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FOREST INVENTORIES (FI)

Plot-based ground measurements

Representative of forest areas, design-based considerations,
(sometimes) remeasured, rich in species and forest structure
information. Ground truth at landscape scale.

EARTH OBSERVATION (EO)

Wall-to-wall, repeat coverage

Optical, radar, lidar: large-scale, multi-temporal, but largely blind to

what's under the canopy. Can provide information on spatial
dynamics.

The combination of Fl and RS data can answer
questions that neither source of information can
answer alone.
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As well as support the implementation of national and
international policies
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A field rich in integration examples
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the research and policy motivations it supports

studies integrating FI & EO data This review aims to take stock of the motivations, methods

across temperate, tropical & boreal forests, 2001- and purposes of FI/RS integration.
2025
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Methodological approach

Systematic literature review
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registration
* Setting * Protocol » Scoping  Abstract
Objectives development databases Screening
* Discussing » Choosing « Citation * Full text
timeline tools search Screening
» Exploring * Defining » Expert
methods search terms suggestions
J
836 entries 684 full-texts

Inclusion criteria
= Peer-reviewed primary research articles, FI + EO data both used
= Evident integration between datasets

= Direct link to climate or biodiversity

= FI not designed exclusively for EO improvement

Data Analysis &
extraction Synthesis
* Refine search  Summaries
criteria motivations
e Extract and methods
relevant data * Identify
for all lessons
|nclu'ded learned and
studies next steps

253 full-texts

4

- o= N 1= 1] D e om B b B0 R im == K1

— . I*I 2 THE EUROPEAN SPACE AGENCY



Preliminary findings: Geography & Scale of FI-EO research
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68 countries represented, out of which 42 (62)% had 1-2 studies
North America, Europe and China dominate the English-speaking literature

Africa and South East Asia are underrepresented despite global
importance

) __._-.-I.-Ill lIIII I|

o
o

Number of Studies
nN

o

local subnational national multi-national continental global
Scale of Interest

88% of all studies local, subnational or national in scope

There is an increase of national and subnational studies
over time
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The use of optical data is prevalent, but there is

an increase in the use of radar and lidar data
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The diversification of open-source remote sensing
datasets is evident
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Preliminary findings: The role of FlI data over time

Trends in Use of FI Coordinates over Time Trends in Primary Data Source over Time
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o Predicted probabilities of studies

Predicted probabilities of FI relying primarily on remote sensing
— - coordinate used based on a (RS) data, forest inventory (Fl) field

0.0 multinomial logistic regression 2000 2005 2010 . 2015 2020 2025 data, or both as their primary data
2025 ear source over time, derived from a

2000 2005 2010 2015 2020 2025 models. : . e, '
Year multinomial logistic regression model.

Precise coordinates are increasingly Fl data is increasingly being considered as the
being used in environmental studies primary source of information, and not as
supplementary datasets. .
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Preliminary findings: Methodological shifts in EO-FI data integration @esa

Methodological approaches over time
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- Statistical integration frameworks dominate across the full time

30 series.

- Geostatistical/spatial models showed a significant decline in
proportional use, while Physical/process-based frameworks
remain rare (~5% of studies) with no temporal trend detectable
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Al/ML integration approaches now account for around 50%
of recent publications

Roughly one fifth of all studies had an evident policy motivation,
with an increase in proportion over time

. Statistical . Geostatistical . Physical models

Proportion of studies motivated by environmental policies
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. Al / machine-learning methods . Non-Al methods s
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Official reporting mechanisms need rigorous and timely information which can be supported by
advancements in FI/EO integration methods.

Evident increases in (sub)national case studies and studies with policy-oriented motivations are supporting
this process.

The diversification of the uptake of available EO data indicates exploration and ingestion of novel FI/EO
integration methods for forest monitoring and estimation.

General recommendations

1.

Invest in tropical regions lacking comparable examples: targeted funding and partnerships for tropical
regions in Africa and SE Asia are needed

Enable or support sovereignty-respecting frameworks so research can make use of plot locations without
violating national policies

Support co-design of realistic and technically achievable climate and biodiversity indicators with a clear
policy/outcome in mind.
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Thank you for your attention

;////ﬁ GFZ Daniela Requena Suarez

GFZ Helmholtz Center for Geosciences

Helmholtz Centre

for Geosciences Daniela.Requena.Suarez@qgfz
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