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Executive Summary

Executive Summary

This report provides a comprehensive strategic analysis of 672 documents
retrieved from the TIB (Leibniz Information Centre for Science and Technol-
ogy) and existing research archives using the keyword “Wald” (forest). An
intelligent pre-sorting algorithm scanned every PDF for forest-topic dominance,
classifying them into three tiers:

Tier Count Description

PRIMARY 98 Forest /forestry is the
dominant topic

SECONDARY 373 Wald mentioned
substantially but not the
core topic

MARGINAL 201 Not primarily about forests

The 98 PRIMARY documents form the core analytical corpus, spanning
approximately 7,335 pages and 2.33 million words. These represent final re-
ports (Abschlussberichte) from publicly funded German research projects where
forest science, forestry management, wood economy, or forest ecosystems con-
stitute the dominant research focus.

Key findings:

1. Six thematic clusters emerge from the corpus: Forest Management
& Silviculture, Climate Change Adaptation, Remote Sensing & Forest
Monitoring, Forest Ecology & Biodiversity, Wood & Timber Economy,
and Forest Soils & Hydrology.

2. Climate change dominates the discourse: Drought stress, bark beetle
damage (Borkenkifer), tree species adaptation, and carbon sequestration
are the most pervasive cross-cutting themes across all clusters.

3. The largest single document is “Forest Expert Program” (Sachbericht-
Completefinal _28103701.pdf) with 308 pages and ~98,000 words — an in-
ternational forestry capacity-building program with the highest keyword
density (133.9) in the corpus.

4. Domain distribution: Remote Sensing & Monitoring (17%), Climate
Change & Carbon (14%), Forest Management & Silviculture (13%), Forest
Ecology & Biodiversity (12%), Soil Science (11%), Wood & Timber (9%),
Energy & Bioeconomy (7%), Hydrology & Water (7%).

5. Tree species focus: Beech (Buche/Rotbuche), spruce (Fichte), oak
(Eiche), pine (Kiefer), Douglas fir (Douglasie), and silver fir (Tanne) dom-
inate — reflecting Germany’s central concern about climate-appropriate
tree species selection for the “Waldumbau” (forest transformation).

6. Sentinel satellite data and LiDAR are the dominant remote sensing
technologies, appearing in 17+ PRIMARY documents — signaling massive
investment in digital forest monitoring infrastructure.
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7. Funding concentration: BMBF (Federal Ministry of Education and
Research) is the dominant funder, with significant contributions from
BLE/FNR (Federal Agency for Agriculture and Food / Agency for Re-
newable Resources) through the “Waldklimafonds” program series.

8. Dead wood (Totholz) appears as a surprisingly prominent research
topic, reflecting the tension between ecological conservation and active
forest management.



1. Corpus Overview

1. Corpus Overview

1.1 Pre-Sort Methodology

The 672 documents in the wald folder were collected through: - RENATE
API search for the keyword “Wald” (forest) - Intelligent scanning of 672
existing PDFs from the global downloads archive

Each PDF was then scored using a multi-layer keyword analysis:

Layer Keywords Weight Purpose

Core forest terms  wald, wéalder, forst, X3 Identify documents
forstwirtschaft, about forests
forest, forestry, specifically
silviculture,
afforestation,
deforestation

Tree species buche, eiche, fichte, X2 Detect forestry
kiefer, tanne, content even
douglasie, birke, without “wald”
pinus, fagus,
quercus, picea

Forest ecology totholz, kronendach, X2 Catch ecological and
durchforstung, management content
borkenkiéfer,
waldverjingung,
canopy, understory

Related terms biodiversitét, x1 Broader
kohlenstoff, carbon, environmental
klimawandel, context

drought, boden, soil,
remote sensing

A weighted density score (weighted hits per 1,000 words) determined classi-

fication:

Category Criteria

PRIMARY Core hits > 20 AND density > 3.0; or
title/filename boost

SECONDARY Core hits > 2 AND density > 0.5

MARGINAL Below SECONDARY thresholds

1.2 Corpus Statistics

Metric

Full Corpus

PRIMARY Only

Total documents

672

98
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Metric Full Corpus PRIMARY Only

Total pages ~35,000+ ~7,335

Total words ~8M+ ~2,330,402

Average pages/doc ~52 ~75

Average words/doc ~12,000 ~23,780

Largest document 638 pages (KliEn) 308 pages (Forest Expert
Program)

Smallest document 1 page (Berichtsblétter) 2 pages (FutureForest
Kurzbericht)

Documents > 100 pages ~30 14

Documents < 20 pages ~150 12

1.3 Language Distribution

The corpus is predominantly German, with approximately 15% containing
significant English content (international scientific papers, bilingual reports).
Several pure English-language research articles appear in the SECONDARY tier

(atmospheric chemistry, remote sensing journals).

1.4 Funding Agencies

Est. PRIMARY
Agency Abbreviation Role Reports
Bundesministerium BMBF Dominant funder ~60
fir Bildung und across all forest
Forschung research domains
Bundesanstalt fiir BLE/FNR Forest-specific ~20
Landwirtschaft und funding
Erndhrung (Waldklimafonds)
Bundesministerium BMEL Agricultural and ~8
fir Erndhrung und forest policy
Landwirtschaft research
Bundesministerium BMUV/BMU Nature conservation  ~5
fur Umwelt, and environmental
Naturschutz aspects
Deutsche DFG Basic research in ~3
Forschungsgemein- forest ecology
schaft
Landwirtschaftliche — Agricultural/forestry = ~2

Rentenbank

innovation
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2. Domain Distribution Analysis

2.1 PRIMARY Document Domain Classification

Each of the 98 PRIMARY documents was classified by its dominant domain
using automated keyword frequency analysis.

Domain PRIMARY Docs Share Top Projects

Remote Sensing 17 17% TreeSatAl,

& Monitoring ForestWatch,
Sentinel-based
mapping, LiDAR
inventory

Climate Change 14 14% SensFORclim,

& Carbon BucheAkut,
SpitzAhorn,
ATTO+, WidK

Forest 13 13% RetroWald, FOREA,

Management & WaldBrand-Klima,

Silviculture Martelkom, WidK

Forest Ecology & 12 12% TotC, IntegSaat,

Biodiversity biodiversity
monitoring, MediAN

Soil Science 11 11% MediAN,
SOILAssist,
Waldbdden,
DiControl

Wood & Timber 9 9% Forest Expert
Program,
Holz-21-regio,
Intelliway, HolzBau

Energy & 7 7% SYMOBIO,

Bioeconomy ATTO+,
bioeconomy
monitoring

Hydrology & 7 7% MediAN,

‘Water MooReSax,
KliMaWerk,
ecosystem services

Agriculture & 4 4% Deforestation

Land Use analysis, land use
change

Forest Pests & 3 3% Bark beetle

Damage (Borkenkéfer), storm
damage, pest
monitoring

Other 1 1% Mathematical

foundations (OWR)
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2.2 SECONDARY Document Domain Distribu-

tion

The 373 SECONDARY documents — which mention Wald substantially but
are not primarily forest-focused — show a complementary pattern:

Domain

SECONDARY Docs

Interpretation

Remote Sensing &
Monitoring

Agriculture & Land Use
Hydrology & Water

Forest Ecology &
Biodiversity

Climate Change & Carbon

Soil Science

Energy & Bioeconomy

113

45

42

34

34

33

31

Many environmental
monitoring projects mention
forests as one land cover
type

Agroforestry, land use
change, rural landscapes
Watershed management,
water balance, groundwater
Biodiversity projects
touching on forest habitats
Climate adaptation projects
with forest components

Soil research in forested

vs. agricultural landscapes
Bioeconomy projects using
wood /biomass feedstock

2.3 Key Technology & Method Frequencies
Based on keyword presence across the 98 PRIMARY documents:

Technology / Method

PRIMARY Docs

Context

Sentinel (satellite)

LiDAR

Remote sensing /
Fernerkundung

Copernicus
Bundeswaldinventur
(National Forest Inventory)
TF-IDF / NLP

GIS / Geoinformation

Point cloud / 3D

15+

124

17

10+

ESA Sentinel-2
multispectral imagery for
forest mapping

Airborne and terrestrial
laser scanning for 3D forest
structure

Satellite, airborne, and
drone-based monitoring
EU Earth observation
programme data
Ground-truth reference data

Not present (these are
domain reports, not
methodology papers)
Spatial analysis of forest
resources

LiDAR-derived 3D forest
models
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Technology / Method PRIMARY Docs Context

Machine learning / KI 8 Al-based tree species
classification, damage
detection
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3. Thematic Cluster Analysis

The 98 PRIMARY documents organize into 6 major thematic clusters, each
representing a strategic axis of Germany’s forest research portfolio.

3.1 Cluster 1 — Forest Management & Climate
Adaptation (27 docs)
Combines: Forest Management & Silviculture (13) + Climate Change & Carbon

(14)

This is the single largest research investment in the corpus. Germany’s
forests face an existential crisis from climate change, and these projects address
the “Waldumbau” — the strategic transformation of Germany’s forests toward
climate-resilient tree species compositions.

Key Projects

RetroWald (2219WKO05A5) — Retrospective analysis of weather-driven ex-
treme events and forest damage - Focus: Analyzing historical extreme weather
events (drought, storms, heat) and their cascading impacts on forest health. -
Scale: 55 pages, 22,407 words, density 42.3 - Key output: Methodologies
for correlating weather extremes with forest damage patterns; risk assessment
frameworks for forest managers. - Significance: Provides the evidence base
for proactive rather than reactive forest management.

BucheAkut — Emergency research on beech (Fagus sylvatica) decline - Focus:
Acute decline of European beech stands — Germany’s most important native
hardwood — under increasing drought and heat stress. - Scale: 124 pages,
39,245 words, density 38.4 - Key output: Physiological drought thresholds for
beech; management recommendations for beech forests under climate stress. -
Strategic relevance: Beech is the defining tree of Central European forests.
Its decline would fundamentally alter the German forest landscape.

sensFORclim (BMBF2218WK14A4) — Sensor-based Forest Climate Monitor-
ing - Focus: Continuous sensor networks for monitoring microclimatic condi-
tions within forest stands. - Scale: 118 pages, 36,826 words, density 40.4 -
Key output: Dense sensor networks measuring soil moisture, air temperature,
humidity, and tree water status in real-time across multiple forest types. - Top
species studied: Spruce (Fichte, 153 mentions), beech (130), silver fir (Tanne,
91).

SpitzAhorn (22040618) — Assessment of Norway maple (Acer platanoides)
adaptability - Focus: Evaluating Norway maple as a climate-adapted alterna-
tive tree species. - Scale: 109 pages, 41,861 words, density 27.7 - Key output:
Provenance trials and drought stress testing of maple varieties from across Eu-
rope.
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WidK — Wald im (Klima-)Wandel (Forest in Climate Change) - Focus: Com-
prehensive assessment of forest transformation pathways under climate change
scenarios. - Scale: 80 pages, 37,907 words, density 35.1 - Key output: Deci-
sion frameworks for forest owners; species selection guidelines; economic analysis
of transformation pathways.

VitaDou — Vitality assessment of Douglas fir - Focus: Long-term vitality
and adaptation potential of Douglas fir (Douglasie) as a key climate-adapted
species for German forestry. - Scale: 209 pages, 57,602 words — one of the
largest reports. - Key output: Provenance-specific growth data and drought
tolerance assessments.

Cluster Assessment

Dimension Assessment

Strategic relevance Critical — Germany’s 11.4 million hectares
of forest are its largest terrestrial ecosystem;
their transformation is a national priority

Urgency Very High — The 2018-2022 drought/bark
beetle crisis destroyed ~500,000 hectares;
time for gradual adaptation is running out

Key challenge Balancing speed (immediate reforestation
needs) with science (which species will
thrive in 20807)

Policy link Direct input to BMEL Waldstrategie 2050
and EU Forest Strategy

10
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3.2 Cluster 2 — Remote Sensing & Digital Forest
Monitoring (17 docs)

This cluster represents the digital transformation of forestry — using satel-
lites, LiDAR, drones, and AI to monitor forest health at unprecedented scale
and resolution.

Key Projects

FutureForest (67KI21002A) — Al-powered forest monitoring - Focus: Using
Sentinel-2 satellite data and machine learning for automated tree species clas-
sification, damage detection, and forest health monitoring. - Scale: 57 pages,
16,342 words - Funded by: BMUV (Federal Ministry for the Environment) -
Key output: Operational Al models for detecting forest health changes from
space.

TreeSatAl ecosystem (BMBF2219WK54A4 + related projects) - Focus:
National-scale tree species mapping and forest inventory using satellite time
series. - Scale: 108 pages, 35,241 words, density 35.7 - Key output: Wall-to-
wall tree species maps of Germany at 10m resolution using Sentinel-2.

Bundeswaldinventur enhancement (BMBF2222NR020ABC) - Focus: Us-
ing remote sensing to augment Germany’s National Forest Inventory (BWI).
- Key output: Methods for combining ground-truth BWI plot data with
satellite-derived wall-to-wall estimates.

KINoPro — Forest protection knowledge & innovation - Focus: Al-assisted
early warning systems for forest pest outbreaks (especially bark beetle). - Key
output: Predictive models for insect outbreak risk based on weather and forest
condition data.

5G-Waldwichter — 5G-based forest monitoring - Focus: Using 5G IoT sen-
sors for real-time forest fire detection and environmental monitoring. - Scale:
63 pages, 16,740 words - Key output: Proof-of-concept 5G-connected sensor
network for early fire detection in forested areas.

Cluster Assessment

Dimension Assessment

Strategic relevance Very High — Germany’s 11.4M ha of
forest cannot be managed without digital
monitoring infrastructure

Technology maturity Medium-High — Sentinel-2 is operational;
Al models are reaching production readiness

Commercial potential High — Forest monitoring-as-a-service for
public and private forest owners

Key gap Integration of multi-source data (satellite +
LiDAR + ground sensors + drone) into
unified operational platforms

11
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3.3 Cluster 3 — Forest Ecology & Biodiversity
(12 docs)

These projects investigate the ecological functioning of forest ecosystems — from
deadwood decomposition to natural regeneration and species interactions.

Key Projects

TotC (2219WK07A4/B4) — Deadwood carbon dynamics - Focus: How dead
wood (Totholz) decomposes and releases carbon — critical for understanding
forest carbon budgets. - Scale: 42 pages, 14,152 words, density 61.1 (high-
est ecology density) - Key output: Decomposition rates for major German
tree species; carbon flux models for deadwood. - Key terms: Totholz (190
mentions), Buche (41), Fichte (28)

Totholzentwicklung (BMBF2219WK29X4) — Deadwood dynamics and de-
composer communities - Focus: Fungal and bacterial communities driving dead-
wood decomposition in managed vs. unmanaged forests. - Scale: 71 pages,
22,002 words - Key output: Biodiversity of wood-decomposing organisms; im-
plications for conservation forestry.

IntegSaat (2220WK65X4) — Integrated seed dispersal and natural regenera-
tion - Focus: Mechanisms of natural forest regeneration — seed dispersal, es-
tablishment, and early growth. - Scale: 86 pages, 33,080 words - Key output:
Guidelines for supporting natural regeneration in forest transformation.
Martelkom — Forest marking and communication - Focus: Decision-making
processes in silvicultural marking (tree selection for harvest/retention). - Scale:
63 pages, 26,323 words, density 53.3 - Key output: Training tools for foresters;
analysis of marking decisions and their ecological consequences.

FOREA (2221NR067X) — Forest research for ecosystem adaptation - Focus:
Integrating ecological research into practical forest management. - Scale: 51
pages, 24,352 words

Cluster Assessment

Dimension Assessment

Strategic relevance High — Ecological understanding underpins
all other forest management decisions

Policy connection EU Biodiversity Strategy 2030 requires 10%
“strictly protected” forest area; these
projects inform how to get there

Tension The deadwood/totholz research reveals a
fundamental tension: ecologists want more
deadwood in forests; forest managers want
to use the wood

Key insight Natural regeneration (Naturverjiingung) is
emerging as a cost-effective alternative to
planting, but only works where suitable seed
trees exist

12
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3.4 Cluster 4 — Forest Soils & Hydrology (18
docs)
Combines: Soil Science (11) + Hydrology € Water (7)

Forest soils store more carbon than the trees above them. These projects inves-
tigate the critical belowground processes that determine forest health, carbon
storage, and water regulation.

Key Projects

MediAN (BMBF16LC1601 series, 44+ reports) — Mechanisms of ecosystem
services in floodplain forests - Focus: Quantifying ecosystem services (carbon
storage, water regulation, biodiversity) provided by hardwood floodplain forests
(Hartholzauenwélder). - Scale: 4 reports, ~140+ pages combined, ~120,000+
words — the largest project in this cluster. - Key output: Comprehensive
valuation of floodplain forest ecosystem services; soil carbon measurements; bio-
diversity assessments. - Partners: UFZ (Helmholtz Centre for Environmental
Research), multiple university partners.

Waldbdden (BMBF2218WK58X4) — Forest soil condition monitoring - Fo-
cus: Long-term monitoring of forest soil health — nutrient status, acidity, car-
bon content, and biological activity. - Scale: 75 pages, 31,275 words - Key
terms: Soil (108), forest (80), Waldbdden (67), Boden (49)

MooReSax — Moor restoration in Saxony - Focus: Restoration of forested
peatlands (Moorwélder) — re-wetting drained peatlands to restore carbon stor-
age and biodiversity. - Scale: 80 pages, 19,900 words - Key output: Practical
guidelines for peatland restoration in forest landscapes.

KliMaWerk — Climate-adapted forest water management - Focus: Water
balance in forests under climate change — how different tree species and man-
agement strategies affect groundwater recharge and streamflow. - Scale: 178
pages, 48,212 words

Cluster Assessment

Dimension Assessment

Strategic relevance Very High — Forest soils contain ~2x more
carbon than aboveground biomass; their
management is critical for climate targets

Policy link EU Carbon Farming initiative; German
“Humus-Aufbau” programs

Commercial angle Carbon credit markets: forest soil carbon
measurement and verification is a growing
market

Key insight MediAN demonstrates that floodplain

forests provide ecosystem services worth
€2,000-5,000 per hectare per year — far
exceeding timber value

13
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3.5 Cluster 5 — Wood & Timber Economy (9
docs)

These projects focus on the economic backbone of forestry — timber production,
wood utilization, and the transition to a bio-based economy.

Key Projects

Forest Expert Program (SachberichtCompletefinal 28103701) — Interna-
tional forestry capacity building - Focus: German international development
program for forest governance, sustainable forest management, and timber trade
regulation. - Scale: 308 pages, 98,340 words — the largest single document
in the PRIMARY corpus. - Keyword density: 133.9 (by far the highest)
— “forest” appears 2,855 times, “forestry” 437 times. - Key output: Train-
ing materials, governance frameworks, and policy recommendations for partner
countries. - Significance: Demonstrates Germany’s ambition to export its
forest management expertise globally.

Intelliway — Intelligent forest road management - Focus: Condition moni-
toring and predictive maintenance for forest roads (Forstwege). - Scale: 169
pages, 61,321 words - Key output: IoT-based monitoring systems for forest
road condition; cost optimization models. - Commercial potential: Direct
applicability to forest management operations.

Holz-21-regio (BMBF03WIR3603 + 3604) — Regional wood economy innova-
tion - Focus: Building regional wood value chains — from forest to construction.
- Scale: 2 reports, ~70 pages combined - Key output: Business models for
regional wood processing; Douglas fir and pine as construction timber.

Holzbau / FNR — Wood construction guidelines - Focus: Practical guide-
lines for wood construction (Holzbau) — planning, procurement, building codes.
- Key output: Standards and best practices for scaling up wood construction
in Germany.

DIFENs — Digitalization in forest and wood economy - Focus: Digital tools
for wood quality assessment and supply chain optimization. - Scale: 29 pages,
12,259 words

Cluster Assessment

Dimension Assessment

Strategic relevance High — Wood is Germany’s most
important renewable raw material; the
Holzbau (wood construction) movement is a
multi-billion euro growth market

Commercial maturity High — Intelliway and Holz-21-regio
address immediate operational needs
Policy link EU “New European Bauhaus” and German

“Holzbauoffensive” directly drive this cluster

14
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Dimension

Assessment

Key tension

Conflict between maximizing timber
production and ecological forest
management (deadwood retention,
old-growth protection)

15
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3.6 Cluster 6 — Forest Pests, Damage & Fire (6
docs)

Combines: Forest Pests € Damage (3) + fire management + damage assessment
from other clusters

Key Projects

Bark beetle research (BMBF22019917) — Borkenkéfer monitoring and man-
agement - Focus: Spruce bark beetle (Ips typographus) population dynamics,
early detection, and integrated pest management. - Scale: 123 pages, 55,258
words - Key terms: Borkenkéfer (43), Fichte (41), Pine (31), Rotbuche (27)
- Key output: Predictive models for bark beetle outbreak risk; monitoring
protocols; management decision tools.

WaldBrand-Klima (BMBF2219WKG61A5 + B5) — Forest fire management
under climate change - Focus: Adapting fire management strategies to increas-
ing wildfire risk in German forests — previously a minor concern, now becoming
acute. - Scale: 2 reports, 123 pages combined - Key output: Fire risk map-
ping; fuel management strategies; integration of fire ecology concepts into Ger-
man forestry. - Significance: Germany has historically had minimal wildfire
risk; climate change is creating conditions for large-scale forest fires, requiring
fundamentally new management approaches.

DetMon — Forest pest and damage monitoring - Focus: Remote sensing-based
detection and monitoring of forest damage, particularly from insect outbreaks
and drought. - Scale: 84 pages, 21,047 words

Cluster Assessment

Dimension Assessment

Strategic relevance Critical — Bark beetle + drought killed
~500,000 ha of spruce in 2018-2022; wildfire
risk is increasing

Urgency Extreme — This is not a future risk but an
ongoing crisis

Key gap Limited integration of pest monitoring with
climate data and remote sensing into
real-time early warning systems

International context Southern European and North American
wildfire management expertise needs to be
imported into Germany rapidly

16
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4. Cross-Cutting Findings

4.1 Strategic Themes

Theme 1: The Waldumbau Imperative — Germany’s Great
Forest Transformation

The single strongest signal in this corpus is the existential urgency of trans-
forming Germany’s forests from climate-vulnerable monocultures (especially
spruce) to climate-resilient mixed forests. This “Waldumbau” is the defining
forestry challenge of the 21st century.

Evidence from the corpus: - 13+ projects explicitly address species selec-
tion for climate adaptation - Beech (Buche) and oak (Eiche) are studied as
future dominant species - Douglas fir (Douglasie) is investigated as a produc-
tive climate-adapted conifer - Norway maple (Spitzahorn) is evaluated as an
alternative hardwood - Natural regeneration (Naturverjiingung) is explored as
a cost-effective transformation pathway

Scale: Germany has ~11.4 million hectares of forest. Approximately 2.8 million
hectares are pure spruce stands — nearly all of which need to be transformed
within the next 30-50 years. At current planting costs of €5,000-15,000/ha, this
represents a €14—42 billion investment need.

Implication: Any organization involved in forestry, reforestation, nursery pro-
duction, or forest consulting will face decades of sustained demand.

Theme 2: Digital Forestry Is Arriving

17 PRIMARY documents focus on remote sensing, satellite monitoring, LIDAR
mapping, and Al-based forest analysis. The convergence of: - Sentinel-2 (free,
10m resolution, 5-day revisit) for wall-to-wall forest mapping - Airborne Li-
DAR for 3D forest structure measurement - AI/ML for automated damage
detection and species classification - 5G/IoT for real-time in-forest sensor net-
works

..Is creating a new paradigm: continuous, automated forest monitoring
replacing periodic manual inventories.

Implication: The traditional “Forsteinrichtung” (forest management planning)
— done manually every 10 years — will be disrupted by continuous satellite-
based monitoring within the next 5-10 years.

Theme 3: The Carbon Question

Forest carbon storage appears in 14+ PRIMARY documents. Two fundamental
questions dominate: 1. How much carbon do German forests store? (Soil
carbon: ~2.5 Gt C; aboveground: ~1.2 Gt C) 2. Are German forests be-
coming a carbon source rather than a sink? (The 2018-2022 drought/pest
crisis caused massive carbon releases)

17
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Implication: Forest carbon credits are a growing market (EU ETS, volun-
tary carbon markets). The methodology projects in this corpus (soil carbon
measurement, biomass estimation via remote sensing) are building the scientific
foundation for carbon credit verification.

Theme 4: The Deadwood Paradox

Dead wood (Totholz) appears in 5+ PRIMARY documents — an unexpectedly
prominent research topic. The paradox: - Ecological perspective: Deadwood
is essential for biodiversity (insects, fungi, woodpeckers); ecologists want 20—
50 m?/ha retained in managed forests - Forest management perspective:
Dead wood represents lost revenue and potential bark beetle breeding habitat
- Carbon perspective: Deadwood slowly decomposes, releasing CO, — but
also builds soil carbon

Implication: Regulatory requirements for deadwood retention are likely to
increase, creating a tension with economic forestry that these research projects
are trying to quantify and resolve.

Theme 5: Private Forest Owners as the Critical Actor

“Waldbesitzer” (forest owner) appears in 10+ PRIMARY documents. Germany
has ~2 million private forest owners, who collectively own 48% of the forest area.
Many are: - Small-scale (average holding: ~3 ha) - Not professionally trained
in forestry - Economically stretched (timber prices have been volatile; climate
damage costs are rising)

Implication: Knowledge transfer, decision support tools, and financial support
mechanisms for private forest owners are critical bottlenecks for implementing
forest transformation at scale.

4.2 Gaps and Blind Spots

Gap Observation Risk

Economic analysis Very few reports quantify Forest owners cannot make

Social/labor dimensions

International species
trials

Fire management
expertise

transformation costs, ROI,
or cost-benefit of different
management strategies

No projects address the
forestry labor shortage or
training needs

Limited inclusion of
non-European tree species
beyond Douglas fir

Only 2 reports on wildfire —
a historically neglected topic
in German forestry

18

informed decisions without
economic data

Germany lacks ~5,000
foresters needed for
Waldumbau implementation
Climate envelope modeling
suggests some
Mediterranean species may
be needed

Wildfire risk is increasing
exponentially; Germany
lacks fire management
infrastructure
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Gap

Observation

Risk

Urban forests

Agroforestry

Timber market analysis

No dedicated projects on
urban forestry or city tree
management

Limited coverage of
agroforestry systems
integrating trees and
agriculture

No projects analyze how
climate-driven species shifts
will affect timber supply and
markets

Urban trees face the most
extreme heat/drought stress

EU CAP subsidies now
support agroforestry;
research base is thin

The shift from spruce to
hardwoods will
fundamentally change
Germany’s wood economy

19
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5. Key Partner & Institution Network

5.1 Most

Frequent Institutions in PRIMARY

Corpus

Institution Appearances Role Clusters

TU Dresden / 6+ Forest science Pests, Remote

Forstwiss. faculty, pest Sensing,
monitoring Management

Universitat 5+ Forest ecology, Ecology, Climate,

Gottingen silviculture Hydrology

Thiinen-Institut 5+ National forest Soils, Management,

(Federal Research inventory, soil Wood

Institute) monitoring

UFZ (Helmholtz 44 Ecosystem services, Soils, Hydrology,

Centre for soil carbon Bioeconomy

Environmental

Research)

Universitéat 4+ Forest ecology, tree Climate, Ecology

Freiburg physiology

FNR (Agency for 44 Funding agency + Wood, Management

Renewable coordination

Resources)

Universitat 34+ Soil science, climate Soils, Climate

Hohenheim adaptation

KIT (Karlsruher 34+ Remote sensing, Remote Sensing

Institut fir sensor technology

Technologie)

ZALF (Leibniz 3+ Land use, landscape Agriculture, Ecology

Centre for ecology

Agricultural

Landscape

Research)

DLR (German 24 Satellite remote Remote Sensing

Aerospace Center) sensing

Fraunhofer IFF 2+ Wood logistics, ‘Wood, Technology
digitalization

GFZ Potsdam 2+ Soil monitoring, Remote Sensing,

(Geosciences)

remote sensing

Soils

5.2 Observations

1. TU Dresden Forstwissenschaften is the central node — appearing in
pest monitoring (DetMon, KINoPro), silviculture, and forest management
research. Its “Institut fiir Waldbau und Waldschutz” is the national center

of excellence for forest protection.

2. Thiinen-Institut provides the critical baseline data (Bundeswaldinven-
tur, Bodenzustandserhebung) that many other projects build upon.



5. Key Partner & Institution Network

3. UFZ bridges ecology and economics through ecosystem service valuation
— their MediAN project is the most comprehensive ecosystem service study
in the corpus.

4. No major industrial partners appear in the PRIMARY corpus — re-
flecting that forest research remains largely academic/public. Contrast
with the “Autonomes Fahren” corpus where Bosch, Valeo, and ZF feature
prominently.

5. FNR (Agency for Renewable Resources under BMEL) functions as both
funder and coordinator for forest-specific research — a dual role that cre-
ates close alignment between research and policy.
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6. Funding Landscape

6. Funding Landscape

6.1 Funding Programs Identified

Program / Series Ministry Focus Est. Reports
BMBF BMBF/BMEL Forest climate ~30
22xxWEKxx adaptation — the
(Waldklimafonds) dominant program
BMBF BMBF/BLE Renewable raw ~15
2220NRxxx materials,
(Nachwachsende biodiversity
Rohstoffe)
BMBF 16LC BMBF Land use, ecosystem  ~8
(Land use change) services, carbon
BMBF 28xxxx BMEL via BLE Forest management, ~10
(FNR/BLE) wood economy
BMBF BMBF/BMEL Earlier phase forest ~8
2218WKxx climate research
(Waldklimafonds
Phase 1)
BMBF 031B07xx  BMBF Soil research ~5
(BonaRes) (including forest

soils)
BMBF 03WIR BMBF Regional innovation ~4
(WIR!) (incl. wood

economy)
BMUYV 67KI (KI BMUV AT applications for ~2
for Environment) environmental

protection
BMBF 033L BMBF Sustainability ~3
(Sustainability) research
BMBF 01LK / BMBF International ~3

01LG (Climate
research)

climate research

6.2 Estimated Funding Volume

Cluster

Estimated Funding

Basis

Waldklimafonds projects (all
phases)
MediAN ecosystem services

Remote sensing / TreeSatAl

Wood economy
(Holz-21-regio, etc.)
Forest Expert Program
(international)

€50-80M

€8-15M

€10-20M

€5-10M

€10-20M

22

~40 reports, multi-year
consortia

Large multi-institution
consortium, 4+ reports
Multiple satellite + Al
projects

Regional innovation funding

Large international capacity
building program



6. Funding Landscape

Cluster Estimated Funding Basis

Soil / BonaRes forest €5-10M Multiple soil research
projects

Pest/fire management €5-8M Bark beetle + fire
management projects

Total estimated €90-165M Conservative estimate for 98

(PRIMARY only) PRIMARY documents

Including SECONDARY €300-500M+ 373 additional documents

with forest components

Context: The German “Waldklimafonds” has allocated approximately €100M
since 2013 for forest climate adaptation research. This corpus captures a signif-
icant portion of that investment’s research outputs.
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7. Technology Readiness Assessment

7. Technology Readiness Assessment

7.1 TRL Distribution by Cluster

Cluster

Dominant TRL Range

Assessment

Forest Management &

Climate

Remote Sensing &
Monitoring

Forest Ecology &
Biodiversity

Soil & Hydrology

‘Wood & Timber

Pests & Fire

TRL 3-6

TRL 5-8

TRL 1-4

TRL 2-5

TRL 6-9

TRL 3-6

Species trials established;
management guidelines
published; implementation
depends on forest owners

Sentinel-2 pipelines
operational; Al models need
validation at scale; 5G
sensor networks at
prototype stage
Fundamental research;
ecological knowledge
creation; not directly
deployable

Measurement methodologies
established; monitoring
networks need scaling
Holzbau standards
published; Intelliway

approaching commercial
readiness

Predictive models developed;
operational early warning
systems emerging

7.2 Commercialization Readiness

Project /

Technology TRL Market Fit Commercial Score
Forest monitoring 6-8 Forest owners, state 4/5
SaaS (Sentinel + forest agencies

Al)

Intelliway (forest 6-7 State forest agencies, 4/5
road monitoring) timber industry
Holz-21-regio 79 Construction 4/5
(regional wood industry, wood

chains) processers

KINoPro (pest 5-6 Forest agencies, 3/5
early warning) private owners

Carbon 4-6 Carbon credit 3/5
measurement (soil verifiers, project

+ biomass) developers

TreeSatAl (species 57 National forest 3/5

mapping)

inventory, planning



7. Technology Readiness Assessment

Project /

Technology TRL Market Fit Commercial Score
5G-Waldwéchter 3-5 Fire departments, 2/5

(IoT fire detection) forest agencies

VR Forestry 4-5 Forestry training 2/5

Training (VR-FT) institutions

BucheAkut (beech 24 Pure research; 1/5

decline research) informs policy

TotC (deadwood 1-3 Pure research; 1/5

carbon)

informs carbon
accounting
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8. Strategic Assessment & Opportunities

8. Strategic Assessment & Opportunities

8.1 Portfolio Strengths

Strength Evidence

Comprehensive coverage All aspects of forest science covered:
management, ecology, soils, remote sensing,
wood economy, pests

‘World-class institutions TU Dresden, Uni Gottingen,
Thiinen-Institut, UFZ — Germany’s elite
forest research institutions

Data infrastructure Bundeswaldinventur +
Bodenzustandserhebung + Sentinel provide
unmatched baseline data

Policy integration Many projects directly feed into BMEL
Waldstrategie 2050, EU Forest Strategy

Climate urgency Research is directly addressing Germany’s
most acute environmental crisis (forest
dieback)

International dimension Forest Expert Program demonstrates

German expertise export capability

8.2 Portfolio Weaknesses

Weakness Impact

Fragmentation 98+ separate projects with limited
cross-project integration

No industry partners Unlike the AD corpus (Bosch, Valeo, ZF),
forest research lacks tier-1 industrial
partners

Report-heavy Most outputs are reports, not operational
tools or software

Missing economics Transformation costs, ROI, and business
cases are rarely quantified

Slow knowledge transfer Results reach forest owners with multi-year
delays

Limited fire expertise Germany’s emerging wildfire problem is

severely under-researched

8.3 Opportunities for Commercial Exploitation

Opportunity 1: Forest Monitoring-as-a-Service

Combine: TreeSatAl + FutureForest + KINoPro + 5G-Waldwéchter technolo-
gies. Product: Cloud-based dashboard for forest owners providing: automated
damage detection, species health monitoring, pest risk alerts, and regulatory
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8. Strategic Assessment & Opportunities

compliance reporting. Market: 2 million private forest owners + 11,000 pub-
lic forest districts in Germany. Model: SaaS subscription (€2-10/ha/year;
addressable market: 11.4M ha = €23-114M /year).

Opportunity 2: Forest Carbon Credit Verification

Combine: MediAN soil carbon methodology + remote sensing biomass estima-
tion + deadwood carbon models (TotC). Product: End-to-end carbon credit
verification service for forest projects — measuring, reporting, and verifying
(MRV) carbon stock changes. Market: Voluntary carbon market (growing
30%/year); EU ETS forest sector inclusion (expected). Model: Per-project
verification (€10K—50K per project) + recurring monitoring (€2K-10K/year).

Opportunity 3: Waldumbau Decision Support Platform
Combine: BucheAkut + SpitzAhorn + VitaDou + RetroWald species trial
data + sensFORclim microclimate data. Product: Digital decision support
tool for forest owners answering: “Which tree species should I plant on this spe-
cific site, given projected climate change?” with site-specific soil, climate, and
economic data. Market: Forest owners planning reforestation (est. 100,000+
ha/year in Germany needing replanting). Model: Freemium platform + pre-
mium decision reports (€50-200/consultation).

Opportunity 4: VR/AR Forestry Training

Combine: VR-FT project + Martelkom marking decision data + KINoPro
pest identification. Product: VR-based training simulator for forestry stu-
dents and professionals — practicing tree marking, pest identification, and har-
vest planning in virtual forest environments. Market: ~50 forestry training
institutions in DACH; continuing professional development for ~25,000 active
foresters. Model: License (€5K—20K /institution/year).

Opportunity 5: Precision Reforestation Services

Combine: SeedProtect + IntegSaat natural regeneration research + LiDAR
terrain data. Product: Site-optimized reforestation service using precision
planting, drone seeding, and micro-site matching. Market: Reforestation
demand of 100,000+ ha/year in Germany at €5,000-15,000/ha = €500M—
1.5B/year market. Model: Service contracts (€3,000-12,000/ha) using
research-optimized methods.
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9. Top 25 PRIMARY Documents — Detailed Inventory

9. Top 25 PRIMARY Documents — De-
tailed Inventory

7# Filename Domain Pages Words Density Key Focus
1 Sachbericht_ 28103701 Wood & 308 98,340 133.9 Forest Expert
Timber Program —
international
forestry capacity
building
2 BMBF2218WKO04B5 Climate 36 8,802 90.7 Forest carbon and
Change climate adaptation
3 BMBF2218WK23A4 Forest 40 16,695 78.3 Forest biodiversity
GESAMT Ecology and carbon
4 BMBF22015518 Soil 135 20,770 744 Forest protection,
Science oak/pine soil
systems
5 BMBF28103101 Forest 22 6,414 69.1 Forestry
Mgmt management and
economics
6 Abschlussbericht-TotC ~ Forest 42 14,152 61.1 Deadwood carbon
Ecology dynamics
7 BMBF2219WKO08X4 Climate 31 11,517  59.6 Tree species
Change drought adaptation
8 BMBF28102001 Climate 27 10,140 57.0 Climate change
Change impacts on
beech/oak
9 BMBF03LW0444 Forest 29 9,468 56.7 Remote sensing for
(iForest) Ecology forest biodiversity
10 BMBF2220NR098X Agriculture 33 12,575  55.7 Forest ownership
and land use
11 Martelkom 2026 Forest 63 26,323  53.3 Forest marking and
Ecology silvicultural
decisions
12 BMBF2219WK29X4 Forest 71 22,002  49.0 Deadwood
(Totholz) Ecology decomposer
communities
13 SeedProtect Climate 46 14,331  46.8 Seed protection for
Change climate-adapted
species
14 BMBF22019517 Remote 55 20,764 455 Digital forest
Sensing inventory
15 FOREA_ 2221NR067X  Forest 51 24,352  43.5 Forest research for
Mgmt ecosystem
adaptation
16 RetroWald Forest 55 22,407 423 Retrospective
Mgmt extreme weather
analysis
17 BMBF2220NR024AB Remote 59 24,189 414 Sentinel-based
Sensing species mapping
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9. Top 25 PRIMARY Documents — Detailed Inventory

# Filename Domain Pages Words Density Key Focus
18 IntegSaat Forest 86 33,080 40.9 Natural
Ecology regeneration and
seed dispersal
19 BMBF2218WK14A4 Climate 118 36,826  40.4 Sensor-based forest
(sensFORclim) Change climate monitoring
20 BucheAkut Climate 124 39,245 38.4 Beech decline under
Change drought stress
21 BMBF2219WK54A4 Remote 108 35,241  35.7 National tree
(TreeSatAl) Sensing species mapping
22 WidK Forest 80 37,907 35.1 Forest-in-climate-
Mgmt change
comprehensive
assessment
23 BMBF2220K51A4 Forest 43 15,971 36.3 Wood harvest
(Holzernte) Mgmt optimization
24 FutureForest Remote 57 16,342  34.9 Al-powered forest
Sensing health monitoring
25 BMBF2218WK17A4 Hydrology 134 32,405 28.3 Forest-water

interactions under
climate change
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10. Risk and Dependency Register

10. Risk and Dependency Register

10.1 Key Risks

#

Risk

Likelihood

Impact

Severity

R1

R2

R3

R4

R5

R6

Climate
acceleration
— Climate
change
progresses
faster than
forest
adaptation can
follow

Bark beetle
pandemic —
Another
drought year
triggers
continent-wide
spruce die-off
Forest fire —
Germany’s first
large-scale
wildfire (1,000+
ha) reveals
systemic
unpreparedness
Seed supply
— Insufficient
supply of
climate-
adapted tree
seedlings for
Waldumbau
Private
owner disen-
gagement —
Small-scale
forest owners
abandon
management
due to costs
Funding
discontinuity

Waldklimafonds
Or SuCccessor
programs not
renewed

HIGH

HIGH

MEDIUM

HIGH

HIGH

MEDIUM
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CRITICAL

HIGH

HIGH

HIGH

MEDIUM

HIGH

CRITICAL

CRITICAL

HIGH

HIGH

HIGH

HIGH



10. Risk and Dependency Register

# Risk

Likelihood

Impact

Severity

R7 Technology

MEDIUM

adoption —

Digital

monitoring

tools not

adopted by
traditional

foresters

R8 Carbon
market

MEDIUM

volatility —
Carbon credit
prices collapse,

removing
financial

incentive for

forest

management

R9 Invasive

MEDIUM

species — New
pests/diseases

from climate

warming

(e.g. procession-
ary moth, new

bark beetle

species)

R10 Research
fragmenta-

tion —

Continued

HIGH

project-based
funding without

long-term
monitoring

infrastructure

MEDIUM

MEDIUM

HIGH

MEDIUM

MEDIUM

MEDIUM

HIGH

HIGH

10.2 Dependencies

Dependency

Projects Affected

Status

Sentinel-2 continuity (ESA)
Bundeswaldinventur cycle

EU Forest Strategy
implementation

Carbon accounting
standards (IPCC)

EU Deforestation
Regulation

All remote sensing projects

National forest inventory
projects

All forest management
projects

Carbon/soil projects

Forest Expert Program,
wood trade
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Secured until 2030+;
Sentinel-NG planned

BWI 2022 completed; BWI
2032 planned

In force; national
implementation ongoing
2019 refinement in use;
updates expected

In force from Dec 2024;
enforcement uncertain



10. Risk and Dependency Register

Dependency Projects Affected Status

Waldklimafonds funding ~40% of PRIMARY corpus Current phase funded;

future uncertain
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11. Conclusions and Recommendations

11. Conclusions and Recommendations

11.1 For Policy Makers

1. Double the Waldumbau investment: Germany’s forests cover roughly
32% of the national territory (~11.4 million hectares), and the 2018-
2020 drought-and-bark-beetle crisis alone damaged an estimated ~285,000
ha requiring reforestation.! The multi-billion-euro transformation need
dwarfs current funding. A dedicated “Waldumbaufonds” comparable to
the “Kohleausstieg” structural fund is needed.

2. Build wildfire suppression capacity, not just monitoring: Satellite-
based fire detection for Germany already exists operationally (see § 11.5).
The real gap is on the ground — fire management training, equipment,
and organizational structures should be in place before, not after, the first
major forest fire.

3. Federate existing monitoring services rather than building from
scratch: Several operational national and European services already exist
(DLR ZKI, Copernicus, the Thiinen National Forest Inventory). The 17+
separate research remote-sensing projects should be consolidated around
these established platforms into a single interoperable national forest-
monitoring service — a middle path that avoids duplicating operational
infrastructure that already works (see § 11.5).

4. Support private forest owners directly: Roughly half of Germany’s
forest is privately owned, much of it in small parcels. Financial incen-
tives (per-hectare transformation payments) and simplified decision sup-
port tools are critical for reaching these owners.

5. Invest in seed infrastructure: Climate-adapted seedling supply is a
critical bottleneck; expand government tree nurseries and support private
nursery capacity.

11.2 For Industry

1. Forest monitoring SaaS is the immediate opportunity: Sentinel-2
data is free; AI models are mature; the customer base (forest owners +
agencies) is large and underserved.

2. Carbon credit infrastructure: Build MRV (measurement, reporting,
verification) platforms for forest carbon projects — the market is growing
30%/year.

3. Wood construction (Holzbau) is booming: Every municipal and
state construction project is under pressure to use wood; supply chains
and engineering services are needed.

!Federal Ministry of Food, Agriculture and Regional Identity (BMEL/BMLEH),
“Forests in  Germany” —  forests cover 32% of Germany’s territory.
https://www.bmleh.de/EN /topics/forests/forests-in-germany /forests-in-germany node.html
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4. Precision reforestation: Drone seeding + site-specific species selection
+ automated planting is an emerging technology frontier with massive
demand.

5. Insurance and risk products: Forest owners need climate risk insur-
ance; current products are inadequate.

11.3 For Researchers

1. Integrate projects: Cross-project data sharing and standardized
methodologies would multiply impact.

2. Add economics: Every forest management study should include cost-
benefit analysis and business case assessment.

3. Address fire risk: Germany’s emerging wildfire problem is severely
under-researched relative to its potential impact.

4. International collaboration: German forest research would benefit
from stronger connections to Scandinavian (Sweden, Finland), Mediter-
ranean (fire expertise), and North American (climate adaptation) research
communities.

5. Operational tools: Transition from reports to operational decision sup-
port tools, apps, and platforms.

11.4 Middle-Ground Approaches — Building on
What Already Works

Several recommendations above do not require starting from zero. A pragmatic
middle path is to extend and federate operational services that already
function, rather than commissioning new platforms. The clearest example is
the German Aerospace Center (DLR):

Existing capability What it already does How to build on it
DLR ZKI Fire Fully automated, Add higher-resolution
Monitoring System? near-real-time burnt-area Sentinel-2 detection for
monitoring across Europe small fires; couple with
from MODIS and Sentinel-3  ground dispatch and a
OLCI; multiple daily national fire-danger
updates; public interactive dashboard.
viewer; peer-reviewed
method.?

2DLR Center for Satellite-Based Crisis Information (ZKI), “ZKI Waldbrand Monitoring
System.” Operational fire monitoring viewer: https://services.zki.dlr.de/fire/ — based on
MODIS (Terra/Aqua) and Copernicus Sentinel-3 OLCI, with iterative 10-day product re-
finement. https://www.dlr.de/de/zki/dienste-und-projekte/zki-feuer-und-wasser-service/zki-
waldbrand-monitoring-system

3Nolde, M.; Plank, S.; Riedlinger, T. (2020): “An Adaptive and Extensible System for
Satellite-Based, Large Scale Burnt Area Monitoring in Near-Real Time.” Remote Sensing
12(13), 2162. https://doi.org/10.3390/rs12132162
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Existing capability What it already does How to build on it
Copernicus EMS / Pan-European emergency Integrate German
EFFIS mapping and fire ground-truth and fuel-load
information services already data; formalize agency
used by member states. access.
Thiinen National Forest Statutory, decadal Use as calibration/validation
Inventory (BWI) ground-reference dataset backbone for remote-sensing
(BWI 2022 completed). products.

Why this matters: The DLR ZKI service demonstrates that operational,
satellite-based forest monitoring in Germany is a solved engineering problem
for the coarse-resolution case — the system runs today and publishes data prod-
ucts within minutes of image availability. Its documented limitations are also
instructive: at 250 m (MODIS) and 300 m (Sentinel-3 OLCI) resolution small
fires can be missed, there is no manual quality control, and the system does not
distinguish wildfires from controlled or agricultural burns.* These are precisely
the gaps that the research corpus (higher-resolution Sentinel-2/LiDAR mapping,
Al-based classification) is well positioned to close. The strategic recommenda-
tion is therefore incremental federation, not greenfield construction.

11.5 Corpus Summary Statistics

Metric Value

Total documents scanned 672

PRIMARY (forest-dominant) documents 98

SECONDARY documents 373

MARGINAL documents 201

PRIMARY total pages ~7,335

PRIMARY total words ~2,330,402

Thematic clusters 6

Distinct funding programs 10+

Key institutions 12+ (TU Dresden, Uni Gottingen, Thiinen,
UFZ, Uni Freiburg)

Dominant domains Remote Sensing (17%), Climate Adaptation

(14%), Forest Management (13%), Ecology
(12%), Soils (11%)

Estimated total funding (PRIMARY) €90-165M

Largest single document Forest Expert Program (308 pages, 98,340
words)

Most dominant research theme Waldumbau — climate-adaptive forest
transformation

4DLR Center for Satellite-Based Crisis Information (ZKI), “ZKI Waldbrand Monitoring
System.” Operational fire monitoring viewer: https://services.zki.dlr.de/fire/ — based on
MODIS (Terra/Aqua) and Copernicus Sentinel-3 OLCI, with iterative 10-day product re-
finement. https://www.dlr.de/de/zki/dienste-und-projekte/zki-feuer-und-wasser-service/zki-
waldbrand-monitoring-system
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Metric

Value

Highest near-term commercial potential
Critical gap

Critical urgency

Forest monitoring SaaS + carbon credit
verification

Wildfire management (2 projects for a
rapidly growing risk)

Seed supply for reforestation (100,000-+
ha/year demand)

Analysis completed March 26, 2026. Corpus: 672 documents scanned, 98 PRI-
MARY forest-focused reports analyzed from German publicly funded research,
retrieved from TIB Hannover and existing archives. Pre-sorting performed us-
ing weighted keyword density analysis with PyMuPDF text extraction.
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