umwelt&data

Sustainability : Monitoring Mapping Modelling Management

Smart Forest Monitoring (SFM)

Airborne Laserscanning (LIDAR)
Mapping Smooth Transitions
Forest Segmentation

Mapping Vertical Structure

Object Extraction from Point Clouds
Single Tree Representation

Update Strategies and Monitoring
Forest Sustainability Concepts
Cost Estimation
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Gunther Bronner g.bronner@umweltdata.at
' @)& Professional background and experiences

b
Austrian State Forest Agency, 1983-2000
Forest Management Planning , Inventory, GIS and Remote Sensing

Head of Umweltdata Itd. Since 2001
Forest Sustainability :Monitoring :Mapping :Modeling :Management

>100 Forest Inventory projects, >70,000 sample plot s
>200 Forest Management Planning projects >1000ha
Operational usage of ALS data since 2006

Rapid forest inventories for land acquisition decis lons
Monitoring of wildlife influences and damages
Growth models and monitoring on plantations (Brazil )

Permanent Optimization of Fl and FMP based on RS
Several R&D projects, Drones in Forest Inventory
Silvilaser 2010, 2012, 2013, 2017; ForestSAT 2016, 2018
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umwelt&data

Sustainability : Monitoring Mapping Modelling Management

Smart Forest Monitoring: Motivation

Optimization of forest inventory cost / benefit
ratio by usage of remote sensing data

Streamline inventory, mapping and MP
Avoid and detect fieldwork errors / biases
Allow quick and easy updates

Integrate economical and ecological
sustainabillity criteria
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umwelt&data

Sustainability : Monitoring Mapping Modelling Management

SFM Cooperation Partners (Austria)
Umweltdata Ltd. (FI, RS, mapping, FMP)

Gunther Bronner, Boris Jawecki, Martin Keuschnigg

Joanneum Research (Remote Sensing)
Mathias Schardt, Manuela Hirschmugl

E.C.O. (Monitoring of Biodiversity, Management of
Protection areas) Hanns Kirchmeir, Michael Jungmeier

Aeromap (Aviation and Aerial Remote Sensing)
Roland Wack, Thomas Meif3l
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... Show smooth transitions ...

Tree Height (m)

... as well as clear edges ...
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near riverbeds ...

Sustainability : Monitp apping Modgelling NMghagement
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... there is much better growth

Sustainability : g MaMode /

Tree Height (m)
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Sustainability : Monitoring Mapping Modelling Management

Automatic Segmentation of Canopy Height Models (i)
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Sustainability : Monitoring Mapping Modelling Management

Automatic Segmentation of Canopy Height Models (ii)

step by step augmentation of forest stand polygons
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Sustainability : Monitoring Mapping Modelling Management

Segment Based Inventory Concepts

take usage of cluster
analysis and other
stratification / classification
strategies based on CHM
segments for sample plot
design optimization.

They allow stepwise and
statistically controlled
addition of sample plots to
enhance accuracy.
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Sustainability : Monitoring Mapping Modelling Management

Segment Based Inventory Concepts ...

dramatically reduce the costs of fieldwork
assessment

deliver results with significantly enhanced statistical
reliability

reduce probability of fieldwork errors / biases and
allows multiple plausibility check by LIDAR-metrics

Allow objective monitoring in fuzzy environments
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Sustainability : Monitoring Mapping Modelling Management

Advanced Inventory Concepts

Stripes with very high
resolution ALS data
(~100 pulses / m?)
allow single tree
modelling, recognition
of vertical structure,
dead-wood detection
and identification of
natural regeneration.
“Three-Stage-SFI”
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Sustainability : Monitoring Mapping Modelling Management

Comparison of Laserscanning Profiles
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Sustainability : Monitoring Mapping Modelling Management

Point Cloud from Aerial Laserscanning

» wall-to-wall coverage
e 2—16 pulses per m?

Tree Top Recognition
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Sustainability : Monitoring Mapping Modelling Management

Point Cloud from Very High Resolution Aerial Laserscan ning

« Stripes with airplane or drones ~150m above ground
e Point Clouds with 100 — 300 points per m?

Single Tree Segmentation
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Sustainability : Monitoring Mapping Modelling Management

Point Clouds from Terrestrial Laserscanning (TLS)

* Only few points in tree tops
e Point clouds with 2000 — 10.000 points per m?

DBH and stem curve extraction
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Sustainability : Monitoring Mapping Modelling Management Tree TOp Detection

r)? 7’7 no diameter information

N\

Aerial Laserscanning

Tree 3D-Segmentation

? ? diameters only from regression

Drone Laserscanning
? 2 no treetops

Diameter Extraction

0000
0000

Terrestrial Laserscanning
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Sustainability : Monitoring Mapping Modelling Management

Forest Structure from Laserscanning

20% der héchsten Baume

Oberhéhe

Mittelhéhe

Klagenfurt

Oberhohe der
Unterschicht

15. 07. 2018




Sustainability :

Monitoring Mapping Modelling Management

Different vertical structure
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- Current definition (to be expanded)

 One-layered: min. 70% of tree tops or
laser echos > 5/6 of dominant height

 Two-layered: min. 30% of tree tops or
laser echos > 5/6 of dominant height plus
another layer of min. 30% of tree tops or
laser echos In a segment of 2/6 of the
dominant height

« Multi-layered: not one- or two layered
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Sustainability : Monitoring Mapping Modelling Management

Forest Structure from Laserscanning Klagenfurt 15. 07. 2018



Sustainability : Monitoring Mapping Modelling Management

Forest Structure from Laserscanning Klagenfurt 15. 07. 2018



Sustainability : Monitoring Mapping Modelling Management

Forest Structure from Laserscanning Klagenfurt 15. 07. 2018



Sustainability : Monitoring Mapping Modelling Management

Forest Structure from Laserscanning Klagenfurt 15. 07. 2018



Sustainability : Monitoring Mapping Modelling Management

Forest Structure from Laserscanning Klagenfurt 15. 07. 2018



Sustainability : Monitoring Mapping Modelling Management

Forest Structure from Laserscanning Klagenfurt 15. 07. 2018



Sustainability : Monitoring Mapping Modelling Management

Forest Structure from Laserscanning Klagenfurt 15. 07. 2018



Sustainability : Monitoring Mapping Modelling Management

Automatic Segmentation for Forest Resources Mapping
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Sustainability : Monitoring Mapping Modelling Management

Forest Resources Mapping (1)

Wall-to-wall interpolation of forest properties by
multiple regression models based on LIDAR-metrics

e.g. Stock Volume per ha
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Sustainability : Monitoring Mapping Modelling Management

Forest Resources Mapping (I
Other forest stand properties:

Tree species from aerial or satellite images
(coniferous percentage)

Tree height

Stand density, carbon sink properties
Trees per hectare

Vertical structure

Altitude, exposition, slope, topography
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Sustainability : Monitoring Mapping Modelling Management

Update Strategies and Monitoring

Clear cut detection by Sentinel 2 scenes

CHMs from Image Matching (aerial)
single tree harvest detection

CHMs from Image Matching (satellite)
tree group and big tree harvest detection

Canopy Height Model LaserScanning ImageMatching

T AT A
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Sustainability : Monitoring Mapping Modelling Management

Laserscanning 2010

Forest Structure from Laserscanning Klagenfurt 15. 07. 2018



Sustainability : Monitoring Mapping Modelling Management

ImageMatching 2013
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Sustainability : Monitoring Mapping Modelling Management

Laserscanning 2010
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Sustainability : Monitoring Mapping Modelling Management

ImageMatching 2013

Thinning and selective
single tree harvesting
can be detected by
change detection
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Sustainability : Monitoring Mapping Modelling Management
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Sustainability : Monitoring Mapping Modelling Management

Smart Forest Monitoring Costs

For areas > 100000 hectares:
Aerial Campaign (ALS, ortho-images): ~ 1.0 €/ ha
Data Processing, segmentation etc.: ~ 1.0 € / ha
Inventory Fieldwork: from 1.0 € / ha => ??
Management Plan Fieldwork: from 1.0 € / ha => ??

Final Mapping, GIS and Reporting: ~ 1.0 €/ ha
Total Costs: from 5.0 € / ha => ??
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Sustainability : Monitoring Mapping Modelling Management

Smart Forest Monitoring Added Value

Maximum Transparency in Forest Resources

Detection and Quantification of lllegal
Harvesting

Evaluation of Habitat Criteria
Reproducibility of Hazy Forest Properties
Interfaces to Forest Growth Simulation
Cost-efficient Data Update Strategies
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Sustainability : Monitoring Mapping Modelling Management

Smart Forest Tools, our shortcut to
Management Planning

e user-friendly

* flexible

* responsive

« off-line enabled

e single trees
enabled

e multi-user
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Planning-polygon
inherits attributes
automatically from
ForestPointCloud



Sustainability : Monitoring Mapping Modelling Management

Unique Features of Smart Forest Tools:

« All functions and layer data are offline enabled from the
beginning without exception

e Forest as Point Cloud Format; Polygons inherit
automatically properties from FPC

« Single Tree Represenation of Forest enabled

» Consolidation of forest properties from multiple sources
e Easy polygon creation by ,,Spaghetti-Click® into lines

« Huge amount of image and raster data for background
e Server synchronization in online mode

e Multi user cooperation in organizations

* Reports in Excel by ODBC access to central database
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Sustainability :

Monitoring Mapping Modelling Management

Postgres Synchronization
Database

~

Godxa 1Jodw>

Quantum GIS

Arc GIS
Dektop GIS
Shape-files
GPX-files Reports
Tables Excel-Tables
Forest Structure from Laserscanning Klagenfurt
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