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The European Union Deforestation Regulation (EUDR) requires plot-level geolocation and full supply chain
traceability—requirements that pose distinctive challenges for pellet supply chains where fiber origins cannot be
distinguished after blending. We use a dynamic spatial equilibrium model covering fourteen regions to assess
how these compliance requirements affect global wood pellet production, prices, and trade from 2026 to 2030.
We compare four policy scenarios—EU-only and joint EU-UK implementation, each with static or rising
compliance costs—against a no-regulation baseline. Results show that the U.S. Southeast faces the largest pro-
duction decline, reaching 7.2% by 2030 under joint EU-UK implementation, while EU and UK producers expand
output by 1.6-7.1% through import substitution. Correspondingly, producer prices fall 7.9% in the U.S.
Southeast but rise 2.6-4.6% within the EU and UK. The primary market response is trade diversion rather than
demand destruction: U.S. exports to the EU fall 22-36%, while Vietnamese exports to non-EU Asian markets rise
24-28%. Global production contracts only 1.7% under the strictest scenario, while trade contracts 7.5%. These
findings suggest that the EUDR functions mainly as a trade-restructuring policy that increases traceability within
European bioenergy supply chains but may have limited effect on global deforestation pressure due to leakage to

less-regulated markets.

1. Introduction

The global wood pellet market has grown from small volumes in the
early 2000s to an estimated $16.68 billion in 2025, with projections
indicating this value could reach $24.29 billion by 2030 [1]. Climate
policies in the European Union, United Kingdom, and East Asian econ-
omies have driven most of this growth by classifying sustainably sourced
woody biomass as a carbon-neutral feedstock for renewable energy.
These policies have reshaped forestry sectors across continents and
created new trade relationships that now form a central part of the
global bioenergy economy. The United States has become a major
exporter in this market. According to data from the USDA Foreign
Agricultural Service, the U.S. exported a record 10 million metric tons of
wood pellets in 2024, with exports valued at approximately $1.7 billion
[2,3]. This export volume represents roughly one-third of global trade.
The U.S. Southeast is central to this trade relationship. The region hosts
the majority of U.S. pellet production capacity and supplies over 60% of
European imports [4].

European consumption dominates global demand, with the EU and

UK together accounting for approximately 70% of global imports [4].
The EU consumed an estimated 22.6 million metric tons in 2024 but
produced about 21.2 million metric tons, relying on imports to cover the
remaining 6% of consumption [4,5]. Asian markets have emerged as a
second major demand center, with Japan and South Korea together
importing over 9.5 million metric tons annually by 2023 [6,7]. This
growth has stimulated Vietnam's expansion into the world's
second-largest exporter, with total exports reaching approximately 6
million metric tons in 2024 [8,9]. These shifts have created separate
Atlantic and Pacific trade basins with different supply chain features and
regulatory settings.

The European Union Deforestation Regulation is a large intervention
in this market. Following concerns about readiness to implement the
rules, Regulation (EU) 2024/3234 pushed back the application date to
December 30, 2025, for large and medium enterprises and June 30,
2026, for small businesses. The regulation requires operators to show
that products do not come from land deforested after December 31,
2020. Compliance requires plot-level geolocation coordinates for every
parcel involved, satellite monitoring verification, and complete supply
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chain traceability from harvest site to final product. These requirements
create compliance barriers for wood pellet supply chains. Industrial
pellets are produced by gathering feedstock from many small forest
parcels and mixing fiber at multiple processing stages. Once fiber is
chipped and combined in a pellet mill, it is not possible to tell the origin
of one pellet from another. Tracking individual fiber flows through these
mixing stages is challenging at commercial scale without separating
entire supply chains. Compliance costs therefore vary by region based on
the complexity of supply chains and the degree of exposure to EU
markets.

Given the scale of the transatlantic pellet trade and its distinct supply
chain structures, the EUDR is likely to restructure global wood pellet
markets differently than other forest products. To analyze these dy-
namics, we develop a partial equilibrium model to simulate market
outcomes under alternative regulatory scenarios. Building on the liter-
ature regarding environmental trade regulations, we test three hypoth-
eses: (1) the EUDR will disproportionately reduce production in regions
with high EU market exposure, particularly the U.S. Southeast; (2)
global trade volumes will decline by a larger percentage than global
production as compliance costs redirect rather than eliminate supply;
and (3) trade diversion toward less-regulated Asian markets will
partially offset EU consumption declines. Our model advances existing
analyses by disaggregating the United States into six subregions within a
14-region global framework, capturing differential regional vulnera-
bility that broader models obscure [10]; by applying heterogeneous,
route-specific compliance costs proportional to baseline transport dis-
tances rather than a uniform policy shock [11]; and by incorporating
Monte Carlo simulation to address parameter uncertainty absent from
other EUDR studies [10,12], allowing comparison of market adjust-
ments under static versus dynamic compliance cost paths.

The rest of this article is organized as follows. Section 2 reviews the
relevant literature on wood pellet markets, environmental trade regu-
lations, and forest sector modeling. Section 3 describes the spatial
equilibrium model, data sources, and scenario definitions. Section 4
presents results on production, prices, trade flows, and global market
outcomes. Section 5 discusses the findings in relation to the literature
and their implications for policy. Section 6 concludes.

2. Literature review
2.1. Wood pellet market structure

The growth of wood pellets into a globally traded commodity is well
documented. Sikkema et al. [13] provided early analysis of European
pellet market development, though actual consumption has exceeded
their projections due to intensified renewable energy policies. Thran
et al. [14] examined global market dynamics and identified policy
mandates as the main demand driver alongside technological progress in
logistics and combustion. Despite temporary consumption fluctuations
in 2023-2024 due to mild winters, global production reached 48 million
metric tons in 2024.

Recent studies have documented the continued evolution of this
market. Olkiewicz et al. [15] analyzed structural changes in pellet
supply-chain management amid trade reorientation, certification re-
quirements, and energy market disruptions. Atasoy and Zhang [16]
estimated EU import demand elasticities using AIDS and Rotterdam
models over 2007-2021, finding that demand is price-inelastic across all
suppliers and that the U.S. stands to gain the most from any expansion in
EU pellet expenditures. On the export side, Lamica and Parajuli [17]
used a stochastic frontier gravity model to identify key drivers of U.S.
wood pellet exports, including renewable energy mandates and the
Russia-Ukraine conflict. In Asian markets, Oh and Suh [18] showed how
South Korea's Renewable Portfolio Standard drove a rapid reorientation
of wood pellet imports toward Vietnam and Indonesia, with import
demand from Southeast Asian suppliers proving inelastic to price
changes.
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Market geography has shifted in recent years. While the EU and UK
together account for about 70% of global imports, Asian markets have
grown. Japan's imports increased from 72,000 metric tons in 2012 to 5.8
million metric tons in 2023 [6]. South Korea expanded imports to 3.7
million metric tons over the same period. Vietnam's expansion as a
major supplier to Asian markets represents a structural shift not
captured in earlier literature. While the U.S. Southeast maintains
dominance in transatlantic trade, its dispersed ownership structure
creates distinctive traceability challenges compared to other regions.
Visser et al. [19] documented asymmetric price transmission in pellet
supply chains, finding that cost increases pass through more quickly
than decreases, suggesting that compliance cost burdens may have
persistent effects on end-user prices.

2.2. Environmental trade regulations

The EUDR builds on the U.S. Lacey Act Amendments and the EU
Timber Regulation (EUTR). Prestemon [20] analyzed the Lacey Act and
found that import quantities declined about twice as much as prices
increased, suggesting that regulatory uncertainty generates larger
quantity effects than price effects. This finding has implications for how
EUDR effects will manifest: through trade volume changes rather than
price spikes. Rougieux and Jonsson [21] documented trade diversion
under the EUTR, where reduced imports from regulated sources were
partly offset by increased trade with less-regulated markets, reducing
environmental benefits.

Recent work on EUDR suggests similar patterns. Johnston et al. [10],
using a global forest sector model, projected substantial production and
export reductions for high-deforestation countries but noted that
EU-only restrictions mainly redistribute trade flows rather than reducing
global production. Their work highlights market leakage as products
shift to non-EU markets. Vasconcelos et al. [12] identified structural
limitations in EUDR, noting that its demand-side orientation and uni-
lateral nature may exclude small producers while generating limited
environmental benefits due to trade diversion. Estimates of compliance
costs remain debated. Profundo [22] estimated costs at roughly 0.1% of
annual revenues, but industry stakeholders argue this fails to capture
capital costs of supply chain reorganization. Cesar de Oliveira et al. [23]
assessed compliance readiness with EU and UK deforestation-free reg-
ulations across Brazilian commodity sectors, finding that wood products
face moderate compliance hurdles due to low certification coverage and
linkages to deforestation.

The EUDR's compatibility with World Trade Organization rules has
also received attention [24,25]. While the regulation applies identical
requirements to domestic and imported products, its benchmarking
system and plot-level traceability demands have raised concerns under
the GATT's non-discrimination principles, though both analyses suggest
the regulation could likely be defended under Article XX(g) as a measure
for conservation of exhaustible natural resources. This tension between
regulatory design and trade impact is relevant to understanding the
market restructuring our model projects.

2.3. Forest sector modeling

Partial equilibrium (PE) models are the established standard for
forest policy analysis, balancing sectoral detail with computational
tractability. Because the EUDR has not yet taken effect, ex-post econo-
metric estimation is not feasible, and ex-ante simulation is needed. CGE
models capture cross-sectoral feedbacks but typically aggregate forestry
into a single broad sector, obscuring the supply chain features—fiber
blending, concentrated export dependence—through which the EUDR
affects wood pellet markets. PE models provide the commodity-level
detail to represent these features, though at the cost of cross-sectoral
feedbacks we discuss in Section 5.

Solberg et al. [26] demonstrated this framework for Russian export
tariffs, while Johnston and van Kooten [27] used it to analyze European
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pellet demand, revealing complex substitution relationships as biomass
competes for residual fiber. Nepal et al. [28] showed how sudden dis-
ruptions propagate through interconnected markets, often producing
sharp initial responses followed by partial recovery. The Global Forest
Trade Model (Jonsson et al. [29]), which we use to calibrate baseline
demand parameters, is itself a PE framework. Buongiorno and Johnston
[30] showed that uncertainty in supply and demand elasticities domi-
nates variance in long-term projections, motivating the stochastic
approach we adopt to address parameter uncertainty.

2.4. Research gaps

Despite this literature, gaps remain. Existing analyses have not
captured specific characteristics of wood pellet supply chains, especially
the aggregation and blending that eliminates traceability. Compliance
challenges from differential ownership structures—the contrast between
dispersed private ownership in the U.S. Southeast and consolidated
systems elsewhere—have not been modeled. Previous studies tend to
treat regulatory implementation as a binary change rather than a dy-
namic process involving learning and adaptation. The growth of Asian
markets creates trade diversion opportunities not captured in earlier
work. Recent regulatory delays formalized in Regulation (EU) 2024/
3234 have not been incorporated into quantitative analyses. This study
addresses these gaps by developing a model that captures the sector's
features and incorporates detailed compliance cost structures.

3. Model
3.1. Overview

We use a dynamic spatial equilibrium model, developed specifically
for this analysis, formulated as a Mixed Complementarity Problem
(MCP). The model is partial equilibrium and focuses on industrial wood
pellets traded internationally. It runs annually from 2023 to 2030 and
covers fourteen regions that together account for most global production
and consumption. The United States is divided into six subregions
(Northeast, North Central, Southeast, South Central, Rocky Mountain,
Pacific) to capture differences in production capacity and EU market
exposure. The remaining regions are Canada, the European Union, the
United Kingdom, Russia, China, Japan, Vietnam, and a Rest of World
aggregate. This regional structure allows the model to represent the
dependence of the EU and UK on imports from North America, the
growing role of Asian demand, and the different compliance cost levels
across suppliers.

The numerical implementation proceeds in three stages. First, a
nonlinear programming problem finds an initial spatial equilibrium
consistent with observed 2023 trade and price patterns. Second, an
iterative calibration procedure adjusts bilateral cost parameters until the
model reproduces the base-year trade matrix and price vector within
tolerance. Third, the calibrated structure serves as the starting point for
dynamic simulations from 2023 to 2030. In this final stage, the MCP is
solved year by year under alternative EUDR scenarios and Monte Carlo
draws of supply and demand elasticities.

3.2. Model equations

For each year t = 2023, ...,2030 and each Monte Carlo draw, the
model solves for regional production (S;,), consumption (D;,), producer
prices (pi¢), consumer prices (pf,), and bilateral trade flows (Tj.).
Throughout, subscript i indexes producing/exporting regions, j indexes
consuming/importing regions, and superscript ¢ denotes consumer-side
variables.

Material balance. Production in each region must cover exports:

Sie— > Tje > 0lpy >0 Vit m
J
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When production equals total exports, the constraint binds and
pir > 0. The formulation allows for market exit under extreme condi-
tions, though all regions produce in equilibrium. Imports must meet
consumption:

> Tie—Die > 01pf, >0 Vit @)
J
Together, equations (1) and (2) impose material balance across re-
gions and ensure global quantity conservation.
Demand. Each region has a linear inverse demand function:

i, —Af, +BD;, >01D; >0 Vit 3)

where Aﬁt is the intercept and B¢ > 0 is the slope. The intercept shifts
with income and exogenous demand factors:

GpP: \"
Al =ad [ ) g 4
it i,base (GDP?_ZOZS it

where GDPY; is per capita GDP, #; is income elasticity, set to 0.25 for all
regions following the Global Forest Trade Model [29]. Although income
elasticity may differ across development levels, region-specific estimates
are not available for wood pellet demand; sensitivity analysis varying #;
from 0.12 for developed regions to 0.40 for developing regions confirms
that directional findings are preserved (Table S5). The term (/)ft captures
exogenous shifts such as changes in renewable energy mandates. The
slope B¢ is constant within each Monte Carlo draw and calibrated so
equation (3) reproduces base-year prices and quantities.
Supply. Each region has an inverse marginal cost function:

Co+ Al +dSy —pi > 018, >0 Vit ©)

where C}, is the intercept, d > 0 is the slope, and A}, is a supply shock
term. Costs decline with technological progress:

c

it

C

i,base

1- 0{)t72023 ©)

where 6; = 0.02 for all regions, capturing learning-by-doing and process
improvements. Although technological progress rates likely differ across
regions with varying levels of industrial maturity, comparable region-
specific estimates are not available for wood pellet production; sensi-
tivity analysis with differentiated rates (6; = 0.015 for U.S. regions,
0.025 for Vietnam, 0.008 for Russia) preserves the EUDR impact pattern
(Table S5).

The supply shock term A}, captures EUDR-induced feedstock
disruption and takes the form Af, = — Siy;-8;-ft, where Siyy; is initial
production, &; is a region-specific disruption rate, and f; is a phase-in
factor. Disruption rates are calibrated from the European Commis-
sion's impact assessment (SWD(2021)326) and Profundo [22], ranging
from 1.2% for Canada to 3.5% for Vietnam to reflect differences in
supply chain complexity and governance; EU and UK domestic pro-
duction is unaffected (5; = 0). The phase factor f; begins at 0.7 in 2026
and rises linearly under dynamic scenarios. Complete parameter values
are reported in Table S8. Calibration uses assumed elasticities and 2023

1 'S S
prices to recover G}, and d.

Price linkages. For existing trade routes with positive base-year
flows:

T. \ Ve
Die vy Ty Wy, e <Tit> —pj;=0LT;, >0 )]
;

where v is a bilateral calibration term, 7, is the tariff, Wi, captures

other policy wedges, tcf}"i is total transport cost, Ty is a reference volume

(half of base-year flow), and ¢; = 2 is the substitution elasticity.
Equation (7) follows from the spatial price equilibrium principle that
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trade between two regions is profitable only when the consumer price in
the destination at least covers the producer price in the origin plus all
transfer costs along the route. The complementarity structure ensures
that when this condition binds, Tj; > 0, and when it does not, Tj;; = O.

The volume-dependent term (TU_I/TU-)I/ ‘! extends the standard condi-
tion with mild congestion costs that rise as trade flows deviate from the
reference volume. This term prevents the model from concentrating all
trade on a single least-cost route and improves numerical stability
without materially affecting equilibrium outcomes.

Total transport cost combines baseline logistics and EUDR compli-
ance:

tot __

b EUDR
tey, =tc e 4+ i — 7y 8)

ijt

Baseline costs tc%¢ include inland and maritime transport. These

costs are calibrated to match observed price differences across routes.
For new routes without base-year trade:

1.2 pig+yy +Tje + 0Tye +wy, + tei —pf, > 01Ty, > 0 (©)

The 20% markup on producer prices reflects relationship-building
and verification costs for new routes. The small quadratic penalty ¢Tj,
(with ¢ = 0.0001) discourages large volumes on unused corridors in a
single period. Sensitivity analysis varying ¢ by two orders of magnitude
confirms that this parameter affects the speed at which new routes
activate but not equilibrium outcomes (Table S5).

Tariffs are ad valorem on landed values:

Tijr = 0 <pi.t + ) + eI — }’ij) (10)

where a; is the calibrated tariff rate. EUDR compliance costs apply to
shipments into regulated markets:

tc an

it

copr | Kete) if j is regulated and ¢ > 2026
0 otherwise

In static scenarios, x; = 0.30 from 2026 onward. In dynamic scenarios, ;
rises linearly from 0.30 in 2026 to 0.50 in 2030.

3.3. Solution method and uncertainty

The model is implemented in GAMS and solved with PATH. For each
scenario, we run 1000 Monte Carlo iterations. Supply and demand
elasticities are drawn from normal distributions truncated at two stan-
dard deviations, with standard deviations calibrated following Buon-
giorno and Johnston [30]: 15% of the mean for developed regions (U.S.
subregions, EU, UK, Canada, Japan), 20% for emerging regions (China,
Russia), and 25% for developing regions (Vietnam, Rest of World).
Realized coefficients of variation closely approximate these targets
(Table S7), and sensitivity analysis with both narrower and wider dis-
tributions confirms that directional findings are preserved
(Table S5-S6).

Given elasticity draws, demand and supply parameters are recalcu-
lated so the 2023 equilibrium reproduces observed prices and quantities.
The full MCP is then solved for 2023-2030. Reported results are Monte
Carlo means. Robustness is assessed through seven sensitivity analyses
varying individual parameter assumptions (Table S5-S6), each using
200 Monte Carlo draws. Across all specifications, directional findings
are preserved and magnitudes vary modestly, with the largest deviation
occurring under heterogeneous compliance costs (case S6), which am-
plifies U.S. Southeast production losses by approximately 34%. Trade
route compliance costs are exogenous policy parameters rather than
estimated behavioral responses and are therefore held fixed; the sensi-
tivity analyses test robustness of the behavioral parameters that deter-
mine how markets respond to those costs.
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3.4. Scenarios

We compare four policy scenarios against a no-regulation baseline to
show how the regulation's coverage and the timing of cost increases
affect market outcomes (Table 1). The scenarios differ in two ways:
whether the UK is included as a regulated market along with the EU, and
whether compliance costs stay fixed or rise over time.

The Base scenario has no new regulation and shows what the market
would look like without EUDR. The EUDR Base scenario applies the
regulation only to EU imports starting in 2026. We set compliance costs
at 30% of baseline transport costs. This figure is derived by converting
compliance costs as a share of product value to an equivalent transport
cost increase. The European Commission's impact assessment estimates
that compliance costs range from about 0.3% to 4.3% of import value
[11], with higher costs for products that have complex supply chains.
Wood pellets fall toward the upper end of this range because they mix
fiber from many small forest plots, making traceability more complex.
Transport costs for wood pellets are roughly 10-15% of delivered prices.
A compliance cost of 3-4% of product value therefore translates to about
25-35% of transport costs, and we use 30% as our baseline. The
EUDR Plus scenario adds the United Kingdom as a regulated market.
The UK is a large buyer of pellets, so leaving it out could let exporters
send wood there that does not meet EUDR requirements.

The dynamic scenarios (EUDR_Base_Dyn and EUDR _Plus_Dyn) have
costs that rise from 30% to 50% between 2026 and 2030. We include
these scenarios because enforcement may become stricter over time as
regulators gain experience and traceability requirements tighten. The
gradual cost increase gives exporters time to adjust their systems. We
assume a linear cost path for tractability; sensitivity analysis with
alternative paths where costs rise faster in earlier or later years confirms
that 2030 outcomes depend on the final cost level, not the speed of
adjustment (Table S5).

3.5. Data

The 2023 bilateral trade matrix comes from International Trade
Centre (ITC) Trade Map data for HS 440131, reconciled with FAO sta-
tistics using iterative proportional fitting (RAS) balancing. Prices come
from Argus Biomass Markets (FOB hub prices and route-specific deliv-
ered prices), the U.S. Energy Information Administration (U.S. regional
prices), Eurostat (EU prices), and Natural Resources Canada (Canadian
prices). All monetary values in this study are expressed in constant 2023
U.S. dollars. Baseline validation, reported in the Supplementary Mate-
rial (Table S1-52), shows close calibration fit for quantities: mean ab-
solute percentage errors of 1.6% for production and 4.2% for
consumption. No single observed price series corresponds to the model's
equilibrium producer price, which is calibrated endogenously to clear all
bilateral trade routes simultaneously. Policy conclusions rest exclusively
on the relative price changes across scenarios, which are driven by the
calibrated elasticities and compliance cost shocks rather than absolute
price levels.

4. Results

This section presents results across four policy scenarios and a no-
regulation baseline from 2026 to 2030. All values are means from

Table 1

Scenario definitions.
Scenario Regulated markets Compliance cost Time path
Base None 0% No EUDR
EUDR _Base EU 30% Static from 2026
EUDR Plus EU and UK 30% Static from 2026
EUDR Base_Dyn EU 30%—50% Linear 2026-2030
EUDR _Plus_Dyn EU and UK 30%—50% Linear 2026-2030
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1000 Monte Carlo simulations. Changes are relative to the baseline
unless noted.

4.1. Baseline market projections

Without the regulation, our model projects a slowly growing indus-
trial wood pellet market, with global production increasing approxi-
mately 0.4% annually from 2026 to 2030, driven by 2% annual
technological progress and policy-driven demand expansion. Production
remains concentrated: the EU, U.S. Southeast, Vietnam, and Canada
together account for over 60% of global output, with the U.S. Southeast
and South Central together accounting for about one-third. Average
producer prices are approximately $321 per metric ton in 2030 with
modest cross-regional dispersion (SD: $21.3/MT), providing a bench-
mark for evaluating how compliance costs change both price levels and
price dispersion.

4.2. Production impacts

The regulation causes uneven production changes across regions.
Table 2 shows percentage changes from baseline production for all
major regions and scenarios in 2026 and 2030.

The U.S. Southeast has the largest production declines. In 2026,
output declines 3.95% below baseline under EUDR Base and 5.98%
under EUDR _Plus. By 2030, losses increase to 5.14% and 7.16%. Two
factors contribute to these effects. First, about 30% of baseline produc-
tion supplies EU markets, creating high regulatory exposure. Second,
domestic markets cannot absorb the lost export volumes. The U.S. South
Central shows similar patterns with slightly smaller declines
(3.58-6.71% by 2030). These reductions reflect the heavy exposure of
these regions to EU and UK demand and the relatively high per-unit
compliance costs they face. Canada and Russia also reduce output, but
to a smaller extent: Canadian production falls by at most 2.83% by 2030,
and Russian output by up to 3.60%.

Regulated markets expand production through import substitution,
partially offsetting lower imports from trading partners but not fully
achieving pre-EUDR levels of consumption. By 2030, EU output is be-
tween 2.19% and 5.08% above baseline, and UK production is between
1.58% and 7.06% higher, depending on the scenario. Vietnam's pro-
duction also increases in every 2030 scenario, by 1.66-3.05%, as it re-
directs exports toward non-EU buyers in Asia. Dynamic implementation
reduces long-run production losses for exporters and amplifies gains in
regulated markets. Comparing EUDR_Plus and EUDR_Plus_Dyn in 2030,
U.S. Southeast losses shrink from 7.16% to 5.56%, and EU production
gains expand from 2.62% to 5.08%.

Fig. 1 shows the regional distribution of production impacts across
scenarios. The contrast between contracting U.S. production and
expanding EU production shows the regulation's redistributive effects.
Dynamic scenarios produce smaller exporter losses than static scenarios.
For example, the U.S. Southeast declines 5.14% under EUDR_Base but
only 3.69% under EUDR Base_Dyn by 2030, a difference of 1.45 per-
centage points. This pattern reflects two mechanisms. First, gradual cost
escalation gives exporters time to establish relationships with
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alternative buyers in Asia, allowing more complete trade diversion.
Second, the sustained price signals in regulated markets—where
compliance costs rise steadily rather than appearing as a sudden
shock—encourage larger domestic production responses in the EU and
UK. Comparing production totals in Table 6 (Section 4.6), the difference
between EUDR_Plus (50.42 million metric tons) and EUDR_Plus_Dyn
(51.34 million metric tons) is about 920,000 metric tons, showing that
dynamic implementation averts losses in global output relative to static
implementation.

4.3. Price responses

Table 3 shows 2030 prices (in constant 2023 U.S. dollars per metric
ton) across key markets. Compliance costs and trade shifts create uneven
price changes between exporting and importing regions.

In major exporting regions, producer prices fall. U.S. Southeast
producer prices fall 7.9% under EUDR Plus (Table 3), exceeding the
production decline of approximately 7%, indicating that displaced vol-
umes compete for limited non-EU outlets and must accept lower prices.
Such changes imply an effective supply elasticity of approximately 0.9
for the U.S. Southeast (Table S4). Under EUDR_Plus, U.S. South Central
prices fall 7.6%, Canadian prices fall 3.7%, and Russian prices fall 5.2%.
Declines are smaller under EUDR_Base, consistent with lower regulatory
coverage. Vietnamese prices show minimal change (—0.6%), a finding
that aligns with successful Asian market reorientation, where compli-
ance costs do not apply. Consumer prices in exporting regions also
decline, but by slightly smaller margins. U.S. Southeast consumer prices
fall 6.1% and U.S. South Central consumer prices fall 5.9% under
EUDR Plus. Lower domestic prices generate consumer surplus gains that
partially offset producer losses within these regions.

In regulated markets, prices move in the opposite direction. EU
producer prices rise 2.6% to $350.14, driven by reduced import
competition. UK producer prices rise 4.6% to $365.65, reflecting
concentrated effects in the smaller market. These increases create in-
centives for production expansion. Consumer prices in regulated mar-
kets show incomplete pass-through. EU consumer prices rise only 2.9%
despite compliance costs of 30-50% of transport costs. Three factors
explain this gap. Domestic production expansion increases supply at
costs unaffected by compliance premiums. Along trade routes, margins
adjust to absorb part of the compliance cost: for U.S. Southeast ship-
ments to the EU under EUDR Plus, the pass-through rate is 0.45,
meaning less than half of the cost increase reaches consumers (Table 54,
computed from the interaction of Equations (3), (5) and (7)). The elas-
ticity of demand further limits consumer-side pass-through. UK con-
sumer prices show more complete pass-through (4.5%), consistent with
less elastic demand in the smaller market.

Fig. 2 shows the time path of producer prices from 2024 to 2030. The
figure shows that price divergence between exporting and importing
regions begins at implementation in 2026 and persists through 2030.

At the global level, average producer prices are $321 per metric ton
in the baseline and range from $316-322 across scenarios. More notable
than the change in price levels is the increase in price dispersion across
regions, which we discuss in detail in Section 4.6. The regulation widens

Table 2

Regional production changes from baseline (%).
Scenario US SE Us sC Canada Russia EU UK Vietnam China Japan
2026
EUDR Base —-3.95 —2.44 —-0.41 —-1.45 +3.27 +2.68 +0.70 +0.24 +1.48
EUDR Plus —5.98 —5.58 -1.67 -2.13 +3.35 +3.44 +0.70 -0.29 +1.11
2030
EUDR Base —5.14 -3.58 —1.52 —2.80 +2.19 +1.58 +1.90 —0.86 +0.56
EUDR _Base Dyn -3.69 —2.40 —0.53 —2.37 +3.84 +2.68 +3.05 -0.24 +1.43
EUDR Plus -7.16 —6.71 —-2.83 -3.60 +2.62 +4.56 +1.66 —-2.21 +0.12
EUDR _Plus_Dyn —5.56 —5.21 —1.84 —2.94 +5.08 +7.06 +2.26 -1.13 +0.68

Note: Values are Monte Carlo means across 1000 simulations. Robustness across parameter assumptions is confirmed by seven sensitivity analyses (Table S5-S6).
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Fig. 1. Regional production changes from baseline in 2030 across scenarios.

Table 3
Prices in key markets, 2030 (2023 USD per metric ton).
Type Base EUDR Base EUDR Base_Dyn EUDR Plus EUDR_Plus_Dyn
US Southeast P 292.56 275.16 279.46 269.43 274.14
C 314.10 299.07 303.27 294.85 299.44
US South Central P 294.19 280.88 284.50 271.74 276.29
C 315.72 304.68 308.21 297.12 301.56
EU P 341.14 348.67 354.36 350.14 358.63
C 362.80 372.22 381.91 373.30 382.49
UK P 349.58 355.13 359.04 365.65 374.46
C 370.94 376.65 380.67 387.52 396.60
Canada P 301.18 294.14 297.29 290.17 293.31
Russia P 296.18 283.16 284.70 280.81 283.00
Vietnam P 313.39 312.19 316.08 311.45 313.68

Note: P = Producer price, C = Consumer price. Values are Monte Carlo means from 1000 simulations. Price robustness across parameter assumptions is reported in

Table S6.

the gap between exporting and importing regions, creating two distinct
pricing zones rather than a single integrated global market.

4.4. Trade diversion

EUDR reorganizes trade patterns more than it reduces quantities.
Table 4 shows changes in major bilateral trade flows by 2030. The
contrast between regions with high and low EU market exposure is clear:
the U.S. Southeast sends nearly 3 million metric tons annually to the EU,
while Vietnam sends only 22 thousand metric tons. This difference in
baseline exposure shapes how each region responds to the regulation.

Under EUDR Base, when only the EU applies the regulation, U.S.
exporters face two markets with different cost structures. Exporting to
the EU requires compliance costs, while exporting to the UK does not.
This cost difference creates an incentive to send volumes to the UK
instead of the EU. U.S. Southeast exports to the EU fall from 2926 to
1864 thousand metric tons, a decline of 36.3%. At the same time, U.S.
Southeast exports to the UK rise 10.3%, from 3499 to 3860 thousand
metric tons, as the UK absorbs volumes redirected from the EU. Because
the UK remains open to shipments that do not meet EUDR requirements,
exporters leave the EU market more readily than they would if both
markets had the same rules. This diversion drives the 24.9% decline in
total EU imports under EUDR Base. Canadian exports to the EU drop

36.3%, and Russian exports to the EU fall 39.1%. These declines are
larger than what compliance costs alone would predict, suggesting that
EU buyers prefer shorter supply chains and switch to domestic sources
even when imports remain available.

Under EUDR Plus, when both the EU and UK apply the regulation,
this diversion channel closes. Exporters cannot benefit by switching
from the EU to the UK, because both destinations now have the same
compliance costs. Faced with the same requirements in both markets,
exporters make a different choice: rather than redirecting volumes to an
easier market, they must decide between meeting the requirements or
leaving the European market entirely. Many choose to keep their EU
shipments rather than lose access to both markets. As a result, U.S.
Southeast exports to the EU fall 22.4% under EUDR_Plus, compared to
36.3% under EUDR Base. U.S. Southeast exports to the UK fall 6.0%
under EUDR_Plus, compared to the 10.3% increase under EUDR _Base.
Total EU imports fall 20.7% under EUDR _Plus, which is less than the
24.9% decline under EUDR _Base. The smaller decline in EU imports
happens because exporters no longer have an unregulated alternative
that pulls volumes away from the EU.

Vietnam shows trade diversion toward markets without EUDR re-
quirements. Vietnamese exports to the EU decline 30.2% under both
scenarios, but the baseline volume is small—only 22 thousand metric
tons compared to 2926 thousand metric tons for the U.S. Southeast. This
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environmental outcomes are uncertain. If the consumption that leaves
Tj‘lble 4 . EU markets is met by suppliers with weaker forest governance, the
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global environmental benefit of the EUDR may be limited.
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Vietnam — EU 29 15 _30.2 15 _30.2 1.87% under EUDR Plus, reducing consumption by 356 and 397 thou-
Vietnam — 2685 2250 -16.2 2148 -20.0 sand metric tons respectively. This decline reflects the demand response
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o] . . .
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Note: Values are Monte Carlo means across 1000 simulations. Levels are
rounded to the nearest thousand metric tons; percentage changes are calculated
from unrounded values.

minimal EU exposure explains Vietnam's successful market reor-
ientation: exports to Rest of World destinations rise 24.0% under
EUDR Base and 28.0% under EUDR_Plus, while exports to Japan remain
substantial at over 2.1 million metric tons. Vietnamese producers redi-
rect sales to Asian markets rather than losing business because their
supply chains were already oriented toward these buyers. Canadian
exports to Japan rise 13.0% under EUDR Base and 20.5% under
EUDR Plus, as Canada also shifts exports toward buyers that do not
require EUDR compliance. Intra-EU trade rises 18.3% under EUDR_Base
and 14.3% under EUDR Plus as EU buyers replace imports with pur-
chases from other EU member states. Volumes shift to different desti-
nations rather than leaving global markets. The implications for

Table 5
Regional consumption changes from baseline, 2030.

Region EUDR Base EUDR Base EUDR Plus EUDR Plus
(%) (1000 MT) (%) (1000 MT)

Major importers

EU -1.68 —356.19 -1.87 —397.06

UK —1.03 —88.08 —3.00 —255.76

China +1.10 +10.77 +1.80 +17.58

Japan +0.15 +7.28 +0.20 +9.48

Major producers

us +3.48 +3.23 +4.46 +4.13
Southeast

US South +2.54 +0.77 +4.28 +1.29
Central

Canada +1.09 +3.86 +1.64 +5.78

Russia +2.40 +9.71 +2.62 +10.63

Vietnam +4.30 +1.01 +4.16 +0.98

Note: MT = metric tons. Dynamic scenario consumption results follow similar
directional patterns.
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price effects, but do not eliminate them entirely. UK consumption falls
1.03% under EUDR Base but drops 3.00% under EUDR _Plus. The larger
decline under EUDR_Plus occurs because when UK regulations match EU
standards, UK buyers can no longer access cheaper supplies that were
available when only the EU regulated imports. China and Japan show
small consumption increases, with China gaining 1.10-1.80% as Viet-
namese and other Asian suppliers redirect volumes toward the region.

Exporting regions see higher domestic consumption as exports
decline and domestic prices fall. U.S. Southeast consumption rises 3.48%
under EUDR Base and 4.46% under EUDR _Plus, adding small absolute
volumes given the region's limited domestic market. U.S. South Central
consumption increases 2.54% and 4.28% under the two scenarios. These
increases happen because pellet volumes that can no longer be exported
profitably to the EU are sold domestically at lower prices. The lower
prices benefit domestic consumers, partly offsetting the losses that
producers face from reduced exports. Canadian and Russian consump-
tion also rises across scenarios, though by smaller absolute amounts.
Vietnamese consumption rises about 4.2-4.3% across scenarios as pro-
duction increases to serve Asian export markets while some volumes
stay in the domestic market.

These consumption patterns confirm that the regulation works
mainly by redirecting production across markets. While EU consump-
tion declines modestly, this reduction is more than offset by consump-
tion gains in exporting regions (where lower prices stimulate domestic
use) and in unregulated Asian markets (where diverted supply sustains
consumption). Global consumption matches global production in all
scenarios, confirming that the market clears and that the regulation
redistributes consumption geographically rather than eliminating it.

The regulation also redistributes welfare across regions. Under
EUDR _Plus, U.S. Southeast total welfare increases modestly (42.2%) as
consumer surplus gains from lower domestic prices outweigh producer
surplus losses (—14.3%). By contrast, U.S. South Central total welfare
declines (—1.5%) because producer losses dominate. In the EU, producer
surplus increases 5.2% while consumer surplus declines 1.9%, yielding a
net welfare decline. Vietnam gains 1.8% through successful market
reorientation. Full welfare decomposition is in Table S3.

4.6. Global aggregates

Table 6 summarizes global quantities, prices, and market structure
indicators across scenarios in 2030. Static implementation reduces
global production by about 1.20-1.67% relative to the baseline, while
dynamic implementation leaves global production slightly above base-
line (+0.12% to +0.25%). Trade contracts more than production in all
scenarios: global trade volumes fall by 8.04% under EUDR_Base and
7.46% under EUDR _Plus, while production declines by only 1.20% and
1.67%. This confirms that the regulation reorganizes trade patterns
rather than causing a large fall in total output.

Dynamic scenarios show slightly higher global production than
baseline (+0.12% to +0.25%), even though they impose higher terminal

Table 6
Global market aggregates, 2030.
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compliance costs. This pattern reflects two effects working together.
Higher terminal compliance costs in dynamic scenarios (rising to 50%
versus fixed at 30%) create a stronger protective effect for EU and UK
domestic producers: EU production expands 3.84-5.08% under dynamic
scenarios compared to 2.19-2.62% under static scenarios, and UK pro-
duction expands 2.68-7.06% compared to 1.58-4.56%. At the same
time, gradual cost escalation gives exporters time to establish relation-
ships with alternative buyers in Asia, allowing more complete trade
diversion. Vietnam's production grows 2.26-3.05% under dynamic
scenarios versus 1.66-1.90% under static implementation. The sum of
expanded production in regulated markets and sustained production
serving unregulated markets slightly exceeds the contraction among
traditional exporters. The magnitudes are small—approximately 70,000
to 130,000 metric tons on a base of 51.27 million metric tons—and the
consistent finding across all scenarios is that trade contracts more than
production.

Average producer prices fall by 1.50-1.78% in static scenarios. The
more important price effect is the increase in dispersion. Producer price
standard deviation rises from $21.3 to $31.4-35.8 per metric ton across
policy scenarios, and consumer price standard deviation rises from
$11.0 to $11.6-13.9 per metric ton. This increase in producer price
dispersion (roughly 50-70%) indicates that markets become more
segmented, with lower prices in exporting regions and higher prices in
regulated markets.

EU import dependence falls from 46.2% in the baseline to
35.0-37.4% across scenarios. This shift reflects both higher domestic
production and reduced imports, making EU supply chains shorter and
less exposed to international trade disruptions. However, the tradeoff is
that dynamic implementation leads to higher terminal consumer prices
in regulated markets. Under EUDR_Plus_Dyn, EU consumer prices reach
$382.49 by 2030, compared to $373.30 under static EUDR_Plus. This
happens because compliance costs continue rising through 2030 even as
markets adjust to the new conditions. Fig. 3 shows how production
changes compare to trade changes across scenarios, illustrating that
trade contracts much more than production in all cases.

Fig. 3 shows the contrast between modest production changes and
larger trade and structural effects. While global production changes little
across scenarios, trade volumes fall sharply and EU import dependence
declines. Across Monte Carlo simulations, these patterns are stable: the
direction of changes in production, prices, and trade is the same in
nearly all draws. The regulation functions as a policy that modestly re-
duces global quantities but reorganizes trade toward regulated markets,
widens price gaps across regions, and reduces EU reliance on imports.

5. Discussion

Our results show that the EUDR functions mainly as a market-
restructuring mechanism rather than a demand shock. Global produc-
tion changes modestly (1.2-1.7% under static scenarios), but trade
flows, regional output, and price differentials shift by larger margins.

Metric Base EUDR _Base EUDR Plus EUDR Base_Dyn EUDR _Plus_Dyn
Quantities (MMT)

Production 51.27 50.66 50.42 51.40 51.34
Change (%) 0.00 -1.20 —-1.67 +0.25 +0.12
Trade volume 35.82 32.94 33.15 32.96 33.25
Trade change (%) —8.04 —7.46 —8.00 -7.18
Prices ($/mt)

Avg producer 321.37 316.55 315.66 321.41 321.83
Change (%) 0.00 —-1.50 -1.78 +0.01 +0.14
Producer SD 21.28 31.38 33.94 31.98 35.80
Consumer SD 11.02 11.61 13.26 12.27 13.90
Market structure

EU import dep. (%) 46.24 35.34 37.38 35.05 36.70

Note: MMT = million metric tons. SD = standard deviation.
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Fig. 3. Global market outcomes summary, 2030.

The U.S. Southeast and South Central face production losses of 5-7%
and price declines of about 8% by 2030, while Canada has smaller losses
(1.5-2.8%) because less of its production is EU-bound. Vietnam illus-
trates the pattern most clearly: with minimal baseline EU exports,
Vietnamese producers face little disruption and expand sales to Asian
markets by 24-28%. This contrast shows that EU market exposure, not
deforestation risk alone, determines regulatory incidence—a finding
that extends Johnston et al. [10], whose aggregate models may under-
estimate vulnerability in sectors with concentrated EU export
dependence.

Sensitivity analysis with heterogeneous compliance costs amplifies
U.S. Southeast losses by approximately 34% (Table S5), suggesting the
distributional burden may be more uneven than aggregate results indi-
cate. The base model reflects existing EU sanctions on Russian exports;
enforcing a complete prohibition through 2030 redirects Russian pro-
duction to non-EU markets without materially altering core findings
(Table S5).

The pattern of quantity adjustments exceeding price adjustments is
consistent with findings on earlier environmental trade regulations.
Visser et al. [19] found that cost increases in biomass supply chains are
often absorbed by intermediaries, and Prestemon [20] showed that
Lacey Act import quantities declined about twice as much as prices
increased. Our results mirror these patterns: U.S. Southeast export vol-
umes to the EU decline 22-36% while EU consumer prices rise less than
3%. In globalized commodity markets with available substitutes, regu-
latory uncertainty causes buyers to switch suppliers rather than absorb
full cost pass-through. EU consumer prices rise less than 3% despite
compliance costs of 30-50% of transport costs, as domestic production
expansion and margin compression buffer prices.

Our analysis shows that the regulation causes products to move to
different markets rather than reducing the total amount traded. John-
ston et al. [10] raised similar concerns in their global forest sector
analysis, noting that EU-only restrictions mainly redistribute trade flows
rather than reduce global production. This pattern also matches findings
from Rougieux and Jonsson [21] on the EU Timber Regulation, where
reduced imports from regulated sources were partly offset by increased
trade with less-regulated markets. The rearrangement rather than
reduction raises questions about environmental effectiveness. If dis-
placed consumption in Asia is met by suppliers with weaker forest
governance, the global environmental benefit of EUDR may be limited.
Our sector-specific results for wood pellets are consistent with these
broader findings: the regulation would make EU supply chains more
traceable while leaving global outcomes less changed. Without similar
restrictions in major Asian markets, EUDR creates two separate global
markets: one where verified supply flows to Europe and another where
unverified supply flows elsewhere.

The comparison of implementation paths shows a tradeoff. Phased

implementation reduces production losses by about 920,000 metric tons
and eases the burden on exporters, as gradual cost escalation permits
learning-by-doing and infrastructure investment. However, dynamic
scenarios result in higher terminal consumer prices in regulated markets
because compliance burdens accumulate over time. The dynamic sce-
nario findings suggest that gradual implementation smooths adjustment
without eliminating underlying costs. The finding that dynamic sce-
narios produce slightly higher global production than baseline—despite
higher terminal compliance costs—reflects two reinforcing mechanisms.
Higher costs strengthen the protective barrier for EU domestic producers
(EU production expands 5.08% under EUDR _Plus Dyn versus 2.62%
under static EUDR Plus) while intensifying trade diversion to Asian
markets where compliance requirements do not apply. The combined
expansion can slightly exceed the contraction among traditional ex-
porters, reinforcing concerns about environmental effectiveness: stricter
EU requirements do not translate into lower global output when alter-
native markets remain open.

Several aspects of our results should be interpreted with caution. The
model takes EUDR design and enforcement as given, and actual imple-
mentation could differ in stringency and timing. As a partial equilibrium
analysis, it does not capture feedbacks to other forest products, energy
markets, or land use, and regions are modeled at the aggregate level. The
projection horizon to 2030 captures medium-term adjustment but not
long-run changes in traceability technology or energy policy. The model
also assumes EU and UK biomass demand is partially insulated from
price increases due to binding renewable energy targets; if these targets
were relaxed or if declining costs of alternative renewables reduced
biomass demand, consumption in regulated markets would decline more
sharply and global production would contract under all scenarios.
Additionally, changes in pellet trade volumes are not directly propor-
tional to deforested area, as pellets are produced from diverse fiber
sources including sawmill residues and thinnings from managed forests
with replanting obligations.

6. Conclusion

Our results suggest the EUDR reallocates global trade rather than
reducing global production. While the regulation succeeds in reducing
the European Union's reliance on imports and increases its share of
consumption of deforestation-free products, it does not materially lower
the total amount of wood pellets produced and burned worldwide.
Instead, it splits the global market into two distinct segments: a high-
compliance market centered in Europe and a standard market oper-
ating in the rest of the world. The main economic result is a shift in trade
flows, where pellets that are blocked from the European market are
redirected to Asian buyers rather than disappearing from the supply
chain. A key finding is that the economic burden of the regulation falls
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unevenly across regions based on their exposure to EU markets. The
large production losses projected for the U.S. Southeast, compared to the
much smaller losses for Canada, reflect the fact that a larger share of U.S.
Southeast production depends on EU buyers. Regions with high EU
market exposure face greater losses when compliance costs make
exporting to the EU less profitable.

The environmental effectiveness of the policy is also limited by trade
diversion. Our results show that as North American suppliers lose access
to Europe, exporters like Vietham—whose EU sales were minimal to
begin with—expand their sales to markets in Japan and South Korea that
do not have similar restrictions. This shift in trade routes implies that the
regulation will increase the transparency of European supply chains but
may leave global deforestation pressure largely unchanged. If the de-
mand for wood pellets remains strong globally, unilateral regulations
from one region tend to move environmental impacts to other markets
rather than eliminating them.

These findings suggest that demand-side regulations like the EUDR
have limits when applied to interconnected global markets. While
phased implementation can help companies adapt and reduce immedi-
ate economic losses, it does not solve the underlying problem of trade
leakage. For such policies to be fully effective at a global scale, they
likely need to be matched by similar standards in other major importing
regions or potentially accompanied by targeted support for producers
facing disproportionate compliance burdens—a consideration suggested
by our sensitivity analysis showing amplified impacts under heteroge-
neous cost assumptions, though our regional aggregation does not
permit definitive conclusions about producer-level effects. Without this
broader coordination, the regulation achieves a local standard of sus-
tainability while the global market continues to operate largely
unchanged.

Future research can build on this analysis in several directions.
Tracking actual compliance costs and trade responses as implementation
proceeds will test whether the patterns we project match what occurs in
practice. Linking trade flow projections to data on forest cover change in
alternative supplier regions would provide direct evidence on whether
trade diversion translates into deforestation elsewhere. Comparative
analysis of policy designs that coordinate requirements across multiple
importing regions, or that recognize existing certification systems as
meeting compliance standards, could identify approaches that achieve
environmental objectives with less trade disruption than unilateral
measures applied by a single market.
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