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KEYNOTE SPEAKERS
José G. Borges
Forest Research Centre, School of Agriculture, University of Lisbon

Tuesday, August 28, 15:35-16:00

“Coping with climate change and forest disturbances in management 
planning – Recent research and international networking”

Keynote talk abstract on page 16

Bio:  José G. Borges is associate professor of forest management and 
economics at the Forest Research Centre of the School of Agriculture 
at the University of Lisbon. He holds a PhD by the University of 
Minnesota. He  has been visiting scholar in several universities in 
Europe and America and has a wide experience of participation in 
international education and research projects. His research and 
outreach interests focus on the 
development of models, methods and decision support systems to 
address current challenges (e.g. climate change, multiple demands, 
collaborative needs, participatory concerns) faced by all actors involved 
in forest ecosystem management planning, land-use planning and 
policy analysis (e.g. non-industrial forest owners, the forest industry, 
the public administration and non-governmental organizations). 

José G. Borges
Forest Research Centre
School of Agriculture
University of Lisbon
Ed. Mário de Azevedo Gomes
Tapada da Ajuda 
1349-017 Lisbon 
Portugal
Tel. +351 31 3653486
Email: joseborges@isa.ulisboa.pt
http://www.isa.utl.pt/home/node/369
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KEYNOTE SPEAKERS
AUSTIN PHILLIPS
Woods Hole Oceanographic Institution, United States

Tuesday, August 28, 15:35-16:00

“Optimization Challenges in Mathematical Ecology”

Keynote talk abstract on page 17

Bio: Austin Phillips is a postdoctoral investigator at Woods Hole 
Oceanographic Institution in Woods Hole, Massachusetts.  He 
obtained an MSc in Applied Mathematics from the University of 
Washington in Seattle before completing a PhD in Quantitative 
Ecology and Resource Management from the same institution in 
2017.  His primary area of interest is theoretical ecology, where he 
uses spatial models to understand ecological processes ranging from 
climate change response to deep-sea metapopulation persistence.  
In addition to using spatial models for descriptive purposes, he 
relies optimization frameworks such as mathematical programming 
to develop prescriptive hypotheses about how to manage at-risk 
ecosystems.  Threats such as climate change and invasive species 
present many opportunities to balance ecological goals with 
resource constraints, and provide a natural overlap of interest with 
forestry and other optimization-oriented fields. 

AUSTIN PHILLIPS
Woods Hole Oceanographic Institution
266 Woods Hole Rd.
Redfield 1-16 (MS #34)
Woods Hole, MA 02543
Tel: (870) 210-9352
Email: aphillips@whoi.edu
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KEYNOTE ABSTRACTS
08:40 Monday     Whale Room

Keynote 1 

Research Needs in Ecosystem Services for Decision Support

Greg Arthaud1

1 US Forest Service

Many US federal agencies have been involved in independent and joint efforts to develop methods of incorporating 
ecosystem services in decision making. Coming out of these efforts, key research needs topics have been identified and 
include: measuring and metrics of ecosystem services; ecosystem service production functions; use of ecosystem services 
in decision making and; ecosystem service valuation methods. This presentation will summarize federal agency efforts, with 
a focus on the US Forest Service, describe key research needs in ecosystem services, and propose some areas of research in 
systems analysis which could advance the application of ecosystem services in natural resources planning.

Contact: Greg Arthaud, garthaud@fs.fed.us   

15:10 Monday      Whale Room

Keynote 2

Developing improved synergies between operational forestry requirements 
and state of the art geospatial data and tools: Experiences from a Cross-Canada 
industrial forestry network

Nicholas Coops1

1 University of British Columbia

Rural America is aging even faster than the rest of the country. Forest inventory and management requirements are changing 
rapidly as the forest sector works to satisfy an increasingly complex set of rules, standards, business practices, and public 
expectations (i.e., economic, environmental and social policy goals). As a result the forestry sector must generate the 
maximum possible value from each tree harvested. A significant barrier to the sustainable management of forests and the 
provision of ecosystem services under these new pressures is a lack of detailed geospatial information regarding the nature 
of the supply, that is, the amount and characteristics of forest resources. To address this barrier we need to develop accurate 
and cost effective inventory systems that spatially quantify timber and other forest related ecosystem services and further the 
use of these systems to improve modeling of forested ecosystems, both with respect to accuracy and comprehensiveness.

We report on progress to date on across-Canada five year research project focused on addressing these needs through highly 
targeted research projects focused on industrial forestry needs and remotely sensed data products including LiDAR and digital 
photogrammetric point clouds. We describe the overarching research plan, highlight the key research questions and contrast 
how they differ across different forest estates and tenures. Integral to these new technologies is an assessment of their 
cost and accuracy gained compared to conventional approaches. We will highlight important results thus far on both new 
modelling approaches, technologies and data fusion methods and welcome open discussion on the value proposition of these 
approaches and tradeoffs between cost and accuracy.

Contact: Nicholas Coops, nicholas.coops@ubc.ca 
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KEYNOTE ABSTRACTS
08:40 Tuesday     Whale Room

Keynote 3

Operational Forest Planning Under Data and Information Poor Conditions - A Case 
Study of Beetle Killed Biomass Feedstock Planning in Northern Colorado

Woodam Chung1

1 Oregon State University

Mountain pine beetle-killed trees resulting from widespread bark beetle infestations in the Rocky Mountains represent a vast, 
high-density biomass feedstock resource for bioenergy and bio-based products.  However, lack of experience and field-verified 
data on harvest, logistics and utilization of beetle-killed wood delay effective management by forest managers of private and 
public forestlands in the region.  Information gaps include the quantity and distribution of harvestable beetle-killed biomass, 
cost of feedstock production and logistics, and possible end-use products and their market values.  

As part of the Bioenergy Alliance Network of the Rockies (BANR), a USDA funded research and development project, we 
generated verifiable field data and production information to use in planning for beetle-killed biomass harvest and utilization.  
New allometric equations were developed to estimate biomass amount of beetle-killed lodgepole pine trees.  New cost and 
productivity models were developed for downed tree harvesting operations.  A mathematical approach using a mixed integer 
programming coupled with a network algorithm was developed and applied to optimize feedstock logistics for a given spatial 
distribution of feedstock, road access and available harvesting machinery.  

Our results suggest that existing volume data derived from live trees may overestimate the amount of unmerchantable forest 
residues resulting from beetle-killed stand harvesting, and that the existence of leaning and downed trees highly affects 
harvesting costs.  Our study confirms the importance of assuring data quality and relevance in operational forest planning.  
Collaboration with other disciplines, forest practitioners and stakeholders is essential to generate realistic data and useful 
information necessary for forest planning under data and information-poor conditions.

Contact: Woodam Chung, woodam.chung@oregonstate.edu 
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KEYNOTE ABSTRACTS
13:20-14:10  Tuesday     Whale Room

Keynote 4 

Coping with climate change and forest disturbances in management planning – 
Recent research and international networking

Jordi Garcia-Gonzalo1, José G. Borges2

1 Centre Tecnològic Forestal de Catalunya – Forest Sciences Centre of Catalonia (CTFC)
2 University of Lisbon

Forest policy and decision makers are challenged by the need to balance the increasing demand for forest-based services 
(e.g. recreation, protection, conservation) and wood-based products (e.g. timber, fuelwood) while addressing the impacts of 
natural disturbances (e.g. wildfires, droughts) on potential supply. Classical forestry production approaches to silviculture and 
regulation are inadequate to address the complexity of current forest management planning and policy-making processes. 
New models, methods and decision systems are needed that may effectively integrate currently fragmented multidisciplinary 
knowledge. 

The European and the American experiences with the development/application of models and tools to support forest 
management and develop innovative forest policies provide a solid base for continuous improvement of its efficiency and 
effectiveness in a context of global change (e.g. changes in forest policies, changes in forest owner structures, changes in 
climatic conditions). Nevertheless, the fragmentation of research in areas such as forest modelling, forest management 
methods, social science, policy making and risk and uncertainty and decision support systems suggests networking and 
research needs to realize their interdisciplinary integration potential. We present SuFoRun an EU funded project that might 
strengthen research collaboration through active networking and staff exchange between 6 European organizations from 
Portugal, Germany, Finland, Spain and Sweden, and 7 American organizations from Chile, Costa Rica, Brazil and USA that are 
leaders in these fields. This project builds from the multidisciplinary expertise (ranging from environmental science, forest 
inventory and modeling, management, socio-economic analysis, operations research up to software engineering) in these 
organizations to develop innovative methods and tools that may be used by public administrators, forest owners and industry 
for enhanced integration of adaptive strategies in forest management planning as well as in policy analysis in a context of 
global change. We present some examples of methods and tools being developed this project that will: a) facilitate decision-
making processes of forest managers so that plans may optimize the supply of economic goods, and services, b) facilitate 
policy analysis processes that may reflect the aspirations and the interests of a wide range of forest stakeholders as well 
as society’s increasing awareness of the competition for resources between forest ecological and economic functions in a 
context of global change.

Contact: Jordi Garcia-Gonzalo, j.garcia@ctfc.es 
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KEYNOTE ABSTRACTS
16:10-17:00  Tuesday    Whale Room   	

Keynote 5 

Optimization Challenges in Mathematical Ecology

Austin Phillips1

1 Woods Hole Oceanographic Institute

Problems in forestry have provided many opportunities for application and advancement of operations research (OR). 
Mathematical ecology, the quantitative study of any ecological system, has a similar relationship to OR. While mathematical 
ecology has long focused on the dynamics of populations and ecosystems, it increasingly relies on prescriptive tools such as 
mathematical programming to inform decisions. As a result, many of the goals of mathematical ecology are similar to those 
in forestry: to conserve populations undergoing continuous change; to harvest natural resources in a sustainable way; and to 
control or eradicate invasive species. 

My goal in this talk is to explore optimization problems in mathematical ecology and to highlight the similarities/differences 
with forestry-inspired OR problems. I begin with a brief history of optimization-related techniques in ecology, including 
optimal control theory, evolutionary game theory, and mathematical programming. 

Next, I take a more thorough look at three case studies at the interface of ecology and OR:

(1) A conservation study involving the mountain Apollo butterfly, Parnassius apollo. I use a mixed-integer linear program to 
determine the optimal meadow sites to apply conservation measures as the population responds to climate change. The 
model interweaves growth, dispersal, and acclimation into the decision framework.  
(2) An invasive control problem involving the broad-leaved paperbark, Melaleuca quinquenervia, in the Florida Everglades. 
This model uses robust optimization to determine the best sites for invasive removal when there is uncertainty around 
population growth over time.  
(3) A resource management problem involving mineral extraction around hydrothermal vent communities. Hydrothermal 
vents are the sites of unique, auto-chemotrophic ecosystems. The vents also deposit precious minerals, which have attracted 
attention from deep-sea drilling companies. I present a multi-objective optimization model that aims to conserve vent 
biodiversity while allowing for low-impact mining operations. 

Throughout, I make the case that forestry and mathematical ecology have rich opportunities for operations research overlap.

Contact: Austin Phillips, ajphil90@uw.edu 
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ABSTRACTS
9:40 Monday

Session 1B - Modeling Uncertainty, Hazard & Risk I - Deer B Room  
Session Chair: Alan Murray 	

Modeling risk aversion for forestry planning with uncertain demand and prices.

Antonio Alonso-Ayuso1, Laureano Escudero1, Monique Guignard-Spielberg2, Andres Weintraub3

1 University King Juan Carlos
2 University of Pennsylvania
3 University of Chile

Forest companies must plan over a given time horizon the sustainable harvest of their resources, which are then sold in 
specific local and international markets. They have to meet demand, primarily from pulp plants and sawmills. Good surveys 
of forest-based supply chain planning cover such aspects as planting, cutting, construction of access roads to transportation, 
and so on. Selling prices of forest products are a key element in the planning. Planners who must make tactical decisions are 
therefore concerned about price and demand variations during their planning horizon. For each time period in the given time 
horizon, they should ideally decide which cells to cut and what access roads to build to maximize expected net profit under 
a risk management scheme that controls the negative impact of the solutions of the bad scenarios on the objective function 
value. The approach we developed analyzes decision-making under uncertainty in prices and demands of wood products. 

The deterministic version of this problem, with all parameters known, may be formulated as a mixed 0-1 linear optimization 
model. Even that case is difficult to solve, due to its size and to the presence of thousands of binary variables. Approaches 
for solving this type of problem have been described earlier, yet there are very few papers on forestry planning that consider 
uncertainty. We did present (Alonso-Ayuso et al., ANOR 2011) a risk neutral (RN) multi-period stochastic mixed 0-1 model 
based on a finite set of representative scenarios for the price uncertainty alone. The computational results outperformed 
those obtained by considering the expected scenario approach, also called Expected Value (EV) measure. However, for 
problems with high variability in the input data (mainly prices and demands), the RN measure does not prevent the solution 
from being negatively impacted by undesirable scenarios, thus a risk averse approach should be used. We recently did a 
computational comparison of the most popular time-inconsistent risk averse measures for a different application in copper 
mining (Alonso-Ayuso et al., EJOR 2014). 

The value added by the current work is mainly the consideration of different time-consistent and time-inconsistent variations 
of the popular Conditional Value-at-Risk (CVaR) risk-averse measure introduced by Rockafellar and Uryasev (J Banking & 
Finance 2002); it is a time-inconsistent measure. The extension to time-inconsistent CVaR for risk reduction at intermediate 
time periods (called TCVaR) could be very interesting, particularly for long time horizons, as is the case here. The consistent 
expected CVaR (called ECVaR) performs risk reduction for groups of scenarios, instead of considering the whole set of 
scenarios. We consider mixing both types of measures (inconsistent for intermediate periods and consistent for the last 
period in the horizon), and call this MCVaR. We will present results from a broad computational experience, comparing 
the strategies EV, RN, CVaR, TCVaR, ECVaR as well as the new MCVaR on a new MIP model, whose deterministic version is 
tighter than that of Andalaft et al (OR, 2003), and apply it to a realistic problem of timber harvesting and road building under 
uncertainty in Chile.

Contact: Monique Guignard-Spielberg, guignard_monique@yahoo.fr 	
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ABSTRACTS
10:00 Monday

Session 1B - Modeling Uncertainty, Hazard & Risk I - Deer B Room  
Session Chair: Alan Murray 

Understanding and mitigating risks and uncertainty in harvest scheduling

Alan Murray1, Ran Wei2, Richard Church1

1 University of California at Santa Barbara
2 University of Utah

Good scheduling plans are critical to the economic viability and sustainability of harvesting operations. Spatial restrictions 
have long been recognized as a critical factor in these operations, necessitating mathematical modeling to support decision 
making efforts. This paper details optimization models to support better understanding of the range of potential outcomes 
when risk and uncertainty are taken into account in harvest schedule development. 

Contact: Alan Murray, amurray@ucsb.edu 

9:40 Monday

Session 1C - Forest Sector Modeling, Forest Economics & Policy I - Whale Room  
Session Chair: Adriana Piazza 

Deforestation or preservation: where can optimal management lead?

Adriana Piazza1, Santanu Roy2

1 Universidad Adolfo Ibáñez
2 Southern Methodists University

Deforestation is an important environmental concern. Globally, around 13 million hectares of forests disappeared each 
year between 2000 and 2010 according to FAO’s Global Forest Resources Assessment, 2010. Social scientists tend to focus 
on tropical deforestation where weakness of property rights (leading to encroachment and illegal logging) and myopic 
management practices are some of the key human factors. Contrasting with this view, we show that deforestation may 
occur even when property rights are well defined (and strongly enforced) and forest management is based on a long time 
horizon. Depending on the intertemporal costs and benefits that a forest manager takes into account, deforestation can be 
the consequence of an optimal strategy where trees are cut down without replanting and forest land is diverted to alternative 
uses over time. 

Our research attempts to characterize the economic and ecological conditions under which optimal dynamic management 
leads to total deforestation.

In this talk, using a forest model where trees are classified into age-classes, we identify necessary and sufficient conditions 
under which the optimal strategy leads to total deforestation. We show, as well, how these conditions change whether or not 
``stock” benefits (i.e. flow of ecological benefits from standing trees) are taken into account or costs of changing the land use 
are introduced. We show comparative statics such as the effect of change in price of forest products. 

In all the cases above, we find lower and upper bounds on the total forest cover when total deforestation is not optimal. 
The results show that if the reforestation costs are sufficiently large then large forests lie above a critical level without ever 
expanding, and small forests remain unchanged (including zero forests).

Contact: Adriana Piazza, adriana.piazzac@uai.cl 
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ABSTRACTS
10:00 Monday

Session 1C - Forest Sector Modeling, Forest Economics & Policy I - Whale Room  
Session Chair: Adriana Piazza 

Economics of boreal conifer species in continuous cover and clearcut forestry

Vesa-Pekka Parkatti1, Aino Assmuth1, Janne Rämö1, Olli Tahvonen1

1 University of Helsinki

This study optimizes the choice between continuous cover and clearcut in boreal Scots pine (Pinus sylvestris L.) and Norway 
spruce (Picea abies (L.) Karst.) stands, applying a theoretically sound and empirically detailed model. The hypothesis is that 
continuous cover forestry is less favorable for Scots pine than for Norway spruce. Two different size-structured growth models 
with natural regeneration and mortality are used and the optimization is solved as a mixed integer problem. The theoretical 
model includes both variable and fixed costs and the timing of harvest is completely flexible. This allows optimal transition 
from clear-cut regimes to continuous cover forestry. The optimality between continuous cover and clearcut is studied varying 
interest rate, cost of artificial regeneration and site productivity.

Key words: continuous cover forestry, uneven-aged forestry, even-aged forestry, Scots pine, Norway spruce, optimal 
harvesting, optimal rotation, forest economics.

Contact: Vesa-Pekka Parkatti, vesa-pekka.parkatti@helsinki.fi 

9:40 Monday 

Session 1D - Remote Sensing I - Salmon Room  
Session Chair: Nick Coops 

Spatially explicit estimation of fuel consumption from pre- and post-fire traditional 
and point cloud measurements of fuels

Andrew Hudak1, Benjamin Bright1, Akira Kato2, Monika Moskal3, Roger Ottmar1

1 U.S. Forest Service
2 Chiba University
3 University of Washington

Prescribed surface fires are used by land managers at Ft. Jackson to maintain an open understory and sustain the health 
of longleaf and loblolly pine stands. Smoke emissions from these prescribed fires are a public health concern for nearby 
communities. Our objective is to measure fuel loads before and after a prescribed fire, such that we can estimate fuel 
consumption. Small fuel plots are characterized non-destructively with 3D remote sensing tools and destructively sampled in 
adjacent areas to describe the spatial distribution of fuel elements. Terrestrial lidar scans (TLS) of the fuel plots are collected 
from multiple view perspectives to characterize 3D fuel distributions in 10-cm voxels. A digital camera mounted on an 
unmanned autonomous system (UAS) collects stereo color imagery from overhead perspectives. The complementary point 
cloud datasets from the TLS and UAS are fused and processed into fuel height and density metrics typically derived from 
airborne lidar returns, but also appropriate for our downscaled application. These metrics serve as independent variables for 
predicting fuel loads measured in the traditional destructive sample plots in units of kg/m2. The fuel models are empirically 
derived using multiple linear regression or nonparametric (e.g., Random Forests) modeling methods. In this invited talk, we 
present results from a prescribed fire experiment planned for early May 2017.

Contact: Andrew Hudak, ahudak@fs.fed.us 
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ABSTRACTS
10:00 Monday 

Session 1D - Remote Sensing I - Salmon Room  
Session Chair: Nick Coops 

Improving lidar-derived estimates for describing stem size distribution

Chris Mulverhill1, Nicholas C. Coops1, Piotr Tompalski1, Joanne C. White2, Peter L. Marshall1

1 UBC Faculty of Forestry
2 Canadian Forest Service

Operational forest inventories, which inform harvesting strategies, feature measurements and models relating to timber 
dimensions and composition. These inventories can also provide products such as a Stem Size Distribution (SSD), which is a 
frequency distribution of tree diameters in a stand. The SSD can be used directly to describe stand attributes such as structure 
and age, or indirectly as inputs to models that can describe timber quality or forecast growth. In order to survey large areas of 
land quickly and effectively, forest managers are turning to remote sensing technologies such as Light Detection and Ranging 
(lidar), which works by emitting high-energy pulses that reflect from surfaces that they intercept and return to the sensor 
(typically airborne). Lidar provides a 3-dimensional image of the scanned area and metrics that describe the relationships 
of heights of return points. Our research uses these metrics to predict the parameters of probability density functions such 
as the Weibull distribution, which are used to summarize SSD. Our research investigates improving lidar-derived SSDs with 
the consideration of ecological variables such as dominant species, stand age, and site index. Preliminary results indicate 
that Weibull parameters are successfully estimated using lidar, and these estimates can be substantially improved with the 
consideration of ecological variables. We found the best results when stratification of sample plots by categorical variables 
such as dominant species or disturbance type was used before estimating the parameters using a combination of lidar metrics 
and other site variables. 

Contact: Chris Mulverhill, chris_mulverhill@yahoo.com 

10:50 Monday

Session 2B - Modeling Uncertainty, Hazard & Risk II - Deer B Room  
Session Chair: Alan Murray 

Robust programming for harvest scheduling optimization– the potential effects of 
uncertainty of forest harvest scheduling on supply chain

Jan Kašpar1, Róbert Marušák1, Robert Hlavatý1

1 FFWS CULS Prague

The supply chain management and optimisation is of increasing importance in the forestry in the last decades. The overall 
wood-flow starts with stands of trees and continues with harvesting, transportation to processors´ companies, conversion 
into products and ends at customers. Uncertainty of supply chain could be caused by measurement variability, complexity of 
systems, future and past states of nature, but also the wood price and interest rate development or behaviour of customers. 
However, we are facing a new uncertainty in the forest management and decision-making and that are those implied by 
climate change. The forest harvest scheduling stays on the beginning of this “chain of uncertainties”. In our contribution, 
we explore the possibilities of including robustness into small-scale unit restriction model (URM) including basic adjacency 
and harvest-flow constraints. Robust programming is one approach that allows to bring an aspect of uncertainty into the 
mathematical modelling of harvest scheduling. Unlike the stochastic programming, the robust programming works with so 
called robust counterpart of the mathematical model which is, in our case, of a linear nature. Computational tractability 
is thus ensured and the robust approach becomes an elegant way of finding the solutions under uncertainty. We assumed 
the errors of stand volume estimate and periodically increasing uncertainty as the estimate goes farther into the future. We 
studied the effect of robustness on the temporal and spatial distribution of harvests. This contribution is the basis for further 
follow-up research on the so-called multi-band robust programming in forestry, which seems to be much more suited to the 
harvested scheduling. 

Contact: Jan Kašpar, kasparj@fld.czu.cz 
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ABSTRACTS
11:10 Monday

Session 2B - Modeling Uncertainty, Hazard & Risk II - Deer B Room  
Session Chair: Alan Murray 

Modelling stochastic fire spread on forest landscapes that are used for timber 
production

Dennis Boychuk1, David Martell2, Cristobal Pais3, Andres Weintraub4, David Woodruff5

1 Ontario Ministry of Natural Resources and Forestry
2 University of Toronto
3 University of California Berkeley
4 Universidad de Chile
5 University of California Davis

We describe a fire spread simulator that is based on a spatial grid similar to that described by Boychuk et al. (INFOR, vol 
45, no 1., pp 9-16). Our simulator makes use of parallelism to allow scaling to large forests or fine-grained fire cells. Once a 
simulated fire starts in a cell, its stochastic spread to neighboring cells is simulated based on their characteristics, including 
the possibility that the cell has recently been harvested. The quantitative description of the spread rates is computed using 
the Canadian Forest Fire Behaviour Prediction System. We consider two time scales, a yearly one for lightning-caused fire 
ignition and an hourly for fire spread. A preliminary application to evaluation of spatially explicit timber harvest schedules is 
described.

Contact: David Martell, david.martell@utoronto.ca 

11:30 Monday

Session 2B - Modeling Uncertainty, Hazard & Risk II - Deer B Room  
Session Chair: Alan Murray 

Quantifying impacts of potential management and climate change using state and 
transition models for dry forests of the Colorado Plateau.

Sushil Nepal1, Andrew Sanchez Meador2

1 University of British Columbia
2 Northern Arizona University

In this study, we parameterized state and transition models for dry forest of the Colorado Plateau using publically available 
Forest Inventory and Analysis permanent plot data and Forest Vegetation Simulator. Using our models, we evaluated and 
compared simulated hazardous fuels reduction and ecological restoration treatments taking into consideration the potential 
impacts of the climate change. Simulated hazardous fuels reduction treatments are likely to reduce the potential of the 
wildfire by reducing the stand density, ladder and surface fuels but the transitions to potentially restored states in term of 
proportion of area occupied was small. In addition to reducing wildfire potential, ecological restoration treatments also 
showed greater capacity to transition degraded states into a potentially more restored condition. For example, proportions of 
landscape simulated to transition to restored multi-story ponderosa pine states were over 1.5 times greater in 2065 following 
the restoration treatments as compared to hazardous fuel reduction treatments. Implications for management were discussed 
paying particular attention to management considerations when choosing between hazardous fuels reduction and ecological 
restoration treatments as well as the potential influence of site-specific factors such as the fire return interval.

Contact: Sushil Nepal, sn469@nau.edu 



23SSAFR 2017         |          August 27-30, 2017

ABSTRACTS
11:50 Monday

Session 2B - Modeling Uncertainty, Hazard & Risk II - Deer B Room  
Session Chair: Alan Murray 

A structured framework for adaptive management: Lessons learned from regional 
cases and applied to the Olympic Experimental State Forest

Teodora Minkova1, Jennifer Arnold2

1 Washington Department of Natural Resources
2 Reciprocity Consulting LLC

The conceptual framework for adaptive management of natural resources was developed in the Pacific Northwest more 
than 40 years ago, and its first large-scale applications to forest management started in the early 1990s in the same region. 
Yet overall, adaptive management has been implemented infrequently, and skeptics have questioned its effectiveness to 
improve management practices. Washington Department of Natural Resources recently redefined its approach to adaptive 
management on the Olympic Experimental State Forest (OESF) asking: How can we build from the lessons learned from other 
large-scale adaptive management efforts? How can we better integrate forest modeling, science, and policy to meet multiple 
objectives for revenue generation and conservation? Drawing from experience in the region, OESF’s adaptive management 
program uses a structured framework that includes 1) identifying management uncertainties relative to three categories – 
forest modeling, environmental analysis, and operational procedures, 2) ranking uncertainties based on a set of prioritization 
criteria, 3) developing research and monitoring projects to address highly ranked uncertainties, 4) conducting studies, 
5) reviewing new information, 6) recommending management changes to decision-makers, and 7) making decisions and 
implementing changes. Forest modelers, scientists, forest operations staff, and managers have specific roles at these different 
steps of the adaptive management process. In comparing the OESF with other large-scale adaptive management efforts in the 
Pacific Northwest spanning private, state, and federal lands, we found distinct differences in how the programs functioned 
relative to the type of questions addressed and the social contexts for implementation. The uncertainties addressed by private 
land managers tend to have a smaller scope, a shorter time frame for answers, and the triggers for management adjustments 
are often defined at the beginning of the adaptive management process. Adaptive management on public lands tends to 
deal with more complex issues and often asks open-ended questions. Multiple stakeholders are usually involved in the latter 
process, with decision-making models ranging from informing to consulting or even consensus. These differences affect the 
timeframe of the process and, to some extent, its probability for success. We share insights from this regional comparison 
and the OESF experience to highlight how natural resource professionals (managers, modelers, scientists, and foresters) can 
manage the complexities and reap the benefits of a well-designed adaptive management process.

Contact: Teodora Minkova, teodora.minkova@dnr.wa.gov 
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Estimating the value-creation potential of optimal wood supply plans

Gregory Paradis1, Luc LeBel1

1 Université Laval

Current implementation of wood supply optimization models in Quebec, Canada, do not include financial performance 
indicators. We describe a methodology for compiling a hybrid simulation-optimization model that can be used to estimate 
the value-creation potential of any subset of species-wise annual allowable cut (AAC) volume. Our model retro-fits financial 
performance indicators to the optimal solution of the long-term wood supply optimization model, which we link to a network 
flow optimization model that simulates profit-maximizing fibre consumption behaviour of a network of primary processing 
facilities. Our methodology uses the official government wood supply models, uses only input data that is readily available to 
government analytical staff, and can be applied with relative ease to any of the 71 management units in Quebec. To the best 
of our knowledge, we use the best data currently available. Thus, we present a methodology that produces state-of-the-art 
value-creation-potential estimates, and could potentially be implemented immediately by government staff in Quebec. We 
run a number of scenarios on management unit UA 064-51, as an example, and report value-creation potential as a function 
of the proportion of AAC that is consumed. We show that net value-creation potential of harvesting and consuming the entire 
AAC is negative.

Contact: Gregory Paradis, greg@globaloptimality.com 

11:10 Monday

Session 2C - Forest Supply Chain Modeling I - Whale Room  
Session Chair: G. Paradis 

Modeling of forest-based biomass supply chains for bioenergy and biofuel 
production

Taraneh Sowlati1

1 University of British Columbia

There has been an increased interest in using forest-based biomass to produce bioenergy and biofuels. This renewable source 
has the potential to reduce dependency on fossil fuels, decrease emissions, and create jobs in rural communities. One of the 
main barriers in utilization of forest-biomass is to manage its supply chain in a way that it can compete with other energy and 
fuel source options. This requires to deliver cost competitive feedstock with the required quality at the conversion facility 
while forest-based biomass availability and quality vary over time. In addition to economic feasibility, the environmental 
and social impacts of this renewable source are other key factors that must be considered in sustainable planning. Proper 
planning and decision making related to sourcing of biomass, its transportation and logistics, and production and distribution 
of bioproducts affect the cost competitiveness of bioproducts and the sustainability of its supply chain. Optimization and 
simulation models have been developed to support biomass supply chain planning. This talk highlights the complexities and 
issues related to forest-based biomass supply chains and the recent trends in modelling those supply chains. It focuses on the 
models that we developed to incorporate uncertainty and variability, especially those related to the quality and quantity of 
biomass, into the modelling as well as those models to integrate economic, environmental and social impacts of forest-based 
biomass supply chains. The results of models applied to real case studies in Canada will also be presented.

Contact: Taraneh Sowlati, taraneh.sowlati@ubc.ca 
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A GENERIC FRAMEWORK FOR ANALYZING THE SUSTAINABLE INTEGRATION OF NEW PRODUCTS: AN 
APPLICATION TO THE FOREST VALUE CHAIN

Louis-Alexandre Lapointe Pelletier1, Mustapha Ouhimmou1, Mikael Rônnqvist2

1 École de Technologie Supérieure
2 Université Laval

The introduction of new products into an existing value chain network is often considered by an organization to improve 
its competitiveness. Nowadays, companies can acquire a competitive advantage by integrating the concept of sustainable 
development into their product portfolio and their logistics networks.

The question to be developed is: how to maximize the value creation of an existing regional supply chain network by 
introducing new products and by considering sustainable development? In the context of a regional economy, the strategic 
allocation of natural resources and their products between stakeholders could generate better economic benefits for all actors 
by optimizing the value chain. Intrinsically, regional networks can be structured into value creation network and one or more 
specific economic branches can be targeted to be analysed in depth, for instance the forest value chain network.

In order to maximize the value, strategic decisions have to be planned, considering the modification of the product portfolio. 
The key challenge is how to configure both new and existing technologies within the regional cluster, considering synergies 
and competition, in order to produce sustainable value. By inspecting the economic fabric of a region, it is possible to 
distinguish the actors, the strategies employed regarding their product portfolio, their production-distribution network and 
how they improve their competitiveness using innovation. Inevitably, their actions affect the economic vectors of the region 
and create a distinctive network with particular characteristics. What is meant by economic vectors is all of the intangible 
synergies formed in a given region in regard of the strategic assets, commodities and innovations used by the companies 
to generate value. The economic vectors of a region can be driven by a cluster of stakeholders that create value through 
their regional network. To profit from an industry cluster, competition and synergies have to be taken into consideration to 
position the strategy of a company, where the product portfolio can be evaluated accordingly. Consequently, when a company 
compares the possibility of introducing new products into a network, the assessment of their impact has to be conducted to 
ensure the best selection. Even though a good analysis can be conducted on a small network, it becomes almost infeasible at 
a regional scale to properly assess the introduction of new products into a complex network without a decision support tool. 
This situation results in hesitations as to which appropriate combination of products/technologies should be chosen and when 
to strategically implement them.

To help organizations with these challenges, we developed a strategic decision support tool that enables regional actors 
to assess the impact of integrating new products. This tool allows a virtual representation of a given network composed of 
manufacturing processes, bill of materials and distribution nodes. The user can choose to introduce different products into 
the existing network, to optimize the value chain and to compare the impact of the products on the overall profit or individual 
profit generated. For example, the possibility of introducing different bioenergy products into a given region can be explored.

Contact: Mustapha Ouhimmou, Mustapha.Ouhimmou@etsmtl.ca 
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Multimodal strategies for greener and more resilient wood supply

Christoph Kogler1, Peter Rauch1

1 University of Natural Resources and Life Science, Vienna

A wood supply chain simulation model for testing multimodal strategies will point the way to a greener and more resilient 
wood supply in Northern and Central Europe. Therefore, the need for an integrated framework focusing on risks will be 
satisfied by a discrete event simulation model to support managers in their decisions and contribute to a better understanding 
of the multimodal wood supply chain.

Increasing occurrences of natural disturbances such as windstorms lead to supply chain risks and seasonal irregularities in 
wood harvest and transport. Moreover, the forest based sector is lacking a comprehensive multimodal concept to improve 
the sustainability, resilience, efficiency and cost-effectiveness along the wood supply chain. These significant challenges for 
wood supply management require an integrated framework for modelling and analysis of efficiency and resilience to supply 
chain risks. This study goes beyond the work that has been done so far on multimodal strategies for the wood supply chain in 
terms of business process mapping, supply interruptions, inclusion of short-sea transport and comparison between regions.

Comprehensive cataloguing of regional challenges, multimodal system configurations and management processes in 
cooperation with national and international partners will support the development of a discrete event simulation model. The 
simulated supply chain reaches from the forest to the industry and covers wood harvest and precarriage to wood terminals, 
storage in terminals, transhipment to rail waggons or vessels and final transport to and unloading at woodworking plants.

Innovative multimodal systems via rail and sea terminals offer the potential to increase buffer capacity and reduce 
greenhouse gas emissions. Therefore, terminals will be included in a new virtual environment to enable manager involvement 
in testing, analysis and evaluation of a complex multimodal system. The simulation model enables carrying out experiments, 
case studies and scenario designs for international strategy comparisons in workshops with supply chain managers. 
Furthermore, adapting collaborative supply chain control strategies in participatory simulations will enhance the development 
of advanced risk management improving supply chain resilience.

Contact: Christoph Kogler, christoph.kogler@boku.ac.at 
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Updating forest inventories using LiDAR and Landsat Time series data

Douglas K. Bolton1, Nicholas C. Coops1, Joanne C. White2, Michael A. Wulder2

1 Integrated Remote Sensing Studio, Dept of Forest ResourcesManagement, Faculty of Forestry, University of British Columbia, 
2424 Main Mall, Vancouver, British Columbia V6T 1Z4, Canada
2 Canadian Forest Service (Pacific Forestry Centre), Natural Resources Canada, 506West Burnside Road, Victoria, British 
Columbia V8Z 1M5, Canada article

Recent advances in mass data processing of Landsat imagery, following the opening of the Landsat archive, combined with 
more operational applications of Airborne Laser Scanning have increased interest in the capacity to utilize both long time 
series of landscape changes and detailed forest structure data. In this presentation we explore the benefits and limitations 
of incorporating light detection and ranging (lidar) data into existing forest inventory data, conventionally derived from aerial 
photography. We demonstrate how forest structural attributes such as cover, height and structure can be derived and explore 
the benefits of incorporating multi-temporal Landsat variables, which utilize the full archive of available Landsat imagery from 
1984 to 2014, as opposed to using a single date of imagery. The utility of the Landsat time series information will be explored 
both for stratification (i.e., identifying forest and non-forest segments) and for imputation. We demonstrate these results over 
a focus site in the interior of British Columbia. 

Contact: Douglas K. Bolton, doug.k.bolton@gmail.com 

11:10 Monday

Session 2D - Remote Sensing II - Salmon Room             Session Chair: Nick Coops 

Enhancing forest growth and yield predictions using airborne laser scanning

Piotr Tompalski1, Nicholas C. Coops1, Joanne C. White2, Michael A. Wulder2

1 Faculty of Forestry, University of British Columbia, 2424 Main Mall, Vancouver, BC V6T 1Z4, Canada
2 Canadian Forest Service (Pacific Forestry Centre), Natural Resources Canada, 506West Burnside Road, Victoria, BC V8Z 1M5

Sustainable forest management requires accurate information on both the current stock, and future growth and yield. This 
information, collected during forest inventories, is crucial for evaluating current and projected conditions of a forest, as well 
as being critical for assessing the consequences of management decisions. Predictions of stand growth and yield are often 
performed at the stand level, with inputs provided by conventional forest inventory data derived from air photo interpretation 
and ground samples. Recently there has been a marked increase in the use of airborne laser scanning (ALS) data and an 
area-based approach (ABA) to derive key forest stand attributes to augment these conventional inventory data; however, a 
clear link from these current ALS estimates to estimates of future growth and yield has not been extensively studied. Herein 
we demonstrate a novel approach to utilizing ALS-derived forest stand attributes to determine future growth and yield of 
three key attributes at a sub-stand (25 m grid cell) level of detail: dominant height, quadratic mean diameter, and whole stem 
volume. To do so, we utilize an existing forest growth model to generate a comprehensive database of yield curves (templates) 
for all possible combinations of dominant species, site index, age, and canopy cover. Then, for each of our three attributes, we 
demonstrate an approach to find the most appropriate matching yield curves from all possible templates, and subsequently 
demonstrate the projection of these three attributes at 80 years of age. Comparisons of cell-level projections to conventional 
stand-level projections resulted in relative mean differences of 13.4% (dominant height), 18.8% (quadratic mean diameter), 
and 18.6% (whole stem volume). The respective relative root mean squared deviation values were: 31.1%, 19.8%, and 21.8%. 
Differences were driven mostly by stand-level age and site index values that were used in the cell-based modelling, which 
were derived from conventional stand-level forest inventory data. Uncertainty of cell-level yield curve assignment (which 
decreased with increasing distance from the stand boundary) was used to refine stand-level summaries—an important 
consideration for stand-based forest management. The novel contribution of this study is in the application of growth and 
yield models at the cell level, combined with the use of ALS-derived attributes to optimize yield curve selection via template 
matching. The benefits of the approach include improved within-stand spatial detail, optimization of yield curve selection, and 
the capacity to incorporate spatial uncertainty into stand-level estimates of projected attributes of interest. 

Contact: Piotr Tompalski, piotr.tompalski@gmail.com 
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Updating airborne laser scanning EFI metrics using UAV acquired digital aerial 
photogrammetric point clouds

Tristan Goodbody1, Nicholas Coops1, Piotr Tompalski1, Peter Marshall1, Patrick Crawford2, Ken Day3

1 University of British Columbia
2 Spire Aerobotics
3 Alex Fraser Research Forest

To improve precision management and the cost effectiveness of forest practices we investigate the synergistic potential of 
a pre-harvest airborne laser scanning (ALS) forest inventory with an unmanned aerial vehicle (UAV) acquired post-harvest 
digital aerial photogrammetry (DAP) inventory. To do so, we first estimate stand volume prior to, and following, selection 
harvesting using the area-based-approach. We then use an individual tree approach to detect unharvested trees to estimate 
their height increments over the inter-inventory period. ALS data and field measurements collected pre-harvest in 2013 (T1) 
and UAV imagery collected post-harvest in 2015 (T2) were processed to produce analogous point clouds of the study area 
near Williams Lake, British Columbia, Canada. Tree height, diameter at breast height (DBH), and species were recorded from 
systematically located plots subsequent to ALS and DAP collection. Point cloud metrics and field measurements from each 
data set were used to create T1 ALS and T2 DAP area-based predictive volume models. The estimated root mean square error 
(RMSE) for volume was 17.34% and 18.50% for the T1 and T2 models respectively. For the individual tree analysis, A total of 
246 trees were detected using Canopy Height Models (CHMs) with 70% of these trees being matched in the ALS and DAP data 
sets. Mean growth between 2013 and 2015 from the CHM and 95th percentile of height (P95) was estimated at 0.68 ± 0.05 
and 0.50 m ± 0.05 m, respectively. Results achieved from both analyses indicate strong potential for area-based and individual 
tree level inventories generated using ALS and UAV acquired DAP to estimate and update volume and height metrics prior-to 
and following harvest operations. We argue that the two technologies could be applied in tandem to act as a semi-automated 
inventory cycling method to improve operational efficiency and cost effectiveness in forest management.

Contact: Tristan Goodbody, goodbody.t@gmail.com 

11:50 Monday

Session 2D - Remote Sensing II - Salmon Room  
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Multi-source and multi-temporal point cloud data for height growth assessment at 
a boreal site in Northern Alberta

Joseph Rakofsky1, Nicholas Coops1, Piotr Tompalski1, Joanne White2, Peter Marshall1

1 University of British Columbia
2 Natural Resources Canada

As Canadian boreal forests represent nearly 10% of forest cover globally, sustainable forest management strategies for timber 
production and ecosystem services are critically important. Recent remote sensing advances such as the development and 
use of 3-D point clouds to measure forest structural variables has shown promise as a cost-effective and spatially extensive 
means of supplementing current inventory methods. Common methods for developing these point clouds include stereo 
matching points on aerial photos known as digital aerial photogrammetry (DAP), and light detection and ranging (LiDAR). In 
this presentation I demonstrate how point clouds from two different data sources (DAP and LiDAR), acquired ten years apart 
can be utilized to derive measures of height change in a boreal site in Northern Alberta, Canada, and provide insight and 
reasoning into which point cloud metrics offer the most potential to predict stand growth. 

Contact: Joseph Rakofsky, j.rakofsky2@gmail.com 
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Towards eco-efficient design of energy wood supply networks in Mid-Europe

Christian Kanzian1, Martin Kühmaier1

1 Institute of Forest Engineering, Department of Forest- and Soil Sciences, University of Natural Resources and Life Sciences, 
Vienna

To reduce greenhouse gas emissions, the European Union has ambitious goals, whereby woody biomass is considered as an 
important resource for renewable energy production. However, the supply of energy wood (EW) is challenging because of 
high supply costs and rapidly increasing demand.

The model framework takes demand, amount of EW available, characteristics of storage facilities, supply chain alternatives, 
procurement strategies and spatial data into account A multi-criteria optimization problem (MOP) has been formulated, 
whereby the profit must be maximized and the CO2 emissions have to be minimized. The profit function results by the sum 
of the revenues minus the sum of the supply costs, which are the harvesting, transport, chipping and furthermore fixed and 
variable storage costs. In contrary, the emission function minimizes the sum of harvesting, transport, chipping and storing 
emissions. The weighted sum approach solves the MOP and derives Pareto optimal solutions.

The study area includes five provinces of Austria with a total area of 47,200 km² whereby forest covers 48% of the area. Each 
province is split up into forest administrative districts (FAD), whereby 38 of these districts located in the study area. For each 
district, approximated amounts of EW were available totaling to 882,000 dry t/a. Resources were spread over approx. 10,000 
imaginary piles within the forest area, 356 storage locations, 119 freight stations and 228 sinks with a demand of 982,000 t/a 
(oven dry). In an effort to minimize CO2 emissions, 30% of the woody biomass should be delivered chipped from the terminals 
and more than 50% chipped directly from forest. The rest has to be transported in solid form directly from forest to plant. By 
changing the weight to maximize the profit, emissions will only increase by 4.5%, whereas the profit more than doubles from 
3.0 to 7.4 EUR/t. The average transport distance increases from 45.7 to 48.1 km.

Using the MOP influences of moisture content (MC) on revenues, demand and supply costs has been studied. A decrease 
of 10% in MC from 40 to 30% will double the profit from 5.10 to 12.00 EUR/t. In the case of MC independent revenues, the 
sensitivity of the model is lower but clearly visible, with a profit increase from 6.00 EUR/t at the MC of 40% to 10.00 EUR/t 
at the MC of 30%. As expected, emissions will decrease with a decreasing MC. However, the effect on emissions is less 
prominent than on profit. Reducing MC from 40 to 30% will save approximately 4% of the GHG per t. The current model 
framework is limited to EW supply, whereby EW is most of the time a by-product of forest harvesting activities. An integrated 
view to optimize the whole wood supply chain taking different assortments into account will be necessary to support decision 
making under future requirements of the emerging bio-economy.

Contact: Christian Kanzian, christian.kanzian@boku.ac.at 
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Developing a pedagogical interface for training production managers in Norwegian 
wood supply

Dag Fjeld1, Birger Vennesland1, Eva Skagestad2, Mikael Fønhus2

1 NIBIO
2 Skogkurs

The paper presents the development of a pedagogical interface for training production managers in Norwegian wood supply. 
Production management balances a trade-off between two different planning goals; market-orientation to fulfill mill delivery 
plans and a production-orientation to maximize capacity utilization. The goal for the development of the pedagogical interface 
was to provide a virtual planning environment where students and practitioners could experiment with the trade-off between 
planning approaches. The work started with mapping production management processes at three forest owners associations. 
This provided a basic process model for the sponsor organization which was dramatized in an instruction video. Harvesting 
data was collected from CTL harvesting teams over a period of 3-months including both initial contract volume data as well 
as the final scaled yield per assortment. The planning goal given to the participants is to maximize a net surplus for monthly 
planning periods. In this context the net surplus is based on the sum of 1) bonuses for meeting assortment-specific delivery 
plans, 2) penalties for deviating from stipulated machine utilization and 3) costs for relocation. Rut repair costs are also 
included for sites harvested without the necessary bearing capacity for the scheduled season. Productivity models from 
earlier studies were used to forecast time consumption per site for harvesters and forwarders. The interface is created in an 
Excel spreadsheet so participants can add a simple integer-programming solution for selection of sites for the coming planning 
period, using the same goal function and restrictions as the manual planning solutions. A site selection module is linked to a 
scheduling module to visualize site location, arrange relocations and present gantt-charts of site and machinery schedules. 
So far the exercise has been used to introduce new employees and forestry students to production planning. After a first 
(manual) planning cycle participants are divided into two groups with instructions to prioritize the one of the two planning 
goals (market- vs. production-orientation). After each planning cycle (spanning winter, spring and summer months) the KPIs 
are compared between groups. For the third planning cycle participants compare results between manual and optimized 
planning. During all 3 cycles participants base their planning on the initial contracted volumes (expected yield for the stands 
harvested at each harvesting site). After the third cycle they enter the actual assortment yield (scaled volume) to examine the 
change in KPIs for both manual and optimal solutions. The exercise concludes with their own evaluations of the merits and 
weaknesses of the different planning approaches given varying levels of precision for harvesting contract data.

Contact: Dag Fjeld, dag.fjeld@nibio.no 
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Modeling seasonal bearing capacity for production scheduling in Norway

Dag Fjeld1, Jan Bjerketvedt1

1 NIBIO

Stable wood supply to Nordic forest industries is dependent on scheduling of harvesting sites according to their seasonal 
bearing capacity. For CTL-harvesting numerous established field-classification indexes are available. To increase planning 
precision and efficiency new combinations of more easily accessible digital terrain data are being tested. The goal of 
this study was to compare the ground damage risk predicted by a current digital vs field-based classification. Data was 
collected from the 90 terrain profiles from 3 forest owners associations (30 profiles/FOA) and ground damage from adjacent 
harvesting sites (PEFC standards). Digitally-sourced data included quarternary deposit maps and a depth-to-water model 
based on LiDAR-based terrain mapping. Field-based data included traditional classification of the soil texture and moisture 
as well as measurement of block-coefficient, soil penetration resistance and soil moisture content at varying depths. Forty 
percent of the variation in ground-damage could be explained by field-data such as block-coefficient and DCP-resistance. 
The presentation compares these to the corresponding results from the digital sources and discusses the potential for more 
precise modeling of trafficability for improved production scheduling.

Contact: Dag Fjeld, dag.fjeld@nibio.no 
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Qualitative Evaluation of Major Projects of the 5th Basic Forest Plan in Korea by 
System analysis

Seung-Yeon Byun1, Ja-Choon Koo1, Hyun-Deok Seok1

1 Korea Rural Economic Institute

Korea’s central government has formulated basic forest plans for nationwide forests for sustainable forest management 
based on the long-term outlook. Currently, the 5th Basic Forest Plan (2008-2017) is being implemented, and the 6th Basic 
Forest Plan will be established in 2018. To set up the 6th plan, it is necessary to comprehensively and empirically assess the 
performance and limitations of the 5th plan’s implementation, and the 6th plan should reflect the evaluation outcomes. 
Therefore, this study conducted in-depth interviews with the people in charge of 27 projects of the 5th plan to evaluate the 
projects, carried out system analysis of the results, and derived the problems of each project. Also, we established a forest 
policy supply system by analyzing the correlation among the 27 projects, and presented the direction for the 6th Basic Forest 
Plan based on consideration of the system. Key words : Forestry Basic Plan, qualitative evaluation, system analysis

Contact: Seung-Yeon Byun, hdseok@krei.re.kr 
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Making adaptive decisions for multi-purpose forest management under climate 
change and modelling uncertainty

Rasoul Yousefpour1, Andrey Lessa1

1 University of Freiburg

Forest managers often face several sources of uncertainty when performing forest planning (e.g. prices, demands, and future 
growth). Sources of deep uncertainty, such as climate change are especially problematic, once it is not possible to assign any 
probability distribution to possible future climate trajectories. Moreover, an important source of uncertainty that is usually 
neglected by forest managers refers to model parameters’ uncertainty. Process-based forest models are distinctive tools 
to assess forest responses under climate change, however due to their complex nature, they are subject to considerable 
parameters’ uncertainty. Here we analyze climate and model parameter uncertainty applying the process-based model 
3-PG in order to evaluate the performance of different management alternatives (including BAU and adaptive management 
actions, modifying thinning intensity and rotation length) for a Beech stand in Southwestern Germany. We established robust 
management alternatives towards climate and model parameter uncertainty. To this end, we optimized the CVaR and VaR 
of a compromise programming model balancing carbon sequestration and forest profitability, with changing preferences for 
carbon and NPV. Finally, the sensitivity of these outcomes to uncertainties is communicated.

Contact: Rasoul Yousefpour, ry1003@ife.uni-freiburg.de 
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Accounting Climate Change in a Stochastic Optimization Model in Forest Planning

Jordi Garcia-Gonzalo1, Andres Weintraub2, Juan Ignacio Villasante3, Cristobal Pais3
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2 Departamento de Ingenieria Industrial, Universidad de Chile, Santiago, Chile.
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Climate change will impact severely forest production in Portugal. Several studies point out to the warming of winters and 
to the increase of both the length of the dry season and the frequency of extreme events. In this paper we consider the 
important problem of short/medium term forest planning considering harvesting decisions in the presence of uncertainty 
due to climate change. In fact, climate change leads to uncertainty in future growth and yield (i.e. the volume that will be 
harvested in the future on each unit). In order to compute the volume harvested in the future for each climate change 
scenarios we use a process-based climate-sensitive model.

We present an application in a eucalypt forest located in central Portugal. The problem includes the planning of 1000 stands, 
spatially separated. The planning process had a horizon of 12 one-year periods. The planning decisions involve which units to 
harvest in each period. In addition, timber flows constraints are used to ensure a sustainable flow of timber to the pulp mills. 
In this work we develop and solve a multistage Stochastic Integer Programming model where 32 climate change scenarios 
are used. The advantage of this approach is that it enables the planner to make more robust decisions based on a set of 
climate change scenarios that affect forest growth over time. The planner may then maximize expected value, satisfying 
constraints under all scenarios, instead of just analyzing a single average scenario, as is usually done in deterministic models. 
We developed a MIP formulation where the stochastic problem represents the forest planning problem, adding the non-
anticipativity constraints that link all scenarios. The resulting problem is called the extensive form. This form can lead to a very 
large problem that can only be solved by decomposition into scenarios. 

In a first stage and in order to compare the use of a stochastic model versus the use of a single average scenario, we first 
simplified the problem by developing an LP model (grouping harvest units in macro units) to be able to solve it with a 
commercial package. Then, we compared the solution obtained with this stochastic model where climate uncertainty was 
expressed by 32 scenarios with a model that considered the expected climate (one scenario). Results show that in our case 
the stochastic approach generated solutions that were always feasible and better than the average approach, while the latter 
was infeasible in many scenarios.

In a second stage, we develop a solution approach for the MIP formulation. We solved the problem using the Progressive 
Hedging (PH) algorithm, which decomposes the problem into scenarios and compared its performance against the use of the 
extensive form. Results show that Progressive Hedging (PH) approach is more suitable than the Extended Formulation (EF) 
model when solving this harvesting problem, both in terms of solving times and gap of the solution achieved.

Contact: Jordi Garcia-Gonzalo, j.garcia@ctfc.es 
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A Multicriteria Stochastic Optimization Framework for Sustainable Forest Decision 
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Typically, when designing optimal management plans the decision maker must decide where and when to harvest stands 
along with where and what type of roads to build. In the most common setting, decision-makers seek for solutions that 
maximize the profit of the forest while respecting operative and market constraints. Due to the long-term nature of the 
industry, the inherent uncertainty in both forest growth and market conditions needs to be taken into account. Nowadays, not 
only economic profit but also other objectives may be address. Environmental goals may be the maximization of carbon stocks 
and the minimization of land erosion are two common environmental goals. 

The planning challenge addressed in this paper integrates uncertainty of future forest growth and timber prices with the 
need to consider three criteria; net-present value, carbon sequestration, and land erosion caused by the road construction 
within the forest while including the adjacency constraints to limit the maximum contiguous area harvested within the same 
planning period. The decisions for each planning period include which stands to harvest and which roads must be built. By 
using mathematical programming tools and stochastic optimization techniques, we develop a stochastic multicriteria model 
that enables decision makers to have not only one, but a pool of long term planning policies.

Moreover, a risk-averse variant of the framework is also considered. To the best of our knowledge, this is the first time that 
this type of forestry planning setting, which responds to the new challenges of the industry, is addressed. The proposed 
approach is used on an eucalyptus forest located in Portugal; the obtained results show the benefit of the proposed 
framework for producing sustainable forest plans with efficient trade-offs among the three considered criteria.

Keywords: Forest Management, Uncertainty, Multicriteria Optimization, Stochastic, Programming, Risk Management

Contact: Andrés Weintraub, aweintra@dii.uchile.cl 
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A three-tiered technique to prioritise fuel treatments and analyse trade-offs under 
multi-objectives

Ana Martín Ariza1, Brigite Botequim2, Alan Ager3, Tiago M. Oliveira4

1 Universitario de Gestión Forestal Sostenible, Universidad de Valladolid-INIA, Avda de Madrid 44, 3004 Palencia, Spain
2 Centro de Estudos Florestais (CEF), Instituto Superior de Agronomia, Universidade de Lisboa (UL). Edificio Mário de Azevedo 
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4 The Navigator Company, Forest Protection Department, Apartado 55, 2901-861 Setúbal, Portugal.

The management of sustaining forest ecological base, in a changing socio-economic, demographic and political context is 
a challenge. For handling with the complexity of such sustainable forest management and the problems that wildfire risk 
implies for forest owners and policy-makers in fast-growing forest plantations, this research addresses how to prioritize 
fuel treatments in space and time under multi-objectives to reduce fuel accumulation and fire risk in fire-prone landscapes. 
Plantations dominated by eucalypts encompass 812 thousand hectares (26% of the whole forested area), resulting in the 
main forest cover type in continental Portugal. The framework of our methodology joined models of forest stand dynamics 
(growth and yield Globulus) and fire behaviour (FlamMap) with optimization approaches (Landscape Treatment Designer, 
LTD) to support strategic prioritization of fuel treatments for fire prevention on forest plantation of Eucalyptus globulus Labill 
in Serra do Socorro (central Portugal), cultivated for pulpwood by The Navigator Company - the leading paper company in 
Europe. Further, a multi-objective planning was performed to maximize demands of carbon storage and timber volume in 
the analysis, and contribute to the fuel treatment design without compromising budget constraints. The identification of 
thresholds for radical change in fire behaviour is set to support hazard-reduction fuel practices. In addition, a sensitivity 
analysis is performed by measuring trade-offs between fuel treatment strategies and planning decisions with area treated 
and policy constraints. Explicitly we: i) explore optimal treatment locations for each temporal stage; ii) perform sensitivity 
analyses (area treated versus annual budget schemes), and iii) reduce spatial-temporal fire exposure at landscape-level. 
The study demonstrates an efficient risk mitigation practices focusing on spatial-time-investment fuel treatment strategies 
including multi-objectives. The results were consistent with field observation and simulation outputs and shows high fire 
hazard mainly in juvenile eucalyptus stands. The approach tackles a main limitation of fire simulation systems FlamMap and 
LTD when identifying long term wildfire management strategies with the assistance of the growth and yield model to evaluate 
the development of the forest dynamics. Finally, this research contribute to reduce wildfire risk cost for forest owners, helping 
the understanding of the necessity of targeting specific areas for additional fuel management and protection efforts under 
the desired objectives, and have real implications for incorporating such knowledge into a multi-objective fire- adapted 
management planning. 

Key words: eucalypt plantations, multi-objectives, Fire-adapted silviculture, FlamMap, Landscape Treatment Designer, 
Sensitivity analysis

Contact: Ana Martín Ariza, anamar@forest.uva.es 
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Economics of continuous cover versus clearcut forestry

Olli Tahvonen1

1 University of Helsinki

Optimization models on continuous cover forestry are complicated and are typically incompatible with rotation models. This 
dichotomy is theoretically unsatisfactory and makes the choice between clearcuts and continuous cover forestry vague. I 
present two theoretical setups and their empirical application where the choice between optimal clearcut regime (or even-
aged management) and optimal continuous cover regime (or uneven-aged management) is obtained endogenously. The 
simplest form of the theoretical model is a continuous time optimal control problem (for stand without internal structure) 
where the horizon length (finite or infinite) determines the choice of the management regime. Continuous cover forestry is 
shown to be optimal if the present value of continuous sustainable harvesting income over an infinite horizon is higher than 
the clearcut revenue and the highest possible value of bare land. It is explained why ̶ in contrast to Faustmann model ̶ higher 
interest rate tends to increase rotation periods. Negative bare land value implies optimality of continuous cover forestry but 
only if clearcut stumpage prices are not higher than thinning stumpage prices. Given low interest rate optimized thinning is 
shown to increase rotation length. The simplest theoretical model is extended to include tree size classes. The size-structured 
model includes nonconvexities and any number of state variables but is, in its simplest form, a one-state variable problem. 
Clearcuts with various rotation lengths and continuous harvesting appear as locally optimal solutions. Necessary and sufficient 
conditions for the local and global optimality of the two forest management types are obtained. Again discounting is found to 
increase rotation length and to favor continuous harvesting. Initial state may determine the optimality of continuous forest 
cover versus clearcuts. The relative value of large trees is an important factor in the optimality of different solutions. An 
empirical application of the size structured model includes an empirically estimated ecological growth model, variable and 
fixed harvesting costs and completely flexible optimization of harvest timing (thinning) in both continuous cover and clearcut 
forestry. Flexible harvest timing becomes essential when optimizing the transition from clearcut regimes toward continuous 
cover forestry. The empirical model is applied to Norway spruce and Norway spruce, Scots pine and birch mixture. The model 
is solved as a dynamic mixed-integer problem and applying a bi- and tri-levels optimization structure. Low or moderate 
site productivity, an interest rate above 2% and high artificial regeneration cost support the optimality of continuous cover 
forestry. In its most general form, the optimal clearcut regime does not exist when the continuous cover regime is globally 
optimal, and when it exists, the rotation period lengthens with interest rate. The optimal choice between forest management 
regimes may depend on the initial stand state and whether the naturally regenerated seedlings are utilized in solutions with 
clearcuts. Maximizing sustainable yield favors clearcuts. Finally the potential merits and problems of continuous cover forestry 
are discussed in the contexts of climate change, flood protection, biodiversity and various forest threats (wind, insects, fire). 

Contact: Olli Tahvonen, olli.tahvonen@helsinki.fi 
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HIGH RESOLUTION ADAPTIVE OPTIMIZATION OF CONTINUOUS COVER SPRUCE FOREST 
MANAGEMENT IN SOUTHERN SWEDEN

Peter Lohmander1, Jan-Ola Olsson2, Nils Fagerberg2, Johan Bergh2, Stergios Adamopoulos2

1 Optimal Solutions
2 Linnaeus University

Economically optimal forest management decisions are determined within the continuous cover framework, in forests of 
Norway spruce in southern Sweden. The general methodological approach can be applied also with other species and in other 
regions. This study is based on a new growth function for individual trees of Norway spruce in southern Sweden managed 
with a continuous cover system. The function determines the diameter increment of individual trees based on the state of 
the tree itself, i.e. current diameter and crown status, and local competition in the neighborhood of each tree. The function 
also includes a variance model, describing how diameter increment varies between trees. The model set includes a simple 
stochastic timber quality sub model that assigns qualities to the trees. The market value of a tree is a function of size, quality 
and stochastic price variations. The variable harvesting cost of a tree is size dependent. The random quality differences are 
defined via the effects on the timber prices. The growth functions are preliminary and based on a limited sample. For this 
reason, the particular numerical results should not be considered as final. Future data collection from continuous cover 
managed stands will increase the precision and widen the scope of the growth function, covering the range of site fertility 
relevant in southern Sweden. The general approach, however, can be used also with updated growth functions, derived 
via larger datasets. Stochastic dynamic programming, SDP, can and has often been used to optimize forest management 
decisions under the influence of stochastic disturbances. If the number of decision variables is large and the optimal decisions 
are dependent on detailed information in a state space of large dimensionality, SDP cannot however be applied. For this 
reason, optimal control functions for local decisions are defined and the parameters are determined via stochastic full system 
simulation and multidimensional regression analysis. All local harvest decisions are based on locally relevant state space 
information within stochastic dynamic and spatially explicit forest production. The expected present value of all harvests, over 
time and space, in a forest area, is maximized. Each tree is affected by competition from neighbor trees. The harvest decisions, 
for each tree, are functions of the prices in the stochastic market, the dimensions and qualities of the individual trees and 
the local competition. The adaptive control function, a diameter limit function, to be used in this forest is determined, that 
gives the maximum of the total expected present value of all activities over time. If the diameter of a particular tree is larger 
than the diameter limit, then the tree should be instantly harvested. Otherwise, it should be left for continued production. 
Three general forest management conclusions can be made: A tree should be harvested at a smaller diameter, if the local 
competition from other trees increases; A tree should be harvested at a larger diameter, if the predicted wood quality of the 
tree increases; A tree should be harvested at a smaller diameter, if the market net price for wood increases. 

Contact: Peter Lohmander, peter@lohmander.com 
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AN ADAPTIVE OPTIMIZATION APPROACH TO EXPANSION OF THE FOREST AND BIOENERGY SECTORS 
UTILIZING WOOD FROM THE BOREAL FORESTS

Peter Lohmander1

1 Optimal Solutions

The boreal forest covers very large areas in Canada, USA, Russia and Scandinavia. Large parts of these regions are presently 
covered by more or less natural forests, often dominated by different species of spruce, pine and larch. In large parts of 
these forests, in particular in Canada and Russia, the industrial utilization presently is and historically has been close to zero. 
Expanding infrastructure, technological development of harvesters and forwarders, increasing costs and environmental 
problems associated with fossil fuel extraction, a growing interest in sustainability and the debate on climate change, make 
it rational to investigate environmentally acceptable harvesting options in the remote and natural boreal forests. This paper 
contains a briefing on the present situation and suggests a way to develop the forest and bioenergy sectors, taking relevant 
objectives, facts and options into account. Industrial expansion of forest utilization is often considered as very negative for 
the environment. It is often assumed that the initially existing natural forests, with trees of many size classes, should be 
removed and replaced by uniform plantations. In this paper, it is demonstrated that it often is optimal, also from a production 
economic point of view, to start harvesting the natural forests using continuous cover methods. In order to optimize the 
utilization of the natural forests, it is necessary to understand the dynamics of growth and the intertemporal harvesting 
options in the already existing forests. This study contains new nonlinear estimations of diameter increment and mortality 
functions for trees of different size classes, under the influence of competition within forests with many size classes. The 
estimations are based on already published diameter frequency distributions from natural forests in dynamic equilibria, in 
Canada, Russia and Scandinavia. The diameter increment functions, Fa, are determined as nonlinear functions of two other 
nonlinear functions, Fb and Fc. These other functions, Fb and Fc, are nonlinear functions of the individual tree properties, and 
of the competition situation, respectively. The estimated functions, Fa, Fb and Fc, are all analyzed and discussed in relation 
to general theories of biological growth and competition, using differential equation theory and dynamic analysis. Special 
attention is given to asymptotic properties, convergence and dynamic equilibria. The properties of the estimated functions 
are compared to the corresponding properties of earlier published functions. In order to optimize the forest and bioenergy 
sectors with consideration of stochastic market prices of energy, sawn wood and fiber products, a discrete time stochastic 
dynamic programming model is developed. The forest resource dynamics sub model of the industrial model, is based on 
an approximation of the intertemporal forest production function, derived via the estimated dynamic model of a part of 
the boreal forest. The market price transition probability matrix, used in the stochastic dynamic programming model, is 
derived via world market price series. In each period, the production levels of bioenergy, sawn wood and fiber products, are 
optimized, based on the revealed market prices, the state of the natural resource and all other parameters. The model also 
determines the expected shadow prices. 

Contact: Peter Lohmander, peter@lohmander.com 
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The UAV with MicaSence RedEdge camera as a tool for monitoring and management of 
the planting material at the container forest nursery in Nedza, Poland

Piotr Wezyk1, Przemyslaw Tymkow2, Monika Moskal3, Bernadeta Rossa2, Mateusz Karpina2, Marta Szostak1, Paweł Hawrylo1

1 Laboratory of Geomatics - Department of Forest Management Geomatics and Forest Economics, Institute of Forest Resources 
Management, Faculty of Forestry, University of Agriculture in Krakow, Poland
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Major changes in the areas of forest caused by the natural disasters and the impact of the industry require from the foresters 
the use of a large amount of planting material with the high quality and known origin. Forest container nursery with proper 
management allows to produce a million trees a year. Close-range remote sensing using Unmanned Aerial Vehicles (UAV) 
allow fast delivery of geometric and radiometric data that can support management and monitoring of forest open container 
nursery. In this project several experiments based on radiometric information in visible, RedEdge (717 nm) and Near InfraRed 
(840 nm) range of the spectrum were performed to obtain: height of young seedlings, growth change and some biophysical 
conditions. As an UAV an Aibotix X6 V2 platform was used equipped with a multispectral camera RedEdge (MicaSense), 
together with its hardware (GPS and radiance meter) and software (ATLAS). The test area was located in in Nędza (Forest 
District Rudy Raciborskie, Katowice, Poland). Tests were carried out under good weather condition on the exposed areas 
of the seedlings with closed root system (containers), i.e.: Scots pine, oak, beech and Norway spruce differing in origin and 
date of sowing. MicaSense camera recorded the seedlings from about 30.0 m high at a speed of 2.0 m/sec and GSD 2.0 
cm. The pictures were taken at intervals of 1 sec with 12 bit radiometric resolution. On the basis of the ATLAS (MicaSense) 
software they were subjected to atmospheric correction and geometric along with generating orthomosaicks in different band 
compositions. On the basis of the signal value of each band, vegetation indices (e.g. NDVI, NDRE) describing the condition 
of the young trees were calculated using ATLAS software and ArcGIS (Esri). The heights of plants and DSM were obtain using 
Structure From Motion software Photoscan (Agisoft). The final step was supervised classification in view of condition, tree 
species, origin and date of sowing using multispectral images powered by using of the DSM and vegetation indices as well as 
for an attempt of automatic recognition of single seedlings with specific condition. The classification features were selected 
using correlation matrix. The PCA analysis were used for feature vector reduction. Quantitative accuracy assessment of 
classification was based on confusion matrix and reference data collected manually. Calculated parameters: κ (kappa) and 
overall accuracy over 0.8 confirm the usefulness of this RS method for the monitoring and management of the planting 
material on the forest nursery.

Contact: Przemyslaw Tymkow, przemyslaw.tymkow@igig.up.wroc.pl 
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Use of RandomForest Algorithm for Predicting Understory Presence and Absence 
from LiDAR-Derived Structure Metrics

Caileigh Shoot1, Van Kane1, Sean Jeronimo1, Monika Moskal1, Jonathan Kane1, Chad Babcock1, Jim Lutz2

1 University of Washington
2 Utah State University

Within the forestry and environmental science community, it is widely known that the forest understory plays an important 
ecological role in forest ecosystems. The understory consists of many parts, in this study we will focus on the three main 
components of the forest understory in the Sierra Nevada Mountain Range of California: Small trees, Shrubs, and Coarse 
Woody Debris. These three components play different roles in the forest ecosystem, acting as a source of food and habitat for 
many wildlife species, including the many endangered and threatened species found in Yosemite National Park. Understory 
plants are also essential for the water balance of forest ecosystems, as they assist in the capturing and storage of water in 
the soil. Lastly, these understory components act as fuels for fires. Although fire plays an important role in shaping the forest 
structure of Yosemite National Park and the entirety of the Sierra Nevada Mountain range, it can also pose a dangerous risk to 
humans and wildlife. 

Because of this importance, forestland managers are in need of a viable method for mapping understory presence and 
absence across the landscape. LiDAR has been proven to accurately measure upper canopy features when compared with 
field measurements, but has not been proven to be a viable method of measuring below-canopy features such as shrubs, 
despite it’s ability to penetrate the forest canopy. This study demonstrates a technique for mapping understory presence and 
absence at the Yosemite Forest Dynamics Plot in California using a randomForest model trained using just 24 LiDAR-derived 
forest structure metrics. With this method, the model predicted shrub presence or absence correctly 71.57% of the time, 
with 20.54% of the error attributed to Errors of Commission. We believe many of these errors of commission are not simply 
errors, but rather are the model detecting unmapped understory components, such as low lying tree branches and <1 cm DBH 
trees. In this study, we also look at how decreasing the pulse densities impacts our ability to detect shrubs, and found that a 
minimum of 10 pulses per meter is needed in order to detect understory and minimize error as much as possible.

Contact: Caileigh Shoot, shootc@uw.edu 
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Can we conserve wetlands under a changing climate? Mapping wetland hydrology 
across an ecoregion and developing climate adaptation recommendations

Meghan Halabisky1, L.Monika Moskal1, Se-Yeun Lee1, Sonia Hall2

1 University of Washington
2 SAH Ecologia LLC

Wetlands provide valuable ecosystem services valued in trillions of dollars. Despite their critical value and the widespread 
need for wetland assessment and planning, wetlands are understudied, in part because of inadequate methods for mapping 
and modeling wetland dynamics. The need amongst natural resource managers and conservation planners has only grown, 
however, since wetlands are especially sensitive to climate change. The goal of our project was to characterize and model 
historic and future climate impacts to dynamics of wetland hydrology (inundation timing and duration) across the Columbia 
Plateau ecoregion while providing land managers with detailed hydrologic data at the individual wetland scale. Our research 
uses multiple high resolution remote sensing datasets (LiDAR, aerial photos, Landsat satellite imagery) to map and reconstruct 
wetland dynamics at finer temporal and spatial resolutions than previously available. Additionally, we developed site 
specific regression models to understand the relationship between climate and wetland hydrology allowing us to forecast 
changes to wetland hydrology under climate change. This novel dataset allows for the ability to assess regional trends over 
time (historic and future), such as shifts in the relative coverage of different wetland types and changes in wetland function 
critical to understanding the full picture of wetland dynamics beyond “no net loss”. This knowledge is being used to inform 
the development of strategies to conserve the biodiversity supported by these systems, and prioritize and/or help stratify 
wetlands for further study and conservation action.

Contact: Meghan Halabisky, halabisk@uw.edu 
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Riparian Forest Assessments through Remote Sensing in the Pacific Northwest

L. Monika Moskal1

1 University of Washington

Rivers and the riparian forest corridor comprise a valuable freshwater ecosystem that has been altered by human activities 
including timber management, road building, and other land conversions. The habitats of river dependent species in the 
United States Pacific Northwest, in particular salmon, have often been degraded by these activities. Many salmon runs 
have become threatened with extinction and have been Endangered Species Act listed. New conservation planning and 
policies have developed around protecting freshwater habitats and restoring more natural river processes. In Washington 
State, timber landowners, officials from State and Federal agencies, Native tribes, and other stakeholders developed Forest 
Practice rules and codified a Habitat Conservation Plan with dual goals of providing regulatory surety for timber land owners 
and helping to recover the threatened salmon runs in forested watersheds. Conserving critical stream ecological functions 
and potential fish habitats throughout watersheds while managing and regulating timber harvest across the State requires 
accurate and up-to-date delineation and mapping of channels, tributaries, and off-channel wetlands. Moreover, the thermal 
loading of the streams, attenuated by forest cover shading and the large woody debris recruitment into the stream impacting 
water oxygen loads need to be effectively monitored. Precision forestry has turned to lidar technology for forest inventory 
assessments, this same technology can be further leveraged for riparian assessments. This presentation includes summary 
of multiple research project combining: the appraisal and delineation of off-channel and active channel water features; the 
assessment of leaf area index (LAI) and canopy shading, and; the quantification of large woody debris recruitment in riparian 
zones. Moreover, the assessment of the accuracy of the lidar is compared to other remote sensing techniques such as aerial 
and satellite stereo and non-stereo imagery. The work aims at assisting various agencies in monitoring effectiveness and 
protection efforts in both day-to-day implementation of Forest Practice rules and adaptive management.

Contact: L. Monika Moskal, lmmoskal@uw.edu 
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A mixed integer programming model to prioritize fuel treatments across two 
Colorado municipal watersheds
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Cheng1, Kelly Jones1, Robert Addington3

1 Colorado State University
2 USFS Rocky Mountain Research Station
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Over the past two decades, large, severe wildfires in Colorado have negatively impacted municipal water supplies via 
sediment delivery to reservoirs, increased filtration and treatment costs, and debris flow or flood damage to infrastructure. 
The magnitude of watershed response is related to the severity and extent of wildfire; thus, water utility providers are 
interested in prioritizing forest fuel treatments to mitigate wildfire impacts to water resources. There are numerous examples 
in the literature of wildfire risk assessments and applications for fuel treatment prioritization, but water resources present 
a unique challenge because exposure of water resources to wildfire risk is poorly captured by overlay analysis, especially in 
large watersheds where wildfire hazards are geographically dispersed. We developed a mixed integer programming (MIP) 
model to prioritize mechanical fuel reduction and prescribed fire locations in the Cache la Poudre and the Big Thompson 
Watersheds of northern Colorado. This model was aimed at optimizing activities intended to mitigate the negative impacts 
of sediment delivery to municipal water infrastructure under total budget constraints and operational restrictions. Both 
watersheds provide drinking water for an expanding urban population (e.g. Fort Collins, Loveland, Greeley etc.) and to 
agriculture in northern Colorado. Intensive data collection and processing were conducted to quantify the fuel treatment 
effects on post-fire hillslope sediment production at the small-catchment scale (mean 274 ha) and on sediment delivery 
to municipal water infrastructure within the channel network of two large watersheds (4,660 km2). This MIP model also 
accounted for the probability of wildland fire in both watersheds within a planning horizon. This presentation illustrates the 
model formulation and the preliminary modeling results regarding fuel treatment locations and potential effects on reducing 
post-fire watershed impacts. 

Contact: Yu Wei, yu.wei@colostate.edu 



44SSAFR 2017         |          August 27-30, 2017

ABSTRACTS
10:00  Tuesday

Session 4B - Fire I - Deer B Room                         
Session Chair: Yu Wei 

Barrier allocation for fuel treatment using simulation optimization via Kriging 
metamodel

Gilberto Morales1, Carlos Valencia1

1 University of los Andes

Efficient wildfire risk reduction policies have turned into a main priority for many fire departments. Preventive risk 
management includes the development of strategic policies that reduce the negative effects of wildfires, both social and 
economic. In this paper, we present a decision support methodology for developing fuel control policies that attempt to 
strategically reduce the expected damages caused by wildfires. In particular, we focus on the problem of allocation of physical 
barriers to prevent the spread of fires. Our proposed methodology uses simulation-based optimization, with the objective 
of minimizing a user defined function that is calculated as an integral on the spatial probability of fire occurrence. Therefore, 
we implement a fire propagation simulator that emulates a wildfire given an ignition point that is selected according to an 
estimated ignition probability map. The process is repeated stochastically in a Monte Carlo scheme varying the ignition and 
the wind pattern at each iteration. Due to the objective function is unknown and estimated pointwise with measurement 
error, we develop a metamodel that optimizes the fuel control policy using an algorithm based on kriging modeling for 
simulation-based optimization. We implement our methodology using the mean fire size as the objective function and the 
allocation of fire propagation barriers as the decision variables. We tested our algorithm in the Forest Reserve of Bogotá that 
is located next to Bogota city, the capital of Colombia with more than eight million inhabitants.

Contact: Carlos Valencia, cf.valencia@uniandes.edu.co 
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Impact of scale on thinning strategy: optimality of tree level prescriptions

John Sessions1, Bogdan Strimbu1
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Thinning is one of the most significant activities occurring during the life of a stand. One aspect that has not been explicitly 
considered is the dichotomy between the prescription, which is developed for the entire stand, and implementation, which 
is executed at tree level. It is usually assumed that the choice to harvest a particular tree does not significantly affect the 
overall management objective of the stand. However, this assumption is not necessarily valid as the function measuring the 
management objective depends on nonlinear relationships, such as tree growth or inter-tree competition. The objective of 
the present study is to test the validity of the assumption that thinning goals are attained if the values defining the thinning 
are achieved, irrespective of tree selection. The study was carried in two steps: first, determine which trees are to be removed 
that yield the best combination of immediate goods and services plus their removal effect on the adjacent trees, and second, 
compare the value of the stand thinned using current practice with the value obtained in the first step. To avoid subjectivity, 
we maximized the value of sawtimber, but the assessment can be applied to any attribute that can be measured with a 
utility function. The study was executed on a loblolly pine plantation from west Louisiana, Vernon parish. The amount of 
sawtimber was measured using Scribner rule. Using high density lidar data (30 points /m2) all trees (2416) were mapped with 
a commission error of at most 15%. Total height for each tree was estimated from the point cloud. To accurately express the 
amount of sawtimber that can be obtained, a stem profile for each tree is needed along with a set of bucking rules. In this 
study, we simulated the stem profile of each tree using taper equations and implemented optimal tree bucking. Development 
of each tree was executed using the PTaeda model, which grows individual trees as a function of age, site productivity, and 
relationship with its neighbors. A decision on which trees will be thinned is executed at each stop of the harvester. The results 
supplied by the sequential harvesting decisions are compared with the results supplied by PTaeda, which follows the current 
silvicultural practice. In the future, we propose to obtain the stem profiles and their relative locations using structure from 
motion. To obtain the total tree height we propose pattern matching from lidar (above canopy), which would supply the total 
height and location of each tree, with the trees seen during thinning (below canopy), which supply the stem profiles.

Contact: John Sessions, john.sessions@oregonstate.edu 
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Optimization of Thinning Intensity as Decision Support System for Forest Management
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Although the advantages of Decision Support Systems (DSS) are widely known and often discussed in forest-science literature, 
optimization procedures are recently seldom used in Germany. The forest management nowadays widely bases on expert 
knowledge and decades of experience. The strategic forest treatment is usually ruled by very detailed and long established 
forest programs. As the demands for wood as well as for further ecosystem benefits is steadily rising, forest planning becomes 
increasingly more complex. Looking at formal optimization techniques for decision support of forest activities, as they are 
already performed in foreign countries, therefore seems to be worthwhile. We present an optimization software as DSS for 
forest thinning activities on operational level which is specifically adopted to German characteristics. According to the typically 
categorization of forest optimization models, we present a “type-1” optimization software. Our software basically consists 
of 3 elements. The forest growth simulation module, the optimization module and the data warehouse. The tree growth is 
simulated with the “Tree Growth Open Source Software” (TreeGrOSS) which is an long established single-tree based growth 
and treatment simulation software of the Northwest German Research Institute (NW-FVA). The actual optimization bases 
on sequential TreeGROSS simulations with iteratively changing thinning intensity settings. The response of every iteration is 
calculated via dimension and tree species specific rating of the simulated harvested wood volume. To ensure sustainability of 
the simulations, we defined 2 restrictions. The total standing volume of all stands as well as the standing volume of each stand 
at the end of the simulation are not allowed to be lower than a predefined standing volume limit under standard treatment 
circumstances. The optimization model additionally enables definition of annual minimum harvesting volumes. As we could 
not find any suitable optimization algorithm, we developed a novel model basing on the “Simulated Annealing” method. 
Our software is specifically parameterizable to the very complex data structure of the TreeGrOSS software. Our optimization 
software is already freely available as a package for the statistical software R via the Comprehensive R Archive Network. 
The forest stand data must be stored in a PostgreSQL database. Nagel and Hansen (NW-FVA) developed a software able to 
translate forest inventory data into TreeGrOSS stands. We performed optimization of 2 exemplary forest districts. A smaller 
district -containing 5 stands- for explanation of the basic model behavior and a comprehensive real district -containing 100 
stands- for evaluation of the practical applicability of our model. We initially simulated growth and treatment of the districts 
for 20 years with typical treatment parameters. After this, we calculated the optimized stand treatment of those districts. 
Lastly, we calculated the optimal treatment under delivery restrictions. For this, we defined a minimal annual harvesting 
volume for broadleaf industrial wood. Comparison of the 3 scenarios showed that optimization of thinning intensities always 
leaded to higher yields and that definition of minimum harvesting volume restrictions could shrink the total harvesting wood 
volume substantially. Our model reveals the advantages of optimized treatment intensity and also enables evaluating the 
economical impact of long-term delivery contracts.

Contact: Kai Husmann, khusman@gwdg.de 
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Retrieving forest canopy clumping index from the three dimensional point cloud 
data

Guang Zheng1, Lixia Ma1, Monika. L Moskal2

1 Nanjing University
2 University of Washington

Quantitatively characterize the non-random distribution of foliage elements including coniferous shoot needles is great 
of importance to spatially map the radiation regime within a forest canopy and retrieve the forest canopy biophysical 
parameters. It is a challenging work to retrieve the canopy clumping index (CI) using the three dimensional (3-D) point cloud 
data generated by UAV-based lidar system. In this work, we proposed a novel method to process lidar data to obtain the 
gap size distribution and CI of a forest canopy using radial hemispherical point cloud slicing (RHPCS) and directional point 
cloud slicing (DPCS) depending on different scanning techniques. Then the lidar-based CIs were validated by the field-based 
CI measurements using digital hemispherical photo (DHP) - and tracing radiation and architecture of canopy (TRAC)-based 
approaches. In addition, we also investigated the effects of point sampling space, voxel size, forest density, and woody 
materials on the final accuracy of CI retrievals.

Contact: Guang Zheng, zhengguang@nju.edu.cn 
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Monitoring Deer Damage Loss using 3D data from UAV-SfM and Terrestrial Laser 
Scanner

Akira Kato1, Norikazu Eguchi2, L. Monika Moskal3

1 Chiba University, Japan
2 Aichi Prefectural Forestry Research Institute, Japan
3 University of Washington, USA

The conflict between local wildlife habitat and forest management activity becomes serious problem in Japan. After predators 
of Japanese deer (Cervus nippon) have been removed or became extinct, deer population dramatically increased to eat the 
bark of matured stands severely to influence on their tree growth and feed juvenile stands to prevent stand regeneration. 
It results in changing their harvesting and reforestation schedule in local forest management. However, their wide habitat 
area (a few square kilometers) makes it difficult to monitor their feeding damage and there is no updated inventory data 
available. The purpose of this study is to provide the updated inventory data using a wide coverage UAV data and estimate 
the economic loss from the damaged timber. The deer feeding damage site for this study is located in Shinshiro City in 
Aichi prefecture, Japan. In this study, satellite-tracking system has been introduced to a few sampled deer to monitor their 
behavior and identify their territory. A deer feeding vegetation map was created by a wide coverage 3D data from Unmanned 
Aerial Vehicle based Structure from Motion (UAV-SfM). The current stem status in the feeding damage site was monitored 
by Terrestrial Laser Scanner (TLS). The deer feeding damage level was evaluated by TLS measured tree diameter growth 
referenced to the expected diameter growth from UAV based tree height measurement with tree height based taper equation 
created by destructive samplings. The loss of timber growth was estimated by the damage level from these 3D data analysis 
and was converted to the local economic loss of timber production. As a result, the satellite-tracking system identified the 
exact hot spot of deer feeding damage area and their territorial boundary. Male deer has wider territorial habitat across the 
study site, while female deer keeps specific smaller territory. To estimate the loss of timber production accurately from their 
feeding damage, the accuracy of these 3D data from UAV and TLS is validated. Stem diameter measurement obtained by TLS 
had less than 10% relative error. Tree height measurement from UAV-SfM had 5 to 10% relative error in different slope angles. 
The expected errors associated with the 3D data acquisition is around 10% and the error was reflected to the economic loss. 
UAV based 3D data needs sufficient flight overlap to create the 3D data. Therefore, multi-frequent UAV flights are required to 
identify the error-prone area and leaf-off data can improve tree height measurement because of good visibility of the ground. 
These UAV based 3D data acquisition is low cost and is helpful in providing current inventory information. Sampled TLS 
scanning is useful to validate UAV based 3D data and provides additional data to fill the gap UAV data cannot cover.

Contact: Akiro Kato, akiran@faculty.chiba-u.jp 
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Routing in Sweden versus Norway

Mikael Rönnqvist1, Patrik Flisberg2, Dag Fjeld3

1 Université Laval
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3 Norwegian Institute of Bioeconomy Research

To find efficient routes for logging trucks is an important problem in forestry. The objectives of the routing decision are a mix 
of cost, safety, stress and environmental aspects. Typical examples of cost components are fuel consumption, route time 
(for example, hourly salary) and maintenance. Examples on safety is to avoid driving in city center or close to, for example, 
schools or avoid very steep roads. Stress can be reduced by avoiding driving on curvy roads where the view is limited or 
on very narrow roads where it is not possible to meet another vehicle. The environment can be improved by reducing the 
fuel consumption, for example, by avoiding steep roads where the fuel consumption is very large. In Sweden there is a 
standardized approach to find routes and distances and which is used by a majority of the transports done. The system is 
called Calibrated Route Finder (CRF) and is administrated by SDC which is the logistic hub managed by all forest companies in 
Sweden. This system is developed for standard 64 tons trucks. In Norway the system to find the routes is somewhat different. 
The roads are classified in three levels, 60, 54 and 50 tons. A route is found for each weight class and then the cheapest 
alternative that is a combination of distance and load weigh is chosen. Both Sweden and Norway have a detailed description 
of the road network through databases. An interesting question raised is if the CRF system can be used in a Norwegian routing 
environment. A major difference between the two countries is the fact that Norway is much more mountainously and has 
very large fjords. In the CRF system, there are weights in the routing optimization set for hilliness. This is modelled by having 
different levels of the gradients and where each level has a weight in the route optimization. Currently there are 20 such levels 
and weights. As the Norwegian has a very different characteristic, there is a need to modify the definition of different hilliness 
levels. In this presentation, we describe differences in the two countries and how routing decisions are done. We have 
collected a set of detailed routes for a Norwegian forest company that are of interest for further analysis. In this analysis, we 
compare preferred routes (both summer and winter routes), routes generated by a Norwegian system, routes generated by 
the standard Swedish system and the ones generated through a revised version of the CRF system where the hilliness aspects 
have been changed to better describe the situation in Norway.

Contact: Mikael Rönnqvist, mikael.ronnqvist@gmc.ulaval.ca 
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Assessing the role of forest inventory units to compose dynamic treatment units in 
forest management planning

Adrián Pascual1, Timo Pukkala1, Sergio de Miguel2, Petteri Packalen1

1 University of Eastern Finland
2 Universitat de Lleida-Agrotecnio Center

The aim of this study was to integrate operational costs in a forest planning system based on dynamic treatment units (DTUs) 
and based on this, estimate optimal road network density. The study area was located in Central Spain, in a Mediterranean 
pine forest area. Airborne laser scanning data was used in area-based approach to predict forest attributes and to delineate 
the segments that were used as calculation units. From the inventory data, existing diameter distribution and individual-tree 
growth models were used to simulate alternative management schedules along the plan.

Benefit-oriented formulation was posible thanks to the inclusión of harvesting costs and ALS to estimate forest characteristics, 
delineate forest inventory units and predict ALS-based terrain features. Slope and distance to road, variables used to 
determine the operational costs. Alternative scenarios considering different forest roads layout and density were simulated 
in order to calculated forest management efficiency in financial terms. The distribution, spatial allocation and intensity of the 
prescribed removals were compared considering the effect of progressively increasing forest roads density. The increase in net 
present value was compared to the costs of expanding forest road network to determine the optimal road density and layout 
of the roads in order to maximise owner benefit along the plan. 

Heuristics and semi-decentralized heuristics were tested as numerical optimization methods to provide optimal solutions 
to the spatially-explicit forest formulations. Among these methods, simulated annealing and celular autómata have been 
previously used by the autor providing feasible solutions, computationally and in spatial goals terms. 

The contribution aims to highlight the utility of ALS-based forest plannign solutions in ordert to increase forest management 
precisión at maximising managers, or owners, profitability assessing the effect of harvesting costs. With the presented 
approach, it is possible to design an optimal forest road design.

Contact: ADRIAN PASCUAL, adrian.pascual.arranz@uef.fi 
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EcoRoad – A simplistic educational web-based tool to explore optimal road layouts 
subject to economic and ecological objectives

Marc Folini1, Jochen Breschan1, Monika Anna Maria Niederhuber2

1 ETH Zurich
2 ETH Zürich

EcoRoad – A simple educational web-based tool to explore optimal road layouts subject to economic and ecological objectives 

Road planning in rural areas such as the planning of forest roads is a multi-criteria problem subject to the identification of 
a good trade-off between the road cost and the environmental impact. Optimization methods based on the shortest path 
algorithm provide an analytical approach to explore optimal road layouts and how those layouts change depending on the 
weights assigned to the objectives capturing cost and environmental impact. Those methods are applied to a point raster-
based network representation of potential road links. The resulting road layout may substantially change depending on the 
neighborhood-definition for road links when shifting, e.g., from an 4-link neighborhood (i.e., linking all direct neighbors) to a 
48-link neighborhood. 

Here, we present the educational tool EcoRoad which integrates the ingredients (1) multi-criteria problem and (2) 
neighborhood representation to solve a simple road layout planning problem on a graphical, web-based user interface. It will 
be an educational module hosted by the Geographic Information Technology Training Alliance (GITTA, www.gitta.info). This 
tool enables students to set start- and end-points of a road on a raster-based landscape and explore in real time how the 
optimal road layout changes based on the weights assigned to road cost and ecological impact. The road layouts resulting 
from various weightings are visualized as a Pareto set from which the students can pick their favorite choice. Moreover, the 
neighborhood-definition for road links is adaptable from a 4-link up to a 48-link neighborhood. This enables the students 
to explore the impact of the problem representation on the optimal road layout. The user interface is implemented using 
modern web-tools such as the HTML5 canvas element and the JavaScript library D3. Currently, problems up to the size of 
200x200 grid cell landscapes can be processed almost instantly using Dijkstra’s algorithm. The landscape is characterized 
via (1) a slope raster computed on a digital terrain model which serves as an indicator for road construction cost, and (2) a 
raster which characterizes ecologically important sites. Those rasters are used to quantify construction cost and the ecological 
impact of potential road links. The current tool creates random rasters. However, those web-tools are also equipped for the 
upload of real-data. This may facilitate the use of this technology beyond educational purposes in the future.

Contact: Marc Folini, marc.folini@usys.ethz.ch 
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Transportation planning using “correct” distances in an efficient manner

Mikael Rönnqvist1, Patrik Flisberg2, Mikael Frisk2

1 Université Laval
2 Creative Optimization - Sweden

Transportation planning is an important problem in forestry. Its overall part of the procurement cost can be as high as 30-
40%. The transportation planning is typically done on a tactical level, often monthly level, and is to make decisions on the 
destinations of the supply to different demand points. The number of supply points considering different assortments can be 
large, often in the range of 1000’s. The number of demand points, mills with demand for assortments or assortment groups, 
is smaller and typically in the range 10-100. One or several time periods can also be used requiring inventory management 
as a part of the model. The resulting planning problem is often described as a standard transportation problem where the 
decision variables are the flows between supply and demand points, and inventories. In such formulations there is a need of 
information on supply, demand, inventory costs and transportation costs. The latter is often based on the distance between 
supply and demand points. The distance table have typically some 100,000 distances to be computed. There are several 
approaches to establish such distances. Studies have shown that there may be large differences between these approaches. 
This results in turn in differences in transportation cost and will provide different solutions. An important question is hence 
the impact on the solution from different distances. In Sweden, the distances are often based on a weighted objective 
function where many road attributes are considered. Some of these are length, road quality, road width, work stress, traffic 
safety, fuel consumption and route time. These have shown to differ, with an average of 10%, to distances based on shortest 
paths, which is often the common approach. In many planning systems the distance matrix is computed as an input data 
to the model. This means that a new distance table must be computed every time a new harvest area is included. From a 
practical perspective, this can require substantial time. In practice, there is often an imbalance between supply and demand. 
This gives rise to a so-called “creaming” effect where the nearest supply points are used. This leads to a problem for future 
planning as the average distances, and overall transportation cost, may increase over time. In this presentation, we describe 
results from comparing the plans using different distances and the potential impact. We also describe a new integrated 
approach to include any distance table computation directly in the modeling part. This enables a more robust and efficient 
approach to ensure correct plans. Included is also an approach to avoid creaming making sure that no creaming will occur. 

Contact: Mikael Rönnqvist, mikael.ronnqvist@gmc.ulaval.ca 
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Wildfire fuel management: network-based models and optimization of prescribed 
burning.

Dmytro Matsypura1, Oleg Prokopyev2

1 The University of Sydney
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Wildfires are a common phenomenon on most continents. They have been around for an estimated 60 million years and are 
part of a regular climatic cycle. Nevertheless, wildfires represent a real and continuing problem that can have a major impact 
on people, wildlife and the environment. The intensity and severity of wildfires can be reduced through fuel management 
activities. The most common and effective fuel management activity is prescribed burning. We propose a multi-period 
optimization framework based on mixed integer programming (MIP) techniques to determine the optimal spatial allocation 
of prescribed burning activities over a finite planning horizon. In contrast to the existing fuel management optimization 
literature, we model fuel accumulation with Olson’s equation. To capture potential fire spread along with irregular landscape 
connectivity considerations, we use a graph-theoretical approach that allows us to exploit graph connectivity measures (e.g., 
the number of connected components) as optimization objectives. The resulting mathematical programs can be tackled 
by general purpose MIP solvers, while for handling larger instances we propose a simple heuristic. Our computational 
experiments with test instances constructed based on real-life data reveal interesting insights and demonstrate the 
advantages and limitations of the proposed approaches. 

Contact: Dmytro Matsypura, dmytro.matsypura@sydney.edu.au 
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Designing Forest Landscapes to Reduce the Risk of Fire

Marc McDill1, Susete Marques2, Jose Borges2, Marco Henrique Vieira Marto2

1 Penn State University
2 University of Lisbon

An important goal in fire-prone forest landscapes is to reduce the likelihood that they will burn, or more accurately, the 
expected loss from fire. Understanding a disturbance like a fire on forest landscapes is a challenge, however, because of 
complex stochastic interactions over a range of temporal and spatial scales. As a result, current methods of modeling fire 
prevention measures typically involve running complex fire simulations that are difficult to incorporate into an optimization 
framework. We present a cellular forest management model that incorporates a probability that each cell will burn that is 
based on the state of a cell and the fire probability in neighboring cells. Results demonstrate how the model can be used to 
spatially allocate treatments such as harvests and fuel treatments on a landscape to maximize expected net present value, 
including expected losses from fire.

Contact: Marc McDill, mmcdill@psu.edu 
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Forest management on a fire-threatened landscape with spatial externalities

Chris Lauer1, Claire Montgomery1, Thomas Dietterich1

1 Oregon State University

Forest management in the face of a disturbance process such as wildfire is a challenging problem because fire spreads across 
a landscape and because its occurrence is unpredictable. Accounting for the existence of stochastic events that generate 
spatial externalities in the context of a dynamic decision process is crucial for determining optimal management. This 
paper demonstrates a method for incorporating spatial information and externalities into management decisions when the 
management of a landscape is only partially controlled by any individual agent and the actions of one agent affect the fire 
risk of the others. The problem is formulated as a dynamic game, where each agent maximizes their own objective without 
considering the welfare of the other agent. A machine learning technique, approximate dynamic programming, is applied 
to determine the optimal timing and location of fuel treatments and timber harvests for each agent. The value functions we 
estimate explicitly account for the spatial interactions that generate fire risk on the landscape. They provide a way to model 
the expected benefits, costs, and externalities associated with management actions that have uncertain consequences in 
multiple locations. The method we develop is applied to a four square-mile synthetic landscape made up of 64 individual 
stands and parameterized to represent the ecological conditions of SW Oregon. We consider how to optimally choose the 
timing and location of timber harvest and fuel treatment to maximize the expected net present value of timber harvest. We 
analyze different patterns of ownership fragmentation that mimic the fragmentation in SW Oregon, such as the checkerboard 
pattern associated with O&C lands, to show how landowner welfare and ecological outcomes are affected. Increasing 
fragmentation leads to shorter rotation ages and less fuel treatment under the optimal policy because landowners are unable 
to capture the benefits of reduced fire risk for neighboring stands when those stands are controlled by a different landowner.

Contact: Chris Lauer, lauerc@oregonstate.edu 
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Adaptive management rules for Catalonian Pinus Nigra stands under risk of fire

José Ramón González-Olabarria1, Jordi Garcia-Gonzalo1, Blas Mola-Yudego2, Timo Pukkala3

1 CTFC
2 UEF - NIBIO
3 UEF

Traditional forest management of P. nigra stands in Catalonia has being characterized by selective cuttings, targeting 
the best trees for pole production. These practices generated multi-layered forest structures facilitating the occurrence 
of high intensity crown fires. Wildland fires, together with a decrease on forest management can be considered as the 
main threats for the persistence of autochthonous black pine forests. An effective way to mitigate the effects of fire are 
operational management rules addressing changes in factors that may affect the optimal management such as economic 
conditions and fire risk regime, while at the same time achieving the maximum revenue. The study develops rules for the 
adaptive management of P. nigra stands in Catalonia (Spain) addressing the risk of fire and post-fire forest management. 
The management rules being defined by the development of the stand, and taking into account potential changes in forest 
growth, economic conditions, and fire risk. For this purpose, we adjusted and used the stochastic version of the simulation-
optimization system RODAL to optimize the management of forest stands in three sites under different fire probability levels. 
A total of 270 optimizations were done varying site fertility, fire probability and economic factors. The results from the 270 
optimizations were used as the basis for fitting flexible forest management rules for adaptive stand management, when 
maximizing the economic revenue was the objective. The developed management rules defined the basal area limit for 
thinning, the thinning intensity, the mean tree diameter at which regeneration cuttings should start and the basal area below 
which a salvage cutting should be done. The presented rules provide a flexible tool for forest management during the stand 
development and under changing conditions when the management objective is to maximize economic profitability of timber 
production. Those rules can be translated into easy to understand diagrams, were a forest manager can allocate the current 
state of stand and identify according to state of the stand if it should be left to continue growing or a cutting should be done. 
Drastic modification on the stand state, originated by wildfires, are also taken into account, and depending on the number 
and size of the surviving trees a salvage cutting can be recommended or not, being the driver for such decision the post-fire 
evolution of the stand, and the possibility to achieve a successful natural regeneration.

Contact: José Ramón González Olabarria, jr.gonzalez@ctfc.es 
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Analysis of advantages and disadvantages of forest management cloud simulations 
after 10 years of SIMANFOR platform

Felipe Bravo1

1 Universidad de Valladolid

Forest growth and yield models at different scales are useful tools for forest managers and stakeholders because adequate 
simulations of forest stand conditions after different management scenarios allow them to adopt appropriate actions to 
maintain forest integrity while forest services (including products) are obtained to benefit society as a whole. SIMANFOR 
(www.simanfor.es) is a Decission Support System for the Simulation of Sustainable Forest Management Alternatives via web 
that allows users, by cloud computing, to simulate silvicultural alternatives through previously programmed models and 
inventory data. Currently, SIMANFOR works as a multilingual platform with five working languages (Spanish, English, French, 
Portuguese and Vietnamite) SIMANFOR was conceived as a free use web platform able to gather growth and yield models 
as well as forest inventories for which it has scalable structure integrating different modules to manage forest inventories, 
simulate and project stand conditions and maintain systems security and integrity. By using SIMANFOR, it is possible to 
simulate sustainable forest management alternatives, obtain outputs compatible with an Office environment and exchange 
data and files between SIMANFOR and user software. Currently on SIMANFOR are programmed different growth and yield 
models including individual tree level and whole stand models. The species currently represented in SIMANFOR are Pinus 
pinaster, Pinus sylvestris, Pinus nigra, Pinus pinea, Quercus pyrenaica, Quercus suber and Tectona grandis. Models are 
programmed on C# while the platform itself was developed on .NET To insight on advantanges and disadvantages of cloud 
simulation for forest management, the presentation will focus on IBERO model simulations. IBERO is an individual tree 
distance-independent growth model parametrized for Pinus pinaster and Pinus sylvestris in Spain. IBERO is compose by 
static equations (bark thickness, crown parameters, height-diameter relationships and stem taper) and dynamics (height and 
diameter growth equations, mortality or survival equation and ingrowth) Productivity is included through traditional site 
index curves but can be replaced by productivity equations that include environmental variables. Diameter growth has been 
modelled by using log-linear equations and multinomial logistic models generating different model parametrizations. Link 
functions to estimate mushrooms production have been included recently. There are other forest simulation platforms (eg, 
SILVA, CAPSIS, ORGANON, FVS, ...) but SIMANFOR owns some characteristics that make it especially interesting, such as low 
user requirements, interface simplicity and flexibility. Despite its clear flexibility, forest cloud computing does not count with 
the favour of forestry community due to the lack of knowledge about its capabilities and the software skills and background 
needed to use such systems. Based on the experience in the use of IBERO in SIMANFOR, the advantages and disadvantages of 
the cloud simulations for effective forest management are analyzed in the present work.

Contact: Felipe Bravo, fbravo@pvs.uva.es 
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The use of forestry DSS in Catalonia, north-east Spain

Antoni Trasobares1

1 Forest Sciences Centre of Catalonia

In Spain the forest occupies 27.5 million ha (54% of the country) presenting large diversity in forest ecosystems. However, 
only 36% of the total surface of the country is forested (i.e., with a percentage of canopy cover >= 20%). Spanish forests 
(especially those in the Mediterranean region) are characterized by the existence of multiple goods and services (timber, 
cork, grazing, fire-wood and biomass, mushrooms, carbon sequestration...). Yet, sustainable forestry in Spain is challenged by 
several hazards (forest fires, erosion, drought, insects...) and sources of uncertainty (e.g. climate change). Out of these, forest 
fires have usually the strongest impact on the ecosystems and therefore require special attention. The combination of areas 
with average low productivity (especially in the Mediterranean region which long drought periods in summer), topographic 
contrasts and forest fires, often lead to no management (management is not profitable).

Forest ownership is characterized by a high degree of fragmentation (many properties smaller than 5 ha). Due to this 
fragmentation stand-level planning is very common especially in smaller properties whereas landscape level and regional 
planning is mainly conducted on public and private forests with large dimensions. In 2006 only 12.7% of the forest surface 
(18.9% in terms of forested surface) was regulated by an updated forest management plan. Yet, largest part of the produced 
management plans is still based on classical approaches, i.e., cutting budget regulation methods usually based on poor/
limited growth and yield models (e.g. yield tables), and often without even considering economic efficiency objectives (e.g. 
NPV). This leads to a deficiency in formulating and evaluating alternative management regimes. 

In the last 10-15 years numerous tools for supporting modern planning have been actively developed. For example, tools to 
support stand-level planning as simulators or simulation-optimization tools. At the forest/landscape level, the focus is now 
in the development of fully developed multi-objective decision support systems (integrating simulation, decision making 
and sensitivity analysis tools) which may also address fire risk prevention and habitat conservation. These tools take into 
account several management goals and integrate the forest and stand levels to derive management proposals for individual 
stands while reaching management objectives set for the whole forest. The candidate plans obtained by the tool can be 
tested with sensitivity analysis and visualization tools. These tools permit interactive and efficient analysis of a broad range of 
management alternatives through an easy-to-use interface.

Some of these tools are being already used by the Department of Agriculture of Catalonia (CPF, Center for management of 
private forests) for evaluating and approving management plans proposed by private forest owners in real stand-level and 
landscape level planning problems in Catalonia, and its use in practical management planning is being actively promoted by 
CTFC.

Contact: Antoni Trasobares, antoni.trasobares@exchange.ctfc.es 
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Terrestrial Condition Assessment for National Forests of the USDA Forest Service in 
the Continental US

Keith Reynolds1, Dave Cleland1, Robert Vaughan2, Barbara Schrader1
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The Terrestrial Condition Assessment (TCA) of the National Forest System (NFS, USDA Forest Service) is using the Ecosystem 
Management Decision Support (EMDS) system to assess effects of uncharacteristic stressors and disturbance agents, with an 
emphasis on identifying restoration opportunities at a national scale. The 10,000 landscape analysis units under assessment 
within NFS lands are land-type associations (LTAs), which were developed by NFS staff and by the agency’s Remote Sensing 
Applications Center (RSAC) in areas lacking LTA maps.

EMDS is a spatial decision support system for landscape analysis and planning. In its analysis phase, EMDS uses logic models 
to interpret data, synthesize information over successive layers of logic topics, and draw inferences about the strength of 
evidence for suitable terrestrial condition in LTAs as an initial step to identifying high priority LTAs for landscape restoration on 
NFS lands. 

A team of senior agency scientists and managers, representing a broad array of natural resource disciplines, was assembled 
in 2012 to develop a logic structure for the EMDS TCA model and to identify appropriate data sources to support analyses. 
Primary national data sources, remotely sensed or modeled, used in the TCA model currently include observed insect- and 
pathogen-induced mortality, key critical loads for soil and the atmosphere, long term seasonal departures in temperature 
and precipitation, road densities, uncharacteristic wildfires, historical fire regime departure, wildfire potential, insect and 
pathogen risk, and vegetation departure from natural range of variability. The TCA logic also accounts for effects of terrestrial 
invasive species, but these are currently represented as missing data to be provided subsequently by USFS Regions. Under 
the general logic topic of uncharacteristic disturbance, national analyses only consider uncharacteristic wildfire. However, 
applications of the model at smaller spatial extents such as Regions and Forests have the option to consider additional 
impacts, such as landslides, blowdown, and flooding, if quantitative or qualitative data are available to characterize these 
impacts. Logic topics for these additional impacts have been built into the national model, but the topics are ignored in the 
national analysis (e.g., turned off).

The TCA analysis is based on fuzzy logic which is used to interpret and synthesize data on 40 mid-scale landscape metrics 
that contribute to evaluation of 10 indicators of ecological integrity in the LTA units. We describe implementation of the 
EMDS application for TCA as an integrated, hierarchical approach to forest landscape restoration that supports bidirectional, 
coordinated strategic planning from national to Regional to National Forest scales, including use of multi-criteria decision 
analysis to prioritize LTAs for restoration. The assessment stage described in this presentation provides the ecological context 
for the subsequent strategic planning step, in which the objective is assist resource managers with identifying LTAs that should 
be a high priority for landscape restoration.

The presentation includes detailed map results for terrestrial condition in the continental US, as well as demonstration of 
how intermediate logic products are progressively synthesized upward from data to the final overall assessment of terrestrial 
condition.

Contact: Keith Reynolds, kreynolds@fs.fed.us 
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Optimizing operational parameters in a full-waveform LiDAR processing tool for 
forestry

Luis A. Ruiz1, Pablo Crespo-Peremarch1

1 Universitat Politècnica de València

Full-waveform LiDAR provides more complete information than discrete LiDAR about vertical structure of forest stands, but 
processing techniques are not yet properly developed, dissuading foresters and practitioners from the use of this type of 
data for the generation of metrics to estimate fuel, inventory and structure related variables. The occasional commercial 
processing tools do not cope with the problem of selection of the adequate methodological parameters to improve the 
performance of the derived metrics, key for the generation of efficient forest variable prediction models. One of the 
most common procedures to simplify the original information contained in the raw LiDAR pulses or waves consists in the 
voxelization of the three-dimensional space, converting the initial distribution of wave values into discrete cells or voxels that 
are easier to manage for further analysis and processing. The vertical dimension of these voxels is directly derived from the 
temporal sample spacing, a parameter of the system. However, the selection of the appropriate minimum voxel size in X and 
Y is more related to the density of the LiDAR data and the characteristics of the forest stand. Changes in wave density due to 
LiDAR acquisition overlap or the voxel value assignation criteria are other parameters that require consideration. Previous 
studies (Crespo-Peremarch et al., 2016; Ruiz et al., 2016) revealed the influence of these operational parameters on the 
efficiency of prediction models for forest structural variables based on full-waveform LiDAR at stand level.

We present a full-waveform LiDAR processing tool to process the raw data and to compute metrics at stand/object 
level performing tasks such as: data import and indexation from LAS 1.3 files, data clipping, voxelization and creation of 
pseudo-vertical waves (Hermosilla et al., 2014), and generation of metrics. This tool allows the user for the selection of a 
representative data subset of the area of study and performs the analysis of the main methodological parameters to be 
considered before voxelization: the variation of the number of values/voxel and empty voxels as (1) voxel size is modified, and 
(2) as pulse density varies. Based on this automated analysis of methodological factors particularized on each study area, the 
minimum voxel-size and assignation method can be defined by the user, facilitating the application of these data for forest 
inventories and studies related to stand structure characterization. We also present a complete analysis of these factors using 
a dataset from the Panther Creek area, OR, suggesting some future improvements based on the results.

References
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data acquisition for the estimation of forest structure variables. Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci. XLI-B8, 
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Spatially Explicit Habitat Structural Assessment Model using GIS, LiDAR and Logistic 
Regression Analysis

Midhun Mohan1, Glenn Catts2, Joseph Roise3, James McCarter4
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Despite the fact that Red-cockaded Woodpeckers (Picoides borealis) have a preference for old-growth longleaf pines with low 
or sparse understory (traditional), they also are known to exist in non-savannah like habitats having a wide range of biological 
features. In this paper, we present an application of GIS and Airborne Light Detection and Ranging (LiDAR) data analysis to 
identify underlying forest attributes of the nesting sites that could provide an explanation for this deviation. Initially cluster 
analysis was performed to locate hot spots inside the non-savannah regions and then quality level 2 LiDAR (2 returns\m2) 
acquired in 2014 was used to characterize the 3D structure of these existing active clusters to create a spatially explicit habitat 
suitability model. With experts’ opinions on our analysis results we detected certain unrepresented parameters contributing 
towards the habitat suitability and performed logistic regression analysis to evaluate their contribution towards the predictive 
model. As most of the current models are based on traditional habitat characteristics, these models are inefficient when 
dealing with clusters existing in non-traditional habitat areas such as pocosin gradient or pond-pine dominated stands. It is 
expected that, by integrating new threshold limits of underlying habitat features obtained from our research, we can improve 
the existing models’ habitat identification capability and thereby boost the quality of RCW conservation activities.

Contact: Midhun Mohan, mmohan2@ncsu.edu 



61SSAFR 2017         |          August 27-30, 2017

ABSTRACTS
11:30  Tuesday

Session 5D - Remote Sensing V - Salmon Room  
Session Chair: Luis A. Ruiz 

Spatiotemporal analysis of Landsat imagery for assessment of disturbance tracking 
in coastal Georgia

Shingo Obata1, Chris Cieszewski1, Roger Lowe1, Pete Bettinger1, Sergio Bernardes1

1 University of Georgia

The purpose of this research was to advance our assessment of forest resources in coastal Georgia, United States, through 
identification of past disturbances and subsequent reconstruction of forest ages for private lands. For this purpose we set 
out to conduct a spatiotemporal analysis of Landsat historical imagery. Images were selected for every year representation 
with minimum cloud cover during the growing season. The first step in the analysis was to verify that the publicly available 
georeferenced Landsat imagery data product was suitable for spatiotemporal analysis in terms of an adequate spatial 
alignment of all corresponding pixels within the considered area, on all images taken at different dates. We used imagery from 
Landsat 5 through Landsat 8. As the images had very close geospatial alignment and the errors in pixel alignment were less 
than 1 m, we used the images without any additional georeferencing. In further analysis we used all of the bands, while pixels 
covered by clouds, if any, and water were masked. A supervised classification of each Landsat image was performed using 
50 training sites for selected land use classes. The resulting land allocations were compared to values from adjacent years to 
detect the change in vegetation, and decision rules were employed to assign one of three states to each pixel (no change, 
thinning, and clearcut). If clearcuts were identified, tree ages were then assigned to pixels. Given the lengthy series of Landsat 
imagery and given the common forest management practices of coastal Georgia, the process was designed to produce an 
improved age class description of the considered area of privately owned land (7 counties).

Keywords: forest planning, forest management, remote sensing, land use.

Contact: Shingo Obata, sobata@uga.edu 
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Shifting from conventional forest mensuration to terrestrial laser scanning in 
Brazil

Luiz C. E. Rodriguez1, Tiago Conto1, Caio Hamamura1, Gustavo J. F. Almeida1

1 University of Sao Paulo

The direct measurement of tree diameters and heights is at the heart of most forest inventory assessments. The conventional 
assessments of biomass growth, for instance, usually start with the location of sample plots in the field and the measurement 
of some sort of direct and tangible magnitude such as the diameter at breast height (DBH) of all the trees in these plots. These 
randomly or systematically selected subsets of trees meticulously measured provide perceptible quantifications of ground 
truth. The measured ground truth though is, most of the time, indirectly related to the forest population parameters of real 
interest. Take the total biomass, for instance, and the directly measured height and DBH of each tree in the sample plots end 
up being used as predictors in statistical regression models to estimate total biomass in a forest. An error induced at this stage 
exists and varies depending on the correlation between the parameter of real interest and the predicting variables. A second 
error is introduced when a sample plot’s estimates are extrapolated to the whole area of the forest. Passive or active remote 
sensing, like satellite images and airborne laser scanning (ALS), have shown already, in many applications, the potential to 
significantly reduce the latter source of error. At the sample plot level, however, the use of terrestrial laser scanning (TLS) 
still faces some difficulties in becoming as well disseminated as ALS. Besides the existence of more affordable TLS, there is 
also the lack of efficient and reliable unsupervised algorithms to segment the resulting point clouds separating tree stems 
and branches from the rest of the 3D environment. We report here the work done in Brazil to develop a computational tool 
to process TLS point clouds that directly isolate tree stems and branches so as to determine aboveground woody biomass 
at the sample plot level. Basically, the algorithm divides the segmentation process of the TLS cloud into two steps. Initially, 
a computationally efficient implementation of the Hough Transformation algorithm is applied to several horizontal layers of 
the point cloud so as to locate cylindrical segments of the stems and branches of the trees. Then the segments pertaining to 
the same tree have their volumes summed and assigned to each tree. The benefits of turning TLS viable at the sample plot 
level will be notable in Brazil as it will significantly improve the quality of (i) the biomass maps annually updated for the 7.5 
million hectares managed by the forest industry; (ii) the monitoring of forest restoration after harvests in forest management 
concessions in the Brazilian Amazon; (iii) the monitoring of the reforestation promoted to restore degraded pastureland or 
negatively impacted areas; and (iv) the monitoring of areas impacted by wildfires that have also been at the center of the 
attention of many climate change researchers. 

Contact: Luiz C. E. Rodriguez, lcer@usp.br 



63SSAFR 2017         |          August 27-30, 2017

ABSTRACTS
14:20 Tuesday

Session 6A - Spatially-Explicit Harvest Scheduling - Deer A Room  
Session Chair: Sabrina Mauer 

An improved workflow to identify an optimal cable road layout for a large 
management unit

Jochen Breschan1, Sabrina Maurer1, Leo Bont2, Roberto Bolgè3

1 ETH Zurich
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3 Federal Office for the Environment (CH)

Cable-based technologies are crucial for the design of harvesting systems in steep terrain. The identification of a cable road 
layout for a management unit aims at concurrently minimizing harvesting costs and environmental impacts. Snow processes 
are particularly considered in an Alpine environment when minimizing for the cable roads running in the same direction as 
the slope line. The problem of selecting the optimal cable road layout can be formulated and solved to optimality as a multi-
criteria set cover location problem as proposed by Bont (2012). The approach represents the forest subject to harvest as a 
raster which must be entirely covered by cable roads. Moreover, helicopter logging is assigned at sites where it outperforms 
cable roads. Despite the use of the high-performing solver Gurobi in the current implementation, the long time spent to 
calculate cable road layout alternatives for various objective weights hampers the practical application on a larger scale. 
Here, we present an improved workflow for the approach which aims at reducing (1) the number of computed alternatives 
to characterize a Pareto set and (2) computational time via parallelization of the optimization task for sub-units constituting 
a large management unit. We have expanded the workflow with the non-inferior set estimation method (NISE) to plausibly 
reduce the number of alternatives required to create an approximate Pareto set. That workflow was then modified to 
parallelize the computation of sub-units on a computing cluster. The resulting workflow was tested for a 300ha management 
unit in a Subalpine forest located in Klosters (Switzerland). The management unit was partitioned into 5 sub-units and 
the forest subject to harvest was represented as a 15x15m raster. This resulted into sub-units consisting of 1’515 to 3’066 
forest parcels and 11’185 to 20’935 cable road alternatives. Four to five alternatives were computed for each sub-unit to 
approximate the Pareto sets. The computational times required to solve for the sub-units in parallel ranged from 10 to 230 
minutes whereas the highest value sets threshold for the overall computational time.

Literature: Bont, Leo. Spatially explicit optimization of forest harvest and transportation system layout under steep slope 
conditions. ETH Zurich (2012). http://dx.doi.org/10.3929/ethz-a-007558027

Contact: Jochen Breschan, jochen.breschan@usys.ethz.ch 
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Solving a multi-period harvest scheduling problem with column generation 
algorithm

Sattar Ezzati1, Ljusk Ola Eriksson1

1 SLU, Sweden

We presented a tactical planning problem for uneven-aged management stands, which appears in the selection of harvesting 
stand and logistic planning over a horizon of several years (i.e., sixty 5-year planning period). The logistic part considers 
spatio-temporal decisions on the road building and maintenance requirements, while the transportation part deals with 
the decisions on flow scheduling for the harvest sites, intermediate landings and roadside terminals. The overall problem 
is formulated into one optimization model to maximize the net present value of forest management activities, but such a 
model is difficult to solve in a reasonable time for large, practical problems. We thus developed a decomposition algorithm 
to increase solvability and obtain the good solution quickly. The road network subproblem is solved using a path generation 
technique through connecting intermediate landings location (e.g., as positive access points), so that scheduled stands are 
accessible. Afterwards, the column generation (CGe) algorithm is developed in which the generation phase represents to 
find optimal new forest management alternatives for each stand. To demonstrate the model’s functionality, we apply it to a 
mountainous, forested case study in the north region of Iran. Two scenarios with different interest rates (i.e., ranges from 2% 
to 5%) were designed in which planner has limitation on harvest per area and year, and the other without limitation. Initial 
experiments confirm that the model converges very fast, even for the hardest problem (i.e., limitation in harvest with interest 
rate 2%) rather than original MIP model (i.e., 10 times greater). The total road network (28 km in length) built through the 
40 years (interest rate equals to 2%) based on the strategic planning horizon. Additionally, the model could guarantee a fairly 
good balance between harvests volume and length of road through each planning period. Keywords: Forestry; harvesting; 
scheduling; landing, road planning; discreet optimization

Contact: Sattar Ezzati, s_ztt@yahoo.com 
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The analyse of clear-cut size as a support for strategic decisions on the national 
forest policy level

Róbert Marušák1, Jan Kašpar1, Adelaide Cerveira2
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There are three main management systems in forestry over the world: selection, shelterwood and clear-cut silvicultural 
system. The selection and shelterwood management systems are more close to nature, while the clear-cut management has 
many practical advantages, mainly the harvest concentrating and lower transportation costs. The clear-cut management still 
plays very important role in many countries of the Central Europe, however there are many limitations to protect the forest 
environment against negative effect of clear-cut. The maximal size of clear-cut is one of them. Series of studies analysed the 
effect of clear-cut size on biodiversity, ecological and environmental aspects, natural disaster risk or aesthetic problems. On 
the other side, there are only a few papers about economic effects of clear-cut management system. The exact study about 
economic effect of limitation of maximal size of clear-cut is still missing, especially in the countries of the Central Europe. This 
contribution analyses the effect of clear-cut size on economic profit and long-term harvest flow by using the area restriction 
model. Partial model does not take into account aspects such as biodiversity or soil protection. However, the results of the 
study, could be used to find the compromise solution between different aspects of clear-cut size limitation. Such solutions can 
play important role for strategic decision on the national forest policy level to find relevant limit for clear-cut size.

Contact: Róbert Marušák, marusak@fld.czu.cz 
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Strategies for an optimal management of rockfall protection forests

Sabrina Maurer1, Jochen Breschan1, Hans Rudolf Heinimann1

1 ETH Zurich

A forest on the hillslope can stop a remarkable share of falling rocks and thus protect lives and human assets from damage. 
Optimal forest states can be specified based on the knowledge about forest-rockfall interactions. Those states change with 
rock size, e.g., a high stem number of relatively small trees (like a thicket) is preferred for small rocks whereas trees in the 
timber stage are preferred for bigger ones. Foresters aim at including that knowledge into their management decisions. Since 
forest is a dynamic system where the forest state inevitably changes over time, a sustainable management scheme must 
be identified which provides a continuously high protection effect against rockfall. We discuss the impact of management 
strategies varying by intervention interval and -intensity on forest dynamic based on an idealized forest structure. Those 
management options are evaluated using a spatially-explicit harvest scheduling model. This mixed-integer linear programming 
(MILP) model maximizes the continuous protection effect in a rockfall corridor subject to the sustainable renewal of the 
forest. The corridor is discretized into treatment units and constraints are introduced to control dependencies between 
adjacent units.

Contact: Sabrina Maurer, sabrina.maurer@usys.ethz.ch 
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Modeling the long-term effect of forest management on wildfire under alternative 
climate change scenarios
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The expected impacts of climate change in the Pacific Northwest include an increase in area burned and wildfire severity. 
However, less is known about how this change in fire regime will be affected by current forest and fuel management 
practices. In this work we used the high-resolution, agent-based landscape model Envision to assess the effect of current 
forest management on burned area and fire severity in an 1.2 million ha landscape in central Oregon, under alternative 
climate change scenarios. We modeled forest succession using a state-and-transition model and modeled current forest 
management practices on the Deschutes National Forest and lands managed privately by the forest industry and the tribal 
council of Warm Springs. Forest and fuel management included mechanical thinning, fuel mastication and prescribed fire. 
Wildfire was modeled using the minimum travel time algorithm in Flammap and under weather conditions derived from 
four downscaled global circulation models of the CMIP5 collection between 2012 and 2057 and assuming representative 
concentration pathway 4.5. These runs were then evaluated against a baseline for the same time period where weather data 
were detrended to remove future climate change effects. We modeled 50 years into the future and generated a transient 
time series of annual area burned by severity class in all forested lands. Results were highly variable depending on the model 
considered. Two models, CanESM2 and CSIRO projected an average reduction of 16% in burned area over the 46-year period, 
while HadleyGEM2 and MIROC5 projected an average increase of 17%. The MIROC5 model estimated, for instance, a 45% 
increase in stand-replacing fire, while CSIRO predicted a 20% reduction in the same severity class. Differences among model 
estimates can be explained by their relative differences in terms of projected mean temperature and precipitation. The 
general model tendency suggested that, compared to current conditions and assuming current forest management level and 
strategy, by mid-century area burned as high-severity fire will either show little reduction or increase by half. Further work will 
determine the strength of the link between weather and high-severity area burned and explore the effect of alternative fuel 
and forest management practices.

Contact: Ana Barros, ana.barros@oregonstate.edu 
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Network analysis of wildfire transmission and implications for risk governance
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We characterized wildfire transmission and exposure within a matrix of large land tenures (federal, state, and private) 
surrounding 56 communities within a 3.3 million ha fire prone region of central Oregon US. Wildfire simulation and network 
analysis was used to quantify the exchange of fire among land tenures and communities and analyze the relative contributions 
of human versus natural ignitions to wildfire exposure. Among the land tenures examined, the area burned by incoming 
fires averaged 57% of the total burned area. Community exposure from incoming fires from surrounding land tenures 
accounted for 67% of the total area burned . The number of land tenures contributing wildfire to individual communities and 
surrounding WUI varied from 3 to 20. Community firesheds, i.e. the area where ignitions can spawn fires that can burn into 
the WUI covered 40% of the landscape, and were 5.5 times larger than the combined area of the community and WUI. For 
the major land tenures within the study area, the amount of incoming versus outgoing fire was relatively constant, with some 
exceptions. The results provide a first multi-scale characterization of wildfire networks within a large, mixed tenure and fire 
prone landscape, and illustrate the unique risk governance problem facing different communities and the public agencies that 
manage the surrounding wildlands. We use the results to frame a discussion of social and ecological conflicts in US federal 
wildland fire policy to create fire-adapted communities within fire resilient landscapes as part of ongoing forest restoration 
and fuel management programs. We trace these conflicts to scale mismatches in local wildfire risk policy and governance that 
result from disconnected planning systems and disparate fire management objectives among the large landowners (federal, 
state, private) and local communities. Local and regional risk planning processes can adopt our concepts and methods to 
better define and map the scale of wildfire risk from large fire events and incorporate wildfire network and connectivity 
concepts into risk assessments.

Contact: Alan Ager, aager@fs.fed.us 
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Understanding the reliability of alternative wildfire exposure metrics – implications 
for forest restoration and fuel management
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Risk and exposure analyses often rely on probabilistic assessments of fire occurrence, conditional flame length or expected 
area burned. In traditional risk assessments, exposure to wildfire is often coupled with estimates of values at risk and fire 
effects to support decisions regarding the spatial prioritization of fuel and forest management treatments intended to 
minimize fire spread and impacts. Exposure maps are usually developed using dynamic variables, e.g. vegetation and fuel 
data, that can be outdated by the time the actual management intervention takes place. Thus, under certain conditions, it 
is possible that risk maps change faster than the time required for managers to execute fuel management projects, thereby 
negating the value of risk assessments in the first place. Furthermore, wildfires are highly stochastic and while probabilistic 
risk assessments can provide a fair indication of conditional burn probability, empirical data show that only a small proportion 
of treatments will be intersected by wildfire in any given year. We hypothesized that the potential success of fuel management 
depends on prioritizing actions occurring in locations that maximize encounters between wildfire and areas treated, which can 
be quantified a priori based on local patterns of fire ignition, fuels and topography. In this work we examined the reliability 
of different fire exposure metrics often used in wildfire exposure assessment prioritization– conditional burn probability, 
high flame length conditional burn probability, mean fire size and conditional flame length – for 21 planning areas on the 
Deschutes National Forest in central Oregon. We identified 3 out of 21 planning areas that scored as highest priorities for 
treatment for each scenario based on current vegetation conditions. We then used Envision, a landscape agent-based model, 
to simulate 30 replicate wildfire seasons of 50 years each where wildfire and vegetation succession operate on an annual time 
step, to calculate area burned in each planning area in a 5-year moving window. For each prioritization scenario we calculated 
the odds of success based on how much burned area falls in the priority planning areas versus non-priority planning areas. 
Success odds assumed increasing burned area thresholds ranging from 10% to 100%. Additionally, we compared the odds 
of success of each prioritization scenario to the odds under a null model of random allocation and quantified how success 
changed through time. All prioritization metrics performed significantly better than random allocation, with the exception of 
burn probability in high flame lengths. Scenarios based on burn probability and mean fire size had the highest success rates. 
However, performance was largely dependent on the burned area threshold that defined success and decreased sharply 
for thresholds greater than 20% and roughly 10 years into the 50-year period. Our results suggest the highest performing 
scenario will prioritize treatments in planning areas that will, on average, experience only 20% of the area burned. Our results 
quantify the expected outcomes of different prioritization scenarios and their relative performance through time, thus helping 
to frame forest management decisions and public expectations regarding the performance of fuel treatments.

Contact: Ana Barros, ana.barros@oregonstate.edu 
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Scoping cost-effective, multi-metric hazard reduction opportunities over a forested 
landscape: trade-offs among opportunity costs, treatment intensity, effectiveness 
and longevity
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We evaluated multi-decadal fire resistance and net implementation costs of 9 silvicultural prescriptions applied to single- 
and multi-storied stands in terms of four calculated stand metrics that relate to different aspects of a stand’s resistance to 
wildfire. We applied the BioSum 5 modeling framework to FIA data collected from a systematic sample of over 8,200 forest 
inventory plots in dry mixed conifer forests across the west coast and inland northwest. BioSum integrates several models, 
including FFE-FVS, OpCost, and a custom haul cost module based on travel time to existing wood processing and bioenergy 
facilities. Four wildfire resistance metrics – predominance of fire resilient tree species, probability of tree survival by species 
and size, canopy base height class, and canopy bulk density – were calculated prior to treatment and at decadal intervals 
thereafter (to 30 years) via FVS simulation with modeled regeneration. These metrics were designed not to rely on Fire and 
Fuels Extension-FVS produced surface fuel models, as these are notoriously difficult to predict with sufficient precision to 
instill confidence, yet, along with weather, are the driving determinant of fire behavior predictions. Contrasting metrics for 
the nine managed forest scenarios, over time, with a grow-only trajectory, we found that, on average, effectiveness relates 
strongly to predominance of resilient tree species. We address cost-effectiveness via the impacts on economic feasibility of 
relaxing currently assumed constraints on treatment intensity, such as diameter caps and residual stand density requirements, 
to explore tradeoffs in effectiveness and net cost, or revenue, among prescriptions. We use the harvest system optimization 
feature of the OpCost harvest operations model to compare the cost-effectiveness of the lowest cost harvest system for 
each stand with the harvest system typically used and assumed for such stands, accounting for net costs/revenues, products 
produced, and C emissions, in addition to effectiveness, when expressing the tradeoffs. Finally, we assess the relationship 
between treatment intensity and effectiveness longevity in these dry mixed conifer forests. We conclude that these types of 
scenario planning using the robust FIA network and analysis under the BioSum framework can assist forest managers in their 
development of strategic plans to promote forest restoration in these western forests.

Contact: Jeremy Fried, jsfried@fs.fed.us 
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Planning systems for soil damage avoidance
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Avoiding soil damage after harvest and forwarding operations is becoming increasingly important in many countries. There 
are often contractual agreements to avoid damage and in the case it happens, there are often different forms of extra 
costs and penalties. In order to make a qualitative planning, there is a need of detailed information. The basic information 
is often provided by airborne laser scanning. This provides detail information on geometry, number of trees, their size and 
assortments. Another important aspect is so-called water depth maps that describe the amount of level and its depth. The 
presence of water impacts the vulnerability of the soil against the machine systems. Information on the road system, location 
of round-wood piles, historical sites and areas selected for preservation is also necessary. With the information described, it 
is possible to make a pre-plan for the harvesters. However, it is also important to visit and inspect the harvest area in more 
detail. Often it turns out that some information is not correct and need to be revised. In order to make this re-planning onsite, 
it is necessary to have a system that can change this GIS information and to make re-optimization fast. In this presentation, we 
describe such a system developed for use in Sweden. Different versions have been tested the last two years. We describe the 
results and experiences using them at a set of harvest areas for two larger Swedish forest companies. Included are also more 
details on the actual solution methods to ensure fast solution times. 

Contact: Mikael Rönnqvist, mikael.ronnqvist@gmc.ulaval.ca 
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GIS and DSS for the area of the Sudetes and the West Beskids

Radomir Balazy1, Mariusz Ciesielski1, Tomasz Hycza1, Michal Zasada2, Jarolaw Socha3, Patryk Waraksa1

1 Forest Research Institute
2 Warsaw University of Life Sciences
3 University of Agriculture in Krakow

The project “GIS and DSS for the area of the Sudetes and the West Beskids” is the largest, subsidized by the State Forests in 
Poland, research and implementation program, dedicated to mountain areas. The main objective of the project is a better 
recognition of large-area deforestation processes, affecting mainly spruce stands. Due to twice obtained LiDAR data, aerial 
imaging, and satellite imaging repeated several times during the year, as well as data obtained from over 600 field plots, it 
was possible to build an advanced system for decision support, which was distinguished with ESRI award in 2014 for particular 
achievements in the area of GIS. The developed solutions are currently used by GIS servers, as well as by mobile applications, 
which may not be rejected in the modern forestry. Using the stand growth models, detailed terrain models, and information 
gathered by foresters, a state-of-the-art decision support system was built in the scope of forest protection, wood harvesting, 
and day-to-day management activity. The system has been implemented gradually in the State Forests’ structures since 2015. 
The purpose of the presentation will be not only showing the operation of the system itself, but also to communicate the 
research results obtained based on multisource data, which will acquaint with mountain stands’ dieback processes in Central 
Europe. Many of the performed research actions, such as e.g. the analysis of single trees’ growth within a period of five years 
based on LiDAR data, constitute an entirely new perspective of the precise forestry. 

Contact: Radomir Balazy, r.balazy@ibles.waw.pl 
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A generalizable MCDA model to support the management of Brazilian forest 
plantations: the Paricá and Eucalyptus cases

Silvana Ribeiro Nobre1, Luis Diaz-Balteiro1, Luiz Carlos Estraviz Rodriguez2, Matheus Felipe Zonete3

1 Universidad Politécnica de Madrid
2 Universidade de São Paulo
3 Amata S.A.

Previously published experiences and a survey among managers of industrial forest plantations in Brazil guided the 
development of a generalizable MCDA strategic model. This model was used to support the decision at the investment 
and management phases. The aim of the model is to support forest managers or investors engaged in the management of 
planted forests that provide wood for the pulp, energy, or solid wood industries. Using an open-source algebraic optimization 
modeling system (Pyomo), the development focused on adding model generation functions to the conventional matrix 
generation process. This system supports the analysis of different scenarios and a comprehensive set of evaluations regarding 
environmental and economic objectives. Specifically, the model focuses on the analysis of different management regimes and 
production cycles. It also explores whether managers should change species, mix them, or alter tree density or silviculture 
activities. It goes on to provide intervals for financial parameters that guarantee expected investment returns for investors. 
Two sample cases are presented: a four-thousand-hectare plantation of paricá trees, a fast-growing Amazonian native species 
(Schizolobium amazonicum) in the northern region of Brazil, and a thirteen-thousand-hectare eucalyptus plantation in the 
southwestern region of Brazil. Local yield curves, costs, market prices, and environmental goals are used to illustrate the 
cases. The first case is an example of an economically viable restoration process of a degraded Amazonian pastureland. It 
began in 2008, and a growth rate of 23 to 27 m3/ha/year was achieved. It has covered the degraded area with a dense canopy 
since 2010. On top of the environmental benefits expected from the conversion of a degraded pastureland into a densely 
forested area, the veneer logs harvested by the end of the paricá production cycle generated enough revenue to produce a 
profit for investors. The second case considers different prescriptions and silvicultural activities to deal with the multiple uses 
of eucalyptus plantations and the challenges companies face in solid wood markets, where customers expect the production 
of logs with different dimensions and properties. 

Contact: Silvana Nobre, silvana.rnobre@gmail.com 
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Optimal Sampling Design in Forest Resource Survey

Celine Pastore1, Sándor Tóth1, Hans-Erik Andersen2

1 University of Washington, Natural Resource Informatics Optimization Lab
2 USDA Forest Service Pacific Northwest Research Station

Scientists who use survey design are faced with conflict and trade-offs between producing the best possible unbiased 
representative samples, and very real logistical constraints. For example, when conducting studies within a particular spatial 
region, scientists must account for transportation, personnel hours, and survey location accessibility when selecting which 
plots to visit and what data to collect. Budget is almost always a limiting factor. When it is not possible to survey all areas, 
some subset must be selected. Normally a researcher chooses this subset at random through a systematic sampling scheme 
such as classic two-stage or stratified sampling design. However, these statistical schemes make poor use of limited resources 
because they fail to take into account cost of visiting individual plots, and therefore are not optimally designed. Optimization 
through linear programming can give client-side users a clear, minimal cost plan that includes which plots to survey and in 
what order, but it has the problem of potential bias and/or spatial autocorrelation due to lack of true randomness in plot 
choice. We unify these disparate statistical and optimization approaches to survey design by building an optimization model 
that includes bias and autocorrelation constraints. Then we compare results from traditional statistical sampling methods to 
this new optimal survey design and asses cost and bias under both models. Our goal is to optimally design a sampling strategy 
so that sites chosen are an unbiased representation obtained within a feasible budget and with minimum autocorrelation 
between samples. 

Our case study is sampling survey design for Forest Inventory Analysis carbon surveys conducted in the Tanana Valley of 
Interior Alaska. In addition to logistical restraints such as cost and distance, our model also includes limits on heterogeneity 
of selected plots, and position within aerial and ground survey paths. We inject randomness though using a constraint 
satisfaction, as opposed to true optimization, framework; a plan is randomly selected from among many feasible solutions. 
We simulate and analyze this optimally designed sampling strategy and compare it to statistical systematic sampling schemes 
in order to detect possible bias or spatial autocorrelation, to quantify potential for time and cost savings, and to measure the 
cost of bias and autocorrelation in selected sampling schemes. 

Contact: Celine Pastore, cpastore@uw.edu 
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Geostatistical estimation of forest biomass in interior Alaska combining Landsat-
derived tree cover, sampled airborne lidar and field observations

Chad Babcock1, Andrew Finley2, Hans-Erik Andersen3, Bruce Cook4, Douglas Morton4

1 University of Washington
2 Michigan State University
3 United States Forest Service
4 National Aeronautics and Space Administration

Lidar data provide spatially explicit forest structure information which is potentially useful for regional forest inventory 
and mapping; especially in remote landscapes where field plots can be expensive to establish and measure. Mapped 
forest attribute products leveraging lidar information can be an invaluable tool for forest managers and decision makers 
working in remote forest regions, e.g., boreal systems. However, collecting wall-to-wall airborne laser altimetry data at 
regional scales is cost prohibitive. As a result, studies employing lidar data for large area estimation typically collect data via 
strip sampling; leaving large swaths of the forest domain unmeasured by the instrument. The goal of this research was to 
develop and examine the performance of a geostatistical coregionalization modeling approach for combining field inventory 
measurements, strip samples of airborne lidar, and Landsat-based remote sensing data products to predict aboveground 
biomass (AGB) in interior Alaska’s Tanana Valley. The proposed modeling strategy facilitates pixel-level mapping of AGB 
density predictions across the entire spatial domain. Additionally, the coregionalization framework allows for statistically 
sound estimation of total AGB for arbitrary areal units within the study area, a key advance to support diverse management 
objectives in interior Alaska. This research focuses on appropriate characterization of prediction uncertainty in the form of 
posterior predictive coverage intervals and standard deviations. Using the framework detailed here, it is possible to quantify 
estimation uncertainty for any spatial extent desired, ranging from pixel-level predictions of AGB density to estimates of AGB 
stocks for the full domain. The lidar-informed coregionalization models consistently outperformed their counterpart lidar-free 
models in terms of point-level predictive performance and total AGB precision. Additionally, the inclusion of Landsat-derived 
forest cover as a model covariate further improved estimation precision in regions with lower lidar sampling intensity. Our 
findings also demonstrate that model-based approaches that do not explicitly account for residual spatial dependence can 
grossly underestimate uncertainty, resulting in falsely precise estimates of AGB. On the other hand, in a geostatistical setting, 
residual spatial structure can be appropriately modeled within a Bayesian hierarchical framework to obtain statistically 
defensible measurements of uncertainty for AGB estimates.

Contact: Chad Babcock, babcoc76@uw.edu 
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Spatial Sampling Optimization to Monitor Forest Carbon in Interior Alaska, United 
States

Kornel Czimber1

1 University of Sopron

Machine learning, a computer’s ability to learn without being explicitly programmed can be used for wide range of problem 
solving. Machine learning constructs algorithms in order to learn from data, categorize it and make predictions. Many 
successful machine learning application can be reported from the field of bioinformatics, computer vision, speech recognition, 
optimization, marketing, economics and ecology.

Most of the machine-learning algorithms are an optimization problem to minimize the expected loss during knowledge 
extraction. However, machine learning does not only use optimization techniques, but may lead to new optimization ideas.

In this presentation various machine learning applications from the field of Forestry will be demonstrated from close range, 
and aerial photogrammetry to assess timber volume of forest stands and wood piles, tree crowns extraction from airborne 
laser scanning data, tree species distribution mapping, climate change impact modeling and data-driven decision making.

Contact: Kornel Czimber, czimber.kornel@emk.nyme.hu 



75SSAFR 2017         |          August 27-30, 2017

ABSTRACTS
15:20  Tuesday

Session 6D - Inventory Sampling - Salmon Room  
Session Chair: Hans-Erik Andersen 

Climatic modelling of tree species distributions in Pacific coast states, USA

Bianca N.I. Eskelson1, Tara M. Barrett2

1 University of British Columbia, Forest Resources Management
2 USDA Forest Service, Pacific Northwest Research Station

When forest land owners choose what tree species to plant following harvest, they need to consider climate suitability for 
the future stand. Assessing the impact of climate change on habitat for different tree species has most frequently used 
species distribution models. Species distribution models identify important climatic predictors that influence the present 
distribution of tree species, and then use those climatic predictors to project future tree species distributions under varying 
climate change scenarios. The selection of predictor variables and the chosen modelling techniques have been reported to 
affect the performance of and prediction from species distribution models. In this project, we used national inventory data 
from the United States to model the species distributions of 26 of the most abundant tree species in the Pacific coast states 
(Washington, Oregon, and California). Three modelling techniques and two sets of climatic predictor variables were applied 
to each of the 26 species, resulting in 156 models. The three modelling techniques were: generalized linear models (GLM), 
generalized additive models (GAM), and Random Forests (RF). The two sets of climatic predictor variables were derived from 
48 monthly variables, growing season, growing degree days (GDD), and climate moisture index (CMIGS). For the first set (Mr), 
the variables were chosen through correlation analysis after only keeping variables from the middle month of the season. 
The second set (PC) consisted of the first 6 principal components from a Principal Components Analysis. Model performance 
was assessed using the True Skill Statistic (TSS) on 25% of the available data that had been withheld from the model building 
process. Linear mixed effects models were fit using TSS as response variable, modelling technique and set of climatic 
predictors as fixed effects, and species as random effects. There was conclusive evidence that modelling technique affected 
predictive performance (p < 0.0001), with RF having the largest mean TSS (0.72), followed by GAM (0.68), and GLM (0.60). 
Predictor variable sets also affected model performance (p = 0.0091) but mean TSS values were similar; 0.67 and 0.66 for 
predictor variable sets Mr and PC, respectively. No interaction between modelling technique and predictor variable sets was 
detected. This work confirms other research findings that species distribution models are sensitive to modelling techniques, 
and the uncertainty caused by this should be accounted for when the models are used with climate change projections to 
predict future habitat uncertainty for different tree species.

Contact: Bianca Eskelson, bianca.eskelson@ubc.ca 
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A Dynamic Programming Heuristic to Consider Spatial and Temporal Detail in Forest 
Planning

Eric Henderson1, Howard Hoganson2

1 USDA Forest Servicde
2 University of Minnesota

Dynamic Programming has been demonstrated as an approach to solving forest management problems with spatial 
constraints. One limitation of the approach is that problem formulations can readily become complex, and they must be 
simplified to solve in a feasible and timely manner. To date, simplifications have included breaking the forest into overlapping 
strips of stands, or “moving windows”, and solving the windows sequentially to derive an overall forest-wide solution. 
Previous studies have shown that varying window widths, orientations, and overlap parameters produce trade-offs between 
solution time and objective function value. In this study, a heuristic is presented which searches through solutions of different 
moving window widths and orientations, looks for commonality in stand-level solutions, and iteratively converges on a global 
forest-wide solution. Areas of the problem with consistent stand-level solutions regardless of the window orientation are 
accepted in the early stages of the search. This enables a more thorough exploration of the most difficult portions of the 
problem that show disagreement in stand-level solutions from different window orientations. The heuristic is demonstrated 
on a moderately sized landscape with spatial constraints on young forest core area that persists for ten years. Two-year 
planning periods are used to recognize both the short-lived nature of the core area and to add flexibility in designing patches 
that change shape through time. Results show objective function value improvement and time savings over previous studies. 
Implications of using this heuristic include enabling the solution of larger dynamic programming problems in shorter time with 
more accuracy than has previously been demonstrated.

Contact: Eric Henderson, ehenderson@fs.fed.us 
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Explorations and Advances in the Use of Heuristics for Spatial Harvest Scheduling

Pete Bettinger1

1 University of Georgia

Spatially explicit harvest scheduling can be accomplished using a number of different mathematical processes, such as 
traditional exact methods (linear and mixed integer programming), simulation models, and heuristics. While they are 
unable to guarantee the location of a global optima, heuristic processes are useful when the functional relationships 
between decision variables (potential activities) and forest plan outcomes (economic, environmental, social goals) are 
complex and difficult to formulate in a straightforward manner. In this regard, heuristics can employ logic and rules within 
a computer coding environment to assess the relationships between decision variables and outcomes. This knowledge can 
be used to inform the assessment of an objective function or to constrain a planning problem. However, as problem sizes 
(a combination of forest stands, management regimes, and time periods) increase, mathematical processes (heuristics and 
others) may succumb to computational pressure. The objective of this presentation will be to describe recent experiences and 
advancements that might be value to those employing heuristics for the development of forest plans. Recently completed 
research on the performance of tabu search and threshold accepting heuristics will be described in the presentation, where 
different parameter sets are employed and where different processing enhancements are enabled. Outcomes are subjected to 
validation tests consistent with recent literature, and differences in outcomes are assessed using statistical tests appropriate 
for the type of data generated. 

Contact: Pete Bettinger, pbettinger@warnell.uga.edu 
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Designing Zone-diverse Reserves via Mixed Integer Programming

Eduardo Alvarez-Miranda1, Virgilio Hermoso2, Jordi Garcia-Gonzalo2, Andres Weintraub3, José Salgado1

1 Universidad de Talca
2 Centre Tecnologic Forestal de Catalunya
3 Universidad de Chile

Demographic expansion, natural resource exploitation, and the consequences of climate change, are among the processes 
that had resulted in a dramatic loss of biodiversity in the last decades. In July 2012, at Rio+20 Earth Summit, the International 
Union for Conservation of Nature revealed that about 20,000 species are threatened with extinction. Among them, 4,000 are 
described as critically endangered and 6,000 as endangered, while more than 10,000 species are listed as vulnerable.

The maintenance of biodiversity has revealed as crucial for the humankind, so its preservation is decisive for ensuring a 
minimum level of life quality for the future generations. As a matter of fact, immense efforts have been devoted in the last 
decades by international organizations, governments, and foundations, for the establishment of protected areas aiming at 
ensuring a sustainable landscape for wildlife.

The design of such nature reserves has lead to the development of a plethora of mathematical models. The purpose of 
such models is in providing optimally designed reserves that respect ecological, topological, economical an eventually other 
external requirements. Most of the proposed models consider that reserves are comprised by zones of two typologies; 
reserved or unreserved. However, more realistic design settings require decision-aid tools performing diverse land-use zoning 
options, i.e., tools that not only decide on which areas shall conform a reserve, but also on which areas shall be assigned to 
other typologies such as agriculture, cattle raising, urban areas, and so on.

In this work we propose, for the first time, a modeling and (exact) algorithmic framework based on Mixed Integer 
Programming for conservation planning considering several land-use zoning options. The functional and ecological suitability 
of the proposed model, along with the effectiveness of the corresponding algorithm, is shown by computing different multi-
zone reserves using real data.

Contact: Eduardo Álvarez-Miranda, ealvarez@utalca.cl 
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A Pareto Frontier decomposition approach to address multiple criteria forest 
ecosystem management

Susete Marques1, Vladimir Bushenkov2, Alexander Lotov3, Marco Marto1, José Borges1

1 Forest Research Centre, School of Agriculture, University of Lisbon, Tapada da Ajuda, 1349- 017 Lisboa, Portugal
2 University of Évora, Centro de Investigação em Matemática e Aplicações, Largo dos Colegiais, Évora, Portugal
3 Dorodnicyn Computing Center, Russian Academy of Sciences, ul. Vavilova 40, Moscow, 119333 Russia

The Interactive Decision Maps (IDM) technique that has successfully been used during several decades is extended to 
multi-objective problems with a large number of decision variables. The IDM technique applies interactive visualization and 
animation of the Pareto frontier in the form of decision maps, i.e. collections of the objective tradeoff curves. By studying 
the decision maps the decision makers learn the feasible combinations of the objective values and objective tradeoffs. To 
implement the IDM technique, the Edgeworth-Pareto hull (EPH), that is, the largest set that has the same Pareto frontier 
as the multi-objective problem under consideration is approximated in advance. In the case of a large number of decision 
variables, the decomposition methods for EPH approximation are proposed. The general scheme of decomposition 
methods is based on splitting the system under study into subsystems, approximating the EPH for subsystems and using 
the approximations for constructing the EPH for the whole system. We describe an application to one forested landscape 
fragmented into a large number of ownerships in Portugal, ZIF Vale do Sousa, that was splitted in counties, generating three 
subproblems. Results will be presented.

Contact: Susete Marques, smarques@isa.ulisboa.pt 
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Production possibility frontiers and socio-ecological tradeoffs for restoration of 
fire adapted forests

Alan Ager1, Kevin Vogler2, Michelle Day2

1 USDA Forest Service
2 Oregon State University

Restoration ecology has increasingly become a key component of many land management programs on both public and 
private lands in many regions of the world. A case in point are the large scale forest restoration programs initiated on 
western US national forests under the Healthy Forest Restoration Act to improve the health and resiliency of the dry forest 
ecosystem. Fire resiliency objectives are achieved through fuel management projects that use forest thinning, prescribed fire, 
and a range of other techniques aimed at returning fire frequent forests to pre-settlement conditions. Key outputs from the 
restoration program include commercial wood supply to private entities to offset restoration treatment costs and increased 
employment in rural economies. An important component of forest restoration planning is the prioritization of projects 
under finite budgets and a large backlog of areas that need treatments. Current prioritization consists of ad hoc analysis 
of spatial data from regional and local assessments coupled with field observations to determine site specific projects and 
planning areas. Analyses are not conducted to evaluate tradeoffs among different priorities to generate economic services 
versus address ecosystem stressors that potentially impact forest heath and productivity. Ignoring tradeoffs may lead to 
implementation plans that are unobtainable or non-optimal due to scale effects on production functions or scale mismatches 
between assessments and project implementation. In this study we analyzed economic and ecological tradeoffs within a fire 
prone ecoregion that includes four US national forests designated as national priorities for restoration.. We modeled four 
restoration objectives: 1) forest departure from historical conditions, 2) insect and disease risk, 3) wildfire hazard, 4) wildfire 
exposure to the urban interface from national forest ignited fires, and 5) financial valuation of restoration treatments. The 
analysis revealed sharp tradeoffs among different restoration objectives, and substantial spatial variation in production 
possibility frontiers among and within national forests. We found that optimizing revenue to help finance restoration projects 
led to a sharp reduction in the attainment of other socioecological objectives, especially reducing ecological departure from 
historical conditions. However, production possibility frontiers were highly variable among planning areas and national 
forests, and point to specific spatial priorities and opportunities to achieve restoration goals within the study area. The 
restoration tradeoffs stem from the diversity of forest conditions that evolved from past management, biophysical setting, and 
disturbances such as wildfire. This work facilitates implementation of restoration policies on US public lands and achieving 
long-term social and ecological goals for US national forest restoration programs.

Contact: Alan Ager, aager@fs.fed.us 
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Quantifying the Conflict among Competing Forest Ecosystem Services under 
Alternative Climate Scenarios

Nicholas Kullman1, Sándor Tóth1

1 University of Washington

The potential impact of climate change on the production of forest ecosystem services is well-documented. Much less 
understood is how the trade-offs among these services would change. Would more conflicts arise between ecosystem 
services? How would one measure such conflict in the first place?

We present a process to measure conflict among objective functions in multi-objective optimization systems. To do so, we 
introduce a new metric to quantify conflict between pairs of objectives which combines distance to the ideal solution and 
correlation between the objectives. We also demonstrate a new application for an existing measure, wherein we quantify 
conflict as the ratio between the volume of the n-dimensional objective space under the production possibilities frontier of a 
set of competing ecosystem services vs. the space defined by the ideal solution.

We illustrate the conflict quantification process using a real example of competing ecosystem services from the Deschutes 
National Forest.

Contact: Nicholas Kullman, nkullman@uw.edu 
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Optimal carbon storage in uneven-aged mixed species forests

Aino Assmuth1, Janne Rämö1, Olli Tahvonen1

1 University of Helsinki

This study analyses economically optimal carbon storage in boreal uneven-aged mixed species forests. Our subject is 
motivated by recent ecological research that underlines the importance of heterogeneous size and species structure for 
maintaining forest resilience under climate change. We optimize the co-production of timber and carbon storage services in 
size-structured stands using empirically estimated harvesting cost functions. In addition to carbon storage in the stand, we 
consider carbon in sawlog and pulpwood products. The ecological model applied in the study is a transition matrix model 
with empirically estimated Scandinavian growth functions for Norway spruce (Picea abies (L.) Karst.), birch (Betula pendula 
Roth and B. pubescens Ehrh.), and other broadleaves. The optimization problem is solved in its general dynamic form using 
gradient-based interior point methods. We first present results for a stand consisting of Norway spruce and birch. Assuming 
3 % interest rate and no social value for carbon storage, the optimal steady state is a mixed species stand where Norway 
spruce accounts for 80% of stand volume. Increasing the value of carbon storage to €40/tCO2 increases stand density and the 
predominance of spruce relative to birch. Additionally, we present results for a stand consisting of Norway spruce and birch, 
and other broadleaves that have no commercial value. Given 3 % interest rate and no carbon pricing, the optimal steady state 
stand comprises of Norway spruce and birch, while other broadleaved trees are cut down as soon as they emerge. Increasing 
the carbon price to €40/tCO2 implies that other broadleaves are allowed to grow considerably larger before being cut down. 
Hence, the inclusion of carbon storage benefits may motivate forest management that maintains more species diversity.

Contact: Aino Assmuth, aino.assmuth@helsinki.fi 
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Quali - quantitative analysis of SAR data over planted forest in Mesopotamia 
Argentina.

Miriam Presutti1

1 Facultad de Ciencias Agrarias y Forestales. Universidad Nacional de La Plata

Optical and radar satellite images have proved their usefulness in forest applications. Cloud cover affects the acquisition of 
optical data, but not affects the radar. An active radar sensor emits pulses from an antenna. When the energy reaches the 
target, some of the energy is reflected back toward the sensor. This backscattered microwave radiation is detected, measured, 
and timed. Nowadays, several spaceborne instruments operate in the microwave portion of the electromagnetic spectrum, 
with different frequencies (Bands: X, C and L) and polarizations (horizontal/vertical; single, dual and quad). Polarimetric SAR 
is sensitive to the orientation of targets and polarimetry could yield several new descriptive radar target detection. Target 
decomposition theory has been used for information extraction in SAR data. The goal of these techniques is to separate a 
complex target into simpler scattering mechanism. The objective of this contribution is to exhibit the results of different 
processing methods applied to three types of radar data: CosmoSkyMed (CSK), (X-Band, wavelength 3 cm); Radarsat-2 
(C-Band, 5.6 cm) and ALOS-PALSAR (L-Band, 23,6 cm) for information extraction in planted forest of Pinus taeda L. and 
Eucalyptus grandis (W. Hill ex Maiden) in the northeast portion of Argentina (Mesopotamia). Qualitative and quantitative 
techniques were applied to information extraction on scattering mechanisms and quantify structural variation at canopy level. 
i) Two Radarsat-2 images, SQ13 y SQ7 (Standard Quad Polarization, incidence angles 27° y 33°) SLC (Single-Look Complex) 
format were analyzed with Polarimetric Workstation Software (PWS) developed by Canadian Centre for Remote Sensing 
(CCRS). The parameters Entropy (H) and angle α were extracted from the images where plots of eucalyptus plantations with 
different ages were located. Combining H and α a bidimensional plane is generated, then any point in this plane can be 
assigned to a specific scattering mechanism. Younger plantations, under two years, show the lower values in Entropy, where 
the dominant scattering mechanism is due to the soil surface. On the other hand, in older plantations, the main mechanism 
is volume scattering, due to the canopy. The better result was obtained using the image acquired with steep angle (SQ7) ii) 
To get a 3D graphic the parameter λ is included in a third axis. All these parameters were extracted applying an unsupervised 
classification H/α/λ using the free software PolSARPro, developed by ESA, and a fully polarimetric ALOS-PALSAR image. The 
result was a map with 27 classes, each one representing a scattering mechanism: surface backscatter in the sites where the 
clear cut occurred, double bounces due to the line of trunks in plantations clearly distinguishing from the native forest. iii) 
The relationship between the backscatter of CSK and ALOS-PALSAR data and structural variables of the forest were analyzed. 
Multiple regression models were applied using structural data as dependent variables and radar image bands and derived 
indices as predictors. Basal area exhibited the best fit for models (r2=0,82) followed by quadratic mean diameter (r2=0,59) 
using co (VV/HH) and cross (VV/HV) polarimetric indices derived from CSK. The best model based on L-Band was with the 
mean quadratic diameter (r2=0,79). 

Contact: Miriam Presutti, miriampresutti@gmail.com 
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Using a generic Markov model to model climate change impacts on forest carbon 
dynamics

Tuula Packalen1, Jari Vauhkonen1

1 Natural Resources Institute Finland

Forests and forestry are expected to play an important role in the mitigation of climate change. Forests are carbon sinks and 
stocks while forest products can be used to replace fossil based raw materials and energy. Obviously,the use of forests for 
wood raw material and energy provision causes different carbon stocks and flows than the use of forest for conservation. In 
recent years, carbon balance has been studied intensively from the climate change mitigation point of view. However, the 
impacts of climate change on forest carbon dynamics when different management strategies are applied are less studied. This 
paper presents a generic, open source Markov model that can be used to investigate the impacts of climate change and forest 
management on forest-related carbon sinks and stocks.

Our national forest inventory (NFI) application of the Markov model includes 1) classifications of the state space (e.g. age and 
volume or number of stems and volume) and factor combinations (cf. “forest types) for which to track transitions; 2) forest 
initial saate matrices by factor combinations derived from the NFI data; 3) basic (“no management”) transition probabilities 
in current and in changed climate, 4) transition probabilities for the activities (e.g. thinning or final felling) to be modelled; 5) 
activity probabilities based on the NFI data or national statistics and 6) output requests.

The forest initial state matrices for different factor combinations can be derived through a simple classification and 
aggregation routine from the NFI plot data. For the estimation of basic (“no management”) transition probabilities matrix, 
pairwise observations from NFI (current climate) or growth simulators (changed climate) can be used. In an ideal situation, 
sufficient plot data is available in order to estimate the transition probabilities based on the proportion of times a transition 
occurs out of the total number of times it is tried and observed. In the absence of sufficient plot data, a recursive Bayesian 
estimation can be applied. Activity probabilities can differ between factor combinations (“forest type”). The transition 
probabilities are combined from conditional probabilities, conditioned on activities. Consequently, there is a transition matrix 
per factor combination and per activity.

Contact: Tuula Packalen, tuula.packalen@luke.fi 
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Analyzing forest sectors total carbon balance under different management and 
climate scenarios in Swedish condition

Bishnu Chandra Poudel1, Johan Bergh1

1 Linnaeus University, Department of Forestry and Wood Technology, Växjö, Sweden

Forestry as a system basically includes forests, human society, industries, and earth system where many trade-offs exists. 
However, forestry plays a major role in increasing carbon store in the forests and forest products outside the forests while at 
the same time reduces carbon emissions by substituting carbon intensive products. This has led to an argument that forestry 
is one of the alternatives to the mitigation of climate change. Since forestry includes different sub-systems in the process, it 
is not possible to understand forestry’s role in climate change mitigation without it is discussed it in a system perspective. 
Forest sequestrate carbon into biomass through physiological processes and carbon transfers into above and below ground 
biomass while at the same time nutrient cycling process helps litterfall turn into organic matter that later goes through 
natural decomposition process. On the other hand, industrially managed productive forests deliver forest products to the 
industries. The products taken out from the forests would follow the processing systems such as pulp and paper production, 
power generation and wood products preparation. Various forms of energy can substitute marginal energy supply while 
wood products can substitute carbon intensive materials that are conventionally used in construction sector or in household 
products. The system cycle comes to an end when recycled forest products are used.

By including all of these chains and processes from the forests to the industries, we have used an integrated model system 
to estimate total carbon balance of forestry system at stand, landscape and country level in Sweden. We have produced 
various types of forest management scenarios with both even aged and uneven aged forests at stand level, with high and 
low production in landscape level, and with different country based scenarios for whole Sweden and estimated total carbon 
balance of the whole system. Although all the stages in the system are equally important, our results show that what could 
be effective parameters that may trigger to a larger amount of climate benefit from forestry system. In this presentation, we 
will highlight why system approach is needed to explain climate benefits from forestry. We will present results from stand to 
country level to show the differences and confusions involve during analysis. We will present what total carbon balance meant 
in different steps of system analysis.

Contact: Bishnu Chandra Poudel, bishnu.poudel@lnu.se 
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Optimal average carbon sequestration in the Brazilian Savanna

Henrique Scolforo1, Joseph Roise1, Jose Scolforo2, Carlos Mello2

1 North Carolina State University
2 Federal University of Lavras

This study describes a methodology regarding tropical forests to identify suitable species for restoration programs over 
the next 10 years. Brazil has many tree species with sustainable management potential distributed in the Savanna biome. 
However, there is little to no knowledge of their dynamics and growth. The lack of such information has resulted in failure 
of species reestablishment in degraded areas for restoration purposes. During the 2000’s, forest inventories, totaling 
700 plots, were conducted in areas of the Savanna biome, which represents more than 20% of the Brazilian landscape. 
The inventories were conducted between 2003 and 2010. Climate data were also gathered during this period. A model 
combining stand density, climate variables and dbh was developed. Equations for carbon estimates (above + below-ground) 
were also developed, which means that projecting dbh in the future, we can convert these estimates for carbon allocation. 
The developed dbh model allowed the definition of the most suitable species under each region of the Savanna. Since the 
developed model is a function of climate data, stand density and age, it is possible to apply scenarios regarding how climate 
change and stand density would affect the species growth. Therefore, for different scenarios we can define the potential 
carbon allocation in this biome, which represents a critical information element regarding new policies against climate 
change. We use this information to optimize carbon sequestration in the Brazilian Savanna.

Contact: Henrique Scolforo, hfscolfo@ncsu.edu 
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The potential effect of wildfire on future forest carbon accounts of the western 
United States

Raju Pokharel1, Greg Latta1, Sara Ohrel2

1 College of Natural Resoruces, University of Idaho
2 US EPA Office of Atmospheric Programs

Throughout history, wildfire has been an integral element in naturally regulating forest ecosystem processes. However, 
drought and increased fuel loading due to fire suppression in western U.S. have made this area prone to more frequent and 
high-intensity fires. Increased occurrence of catastrophic wildfires can negatively affect ecosystem services such as water, 
habitat, rural economics, and carbon sequestration. For the U.S to craft effective policy to meet its ambitious greenhouse gas 
reduction goals, a better understanding of the confluence of forest resources, forest products markets, and wildfire is needed. 
This study first seeks to better understand how carbon loss due to fire relates to land use and forest resource conditions, 
which depend on forest product market supply and demand in the western U.S. The authors then use that improved 
understanding to project future forest carbon accounts at varying frequency and severity of fire related to alternative 
macroeconomic outlooks. To accomplish this, we utilize remeasurements of the Forest Inventory and Analysis (FIA) inventory 
as the basis for a two-tiered approach to project future fire regimes. First, we use climatic parameters to determine the 
likelihood that a fire will occur, then we use fuel loading estimates to determine intensity. We integrate this fire model into a 
spatially explicit economic model of U.S. forest product markets to capture market demand, potential policy outcomes, and 
wildfire risk. We generate results for the 2015-2035 time period for an array of scenarios varying macroeconomic outlook, 
public forest harvest levels, and future climate. For each scenario, figures showing historic and scenario-specific forest 
products production are generated. Maps of the spatial allocation of forest harvesting, fire occurrence, and carbon fluxes are 
presented at the National level and specific detail is given for the western U.S. Results enable us to quantify the carbon loss 
due to fire over time and estimate their impacts in future carbon sequestration. We aim to provide policy and decision-making 
support on fire-related carbon loss for landowners, managers, public agencies and other stakeholders.

Contact: Raju Pokharel, rpokharel@uidaho.edu 
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Prioritizing road maintenance operations using MCDA

Fatemeh Berenji Tehrani1, Fatemeh Azhdari1, Ehsan Abdi2, Baris Majnounian3

1 M.Sc., Graduate, Department of Forestry, University of Tehran, Iran
2 Associate Prof. Department of Forestry, University of Tehran, Iran
3 Prof. Department of Forestry, University of Tehran, Iran

Forest roads are the most crucial infrastructures in forestry and forest management, which facilitate forest utilization, 
ecotourism activities and forest protection. But as an imposed element on natural forest ecosystem, they have their own 
negative environmental impacts. Moreover, forest roads are known as the main source of erosion, sediment production 
and water pollution. Road maintenance can be introduced as a dual- purpose solution. In the other words, by regular road 
maintenance, which implies identifying road problems and their correction, we can keep forest roads in a suitable and safe 
situation in order to facilitate traffic, preserve proper function of their drainage system and reduce their environmental 
effects. As road construction and maintenance are considered as one of the costliest activities in forestry and due to different 
kinds of road problems, recognizing the priority of the effective factors in road maintenance operations and disbursing wisely 
according to fund limitation can be a great deal of help. In order to prioritize the maintenance needs, different methods 
such as multi-criteria decision analysis (MCDA) can be used. In this paper, which was carried out in a part of Hyrcanian 
forest in the north of Iran, MCDA was used to prioritize maintenance operations. First, the effective criteria for maintenance 
prioritizing were introduced, using Delphi method. The chosen criteria were: drainage system including cross drains and side 
ditch, slope stability, longitudinal road gradient, road template, slope angle and the curves with minimum radius. Then the 
criteria were given relative weights using pair-wise comparison in AHP framework. According to the results, drainage with 
the weight of 0.3071 was the most important criterion. In the next stage, the studied road network was divided into different 
segments based on the location of culverts, and the characteristics of criteria were recorded in each segment. The data were 
standardized and imported in ArcGIS, and then by using Weighted Linear Combination method (WLC), the final suitability map 
was achieved by combining layers of criteria and their corresponding weights. The final suitability map showed some parts of 
the studied road in high demand of maintenance due to steep terrain, low density of culverts, improper sizing of culverts and 
poor drainage. Consequently, results showed that the methodology is applicable to prioritize the maintenance needs in forest 
road maintenance. 

Key words: road maintenance, prioritizing, Delphi method, AHP, Weighted Linear Combination method 

Contact: Fatemeh Berenji Tehrani, fb.tehrani@yahoo.com 
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Economic and Environmental Optimization of Forest Supply Chain for Timber and 
Bioenergy Production from Beetle-killed Biomass in Colorado

Ji She1, Hee Han1, Woodam Chung1

1 Oregon State University

In the northern Colorado Rocky Mountains, harvesting beetle infested forest stands provides an opportunity to utilize 
resources that are otherwise wasted. While sound wood from beetle-killed stands can be still used for traditional timber 
products, degraded wood and logging residues can provide a feedstock for bioenergy. However, management of timber 
production and use of bioenergy feedstock are commonly done separately and linkage between them is seldom considered. 
Currently, due to the relatively low value of beetle killed forest stands, only ground-based clearcut salvage harvesting is 
economically feasible to implement and there are two options of the harvesting system, lop-and-scatter (LS) and whole-tree 
harvesting (WT). Between them, only the WT method prepares logging residues in piles that is available for further use and 
sometimes this generates extra costs compared to LS. Although utilizing wood waste for energy production has a potential 
for reducing greenhouse gas (GHG) emissions, high costs of harvesting and transportation have been an obstacle to wide 
utilization of beetle-killed wood for bioenergy. In this study, we develop and apply a multi-objective optimization approach 
to integrate the economic and environmental objectives into forest supply chain management for both timber and bioenergy 
production. The economic objective is measured by the total net revenues and the environmental objective is measured by 
the savings in GHG emissions through the use of bioproducts. Upstream forest harvesting decisions are considered as decision 
variables in the supply chain optimization. The problem is solved using the weighted sum scalarization approach where the 
sum of the two conflicting objectives have to be maximized. The resulting Pareto optimal curves show the potential trade-
offs and compromises between objectives. As the management goal of supply chain changes from fully economic-driven to 
fully environment-driven, the WT method is selected for more harvesting units to produce logging residues as a by-product, 
resulting in an increasing amount of bioenergy products. In addition, the economic objective decreases from $4.42 million to 
$3.19 million, while the environmental objective improves from 166 kton CO2-eq to 211 kton CO2-eq. 

Contact: Ji She, ji.she@oregonstate.edu 
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INTEGRATING RETENTION SYSTEMS IN A STRATEGIC FOREST PLANNING USING A GOAL 
PROGRAMMING MODEL

Marta Ezquerro1, Luis Diaz-Balteiro1, Marta Pardos2

1 Technical University of Madrid (UPM)
2 INIA-CIFOR

For the last decades, the integration of biodiversity conservation into forest management has constituted a challenge, since 
models have to make compatible conservation with production. According to the silviculture employed, diverse aspects 
related to the typology of the cuttings (final or intermediate ones), the use of systems like Green Tree Retention (GTR). One of 
the strategies developed in many forests is to define at the stand level, the areas where the schedule of final cuts (retention 
areas) has been forbidden. These areas, which were found dispersed or aggregated through the forest, helped to maintain a 
percentage of mature forest that fulfilled the conservation goals. However, these retained areas are not usually included in 
the strategic forest management models. Strategic or long-term management planning plays a key role in the development of 
forest schedules as the temporal dimension is a determinant characteristic of all forestry production systems. A case study is 
used to define a goal programming model, where criteria linked to the forest retention areas (dispersed and aggregated) are 
considered over the planning horizon. Our results show how to coordinate conservation and production in a forest strategic 
planning and how to quantify trade-offs between the criteria considered. 

Contact: Marta Ezquerro, marta.ezquerro@upm.es 
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A pathway toward the implementation of a Decision Theater for forestry planning: a 
case study in Québec

Tasseda Boukherroub1, Sophie D’Amours2, Mikael Rönnqvist2

1 École de technologie supérieure
2 Université Laval

Social acceptability is crucial for a successful sustainable forest management (SFM). However, involving stakeholders in the 
decision-making process can be very complex and time consuming. Often conflicts arise among the stakeholders, leading to 
situations where it is impossible to find compromises. These issues are observed in the process of forest planning in Canada, 
where more than 90% of the forests are publicly-owned. To prevent conflicts and promote social acceptance of forest 
management plans, the Canadian government has implemented different participatory mechanisms across the country. This is 
the case in the province of Québec, which recently adopted a new forest regime to promote SFM. The new regime introduced 
a participatory mechanism called “Local Integrated Land & Resource Management Panel”, which has been implemented 
across all regions of the province since 2010. The aim is to enable forest users to express their concerns and take part in forest 
management planning, which falls under the responsibility of the Ministry of forests, wildlife and parks of Québec (referred to 
as MFFP). Recent studies have shown that implementing these Panels only had a limited success. Lack of information at the 
right time, lack of impact analyses, long planning process, incapacity to find compromises, and lack of transparency are among 
the major issues. Currently, MFFP and the regional authorities are seeking to improve this situation. 

Traditional decision support tools such as simulation and optimization models are not sufficient for dealing alone with 
aforementioned issues. The stakeholders may expect to be offered the possibility to evaluate alternative options from the 
perspective of their interests, knowledge, and value-driven criteria, and may wish to contribute to problem definition, 
problem analysis, and solution generation. Stakeholders that have difficulty in understanding maps and scientific information 
may also need a detailed view of alternative solutions, background information, and customized visualizations. Therefore, 
there is a need for new approaches enabling the combination of visualization and decision modeling capabilities together 
with human capacity of insight and interaction. Decision Theaters (DTs) are one of these approaches. DTs can be viewed as 
meeting rooms characterized by specific input/display technologies and seating arrangement that allow a group of people 
to interact with each other and with the data in order to contextualize a decision-making situation, evaluate the impact of 
decisions on stakeholders and decision makers’ outcomes, and find a common solution. Current research does not provide 
clear guidelines or a systematic approach for implementing a DT-based approach for decision-making support. We propose 
a generic framework for the design of DTs encompassing five components: decision entities, decision support component, 
organizational system, decision theater layout, and technologies. To show how a DT could be implemented for forestry 
planning in Québec, we develop the conceptual design of a decision support system called FC-DSS. FC-DSS includes a data 
management module, two model base modules, and a data and results visualization module, which are encapsulated in 
graphical user interfaces aimed at supporting the needs of planners, analysts, and stakeholders. The benefits and challenges 
of implementing a DT and FC-DSS will be discussed. 

Contact: Tasseda Boukherroub, Tasseda.Boukherroub@etsmtl.ca 
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An investigation of time series clustering for Big Data forestry problems.

Weikko Jaross1, Kevin Ceder1, Kai Ross1, Sándor Tóth2

1 Cramer Fish Sciences
2 University of Washington

With modern computing resources we see emerging examples of Big Data due to large combinatorial problems in forest 
inventory projections and harvest scheduling. When data gets big, errors, omissions, and patterns are difficult to isolate and 
correct using conventional analytics. Generally speaking, analysts avoid Big Data using supervised pre-classifications of forest 
inventory following common biotic and abiotic factors. As an alternative, we explore time series clustering that identifies 
similar and dissimilar patterns in forest inventory projections with and without forest management interventions. Using a real 
world forest example, we achieve a considerable reduction in information redundancy with minimal impact on timber supply. 
We report on the robustness of our methods using synthetic forest datasets.

Contact: Weikko Jaross, weikko.jaross@fishsciences.net 
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Developing a spatial distribution map of maximum soil expected value of sugi 
(Cryptomeria japonica) planted forest in Kyushu Island, Japan

Yasushi Mitsuda1

1 University of Miyazaki

This study aimed to develop a spatial distribution map showing profitability for managing sugi (Cryptomeria japonica) planted 
forest in Kyushu Island, south-west part of Japan. Decisions on replanting after harvesting of sugi planted forests have come 
to an important issue in Japan, thus the map and the procedure to produce it developed in this study will provide useful 
information to policy makers dealing national forest resource plan and national timber production plan. The basis of the map 
was a 50-m resolution forest map derived from Landsat image and the maximum soil expected value as sugi planted forest 
was calculated for each cell. Because site index model and stand growth model of sugi for this region have been developed, 
stand growth of sugi planted stand can be estimated considering with effects of climate, topography, stand density, 
competition among trees on tree growth. Using these models, dynamic programing approach was applied to maximize soil 
expected value and to optimize logging age and thinning regime for each 50-m cell. We can easily know where is suitable site 
for managing sugi planted forest using the spatial distribution map of maximum soil expected value developed in this study.

Contact: Yasushi Mitsuda, mitsuda@cc.miyazaki-u.ac.jp 
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Modeling Natural Regeneration in Pennsylvania Forests

Manuela Oliveira1, Marc MacDill2, Kyle Kovach3

1 University of Évora. Research Centre for Mathematics and Applications. Mathematics Department. Évora. Portugal
2 Ecosystem Science and Management. College of Agricultural Sciences. The Pennsyvania State University. University Park, 
Pennsylvania, 16802, USA
3 University of Freiburg, Faculty of Biology, Geobotany, D-79104 Freiburg, Germany, The Pennsylvania State University, 
Department of Ecosystem Science and Management, University Park, Pennsylvania, 16802, USA

A critical challenge for foresters who seek a balance between production and biodiversity conservation is how to promote 
natural forest regeneration. Pennsylvania’s forests provide a host of ecological, social, and economic values and in most cases, 
natural regeneration is relied on to restock forests after harvests. An approach to modeling the presence/absence, quantity 
and species composition of natural regeneration based on Tobit regression is presented and discussed.

Contact: Manuela Oliveira, mmo@uevora.pt 
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