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Introduction

* Climate change = tree species selection
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Introduction

* Change = Decision makers’ objectives

https://www.bund-naturschutz.de/aktionen/volksbegehren-artenvielfalt.html

https://www.lbv.de/mitmachen/fuer-einsteiger/volksbegehren-artenvielfalt/

https://twitter.com/peterwohlleben



Introduction

* Project: ,Risk and return of pure and mixed stands of Norway spruce
and European beech under climate change” (Kuratorium fir forstl.
Forschung)

* Research questions:

* How will climate change influence forest portfolios?

* How will different objectives of decision makers influence forest
portfolios?



Methods

e Simulation study with

* Compromise programming integrating

 Robust optimization




Simulation | —forest stands

* Growth simulation (SILVA 2.2)
* 5 Climatic regions
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Simulation Il — Ecosystem services

* Monte Carlo simulation = frequency distributions
e Stochastic effects = risks

* Indicators of ES
- Financial return (annuity of soil expectation value) (friedrich et al. 2019)
—> Carbon storage (following Hartl et al. 2017)
—> Stability of ecosystem (survival probability) (8randi et al. 2020)



Optimization

 Allocation of stand types = area of forest enterprise

* Robust Optimization
* Implication: Input values deviate
 Solutions for worst case scenarios
* Compromise programming
* Finding a balanced solution between different objectives
* Maximizing the minimum performance simultaneously

Ben-Tal A, Nemirovski A (1999) Robust solutions of uncertain linear programs. Operations Research Letters 25:1-13
Bertsimas D, Brown DB, Caramanis C (2011) Theory and Applications of Robust Optimization. SIAM Rev. 53:464-501

Knoke T., Paul C., Rammig A. et al. (2020) Accounting for multiple ecosystem services in a simulation of land-use
decisions: Does it reduce tropical deforestation? Global change biology



Surmn of precipitation in warmest quarter

Climatic conditions in the growth regions
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Results — portfolios of stand types
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b Messerer K, Kacprowski T, Kolo H et al (2020)
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Results

* Cost of climate change
* Premium for multifunctionality
e Uncertainty factorm =3

Climatic region Financial Multifunctional
objective objective
Cool — high precipit.  |Annuit
9N precip Y 250 186
[Euro ha'a™]
Warm — low precipit.  |Annuity
[Euro ha'a1] 63 o




Conclusions & Discussion

Conclusions

* Mixing forests stand types can reduce risks and provide multiple ES.
* Objectives = different strategies to mitigate risks

* Premiums for risk management and multifunctionality

Discussion
* Limitation to spruce and beech
e Static approach = forest enterprise composition



Outlook

* Linking models of ecological niches with economic models

Bezugsperiode 1971-2000 Bezugsjahr 2050 Bezugsperiode 2071-2100
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Risiko-Klasse M sehr geringes Risiko (als filhrende Baumart méglich) [ erhohtes Risiko (als Mischbaumart in méBigen Anteilen méglich)
I geringes Risiko (als fithrende Baumart mit hohen Anteilen Bl hohes Risiko (als Mischbaumart in geringen Anteilen méglich)

an Mischbaumarten méglich
glich) B schr hohes Risiko (als Mischbaumart in sehr geringen Anteilen maglich)

Falk W, Mellert K-H, Bachmann-Gigl U et al Baume fiir die Zukunft: Baumartenwahl auf wissenschaftlicher Grundlage, Freising




Thank you.
Questions, please.




