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Presentation content:

1. Forestry, bark beetles and
spruce in Slovenia

2. Causes for bark beetle calamity

3. Past development and current
situation

4. Forecasting system and
prognosis of infestation

5. Lessons learned



Some basic facts of Slovenian forestry (2020):
Forest area: 1,2 million ha (58%) .
Growing stock: SR M

357 million m3 (304 m3 /ha)

conifers: 45%, broadleaves: 55 %
Annual increment:

8,8 million m3 (7,5 m?3 /ha)
Planned (allowable) cut:

6,3 million m3/year
Annual cut:

3,9 million m3 in 2011-2013

6,3 million m3 in 2014

4-6 million m3in 2015 - 2020
Type of forest management:
nature friendly, no clear cuts, forests

are treated like ecosystems, not like
fields of trees

Regeneration: >97% natural
Ownership:
private forests 75%,

state forests 22%
forests of local communities 3%

Number of forest owners: 413.000
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Forests cover more than half
of Slovenia (58 %).
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Some basic facts about bark beetles in Slovenia:
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» Number of bark beetle (Scolytinae) species in Slovenia: ~ 90
» Number of ,economically® important species: ~5

» >98% of the bark beetle damage in forests is done by 1 main and one (more or
less ) accompanying species on one tree species (Norway spruce):

1. Ips typographus ((1)2-3gen.ry) 2. Pityogenes chalcographus

UGA2103068




Norway spruce in Slovenia;

Share in growing stock (GS):
« 30,2 % (2020)
* inaverage 108 m3/ha
e sum: 108 x10°% m3

Share in GSin last 2 decades:

« 2000: 32,5%
« 2010: 31,5%
« 2020: 30,2 %

Share ,,by nature®:
e 8-10%
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Share of Norway spruce in stock (%) in 2010.
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Icebreak in Slovenian forests (3ot jan.— 10t Feb. 2014)

Foto: Toncek Jeri¢




Icebreak of record size was an expected trigger for outbreak of
bark beetle infestation ...

602.000 ha (51 %) of forests damaged

1/3 conifers, 2/3 broadleaves

15.000 km of blocked forest roads

14.000 ha need reestablishment of
new forest

900 ha area to be planted

214 mio EUR = financial damage in
forests + 214 mio EUR elsewhere

year 109m3
1896 0,5
1953 0,1
1975 0,3
1980 0,7
1985 0,5
1995 0,7
1996 0,9

Foto:Borut Debeve M 2014'2018: 75%



...and awind-break in December 2017 gave an additional push to bark
beetle infestation...
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‘ } 2017
Damage: 2,9 mio m3
Financial damage: 48 mio € S,
Wood removed in 2018: ~ 100%: e
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Summary of bark-beetle outbreak in 2014 — 2020

2014: 420.000 m3
2015: 2.150.000 m3
2016: 2.210.000 m3
2017:1.720.000 m3
2018: 700.000 m3
2019: 1.330.000 m3
2020: 760.000 m?3

SUM 2014 - 2020:
9.3 mio m?
SUM of ice-break + windthrow + bark

160 mio EUR = beetle (2014-2020):
financial damage 65 % of forests affected
400+ MIO € damage

Damaged trees removed 2014-2020: ~ 100% 30.000 ha to be renewed. of which
Previous year record bark-beetle outbreak 1.700 ha by planting (23 species)

in last 100 years: 750.000 m2 (2005) Increment, stock: ,,survived“
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Who decides about cutting — nature or a forester?

Sanitary cut (% of total cut) in period 1994-2020
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We faced all possible ,,troubles* and did the best what TR

our profession can deliver at such occasion. SO Slovenia Forest Service
How was it with cost effectiveness of recovery &

prevented damage?

—% ’ Fr e
W
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A big difference in the costs and effects of recovery when it is:

a) Spontaneous: b) Smartly guided.:
» timber markets & value* » timber markets & value‘
» unpredictable course of actions  » professional guidance
» bigger risk of secondary » overwiev of the sitution
damage » lower costs (plans, seedlings etc.)
> later finnished or uncomplete » support of state, public, media
recovery » more prevented secondary damage
» more casualties » faster restauration
» stagnation or regression of the » collected useful experience for

forestry profession related cases and future events
» small-scale owners are mostly mostly avoided bottlenecks
not able to take care of the balancing the expectations (of all)
forest with the real possibilities
» Dbottlenecks / blocades

Y V
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Damage in m3

@ZAVDD za GOZDOVE

SLOVENIJE

Slovenia Forest Service

Theoretical calculation of the increase in damage due to bark beetles with (in

blue) and without (in pink) the influence of Slovenia Forest Service on the
process of sanitary logging
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Improvement of the bark beetle
monitoring system

Phenological models that simulate the development of Ips
typographus (RITY model) and Pityogenes chalcographus
(CHAPY model) based on local conditions were developed.

RITY and CHAPY models are based on PHENIPS phenological
model.

They are used for:
» optimization of the trapping system,
» short term prognoses of bark beetle outbreaks,

» setting the deadlines for sanitary feelings of attacked spruce
trees.

14



nasyupa raca

Razvoj 1. ciste generacije
29. 07. 2020

Razvojna faza
Il smreka je odsoina
[ razvoj se Se ni pricel
I jajcece

B icinka

1 buba

[ miadi hrosé

I odrasel hrost

I mirovanie ali pogin

©GIS, podatki ARSO, GURS

Razvoj ¢istih generacij, Ljubljana, 292 m n.m., leto 2020

= 1 generacijz === 2 generacija = 3. generacija == 4 generacija 5. generacija

mlada FuZelka buba lig¢inka jajtece

2 Gozdarski ingtitut Slovenije, dr. Nikica Ogris,

&t. &istih generacij
30.10. 2020

Stevilo generacij
B smreka je odsotna

©GIS, podatki ARSO, GURS s
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Outputs of

RITY & CHAPY models

 Development through time.

* Onset of swarming, infestation.

* Number of generations (filial, sister).

» Suggesting a deadline for sanitary felling.

Short term prognoses for bark beetle outbreaks.

Legenda

Osmerozobi
®  smrekov lubadar
GGO

0 10 20 40 km

Locations of pheromone traps where the threshold of 15
9,000 specimens of Ips typographus was exceeded
in 2020, indicating the outbreak
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RITY & CHAPY additional info

Ogris, N., Ferlan, M., Hauptman, T., Pavlin, R., Kav€i¢, A., Jurc, M., De Groot, M.,
2019. RITY — A phenology model of Ips typographus as a tool for optimization of
its monitoring. Ecol. Model. 410, 108775.

Ogris, N., Ferlan, M., Hauptman, T., Pavlin, R., Kav¢i¢, A., Jurc, M., De Groot, M.,
2020. Sensitivity analysis, calibration and validation of a phenology model for
Pityogenes chalcographus (CHAPY). Ecol. Model. 430, 109137.

https://www.zdravgozd.si/

109137 Ecological Mod:

Contents lists available at Sc

ivect Contents lists available at 5

Ecological Modelling

Ecological Modelling

journal homepage: www vier.com/locate/ecolmoadel

journal hamepage: www.elsevier.com/lacate/scalmadel

Sensitivity analysis, calibration and validation of a phenology model for -

Pityogenes chalcographus (CHAPY) | RITY - A phenology model of Ips typographus as a tool for optimization of its | m)
Nikica Og) , Tine Hauptman”, Roman Pavlin”, Andreja Kav&id®, Maja Jure”, monitoring
Maarten de Groot”

* Slaventan Forestry Insittute, Vetna pot 3, 1000 Ljubjjana, Staventa Nikica Ogris’
" Department of Forestry and Rerewable Forese Resources, Bloechnical Faculty, Universiy of Liublana, Vecna poc 83, 1000 Liubliana, Sloventa

ja Ferls

» Mil
Maarten de Groot”

ja Ferlan®, Tine Hauptman"”, Roman Pavlin", Andreja Kav&i¢®, Maja Jurc”,

* Sliwenian Foresery Insinite, Vecnz poe 2, 1000, I jubijana, Skovenia

ARTICLE INFO ABSTRACT ® Dieparement of Forestry and Reneweble Forest Resources, Biorechnical Faculty, University of Liubljana, Veéna por 83, 1000, Liubljan, Slovenia
Keywards The purpose of the study was to develap, calibrate and ate o comprehensive phenologieal model for the

Six-toothed spruce bark beetle epatiotemporal simulation of the seasonal development of the six-toothed spruce bark beetle, Pityagenes chal.

Insect outbreal:
Populatian dynamics
Valutsm
Ecalogical modelling
Pheromone trap

cographus (CHAPY). The validation dataset was acquired through monitoring of the bark beetle's phenology at ARTICLE I
wight sites in Slovenia in 2017 and 018, along with air and bark The

were made using air temperature from the INGA system (Integrated Nowcasting through Comprehensive - -
Analysis), which 15 wsed to caleulate the effective bark temperature for beetle development. Since the biology of Keywords: We developed the RIT

ABSTRACT

-2 phenology model for the spatial and temporal simulation of the seasonal development

fherot . chaleographus iz poorly d to pinpoint the most important medel para- European spruce bark beetle of Ips typagraphus based on the PHENIPS model and the data of Integrated Nowcasting through Gomprehensive

Monitoring meters, The first tder (uainy offect wo the highest for the lower developmental threshold (DToh, while the Ecological madelling ENIPS were improved with innovative approaches and a new model was
second order (interaction, total st for the optimum temperaturs (Fo). DTy was calibrated Trapping le phenology was manitared 1 study sites in 2017 and 2018, along

A S R T SR s Y — with air and bark temperstire messurements. RITY-2 predictions are based on air temperature from the INCA

cith & et - e et h system, which s used to calculate the effective bark temperature for beetle development. An innovative pro-

TN A o S P S A B TS Fopdaten dgnomis cedure was introduced which finds most appropriate spring threshold from which caleulation of the phenological
model initiates. The onset of Norway spruce infestation in spring was estimated using a lower threshold of
14.5°C for flight activ d a mean thermal sum of 53. ndeawedr\vs {dd) from 7"‘ March onward. The rate of
brood development was calculated from the cum
heel. The relative duration of the egg, larval and combination of the pup: upper and low pe

adult developmental stages was 9,4%, 58,29 and 32.4%, respactively. Mass swariming coneluded in the end of dation, we compared the timing of phenological events in the field with predicted events using both 30-minute
August when daylength was lowar (i 136 b, which was determined with he independent dstaset o 1017 recorded data from trap logs in the field and hourly data from INCA. The onset of spring swarming was estimaicd
with a mean absolute error of 2.4 days. The onset of infestation was predicted with a
days. The observed oasci of emergenee of filial beetles was estimated with a mean error of 0.5 dd. The modcl
INCA. The time of spring swarming was estimated with a MAL of 5.6 days. The onsst of infestation was predicted strang effects of regional topography and can be used for precise monitoring of the actual state of bark beet

with & MA o€ 6.0 days. The precicted onset of smergence of filial beeties war sstimated with a MAE of 2.1 days. development at the specific model cell with 4 spatial sesolution of 1 ken x 1 km. Additionally, RITY-2 sin
Additionally, CHAPY simulates the mumber of CHAPY was into twe e oumber of generations, which (s necessary o assess the potential kmpact of bark bectle outbreaks at the
publicly available web applications, Development of the model revealed several knawledge zaps i P, chalco regional sal. The model was inte two web that serve as tools for the
sraphus phenology, thus providing opportunities for further resarch of the second most damaging bark beetls of deployment of pheromone traps and trap trees for Enropean spruce bark beetle monitoring, The possible

Norwway spruce in Central Lurope and for further mprovement of the GHAPY model. Fotential applications of the ion. of the RITY-2 model for the whole of Central Europe using data from the INCA system is discussed.

s absolute error of 4.7
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Short term prognosis for sanitary felling
of spruce due to bark beetles
* Model based prediction.

* Reliable probability of sanitary felling (AUC=0.89).
* Prognosis made each year in spring for current year.

TForest Ecology and Management 450 (2019) 117495

379
Contents lists available at ScienceDirect

FOREST
ECOLOGY AND
MANPCRVSIT
Forest Ecology and Management
L 3
3 ‘. w
ELSEVIER journal homepage: www.elsevier.com/locate/foreco ot
Short-term forecasting of bark beetle outbreaks on two economically )
important conifer tree species =
Maarten de Groot”, Nikica Ogris
Department of Forest Protection, Slovenian Forestry Institute, Veéna pot 2, 1000 Liubljana, Slovenia
Legenda
ARTICLE INFO ABSTRACT
Verjetnost
Keywords: In recent years bark beetles have been shown to be an important risk factor in European forests. An early e Visoka: 1
Picea abies warning system is needed to mitigate bark beetle damage, and short-term forecasting models that assist efforts to
Abies alba identify attacked trees comprise an important part of such a system. The aim of this study was to develop short- .
‘FPS zﬁ’ﬂ;’ term forecasting models of the probability of bark beetle outbreaks on two important conifer tree species: Nizka: 0
ir bark beetles

Norway spruce (Picea abies) and silver fir (Abies alba). For the development of the models, we used a time series
ﬁx:;"[“‘p‘:‘oz’:;: bark beetle of 20 years of sanitary felling because of bark beetles and relief data (altitude, slope and exposition), several soil
Modeling variables, climate data (temperature and SPI), sanitary felling because of bark beetles, sanitary felling due to
harmful abiotic factors, and amount of weakened trees due to bark beetles. The forecasting variable was sanitary
felling because of bark beetles in the current year. The models were developed with a general linear model with
binemial error distribution. For the ility of bark beetle fir, the amount of fir, soil base Avtor: Nikica Ogris, Gozdarski intitut Slovenije 2021
saturation percentage, sanitary felling of attacked fir, weakened fir, and sanitary felling because of abiotic factors
increased the probability of sanitary felling because of fir bark beetles. Altitude, exposition, slope, phosphorus, H 1 H
S e, 30 o echange exacly, 1 an smperaue. decsssed he. prabliy of sy £l Prognosis for sanitary felling of spruce for 2021
because of fir bark beetles. For Norway spruce, the amount of Norway spruce, soil base saturation percentage,
SPI, temperature, amount of sanitary felling in the previous year, amount of weakened trees in the previous year,
and amount of sanitary felling because of abiotic factors in the previous year increased the probability of sanitary
felling of Norway spruce because of bark beetles in the current year. Slope, soil cation exchange capacity, and 1 7
ipitation decreased the ility of sanitary felling because of bark beetles in the current year. The per-
formance of the bark beetle risk model for Norway spruce was very good. The performance of the model for
silver fir was also good, but not on par with that for Norway spruce. Therefore, additional research on fir bark
beetles is needed to further improve the risk model for bark beetle attacks on silver fir.
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Lessons learned are integrated into forest management

Seen from the perspective of Earth’s history of the last 500 million years: humanity and spruce will have a hard time surviving the
next few 100 million years. But, we are also here to make sure that the forests are given to our grandchildren in a suitable form, so
we need to take care of them here and now. From the Slovenian perspective, the following is clear:

1. Mixed forest of habitat-adapted tree species and natural regeneration
as a part of close-to-nature forest management are in long term the
basis for successful and cost-effective multifunctional forestry and
damage reduction (inclusive bark-beetle infestation).

2. Monocultures, especially of spruce, are due to climate changes a
forestry system with huge probability to fail.

3. No forestry system can survive without reducing the populations of

large herbivores to a sustainable level.
4. The goal should not always be only the highest timber quality / production. Stability of the trees and
stands and genetic diversity are also very or even more important.
5. Also NATURA 2000 has to be modernized and has to admit that there are climate changes and evolution
going on.
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