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NMBU in a nutshell:

6,400 students
1,900 employees
64 study programmes

800 scientific full-time equivalents
« 520 doctoral students

« Approx. 100 doctoral degrees per year

« Approx. 1,000 scientific publications per year
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Research and e

ducation

/ + Animal and human health
: » Animal health and animal
welfare
 Basic and applied life
% sciences
~{§ + Bio production
e * Development studies and
s (Qlobalization
: * Ecology, climate change and
" renewable energy
~ + Economics and social
sciences

Exploitation and conservation
of natural resources

Food production and food
safety

Landscape architecture and
spatial planning

Teacher training in natural
sciences and natural
resource management
Technology

Veterinary medicine




Facultles
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Biosciences
Chemistry, Biotechnology and Food Science
Environmental Sciences and Natural Resource Management
Landscape and Society
School of Economics and Business
Science and Technology
Veterinary Medicine




Faculty of Environmental Sciences and Natural
Resource Management (MINA)
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Numbers (MINA)

Employees: 200
MSc and BsC Students: 650
PhD Students: approx. 100
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~ Study programmes MINA

Bachelor: «d 2-year master:
 Ecology and natural # « Ecology (n English)

+ resource management 4 ¥« Environment and natural
* Environment and natural resources

* Forest science

* Nature-based tourism

* Natural resource
management

Renewable energy
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resources
* Forest science
 Renewable energy
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Areas of research MINA

Behavioral ecology Natural resource management

Biodiversity, evolutionary genetics and + Nature-based tourism

conservation biology * Pedology

Bioeconomy * Population and community ecology

Chemistry » Radioecology

Ecology  Renewable energy

Ecophysiology * Resource surveying

Ecotoxicology » Silviculture g
Forest management » Soils (biogeochemistry and plant ;q
Geology nutrition) N
Hydrology « Wood technology

Impacts of land use and habitat changes+ Zoology o

Limnology
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Silviculture, growth and yield

Individual tree based growth models
Effect of thinning on growth and yield
Effect of initial density on growth and yield
Growth trends

Growth of mixed forests
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Forest inventory




Forest Ecology

Effects of climate change on growth phenology and
defense in trees and plants

Ecosystem transformations driven by climate change
Effects of climate change on phenology and
development of Populus tremula

Provenance trlals with beech in Norway
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orest and energy
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Energy markets — analysis, modeling and forecasts
Policy analysis in the energy and forest sectors
Forest sector analysis

Forest based bioenergy in Norway

GHG emission from bioenergy

Energy policies




Tropical forestry

+ REDD+ (Reducing Emission from Deforestation and
forest Degradation) in developing countries

* Biomass estimation and biomass models

» Growth, harvests and sustainability

Land use and poverty

Management for restoration of forest areas

(exclosures, Participatory Forest Management)




Towards a climate-smart policy and e

N

management framework for conservation
and use of dry forest ecosystem
services and resources in Ethiopia

» https://www.nmbu.no/en/projects/node/41318

Norwegian University of Life Sciences 16
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Climate Smart Forestry Norway (CSFN)

e Background

— Forests are important for the climate. The current net growth of
Norwegian forest sequesters CO, equal to 45-50% of the annual
GHG-emissions in the country.

— Norway’s forests are showing signs of a decreasing
sequestration strength due to maturing forests. An ageing
forest is associated with higher risk of significant carbon
emissions and economic losses due to natural disturbances
that are likely to increase in frequency and severity with
climate change.

— Need to address key research gaps, specifically related to
natural disturbance risk analysis and modelling.

— Need to identify robust management approaches from multiple
perspectives.

 CSFN lead by MINA (2020-2025), PM: Erik Tramborg

Norwegian University of Life Sciences




Background - we have to 2l
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1. High storage, low sequestration of CO, (and wood supply)
2. Low storage, high sequestration of CO, (and wood supply)
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Background - natural disturbances s
will increase with CC...

# Bark beetle attacks
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Forest fires

Norwegian University of Life Sciences



Background — complexities....

How should different forest types in Norway be
managed to adapt to risk of natural disturbances
and build forest resilience while increasing forest
growth and carbon storage?

What are the most cost-effective carbon
mitigation and adaptation options in the
Norwegian forestry context?

Under climate changes......
With 100 000 forest owners......

Norwegian University of Life Sciences 20


http://www.google.no/imgres?q=bioenergi+i+norge&hl=no&sa=X&biw=1920&bih=1053&tbm=isch&prmd=imvns&tbnid=7ZlGJBgfq8QZZM:&imgrefurl=http://www.skogoglandskap.no/nyheter/2007/senter_for_bioenergi&docid=4pp_3iUOAaq44M&imgurl=http://www.skogoglandskap.no/imagearchive/stort_hovedtekstbilde_bioenergi.jpg&w=540&h=405&ei=eMzpTsHJEere4QSK-MXfCA&zoom=1

el
Objectives CSFN (as of application) “l

« To improve the scientific foundation for CSF by developing a framework
for holistic assessments of forest management that simultaneously
consider carbon, other biophysical forcings (albedo), substitution,
and risk of natural disturbance while acknowledging forest owners
to have a sustainable income from their forests

Norwegian University of Life Sciences 21



Partners and funding CX)

Q Forskningsradet
The Research Council of Norway
Luke

NATURAL RESOURCES
INSTITUTE FINLAND

NIBIO NMBU 1,320
BOCONOMY RESEARCH NIBIO 5,00
LUKE 1,50

WAGENINGEN Wageningen 0,80
UNIVERSITY & RESEARCH Total m|II. Euro 2 050

Norwegian University of Life Sciences 22



WPO: Project management and communication
Erik Tramborg, NMBU

WP1. Natural disturbances
Clara Anton-Fernandez, NIBIO

WP2. Radiative forcings
Ryan Bright, NIBIO

Climate

smart
forestry

WP3. Carbon in wood products
Maarit Kallio, NMBU

WP4. Risk modelling
Annika Kangas, LUKE

WP5. Climate smart forestry — modelling and synteses
Tron Eid, NMBU

https://www.nmbu.no/en/projects/node/39746 Norwegian University of Life Sciences 23



https://www.nmbu.no/en/projects/node/39746

Objectives (simplified and focused on
natural disturbances)

* Objective
— The main objective is to develop a scientific framework for holistic
assessments of forest management under climate change that
simultaneously consider carbon and risk of natural disturbances
(wind and snow damages, bark beetle attacks, root rot) while
acknowledging forest owners to have a sustainable income from

their forests.

1....

2....

3.Develop an analytic framework and tools for integrating risk of
natural disturbances in forest management decision making

4.,

Norwegian University of Life Sciences



Present tool: Gaya-JLP
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« Gaya (Stand simulator), JLP (decision module by means
of linear programming) — developed over 30 years

 Stand simulator (e.g. projections over 100 yearsﬁ)_y_ﬁ}(:&z

— Growth models

— Income and cost models

— Carbon accounting

- Treatment options for all stands

Decision module (“forest level”)

— Objective function (e.g. maximize profit or carbon stored, subject to

biomass harvest level or biomass left in forest)

25




How do we adapt the tool to cope 2l
with «Climate Smart Forestry»?

* We need to develop the present
tool beyond the traditional focus on

Forest Ecology and Management 509 (2022) 120071

Contents lists available at ScienceDirect

biomass growth, income and costs,
and carbon accounting, by means
of;

Forest Ecology and Management

L

o
ELSEVI

s
ER journal homepage: www.elsevier.com/locate/foreco

— Climate models (and scenarios)

— Natural disturbance models quantifying
probabilities and effects of damages
from bark beetles, wind throw, snow

brake age, root rot, etc. Joyce Machado Nunes Romeiro™ , Tron Eid", Clara Ant6n-Ferndndez ° Amnika Kangas ',
Erik Trgmborg

Natural disturbances risks in European Boreal and Temperate forests and
their links to climate change - A review of modelling approaches

—>All models have to be linked to forest
structure variables (age, density, site
index, etc.) used in the stand simulator

Norwegian University of Life Sciences 26
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Climate models (scenarios for changes iis
In temperature and precipitation)

« Example summer temperatures
iIn Europe: changes for the
period 2050-2070 relative to
1980-2000

« RCPA4.5 scenario from IPCC
(2014) where the global mean
temperature increases between
2.6 °Cand 4.8 °C.

05 0 05 1 15 2 25 3 35 4 55 75(°C)

« Corresponding models for
precipitation

IPCC, 2014. Climate Change 2014: Synthesis Report. Contribution of Working Groups |, Il and Ill to the Fifth Assessment Report of the 27
Intergovernmental Panel on Climate Change (Core Writing Team, R. K. Pachauri, & L. Meyer (eds.)). IPCC, Geneva, Switzerland.
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Probabilities and effects of natural g
disturbances within increasing temperature

» Figure: direct, indirect and cascading
effects of increased temperature under
different disturbances in European boreal
and temperate forests lce/snow

load
damage
+ -+

« Examples increased temperature and

Warmer

bark beetles; temperature

- direct: several generations per year A N /s
. . . . Frost \‘

- indirect: more vet snow in winter, e/ \
more brakeage and weakened trees, A
increased occurrence of bark beetles . S

- cascading: synergies between root Sam
rot occurrence and bark beetle @
outbreak

« Complexity! Challenging to develop
models, simplification necessary

Norwegian University of Life Sciences 28



Models for bark beetle attacks

climate change impacts and evaluate adaptive management strategies. Regional Environmental Change, 9(2), 101-119.

N
« “Bark beetle risk in Norwegian
forests under current and changing
climate conditions” (Joyce iensilprobeiliyofidamage o
Romeiro, PhD-student at MINA) Benat
0:05-0:1 o
- Models developed in Austria . 015-03 ; -
evaluated for Norwegian conditions . )
- “r
— 1) probability of attack am . g" o
. =3 f"' .:. -‘-“.8?.: €
— 2) effects given an attack A ~;f'§-.,~ it
*’;.s.l‘;g; PTTI
>current and future climate (temp ' s o
and precipitation) ;“’; IR
;":.\ .o::' <
« Based on forest structure and IENRe
. . ‘ o o e 7 q\
climate variables from NFI
permanent sample plots
Seidl, R., Schelhaas, M. J., Lindner, M., & Lexer, M. J. (2009). Modelling bark beetle disturbances in a large scale forest scenario model to assess 29



» Observed Climate
@ EC-EARTH_CCLM

Scenarios bark beetle = CNRM.CMS, CCLM
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 Figure 6. Annual probability of bark beetle damage averaged for region Vestviken,
The dotted red line marks the end of the historical climate data
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Next steps CSFN N

 Risk analyses to map potential adaptions of forest
management to climate change
— Bark beetle attacks (new models)
— Root rot attacks (old models)
—Wind and snow damage (new models)

* Direct effects only. Indirect and cascading effects are
much more complicated!

 What we know for certain before any calculations: we
need approaches spreading the risks, I.e. larger variation
In forest management;

->species variation, size variation

31
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