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Distinguishing forest types—primary, naturally regenerating, planted, and plantation forests—from
agricultural tree crops and other land uses is essential for carbon accounting, biodiversity assessment,
conservation planning, and supply-chain regulation. However, no existing global dataset resolves this
typology at high spatial resolution. We present the Forest Typology (ForTy) v1 dataset, a global 10-
meter resolution map for 2020 that classifies all land into six categories aligned with FAO and EU
Deforestation Regulation (EUDR) definitions: Primary Forest, Naturally Regenerating Forest, Planted
Forest, Plantation Forest, Tree Crops and Agroforestry, and Other Land. A cascaded deep learning
pipeline, trained on 1.7 million globally distributed samples, generates per-class probability maps
from geospatial satellite embeddings by combining weakly supervised learning with active learning.
Independent validation against 8,190 stratified random sites, each labeled by two experts, yields an
overall accuracy of 90.2% for the six-class scheme, 94.8% for natural forest classification, and 95.5% for
forest/non-forest classification.

This is a non-peer-reviewed preprint submitted to EarthArXiv.
The manuscript is currently under review at Scientific Data.

1. Background & Summary

Forests cover approximately 31% of the world’s land area, store roughly 662 gigatonnes (Gt) of carbon
[1], and harbor the majority of terrestrial biodiversity [2]. Yet the ecological and economic value of a
forest stand depends on its type and management history [3]: for example, primary forests differ from
planted and plantation forests and agricultural tree crops by orders of magnitude in carbon density,
species richness, and importance to indigenous peoples and local communities, as well as in legal
status. Carbon accounting [4], biodiversity assessment, REDD+ verification, and land-use monitoring
all require classification that goes beyond biophysical tree cover presence to distinguish natural
forests from planted forests, plantation forests, and agricultural tree crops. Such typological detail is
also critical for assessing progress toward the Kunming-Montreal Global Biodiversity Framework’s
“30x30” target, which aims to protect 30% of the Earth’s land area by 2030 [5, 6]. Since primary
and naturally regenerating forests harbor the highest biodiversity value, identifying their extent and
spatial distribution at the national level is a prerequisite for prioritizing protection of remaining natural
forests. In the absence of a globally consistent, high-resolution forest typology, forest monitoring
efforts must fall back on binary tree cover as a proxy [7]—unable to report what forest or tree cover
types are being lost or gained.

This gap carries growing policy consequences. The European Union’s Regulation on Deforestation-free
Products (EUDR) mandates that commodities entering the EU market are both deforestation-free
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Figure 1 j Forest Typology 2020 (v1) in Equal Earth projection showing the majority class within
each 1 kn? cell.

and forest degradation-free, using December 31, 2020 as the baselined]. The EUDR distinguishes
deforestation (conversion of forest to agricultural use) from forest degradation (structural changes
within the forest land use, e.g., conversion of primary forests to plantations). Monitoring degradation
and deforestation under this de nition requires knowing the baseline forest type at each location, not
merely whether trees are present 0, 8]. The EUDR further distinguishes forest from agricultural land
use, explicitly excluding tree crop plantations and agroforestry systems from its de nition of forest
[10]. Compliance thus requires a mapping system that can both classify forests by type and reliably
separate tree crops from timber plantations a distinction often invisible in common high-resolution
satellite imagery (compare for example Figure 5) and tree cover maps. Beyond the EUDR, the Tropical
Forest Forever Facility (TFFF), which o ers payments per hectare of standing tropical forest, will
similarly need to exclude plantations and tree crops from eligible forest area to avoid crediting
agricultural tree cover [ 11]; moreover, a forest typology that separates primary from secondary forest
could support more comprehensive degradation monitoring beyond re-based proxies in future TFFF
methodology iterations. Recent analyses have highlighted that existing geospatial datasets fall short
of the thematic detail required for these applications [12].

Several global and regional datasets have characterized parts of this typological spectrum, but none
resolve the full multi-class typology at scale. Primary forest extent can only be approximated from
tropical-only or coarse-resolution products [13, 14]. The Spatial Database of Planted Trees (SDPT)
[15, 16] compiles known plantation boundaries from government, industry, and NGO sources, but its
coverage remains geographically incomplete and temporally inconsistent. No global map separates
agricultural tree cover (e.g., oil palm, rubber, cocoa) from forest. Lesiv et al. published the Global
Forest Management map for 2015 at 100 m resolution [17], classifying forests into intact, managed
(with or without logging), and planted categories. More recently, the Joint Research Centre (JRC)
of the European Commission produced the Global Forest Cover (GFC2020) mapl18, 19] and an
associated Global Forest Types 2020 (GFT2020) product20] to directly support the EUDR. The
GFC2020 map provides a forest/non-forest binary at 10 m resolution, while the GFT2020 distinguishes
primary, naturally regenerating, and planted forests [ 21]. The Natural Forests of the World (NFW)
2020 dataset [22] is a global 10 m map distinguishing natural forest from all other land cover. At







	Background & Summary
	Methods
	Definitions
	Input data
	Training data
	Model-1 label construction
	Model-2 label construction
	Model-3 label construction

	Active learning
	Model architecture and training stages
	Stage 1: Training on curated reference data
	Stage 2: Large-scale training
	Stage 3: Temporal calibration

	Map construction
	Class probabilities and uncertainty

	Data Records
	Technical Validation
	Global validation of forest types dataset
	Accuracy assessment
	Comparison to other forest maps
	Spatial agreement with independent datasets
	Area estimates by forest type
	Limitations

	Usage Notes
	Data Availability
	Forest Typology dataset
	Classification layer dataset
	Validation dataset

	Code availability
	Author Contributions
	Competing Interests
	Acknowledgments
	Funding
	Supplementary Definitions
	EUDR definitions
	Scope and operational choices
	GVFT annotation labels
	Planted forest and tree crop species types

	Strata Areas by Continent
	Per-Strata Confusion Matrices
	Per-Continent Accuracy
	Supplementary Area Estimates

