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EXECUTIVE SUMMARY 

Illegal logging represents a severe global challenge with profound environmental, economic, and 

social consequences, including extensive deforestation, biodiversity loss, and significant revenue 

shortfalls for nations. Awareness of this problem has grown substantially in recent years, leading to 

international initiatives and national legislation aimed at controlling international trade in illegally 

logged timber and wood products. The European Union (EU), as a major importer and consumer of 

timber, plays a critical role in addressing this issue, particularly through policies like the EU Timber 

Regulation (EUTR) and EU Deforestation Regulation (EUDR) which mandate due diligence from 

operators to ensure timber legality. 

A significant challenge in controlling illegal timber trade, and a particular focus of this report for 

the Danish Environmental Protection Agency (EPA) and any other relevant national regulatory 

authorities, is the practice of "fake legal logging". This involves masking the illegal origin of timber 

by manipulating official documentation, often through deliberate overestimation of timber volumes 

or misidentification of species in logging permits. Such fraudulent activities create a "surplus" of 

licensed timber that can then be used to launder illegally harvested wood from unauthorized or 

protected areas. 

This literature review, commissioned to support the Danish EPA's control efforts, examines 

scientific studies that provide insights into realistic felling yields for commercially exploited 

tropical wood species. Understanding these realistic yields is crucial for national regulatory 

authorities to identify discrepancies that may indicate fraudulent activities or the laundering of 

timber. The report highlights that discrepancies between reported and actual timber volumes are 

often positively correlated with the timber's market value, with high-value species being particularly 

susceptible to such fraud. The review covers the various methods of fraud, the current limitations of 

paper-based traceability systems, and the advancements in scientific and technological tools (such 

as wood anatomy, chemical analyses, genetic profiling, and remote sensing) that can enhance the 

verification of timber species and geographic origin. 

The findings highlight that scientific literature providing realistic data on felling yields in tropical 

forests is scarce. This lack of reliable references makes it difficult to directly integrate such 

knowledge into the national regulatory authorities’ risk assessment and inspection processes. Given 

these limitations, it is more effective for the Danish EPA to align its activities with established 

European pathways and approaches, while continuing to monitor emerging scientific insights. In 
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this way, the Danish regulatory authorities can continue to address the risks of fake legal logging in 

tropical timber imports and support broader efforts toward sustainable forest management and 

environmental protection. 
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1. INTRODUCTION 

The global timber industry, valued at over US$150 billion annually in recent years, is significantly 

impacted by illegal logging and related trade activities (Brack, 2005). Illegal logging, defined as the 

harvesting, transportation, purchase, or sale of timber in violation of national laws, is a major driver 

of deforestation and forest degradation worldwide alongside agricultural expansion (Brack, 2005; 

Carry and Maihold, 2022; Ciliberti et al., 2022; Low et al., 2022). This illicit trade poses severe 

threats to the global and local environment, contributing to climate change, loss of biodiversity, and 

depletion of natural resources (Green Corruption Programme, 2025). Beyond environmental 

concerns, illegal logging deprives nations of revenue, undermines the rule of law, and adversely 

affects local communities dependent on forest resources (Reboredo 2013). 

International attention to this issue has intensified since the late 1990s, with increasing recognition 

of the role that consumer countries play in driving demand for illegally sourced timber (Bisschop, 

2012). In response, a range of intergovernmental and national initiatives have been developed to 

combat illegal logging and the associated trade in timber products (The European Union’s Forest 

Law Enforcement, Governance and Trade (FLEGT), 2024). As one of the world's largest importers 

and consumers of tropical timber, the EU has implemented significant legislative measures, 

including the EU Deforestation Regulation (EUDR). The EUDR, which replaces and expands upon 

the earlier EU Timber Regulation (EUTR), places a legal obligation on operators to exercise "due 

diligence" to ensure that timber and timber products placed on the EU market are legally harvested 

(Lorenzo Colantoni, 2022). 

However, a critical challenge in enforcing these regulations is the sophisticated practice of "fake 

legal logging". This involves the falsification of documents and manipulation of data to present 

illegally harvested timber as legitimate. One common method is the deliberate overestimation of 

felling yields or volumes of valuable species in logging permits, creating a "surplus" of licensed 

timber that can then be used to launder illegal wood (Brancalion et al., 2018; do Prado Capanema et 

al., 2022). 

This report is intended to support the Danish Environmental Protection Agency (EPA) in its 

oversight of companies importing tropical timber by providing a comprehensive overview of 

scientific literature on realistic felling yields for commercially important tropical tree species. By 

synthesizing existing research, the report aims to equip the Danish EPA and perhaps ational 

regulatory authoritiesin other countries with tools to identify potential instances of fraud and "fake 
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legal logging," particularly – if possible - in cases where reported volumes of certain wood species 

may indicate illicit origins. 

The report is organized to guide the reader from understanding the problem of illegal timber to 

evaluating practical solutions. Section 2 explains why illegal logging and timber laundering remain 

persistent global issues, and the mechanisms used to disguise illegal wood. This context is essential 

for appreciating why robust verification systems are needed in the first place. Building on this, 

Section 3 examines the core difficulties that make legality verification so challenging ranging from 

complex supply chains to inconsistent national regulations and limited on-the-ground enforcement 

capacity. This section clarifies why conventional documentation alone often fails to detect fraud. 

Section 4 then narrows the focus to felling yields, presenting how discrepancies between expected 

and reported yields have been associated with fake legal logging in specific contexts. By presenting 

examples and common patterns of manipulation, the report illustrates how yield analysis has 

potential as a tool for detecting fraud. To address these challenges, Section 5 surveys the scientific 

and technological methods available for verifying timber origin and authenticity, such as genetic 

tools, isotopic analysis, and remote sensing. The rationale for this section is to illustrate how 

modern approaches can complement or replace unreliable paperwork. Finally, Section 6 synthesizes 

the insights from previous sections into practical recommendations for the Danish EPA and 

possibly similar national regulatory authorities elsewhere. It highlights how improved monitoring 

systems, better integration of scientific tools, and strengthened international cooperation can 

significantly enhance efforts to combat illegal timber trade. 
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2. BACKGROUND ON ILLEGAL LOGGING AND 
TIMBER TRADE 

Illegal logging encompasses a wide array of activities that violate national and sub-national laws 

concerning timber harvesting, transport, processing, buying, or selling. These illegalities can occur 

at every stage of the timber supply chain, from the forest to the point of export and import. 

Examples include gaining access to forests through corrupt means, extraction without permission or 

from protected areas, harvesting of protected species, or exceeding agreed harvest limits. Illegalities 

also extend to transportation, such as misdeclaration to customs, tax evasions, and illegal processing 

or export.  

The scale of illegal forestry activities is substantial and globally significant. Estimates suggest that 

illegal activities may account for over a tenth of the total global timber trade (Brack, 2005). As 

much as 30% of the global timber harvest is estimated to be illegal (Ciliberti et al., 2022). In regions 

with large tropical forests, such as the Amazon, Central Africa, and Southeast Asia, illegal logging 

is estimated to account for a staggering 50% to 90% of all forestry activities. For instance, a 1998 

UK-Indonesia study suggested that around 40% of Indonesia's timber throughput was illegal, with 

more recent estimates comparing known domestic consumption and exports against legal harvesting 

suggesting over 70% of logging in the country is illegal (Brack, 2005). Similarly, over 80% of 

logging in the Amazon may not comply with government controls. The clandestine nature of these 

activities makes accurate quantification difficult, often relying on "guesstimates" rather than precise 

figures. Discrepancies in import and export statistics, where importing countries report significantly 

higher volumes than exporting countries, may be a strong indicator of illegal trade and smuggling 

(Low et al., 2022). A key aspect of the illegal timber trade is timber laundering, a process designed 

to conceal the illegal origin of wood (Brack, 2014). This can occur through several sophisticated 

methods: 

Mixing illegal timber with legal timber: This is a common practice at various stages of the supply 

chain, including during forestry operations, transport, or at sawmills, making it almost impossible to 

discern the illegal origin once processed (Tonouéwa et al., 2024). 

Forged or misused documents: Transport passes, timber labels, export permits, and even 

certifications (e.g., CITES permits, FSC labels) can be forged, used multiple times, or contain 

misdeclarations regarding botanical identity, geographic origin, or product type. Some illegal timber 

may also be "legalized" at the stump or during transport by using the same permit multiple times, or 
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by reimporting timber that was illegally exported (e.g., from Honduras to Nicaragua and back) 

(Carry and Maihold, 2022). 

Misdeclaration to customs: Inaccurate reporting of timber species or value helps avoid detection 

and taxes (Nijman et al., 2022). 

Transit through processing countries: Countries like China and Vietnam, which are major 

importers, processors, and re-exporters of timber products, often act as transit points where illegal 

timber is "legalized" through processing and subsequent re-export under apparently legal labels. 

This creates significant discrepancies in trade data (Pham et al., 2025). 

The economic and social implications of illegal logging are vast. It leads to significant revenue 

losses for central and local governments, as appropriated by private individuals and enterprises. The 

availability of cheaper illegally sourced timber distorts global market prices, creating unfair 

competition for legal timber producers and undermining necessary investments in sustainable forest 

management (Acheampong and Maryudi, 2020). This financial incentive often drives legal 

producers towards unsustainable practices. Furthermore, illegal logging is frequently linked to 

corruption, bribery, money laundering, and organized crime, including drug syndicates and private 

militias, exacerbating issues of law enforcement and governance, particularly in developing 

countries (Environment, 2016). The profits are highly skewed, with most financial benefits accruing 

to intermediaries (processors, traders, financers) rather than local loggers or the producer countries, 

where revenues are often lost through tax evasion and underreporting (CIFOR-ICRAF, 2008). 
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3. CHALLENGES IN VERIFYING LEGALITY AND 
SUSTAINABILITY 

Despite growing global recognition and efforts to combat illegal logging, significant obstacles 

impede effective verification of timber legality and sustainability. These challenges are multi-

faceted, stemming from definitional ambiguities, data deficiencies, and governance weaknesses 

(Pan et al. 2024). 

3.1 Ambiguity in Definitions  

One of the primary difficulties in controlling illegal timber trade is the lack of universally agreed-

upon definitions for "illegal logging" and "sustainably produced timber" (Liu et al., 2020). Different 

countries adopt varying approaches to define illegality, ranging from narrow interpretations (e.g., 

harvesting outside authorized concessions) to broad ones that encompass violations across the entire 

supply chain, including tax evasion and corrupt concession allocation. While the EUDR specifies 

categories of relevant laws, it does not identify the exact laws to be complied with, leaving room for 

diverse interpretations across countries and making due diligence for operators challenging 

(Preferred by Nature, 2021). This reliance on the harvesting country's legislation to define legality 

creates a complex and inconsistent global picture, particularly problematic in politically unstable 

regions where definitions of legality can shift. Furthermore, "sustainably produced" timber is 

distinct from "legally produced" timber. Sustainability certification, such as that provided by the 

Forest Stewardship Council (FSC), involves a broader range of factors, including ecological, 

economic, and social considerations, beyond mere compliance with the law (Boström, 2012). While 

FSC certification typically requires adherence to all applicable laws, it adds to production costs, and 

its market impact remains unclear (Basso et al. 2020). The absence of a commonly accepted 

definition of sustainably sourced timber allows for practices like clear-cutting, which may be legal 

but can be environmentally damaging, to be considered sustainable in some regions (Putz et al. 

2022). Moreover, certification schemes have faced criticism for their reliability and effectiveness, 

sometimes allowing illegal logging to infiltrate their systems due to loopholes and scarce 

monitoring capacity (Wolff et al. 2022; Ulybina and Fennell 2013; Richards et al., 2003). 

3.2 Data Challenges  

Effective control and verification are severely hampered by pervasive data deficiencies and 

inconsistencies across the timber supply chain (Carry and Maihold, 2022). 
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Inconsistent Reporting: National customs organizations, suppliers, transporters, and government 

administrations often use separate and non-coordinated systems and different methods for 

identifying and reporting forest products. This leads to considerable discrepancies in import and 

export statistics, which, while indicative of smuggling, make precise quantification difficult. Many 

countries lack a robust reporting system, making it hard to extrapolate or compare data 

internationally. 

Lack of Specificity: Trade classifications differentiate between product types (e.g., logs, sawn 

wood, plywood) but often lack details on specific timber species or whether they are CITES-listed. 

Port statistics frequently list the country of loading as the country of origin, further obscuring actual 

provenance. 

Limited Transit Data: Information on goods in transit, particularly relevant for major transit hubs 

like the Port of Antwerp, is often limited, facilitating smuggling. 

Reliance on Estimates: Data on illegal timber trade largely relies on "best guesstimates" rather 

than verifiable figures, as law enforcement data primarily reflects enforcement efforts (e.g., CITES 

seizures) rather than the true scale of illegal trade. 

3.3 Governance Weaknesses and Enforcement Loopholes  

The effectiveness of timber legality controls is undermined by governance issues and enforcement 

gaps in both producer and consumer countries (Sundström, 2016). 

Limited Resources and Corruption in Producer Countries: Developing countries, often major 

timber producers, face significant challenges due to limited resources for law enforcement, 

widespread corruption, and the disproportionate power of international companies. The allocation 

of timber concessions has historically been used for political patronage, allowing timber companies 

to evade regulations with impunity. Insufficient inspection capacity and lack of knowledge of forest 

resources further contribute to illegal logging (Sundström, 2016). 

Weak Legal Frameworks and Enforcement: Laws outside the forestry sector, such as those 

related to land ownership and corruption, often require reform to strengthen governance. Maximum 

penalties for forest law violations, though existing in law, are frequently not properly applied, with 

low collection rates for fines (Sundström, 2016). 

Uneven EUTR Implementation in the EU: Implementation and compliance with the EUTR vary 

significantly across EU Member States. Many national authorities lack sufficient resources 
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(finances, personnel, expertise, equipment) to conduct comprehensive compliance checks. This 

disparity creates loopholes, incentivizing companies to route illegal timber through Member States 

with weaker enforcement (Köthke et al., 2023). 

Preference for Administrative Sanctions: Most EU Member States prefer imposing 

administrative sanctions over criminal ones, even for serious violations, despite illegal logging's 

links to organized crime and violence (Humphreys, 2016). This reduces the deterrent effect, as 

administrative measures typically require less stringent proof and avoid court rulings. 

Lack of Cooperation and Training: Inadequate cooperation and information sharing between 

national authorities (e.g., customs, police, environmental agencies) and with authorities in timber-

producing countries hinder effective enforcement. Furthermore, a lack of training, specialization, 

and equipment among enforcement personnel contributes to difficulties in collecting solid, 

actionable evidence for prosecution (Sundström, 2016). 

These interconnected challenges highlight the complexity of the illegal timber trade and the 

persistent difficulties in establishing and verifying the legality and sustainability of timber products 

within global supply chains (Sundström, 2016).  

In relation to FLEGT, Voluntary Partnership Agreements (VPAs) between EU and timber-

supplying countries have helped to establish governance structures and procedures related to timber 

legality (Villanueva et al. 2023). However, they have largely failed to address fundamental social 

problems like inequality and may have negatively affected the economies of timber suppliers; and 

there is no conclusive evidence on the VPAs' effects on reducing illegal logging and trade or their 

impact on the environment. (Villanueva et al. 2023).  
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4. FELLING YIELDS AS AN INDICATOR OF FAKE 
LEGAL LOGGING 

The manipulation of felling yields is a critical mechanism employed in "fake legal logging" to 

launder illegally harvested timber into legal supply chains (Franca et al., 2023). This section 

explores how discrepancies in reported timber volumes may serve as an indicator of fraud, drawing 

on specific examples from the Brazilian Amazon and related fraudulent practices. 

4.1 The Problem of Overestimation in Logging Permits  

A core fraudulent practice involves deliberate overestimation of high-value timber species volumes 

in logging permits (Brancalion et al., 2018; OSU, 2018). Logging concessions are typically granted 

based on a forest inventory that catalogues existing tree species and their quantity within a 

designated area. Weaknesses or corruption within these inventory systems provide an opportunity 

for manipulating these figures. By inflating the estimated volume of timber, particularly for 

valuable species, a "surplus" of licensed timber is created. This surplus does not correspond to 

actual legally available timber from the concession area but can be used to provide seemingly 

legitimate documentation for illegally harvested timber from other, unauthorized or protected areas. 

Research in the Brazilian Amazon has demonstrated a strong positive correlation between the 

discrepancy in timber volumes (between logging permits and national forest inventory plots) and 

the timber price of standing trees. This indicates a clear bias towards overestimating the most 

valuable species in logging permits (Brancalion et al., 2018). The high-value tropical hardwood ipê 

(Handroanthus spp.) is a prime example of a species frequently subjected to this type of fraud 

(Franca et al., 2023). Ipê is internationally preferred for decking and is one of the most expensive 

species on the market, with prices historically comparable to big-leaf mahogany before its 

commercial exploitation was prohibited in Brazil. Studies in Pará, a leading timber production state 

in the Brazilian Amazon, have revealed significant discrepancies. 

An analysis of 427 valid logging permits issued from 2012 to 2017 in Pará, compared with data 

from 426 national forest inventory plots (RADAM plots), showed that high-value species volumes 

frequently exceeded the 90th percentile of Amazon-wide inventory values in a larger proportion of 

logging permits than for less desirable species (ibid).  Field assessments confirmed fraud for ipê. 

For example, in six logged areas in western Pará, the timber volume of ipê intended to be harvested 

(over 4 m³/ha) was significantly higher than volumes observed in RADAM plots (0.7 m³/ha). 
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A recent analysis compiling data from 1,262 logging permits and over 300,000 records on ipê 

transport in Pará (2009-2019) found an average ipê yield of 1.8 m³/ha in valid state-level logging 

permits, contrasting sharply with field observations of 0.7 m³/ha. This discrepancy suggests that 37-

54% of the total ipê volume entering the supply chain in Pará could not be traced to a verifiable 

forest of origin. Overall, only about 19% of ipê transacted as licit in Pará was found to be entirely 

risk-free (ibid). 

4.2 Methods of Fraud and Laundering Related to Yields  

Fraud extends beyond simple overestimation of volumes: 

Misidentification of Species: A common tactic involves "erroneously" identifying low-value 

commercial species as high-value ones like ipê (Schulze et al., 2008). Field checks revealed that 

42% of trees identified as ipê in logging permits were actually other species, primarily low-value 

ones like Tanimbuca, Jarana, and Timborana. This misidentification, despite distinct morphological 

differences (e.g., ipê's compound leaves versus simple or twice pinnate leaves of the substituted 

species), points to deliberate fraud. This allows the harvesting of non-ipê trees (which are typically 

not valuable enough to be included in permits) and generates an "extra" ipê volume to mask illegal 

ipê (Schulze et al., 2008). 

Inflating Tree Diameter: Another complementary strategy is to overestimate the diameter of real 

ipê trees. Stump diameters were found to be 31% smaller than the Diameter at Breast Height (DBH) 

claimed in logging permits, even though stump measurements should typically overestimate DBH 

(Brancalion et al., 2018). This artificially increases the licensed volume for a given number of trees. 

Inventing Trees and Duplicating Numbers: Fraudulent activities also include registering fake tree 

inventories, inventing non-existent specimens, or duplicating tree numbers in the system to issue 

credits for timber companies that may not exist or lack legal forest to harvest. 

Exceeding Allowed Harvest Rates and Felling in Prohibited Zones: Illegal credits generated 

through overestimation can be used to legitimize timber harvested above legal limits or from 

protected areas and indigenous lands. For example, around 90% of illegally harvested area in Pará 

between 2008 and 2012 was in indigenous lands and protected areas (Brancalion et al., 2018; OSU, 

2008). 
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4.3 Role of Volumetric Yield Coefficient (VYC)  

The Volumetric Yield Coefficient (VYC), which defines the average percentage of timber volume 

processed from the initial harvested volume, can also be manipulated to facilitate fraud (do Prado 

Capanema et al., 2022). Brazilian legislation allows for VYC modification based on targeted 

technical studies. However, studies show that VYC values often range significantly above the legal 

threshold (e.g., 43.6% to 61.1% in the Amazon region compared to a 35% national threshold), and 

can vary by species, wood handling, and even sawmill (Franca and Persson, 2022). Logging 

companies can exploit this to create "surplus volumes" by misreporting production and sales. A 

lower conversion factor implies that less processed product could be sold after processing for a 

given input volume, thus incorporating the risk of illegal timber laundering. 

4.4 Minimum Cutting Diameter (MCD) and Cutting Cycles  

Current legislation often sets a uniform Minimum Cutting Diameter (MCD) for any species (e.g., 50 

cm DBH in Brazil) and fixed harvesting cycles (e.g., 25-35 years) (Sist et al., 2021). However, 

literature indicates that optimal MCDs can vary significantly by species and region (e.g., 37.6 cm to 

128.8 cm), and in some cases, cutting cycles need to be longer than legally defined to ensure forest 

conservation and species regeneration (Vieira et al., 2024). A uniform approach can lead to over-

logging of certain species, interfering with forest ecosystem dynamics and regeneration, and 

potentially undermining the long-term conservation of rare or slow-growing timber species. 

The pervasive nature of these frauds, particularly in high-value species, highlights that relying 

solely on paper-based documents and self-declared inventories provides only a "veneer of legality" 

to systems often riddled with loopholes. This highlights the importance of integrating robust, 

independent scientific verification tools for national regulatory authorities to effectively identify 

and counter fake legal logging practices. 
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5. SCIENTIFIC AND TECHNOLOGICAL TOOLS FOR 
VERIFICATION 

To combat the sophisticated methods of "fake legal logging" and provide independent verification, 

a range of scientific and technological tools have been developed or are under development (Stäuble 

et al., 2023). These methods aim to trace timber from its origin, verify its species, and identify any 

discrepancies that may indicate illegal activities. 

5.1 Traceability Systems and Their Limitations  

Governments and industry have implemented various traceability systems to monitor timber flows. 

Government-led Systems: Countries like Brazil have implemented digital Document of Forest 

Origin (DOF) systems (e.g., SINAFLOR and SISFLORA in Brazil) which track timber from 

harvesting through transport, reception, processing, and stocking (Franca et al., 2023). Suriname 

developed LogPro, a computerized log-tracking system that monitors information about harvest 

operations and payments, with data entered twice by independent processors to check 

incompatibilities (Timber trade portal, 2020). These systems aim to create a "paper trail" to verify 

legality. 

Limitations of Paper-Based Systems: Despite their intent, simple paper-based certificates or 

movement documents, like those used under CITES, are prone to theft and fraud (Fripp et al., 

2023). Even when digitized, issues like lack of consistency in species names, near-automatic 

approval of logging permits without prior field checking, and poor integration among databases 

compromise their effectiveness. After processing, the paper trail often refers only to the sawmill as 

the point of origin, making it difficult to trace back to the forest. The manual intensity of 

documentation can also lead to errors and delays. 

5.2 Advanced Scientific Verification Techniques  

Scientific techniques based on the inherent characteristics of timber are crucial for independent 

verification, particularly when perpetrators are not "caught in the act" of illegal logging (Lowe et al. 

2016). These methods can be used to verify claims made in compliance documentation and the 

integrity of timber supply chains and potentially serve as forensic evidence in court (Fripp et al., 

2023; Stäuble et al., 2023). 
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Wood Anatomy (Structural Species Identification):  

This traditional method relies on the microscopic and macroscopic structural features of wood 

(Dormontt et al., 2015). Reference data for wood anatomy exists for most of global priority timber 

taxa (Low et al., 2022). It is a foundational method but requires expert knowledge and detailed 

reference libraries (Gasson 2011). Computer-assisted timber identification based on microscopic 

wood sections is also being developed (Koch et al. 2015). In recent years, the field has moved 

towards computer-assisted approaches and machine‐vision systems that seek to reduce reliance on 

human experts and increase throughput. A particularly noteworthy example is the XyloTron system 

(Ravindran et al., 2020) which is an open-source, field-deployable imaging platform designed for 

macroscopic wood and charcoal identification. 

Chemical Approaches: 

Direct Analysis in Real Time Time-of-Flight Mass Spectrometry (DART-TOFMS): This 

technique analyses chemical fingerprints of wood to identify species and origin (Kitin et al., 2021). 

It has shown good prospects for differentiating certain species (e.g., Cedrela fissilis from other 

Cedrela species) but varying accuracy across species (Paredes-Villanueva et al., 2018). Reference 

data exist for 41% of global priority timber taxa (Low et al., 2022). 

Near-Infrared Spectroscopy (NIRS): NIRS uses infrared light to analyse wood composition. 

While a rapid and non-destructive method, reference data for priority timber taxa is currently 

limited to 6% (DeArmond et al. 2024; Low et al., 2022). 

Attenuated Total Reflectance Fourier-Transform Infrared (ATR-FTIR) spectroscopy 

streamlines wood identification and supports responsible sourcing by enabling detailed 

characterization of wood through its spectral profile. The technique reveals unique chemical 

signatures that distinguish one species from another (Sharma et al. 2024). 

Stable Isotope Ratio Analysis (SIRA) and Trace Element Analysis (TEA): These methods 

analyse the isotopic ratios and elemental composition of wood, which can vary geographically 

depending on environmental factors like climate and soil. They are promising for determining 

geographic origin (Deklerck, 2023). However, data for origin identification exists for only 24% of 

priority timber species, and more research is needed to develop robust models for combining these 

data types and for distinguishing between relatively close tree populations. A multi-chemical 

approach using strontium isotope ratios has proven to be an excellent origin marker, allowing 
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unique species-level fingerprinting and providing a robust method for forensic timber identification 

(Aguzzoni et al. 2025). 

Genetic Approaches (DNA Barcoding, Population Genetics, DNA Profiling): 

In recent years, molecular tools have become increasingly important in the fight against illegal 

logging. Among these, DNA-based methods such as DNA barcoding and DNA fingerprinting have 

emerged as reliable techniques for identifying both the species and geographic origin of timber 

(Lowe et al. 2010). These tools provide objective, science-based evidence that can complement 

documentation checks and help enforce timber legality regulations. DNA barcoding uses short, 

standardized segments of DNA to identify species. It is especially valuable for distinguishing 

between closely related tree species that may be visually similar but differ in legal protection status 

or commercial value (Mascarello et al. 2021). This is particularly relevant in tropical timber trade, 

where fraudulent substitution of high-value species with lower-grade look-alikes is common. DNA 

fingerprinting (also known as DNA profiling or genotyping) takes this a step further by examining 

multiple genetic markers across the genome, enabling the identification of individual trees or 

specific populations. With a well-developed reference database, timber products can be matched to 

their geographic source, often down to a specific forest concession or region. This level of precision 

is critical in tropical regions, where tree species often have wider distribution ranges. 

Practical implementation of DNA fingerprinting requires coordinated sampling and databasing. 

This includes, 1. authorized species identification based on live collected material. 2. collecting 

reference samples from trees in verified legal concessions or natural populations. 3. Building a 

centralized genetic reference database, ideally maintained at a national or regional level. 4. Training 

customs officers and inspection agencies to sample timber products (e.g. shavings from logs, 

planks, or furniture) for laboratory analysis. 5. Collaborating with forensic laboratories equipped to 

perform DNA extraction and genotyping, with turnaround times suited to enforcement needs.  

Pilot studies in Africa and Southeast Asia have demonstrated that DNA fingerprinting can be 

successfully integrated into enforcement workflows (Dormontt et al., 2015; Low et al., 2022). For 

instance, it has been used to verify the origin of valuable hardwoods such as Dalbergia spp. 

(rosewoods), which are frequently subject to illegal trade (Hartvig et al., 2015). 
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5.3 Digitalization and Remote Sensing Technologies  

Remote Sensing and Satellite Imagery: Technologies like PRODES (Amazon Deforestation 

Monitoring Project) and satellite imagery can identify areas of illegal logging and some 

irregularities in management plans, aiding in large-scale assessments (Zhao et al., 2023; Carvalho et 

al., 2019). 

Digital Tracking Systems: Beyond paper-based permits, systems incorporating barcodes, 

microchips, and tracer paints can enhance chain-of-custody monitoring. Romania's Sumal 2.0 

application requires all forest operators to upload documents digitally, helping to trace timber 

(Dogaru, 2024). 

Big Data Analysis using Machine Learning: The integration and analysis of large datasets can 

more accurately determine the origin and legality of timber, enabling the identification of illegality 

risks at various stages of the supply chain, from harvesting to processing and export (Datta et al, 

2025; Nonato et al., 2025; Fripp et al., 2023; Stäuble et al., 2023). 

5.4 Integration and Future Needs  

While significant progress has been made, the effective application of these tools requires the 

following: 

1. Comprehensive Chain-of-Custody Monitoring: To guarantee legality, every stage of 

production, processing, export, and import needs robust monitoring. 

2. Independent Third-Party Auditing: Essential to guarantee the validity and reliability of 

any legal system. 

3. Integration of Disciplines: Combining visual, chemical, and genetic identification methods 

is recommended for a robust forensic approach. 

4. Field Checking: Crucial for preventing fraud, as inconsistencies in logging permits can be 

verified against on-the-ground reality. 

5. Addressing Data Gaps: More research is needed, particularly for geographic origin 

identification across the diverse range of commercial timber species. At the current rate, it 

would take approximately 27 years to generate adequate geographic data for all 322 global 

priority species. 
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6. Enabling Conditions: Creating the right policy and financial environment for the wide-

scale application of wood identification methods, as these analyses can be costly and time-

consuming. 

The Danish EPA's and other national regulatory authorities’ efforts to control timber imports can be 

enhanced by leveraging these scientific advancements to independently verify the stated felling 

yields, species identity, and geographic origin of tropical timber, thereby exposing "fake legal 

logging" practices. 
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6. RECOMMENDATIONS FOR DANISH EPA AND 
OTHER NATIONAL REGULATORY AUTHORITIES 

Effective control of tropical timber imports by the EPA or other relevant national regulatory 

authorities, and the broader implementation of EU timber legislation require a multi-pronged 

approach that integrates robust regulatory frameworks with cutting-edge scientific and 

technological tools. Drawing on the insights from the reviewed literature, the following 

recommendations are proposed to enhance the national regulatory authorities’s capacity to detect 

"fake legal logging" and support sustainable timber trade. 

6.1 Prioritize Scientific Verification of Felling Yields and Origin 

Leverage Felling Yield Data: Danish national regulatory authorities should integrate insights from 

a variety of scientific studies (where available) into its inspection protocols rather than relying on 

realistic felling yields of commercial tropical tree species. While discrepancies between reported 

yields in import documentation and scientifically established realistic yields should trigger 

heightened scrutiny and investigation, particularly for high-value species, documentation of such 

realistic yields are rarely available. 

Invest in Scientific Capabilities: The national regulatory authorities should seek to develop or 

access in-house or outsourced capabilities for advanced scientific timber identification and origin 

verification. This includes:  

Wood Anatomy Expertise: Maintain or collaborate with experts in wood anatomy for preliminary 

species identification and verification against declared species. Compared to many biochemical or 

molecular tools, the examination of morphological wood characters is typically much faster and 

more cost-effective, providing a valuable first-line approach for screening and detecting potential 

species mismatches before more advanced analyses are conducted. 

Chemical Analysis: Utilize or support the development of DART-TOFMS and NIRS methods for 

chemical fingerprinting, especially for species and geographic origin verification where reference 

data are available. 

Genetic Profiling: Invest in DNA-based technologies (DNA barcoding, population genetics) for 

robust species identification and, for pinpointing geographic origin. This will require access to 

comprehensive and forensically validated reference databases. 
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Stable Isotope and Trace Element Analysis: Support research and application of SIRA and TEA 

for geographic origin determination, especially in high-risk regions or for species lacking other 

reliable origin indicators. 

6.2 Strengthening Due Diligence and Supply Chain Transparency 

Mandate Robust Due Diligence: The EUTR's due diligence requirement for operators should be 

rigorously enforced by the national regulatory authorities, demanding not just documentation but 

verifiable proof of legality that extends beyond the immediate supplier to the point of harvest. This 

should include requiring operators to conduct independent third-party audits of their supply chains. 

In addition, Danish enforcement authorities should ensure full adherence to the new EU 

Deforestation Regulation (EUDR), which mandates traceability of commodities, including timber, 

back to the geographic plot of origin, and requires operators to provide geolocation data and 

conclusive evidence that the products are not associated with illegal cutting, unsustainable 

deforestation or forest degradation. Operators must also submit due diligence statements before 

placing timber on the EU market, making early alignment with EUDR essential for legal 

compliance and effective enforcement. 

Promote Digital Traceability Systems: Advocate for and encourage the adoption of more 

technologically sophisticated, transparent, and inter-operable digital chain-of-custody monitoring 

systems in producer countries and throughout the supply chain. These systems, incorporating 

features like barcodes, microchips, and GPS tracking, can significantly reduce the potential for 

fraud inherent in paper-based systems. 

Scrutinize Processed Products and Transit Hubs: Given that illegal timber is often laundered by 

being mixed with legal timber and re-exported from processing countries, the national regulatory 

authorities should focus heightened attention on processed wood products and imports transiting 

through known re-export hubs. Verification efforts must extend to assessing the original source of 

wood in such products. 

6.3 Advocate for Policy and Legislative Enhancements 

Push for Clearer Definitions: Denmark, within the EU framework, should continue to advocate 

for clearer, internationally harmonized definitions of "legal" and "sustainable" timber, ensuring 

consistent interpretation and enforcement across all Member States. 
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Standardize VYC and MCD Parameters: Work towards international guidelines or standards for 

Volumetric Yield Coefficients (VYC) and Minimum Cutting Diameters (MCD) that reflect 

scientific understanding of species-specific growth and regional variations, rather than broad, 

potentially misused, legal averages. 

Harmonize EU Enforcement: Advocate for greater harmonization and increased resources for 

EUTR enforcement across all EU Member States to eliminate existing loopholes and prevent "port 

hopping" of illegal timber through less scrutinized entry points. 

Promote Criminal Sanctions: Support the systematic adoption of criminal law, with dissuasive 

penalties, for serious illegal logging offenses and associated crimes (e.g., tax fraud, forgery, 

corruption), moving beyond a primary reliance on administrative measures. 

Enhance International Cooperation: Foster stronger collaboration and timely data exchange 

between customs agencies, environmental authorities, and law enforcement bodies in Denmark, 

other EU Member States, and timber-producing countries. This includes establishing prior 

notification systems for legally identified timber shipments. 

6.4 Support Capacity Building and Research 

Capacity Building in Producer Countries: Advocate for and support financial and technical 

assistance to producer countries to strengthen their forest law enforcement, governance, and 

resource management capacities. This includes improving forest inventories, implementing robust 

monitoring systems, and addressing corruption within their forestry sectors. 

Fund Research and Database Development: Continue to support scientific research into timber 

identification and origin determination, particularly for commercially important tropical species 

where data gaps exist. This includes funding the establishment of comprehensive, forensically 

validated reference databases for various scientific methods (e.g., wood anatomy, chemical, genetic 

markers). 
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7. CONCLUSION 

The international trade in illegally logged timber continues to be a formidable challenge, 

undermining environmental conservation, economic equity, and the rule of law globally. For 

agencies like the Danish national regulatory authorities, controlling the import of tropical timber 

necessitates moving beyond traditional document-based verification to actively identifying and 

preventing "fake legal logging". This review summarizes that the deliberate overestimation of 

felling yields and the misidentification of species in logging permits have been documented as 

methods used to launder illegal timber from high-value tropical species. 

The current system, often reliant on paper-based documentation and inconsistent national 

definitions of legality, creates significant loopholes that allow illegal timber to penetrate 

international markets, even those with stringent regulations like the EUDR. To effectively counter 

these illicit practices, a strategic shift is required. However, this review also notes that robust 

scientific literature on realistic felling yields in tropical forests is extremely limited. As a result, 

such data cannot at present be directly integrated into the Danish national regulatory authorities’s 

risk assessment and inspection processes at scale. Instead, it is recommended that the national 

regulatory authorities align more closely with established European pathways and approaches to 

timber risk assessment, while monitoring new scientific developments as they emerge. 

At the same time, the national regulatory authorities’s capacity can be strengthened by investing in 

and applying advanced verification technologies – including wood anatomy, chemical analyses 

(DART-TOFMS, SIRA, TEA), and genetic profiling. These methods provide independent, 

empirical evidence of species identity and geographic origin, making them indispensable tools for 

identifying fraudulent claims and supporting enforcement actions. In addition to technical 

advancements, lasting progress requires strong political commitment, closer international 

collaboration, and consistent enforcement. Addressing the underlying governance weaknesses, 

corruption, and the economic incentives that drive illegal logging in producer countries, while 

simultaneously strengthening and harmonizing enforcement mechanisms in consumer markets, will 

be key to achieving meaningful progress. 

In conclusion, the fight against "fake legal logging" requires a comprehensive, integrated approach. 

By leveraging scientific insights into felling yields and embracing advanced verification 

technologies, alongside robust policy implementation and international collaboration, the Danish 
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national regulatory authorities can support efforts to ensure that timber imports into the EU are 

genuinely legal and contribute to the global goal of sustainable forest management. 
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