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; Bark Beetle Monitoring
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: Bark Beetle Monitoring
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ark Beetle Monitoring




Bark Beetle Stages and EO Monitoring Aims

Green attack
w No visible needle color changes
w Forester: beetles have not swarmed out yet

Red attack

w Early red attack
w Beginning/partial needle color change

w Late red attack

Grey attack
@ Needles grey or dropped
w Often an infestation from the previous season

MMU: 0.01ha or single Sentinel-2 pixel

Season: May to November

Early red attack

VHR . . S-2

Late red attack

Grey attack
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Training Data Set

Project partners of FNEWSs collected reference data on German
forest damages

Covers 4 ,Bundeslander® = federal states

Years 2018-2021

~15.000 forest damage polygons

Different forest disturbance types

w Bark beetle infestation

w Storm damage

®w  Gypsy moth

w Drought stress % —
w Clear cuts F"WW
o

Unknown disturbance
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Training Data Set

Project partners of FNEWSs collected reference data on German
forest damages

=  Problems:

Covers 4 ,Bundeslander® = federal states

Years 2018-2021 = Bark beetle polygons are derived

~15.000 forest damage polygons

from aerial imagery
= Spatial extent only known at one

Different forest disturbance types point in time

®  Bark beetle infestation = No information on start time of
®m Storm damage the infestation

® Gypsy moth = No information on sanitary cuts
®w Drought stress = No information on temporal

®w Clear cuts development of infestation

® Unknown disturbance
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Training Data Set

® Spectral training database for forest disturbances grey attack: 1 year later

® >640.000 spectral values early red attack: +60 days Recent clear cut: +60 days
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EO Bark Beetle Monitoring Workflow

w Bark Beetle Monitoring workflow builds on two components:

= NRT Forest Change Detection

= Disturbance Type Classification

= Qutput: Probability Map
(0-100%) for Early Red
Attack Infestation
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EO Bark Beetle Monitoring Workflow

® Monitoring workflow builds on two components:

= combine both products by a set of rules:
= for a pixel to be included in the bark beetle
map:
= NRT CD must signal a change
= AND classification must have a
probability > 30%
= |nfestation map is updated every two weeks
over the bark beetle season

@ 11 >15% probability
[12 >30% probability
13 >50% probability
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EO Bark Beetle Monitoring Workflow

® Monitoring workflow builds on two components = Pixel-based modelling

=  Dynamic state space model
= NRT Forest Change Detection

= Builds on Kalman filter
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EO Bark Beetle Monitoring Workflow

® Advantage of dynamic time series model

/- NRT Forest Change Detection
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Filtered model image time series during the bark beetle
seasons 2018-2021. Model images for 1st day of the month.
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Monitoring workflow builds on a two components
» Robust Gaussian Mixture Classifier

= (lassification of early red attack

stage bark beetle probability = Assumption: disturbance types form

(separate) clusters in spectral domain

#:
i

" (Cluster described by center point and
covariance matrix (3 bands: ellipsoid)

=  \We calculate the Mahalanobis distances
to cluster centre(s)

=  Qutput: Early Red Attack bark beetle
probability map
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Bark Beetle Red Attack Probability Maps

Gaussian Mixture Classification with bands Green / Red / NIR / SWIR1
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Bark Beetle Red Attack Probability Maps

Gaussian Mixture Classification with bands Green / Red / NIR / SWIR
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Bark Beetle Red Attack Probability Maps

Gaussian Mixture Classification with bands Green / Red / NIR / SWIR
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Bark Beetle Red Attack Probability Maps

® Gaussian Mixture Classification with bands Green / Red / NIR / SWIR
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Combining NRT Change Detection and Classification
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2 Combining NRT Change Detection and Classification

w Current implementation of NRT bark beetle detection in Austria:

w We calculate new forest changes and new classification probabilities

11 >15% probability
on a 14-day basis

>30% probability
>50% probability
>75% probability

Background image: always Sentinel-2, August 29

S ) A .00 ML

-

July 10th July 24th August 7th

August 21st September 4th
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Combining NRT Change Detection and Classification

® Maximum bark beetle infestation risk over the entire bark beetle season
- ]
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Bark Beetle Monitoring Service Prototype
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Validation

Workflow tested in Niederdsterreich & Niedersachsen Mf}ustr'an test st " - l i!

Training data only from Germany

In Austria: validation with aerial imagery (16.08.2018)
®w Map status is 21.08.2018

Validation on single pixel level / 0.01lha MMU

Validation is based on a stratified random sampling
approach (following Olofsson et al. 2014)
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Validation

w Results for the Austrian test site (weighted by area)
® Mapped damage area: 156.62ha
w Estimated damage area: 165.19ha; +/- 15.4ha

o TFiseore lUserce | ProducerAce.

Red Attack 0.930 0.954 0.907 Error example
infestation from Germany
SRTETET R{eI(=Nl 0.997 0.996 0.998

Validation results ongoing for Niedersachsen, Germany, test
site (point based)

w User Accuracy for the ,early red attack” class: 80.40%

w Accuracy significantly lower!

w Reasons: managed forest with many sanitary cuts and clear n -
[ |
cuts. Classification errors mostly at the edge of recent clear cuts. .
Y J BB Prob. CC Prob.
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Sentinel-2 15.06.2022 Sentinel-2 03.09.2022



15.06.2022 — Anderungen aus Vorjahr
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RA Borkenkafer
Andere Schadflache

03.09.2022 — aktuelle Kaferschaden
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Other Product Examples from Germany 2022

03.09.2022 — Zeitstempel der Anderung 03.09.2022 — Wahrscheinlichkeit fur Raumung
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An automated estimation of the affected timber volume and
« wood biomass for damage pol ygons

Biomass estimates from ALS data:

* Open ALS data is available for all of Austria!!l

 These data sets can be used to estimate
biomass on a polygon/forest stand level using
our in-house regression models (see below)
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An automated estimation of the affected timber volume and
= wood biomass for damage polygons

1" Timber volume

Example of biomass ] ™
g estimates per

estimates from ALS " damage area in
solid cubic meters

data per damage

pOIygon - |:|E'I?;,'Dl}li}l}ﬂl1 - 100,000000

, [1100,000001 - 250,000000

storm event of
18.08.2022, Styria
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An automated estimation of the affected timber volume and
wood biomass for damage polygons

Table

Other forest parameters from ALS data: JOANNEUM
RESEARCH )))) e ML
DIGITAL A _forestparameter

 We can also detect single trees and TS A BT TN T
. 00000 | 44 il 2 441 75
estimate the number of trees/stems 0zr92] @] 30 750] 3807
. o . . 00000 | 72 & 200 40805
within the damage polygon. This is 99999 96 7 700] 210725
. . . . 0193525 52 17| 566 656667 217525
important information for timber 0516238| &7| 201 502,5| 6872075

. fcticc] f
harvesting logistics! 2l number of trees |n the polygon

I:I,ELE-EE“IT TEI' 4—4 B 4—40 1 IZIEI'TE 25
) -000005| 88 < o0 848 75
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* Mean height of trees (MH) e T —— e
* Top height of trees (top 10%) (OH) sosess| 72| ds So0| B41435
« Ageclass g ey, T )
* Vertical structure AOIZ_forestparametery] 3
FIp | Shape | id || o | TC AD MH VOL _AD VoL HA || i
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* Joanneum Research workflows can derive - - - 5
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3|Polygon [ 4 33 56| 30,09379| 83736763 558.245088| |
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NRT Monitoring -> Kl-basierte Risikoprognose

NRT-System im Schnitt 2-3 Wochen zeitlich verzogert
w Aktualisierung des Zeitreihenmodells braucht etwas Zeit
w Abhangig von der Datensituation und -qualitat (Wolken!)

Oft sind Borkenkéafer bereits in benachbarte Bestande ausgeschwarmt
w Zu spat, um Kafer-Population noch einzudammen?

Keine Detektion von befallenen Einzelbaumen mit Sentinel-2 madglich
® Nur Baumgruppen ab ca. 10 Baumen erkennbar
® Einzelne Baume im Mischbestand nicht detektierbar

ldee: Zusatzlich zum NRT-Monitoring mittels KI- und Einbindung von Klimadaten
Risikoprognosen fur Borkenkaferbefall erstellen, um die Arbeit im Wald auf
Risikostandorte zu fokussieren
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Al Based Bark Beetle (Risk) Prediction
Model Evolution using Rapid Prototyping

Continuous improvement

B

Hyperparameter
Finetuning

Rapid
Prototyping

cloudflight
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Al Based Bark Beetle (Risk) Prediction

Detection and Prediction Results cloudflight
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Al Based Bark Beetle (Risk) Prediction

Schadklassifikation Schadklassifikation
O-Tage Prognose  40-Tage Prognose  T+0 T+40

o : ke
cloudflight cloudflight
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41 Al Based Bark Beetle (Risk) Prediction
cloudflight
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Long short-term memory network results for bark beetle prediction (0-40 days)

Project: AIDForHeRi, FFG ASAP 18
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42 Al Based Bark Beetle (Risk) Prediction

Kremsmunster Innsbruck-Flugplatz Sonnblick

*  ZAMG
+ HZB

* andere

Klimastationen ZAMG in Osterreich

* Interpolation auf 1km x 1km Gitter:
— Feinskalige Muster
— Vom Stationsnetz nicht aufgeldst
* Beispiel Temperatur:
— Vertikale Temperaturprofil
— Reprasentiert Makroklima: Féhn, Heat Island, ...

— Einfluss einer Stationsmessung

- Temperatur / Niederschlag aus SPARTACUS
- Downscaling auf 100mx100m
- Waldklima oder Bestandesklima ?7??

L =100
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