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Comprehensive Bark Beetle Monitoring
and Risk Assessment important!

Tools for assessing the disturbance risk
of Norway spruce dominated forests:

= Waldfonds
Republik Osterreich ®

RAW Log Eine Initiative des Bundesministeriums

fur Land- und Forstwirtschaft, Regionen
und Wasserwirtschaft

PHENIPS+ DaFNE

PrediSpOSition Assessment System (PAS) (FUhrer and Nopp 2001; Netherer and Nopp-Mayr 2005)
Susceptibility of spruce forests to bark beetle infestations, storm and snow damages

Forest disturbance maps via Sentinel-2 time series wswand koukal 2020)
Detection of current damaged areas (so-called anomalies)

Operational sanitation capacities =» needs to be developed
e.g., road density, forest subdivision, machine & personnel availability

PHEnNology of IPS typgraphus (PHENIPS) @aieretal. 2007

Development status of the bark beetle

Transpiration DEFicit modul (TDEF) matthewsetal. 2018)

Acute drought stress of spruce forests
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Thermal sums and temperature thresholds for development are well known!
- (Annila 1969; Wermelinger and Seifert 1998; Baier et al., 2007)
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Thermal sums and temperature thresholds for development are well known!
(Annila 1969; Wermelinger and Seifert 1998; Baier et al., 2007)

Topt = 30,4 °C

To =38,9°C
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Thermal Thresholds
Spring flight/Onset of attack:

Brood development:

Tmax = 16.5°C
Tsum = 60 degree days > 8.3°C
Tsum 2 140 degree days > 8.3°C

Development Zero (Tu) = 8.3°C

Tsum > 8.3°C egg to adult stage
= 557 degree days

Start of sister brood at > 50%
generation development

Induction of Diapause
at day-lenght of < 14.5 hours

Broods can successfully overwinter
at > 60% generation development
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1. Generation
1. Sister Brood

2. Generation

3. Generation

Bark beetle development at a specific site
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PHENIPS+

PHENIPS Online | IFFF-RiskAnalyses (boku.ac.at)

Bark beetle development for entire Austria
INCA weather data (Integrated Nowcasting through Comprehensive Analysis)
provided by GeoSphere Austria, 1xa2 km grid
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First
Generation
19 June 23

PHENIPS Online | IFFF-RiskAnalyses (boku.ac.at)

Bark beetle development for entire Austria

INCA weather data (Integrated Nowcasting through Comprehensive Analysis)
provided by GeoSphere Austria, 1xa2 km grid
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First
Sisterbrood
19 June 23

PHENIPS Online | IFFF-RiskAnalyses (boku.ac.at)

Bark beetle development for entire Austria
INCA weather data (Integrated Nowcasting through Comprehensive Analysis)
provided by GeoSphere Austria, 1xa2 km grid
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PHENIPS+ @Ku IFFF®

Validation is ongoing!
PHENIPS+ @ 1. p e

PNIPSplus - Prjektteam

Projektkoordinator
Thomas Kirisits

Head of IFFF

" Phloem temperatures

Peter Baier

Senior Scientist, IFFF

Josef Pennerstorfer

Researcher, IFFF

Gottfried Steyrer
Researcher, BFW

Gernot Hoch

Head of Department of Forest

Protection, BFW Pheromone traps

H
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e | ‘ | |
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PAS - Ips typographus

Predisposition Assessment

Systems (PAS)

knowledge-based
additive expert models
open model systems
available for various
disturbance agents
already applied in
Austria, Germany,
Sweden and Switzerland

FUhrer and Nopp 2001; Netherer and
Nopp-Mayr 2005; Seidl et al. 2022;
Temperli et al. 2020; Nordqvist et al.
2023

Stand-related factors

tree proportions
tree height

canopy cover

stand heterogeneity

disturbance edges

|

Site-related factors

}

annual ips generations
terrain morphology
climatic waterbalance
slope

soil depth

water supply

I F F F “
I Ku Institute of Forest Entomology,

Forest Pathology and
Forest Protection

spruce proportion

Stand-related predisposition

weighting

<=10% 11-25% 26-50% 51-70%

Total predisposition

weighting

Site-related predisposition

[ forests without spruce trees
Bl very low (<= 0,2)

B low (> 0,2 ... <=0,4)

[ | intermediate (> 0,4 ... <=0,6)
[ high (> 0,6 ... <=0,8)

B very high (> 0,8 ... <= 1,0)
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RAWLog project:

* Ips typographus, Storm, Snow
* 10-m-resolution

* first time for all Austria

* Incorporation of novel remote sensing rather than terrestrial data
e.g. proportions of tree species, detection of forest disturbance areas via
Sentinel-2 time series

* Dynamization through an annual system update
updated 10-year average of climatic factors
regular update of

» Automatization of data preparation and calculation processes

Waldfonds

Republik Osterreich Team:
RAWLog Eine Initative des Bundesministeriums BOKU-IFFF: Sigrid Netherer, Till Hallas, Josef Pennerstorfer
o one FoSschelt Regoren - BEVAI_Forest Protection: Gernot Hoch, Till Hallas
BFW-Remote Sensing: Klemens Schadauer, Christoph Bauerhansl,
B Susanne Karel, Tobias Schadauer, Stefan Schottl
IFFF ; : )
) () E—— BFW-Forest Ecology: Michael Englisch, David KeRler
gl A BFW-Forest Technology: Nikolaus Nemestothy, Christoph Huber

= Till Hallas
PhD student
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y spruce proportion Im porta nt fa Cto rs:
e Stand level
e — I « Tree species proportions (spruce, pine, conifers, deciduous etc.)
tree proportions A b Tl’ee he|ght (InStead Of Stand age)
:eo:jf:te * Tree height distribution (stand heterogeneity)

stand heterogeneity

* Fragmentation/stand edge

disturbance edges

. [ ]
:i: annuéls generatns A Site Ievel
£ * Temperature (Ips generations)
Site-related factors —_ « Climatic water balance (Apr-Oct)

annual ips generations

* Road distance and density

terrain morphology

climatic waterbalance

* Main wind direction (derived from daily wind data)

slope

soil depth

* Wind speed (based on monthly go%-percentile of hourly data)

water supply

* Frequency of wet snow events
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PAS - Ips typographus M i

Predisposing factor temperature

histogram of annual ips generatiens

Mean Annual IPS Generations (2013-2022)
[ 0 generations

B 1 generation

I 1 generation + sister brood
| 2 generations

I 2 generations + sister brood
B 3 generations

50000 G0000

30000 40000
| |
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20000
|

10000
|

1}
L

0.0 05 1.0 15 20 25 3.0

pas value )

* calculated with PHENIPS
* many red areas are not
covered by spruce
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Predisposing factor Norway spruce

Legende
Picea abies [ Ficite
Picea abies-Abies alba [l Fichte-Tanne

Tree species Map Austria

Picea abies-Larix decidua Fichte-Larche B F W
Picea abies-Pinus sylvestris Fichte-WeiRkiefer
Lm
- Larche-Zirbe

Léarche-Latsche

Larche locker
B Vveinkiefer
- Weilkiefer locker
- Schwarzkiefer
- Fichte-Buche
- Fichte-sLaub
- Larche-sLaub

- Weilkiefer-Eiche

B vveirkiefer-sLaub

- Schwarzkiefer-sLaub

[ Buche-Fichte

- Buche

B cice

- sLaub

- Latsche

- Grinerle
low1

- low5

- noVeg
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Preliminary results

histogram of pas_ips_total

80000
1

Total IPS Predisposition of forests in Austria
(preliminary version)

[ forests without spruce trees
Bl very low (<= 0,2)

B low (> 0,2 ... <= 0,4)
intermediate (> 0,4 ... <= 0,6)
[ high (> 0,6 ... <=0,8)

B very high (> 0,8 ... <= 1,0)

40000 60000
| |

frequeney

20000
1

02 0.0 02 04 06 08 10

pas value ()

ﬂ not all factors are \
included yet

* snow predisposition is
missing

* validation and calibration

\_ hasjust started )




PAS - Ips typographus
Next Steps

* Implementation of PAS-Layers
into PHENIPS Map-Services

* Evaluation of operational sanitation capacities

* Development of a comprehensive model framework
- Bark beetle early warning system

» Calibration and validation of the system with
remote sensing and terrestrial data

» ZAMG_Stationen_Austris
»[ ] Schwarmbeginn

»[ ] Entwicklungsbeginn
»[] Generation 1

» [ Geschwisterbrut Gen1

»[ | Generation2

»[ | Geschwisterbrut Gen2

»[ | Generation3

~[ Gesamtentwicklung

By drei Generationen
zwei Generationen + GB
zwei Generationen
eine Generation + GB
[y eine Generation

keine Entwicklung

72
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Screenshot: PHENIPS Map-Services 2022
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Thank you!
Questions Welcome!

Annual Meeting of REUFIS, Sopron 27 June, 2023
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