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Smart Forestry

from

Observation, Prediction, to Decision
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B 15t generation Al: Fundamental Algorithms
B Random number generators, K-means clustering
B Simulated annealing, Nelder-Mead algorithm

W 2nd generation Al: Nature-Inspired Algorithms
B Evolution algorithm, Genetic programming
B Particle swarm optimization, Ant colony optimization
B Cellular automata

M 3'd generation Al: Neural Networks and Deep Learning
B Machine learning, Artificial neural network
B Convolutional neural network, Natural language processing
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Introduction ZRMEEZERMA R

Sl

B HR 4 5% Forest Economics
B =45 A Econometric models
B )45 Bioeconomic models
B L4 E Forest Management
B B4R Growth and yield
W 2R3 RF &4 Forest planning
B K44 Forest Ecology
B BV Biometric models
B RN Process/mechanistic models
B x4k T2 Logging and transportation
B LAk Log merchandizing models
B iz MR Forest transportation
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Managing Natural Resources

From utilization, optimization, to evaluation



Spatial and temporal aggregation a

Spatial scale
Biome shift models

Landscape Landscape models
Community Succession models
Population Stand models

Organism Individual tree models

Organ  Ecophysioligical models

Cell

Second Day Year Decade Century Century Millenium
Temporal scale



.' A self-organizing meta-network a

Source: Filotas et al. (2014)



.I Forest and Natural Resources

Natural Resources
B Agriculture

M Fisheries
B Mining
B \Water resources
BForestry
Natural resources as complex systems
B 1 Heterogeneity, 2 hierarchy,
M 3 self-organization, 4 openness,
B 5 adaptation, 6 memory,

B 7 non-linearity, 8 uncertainty
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.I OR in Agriculture a

B Agriculture problems:

B Risk management

B Interaction between agriculture and the environment

B \Water resources planning

B Agroforestry systems management

B Simulation of effects on changes of agriculture policy
B OR/MS techniques used:

M Linear programming

B Multi-objective fractional programming

B Goal programming

B Multi-attribute utility theory

B Control dynamic optimization



OR Iin Fisheries

B Fisheries management

B Shared fish stocks and high seas issues

B Game theoretic applications to fisheries

B Uncertainty in bioeconomic modelling

B Parametric and non-parametric techniques

B Demand structure for fish and seafood products



OR in Agriculture, Fisheries, Forestry

B The same self-thinning rule
B Optimal stocking control
B Over grazing
M Fish farming
M Forest stand density

B The different time scale
B The length of rotation
B Months: Agriculture
M Years: Fisheries
B Decades: Forestry



.l Managing Forest Resources a

Is there a more efficient way?

Simulation Optimization

Biometrics Algorithms



Spruce-beech forests in Bavaria
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The Faustmann Formula (1849)

B Present Value of Bare Land

PV _ e_rt[B(T) _C]

timber —rt
1-e

B Optimality Condition

B'(T) _ T
B(T)-¢c 1-e™"




(P HEMREKHE B ZR Theory of forest growth a

B EHER E I, Species-specific and site-specific

W AROK &5 1 7 A= K38, Allometrics of tree architecture

B K45 K LR 20 AT 38, Probability distribution of stand structure
B ARARA KA R EHE i, Metabolic scaling theory of tree growth
B K25 IR 18, Self-thinning theory of stand density

B AR AR 2% (R 38, Gap theory of forest regeneration



Equation set of forest growth ZxMHAEK FEA a

Equation set of forest dynamics

I wi = a-wh i The allometric relationship of tree structure
I fldi) = f(A,S,D) The probability density function of stand structure
M Iniv = o+ 3/4:Inv — The metabolic scaling theory of tree growth
IV InN =a-3/2:nV The -3/2 self-thinning rule of stand density control
V R=a-pG+yS i The gap model theory of forest regeneration

I wi=a-wP ] MR F A e R

I fldi) = f(A,5,D) My 2 R B =R L A A
M Iniv=a+ 3/4-Inv — WA BT A RO B i
IV InN=a-3/2:InV oo # B H B AR ER
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OR in Forestry a

B Tree-, stand-, and forest-level (simulation)
B Strategic-, tactical-, and operational-level (optimization)

B |_og merchandizing and timber grading
B Forest logistics

B Forest wildlife preservation

B Spatial environmental concerns

B Forest management planning

B Forest policy and economics

B Multiple criteria decision-making

B Forest fire management

B Forest pests

B Adaptive forest management



@ OPTIFOR: OPTImization in FORestry

B Publications:
Cao (2003)

Cao et al. (2006)
Cao et al. (2008)
Cao (2010)

Cao et al. (2010)
Cao et al. (2015)
Hurttala et al. (2017)
Xue et al. (2019)
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OptiFor Carbon E

Carbon assessment methods

Optimization of Carbon and Climate

1. Stem carbon

2. Biomass expansion factors

3. Process-based model

Carbon assessment method

Carbon price

10.00

0K

Cancel

OptiFor Climate

Climate Scenarios

1. Climate scenario |
2. Climate scenario |l
3. Climate scenario Il

4. Climate scenario IY

Climate scenario

Changes in costs [0, 1)

OK

Cancel
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OR Technigques

From linear programming, multi-criteria decision-making, to self-learning



Historical notes a

B The traditional division in optimization literature was
linear vs. non-linear problems as the former were
thought to be “easier” to solve than the latter.

B The more recent division is between convex and
non-convex problems, as it has been found that
non-linear problems that are convex are often "almost as
easy" to solve as linear problems,

B while non-convex non-linear problems often
pose problems.



Pine-birch forests in NE China




Multi-criteria decision methods

B Multi-Objective Programming (MOP)

B Goal programming (GP)

B Compromise Programming (CP)

B Multi-attribute utility theory (MAUT)

B Fuzzy Mult-Criteria Programming (FMCP)
B Analytic hierarchy process (AHP)

B Other Discrete Methods (ODM)

B Data envelopment analysis (DEA)

B Group Decision Making Techniques (GDM)



.' Forest Risk Management

Mission Impossible?

Simulated Forest Real Forest

Reliability optimization Al algorithms



IUFRO Division 8.03 a

B 8.03.01 - Torrent, erosion and landslide control

M 8.03.02 - Snow and avalanches

B 8.03.03 — Prevention by watershed management and
land-use planning

M 8.03.04 — Disaster documentation and assessment

M 8.03.05 - Forest fires

B 8.03.06 — Impact of wind on forests



.l Risk and Uncertainty in Forestry a
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A multimodal self-learning system a
X(t) + G(1) Y . G, Growth
e t, time
B deterministic open-loop system
L(Y,f(x)) e L: Loss function

X(1) Y (1)
- E()
E: Empirical model
v P(t) > e P: Process model

M parallel closed-loop system



Control of error JUERHEH a

B B2 AR 1954, TR, M85 & /K A &) USA

B Reliability by duplication

B Method of multiplexing

M Error in executive component
B Error of multiplexing systems

“This particular method of synthesizing a reliable system out
of unreliable elements is called the method of multiplexing
by von Neumann.” -- £65%#k Hsue-shen Tsien



.' Dual closed-loop forest systems

Real forests =>

Stand simulators

forest planning => DSSs
Optimal Bayesian
control calibration

Modified from Wang and Kang (2012)
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OR In Forestry

From observation, prediction, to decision



Systems Analysis, OR, or MS a

oSAFR

Symposium on Systems Analysis in Forest Resources

B Since 1975, SSAFR has been the premier international forum for forest
systems analysis, operations research (OR), and management science (MS).
https://decisions.ctfc.cat/SSAFR2024



SSAFR 2024, Basque, Spain a

SSAFR

on Systems Analysis in Forest Res

B Application of Remote Sensing In Forestry

B Forest Modelling

B Forest management and planning

B Forest transportation and supply chain optimization

B Wildfire risk simulation, management and decision support
B Forest health, invasive species, and wildlife habitat management
B Spatially explicit optimization

B Stochastic process simulation and optimization

B Quantitative forest and fire economics

B Forest and watershed management

B Data science and machine learning

B Forest systems analysis under the impact of climate change



Decision theory (Taha, 1997)

Perfect Under
Information certainty

Decison
making

uncertainty



Committee of SSAFR 2024

B Jordi Garcia-Gonzalo (Chair), CTFC, Spain

B Yu Wel, Colorado State University, USA.

B Sandor F. Toth, University of Washington, USA

B Miriam Piqué i Nicolau, CTFC, Spain

M José C. Borges, Universidade de Lisboa, Portugal

B Mark Finney, USDA Forest Service, USA

B Erin Belval, USDA Forest Service, USA

B David L. Martell, University of Toronto, Ontario, Canada
B Marc McDill, Pennsylvania State University, USA

B Andrés Weintraub P, Universidad de Chile, Chile

B Blas Mola-yudego, University of Eastern Finland, Finland

SSAFR

on Systems Analysis in Forest Res

B Luiz Carlos Estraviz Rodriguez, Departamento de Ciéncias Florestais

ESALQ/USP, Brasil



Strategic, Tactical, or Operational Level a

B Strategic forest management
B Linear programming
B Scenario analysis

B Tactical forest management
B Spatial optimization

B Harvest operational models
M harvesting,
B transportation,
B |og merchandizing



Applications

B Forest policy and economics
M optimal rotation,
B market equilibrium,
M forest valuation,
H MCDM

B Adaptive forest management
B uncertainties of tree growth
M future stochastic prizes,
B adaptive optimization



@ A simulation-optimization approach a

B USA (e.g., Amidon and Akin, 1968; Brodie et al., 1978; Kao
and Brodie, 1979,1980; Roise, 1986; Haight, 1987,1991,1993;
Haight and Monserud ,1990; Arthaud and Pelkki ,1996)

B Sweden (e.qg., Eriksson 1994,1997; Gong, 1998; Wikstrom
2000,2001; Lu and Gong, 2003)

B Norway (e.g., Risvand ,1969; Solberg and Haight, 1991;
Hoen and Solberg, 1994)

B Denmark (e.g., Thorsen and Helles, 1998; Strange et al.,
1999)

B The Netherlands (e.g., Brazee and Bulte, 2000)

B Finland (e.g., Kilkki and Vaisanen, 1969; Valsta,
1986,1990,1992; Salminen, 1993; Miina, 1996, Pukkala and
Miina, 1997,1998; Hyytiainen et al., 2003, 2004, Cao et al.,
2006; Pukkala, 2009; Cao et al., 2010)
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@ Forest planning a

B 1960s-1980s (e.g. Amidon and Akin 1968, Brodie et al. 1978)
B Whole-stand models,
B Linear programming, Dynamic programming
B Timber production, Optimal rotation, Stocking control
B 1990s-2000s (e.g. Haight and Monserud 1990, Valsta 1992, ...)
B Matrix (size-class) models,
B Individual-tree models,
B Non-linear programming, Heuristic algorithms, MCDMs
B Continues Cover Forest, Environmental concern
M 2010s-present (e.g. Cao et al. 2010, Pukkala et al. 2021)
B Process-based models,
B Population-based algorithms, Random forest, Machine learning
B Multi-functional management



Climate Change Impacts

Does it really matter?

Climate Effects Fires & Pests

Process-based models Al algorithms



Climate Change and Forest Resilience
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Basal area, m?ha

Butt rot effects (Cao 2003)
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Fire occurrence in Mediterranean forests
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The Future: Smart Forestry £ EZ#lk a

B Applications N 175
BB EARSIRN => A IME
B HEHRAREM => K5HHE
B HEREA => &FME
W B ER R => &5 MHE pests control
B HENRKEHE => Z5HH1E fire management
B BRI => HME

B The Future X J&J7 [0
B OHdRE => KA => KRS
B A => D> ANk => B3t
BEE —> 8] => HE
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