to capture the diversity of
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potential outcomes. We aim to contribute to the ongoing dis-
cussion on the future of forestry and its implications for climate
change mitigation and biodiversity protection. By using the
widely applied SSP and RCP scenario framework, we aim to
make our results comparable to previous and forthcoming stud-
ies. The primary aim of this study is to assess how changes in
population, GDP, and climate change could affect global wood
demand and forest management over this century.

2 | Methods

We develop and apply a novel implementation of forest man-
agement in LandSyMM (https://landsymm.earth), a spatially
detailed, process-based global land use modelling framework.
Managed forest area, forest management intensity, and wood
harvesting are simulated globally on a 0.5-degree grid with an
annual time step using least-cost optimisation. Wood demand is
projected country by country using a price-elastic demand sys-
tem fitted to historical wood consumption and prices. Changes
in wood demand are driven by changes in population and
GDP per capita for a range of Shared Socioeconomic Pathways
(SSPs), as well as changes in wood prices calculated endoge-
nously. LandSyMM couples a dynamic global vegetation model

(LPJ-GUESS) with a global land use model (PLUM) to simulate
country-level demand, international commodity trade, spatially
explicit yields, food production, energy crops, and wood har-
vests (Figure 1).

2.1 | Land Use Modelling Framework

LPJ-GUESS is a process-based dynamic global vegetation
model that simulates ecosystem processes, including veg-
etation and soil carbon dynamics, the nitrogen cycle, and
plant physiological responses to climate change, atmospheric
CO,, and disturbance (Ma et al. 2022; Olin et al. 2015; Smith
et al. 2001, 2014). We used LPJ-GUESS version 4.1 to generate
potential yield responses for 10 crop functional types (CFTs)
and pasture under different climate, nitrogen fertilisation,
and irrigation regimes (Alexander et al. 2018; Ma et al. 2022).
A second-generation bioenergy crop (Miscanthus) was mod-
elled as a C4 cereal CFT. Details of forest yield simulations can
be found in section “Wood yields”. Simulations were driven
by bias-corrected climate data from the Inter-Sectoral Impact
Model Intercomparison Project (ISIMIP) for the MRI-ESM2-0
general circulation model (Eyring et al. 2016; Yukimoto
et al. 2019). Simulated crop yields were calibrated to observed
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FIGURE 1 | Diagram of LandSyMM architecture. The primary interactions between input data and sub-models are shown, includ-

ing: MAIDADS—a price-elastic demand model used here to project demand for food and wood commodities (Cranfield et al. 2005; Gouel and
Guimbard 2019), PLUM—a global land use model (Alexander et al. 2018), and LPJ-GUESS—a dynamic global vegetation model (Ma et al. 2022; Olin
et al. 2015; Smith et al. 2001, 2014). Input data sources include the SSP database (Riahi et al. 2017), FAOSTAT (FAO 2024a), and the CMIP project

(Eyring et al. 2016).
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https://landsymm.earth

country average yields for the period 2005-2014, accounting
for nitrogen fertiliser use, irrigation, and GDP per capita as a
proxy for other inputs such as pesticide use and mechanisa-
tion (Figure S1).

The Parsimonious Land Use Model (PLUM) incorporates
crop yields, wood yields, and water run-off for irrigation from
LPJ-GUESS to simulate land use and land use change from
changes in demand for food commodities, bioenergy (Alexander
et al. 2018), and wood (described in this study). Food demand
is projected using a Modified An Implicit Directly Additive
Demand System (MAIDADS) (Cranfield et al. 2005; Gouel and
Guimbard 2019), which uses per capita income (exogenously
specified) and commodity prices (modelled endogenously in
PLUM) to calculate demand for seven food groups. A separately
fitted MAIDADS is also used to project wood demand, as de-
scribed later. Regional demand for second-generation bioenergy
was taken from the ITASA SSP Database (Riahi et al. 2017) and
disaggregated to country level based on potential Miscanthus
production in the baseline year (2020) using yields from LPJ-
GUESS. The initial land cover distribution was taken from
HILDA+ (Winkler et al. 2021) and mapped to the PLUM land
cover classes.

During each annual time step, PLUM uses least-cost optimis-
ation for each country to determine land use factors including
cropland, pasture, and forest area, fertilizer input, irrigation, a
crop management intensity factor (representing, for example,
pesticide use, phosphorus fertilizer, and mechanisation), and
forest management intensity. Crop yields are interpolated for
a continuous range of fertilizer application rates and irrigation
using yield tables generated by factorial experiments in LPJ-
GUESS. Irrigation is constrained at the water basin level by the
estimated surface water runoff modelled by LPJ-GUESS. Where
sufficient food, bioenergy, and wood to meet demand are not
met from domestic production, the balance is imported. A single
international market allows countries in PLUM to import and
export commodities, with prices adjusted annually based on the
net balance of imports and exports.

2.2 | Scenarios

We assessed results for five scenarios, comprising Tier 1 com-
binations of SSPs and RCPs: SSP1-RCP2.6, SSP2-RCP4.5, SSP3-
RCP7.0, SSP4-RCP6.0, and SSP5-RCP8.5 (Table 1). We used
population and GDP (2017 PPP) projections from Koch and
Leimbach (2023) who harmonise and update projections from
the ITASA SSP database (Riahi et al. 2017) with recent demo-
graphic and economic changes. Changes in global dietary pref-
erences were modelled as a shift from historical dietary patterns
towards a healthier and more sustainable diet based on the EAT
Lancet recommendation (Willett et al. 2019) (Table S3). The de-
gree of shift in dietary preferences was determined by the au-
thors' interpretation of the scenario narratives with a 100% shift
in SSP1-RCP2.6, a 50% shift in SSP4-RCP6.0, and no change in
preferences in SSP2-RCP4.5, SSP3-RCP7.0, and SSP5-RCP8.5.
To simulate uncertainty in modelled outcomes, simulations
were repeated with stochastically sampled input parameters
from distributions consistent with scenario narratives from

TABLE 1 | Scenario narratives summarised from O'Neill
et al. (2017).

Scenario narratives

Scenario Summary of scenario narrative

SSP1-RCP2.6 A green-growth scenario with high
economic growth, low population
growth, and a high-level of international

cooperation and technological development

SSP2-RCP4.5 A business-as-usual scenario in which
historical trends in socioeconomic

development are continued

SSP3-RCP7.0 A scenario characterised by regional
rivalry, with high population growth,
low economic growth and lack

of international cooperation

SSP4-RCP6.0 A scenario with high international
inequality, with diverging trends in
population and economic growth between

developed and developing countries

SSP5-RCP8.5 A fossil-fuelled economic growth
scenario with minimal effort to

mitigate climate change

O'Neill et al. (2017). The sampled parameter distributions are
visualised in Figure S2.

2.3 | Wood Yields

We conducted LPJ-GUESS simulations to generate yield tables
of expected wood yields. Previously within LandSyMM, LPJ-
GUESS was only used to simulate agricultural crop yields, ir-
rigation water requirements, and to constrain water availability
(Alexander et al. 2018; Rabin et al. 2020). For each grid cell,
the wood yield tables provide information on how much wood
can be expected from a clear-cutting of a forest of a certain age.
Yield tables were created every 20years, starting from 1850 up
to 2090, with each continuing through to 2100 (Figure 2). This
was done to account for the effects of changing climate and at-
mospheric CO, concentration.

Following a spin-up with no human land use and only poten-
tial natural vegetation, we began a run in 1850 with land use
from the Land-Use Harmonization 2 (LUH2) project (Hurtt
et al. 2020). Forest management (e.g., logging and thinning) was
not represented in this LPJ-GUESS run and, therefore, all for-
ests were treated as unmanaged. This run continued through
the historical period and into the future, with land-use fractions
derived from LUH2 data for the different SSP-RCP scenarios.
Historical and projected land use from LUH2 was included to
account for the impact of land use and land use change on forest
growth (e.g., through soil carbon impacts). Every 20years, a new
run was initialized (branched off), with its initial state taken di-
rectly from the main run (see branching points represented by
grey circles in Figure 2). Each branch consisted of one full year
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FIGURE2 | Diagram showingsimulation of potential wood yields in
LPJ-GUESS. Following spin-up with potential natural vegetation and
subsequently historical land use (white circles), all land cover was con-
verted to pasture for 1year and then forest stands were established at
20-year intervals (grey circles). Yield tables were generated each year
until 2100, containing potential wood harvest from clear-cutting of the
forest stands.

of 100% pasture cover, followed by the establishment of 100%
forest cover, which remained constant for the remainder of the
simulation.

Each year, LPJ-GUESS calculated the wood yield from a hy-
pothetical clear-cutting harvest. The yield was calculated as
the sum of biomass consisting of 100% trunk (65% of the wood
pool), 95% of twigs and branches (13% of the wood pool), and
10% coarse roots (22% of the wood pool). Yields were converted
from biomass to wood volume using a conversion factor of 0.3 tC
m~3 (Hurtt et al. 2020). For these runs, we allowed disturbance,
including fire (SIMFIRE-BLAZE model), and all possible Plant
Functional Types (PFTs) were allowed to grow within the model
(Rabin et al. 2020; Smith et al. 2014). Yields were based on na-
tive potential natural vegetation. Hence, the effect of different
tree species compositions on yields was not modelled here (e.g.,
monoculture vs. multi-species plantations).

2.4 | Wood Demand Model

For each country, wood demand was calculated using
MAIDADS (Cranfield et al. 2005), following a similar procedure
to Gouel and Guimbard (2019) used here for modelling food de-
mand. The model was fitted for 2017 using apparent wood con-
sumption and prices from FAOSTAT (FAO 2024a), and GDP per

TABLE 2 | Mapping of FAOSTAT wood items to PLUM
commodities. Items reported in tonnes were converted to cubic meters
using conversion ratios from UNECE, Eurostat and FAO (2022).

Wood product mapping

Conversion
FAOSTAT item PLUM commodity  ratio (m3t™?)
Industrial Industrial roundwood —
roundwood
Sawnwood Industrial roundwood —
‘Wood-based Industrial roundwood —
panels

Veneer sheets Industrial roundwood —

Wood chips, Industrial roundwood —
particles and

residues

Wood pulp Industrial roundwood 1.482
Paper and Industrial roundwood 1.482
paperboard

Wood fuel Wood fuel —
Wood pellets Wood fuel 1.38°
and other

agglomerates

Wood charcoal Wood fuel 5.99

2From pulpwood.
From wood fuel.

capita (2017 $ PPP) from the International Comparison Project
(The World Bank 2020). Apparent consumption—equal to pro-
duction plus imports minus exports—was used as a proxy of de-
mand (Equation 1). The FAOSTAT forestry products database
reports the production and trade of raw, intermediate and final
wood products. Items reported in tonnes (wood pulp, paper and
paperboard, wood pellets and other agglomerates, and wood
charcoal) were converted to cubic meters using conversion ra-
tios from UNECE, Eurostat, and FAO (2022) (Table 2). We as-
sumed that all by-products from wood processing are accounted
for in the reported production, for example, in wood chips, par-
ticles and residues. Finally, the industrial roundwood or wood
fuel equivalent volume of each item was calculated by simply
assuming a one-to-one volume equivalence. While we did not
adjust production values for potential losses, we found that this
approach gave a good approximation to the total raw material
input—2033 million m? of industrial roundwood estimated from
processed products compared to the actual 1952 million m3 har-
vested in 2017.

We used a mass balance approach to calculate apparent wood
consumption in each country for industrial roundwood and wood
fuel (Equation 1). Here, we assumed that apparent consumption
equals the sum of the within-country harvest of raw material (in-
dustrial roundwood or wood fuel) and net trade of raw and pro-
cessed wood products. Harvest, production, and trade statistics
were first corrected for underreporting and inconsistencies (see
Supporting Information). Then, for each country:
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consumption = harvest + Zimportsi - Z“exportsi
i i

1

@®

where consumption is apparent consumption, harvest is the
amount of industrial roundwood or wood fuel harvested within
the country, imports; and exports; are imports and exports of
item i. Table 1 shows the categorisation of reported FAOSTAT
wood items into the two PLUM wood commodities (industrial
roundwood and wood fuel).

For each country, we used trade values and trade quantities to
estimate the prices of wood products (FAO 2024a). First, we
aggregated trade values and quantities, converting item quan-
tities into their industrial roundwood or wood fuel volume as
detailed previously. We calculated import and export prices by
dividing the trade values by their respective trade quantities.
Subsequently, commodity prices were calculated as an aver-
age of import and export prices weighted by import and export
amounts. For countries where no data was available, missing
prices were replaced with median global prices.

During a model run, MAIDADS predicts per capita demand
for industrial roundwood and wood fuel using GDP per capita,
prices, and fitted parameters that control consumption pref-
erences as a function of income (Table S1). Per capita wood
demand is then multiplied by country population to give the
total wood demand for the country. Wood prices are calcu-
lated endogenously based on the global trade balance, using
the same method as for agricultural products (Alexander
et al. 2018). The price elasticity of wood demand depends on
the income level, which gives rise to complex and dynamic
changes in both the aggregate wood demand and preference
for roundwood or fuel wood (Figure S3). Figure 3 shows the
observed wood demand and model predictions, assuming av-
erage 2017 prices.

2.5 | Forest Management in PLUM

The initial 2020 distributions of forests managed for timber pro-
duction (hereafter, timber forest) and unmanaged forests were
taken from HILDA+ (Winkler et al. 2021). In HILDA+, the
timber forest area was defined as forested land with any signs
of harvesting, such as logging and clear-cutting, as per Lesiv
et al. (2022). In LandSyMM, timber forests broadly represent
managed wood-producing forests, ranging from intensive forest
plantations to semi-managed forests with occasional harvests.
Forest management is represented by a continuous management
intensity variable r (Equation 2). The management intensity can
be interpreted as the harvest frequency or, equivalently, the re-
ciprocal of the rotation period. For example, an intensity of 0.02
corresponds to a 50-year rotation period. However, we can also
interpret the intensity as the fraction of a grid cell harvested each
year. Harvest is simulated through clear-cutting and replanting
of trees. The expected annualised wood harvest is calculated for
each location based on the management intensity and param-
eters calculated using yield tables from LPJ-GUESS. Although
demand is calculated separately for industrial roundwood and
wood fuel, no distinction between wood products is made in the
harvesting or trade of wood. Hence, for each grid-cell,

y=ymax(1—e%)pr (@)

where y is the annualised wood harvest, r is the management
intensity, and y,... k, and p are estimated from yield tables
using the Gauss-Newton method. The value of r is determined
by least cost optimisation for each country, such that total wood
harvests equal demand, accounting for any imports and exports.
The three parameters, y,,,,, k, and p are re-estimated each time
step using a different portion of the wood yield tables, based on
a sliding-window approach such that yields are continuously
updated to reflect the changing climate and atmospheric CO,
levels. The intensity variable r is constrained between 0.00625

Wood fuel

(b)

Industrial roundwood
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3
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FIGURE 3 | Reported (black points) and predicted (red lines) per capita wood demand for (a) industrial roundwood and (b) wood fuel. Reported
demand was calculated as the sum of domestic production and net imports of wood products. Predicted demand plotted here assumes constant av-

erage 2017 prices.
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and 0.1, the former value representing the time scope of the yield
tables (160years) and the latter based on reported forest rotation
periods (Del Lungo et al. 2006) and the authors' judgement. The
cost of forest management is equal to ¢ - » where c is the forest es-
tablishment and management cost per hectare. Higher manage-
ment intensities are therefore associated with a higher annual
forest management cost. A single global forest management cost
was assumed, fixed through time but varying with scenario (see
“forest management cost” parameter in Figure S2).

Wood harvesting decisions are integrated into the land use opti-
miser in PLUM, which also includes food, feed, and energy crop
production (Figure 1). Land use decisions in PLUM are made
through least-cost optimisation (Alexander et al. 2018). At each
time step, the model calculates industrial roundwood and wood
fuel demand individually for each country based on GDP per
capita and population from the SSP scenario and the endoge-
nous wood price. At the land use optimisation step, the model
is constrained to meet demand through harvest in each coun-
try, net of imports and exports. Wood harvesting can be altered
through the expansion and contraction of timber forest areas
and through changes in forest management intensity. Changes
in imports and exports are constrained through absolute limits
(as a percentage of the current trade level) and a small cost asso-
ciated with changing net import levels. The absolute limits are
set loosely to avoid over-constraining the model while ensuring
model stability. At the end of each timestep, net import levels are
aggregated, and the wood commodity price is updated based on
the change in the global stock level following the same method
as for food and feed commodities (Alexander et al. 2018).

3 | Results
3.1 | Present Distribution of Wood Harvests

We estimate that 1460 Mha of forest was managed for timber
production (timber forest) in 2020, representing 36% of the total
global forest area (4102 Mha). For comparison, the FAO (2020)
estimates that approximately 30% of global forest area is used
primarily for wood production. The simulated distribution of
timber forests in 2020 (Figure 4a) corresponds closely to the tim-
ber forest layer from HILDA+ which was used to initialise the
model (Figure 4b). However, there are some minor differences
given that LandSyMM is not constrained to reproduce the initial
land cover during spin-up. These differences primarily corre-
spond to grid cells with very low potential wood yields, for exam-
ple, in the boreal and arid regions. During spin-up, LandSyMM
abandons the initialised timber forest in these regions, leaving
natural vegetation. The initial timber forest layer may also in-
clude grid cells misclassified as timber forests. These grid cells
are then abandoned or converted to other land uses which the
model determines to be more suitable, for example, for food pro-
duction. The distribution of timber forests in LandSyMM also
shows good correspondence with the distribution of managed
forests reported in Schulze et al. (2019) and Lesiv et al. (2022).

We find that areas of high forest management intensity are
concentrated in regions with high timber demand and limited
land availability, such as Europe and South Asia (Figure 4c).
Management intensity is particularly high in densely populated

countries such as the United Kingdom and India, with an area-
weighted average intensity of 0.038 and 0.034, respectively, com-
pared to the global average of 0.018. While the Americas are
major producers of wood globally (FAO 2024a), forest manage-
ment intensities are lower in this region due to extensive forest
cover. This includes major wood producers such as the United
States and Brazil, with mean area-weighted intensities of 0.013
and 0.015, respectively. We also find areas of high forest man-
agement intensity in equatorial Africa, driven by high demand
for wood fuel.

We compared simulated forest management intensity (Figure 4c)
and wood harvests (Figure 4e) against the LUH2 dataset (Hurtt
et al. 2020), which includes global wood harvest maps down-
scaled from country-level FAO statistics (Figure 4d,f). To make
the LUH2 data comparable with our results, biomass harvest
was converted to wood volume using a conversion factor of 0.3
tC m=3 (Hurtt et al. 2020). Additionally, we show the average
fraction of forest area harvested per year between 2005 and
2015 from LUH2 (Figure 4d). Some similarities can be seen be-
tween LandSyMM and LUH2 in the broad global distribution
and hotspots of harvested areas and harvest volumes. For wood
harvests, while the grid-level correlation between our results
and LUH2 is low (Pearson correlation coefficient=0.36), we
note that the LUH2 dataset appears to contain unusual patterns
(e.g., in Europe and Brazil) which suggest data limitations. For
Europe, Verkerk et al. (2015) show better grid-level agreement
(Pearson correlation coefficient=0.64) with our data for wood
harvests than LUH2. On the country level, the simulated wood
harvests show good agreement with reported harvests from
FAOSTAT (Pearson correlation coefficient =0.94; Figure S4).

3.2 | Wood Demand

The results indicate a 33%-60% increase in total global wood
demand by 2060 across all scenarios (Figure 5; Table S4). The
rapid growth in demand in SSP5-RCP8.5 is driven primarily by
an increase in GDP per capita, with most countries converging
towards high-income demographics by the end of the century.
In contrast, the increase in wood demand in SSP3-RCP7.0 is
primarily due to rapid population growth. In SSP5-RCP8.5, the
growth in total wood demand comes solely from an increase in
demand for industrial roundwood, while demand for wood fuel
decreases. The divergence in demand for industrial roundwood
and wood fuel is seen in scenarios where the average global in-
come increases at or above historical rates (SSP1-RCP2.6, SSP2-
RCP4.5, SSP5-RCP8.5). Where income growth is weaker, in
SSP3-RCP7.0 and SSP4-RCP6.0, continued growth in demand
for both industrial roundwood and wood fuel is seen.

By 2100, the scenarios show significant differences in global
wood demand, with demand increasing between 27% (SSP1-
RCP2.6) and 102% (SSP3-RCP7.0) from 2020 (Figure 5; Table S4).
The three scenarios with the lowest total wood demand, SSP1-
RCP2.6, SSP2-RCP4.5, and SSP4-RCP6.0, show demand sta-
bilizing towards the end of the century. In all scenarios except
SSP1-RCP2.6, industrial roundwood demand continues to in-
crease throughout the coming century. The trend in wood fuel
demand is more variable, with a continuing increase in demand
in SSP3-RCP7.0 and SSP4-RCP6.0, and decreasing or stable
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demand in SSP1-RCP2.6, SSP2-RCP4.5, and SSP5-RCPS8.5. In
SSP1-RCP2.6, total wood demand decreases after 2080, correlat-
ing with a shrinking global population. In SSP1-RCP26 and SSP5-
RCP8.5, arapid increase in country incomes in the first half of the
century leads to fast growth in demand for industrial roundwood
and a sharp fall in demand for wood fuel. SSP4-RCP6.0 shows
a unique pattern of very low growth in industrial roundwood
demand and a high increase in wood fuel demand. This reflects
the unequal socioeconomic development in this scenario, where
lower-income countries rely on wood fuel for their energy needs.
In line with a business-as-usual narrative, demand is broadly in-
termediate in SSP2-RCP4.5 compared to other scenarios.

In all scenarios, most of the projected increase in global wood
demand can be attributed to Africa and Asia (Figure 6). In
SSP2-RCP4.5, of the 2935 million m? median increase in global
wood demand, 987 million m3 comes from Asia and 1636 mil-
lion m?3 from Africa, representing 89% of the global increase.
In SSP4-RCP6.0, the increase in global wood demand can be
almost entirely attributed to Africa, with demand being flat
or decreasing in other regions. In Africa, North America,
and South America, the highest wood demand in 2100 is
seen under SSP3-RCP7.0, whereas in Asia and Europe, this
is under SSP5-RCP8.5. The only regions to show a decline in
total wood demand by 2100 are Europe in SSP1-RCP2.6 and
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SSP4-RCP6.0, and South America in SSP4-RCP6.0. Demand
for industrial roundwood is projected to increase in all regions
apart from Europe in SSP1-RCP2.6 and SSP4-RCP6.0. The
strongest increase is found in Africa and Asia, particularly
under SSP5-RCP8.5 and SSP2-RCP45. Demand for wood fuel
shows a less consistent trend across regions and scenarios. A
decrease in wood fuel demand can be seen in most regions
in SSP1-RCP2.6. An increase in wood fuel demand is seen in
SSP3-RCP7.0 and SSP4-RCP6.0, with the largest increases in
Africa and North America.

3.3 | Prices

The wood price index shows an initial increase in all scenarios
in the first half of the century, followed by a decline in SSP1-
RCP2.6, SSP4-RCP6.0, and SSP5-RCP8.5 (Figure 7). In most
scenarios, the price of wood peaks around 2050. Higher prices
in SSP1-RCP2.6 and SSP4-RCP6.0 are partly responsible for the
lower total demand in these scenarios, particularly in higher-
income countries for which the elasticity of demand is more
negative (Figure S3). In SSP1-RCP2.6, the high cost of forest
management leads to the largest increase in the price index com-
pared to other scenarios, with a peak price index of 128 (90%
CI: 114-144) in 2051. Conversely, despite a high wood demand,
SSP5-RCP8.5 shows a substantial decrease in the price index,
falling to 77 (66-92) by 2100. This can be attributed to the low
cost of forest management in this scenario and increased for-
est yields due to CO, fertilisation resulting from high carbon
emissions. Changes in wood prices appear to be correlated with
carbon emissions (as defined by the RCP), suggesting a posi-
tive impact of climate change and increased CO, levels on the

global wood supply. However, this pattern is confounded by the
different socioeconomic assumptions and parameterisation of
each scenario, which can also strongly impact the global wood
market.

3.4 | Changes in Global Forest Area

Results suggest that growth in global wood demand will lead
to a relatively modest increase in timber forest area compared
to the loss of unmanaged forests due to agricultural expansion
(Figure 8; Table S5). In SSP3-RCP7.0, despite a 102% increase
in wood demand by 2100, timber forest area increases by only
6.3% (90% CI: 4.1% to 9.5%). Other scenarios show a smaller
change in the global timber forest area by 2100 compared to
SSP3-RCP7.0 (Table S5). While timber forest expansion pri-
marily follows increases in global wood demand, it is also in-
fluenced by factors including land use costs, changes in forest
productivity, and competition for land with agriculture. In
SSP1-RCP2.6, low wood demand and a high land conversion
cost result in only minimal expansion of timber forests, while
the opposite factors result in faster expansion in SSP3-RCP7.0
and SSP5-RCPS.5.

Most of the change in global forest area in these scenarios is
driven by the loss of unmanaged forests. SSP3-RCP7.0 shows
the largest decrease in unmanaged forest area, with a median
loss of —12.8% (—20.8% to —8.1%) between 2020 and 2100. This
is driven by cropland and pasture expansion due to high food
demand from population growth. A substantial loss of unman-
aged forests is also seen in SSP5-RCP8.5, although most of this
occurs by 2060. As expected from the environmentally oriented
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scenario narrative in SSP1-RCP2.6, we see minimal unmanaged =~ We find that nearly all expansion of timber forest area occurs
forest loss. In SSP2-RCP4.5 and SSP4-RCP6.0, unmanaged for- in the tropics and subtropics (Figure 9a; see Figure S5 for all
est loss is intermediate compared to other scenarios. scenarios). Between 2020 and 2060, most scenarios show
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expansion in east-central Africa, southeast Asia, and western
South America. Some loss of timber forest area occurs in boreal
countries such as Canada and Finland. Overall, the spatial pat-
terns are similar in each scenario and differ primarily in the ex-
tent of change rather than location. These patterns diverge more
by the end of the century. Further expansion of timber forest is
seen in Central Africa in SSP2-RCP4.5, SSP3-RCP7.0, and SSP5-
RCPS8.5, but not in SSP1-RCP2.6 and SSP5-RCP8.5. Expansion
of timber forest also extends to other areas, including Brazil and
Canada.

3.5 | Changes in Forest Management Intensity
and Harvests

In contrast to previous studies, we report spatially explicit
changes in forest management intensity under each SSP-RCP

scenario (Figure 9b; see Figure S6 for all scenarios). Between
2020 and 2100, the global area-weighted forest management
intensity increases between 8% (SSP1-RCP2.6) and 67% (SSP3-
RCP7.0) (Table S6). The degree of increase in intensity generally
correlates with changes in global wood demand. Where demand
growth is highest, such as in SSP3-RCP7.0 and SSP5-RCPS8.5, we
observe a large increase in forest management intensity, with
many areas showing an increase of more than 100%. In SSP1-
RCP2.6, where growth in demand is the weakest, much of the
world shows a drop in forest management intensity by the end
of the century.

We find that changes in intensity are not uniform, with differ-
ent areas experiencing both increases and decreases in intensity
across time. However, some regions show a more consistent re-
sponse across scenarios. For example, North America, northern
Europe, Asia, and south-east China consistently show increased
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forest management intensity. A decrease in intensity is seen in
arid areas such as the Mediterranean basin, relating to a decline
in forest productivity. These complex patterns arise from multi-
ple factors modelled explicitly in LandSyMM, including changes
in wood yields, demand, land competition from agriculture, and
international trade.

Irrespective of the scenario, we find a consistent increase in
wood harvests in nearly all timber forest areas (Figure 9c; see
Figure S7 for all scenarios). Between 2020 and 2100, global
wood harvests increase between 29% (SSP1-RCP2.6) and 103%
(SSP3-RCP7.0) (Table S5). Strong increases in wood harvests
are seen in the boreal regions, driven by increases in forest
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productivity, as well as in parts of the tropics due to local de-
mand growth.

3.6 | Factor Contributions to Changes in Wood
Harvests

We decomposed the contribution of different factors to changes
in global wood harvest between two periods: 2020-2060 and
2020-2100 (Figure 10). Here, we use “potential yield” to refer
to the effect of changes in the yield function (Equation 2) fitted
from yield tables generated by LPJ-GUESS. Increases in poten-
tial wood yields driven by climate change and atmospheric CO,
concentration are the largest contributor to increases in wood
harvests in all scenarios. Changes in potential yields are driven
by and correlated with the RCPs, with the largest increase
shown in SSP5-RCP8.5 (48.0%; 90% CI: 47.3% to 88.9%) and the
smallest in SSP1-RCP2.6 (16.1%; 16.8% to 16.3%). In all scenar-
ios, management intensity is a stronger contributor than area
change to increasing wood harvests between 2020 and 2060, but
this becomes more variable between 2020 and 2100.

4 | Discussion
The increase in future wood demand across the range of sce-

narios modelled here is generally consistent with results
from similar studies (Daigneault et al. 2022; Lauri et al. 2019;

Mishra et al. 2021; Nepal et al. 2021). Using GLOBIOM, Lauri
et al. (2019) found comparable trends in global demand for in-
dustrial roundwood and wood fuel for the five SSPs. The au-
thors found that demand for industrial roundwood increases
in all scenarios, while demand for wood fuel increases in SSP3-
RCP7.0 and SSP4-RCP6.0 but decreases in SSP1-RCP2.6, SSP2-
RCP4.5, and SSP5-RCP8.5 (Lauri et al. 2019). Based on results
from three models (GTM, GFPM, and GLOBIOM), Daigneault
et al. (2022) also found a consistent increase in global wood
harvest across a wide range of SSP-RCP combinations, with the
highest wood harvest in SSP5-RCP8.5. For other SSPs, the rela-
tive trends in wood harvest were strongly related to the RCP, for
example, with SSP1-RCP2.6 showing the second highest harvest
in the baseline no-mitigation scenario and the lowest in RCP1.9
(Daigneault et al. 2022). Mishra et al. (2021) only included SSP2-
RCP4.5 in their analysis but found the same pattern of increas-
ing global demand for industrial roundwood and decreasing
demand for wood fuel throughout this century.

Previous studies focus on regional aggregate wood demand and
harvests but do not report changes in forest management inten-
sity (Daigneault et al. 2022; Lauri et al. 2019; Mishra et al. 2021).
In contrast, we produce gridded 0.5-degree maps of forest man-
agement intensity under each scenario. On a regional level, Luo
et al. (2024) found that an increase in forest management inten-
sity will be the primary driver of increases in future wood har-
vests. This finding mirrors our results, which show that despite
a large increase in wood demand, timber forest area remains

Scenario M SSP1-RCP2.6 [ SSP2-RCP4.5 [l SSP3-RCP7.0 [ SSP4-RCP6.0 [ SSP5-RCP8.5

2060

2100

a
o

| (@)

= =2 NN W W bd B
o 0o O o0 O OO O»,
1 1 1 1 1 1 1 1

Contribution (%)

(b)

Factor

FIGURE 10 | Factor decomposition of global changes in wood harvests between (a) 2020 and 2060 and between (b) 2020 and 2100. Each bar rep-
resents the percentage of the change in global wood harvests that can be attributed to one of each factor: Timber forest area change, management

intensity change, and potential yield change. “Management Intensity and Potential Yield” represents the non-linear interaction between changes in

management intensity and potential yields as defined by Equation (2). Contributions are multiplicative. Bars show the median contribution and error

bars show the 90% confidence interval across 30 ensemble members for each scenario.
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relatively stable, and forest productivity is increased primarily
through higher management intensity and potential yields due
to climate change and higher atmospheric CO, concentration.
However, previous studies suggest that both increases and de-
creases in forest areas are possible under growing wood demand
(Daigneault et al. 2022; Mishra et al. 2021). For Latin America,
Favero et al. (2022) found that while plantation forest areas in-
crease in each SSP in line with growth in timber production,
the total forest area declines due to loss of unmanaged forests to
agriculture. We observe a similar pattern globally, where the ex-
pansion of timber forests is relatively minor compared to the loss
of unmanaged forests due to agricultural expansion. Differences
in findings can be attributed to different model assumptions,
such as the cost of land cover conversion, cost of management
intensification, and land use policies (such as those encouraging
reforestation or restricting deforestation). More broadly within
land use models, model architecture can also significantly im-
pact land use outcomes even when accounting for initial condi-
tions and scenario assumptions (Alexander et al. 2017).

While changes in forest management intensity and area are di-
rectly influenced by domestic demand, international trade can
also play an important role in determining the global pattern
of wood harvests. For many countries, the global wood harvest
footprint is considerably greater than the domestic harvest foot-
print, and 42% of harvested forest area is used to satisfy foreign
demand for wood products (Arto et al. 2022; Zhang et al. 2020).
Our findings show that despite a fall in regional demand under
some scenarios, wood harvests continue to increase in these re-
gions due to increased exports to the global market. The pres-
ence of telecouplings in the forest sector means that sustainable
forest management policies such as low-impact logging could
end up displacing wood harvests to other regions (Searchinger
et al. 2022).

Changes in wood demand will have important implications for
global forest management practices. If global wood demand
continues to grow at a high rate, such as in SSP3-RCP7.0 and
SSP5-RCP8.5, the intensification of wood harvests will likely
be required. Increasing wood harvests in regions experiencing
higher demand may lead to unsustainable levels of resource
extraction if forest resources are not carefully managed. This
presents a challenge of balancing forest productivity with other
factors, such as maintaining biodiversity and increasing carbon
sequestration. Conversely, in scenarios such as SSP1-RCP2.6,
where demand growth is weak, a decrease in forest manage-
ment intensity in many regions offers an opportunity to shift
management towards practices which prioritize restoration and
maintenance of ecosystem services. Given the uncertainty about
the global socioeconomic trajectory, this highlights the need for
forest management approaches which can respond adaptively to
changes in global wood demand. Therefore, global coordination
is necessary to align local forest management practices with
broader environmental goals (MacDicken et al. 2015).

In this study, wood demand is predicted solely based on socio-
economic factors (population and GDP) and prices. The impact
of policies such as those relating to wood-based bioenergy is not
included. Although woody biomass currently accounts for only
6% of the world's primary energy supply, this figure could in-
crease as the world transitions away from fossil fuels (FAO 2016,

2024b). Woody biomass has the potential to meet 18% of the
world's primary energy supply by 2050 (Lauri et al. 2014). The
lack of this additional demand in our model means that the
results may underestimate future pressures on forests, partic-
ularly in regions with a strong focus on wood-based bioenergy
for climate change mitigation. Additional wood demand could
also come from a shift towards more wood-based construction,
which has the potential to store large amounts of carbon in
buildings (Mishra et al. 2022; Zhao et al. 2022).

Policies such as the expansion of protected areas for biodiversity
protection and implementation of GHG emission reduction mea-
sures through carbon pricing could also significantly impact
future wood demand and forest management. In the scenarios
presented here, protected areas were initialized from the World
Database on Protected Areas (UNEP-WCMC and IUCN 2025)
and kept constant throughout the simulations. The expansion of
protected areas could result in intensification of wood harvests
outside of protected areas with negative consequences for bio-
diversity (Rosa et al. 2023). Ultimately, the impact of protected
areas on forest management depends on their effectiveness, for
example, to what degree wood harvests are permitted (Arneth
et al. 2023). Other factors that could significantly impact global
forest management, such as demand for carbon offsets through
reforestation, forest restoration, and protection, are also not
modeled here. Large-scale afforestation and reforestation are
likely to be necessary for cost-effective climate change mitiga-
tion (Zhao et al. 2024), and may present trade-offs with wood
harvests not explored here (Daigneault et al. 2022).

While including additional sources of potential demand could
significantly impact the projections presented here, these also
come with additional uncertainties about which policies will
likely be adopted in each scenario. For example, there is grow-
ing evidence that bioenergy from forest biomass is not as carbon
neutral as is often assumed, which may limit its adoption (Peng
et al. 2023; Schulze et al. 2012; Seo et al. 2024). However, higher
demand for woody biomass could also incentivize afforestation
and intensify forest management, resulting in a net increase
in forest carbon stocks (Daigneault and Favero 2021; Favero
et al. 2020). The scenarios presented here are based on histor-
ical patterns of wood demand and, therefore, require fewer as-
sumptions about drivers of future wood demand. Nevertheless,
exploring the impact of additional demand drivers would give
a more complete view of how global forest management may
evolve. Forthcoming work using LandSyMM should include
further assumptions about land-based climate change mitiga-
tion policies to address this limitation.

The projections presented here reflect potential forest yields
under average climatic conditions and do not fully account for
the increasing frequency and severity of extreme events such
as droughts, heatwaves, and disturbances. These dynamics—
along with emerging evidence of forest dieback and biome shifts
(Boulton et al. 2022; Duffy et al. 2021)—represent critical uncer-
tainties that may significantly constrain the capacity of forests
to meet future wood demand. Our results suggest that under
optimistic assumptions of CO,-driven productivity gains and
average climate trajectories, global forest management may be
able to meet projected wood demand increases. However, these
outcomes are subject to significant uncertainty, particularly
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with respect to extreme events, nutrient limitations, and poten-
tial biome shifts that are not fully captured in this modelling
framework.

Currently, LandSyMM includes a representation of forest man-
agement based on rotational clear-cutting. Modelling additional
management practices such as thinning, reduced-impact log-
ging, and species selection could result in different outcomes
than the ones presented here. There are inherent trade-offs
between different management practices in maximising forest
ecosystem services such as wood harvesting, carbon seques-
tration, and biodiversity conservation (Brockerhoff et al. 2017;
Felipe-Lucia et al. 2018; Kolo et al. 2020). Understanding how
management practices affect the balance of forest ecosystem
services is critical for achieving global sustainability goals.
Within the United Nations Sustainable Development Goals
(SDGs), SDG 15 (Life on Land) emphasises protection and sus-
tainable use of forests and calls for halting of deforestation and
restoration of degraded forest ecosystems. Several other goals
are fundamentally connected to forest management, including
SDG 13 (Climate Action), which highlights the role of forests as
carbon sinks and SDG 7 (Affordable and Clean Energy), which
recognises the importance of wood-based energy, particularly
in low-income countries. Achieving these goals in the context
of growing demand for wood products will require carefully
planned approaches to balance economic development and pres-
ervation of forest ecosystems.

As demand for wood products continues to increase through
socioeconomic factors and policy drivers, intensifying forest
management will present challenges to the long-term health
of forest ecosystems. This study highlights the importance of
assessing the human impact on forests in the context of the
whole land system rather than focusing solely on the forest sec-
tor. Competition between land uses for food, wood, and energy
production can lead to complex and variable land use patterns.
Global land use modelling frameworks such as LandSyMM are
essential for exploring potential future pathways for sustainable
management of the land system. Meeting the growing demand
for food, materials, and energy without putting additional strain
on natural ecosystems requires careful consideration of the ben-
efits and trade-offs of different land management practices.

Author Contributions

Bartlomiej Arendarczyk: conceptualization, data curation, formal
analysis, investigation, methodology, software, visualization, writing
- original draft, writing - review and editing. Sam Rabin: conceptu-
alization, investigation, methodology, software, writing — review and
editing. Daniel Bampoh: investigation, software, writing — review and
editing. Almut Arneth: conceptualization, funding acquisition, meth-
odology, supervision, writing — review and editing. Mark Rounsevell:
conceptualization, funding acquisition, methodology, supervision,
writing — review and editing. Peter Alexander: conceptualization,
funding acquisition, methodology, software, supervision, writing - re-
view and editing.

Acknowledgements

Funding for this research was provided by NERC through an E4 DTP
studentship (NE/S007407/1). Additionally, B.A. and P.A. were sup-
ported by the UKRI projects Co-designing holistic forest-based policy

pathways for climate change mitigation (ForestPaths, 10039590) and
Joined-up land use strategies tackling climate change and biodiversity
loss (MOSAIC, 10075849).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Model output data can be found at https://doi.org/10.5281/zenodo.
14004333. Model input data can be obtained from public sources in-
cluding the FAO (https://www.fao.org/faostat), World Bank (https://
data.worldbank.org), and ITASA (https://tntcat.iiasa.ac.at/SspDb). Data
from LPJ-GUESS can be provided upon request. Model source code is
available at https://git.ecdf.ed.ac.uk/lul/plumv2/-/tree/ForestryPaper.

References

Alexander, P., R. Prestele, P. H. Verburg, et al. 2017. “Assessing
Uncertainties in Land Cover Projections.” Global Change Biology 23,
no. 2: 767-781. https://doi.org/10.1111/gcb.13447.

Alexander, P., S. Rabin, P. Anthoni, et al. 2018. “Adaptation of Global
Land Use and Management Intensity to Changes in Climate and
Atmospheric Carbon Dioxide.” Global Change Biology 24, no. 7: 2791-
2809. https://doi.org/10.1111/gcb.14110.

Arneth, A., P. Leadley, J. Claudet, et al. 2023. “Making Protected Areas
Effective for Biodiversity, Climate and Food.” Global Change Biology 29,
no. 14: 3883-3894. https://doi.org/10.1111/gcb.16664.

Arto, 1., I. Cazcarro, E. Garmendia, I. Ruiz, and M. J. Sanz. 2022. “A
New Accounting Framework for Assessing Forest Footprint of Nations.”
Ecological Economics 194: 107337. https://doi.org/10.1016/j.ecolecon.
2021.107337.

Boisvenue, C., and S. W. Running. 2006. “Impacts of Climate Change
on Natural Forest Productivity—Evidence Since the Middle of the 20th
Century.” Global Change Biology 12, no. 5: 862-882. https://doi.org/10.
1111/j.1365-2486.2006.01134.x.

Boulton, C. A., T. M. Lenton, and N. Boers. 2022. “Pronounced Loss of
Amazon Rainforest Resilience Since the Early 2000s.” Nature Climate
Change 12, no. 3: 271-278. https://doi.org/10.1038/s41558-022-01287-8.

Bousfield, C. G., O. Morton, and D. P. Edwards. 2024. “Climate Change
Will Exacerbate Land Conflict Between Agriculture and Timber
Production.” Nature Climate Change 14: 1-7. https://doi.org/10.1038/
s41558-024-02113-z.

Brockerhoff, E. G., L. Barbaro, B. Castagneyrol, et al. 2017. “Forest
Biodiversity, Ecosystem Functioning and the Provision of Ecosystem
Services.” Biodiversity and Conservation 26, no. 13: 3005-3035. https://
doi.org/10.1007/s10531-017-1453-2.

Buongiorno, J. 2015. “Global Modelling to Predict Timber Production
and Prices: The GFPM Approach.” Forestry 88, no. 3: 291-303. https://
doi.org/10.1093/forestry/cpu047.

Cranfield, J. A. L., P. V. Preckel, and T. W. Hertel. 2005. “A Modified,
Implicit, Directly Additive Demand System.” In Applied Economics,
vol. 42, 143-155. Routledge. https://ideas.repec.org//p/ags/uguewp/
34145.html.

Daigneault, A., J. S. Baker, J. Guo, et al. 2022. “How the Future of the
Global Forest Sink Depends on Timber Demand, Forest Management,
and Carbon Policies.” Global Environmental Change 76: 102582. https://
doi.org/10.1016/j.gloenvcha.2022.102582.

Daigneault, A., and A. Favero. 2021. “Global Forest Management,
Carbon Sequestration and Bioenergy Supply Under Alternative Shared
Socioeconomic Pathways.” Land Use Policy 103: 105302. https://doi.org/
10.1016/j.landusepol.2021.105302.

Global Change Biology, 2025

150f 17

95UB017 SUOLUIOD 9A1IER1D) 3[cedl|dde 8Ly Aq peusenob a.1e sajole YO 9sN Jo SajnJ 10} ARiq1T8UlUO AB[IA UO (SUORIPUOD-pUE-SWLBIALO" A3 IM Aleq 1 jBulUO//Sdhy) SUORIPUOD pue SWs 1 84} 89S *[5202/TT/0T] o Akeiqiauliuo Ao|im ‘ifojouyde L ind musuj Jsynsie Aq €260, GoB/TTTT 0T/I0pwW00 A8 1M AeIq1 Ul uo//SAny Wwolj pepeojumod ‘TT ‘G202 ‘9872S9ET


https://doi.org/10.5281/zenodo.14004333
https://doi.org/10.5281/zenodo.14004333
https://www.fao.org/faostat
https://data.worldbank.org
https://data.worldbank.org
https://tntcat.iiasa.ac.at/SspDb
https://git.ecdf.ed.ac.uk/lul/plumv2/-/tree/ForestryPaper
https://doi.org/10.1111/gcb.13447
https://doi.org/10.1111/gcb.14110
https://doi.org/10.1111/gcb.16664
https://doi.org/10.1016/j.ecolecon.2021.107337
https://doi.org/10.1016/j.ecolecon.2021.107337
https://doi.org/10.1111/j.1365-2486.2006.01134.x
https://doi.org/10.1111/j.1365-2486.2006.01134.x
https://doi.org/10.1038/s41558-022-01287-8
https://doi.org/10.1038/s41558-024-02113-z
https://doi.org/10.1038/s41558-024-02113-z
https://doi.org/10.1007/s10531-017-1453-2
https://doi.org/10.1007/s10531-017-1453-2
https://doi.org/10.1093/forestry/cpu047
https://doi.org/10.1093/forestry/cpu047
https://ideas.repec.org//p/ags/uguewp/34145.html
https://ideas.repec.org//p/ags/uguewp/34145.html
https://doi.org/10.1016/j.gloenvcha.2022.102582
https://doi.org/10.1016/j.gloenvcha.2022.102582
https://doi.org/10.1016/j.landusepol.2021.105302
https://doi.org/10.1016/j.landusepol.2021.105302

Del Lungo, A., J. B. Carle, and Division, F. Management. 2006. “Global
Planted Forests Thematic Study: Results and Analysis.” https://openk
nowledge.fao.org/handle/20.500.14283/bl366e.

Diaz, S., J. Settele, E. S. Brondizio, et al. 2019. “Pervasive Human-
Driven Decline of Life on Earth Points to the Need for Transformative
Change.” Science 366, no. 6471: eaax3100. https://doi.org/10.1126/scien
ce.aax3100.

Doelman, J. C., E. Stehfest, A. Tabeau, et al. 2018. “Exploring SSP
Land-Use Dynamics Using the IMAGE Model: Regional and Gridded
Scenarios of Land-Use Change and Land-Based Climate Change
Mitigation.” Global Environmental Change 48: 119-135. https://doi.org/
10.1016/j.gloenvcha.2017.11.014.

Dufty, K. A., C. R. Schwalm, V. L. Arcus, G. W. Koch, L. L. Liang, and
L. A. Schipper. 2021. “How Close Are We to the Temperature Tipping
Point of the Terrestrial Biosphere?” Science Advances 7, no. 3: 3. https://
doi.org/10.1126/sciadv.aay1052.

Ellison, D., C. E. Morris, B. Locatelli, et al. 2017. “Trees, Forests and
Water: Cool Insights for a Hot World.” Global Environmental Change 43:
51-61. https://doi.org/10.1016/j.gloenvcha.2017.01.002.

Eyring, V., S. Bony, G. A. Meehl, et al. 2016. “Overview of the Coupled
Model Intercomparison Project Phase 6 (CMIP6) Experimental Design
and Organization.” Geoscientific Model Development 9, no. 5: 1937-1958.
https://doi.org/10.5194/gmd-9-1937-2016.

FAO. 2016. Forestry for a Low-Carbon Future: Integrating Forests and
Wood Products in Climate Change Strategies. FAO.

FAO. 2020. “Global Forest Resources Assessment 2020. FAO.” http://
www.fao.org/documents/card/en/c/ca9825en.

FAO. 2024a. “FAOSTAT.” https://www.fao.org/faostat/en/.

FAO. 2024b. “The State of the World's Forests 2024. FAO.” https://
openknowledge.fao.org/handle/20.500.14283/cd1211en.

Favero, A., A. Daigneault, and B. Sohngen. 2020. “Forests: Carbon
Sequestration, Biomass Energy, or Both? Science.” Advances 6, no. 13:
eaay6792. https://doi.org/10.1126/sciadv.aay6792.

Favero, A., R. Mendelsohn, B. Sohngen, and B. Stocker. 2021. “Assessing
the Long-Term Interactions of Climate Change and Timber Markets on
Forest Land and Carbon Storage.” Environmental Research Letters 16,
no. 1: 14051. https://doi.org/10.1088/1748-9326/abd 589.

Favero, A., B. Sohngen, and W. P. Hamilton. 2022. “Climate Change
and Timber in Latin America: Will the Forestry Sector Flourish Under
Climate Change?” Forest Policy and Economics 135: 102657. https://doi.
0rg/10.1016/j.forpol.2021.102657.

Felipe-Lucia, M. R., S. Soliveres, C. Penone, et al. 2018. “Multiple
Forest Attributes Underpin the Supply of Multiple Ecosystem Services.”
Nature Communications 9, no. 1: 4839. https://doi.org/10.1038/s41467-
018-07082-4.

Gouel, C., and H. Guimbard. 2019. “Nutrition Transition and the
Structure of Global Food Demand.” American Journal of Agricultural
Economics 101, no. 2: 383-403. https://doi.org/10.1093/ajae/aay030.

Hilton-Taylor, C., S. N. Stuart, and J.-C. Vié. 2009. “Wildlife in a
Changing World: An Analysis of the 2008 ITUCN Red List of Threatened
Species. IUCN.” https://portals.iucn.org/library/node/9356.

Hurtt, G. C., L. Chini, R. Sahajpal, et al. 2020. “Harmonization of Global
Land Use Change and Management for the Period 850-2100 (LUH2)
for CMIP6.” Geoscientific Model Development 13, no. 11: 5425-5464.
https://doi.org/10.5194/gmd-13-5425-2020.

IPBES. 2019. “Global Assessment Report on Biodiversity and Ecosystem
Services of the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services. IPBES Secretariat.” https://doi.
org/10.5281/zenodo.3831673.

Isaac, R., J. Hofmann, J. Koegst, C. Schleyer, and B. Martin-Lépez.
2024. “Governing Anthropogenic Assets for Nature's Contributions to

People in Forests: A Policy Document Analysis.” Environmental Science
& Policy 152:103657. https://doi.org/10.1016/j.envsci.2023.103657.

Kallio, A. M. L., A. Moiseyev, and B. Solberg. 2004. “The Global Forest
Sector Model EFI-GTM—The Model Structure. European Forest
Institute.” https://efi.int/publications-bank/global-forest-sector-model
-efi-gtm-model-structure.

Kindermann, G. E., M. Obersteiner, E. Rametsteiner, and I. McCallum.
2006. “Predicting the Deforestation-Trend Under Different Carbon-
Prices.” Carbon Balance and Management 1, no. 1: 15. https://doi.org/
10.1186/1750-0680-1-15.

Koch, J., and M. Leimbach. 2023. “SSP Economic Growth Projections:
Major Changes of Key Drivers in Integrated Assessment Modelling.”
Ecological Economics 206: 107751. https://doi.org/10.1016/j.ecolecon.
2023.107751.

Kolo, H., M. Kindu, and T. Knoke. 2020. “Optimizing Forest
Management for Timber Production, Carbon Sequestration and
Groundwater Recharge.” Ecosystem Services 44: 101147. https://doi.org/
10.1016/j.ecoser.2020.101147.

Lauri, P., N. Forsell, M. Gusti, A. Korosuo, P. Havlik, and M. Obersteiner.
2019. “Global Woody Biomass Harvest Volumes and Forest Area Use
Under Different SSP-RCP Scenarios.” Journal of Forest Economics 34,
no. 3: 285-309. https://doi.org/10.1561/112.00000504.

Lauri, P., P. Havlik, G. Kindermann, N. Forsell, H. Bottcher, and M.
Obersteiner. 2014. “Woody Biomass Energy Potential in 2050.” Energy
Policy 66: 19-31. https://doi.org/10.1016/j.enpol.2013.11.033.

Lesiv, M., D. Schepaschenko, M. Buchhorn, et al. 2022. “Global Forest
Management Data for 2015 at a 100 m Resolution.” Scientific Data 9, no.
1:199. https://doi.org/10.1038/s41597-022-01332-3.

Li, Y., B. Mei, T. Linhares-Juvenal, N. Formenton Cardoso, and C.
Tshering. 2022. “Forest Sector Contribution to National Economies 2015.
FAO.” https://openknowledge.fao.org/handle/20.500.14283/cc2387en.

Luo, M., A. Daigneault, X. Zhao, D. Hao, and M. Chen. 2024. “Impacts
of Forest Management-Induced Productivity Changes on Future Land
Use and Land Cover Change.” Earth’s Future 12, no. 8: e2024EF004878.
https://doi.org/10.1029/2024EF004878.

Ma, J., S. Olin, P. Anthoni, et al. 2022. “Modeling Symbiotic Biological
Nitrogen Fixation in Grain Legumes Globally With LPJ-GUESS (v4.0,
r10285).” Geoscientific Model Development 15, no. 2: 815-839. https://
doi.org/10.5194/gmd-15-815-2022.

MacDicken, K. G., P. Sola, J. E. Hall, C. Sabogal, M. Tadoum, and
C. de Wasseige. 2015. “Global Progress Toward Sustainable Forest
Management.” Forest Ecology and Management 352: 47-56. https://doi.
org/10.1016/j.foreco.2015.02.005.

Mishra, A., F. Humpendder, G. Churkina, et al. 2022. “Land Use
Change and Carbon Emissions of a Transformation to Timber Cities.”
Nature Communications 13, no. 1: 4889. https://doi.org/10.1038/s4146
7-022-32244-w.

Mishra, A., F. Humpendoder, J. P. Dietrich, et al. 2021. “Estimating
Global Land System Impacts of Timber Plantations Using MAgPIE
4.3.5.” Geoscientific Model Development 14, no. 10: 6467-6494. https://
doi.org/10.5194/gmd-14-6467-2021.

Morland, C., F. Schier, N. Janzen, and H. Weimar. 2018. “Supply and
Demand Functions for Global Wood Markets: Specification and
Plausibility Testing of Econometric Models Within the Global Forest
Sector.” Forest Policy and Economics 92: 92-105. https://doi.org/10.
1016/j.forpol.2018.04.003.

Nepal, P., C. M. T. Johnston, and I. Ganguly. 2021. “Effects on Global
Forests and Wood Product Markets of Increased Demand for Mass
Timber.” Sustainability 13, no. 24: 13943. https://doi.org/10.3390/sul32
413943.

Olin, S., G. Schurgers, M. Lindeskog, et al. 2015. “Modelling the

Response of Yields and Tissue C: N to Changes in Atmospheric CO,

16 of 17

Global Change Biology, 2025

95UB017 SUOLUIOD 9A1IER1D) 3[cedl|dde 8Ly Aq peusenob a.1e sajole YO 9sN Jo SajnJ 10} ARiq1T8UlUO AB[IA UO (SUORIPUOD-pUE-SWLBIALO" A3 IM Aleq 1 jBulUO//Sdhy) SUORIPUOD pue SWs 1 84} 89S *[5202/TT/0T] o Akeiqiauliuo Ao|im ‘ifojouyde L ind musuj Jsynsie Aq €260, GoB/TTTT 0T/I0pwW00 A8 1M AeIq1 Ul uo//SAny Wwolj pepeojumod ‘TT ‘G202 ‘9872S9ET


https://openknowledge.fao.org/handle/20.500.14283/bl366e
https://openknowledge.fao.org/handle/20.500.14283/bl366e
https://doi.org/10.1126/science.aax3100
https://doi.org/10.1126/science.aax3100
https://doi.org/10.1016/j.gloenvcha.2017.11.014
https://doi.org/10.1016/j.gloenvcha.2017.11.014
https://doi.org/10.1126/sciadv.aay1052
https://doi.org/10.1126/sciadv.aay1052
https://doi.org/10.1016/j.gloenvcha.2017.01.002
https://doi.org/10.5194/gmd-9-1937-2016
http://www.fao.org/documents/card/en/c/ca9825en
http://www.fao.org/documents/card/en/c/ca9825en
https://www.fao.org/faostat/en/
https://openknowledge.fao.org/handle/20.500.14283/cd1211en
https://openknowledge.fao.org/handle/20.500.14283/cd1211en
https://doi.org/10.1126/sciadv.aay6792
https://doi.org/10.1088/1748-9326/abd589
https://doi.org/10.1016/j.forpol.2021.102657
https://doi.org/10.1016/j.forpol.2021.102657
https://doi.org/10.1038/s41467-018-07082-4
https://doi.org/10.1038/s41467-018-07082-4
https://doi.org/10.1093/ajae/aay030
https://portals.iucn.org/library/node/9356
https://doi.org/10.5194/gmd-13-5425-2020
https://doi.org/10.5281/zenodo.3831673
https://doi.org/10.5281/zenodo.3831673
https://doi.org/10.1016/j.envsci.2023.103657
https://efi.int/publications-bank/global-forest-sector-model-efi-gtm-model-structure
https://efi.int/publications-bank/global-forest-sector-model-efi-gtm-model-structure
https://doi.org/10.1186/1750-0680-1-15
https://doi.org/10.1186/1750-0680-1-15
https://doi.org/10.1016/j.ecolecon.2023.107751
https://doi.org/10.1016/j.ecolecon.2023.107751
https://doi.org/10.1016/j.ecoser.2020.101147
https://doi.org/10.1016/j.ecoser.2020.101147
https://doi.org/10.1561/112.00000504
https://doi.org/10.1016/j.enpol.2013.11.033
https://doi.org/10.1038/s41597-022-01332-3
https://openknowledge.fao.org/handle/20.500.14283/cc2387en
https://doi.org/10.1029/2024EF004878
https://doi.org/10.5194/gmd-15-815-2022
https://doi.org/10.5194/gmd-15-815-2022
https://doi.org/10.1016/j.foreco.2015.02.005
https://doi.org/10.1016/j.foreco.2015.02.005
https://doi.org/10.1038/s41467-022-32244-w
https://doi.org/10.1038/s41467-022-32244-w
https://doi.org/10.5194/gmd-14-6467-2021
https://doi.org/10.5194/gmd-14-6467-2021
https://doi.org/10.1016/j.forpol.2018.04.003
https://doi.org/10.1016/j.forpol.2018.04.003
https://doi.org/10.3390/su132413943
https://doi.org/10.3390/su132413943

and N Management in the Main Wheat Regions of Western Europe.”
Biogeosciences 12, no. 8: 8. https://doi.org/10.5194/bg-12-2489-2015.

O'Neill, B. C., E. Kriegler, K. L. Ebi, et al. 2017. “The Roads Ahead:
Narratives for Shared Socioeconomic Pathways Describing World
Futures in the 21st Century.” Global Environmental Change 42: 169-
180. https://doi.org/10.1016/j.gloenvcha.2015.01.004.

Peng, L., T. D. Searchinger, J. Zionts, and R. Waite. 2023. “The Carbon
Costs of Global Wood Harvests.” Nature 620: 1-6. https://doi.org/10.
1038/541586-023-06187-1.

Prestele, R., P. Alexander, M. D. A. Rounsevell, et al. 2016. “Hotspots
of Uncertainty in Land-Use and Land-Cover Change Projections: A
Global-Scale Model Comparison.” Global Change Biology 22, no. 12:
3967-3983. https://doi.org/10.1111/gcb.13337.

Rabin, S. S., P. Alexander, R. Henry, et al. 2020. “Impacts of Future
Agricultural Change on Ecosystem Service Indicators.” Earth System
Dynamics 11, no. 2: 2. https://doi.org/10.5194/esd-11-357-2020.

Riahi, K., D. P. van Vuuren, E. Kriegler, et al. 2017. “The Shared
Socioeconomic Pathways and Their Energy, Land Use, and Greenhouse
Gas Emissions Implications: An Overview.” Global Environmental
Change 42: 153-168. https://doi.org/10.1016/j.gloenvcha.2016.05.009.

Ritter, E., and D. Dauksta. 2013. “Human-Forest Relationships:
Ancient Values in Modern Perspectives.” Environment, Development
and Sustainability 15, no. 3: 645-662. https://doi.org/10.1007/s1066
8-012-9398-9.

Rosa, F., F. Di Fulvio, P. Lauri, et al. 2023. “Can Forest Management
Practices Counteract Species Loss Arising From Increasing European
Demand for Forest Biomass Under Climate Mitigation Scenarios?”
Environmental Science & Technology 57, no. 5: 2149-2161. https://doi.
org/10.1021/acs.est.2c07867.

Schulze, E. D., C. Korner, B. E. Law, H. Haberl, and S. Luyssaert. 2012.
“Large-Scale Bioenergy From Additional Harvest of Forest Biomass Is
Neither Sustainable nor Greenhouse Gas Neutral.” GCB Bioenergy 4, no.
6: 611-616. https://doi.org/10.1111/j.1757-1707.2012.01169.x.

Schulze, K., Z. Malek, and P. H. Verburg. 2019. “Towards Better Mapping
of Forest Management Patterns: A Global Allocation Approach.” Forest
Ecology and Management 432: 776-785. https://doi.org/10.1016/j.foreco.
2018.10.001.

Searchinger, T., O. James, P. Dumas, T. Kastner, and S. Wirsenius.
2022. “EU Climate Plan Sacrifices Carbon Storage and Biodiversity for
Bioenergy.” Nature 612, no. 7938: 27-30. https://doi.org/10.1038/d4158
6-022-04133-1.

Seo, B., C. Brown, H. Lee, and M. Rounsevell. 2024. “Bioenergy in
Europe Is Unlikely to Make a Timely Contribution to Climate Change
Targets.” Environmental Research Letters 19, no. 4: 44004. https://doi.
org/10.1088/1748-9326/ad2d11.

Smith, B., I. C. Prentice, and M. T. Sykes. 2001. “Representation of
Vegetation Dynamics in the Modelling of Terrestrial Ecosystems:
Comparing Two Contrasting Approaches Within European Climate
Space.” Global Ecology and Biogeography 10, no. 6: 621-637.

Smith, B., D. Warlind, A. Arneth, et al. 2014. “Implications of
Incorporating N Cycling and N Limitations on Primary Production in
an Individual-Based Dynamic Vegetation Model.” Biogeosciences 11, no.
7:2027-2054. https://doi.org/10.5194/bg-11-2027-2014.

Sohngen, B., R. Mendelsohn, and R. Sedjo. 2001. “A Global Model of
Climate Change Impacts on Timber Markets.” Journal of Agricultural
and Resource Economics 26, no. 2: 326-343.

Sterman, J. D., L. Siegel, and J. N. Rooney-Varga. 2018. “Does Replacing
Coal With Wood Lower CO2 Emissions? Dynamic Lifecycle Analysis
of Wood Bioenergy.” Environmental Research Letters 13, no. 1: 15007.
https://doi.org/10.1088/1748-9326/aaa512.

Taye, F. A., M. V. Folkersen, C. M. Fleming, et al. 2021. “The Economic
Values of Global Forest Ecosystem Services: A Meta-Analysis.”

Ecological Economics 189: 107145. https://doi.org/10.1016/j.ecolecon.
2021.107145.

The World Bank. 2020. “Purchasing Power Parities and the Size of
World Economies: Results From the 2017 International Comparison
Program. The World Bank.” https://doi.org/10.1596/978-1-4648-1530-0.

UNECE. 2022. “Joint Forest Sector Questionnaire Definitions.” https://
unece.org/sites/default/files/2024-06/JFSQ%202022%20DEF-EN%20%
28final%29.pdf.

UNEP-WCMC & IUCN. 2025. “Protected Planet: The World Database
on Protected Areas (WDPA).” https://doi.org/10.34892/6fwd-af11.

Verkerk, P. J., C. Levers, T. Kuemmerle, et al. 2015. “Mapping Wood
Production in European Forests.” Forest Ecology and Management 357:
228-238. https://doi.org/10.1016/j.foreco.2015.08.007.

Willett, W., J. Rockstrom, B. Loken, et al. 2019. “Food in the
Anthropocene: The EAT-Lancet Commission on Healthy Diets From
Sustainable Food Systems.” Lancet 393, no. 10170: 447-492. https://doi.
0rg/10.1016/S0140-6736(18)31788-4.

Winkler, K., R. Fuchs, M. Rounsevell, and M. Herold. 2021. “Global
Land Use Changes Are Four Times Greater Than Previously Estimated.”
Nature Communications 12, no. 1: 2501. https://doi.org/10.1038/s41467-
021-22702-2.

Yukimoto, S., T. Koshiro, H. Kawai, et al. 2019. “MRI MRI-ESM2.0
Model Output Prepared for CMIP6. Earth System Grid Federation.”
https://doi.org/10.22033/ESGF/CMIP6.621.

Zhang, Q., Y. Li, C. Yu, et al. 2020. “Global Timber Harvest Footprints
of Nations and Virtual Timber Trade Flows.” Journal of Cleaner
Production 250: 119503. https://doi.org/10.1016/j.jclepro.2019.119503.

Zhao, J., X. Wei, and L. Li. 2022. “The Potential for Storing Carbon by
Harvested Wood Products.” Frontiers in Forests and Global Change 5:
1055410.

Zhao, X., B. K. Mignone, M. A. Wise, and H. C. McJeon. 2024. “Trade-
Offs in Land-Based Carbon Removal Measures Under 1.5°C and 2°C
Futures.” Nature Communications 15, no. 1: 2297. https://doi.org/10.
1038/s41467-024-46575-3.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Data S1: gcb70573-sup-0001-Supinfo.
pdf.

Global Change Biology, 2025

17 of 17

95UB017 SUOLUIOD 9A1IER1D) 3[cedl|dde 8Ly Aq peusenob a.1e sajole YO 9sN Jo SajnJ 10} ARiq1T8UlUO AB[IA UO (SUORIPUOD-pUE-SWLBIALO" A3 IM Aleq 1 jBulUO//Sdhy) SUORIPUOD pue SWs 1 84} 89S *[5202/TT/0T] o Akeiqiauliuo Ao|im ‘ifojouyde L ind musuj Jsynsie Aq €260, GoB/TTTT 0T/I0pwW00 A8 1M AeIq1 Ul uo//SAny Wwolj pepeojumod ‘TT ‘G202 ‘9872S9ET


https://doi.org/10.5194/bg-12-2489-2015
https://doi.org/10.1016/j.gloenvcha.2015.01.004
https://doi.org/10.1038/s41586-023-06187-1
https://doi.org/10.1038/s41586-023-06187-1
https://doi.org/10.1111/gcb.13337
https://doi.org/10.5194/esd-11-357-2020
https://doi.org/10.1016/j.gloenvcha.2016.05.009
https://doi.org/10.1007/s10668-012-9398-9
https://doi.org/10.1007/s10668-012-9398-9
https://doi.org/10.1021/acs.est.2c07867
https://doi.org/10.1021/acs.est.2c07867
https://doi.org/10.1111/j.1757-1707.2012.01169.x
https://doi.org/10.1016/j.foreco.2018.10.001
https://doi.org/10.1016/j.foreco.2018.10.001
https://doi.org/10.1038/d41586-022-04133-1
https://doi.org/10.1038/d41586-022-04133-1
https://doi.org/10.1088/1748-9326/ad2d11
https://doi.org/10.1088/1748-9326/ad2d11
https://doi.org/10.5194/bg-11-2027-2014
https://doi.org/10.1088/1748-9326/aaa512
https://doi.org/10.1016/j.ecolecon.2021.107145
https://doi.org/10.1016/j.ecolecon.2021.107145
https://doi.org/10.1596/978-1-4648-1530-0
https://unece.org/sites/default/files/2024-06/JFSQ 2022 DEF-EN %28final%29.pdf
https://unece.org/sites/default/files/2024-06/JFSQ 2022 DEF-EN %28final%29.pdf
https://unece.org/sites/default/files/2024-06/JFSQ 2022 DEF-EN %28final%29.pdf
https://doi.org/10.34892/6fwd-af11
https://doi.org/10.1016/j.foreco.2015.08.007
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1038/s41467-021-22702-2
https://doi.org/10.1038/s41467-021-22702-2
https://doi.org/10.22033/ESGF/CMIP6.621
https://doi.org/10.1016/j.jclepro.2019.119503
https://doi.org/10.1038/s41467-024-46575-3
https://doi.org/10.1038/s41467-024-46575-3

	Response of Global Forest Management to Changes in Wood Demand
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Land Use Modelling Framework
	2.2   |   Scenarios
	2.3   |   Wood Yields
	2.4   |   Wood Demand Model
	2.5   |   Forest Management in PLUM

	3   |   Results
	3.1   |   Present Distribution of Wood Harvests
	3.2   |   Wood Demand
	3.3   |   Prices
	3.4   |   Changes in Global Forest Area
	3.5   |   Changes in Forest Management Intensity and Harvests
	3.6   |   Factor Contributions to Changes in Wood Harvests

	4   |   Discussion
	Author Contributions
	Acknowledgements
	Conflicts of Interest
	Data Availability Statement
	References


