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JOSE 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 internatonal 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 visitng scholar in several universites in
Europe and America and has a wide experience of partcipaton in
internatonal educaton 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, multple demands,
collaboratve needs, partcipatory 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 administraton and non-governmental organizatons).
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KEYNOTE SPEAKERS

AUSTIN PHILLIPS

Woods Hole Oceanographic Insttuton
266 Woods Hole Rd.

Redfeld 1-16 (MS #34)

Woods Hole, MA 02543

Tel: (870) 210-9352

Email: aphillips@whoi.edu

AUSTIN PHILLIPS

Woods Hole Oceanographic Insttuton, United States

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

“Optmizaton Challenges in Mathematcal Ecology”

Keynote talk abstract on page 17

Bio: Austn Phillips is a postdoctoral investgator at Woods Hole
Oceanographic Insttuton in Woods Hole, Massachusets. He
obtained an MSc in Applied Mathematcs from the University of
Washington in Seatle before completng a PhD in Quanttatve
Ecology and Resource Management from the same insttuton in
2017. His primary area of interest is theoretcal ecology, where he
uses spatal models to understand ecological processes ranging from
climate change response to deep-sea metapopulaton persistence.
In additon to using spatal models for descriptve purposes, he
relies optmizaton frameworks such as mathematcal programming
to develop prescriptve hypotheses about how to manage at-risk
ecosystems. Threats such as climate change and invasive species
present many opportunites to balance ecological goals with
resource constraints, and provide a natural overlap of interest with
forestry and other optmizaton-oriented felds.
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KEYNOTE ABSTRACTS

08:40 Monday Whale Room
Keynote 1

RESEARCH NEEDS IN ECOSYSTEM SERVICES FOR DECISION SUPPORT

Greg Arthaud?
L US Forest Service

Many US federal agencies have been involved in independent and joint eforts to develop methods of incorporatng
ecosystem services in decision making. Coming out of these eforts, key research needs topics have been identfed and
include: measuring and metrics of ecosystem services; ecosystem service producton functons; use of ecosystem services
in decision making and; ecosystem service valuaton methods. This presentaton will summarize federal agency eforts, 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 applicaton 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 Coopst
1 University of Britsh 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 satsfy an increasingly complex set of rules, standards, business practces, and public
expectatons (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 signifcant barrier to the sustainable management of forests and the
provision of ecosystem services under these new pressures is a lack of detailed geospatal informaton regarding the nature
of the supply, that is, the amount and characteristcs of forest resources. To address this barrier we need to develop accurate
and cost efectve inventory systems that spatally quantfy tmber 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 fve 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 questons and contrast
how they difer across diferent forest estates and tenures. Integral to these new technologies is an assessment of their

cost and accuracy gained compared to conventonal 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 propositon of these
approaches and tradeofs 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 - ACASE
STUDY OF BEETLE KILLED BIOMASS FEEDSTOCK PLANNING IN NORTHERN COLORADO

Woodam Chung?
! Oregon State University

Mountain pine beetle-killed trees resultng from widespread bark beetle infestatons in the Rocky Mountains represent a vast,
high-density biomass feedstock resource for bioenergy and bio-based products. However, lack of experience and feld-verifed
data on harvest, logistcs and utlizaton of beetle-killed wood delay efectve management by forest managers of private and
public forestlands in the region. Informaton gaps include the quantty and distributon of harvestable beetle-killed biomass,
cost of feedstock producton and logistcs, 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 verifable feld data and producton informaton to use in planning for beetle-killed biomass harvest and utlizaton.
New allometric equatons were developed to estmate biomass amount of beetle-killed lodgepole pine trees. New cost and
productvity models were developed for downed tree harvestng operatons. A mathematcal approach using a mixed integer
programming coupled with a network algorithm was developed and applied to optmize feedstock logistcs for a given spatal
distributon of feedstock, road access and available harvestng machinery.

Our results suggest that existng volume data derived from live trees may overestmate the amount of unmerchantable forest
residues resultng from beetle-killed stand harvestng, and that the existence of leaning and downed trees highly afects
harvestng costs. Our study confrms the importance of assuring data quality and relevance in operatonal forest planning.
Collaboraton with other disciplines, forest practtoners and stakeholders is essental to generate realistc data and useful
informaton necessary for forest planning under data and informaton-poor conditons.

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-Gonzalo?, José G. Borges?
! Centre Tecnologic 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. recreaton, protecton, conservaton) and wood-based products (e.g. tmber, fuelwood) while addressing the impacts of
natural disturbances (e.g. wildfres, droughts) on potental supply. Classical forestry producton approaches to silviculture and
regulaton 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 efectvely integrate currently fragmented multdisciplinary
knowledge.

The European and the American experiences with the development/applicaton of models and tools to support forest
management and develop innovatve forest policies provide a solid base for contnuous improvement of its eFciency and
efectveness in a context of global change (e.g. changes in forest policies, changes in forest owner structures, changes in
climatc conditons). Nevertheless, the fragmentaton 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 integraton potental. We present SuFoRun an EU funded project that might
strengthen research collaboraton through actve networking and staf exchange between 6 European organizatons from
Portugal, Germany, Finland, Spain and Sweden, and 7 American organizatons from Chile, Costa Rica, Brazil and USA that are
leaders in these felds. This project builds from the multdisciplinary expertse (ranging from environmental science, forest
inventory and modeling, management, socio-economic analysis, operatons research up to sofware engineering) in these
organizatons to develop innovatve methods and tools that may be used by public administrators, forest owners and industry
for enhanced integraton of adaptve 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 optmize the supply of economic goods, and services, b) facilitate
policy analysis processes that may refect the aspiratons and the interests of a wide range of forest stakeholders as well

as society’s increasing awareness of the competton for resources between forest ecological and economic functons in a
context of global change.

Contact: Jordi Garcia-Gonzalo, j.garcia@ctc.es
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KEYNOTE ABSTRACTS

16:10-17:00 Tuesday Whale Room
Keynote 5

OPTIMIZATION CHALLENGES IN MATHEMATICAL ECOLOGY

austn Phillipst
1 Woods Hole Oceanographic Insttute

Problems in forestry have provided many opportunites for applicaton and advancement of operatons research (OR).
Mathematcal ecology, the quanttatve study of any ecological system, has a similar relatonship to OR. While mathematcal
ecology has long focused on the dynamics of populatons and ecosystems, it increasingly relies on prescriptve tools such as
mathematcal programming to inform decisions. As a result, many of the goals of mathematcal ecology are similar to those
in forestry: to conserve populatons undergoing contnuous change; to harvest natural resources in a sustainable way; and to
control or eradicate invasive species.

My goal in this talk is to explore optmizaton problems in mathematcal ecology and to highlight the similarites/diferences
with forestry-inspired OR problems. | begin with a brief history of optmizaton-related techniques in ecology, including
optmal control theory, evolutonary game theory, and mathematcal programming.

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

(1) A conservaton study involving the mountain Apollo buterfy, Parnassius apollo. | use a mixed-integer linear program to
determine the optmal meadow sites to apply conservaton measures as the populaton responds to climate change. The
model interweaves growth, dispersal, and acclimaton into the decision framework.

(2) An invasive control problem involving the broad-leaved paperbark, Melaleuca quinquenervia, in the Florida Everglades.
This model uses robust optmizaton to determine the best sites for invasive removal when there is uncertainty around
populaton growth over tme.

(3) A resource management problem involving mineral extracton around hydrothermal vent communites. Hydrothermal
vents are the sites of unique, auto-chemotrophic ecosystems. The vents also deposit precious minerals, which have atracted
atenton from deep-sea drilling companies. | present a mult-objectve optmizaton model that aims to conserve vent
biodiversity while allowing for low-impact mining operatons.

Throughout, | make the case that forestry and mathematcal ecology have rich opportunites for operatons research overlap.

Contact: Austn Phillips, ajphil90@uw.edu
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ABSTRACTS

9:40 Monday

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

MODELING RISK AVERSION FOR FORESTRY PLANNING WITH UNCERTAIN DEMAND AND PRICES.

Antonio Alonso-Ayuso?, Laureano Escudero?, Monique Guignard-Spielberg?, Andres Weintraub?
! University King Juan Carlos

2 University of Pennsylvania

% University of Chile

Forest companies must plan over a given tme horizon the sustainable harvest of their resources, which are then sold in
specifc local and internatonal markets. They have to meet demand, primarily from pulp plants and sawmills. Good surveys
of forest-based supply chain planning cover such aspects as plantng, cuttng, constructon of access roads to transportaton,
and so on. Selling prices of forest products are a key element in the planning. Planners who must make tactcal decisions are
therefore concerned about price and demand variatons during their planning horizon. For each tme period in the given tme
horizon, they should ideally decide which cells to cut and what access roads to build to maximize expected net proft under

a risk management scheme that controls the negatve impact of the solutons of the bad scenarios on the objectve functon
value. The approach we developed analyzes decision-making under uncertainty in prices and demands of wood products.

The deterministc version of this problem, with all parameters known, may be formulated as a mixed 0-1 linear optmizaton
model. Even that case is difcult 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) mult-period stochastc mixed 0-1 model
based on a fnite set of representatve scenarios for the price uncertainty alone. The computatonal 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 soluton
from being negatvely impacted by undesirable scenarios, thus a risk averse approach should be used. We recently did a
computatonal comparison of the most popular tme-inconsistent risk averse measures for a diferent applicaton in copper
mining (Alonso-Ayuso et al., EJOR 2014).

The value added by the current work is mainly the consideraton of diferent tme-consistent and tme-inconsistent variatons
of the popular Conditonal Value-at-Risk (CVaR) risk-averse measure introduced by Rockafellar and Uryasev (J Banking &
Finance 2002); it is a tme-inconsistent measure. The extension to tme-inconsistent CVaR for risk reducton at intermediate
tme periods (called TCVaR) could be very interestng, partcularly for long tme horizons, as is the case here. The consistent
expected CVaR (called ECVaR) performs risk reducton 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 computatonal experience, comparing

the strategies EV, RN, CVaR, TCVaR, ECVaR as well as the new MCVaR on a new MIP model, whose deterministc version is
tghter than that of Andalaf¥ et al (OR, 2003), and apply it to a realistc problem of tmber harvestng 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 | - Deer B Room
Session Chair: Alan Murray

UNDERSTANDING AND MITIGATING RISKS AND UNCERTAINTY IN HARVEST SCHEDULING

Alan Murray?, Ran Wei?, Richard Church?
! University of California at Santa Barbara
2 University of Utah

Good scheduling plans are critcal to the economic viability and sustainability of harvestng operatons. Spatal restrictons
have long been recognized as a critcal factor in these operatons, necessitatng mathematcal modeling to support decision
making eforts. This paper details optmizaton models to support beter understanding of the range of potental 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 | - Whale Room
Session Chair: Adriana Piazza

DEFORESTATION OR PRESERVATION: WHERE CAN OPTIMAL MANAGEMENT LEAD?

Adriana Piazza!, Santanu Roy?
! Universidad Adolfo Ib&fiez
2 Southern Methodists University

Deforestaton is an important environmental concern. Globally, around 13 million hectares of forests disappeared each

year between 2000 and 2010 according to FAQ’s Global Forest Resources Assessment, 2010. Social scientsts tend to focus

on tropical deforestaton where weakness of property rights (leading to encroachment and illegal logging) and myopic
management practces are some of the key human factors. Contrastng with this view, we show that deforestaton may

occur even when property rights are well defned (and strongly enforced) and forest management is based on a long tme
horizon. Depending on the intertemporal costs and benefts that a forest manager takes into account, deforestaton can be
the consequence of an optmal strategy where trees are cut down without replantng and forest land is diverted to alternatve
uses over tme.

Our research atempts to characterize the economic and ecological conditons under which optmal dynamic management
leads to total deforestaton.

In this talk, using a forest model where trees are classifed into age-classes, we identfy necessary and sufcient conditons
under which the optmal strategy leads to total deforestaton. We show, as well, how these conditons change whether or not
“stock” benefts (i.e. fow of ecological benefts from standing trees) are taken into account or costs of changing the land use
are introduced. We show comparatve statcs such as the efect of change in price of forest products.

In all the cases above, we fnd lower and upper bounds on the total forest cover when total deforestaton is not optmal.
The results show that if the reforestaton costs are su¥ciently large then large forests lie above a critcal level without ever
expanding, and small forests remain unchanged (including zero forests).

Contact: Adriana Piazza, adriana.piazzac@uai.cl

SSAFR 2017 | August 27-30, 2017 19



ABSTRACTS

10:00 Monday

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

ECONOMICS OF BOREAL CONIFER SPECIES IN CONTINUOUS COVER AND CLEARCUT FORESTRY

Vesa-Pekka Parkat?, Aino Assmuth?, Janne Ramd?, Olli Tahvonen?
! University of Helsinki

This study optmizes the choice between contnuous cover and clearcut in boreal Scots pine (Pinus sylvestris L.) and Norway
spruce (Picea abies (L.) Karst.) stands, applying a theoretcally sound and empirically detailed model. The hypothesis is that
contnuous cover forestry is less favorable for Scots pine than for Norway spruce. Two diferent size-structured growth models
with natural regeneraton and mortality are used and the optmizaton is solved as a mixed integer problem. The theoretcal
model includes both variable and fxed costs and the tming of harvest is completely Fexible. This allows optmal transiton
from clear-cut regimes to contnuous cover forestry. The optmality between contnuous cover and clearcut is studied varying
interest rate, cost of artfcial regeneraton and site productvity.

Key words: contnuous cover forestry, uneven-aged forestry, even-aged forestry, Scots pine, Norway spruce, optmal
harvestng, optmal rotaton, forest economics.

Contact: Vesa-Pekka Parkat, vesa-pekka.parkat@helsinki.f

9:40 Monday

Session 1D - Remote Sensing | - 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 Hudak?, Benjamin Bright?, Akira Kato?, Monika Moskal®, roger otmar?
1U.S. Forest Service

2 Chiba University

% University of Washington

Prescribed surface fres 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 fres are a public health concern for nearby
communites. Our objectve is to measure fuel loads before and afer a prescribed fre, such that we can estmate fuel
consumpton. Small fuel plots are characterized non-destructvely with 3D remote sensing tools and destructvely sampled in
adjacent areas to describe the spatal distributon of fuel elements. Terrestrial lidar scans (TLS) of the fuel plots are collected
from multple view perspectves to characterize 3D fuel distributons in 10-cm voxels. A digital camera mounted on an
unmanned autonomous system (UAS) collects stereo color imagery from overhead perspectves. 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 applicaton. These metrics serve as independent variables for
predictng fuel loads measured in the traditonal destructve sample plots in units of kg/m2. The fuel models are empirically
derived using multple linear regression or nonparametric (e.g., Random Forests) modeling methods. In this invited talk, we
present results from a prescribed fre 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 | - Salmon Room
Session Chair: Nick Coops

IMPROVING LIDAR-DERIVED ESTIMATES FOR DESCRIBING STEM SIZE DISTRIBUTION

Chris Mulverhillt, Nicholas C. Coops?, Piotr Tompalski, Joanne C. White?, Peter L. Marshall*
1 UBC Faculty of Forestry
2 Canadian Forest Service

Operatonal forest inventories, which inform harvestng strategies, feature measurements and models relatng to tmber
dimensions and compositon. These inventories can also provide products such as a Stem Size Distributon (SSD), which is a
frequency distributon of tree diameters in a stand. The SSD can be used directly to describe stand atributes such as structure
and age, or indirectly as inputs to models that can describe tmber quality or forecast growth. In order to survey large areas of
land quickly and efectvely, forest managers are turning to remote sensing technologies such as Light Detecton and Ranging
(lidar), which works by emitng high-energy pulses that refect 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 relatonships

of heights of return points. Our research uses these metrics to predict the parameters of probability density functons such

as the Weibull distributon, which are used to summarize SSD. Our research investgates improving lidar-derived SSDs with

the consideraton of ecological variables such as dominant species, stand age, and site index. Preliminary results indicate

that Weibull parameters are successfully estmated using lidar, and these estmates can be substantally improved with the
consideraton of ecological variables. We found the best results when stratfcaton of sample plots by categorical variables
such as dominant species or disturbance type was used before estmatng the parameters using a combinaton of lidar metrics
and other site variables.

Contact: Chris Mulverhill, chris_mulverhill@yahoo.com

10:50 Monday

Session 2B - Modeling Uncertainty, Hazard & Risk Il - 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 KaSpar?, RObert Maruséak?, Robert Hlavaty*
1 FFWS CULS Prague

The supply chain management and optmisaton is of increasing importance in the forestry in the last decades. The overall
wood-fow starts with stands of trees and contnues with harvestng, transportaton 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 uncertaintes”. In our contributon,

we explore the possibilites of including robustness into small-scale unit restricton model (URM) including basic adjacency
and harvest-Fow constraints. Robust programming is one approach that allows to bring an aspect of uncertainty into the
mathematcal modelling of harvest scheduling. Unlike the stochastc programming, the robust programming works with so
called robust counterpart of the mathematcal model which is, in our case, of a linear nature. Computatonal tractability

is thus ensured and the robust approach becomes an elegant way of fnding the solutons under uncertainty. We assumed
the errors of stand volume estmate and periodically increasing uncertainty as the estmate goes farther into the future. We
studied the efect of robustness on the temporal and spatal distributon of harvests. This contributon is the basis for further
follow-up research on the so-called mult-band robust programming in forestry, which seems to be much more suited to the
harvested scheduling.

Contact: Jan KaSpar, kasparj@T¥d.czu.cz

SSAFR 2017 | August 27-30, 2017 21



ABSTRACTS

11:10 Monday

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

MODELLING STOCHASTIC FIRE SPREAD ON FOREST LANDSCAPES THAT ARE USED FOR TIMBER
PRODUCTION

Dennis Boychuk?, David Martell?, Cristobal Pais®, Andres Weintraub*, david Woodruf®
! Ontario Ministry of Natural Resources and Forestry

2 University of Toronto

% University of California Berkeley

4 Universidad de Chile

5 University of California Davis

We describe a fre spread simulator that is based on a spatal 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 fne-grained fre cells. Once a
simulated fre starts in a cell, its stochastc spread to neighboring cells is simulated based on their characteristcs, including
the possibility that the cell has recently been harvested. The quanttatve descripton of the spread rates is computed using
the Canadian Forest Fire Behaviour Predicton System. We consider two tme scales, a yearly one for lightning-caused fre
igniton and an hourly for fre spread. A preliminary applicaton to evaluaton of spatally explicit tmber harvest schedules is
described.

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

11:30 Monday

Session 2B - Modeling Uncertainty, Hazard & Risk Il - 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 Nepal*, Andrew Sanchez Meador?
1 University of Britsh Columbia
2 Northern Arizona University

In this study, we parameterized state and transiton models for dry forest of the Colorado Plateau using publically available
Forest Inventory and Analysis permanent plot data and Forest Vegetaton Simulator. Using our models, we evaluated and
compared simulated hazardous fuels reducton and ecological restoraton treatments taking into consideraton the potental
impacts of the climate change. Simulated hazardous fuels reducton treatments are likely to reduce the potental of the
wildfre by reducing the stand density, ladder and surface fuels but the transitons to potentally restored states in term of
proporton of area occupied was small. In additon to reducing wildfre potental, ecological restoraton treatments also
showed greater capacity to transiton degraded states into a potentally more restored conditon. For example, proportons of
landscape simulated to transiton to restored mult-story ponderosa pine states were over 1.5 tmes greater in 2065 following
the restoraton treatments as compared to hazardous fuel reducton treatments. Implicatons for management were discussed
paying partcular atenton to management consideratons when choosing between hazardous fuels reducton and ecological
restoraton treatments as well as the potental infuence of site-specifc factors such as the fre return interval.

Contact: Sushil Nepal, sn469@nau.edu
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11:50 Monday

Session 2B - Modeling Uncertainty, Hazard & Risk Il - 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 Minkovat, Jennifer Arnold?
1 Washington Department of Natural Resources
2 Reciprocity Consultng LLC

The conceptual framework for adaptve management of natural resources was developed in the Pacifc Northwest more

than 40 years ago, and its frst large-scale applicatons to forest management started in the early 1990s in the same region.
Yet overall, adaptve management has been implemented infrequently, and skeptcs have questoned its efectveness to
improve management practces. Washington Department of Natural Resources recently redefned its approach to adaptve
management on the Olympic Experimental State Forest (OESF) asking: How can we build from the lessons learned from other
large-scale adaptve management eforts? How can we beter integrate forest modeling, science, and policy to meet multple
objectves for revenue generaton and conservaton? Drawing from experience in the region, OESF’s adaptve management
program uses a structured framework that includes 1) identfying management uncertaintes relatve to three categories —
forest modeling, environmental analysis, and operatonal procedures, 2) ranking uncertaintes based on a set of prioritzaton
criteria, 3) developing research and monitoring projects to address highly ranked uncertaintes, 4) conductng studies,

5) reviewing new informaton, 6) recommending management changes to decision-makers, and 7) making decisions and
implementng changes. Forest modelers, scientsts, forest operatons staf, and managers have specifc roles at these diferent
steps of the adaptve management process. In comparing the OESF with other large-scale adaptve management eforts in the
Pacifc Northwest spanning private, state, and federal lands, we found distnct diferences in how the programs functoned
relatve to the type of questons addressed and the social contexts for implementaton. The uncertaintes addressed by private
land managers tend to have a smaller scope, a shorter tme frame for answers, and the triggers for management adjustments
are ofen defned at the beginning of the adaptve management process. Adaptve management on public lands tends to

deal with more complex issues and ofen asks open-ended questons. Multple stakeholders are usually involved in the later
process, with decision-making models ranging from informing to consultng or even consensus. These diferences afect the
tmeframe 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, scientsts, and foresters) can
manage the complexites and reap the benefts of a well-designed adaptve management process.

Contact: Teodora Minkova, teodora.minkova@dnr.wa.gov
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10:50 Monday

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

ESTIMATING THE VALUE-CREATION POTENTIAL OF OPTIMAL WOOD SUPPLY PLANS

Gregory Paradis?, Luc LeBel*
! Université Laval

Current implementaton of wood supply optmizaton models in Quebec, Canada, do not include fnancial performance
indicators. We describe a methodology for compiling a hybrid simulaton-optmizaton model that can be used to estmate
the value-creaton potental of any subset of species-wise annual allowable cut (AAC) volume. Our model retro-fts fnancial
performance indicators to the optmal soluton of the long-term wood supply optmizaton model, which we link to a network
Tow optmizaton model that simulates proft-maximizing fbre consumpton behaviour of a network of primary processing
facilites. Our methodology uses the ofcial government wood supply models, uses only input data that is readily available to
government analytcal staf, and can be applied with relatve 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-creaton-potental estmates, and could potentally be implemented immediately by government staf in Quebec. We
run a number of scenarios on management unit UA 064-51, as an example, and report value-creaton potental as a functon
of the proporton of AAC that is consumed. We show that net value-creaton potental of harvestng and consuming the entre
AAC is negatve.

Contact: Gregory Paradis, greg@globaloptmality.com

11:10 Monday

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

MODELING OF FOREST-BASED BIOMASS SUPPLY CHAINS FOR BIOENERGY AND BIOFUEL
PRODUCTION

Taraneh Sowlat!
! University of Britsh Columbia

There has been an increased interest in using forest-based biomass to produce bioenergy and biofuels. This renewable source
has the potental to reduce dependency on fossil fuels, decrease emissions, and create jobs in rural communites. One of the
main barriers in utlizaton of forest-biomass is to manage its supply chain in a way that it can compete with other energy and
fuel source optons. This requires to deliver cost compettve feedstock with the required quality at the conversion facility
while forest-based biomass availability and quality vary over tme. In additon 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 transportaton and logistcs, and producton and distributon
of bioproducts afect the cost compettveness of bioproducts and the sustainability of its supply chain. Optmizaton and
simulaton models have been developed to support biomass supply chain planning. This talk highlights the complexites 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 quantty 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 Sowlat, taraneh.sowlat@ubc.ca
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11:30 Monday

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

A GENERIC FRAMEWORK FOR ANALYZING THE SUSTAINABLE INTEGRATION OF NEW PRODUCTS: AN
APPLICATION TO THE FOREST VALUE CHAIN

louis-alexandre lapointe Pelleter?, Mustapha Ouhimmou?, Mikael RGnngvist?
! Ecole de Technologie Supérieure
2 Université Laval

The introducton of new products into an existng value chain network is ofen considered by an organizaton to improve
its compettveness. Nowadays, companies can acquire a compettve advantage by integratng the concept of sustainable
development into their product portolio and their logistcs networks.

The queston to be developed is: how to maximize the value creaton of an existng regional supply chain network by
introducing new products and by considering sustainable development? In the context of a regional economy, the strategic
allocaton of natural resources and their products between stakeholders could generate beter economic benefts for all actors
by optmizing the value chain. Intrinsically, regional networks can be structured into value creaton network and one or more
specifc 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 modifcaton of the product portolio.
The key challenge is how to confgure both new and existng technologies within the regional cluster, considering synergies
and competton, in order to produce sustainable value. By inspectng the economic fabric of a region, it is possible to
distnguish the actors, the strategies employed regarding their product portolio, their producton-distributon network and
how they improve their compettveness using innovaton. Inevitably, their actons afect the economic vectors of the region
and create a distnctve network with partcular characteristcs. What is meant by economic vectors is all of the intangible
synergies formed in a given region in regard of the strategic assets, commodites and innovatons 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 proft from an industry cluster, competton and synergies have to be taken into consideraton to
positon the strategy of a company, where the product portolio 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 selecton. Even though a good analysis can be conducted on a small network, it becomes almost infeasible at
a regional scale to properly assess the introducton of new products into a complex network without a decision support tool.
This situaton results in hesitatons as to which appropriate combinaton of products/technologies should be chosen and when
to strategically implement them.

To help organizatons with these challenges, we developed a strategic decision support tool that enables regional actors

to assess the impact of integratng new products. This tool allows a virtual representaton of a given network composed of
manufacturing processes, bill of materials and distributon nodes. The user can choose to introduce diferent products into
the existng network, to optmize the value chain and to compare the impact of the products on the overall proft or individual
proft generated. For example, the possibility of introducing diferent bioenergy products into a given region can be explored.

Contact: Mustapha Ouhimmou, Mustapha.Ouhimmou@etsmtl.ca
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11:50 Monday

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

MULTIMODAL STRATEGIES FOR GREENER AND MORE RESILIENT WOOD SUPPLY

Christoph Kogler?, Peter Rauch?
! University of Natural Resources and Life Science, Vienna

A wood supply chain simulaton model for testng multmodal 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
satsfed by a discrete event simulaton model to support managers in their decisions and contribute to a beter understanding
of the multmodal wood supply chain.

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

Comprehensive cataloguing of regional challenges, multmodal system confguratons and management processes in
cooperaton with natonal and internatonal partners will support the development of a discrete event simulaton 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 fnal transport to and unloading at woodworking plants.

Innovatve multmodal systems via rail and sea terminals ofer the potental to increase bufer capacity and reduce
greenhouse gas emissions. Therefore, terminals will be included in a new virtual environment to enable manager involvement
in testng, analysis and evaluaton of a complex multmodal system. The simulaton model enables carrying out experiments,
case studies and scenario designs for internatonal strategy comparisons in workshops with supply chain managers.
Furthermore, adaptng collaboratve supply chain control strategies in partcipatory simulatons will enhance the development
of advanced risk management improving supply chain resilience.

Contact: Christoph Kogler, christoph.kogler@boku.ac.at
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10:50 Monday
Session 2D - Remote Sensing Il - Salmon Room Session Chair: Nick Coops

UPDATING FOREST INVENTORIES USING LIDAR AND LANDSAT TIME SERIES DATA

Douglas K. Bolton?, Nicholas C. Coops?, Joanne C. White?, Michael A. Wulder?

! Integrated Remote Sensing Studio, Dept of Forest ResourcesManagement, Faculty of Forestry, University of Britsh Columbia,
2424 Main Mall, Vancouver, Britsh Columbia V6T 174, Canada

2 Canadian Forest Service (Pacifc Forestry Centre), Natural Resources Canada, 506West Burnside Road, Victoria, Britsh
Columbia V8Z 1M5, Canada artcle

Recent advances in mass data processing of Landsat imagery, following the opening of the Landsat archive, combined with
more operatonal applicatons of Airborne Laser Scanning have increased interest in the capacity to utlize both long tme
series of landscape changes and detailed forest structure data. In this presentaton we explore the benefts and limitatons

of incorporatng light detecton and ranging (lidar) data into existng forest inventory data, conventonally derived from aerial
photography. We demonstrate how forest structural atributes such as cover, height and structure can be derived and explore
the benefts of incorporatng mult-temporal Landsat variables, which utlize the full archive of available Landsat imagery from
1984 to 2014, as opposed to using a single date of imagery. The utlity of the Landsat tme series informaton will be explored
both for stratfcaton (i.e., identfying forest and non-forest segments) and for imputaton. We demonstrate these results over
a focus site in the interior of Britsh Columbia.

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

11:10 Monday
Session 2D - Remote Sensing Il - Salmon Room Session Chair: Nick Coops

ENHANCING FOREST GROWTH AND YIELD PREDICTIONS USING AIRBORNE LASER SCANNING

Piotr Tompalski?, Nicholas C. Coopst, Joanne C. White?, Michael A. Wulder?
! Faculty of Forestry, University of Britsh Columbia, 2424 Main Mall, Vancouver, BC V6T 174, Canada
2 Canadian Forest Service (Pacifc Forestry Centre), Natural Resources Canada, 506West Burnside Road, Victoria, BC V8Z 1M5

Sustainable forest management requires accurate informaton on both the current stock, and future growth and yield. This
informaton, collected during forest inventories, is crucial for evaluatng current and projected conditons of a forest, as well

as being critcal for assessing the consequences of management decisions. Predictons of stand growth and yield are ofen
performed at the stand level, with inputs provided by conventonal forest inventory data derived from air photo interpretaton
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 atributes to augment these conventonal inventory data; however, a
clear link from these current ALS estmates to estmates of future growth and yield has not been extensively studied. Herein
we demonstrate a novel approach to utlizing ALS-derived forest stand atributes to determine future growth and yield of
three key atributes at a sub-stand (25 m grid cell) level of detail: dominant height, quadratc mean diameter, and whole stem
volume. To do so, we utlize an existng forest growth model to generate a comprehensive database of yield curves (templates)
for all possible combinatons of dominant species, site index, age, and canopy cover. Then, for each of our three atributes, we
demonstrate an approach to fnd the most appropriate matching yield curves from all possible templates, and subsequently
demonstrate the projecton of these three atributes at 80 years of age. Comparisons of cell-level projectons to conventonal
stand-level projectons resulted in relatve mean diferences of 13.4% (dominant height), 18.8% (quadratc mean diameter),
and 18.6% (whole stem volume). The respectve relatve root mean squared deviaton values were; 31.1%, 19.8%, and 21.8%.
Diferences were driven mostly by stand-level age and site index values that were used in the cell-based modelling, which
were derived from conventonal stand-level forest inventory data. Uncertainty of cell-level yield curve assignment (which
decreased with increasing distance from the stand boundary) was used to refne stand-level summaries—an important
consideraton for stand-based forest management. The novel contributon of this study is in the applicaton of growth and
yield models at the cell level, combined with the use of ALS-derived atributes to optmize yield curve selecton via template
matching. The benefts of the approach include improved within-stand spatal detail, optmizaton of yield curve selecton, and
the capacity to incorporate spatal uncertainty into stand-level estmates of projected atributes of interest.

Contact: Piotr Tompalski, piotr.tompalski@gmail.com
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11:30 Monday

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

UPDATING AIRBORNE LASER SCANNING EFI METRICS USING UAV ACQUIRED DIGITAL AERIAL
PHOTOGRAMMETRIC POINT CLOUDS

Tristan Goodbody?, Nicholas Coops?, Piotr Tompalski?, Peter Marshall*, Patrick Crawford?, Ken Day?
! University of Britsh Columbia

2 Spire Aerobotcs

3 Alex Fraser Research Forest

To improve precision management and the cost efectveness of forest practces we investgate the synergistc potental 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 frst estmate stand volume prior to, and following, selecton
harvestng using the area-based-approach. We then use an individual tree approach to detect unharvested trees to estmate
their height increments over the inter-inventory period. ALS data and feld 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, Britsh Columbia, Canada. Tree height, diameter at breast height (DBH), and species were recorded from
systematcally located plots subsequent to ALS and DAP collecton. Point cloud metrics and feld measurements from each
data set were used to create T1 ALS and T2 DAP area-based predictve volume models. The estmated root mean square error
(RMSE) for volume was 17.34% and 18.50% for the T1 and T2 models respectvely. 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 percentle of height (P95) was estmated at 0.68 + 0.05
and 0.50 m + 0.05 m, respectvely. Results achieved from both analyses indicate strong potental for area-based and individual
tree level inventories generated using ALS and UAV acquired DAP to estmate and update volume and height metrics prior-to
and following harvest operatons. We argue that the two technologies could be applied in tandem to act as a semi-automated
inventory cycling method to improve operatonal efciency and cost efectveness in forest management.

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

11:50 Monday

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

MULTI-SOURCE AND MULTI-TEMPORAL POINT CLOUD DATA FOR HEIGHT GROWTH ASSESSMENT AT
ABOREALSITE IN NORTHERN ALBERTA

Joseph Rakofsky?, Nicholas Coops?, Piotr Tompalski, Joanne White?, Peter Marshall
! University of Britsh Columbia
2 Natural Resources Canada

As Canadian boreal forests represent nearly 10% of forest cover globally, sustainable forest management strategies for tmber
producton and ecosystem services are critcally 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-efectve and spatally extensive
means of supplementng 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 detecton and ranging (LiDAR). In
this presentaton | demonstrate how point clouds from two diferent data sources (DAP and LiDAR), acquired ten years apart
can be utlized to derive measures of height change in a boreal site in Northern Alberta, Canada, and provide insight and
reasoning into which point cloud metrics ofer the most potental to predict stand growth.

Contact: Joseph Rakofsky, j.rakofsky2@gmail.com
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13:20 Monday

Session 3A - Forest Supply Chain Modeling Il - Deer A Room
Session Chair: D. Fjeld

TOWARDS ECO-EFFICIENT DESIGN OF ENERGY WOOD SUPPLY NETWORKS IN MID-EUROPE

christan Kanzian', Martn Kihmaier*
! Insttute 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 ambitous goals, whereby woody biomass is considered as an
important resource for renewable energy producton. 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, characteristcs of storage facilites, supply chain alternatves,
procurement strategies and spatal data into account A mult-criteria optmizaton problem (MOP) has been formulated,
whereby the proft must be maximized and the CO2 emissions have to be minimized. The proft functon results by the sum
of the revenues minus the sum of the supply costs, which are the harvestng, transport, chipping and furthermore fxed and
variable storage costs. In contrary, the emission functon minimizes the sum of harvestng, transport, chipping and storing
emissions. The weighted sum approach solves the MOP and derives Pareto optmal solutons.

The study area includes fve 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 administratve 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 locatons, 119 freight statons and 228 sinks with a demand of 982,000 t/a
(oven dry). In an efort 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 proft, emissions will only increase by 4.5%, whereas the proft 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 infuences 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 proft from 5.10 to 12.00 EUR/t. In the case of MC independent revenues, the
sensitvity of the model is lower but clearly visible, with a proft 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 efect on emissions is less
prominent than on proft. 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 tme a by-product of forest harvestng actvites. An integrated
view to optmize the whole wood supply chain taking diferent assortments into account will be necessary to support decision
making under future requirements of the emerging bio-economy.

Contact: Christan Kanzian, christan.kanzian@boku.ac.at
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Session 3A - Forest Supply Chain Modeling Il - Deer A Room
Session Chair: D. Fjeld

DEVELOPING A PEDAGOGICAL INTERFACE FOR TRAINING PRODUCTION MANAGERS IN NORWEGIAN
WOOD SUPPLY

Dag Fjeld?, Birger Vennesland?, Eva Skagestad?, Mikael Fenhus?
INIBIO
2 Skogkurs

The paper presents the development of a pedagogical interface for training producton managers in Norwegian wood supply.
Producton management balances a trade-of between two diferent planning goals; market-orientaton to fulfll mill delivery
plans and a producton-orientaton to maximize capacity utlizaton. The goal for the development of the pedagogical interface
was to provide a virtual planning environment where students and practtoners could experiment with the trade-of between
planning approaches. The work started with mapping producton management processes at three forest owners associatons.
This provided a basic process model for the sponsor organizaton which was dramatzed in an instructon video. Harvestng
data was collected from CTL harvestng teams over a period of 3-months including both inital contract volume data as well

as the fnal scaled yield per assortment. The planning goal given to the partcipants 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 meetng assortment-specifc delivery
plans, 2) penaltes for deviatng from stpulated machine utlizaton and 3) costs for relocaton. Rut repair costs are also
included for sites harvested without the necessary bearing capacity for the scheduled season. Productvity models from
earlier studies were used to forecast tme consumpton per site for harvesters and forwarders. The interface is created in an
Excel spreadsheet so partcipants can add a simple integer-programming soluton for selecton of sites for the coming planning
period, using the same goal functon and restrictons as the manual planning solutons. A site selecton module is linked to a
scheduling module to visualize site locaton, arrange relocatons and present gant-charts of site and machinery schedules.

So far the exercise has been used to introduce new employees and forestry students to producton planning. Afer a frst
(manual) planning cycle partcipants are divided into two groups with instructons to prioritze the one of the two planning
goals (market- vs. producton-orientaton). Afer each planning cycle (spanning winter, spring and summer months) the KPIs
are compared between groups. For the third planning cycle partcipants compare results between manual and optmized
planning. During all 3 cycles partcipants base their planning on the inital contracted volumes (expected yield for the stands
harvested at each harvestng site). Afer the third cycle they enter the actual assortment yield (scaled volume) to examine the
change in KPIs for both manual and optmal solutons. The exercise concludes with their own evaluatons of the merits and
weaknesses of the diferent planning approaches given varying levels of precision for harvestng contract data.

Contact: Dag Fjeld, dag.feld@nibio.no

SSAFR 2017 | August 27-30, 2017 30



ABSTRACTS

14:00 Monday

Session 3A - Forest Supply Chain Modeling Il - Deer A Room
Session Chair: D. Fjeld

MODELING SEASONAL BEARING CAPACITY FOR PRODUCTION SCHEDULING IN NORWAY

Dag Fjeld, Jan Bjerketvedt?
INIBIO

Stable wood supply to Nordic forest industries is dependent on scheduling of harvestng sites according to their seasonal
bearing capacity. For CTL-harvestng numerous established feld-classifcaton indexes are available. To increase planning
precision and efciency new combinatons 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 feld-based classifcaton. Data was
collected from the 90 terrain profles from 3 forest owners associatons (30 profles/FOA) and ground damage from adjacent
harvestng 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 traditonal classifcaton of the soil texture and moisture
as well as measurement of block-coefcient, soil penetraton resistance and soil moisture content at varying depths. Forty
percent of the variaton in ground-damage could be explained by feld-data such as block-coe¥cient and DCP-resistance.
The presentaton compares these to the corresponding results from the digital sources and discusses the potental for more
precise modeling of trafFcability for improved producton scheduling.

Contact: Dag Fjeld, dag.feld@nibio.no

14:20 Monday

Session 3A - Forest Supply Chain Modeling Il - Deer A Room
Session Chair: D. Fjeld

QUALITATIVE EVALUATION OF MAJOR PROJECTS OF THE 5TH BASIC FOREST PLAN IN KOREA BY
SYSTEM ANALYSIS

Seung-Yeon Byun?, Ja-Choon Koo!, Hyun-Deok Seok*
! Korea Rural Economic Insttute

Korea’s central government has formulated basic forest plans for natonwide 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 limitatons of the 5th plan’s implementaton, and the 6th plan should refect the evaluaton 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 correlaton among the 27 projects, and presented the directon for the 6th Basic Forest
Plan based on consideraton of the system. Key words : Forestry Basic Plan, qualitatve evaluaton, system analysis

Contact: Seung-Yeon Byun, hdseok@krei.re.kr
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13:20 Monday

Session 3B - Modeling Uncertainty, Hazard & Risk Il - Deer B Room
Session Chair: Jordi Garcia-Gonzalo

MAKING ADAPTIVE DECISIONS FOR MULTI-PURPOSE FOREST MANAGEMENT UNDER CLIMATE
CHANGE AND MODELLING UNCERTAINTY

Rasoul Yousefpour?, Andrey Lessa®
! University of Freiburg

Forest managers ofen 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 problematc, once it is not possible to assign any
probability distributon 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 distnctve 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 diferent management alternatves (including BAU and adaptve management
actons, modifying thinning intensity and rotaton length) for a Beech stand in Southwestern Germany. We established robust
management alternatves towards climate and model parameter uncertainty. To this end, we optmized the CVaR and VaR

of a compromise programming model balancing carbon sequestraton and forest proftability, with changing preferences for
carbon and NPV. Finally, the sensitvity of these outcomes to uncertaintes 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-Gonzalo?, Andres Weintraub?, Juan Ignacio Villasante?, Cristobal Pais®
! Forest Sciences Centre of Catalonia (CEMFOR-CTFC)

2 Departamento de Ingenieria Industrial, Universidad de Chile, Santago, Chile.
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Climate change will impact severely forest producton 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 harvestng 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-sensitve model.

We present an applicaton in a eucalypt forest located in central Portugal. The problem includes the planning of 1000 stands,
spatally separated. The planning process had a horizon of 12 one-year periods. The planning decisions involve which units to
harvest in each period. In additon, tmber fows constraints are used to ensure a sustainable fow of tmber to the pulp mills.
In this work we develop and solve a multstage Stochastc 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 afect forest growth over tme. The planner may then maximize expected value, satsfying
constraints under all scenarios, instead of just analyzing a single average scenario, as is usually done in deterministc models.
We developed a MIP formulaton where the stochastc problem represents the forest planning problem, adding the non-
antcipatvity constraints that link all scenarios. The resultng problem is called the extensive form. This form can lead to a very
large problem that can only be solved by decompositon into scenarios.

In a frst stage and in order to compare the use of a stochastc model versus the use of a single average scenario, we frst
simplifed 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 soluton obtained with this stochastc 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 stochastc approach generated solutons that were always feasible and beter than the average approach, while the later
was infeasible in many scenarios.

In a second stage, we develop a soluton approach for the MIP formulaton. 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 Formulaton (EF)
model when solving this harvestng problem, both in terms of solving tmes and gap of the soluton achieved.

Contact: Jordi Garcia-Gonzalo, j.garcia@ctc.es
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A MULTICRITERIA STOCHASTIC OPTIMIZATION FRAMEWORK FOR SUSTAINABLE FOREST DECISION
MAKING UNDER UNCERTAINTY
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Typically, when designing optmal 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 settng, decision-makers seek for solutons that
maximize the proft of the forest while respectng operatve and market constraints. Due to the long-term nature of the
industry, the inherent uncertainty in both forest growth and market conditons needs to be taken into account. Nowadays, not
only economic proft but also other objectves may be address. Environmental goals may be the maximizaton of carbon stocks
and the minimizaton of land erosion are two common environmental goals.

The planning challenge addressed in this paper integrates uncertainty of future forest growth and tmber prices with the
need to consider three criteria; net-present value, carbon sequestraton, and land erosion caused by the road constructon
within the forest while including the adjacency constraints to limit the maximum contguous 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 mathematcal programming tools and stochastc optmizaton techniques, we develop a stochastc multcriteria 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 frst tme that
this type of forestry planning setng, 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 beneft of the proposed
framework for producing sustainable forest plans with efFcient trade-ofs among the three considered criteria.

Keywords: Forest Management, Uncertainty, Multcriteria Optmizaton, Stochastc, Programming, Risk Management

Contact: Andrés Weintraub, aweintra@dii.uchile.cl
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The management of sustaining forest ecological base, in a changing socio-economic, demographic and politcal context is

a challenge. For handling with the complexity of such sustainable forest management and the problems that wildfre risk
implies for forest owners and policy-makers in fast-growing forest plantatons, this research addresses how to prioritze

fuel treatments in space and tme under mult-objectves to reduce fuel accumulaton and fre risk in fre-prone landscapes.
Plantatons dominated by eucalypts encompass 812 thousand hectares (26% of the whole forested area), resultng in the
main forest cover type in contnental Portugal. The framework of our methodology joined models of forest stand dynamics
(growth and yield Globulus) and fre behaviour (FlamMap) with optmizaton approaches (Landscape Treatment Designer,
LTD) to support strategic prioritzaton of fuel treatments for fre preventon on forest plantaton of Eucalyptus globulus Labill
in Serra do Socorro (central Portugal), cultvated for pulpwood by The Navigator Company - the leading paper company in
Europe. Further, a mult-objectve planning was performed to maximize demands of carbon storage and tmber volume in
the analysis, and contribute to the fuel treatment design without compromising budget constraints. The identfcaton of
thresholds for radical change in fre behaviour is set to support hazard-reducton fuel practces. In additon, a sensitvity
analysis is performed by measuring trade-ofs between fuel treatment strategies and planning decisions with area treated
and policy constraints. Explicitly we: i) explore optmal treatment locatons for each temporal stage; ii) perform sensitvity
analyses (area treated versus annual budget schemes), and iii) reduce spatal-temporal fre exposure at landscape-level.

The study demonstrates an efcient risk mitgaton practces focusing on spatal-tme-investment fuel treatment strategies
including mult-objectves. The results were consistent with feld observaton and simulaton outputs and shows high fre
hazard mainly in juvenile eucalyptus stands. The approach tackles a main limitaton of fre simulaton systems FlamMap and
LTD when identfying long term wildfre 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 wildfre risk cost for forest owners, helping
the understanding of the necessity of targetng specifc areas for additonal fuel management and protecton eforts under
the desired objectves, and have real implicatons for incorporatng such knowledge into a mult-objectve fre- adapted
management planning.

Key words: eucalypt plantatons, mult-objectves, Fire-adapted silviculture, FlamMap, Landscape Treatment Designer,
Sensitvity analysis
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ECONOMICS OF CONTINUOUS COVER VERSUS CLEARCUT FORESTRY

Olli Tahvonent
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Optmizaton models on contnuous cover forestry are complicated and are typically incompatble with rotaton models. This
dichotomy is theoretcally unsatsfactory and makes the choice between clearcuts and contnuous cover forestry vague. |
present two theoretcal setups and their empirical applicaton where the choice between optmal clearcut regime (or even-
aged management) and optmal contnuous cover regime (or uneven-aged management) is obtained endogenously. The
simplest form of the theoretcal model is a contnuous tme optmal control problem (for stand without internal structure)
where the horizon length (fnite or infnite) determines the choice of the management regime. Contnuous cover forestry is
shown to be optmal if the present value of contnuous sustainable harvestng income over an infnite 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 rotaton periods. Negatve bare land value implies optmality of contnuous cover forestry but
only if clearcut stumpage prices are not higher than thinning stumpage prices. Given low interest rate optmized thinning is
shown to increase rotaton length. The simplest theoretcal model is extended to include tree size classes. The size-structured
model includes nonconvexites and any number of state variables but is, in its simplest form, a one-state variable problem.
Clearcuts with various rotaton lengths and contnuous harvestng appear as locally optmal solutons. Necessary and sufcient
conditons for the local and global optmality of the two forest management types are obtained. Again discountng is found to
increase rotaton length and to favor contnuous harvestng. Inital state may determine the optmality of contnuous forest
cover versus clearcuts. The relatve value of large trees is an important factor in the optmality of diferent solutons. An
empirical applicaton of the size structured model includes an empirically estmated ecological growth model, variable and
Txed harvestng costs and completely fexible optmizaton of harvest tming (thinning) in both contnuous cover and clearcut
forestry. Flexible harvest tming becomes essental when optmizing the transiton from clearcut regimes toward contnuous
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 optmizaton structure. Low or moderate

site productvity, an interest rate above 2% and high artfcial regeneraton cost support the optmality of contnuous cover
forestry. In its most general form, the optmal clearcut regime does not exist when the contnuous cover regime is globally
optmal, and when it exists, the rotaton period lengthens with interest rate. The optmal choice between forest management
regimes may depend on the inital stand state and whether the naturally regenerated seedlings are utlized in solutons with
clearcuts. Maximizing sustainable yield favors clearcuts. Finally the potental merits and problems of contnuous cover forestry
are discussed in the contexts of climate change, food protecton, biodiversity and various forest threats (wind, insects, fre).

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

Economically optmal forest management decisions are determined within the contnuous 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 functon for individual trees of Norway spruce in southern Sweden managed
with a contnuous cover system. The functon determines the diameter increment of individual trees based on the state of
the tree itself, i.e. current diameter and crown status, and local competton in the neighborhood of each tree. The functon
also includes a variance model, describing how diameter increment varies between trees. The model set includes a simple
stochastc tmber quality sub model that assigns qualites to the trees. The market value of a tree is a functon of size, quality
and stochastc price variatons. The variable harvestng cost of a tree is size dependent. The random quality diferences are
defned via the efects on the tmber prices. The growth functons are preliminary and based on a limited sample. For this
reason, the partcular numerical results should not be considered as fnal. Future data collecton from contnuous cover
managed stands will increase the precision and widen the scope of the growth functon, covering the range of site fertlity
relevant in southern Sweden. The general approach, however, can be used also with updated growth functons, derived

via larger datasets. Stochastc dynamic programming, SDP, can and has ofen been used to optmize forest management
decisions under the infuence of stochastc disturbances. If the number of decision variables is large and the optmal decisions
are dependent on detailed informaton in a state space of large dimensionality, SDP cannot however be applied. For this
reason, optmal control functons for local decisions are defned and the parameters are determined via stochastc full system
simulaton and multdimensional regression analysis. All local harvest decisions are based on locally relevant state space
informaton within stochastc dynamic and spatally explicit forest producton. The expected present value of all harvests, over
tme and space, in a forest area, is maximized. Each tree is afected by competton from neighbor trees. The harvest decisions,
for each tree, are functons of the prices in the stochastc market, the dimensions and qualites of the individual trees and

the local competton. The adaptve control functon, a diameter limit functon, to be used in this forest is determined, that
gives the maximum of the total expected present value of all actvites over tme. If the diameter of a partcular tree is larger
than the diameter limit, then the tree should be instantly harvested. Otherwise, it should be leT for contnued producton.
Three general forest management conclusions can be made: A tree should be harvested at a smaller diameter, if the local
competton 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
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Peter Lohmander!
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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, ofen dominated by diferent species of spruce, pine and larch. In large parts of
these forests, in partcular in Canada and Russia, the industrial utlizaton 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 extracton, a growing interest in sustainability and the debate on climate change, make
it ratonal to investgate environmentally acceptable harvestng optons in the remote and natural boreal forests. This paper
contains a briefng on the present situaton and suggests a way to develop the forest and bioenergy sectors, taking relevant
objectves, facts and optons into account. Industrial expansion of forest utlizaton is ofen considered as very negatve for
the environment. It is ofen assumed that the initally existng natural forests, with trees of many size classes, should be
removed and replaced by uniform plantatons. In this paper, it is demonstrated that it ofen is optmal, also from a producton
economic point of view, to start harvestng the natural forests using contnuous cover methods. In order to optmize the
utlizaton of the natural forests, it is necessary to understand the dynamics of growth and the intertemporal harvestng
optons in the already existng forests. This study contains new nonlinear estmatons of diameter increment and mortality
functons for trees of diferent size classes, under the infuence of competton within forests with many size classes. The
estmatons are based on already published diameter frequency distributons from natural forests in dynamic equilibria, in
Canada, Russia and Scandinavia. The diameter increment functons, Fa, are determined as nonlinear functons of two other
nonlinear functons, Fb and Fc. These other functons, Fb and Fc, are nonlinear functons of the individual tree propertes, and
of the competton situaton, respectvely. The estmated functons, Fa, Fb and Fc, are all analyzed and discussed in relaton
to general theories of biological growth and competton, using diferental equaton theory and dynamic analysis. Special
atenton is given to asymptotc propertes, convergence and dynamic equilibria. The propertes of the estmated functons
are compared to the corresponding propertes of earlier published functons. In order to optmize the forest and bioenergy
sectors with consideraton of stochastc market prices of energy, sawn wood and fber products, a discrete tme stochastc
dynamic programming model is developed. The forest resource dynamics sub model of the industrial model, is based on

an approximaton of the intertemporal forest producton functon, derived via the estmated dynamic model of a part of
the boreal forest. The market price transiton probability matrix, used in the stochastc dynamic programming model, is
derived via world market price series. In each period, the producton levels of bioenergy, sawn wood and fher products, are
optmized, 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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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 plantng 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 informaton 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
conditons. As an UAV an Aibotx X6 V2 platorm was used equipped with a multspectral camera RedEdge (MicaSense),
together with its hardware (GPS and radiance meter) and sofware (ATLAS). The test area was located in in Nedza (Forest
District Rudy Raciborskie, Katowice, Poland). Tests were carried out under good weather conditon on the exposed areas

of the seedlings with closed root system (containers), i.e.: Scots pine, oak, beech and Norway spruce difering 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 resoluton. On the basis of the ATLAS (MicaSense)
sofware they were subjected to atmospheric correcton and geometric along with generatng orthomosaicks in diferent band
compositons. On the basis of the signal value of each band, vegetaton indices (e.g. NDVI, NDRE) describing the conditon

of the young trees were calculated using ATLAS sofware and ArcGIS (Esri). The heights of plants and DSM were obtain using
Structure From Moton sofware Photoscan (Agisof). The fnal step was supervised classifcaton in view of conditon, tree
species, origin and date of sowing using multspectral images powered by using of the DSM and vegetaton indices as well as
for an atempt of automatc recogniton of single seedlings with specifc conditon. The classifcaton features were selected
using correlaton matrix. The PCA analysis were used for feature vector reducton. Quanttatve accuracy assessment of
classifcaton was based on confusion matrix and reference data collected manually. Calculated parameters: k (kappa) and
overall accuracy over 0.8 confrm the usefulness of this RS method for the monitoring and management of the plantng
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
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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 diferent roles in the forest ecosystem, actng as a source of food and habitat for
many wildlife species, including the many endangered and threatened species found in Yosemite Natonal Park. Understory
plants are also essental 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 fres. Although fre plays an important role in shaping the forest
structure of Yosemite Natonal Park and the entrety 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
feld 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 tme,
with 20.54% of the error atributed to Errors of Commission. We believe many of these errors of commission are not simply
errors, but rather are the model detectng 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 densites 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 Halabisky?, L.Monika Moskal?, Se-Yeun Lee?, Sonia Hall?
! University of Washington
2 SAH Ecologia LLC

Wetlands provide valuable ecosystem services valued in trillions of dollars. Despite their critcal 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 conservaton planners has only grown,
however, since wetlands are especially sensitve to climate change. The goal of our project was to characterize and model
historic and future climate impacts to dynamics of wetland hydrology (inundaton tming and duraton) across the Columbia
Plateau ecoregion while providing land managers with detailed hydrologic data at the individual wetland scale. Our research
uses multple high resoluton remote sensing datasets (LIDAR, aerial photos, Landsat satellite imagery) to map and reconstruct
wetland dynamics at fner temporal and spatal resolutons than previously available. Additonally, we developed site
specifc regression models to understand the relatonship 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
tme (historic and future), such as shifs in the relatve coverage of diferent wetland types and changes in wetland functon
critcal 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 prioritze and/or help stratfy
wetlands for further study and conservaton acton.

Contact: Meghan Halabisky, halabisk@uw.edu
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RIPARIAN FOREST ASSESSMENTS THROUGH REMOTE SENSING IN THE PACIFIC NORTHWEST

L. Monika Moskal*
! University of Washington

Rivers and the riparian forest corridor comprise a valuable freshwater ecosystem that has been altered by human actvites
including tmber management, road building, and other land conversions. The habitats of river dependent species in the
United States Pacifc Northwest, in partcular salmon, have ofen been degraded by these actvites. Many salmon runs

have become threatened with extncton and have been Endangered Species Act listed. New conservaton planning and
policies have developed around protectng freshwater habitats and restoring more natural river processes. In Washington
State, tmber landowners, oFcials from State and Federal agencies, Natve tribes, and other stakeholders developed Forest
Practce rules and codifed a Habitat Conservaton Plan with dual goals of providing regulatory surety for tmber land owners
and helping to recover the threatened salmon runs in forested watersheds. Conserving critcal stream ecological functons
and potental fsh habitats throughout watersheds while managing and regulatng tmber harvest across the State requires
accurate and up-to-date delineaton and mapping of channels, tributaries, and of-channel wetlands. Moreover, the thermal
loading of the streams, atenuated by forest cover shading and the large woody debris recruitment into the stream impactng
water oxygen loads need to be efectvely monitored. Precision forestry has turned to lidar technology for forest inventory
assessments, this same technology can be further leveraged for riparian assessments. This presentaton includes summary
of multple research project combining: the appraisal and delineaton of of-channel and actve channel water features; the
assessment of leaf area index (LAI) and canopy shading, and; the quantfcaton 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 assistng various agencies in monitoring efectveness and
protecton eforts in both day-to-day implementaton of Forest Practce rules and adaptve management.

Contact: L. Monika Moskal, Immoskal@uw.edu
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A MIXED INTEGER PROGRAMMING MODEL TO PRIORITIZE FUEL TREATMENTS ACROSS TWO
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Over the past two decades, large, severe wildfres in Colorado have negatvely impacted municipal water supplies via
sediment delivery to reservoirs, increased fltraton and treatment costs, and debris fow or food damage to infrastructure.
The magnitude of watershed response is related to the severity and extent of wildfre; thus, water utlity providers are
interested in prioritzing forest fuel treatments to mitgate wildfre impacts to water resources. There are numerous examples
in the literature of wildfre risk assessments and applicatons for fuel treatment prioritzaton, but water resources present

a unique challenge because exposure of water resources to wildfre risk is poorly captured by overlay analysis, especially in
large watersheds where wildfre hazards are geographically dispersed. We developed a mixed integer programming (MIP)
model to prioritze mechanical fuel reducton and prescribed fre locatons in the Cache la Poudre and the Big Thompson
Watersheds of northern Colorado. This model was aimed at optmizing actvites intended to mitgate the negatve impacts
of sediment delivery to municipal water infrastructure under total budget constraints and operatonal restrictons. Both
watersheds provide drinking water for an expanding urban populaton (e.g. Fort Collins, Loveland, Greeley etc.) and to
agriculture in northern Colorado. Intensive data collecton and processing were conducted to quantfy the fuel treatment
efects on post-fre hillslope sediment producton 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 fre in both watersheds within a planning horizon. This presentaton illustrates the
model formulaton and the preliminary modeling results regarding fuel treatment locatons and potental efects on reducing
post-fre watershed impacts.

Contact: Yu Wei, yu.wei@colostate.edu
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10:00 Tuesday

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

BARRIER ALLOCATION FOR FUEL TREATMENT USING SIMULATION OPTIMIZATION VIA KRIGING
METAMODEL

Gilberto Morales?, Carlos Valencia!
! University of los Andes

E-fcient wildfre risk reducton policies have turned into a main priority for many fre departments. Preventve risk
management includes the development of strategic policies that reduce the negatve efects of wildfres, both social and
economic. In this paper, we present a decision support methodology for developing fuel control policies that atempt to
strategically reduce the expected damages caused by wildfres. In partcular, we focus on the problem of allocaton of physical
barriers to prevent the spread of fres. Our proposed methodology uses simulaton-based optmizaton, with the objectve

of minimizing a user defned functon that is calculated as an integral on the spatal probability of fre occurrence. Therefore,
we implement a fre propagaton simulator that emulates a wildfre given an igniton point that is selected according to an
estmated igniton probability map. The process is repeated stochastcally in a Monte Carlo scheme varying the igniton and
the wind patern at each iteraton. Due to the objectve functon is unknown and estmated pointwise with measurement
error, we develop a metamodel that optmizes the fuel control policy using an algorithm based on kriging modeling for
simulaton-based optmizaton. We implement our methodology using the mean fre size as the objectve functon and the
allocaton of fre propagaton barriers as the decision variables. We tested our algorithm in the Forest Reserve of Bogota 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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9:40 Tuesday

Session 4C - Thinning Optmizaton - Whale Room
Session Chair: Bogdan Strimbu

IMPACT OF SCALE ON THINNING STRATEGY: OPTIMALITY OF TREE LEVEL PRESCRIPTIONS

John Sessionst, Bogdan Strimbu?
! Oregon State University

Thinning is one of the most signifcant actvites occurring during the life of a stand. One aspect that has not been explicitly
considered is the dichotomy between the prescripton, which is developed for the entre stand, and implementaton, which

is executed at tree level. It is usually assumed that the choice to harvest a partcular tree does not signifcantly afect the
overall management objectve of the stand. However, this assumpton is not necessarily valid as the functon measuring the
management objectve depends on nonlinear relatonships, such as tree growth or inter-tree competton. The objectve of
the present study is to test the validity of the assumpton that thinning goals are atained if the values defning the thinning
are achieved, irrespectve of tree selecton. The study was carried in two steps: frst, determine which trees are to be removed
that yield the best combinaton of immediate goods and services plus their removal efect on the adjacent trees, and second,
compare the value of the stand thinned using current practce with the value obtained in the frst step. To avoid subjectvity,
we maximized the value of sawtmber, but the assessment can be applied to any atribute that can be measured with a

utlity functon. The study was executed on a loblolly pine plantaton from west Louisiana, Vernon parish. The amount of
sawtmber 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 estmated from the point cloud. To accurately express the
amount of sawtmber that can be obtained, a stem profle for each tree is needed along with a set of bucking rules. In this
study, we simulated the stem profle of each tree using taper equatons and implemented optmal tree bucking. Development
of each tree was executed using the PTaeda model, which grows individual trees as a functon of age, site productvity, and
relatonship with its neighbors. A decision on which trees will be thinned is executed at each stop of the harvester. The results
supplied by the sequental harvestng decisions are compared with the results supplied by PTaeda, which follows the current
silvicultural practce. In the future, we propose to obtain the stem profles and their relatve locatons using structure from
motton. To obtain the total tree height we propose patern matching from lidar (above canopy), which would supply the total
height and locaton of each tree, with the trees seen during thinning (below canopy), which supply the stem profles.

Contact: John Sessions, john.sessions@oregonstate.edu
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10:00 Tuesday

Session 4C - Thinning Optmizaton - Whale Room
Session Chair: Bogdan Strimbu

OPTIMIZATION OF THINNING INTENSITY AS DECISION SUPPORT SYSTEM FOR FOREST MANAGEMENT

Kai Husmann?, Jan Hansen?, Bernhard Moéhring?
! Georg-August-University Gottngen
2 Northwest German Research Insttute

Although the advantages of Decision Support Systems (DSS) are widely known and ofen discussed in forest-science literature,
optmizaton 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 benefts is steadily rising, forest planning becomes
increasingly more complex. Looking at formal optmizaton techniques for decision support of forest actvites, as they are
already performed in foreign countries, therefore seems to be worthwhile. We present an optmizaton sofware as DSS for
forest thinning actvites on operatonal level which is specifcally adopted to German characteristcs. According to the typically
categorizaton of forest optmizaton models, we present a “type-1” optmizaton sofware. Our sofware basically consists

of 3 elements. The forest growth simulaton module, the optmizaton module and the data warehouse. The tree growth is
simulated with the “Tree Growth Open Source Sofware” (TreeGrOSS) which is an long established single-tree based growth
and treatment simulaton sofware of the Northwest German Research Insttute (NW-FVA). The actual optmizaton bases

on sequental TreeGROSS simulatons with iteratvely changing thinning intensity sengs. The response of every iteraton is
calculated via dimension and tree species specifc ratng of the simulated harvested wood volume. To ensure sustainability of
the simulatons, we defned 2 restrictons. The total standing volume of all stands as well as the standing volume of each stand
at the end of the simulaton are not allowed to be lower than a predefned standing volume limit under standard treatment
circumstances. The optmizaton model additonally enables defniton of annual minimum harvestng volumes. As we could
not fnd any suitable optmizaton algorithm, we developed a novel model basing on the “Simulated Annealing” method.

Our sofware is specifcally parameterizable to the very complex data structure of the TreeGrOSS sofware. Our optmizaton
sofware is already freely available as a package for the statstcal sofware 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 sofware able to
translate forest inventory data into TreeGrOSS stands. We performed optmizaton of 2 exemplary forest districts. A smaller
district -containing 5 stands- for explanaton of the basic model behavior and a comprehensive real district -containing 100
stands- for evaluaton of the practcal applicability of our model. We initally simulated growth and treatment of the districts
for 20 years with typical treatment parameters. Afer this, we calculated the optmized stand treatment of those districts.
Lastly, we calculated the optmal treatment under delivery restrictons. For this, we defned a minimal annual harvestng
volume for broadleaf industrial wood. Comparison of the 3 scenarios showed that optmizaton of thinning intensites always
leaded to higher yields and that defniton of minimum harvestng volume restrictons could shrink the total harvestng wood
volume substantally. Our model reveals the advantages of optmized treatment intensity and also enables evaluatng the
economical impact of long-term delivery contracts.

Contact: Kai Husmann, khusman@gwdg.de
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9:40 Tuesday

Session 4D - Remote Sensing IV - Salmon Room
Session Chair: Akira Kato

RETRIEVING FOREST CANOPY CLUMPING INDEX FROM THE THREE DIMENSIONAL POINT CLOUD
DATA

Guang Zheng?, Lixia Mat, Monika. L Moskal?
! Nanjing University
2 University of Washington

Quanttatvely characterize the non-random distributon of foliage elements including coniferous shoot needles is great

of importance to spatally map the radiaton regime within a forest canopy and retrieve the forest canopy biophysical
parameters. It is a challenging work to retrieve the canopy clumping index (Cl) 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 distributon and Cl of a forest canopy using radial hemispherical point cloud slicing (RHPCS) and directonal point
cloud slicing (DPCS) depending on diferent scanning techniques. Then the lidar-based Cls were validated by the feld-based
Cl measurements using digital hemispherical photo (DHP) - and tracing radiaton and architecture of canopy (TRAC)-based
approaches. In additon, we also investgated the efects of point sampling space, voxel size, forest density, and woody
materials on the fnal accuracy of Cl retrievals.

Contact: Guang Zheng, zhengguang@nju.edu.cn
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10:00 Tuesday

Session 4D - Remote Sensing IV - Salmon Room
Session Chair: Akira Kato

MONITORING DEER DAMAGE LOSS USING 3D DATA FROM UAV-SFM AND TERRESTRIAL LASER
SCANNER

Akira Kato?, Norikazu Eguchi?, L. Monika Moskal®

! Chiba University, Japan

2 Aichi Prefectural Forestry Research Insttute, Japan
% University of Washington, USA

The confict between local wildlife habitat and forest management actvity becomes serious problem in Japan. Afer predators
of Japanese deer (Cervus nippon) have been removed or became extnct, deer populaton dramatcally increased to eat the
bark of matured stands severely to infuence on their tree growth and feed juvenile stands to prevent stand regeneraton.

It results in changing their harvestng and reforestaton schedule in local forest management. However, their wide habitat
area (a few square kilometers) makes it difcult 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 estmate
the economic loss from the damaged tmber. 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 identfy their territory. A deer feeding vegetaton map was created by a wide coverage 3D data from Unmanned
Aerial Vehicle based Structure from Moton (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 equaton
created by destructve samplings. The loss of tmber growth was estmated by the damage level from these 3D data analysis
and was converted to the local economic loss of tmber producton. As a result, the satellite-tracking system identfed 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 specifc smaller territory. To estmate the loss of tmber producton 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% relatve error. Tree height measurement from UAV-SfM had 5 to 10% relatve error in diferent slope angles.
The expected errors associated with the 3D data acquisiton is around 10% and the error was refected to the economic loss.
UAV based 3D data needs sufcient fight overlap to create the 3D data. Therefore, mult-frequent UAV fights are required to
identfy the error-prone area and leaf-of data can improve tree height measurement because of good visibility of the ground.
These UAV based 3D data acquisiton is low cost and is helpful in providing current inventory informaton. Sampled TLS
scanning is useful to validate UAV based 3D data and provides additonal data to fll the gap UAV data cannot cover.

Contact: Akiro Kato, akiran@faculty.chiba-u.jp
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10:50 Tuesday

Session 5A - Forest Transportaton & Routng - Deer A Room
Session Chair: Adrian Pasual

ROUTING IN SWEDEN VERSUS NORWAY

Mikael Ronnqvist?, Patrik Flisberg?, Dag Fjeld®
! Université Laval

2 Forestry Research Instute of Sweden

% Norwegian Insttute of Bioeconomy Research

To fnd eFcient routes for logging trucks is an important problem in forestry. The objectves of the routng decision are a mix
of cost, safety, stress and environmental aspects. Typical examples of cost components are fuel consumpton, route tme

(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 consumpton, for example, by avoiding steep roads where the fuel consumpton is very large. In Sweden there is a
standardized approach to fnd 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 logistc hub managed by all forest companies in
Sweden. This system is developed for standard 64 tons trucks. In Norway the system to fnd the routes is somewhat diferent.
The roads are classifed in three levels, 60, 54 and 50 tons. A route is found for each weight class and then the cheapest
alternatve that is a combinaton of distance and load weigh is chosen. Both Sweden and Norway have a detailed descripton
of the road network through databases. An interestng queston raised is if the CRF system can be used in a Norwegian routng
environment. A major diference between the two countries is the fact that Norway is much more mountainously and has
very large fords. In the CRF system, there are weights in the routng optmizaton set for hilliness. This is modelled by having
diferent levels of the gradients and where each level has a weight in the route optmizaton. Currently there are 20 such levels
and weights. As the Norwegian has a very diferent characteristc, there is a need to modify the defniton of diferent hilliness
levels. In this presentaton, we describe diferences in the two countries and how routng 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 beter describe the situaton in Norway.

Contact: Mikael Rdnnqvist, mikael.ronngvist@gmec.ulaval.ca
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11:10 Tuesday

Session 5A - Forest Transportaton & Routng - Deer A Room
Session Chair: Adrian Pasual

ASSESSING THE ROLE OF FOREST INVENTORY UNITS TO COMPOSE DYNAMIC TREATMENT UNITS IN
FOREST MANAGEMENT PLANNING

Adrian Pascual?, Timo Pukkalat, Sergio de Miguel?, Peteri Packalen?
! University of Eastern Finland
2 Universitat de Lleida-Agrotecnio Center

The aim of this study was to integrate operatonal costs in a forest planning system based on dynamic treatment units (DTUs)
and based on this, estmate optmal 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 atributes and to delineate
the segments that were used as calculaton units. From the inventory data, existng diameter distributon and individual-tree
growth models were used to simulate alternatve management schedules along the plan.

Beneft-oriented formulaton was posible thanks to the inclusion of harvestng costs and ALS to estmate forest characteristcs,
delineate forest inventory units and predict ALS-based terrain features. Slope and distance to road, variables used to
determine the operatonal costs. Alternatve scenarios considering diferent forest roads layout and density were simulated

in order to calculated forest management efciency in fnancial terms. The distributon, spatal allocaton and intensity of the
prescribed removals were compared considering the efect 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 optmal road density and layout
of the roads in order to maximise owner beneft along the plan.

Heuristcs and semi-decentralized heuristcs were tested as numerical optmizaton methods to provide optmal solutons
to the spatally-explicit forest formulatons. Among these methods, simulated annealing and celular autémata have been
previously used by the autor providing feasible solutons, computatonally and in spatal goals terms.

The contributon aims to highlight the utlity of ALS-based forest plannign solutons in ordert to increase forest management
precision at maximising managers, or owners, proftability assessing the efect of harvestng costs. With the presented
approach, it is possible to design an optmal forest road design.

Contact: ADRIAN PASCUAL, adrian.pascual.arranz@uef.f
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11:30 Tuesday

Session 5A - Forest Transportaton & Routng - Deer A Room
Session Chair: Adrian Pasual

ECOROAD —A SIMPLISTIC EDUCATIONAL WEB-BASED TOOL TO EXPLORE OPTIMAL ROAD LAYOUTS
SUBIJECT TO ECONOMIC AND ECOLOGICAL OBJECTIVES

Marc Folinit, Jochen Breschan?, Monika Anna Maria Niederhuber?
LETH Zurich
2ETH Zirich

EcoRoad — A simple educatonal web-based tool to explore optmal road layouts subject to economic and ecological objectves

Road planning in rural areas such as the planning of forest roads is a mult-criteria problem subject to the identfcaton of

a good trade-of between the road cost and the environmental impact. Optmizaton methods based on the shortest path
algorithm provide an analytcal approach to explore optmal road layouts and how those layouts change depending on the
weights assigned to the objectves capturing cost and environmental impact. Those methods are applied to a point raster-
based network representaton of potental road links. The resultng road layout may substantally change depending on the
neighborhood-defniton for road links when shifing, e.g., from an 4-link neighborhood (i.e., linking all direct neighbors) to a
48-link neighborhood.

Here, we present the educatonal tool EcoRoad which integrates the ingredients (1) mult-criteria problem and (2)
neighborhood representaton to solve a simple road layout planning problem on a graphical, web-based user interface. It will
be an educatonal module hosted by the Geographic Informaton Technology Training Alliance (GITTA, www.gita.info). This
tool enables students to set start- and end-points of a road on a raster-based landscape and explore in real tme how the
optmal road layout changes based on the weights assigned to road cost and ecological impact. The road layouts resultng
from various weightngs are visualized as a Pareto set from which the students can pick their favorite choice. Moreover, the
neighborhood-defniton 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 representaton on the optmal 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 constructon cost, and (2) a
raster which characterizes ecologically important sites. Those rasters are used to quantfy constructon cost and the ecological
impact of potental 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 educatonal purposes in the future.

Contact: Marc Folini, marc.folini@usys.ethz.ch
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11:50 Tuesday

Session 5A - Forest Transportaton & Routng - Deer A Room
Session Chair: Adrian Pasual

TRANSPORTATION PLANNING USING “CORRECT” DISTANCES IN AN EFFICIENT MANNER

Mikael Rénnqvist?, Patrik Flisberg?, Mikael Frisk?
! Université Laval
2 Creatve Optmizaton - Sweden

Transportaton planning is an important problem in forestry. Its overall part of the procurement cost can be as high as 30-
40%. The transportaton planning is typically done on a tactcal level, ofen monthly level, and is to make decisions on the
destnatons of the supply to diferent demand points. The number of supply points considering diferent assortments can be
large, ofen 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 tme periods can also be used requiring inventory management
as a part of the model. The resultng planning problem is ofen described as a standard transportaton problem where the
decision variables are the fows between supply and demand points, and inventories. In such formulatons there is a need of
informaton on supply, demand, inventory costs and transportaton costs. The later is ofen 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 diferences between these approaches.
This results in turn in diferences in transportaton cost and will provide diferent solutons. An important queston is hence
the impact on the soluton from diferent distances. In Sweden, the distances are ofen based on a weighted objectve
functon where many road atributes are considered. Some of these are length, road quality, road width, work stress, trafc
safety, fuel consumpton and route tme. These have shown to difer, with an average of 10%, to distances based on shortest
paths, which is ofen 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 tme a new harvest area is included. From a
practcal perspectve, this can require substantal tme. In practce, there is ofen an imbalance between supply and demand.
This gives rise to a so-called “creaming” efect where the nearest supply points are used. This leads to a problem for future
planning as the average distances, and overall transportaton cost, may increase over tme. In this presentaton, we describe
results from comparing the plans using diferent distances and the potental impact. We also describe a new integrated
approach to include any distance table computaton directly in the modeling part. This enables a more robust and eFcient
approach to ensure correct plans. Included is also an approach to avoid creaming making sure that no creaming will occur.

Contact: Mikael Ronngvist, mikael.ronnqvist@gmec.ulaval.ca

SSAFR 2017 | August 27-30, 2017 52



ABSTRACTS

10:50 Tuesday

Session 5B - Fire Il - Deer B Room
Session Chair: D. Matsypura

WILDFIRE FUEL MANAGEMENT: NETWORK-BASED MODELS AND OPTIMIZATION OF PRESCRIBED
BURNING.

Dmytro Matsypura?, Oleg Prokopyev?
1 The University of Sydney
2 University of Pitsburgh

Wildfres are a common phenomenon on most contnents. They have been around for an estmated 60 million years and are
part of a regular climatc cycle. Nevertheless, wildfres represent a real and contnuing problem that can have a major impact
on people, wildlife and the environment. The intensity and severity of wildfres can be reduced through fuel management
actvites. The most common and efectve fuel management actvity is prescribed burning. We propose a mult-period
optmizaton framework based on mixed integer programming (MIP) technigues to determine the optmal spatal allocaton
of prescribed burning actvites over a fnite planning horizon. In contrast to the existng fuel management optmizaton
literature, we model fuel accumulaton with Olson’s equaton. To capture potental fre spread along with irregular landscape
connectvity consideratons, we use a graph-theoretcal approach that allows us to exploit graph connectvity measures (e.g.,
the number of connected components) as optmizaton objectves. The resultng mathematcal programs can be tackled

by general purpose MIP solvers, while for handling larger instances we propose a simple heuristc. Our computatonal
experiments with test instances constructed based on real-life data reveal interestng insights and demonstrate the
advantages and limitatons of the proposed approaches.

Contact: Dmytro Matsypura, dmytro.matsypura@sydney.edu.au
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11:10 Tuesday

Session 5B - Fire Il - Deer B Room
Session Chair: D. Matsypura

DESIGNING FOREST LANDSCAPES TO REDUCE THE RISK OF FIRE

Marc McDill*, Susete Marques?, Jose Borges?, Marco Henrique Vieira Marto?
! Penn State University
2 University of Lisbon

An important goal in fre-prone forest landscapes is to reduce the likelihood that they will burn, or more accurately, the
expected loss from fre. Understanding a disturbance like a fre on forest landscapes is a challenge, however, because of
complex stochastc interactons over a range of temporal and spatal scales. As a result, current methods of modeling fre
preventon measures typically involve running complex fre simulatons that are difcult to incorporate into an optmizaton
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 fre probability in neighboring cells. Results demonstrate how the model can be used to
spatally allocate treatments such as harvests and fuel treatments on a landscape to maximize expected net present value,
including expected losses from fre.

Contact: Marc McDill, mmcdill@psu.edu

11:30 Tuesday

Session 5B - Fire Il - Deer B Room
Session Chair: D. Matsypura

FOREST MANAGEMENT ON A FIRE-THREATENED LANDSCAPE WITH SPATIAL EXTERNALITIES

Chris Lauer?, Claire Montgomery?!, Thomas dieterich?
! Oregon State University

Forest management in the face of a disturbance process such as wildfre is a challenging problem because fre spreads across
a landscape and because its occurrence is unpredictable. Accountng for the existence of stochastc events that generate
spatal externalites in the context of a dynamic decision process is crucial for determining optmal management. This

paper demonstrates a method for incorporatng spatal informaton and externalites into management decisions when the
management of a landscape is only partally controlled by any individual agent and the actons of one agent afect the fre
risk of the others. The problem is formulated as a dynamic game, where each agent maximizes their own objectve without
considering the welfare of the other agent. A machine learning technique, approximate dynamic programming, is applied

to determine the optmal tming and locaton of fuel treatments and tmber harvests for each agent. The value functons we
estmate explicitly account for the spatal interactons that generate fre risk on the landscape. They provide a way to model
the expected benefts, costs, and externalites associated with management actons that have uncertain consequences in
multple locatons. The method we develop is applied to a four square-mile synthetc landscape made up of 64 individual
stands and parameterized to represent the ecological conditons of SW Oregon. We consider how to optmally choose the
tming and locaton of tmber harvest and fuel treatment to maximize the expected net present value of tmber harvest. We
analyze diferent paterns of ownership fragmentaton that mimic the fragmentaton in SW Oregon, such as the checkerboard
patern associated with O&C lands, to show how landowner welfare and ecological outcomes are afected. Increasing
fragmentaton leads to shorter rotaton ages and less fuel treatment under the optmal policy because landowners are unable
to capture the benefts of reduced fre risk for neighboring stands when those stands are controlled by a diferent landowner.

Contact: Chris Lauer, lauerc@oregonstate.edu
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11:50 Tuesday

Session 5B - Fire Il - Deer B Room
Session Chair: D. Matsypura

ADAPTIVE MANAGEMENT RULES FOR CATALONIAN PINUS NIGRA STANDS UNDER RISK OF FIRE

José Ramon Gonzélez-Olabarrial, Jordi Garcia-Gonzalo?, Blas Mola-Yudego?, Timo Pukkala®
LCTFC

2UEF - NIBIO

3 UEF

Traditonal forest management of P. nigra stands in Catalonia has being characterized by selectve cutngs, targetng

the best trees for pole producton. These practces generated mult-layered forest structures facilitatng the occurrence

of high intensity crown fres. Wildland fres, together with a decrease on forest management can be considered as the

main threats for the persistence of autochthonous black pine forests. An efectve way to mitgate the efects of fre are
operatonal management rules addressing changes in factors that may afect the optmal management such as economic
conditons and fre risk regime, while at the same tme achieving the maximum revenue. The study develops rules for the
adaptve management of P. nigra stands in Catalonia (Spain) addressing the risk of fre and post-fre forest management.

The management rules being defned by the development of the stand, and taking into account potental changes in forest
growth, economic conditons, and fre risk. For this purpose, we adjusted and used the stochastc version of the simulaton-
optmizaton system RODAL to optmize the management of forest stands in three sites under diferent fre probability levels.
A total of 270 optmizatons were done varying site fertlity, fre probability and economic factors. The results from the 270
optmizatons were used as the basis for FEng fexible forest management rules for adaptve stand management, when
maximizing the economic revenue was the objectve. The developed management rules defned the basal area limit for
thinning, the thinning intensity, the mean tree diameter at which regeneraton cuttngs should start and the basal area below
which a salvage cuttng should be done. The presented rules provide a fexible tool for forest management during the stand
development and under changing conditons when the management objectve is to maximize economic proftability of tmber
producton. Those rules can be translated into easy to understand diagrams, were a forest manager can allocate the current
state of stand and identfy according to state of the stand if it should be leF to contnue growing or a cutng should be done.
Drastc modifcaton on the stand state, originated by wildfres, are also taken into account, and depending on the number
and size of the surviving trees a salvage cutng can be recommended or not, being the driver for such decision the post-fre
evoluton of the stand, and the possibility to achieve a successful natural regeneraton.

Contact: José Ramon Gonzélez Olabarria, jr.gonzalez@ctc.es
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ANALYSIS OF ADVANTAGES AND DISADVANTAGES OF FOREST MANAGEMENT CLOUD SIMULATIONS
AFTER 10 YEARS OF SIMANFOR PLATFORM

Felipe Bravo!
L Universidad de Valladolid

Forest growth and yield models at diferent scales are useful tools for forest managers and stakeholders because adequate
simulatons of forest stand conditons afer diferent management scenarios allow them to adopt appropriate actons to
maintain forest integrity while forest services (including products) are obtained to beneft society as a whole. SIMANFOR
(www.simanfor.es) is a Decission Support System for the Simulaton of Sustainable Forest Management Alternatves via web
that allows users, by cloud computng, to simulate silvicultural alternatves through previously programmed models and
inventory data. Currently, SIMANFOR works as a multlingual platorm with fve working languages (Spanish, English, French,
Portuguese and Vietnamite) SIMANFOR was conceived as a free use web platorm able to gather growth and yield models
as well as forest inventories for which it has scalable structure integratng diferent modules to manage forest inventories,
simulate and project stand conditons and maintain systems security and integrity. By using SIMANFOR, it is possible to
simulate sustainable forest management alternatves, obtain outputs compatble with an Ofce environment and exchange
data and fles between SIMANFOR and user sofware. Currently on SIMANFOR are programmed diferent 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 platorm itself was developed on .NET To insight on advantanges and disadvantages of cloud
simulaton for forest management, the presentaton will focus on IBERO model simulatons. IBERO is an individual tree
distance-independent growth model parametrized for Pinus pinaster and Pinus sylvestris in Spain. IBERO is compose by
statc equatons (bark thickness, crown parameters, height-diameter relatonships and stem taper) and dynamics (height and
diameter growth equatons, mortality or survival equaton and ingrowth) Productvity is included through traditonal site
index curves but can be replaced by productvity equatons that include environmental variables. Diameter growth has been
modelled by using log-linear equatons and multnomial logistc models generatng diferent model parametrizatons. Link
functons to estmate mushrooms producton have been included recently. There are other forest simulaton platorms (eg,
SILVA, CAPSIS, ORGANON, FVS, ...) but SIMANFOR owns some characteristcs that make it especially interestng, such as low
user requirements, interface simplicity and Fexibility. Despite its clear Fexibility, forest cloud computng does not count with
the favour of forestry community due to the lack of knowledge about its capabilites and the soFware 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 simulatons for efectve forest management are analyzed in the present work.

Contact: Felipe Bravo, Fravo@pvs.uva.es
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THE USE OF FORESTRY DSS IN CATALONIA, NORTH-EAST SPAIN

Antoni Trasobares!
! Forest Sciences Centre of Catalonia

In Spain the forest occupies 27.5 million ha (54% of the country) presentng 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 multple goods and services (tmber,
cork, grazing, fre-wood and biomass, mushrooms, carbon sequestraton...). Yet, sustainable forestry in Spain is challenged by
several hazards (forest fres, erosion, drought, insects...) and sources of uncertainty (e.g. climate change). Out of these, forest
fres have usually the strongest impact on the ecosystems and therefore require special atenton. The combinaton of areas
with average low productvity (especially in the Mediterranean region which long drought periods in summer), topographic
contrasts and forest fres, ofen lead to no management (management is not proftable).

Forest ownership is characterized by a high degree of fragmentaton (many propertes smaller than 5 ha). Due to this
fragmentaton stand-level planning is very common especially in smaller propertes 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 stll based on classical approaches, i.e., cuttng budget regulaton methods usually based on poor/
limited growth and yield models (e.g. yield tables), and oFen without even considering economic efciency objectves (e.g.
NPV). This leads to a defciency in formulatng and evaluatng alternatve management regimes.

In the last 10-15 years numerous tools for supportng modern planning have been actvely developed. For example, tools to
support stand-level planning as simulators or simulaton-optmizaton tools. At the forest/landscape level, the focus is now

in the development of fully developed mult-objectve decision support systems (integratng simulaton, decision making

and sensitvity analysis tools) which may also address fre risk preventon and habitat conservaton. 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 objectves set for the whole forest. The candidate plans obtained by the tool can be
tested with sensitvity analysis and visualizaton tools. These tools permit interactve and e¥cient analysis of a broad range of
management alternatves 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 evaluatng and approving management plans proposed by private forest owners in real stand-level and
landscape level planning problems in Catalonia, and its use in practcal management planning is being actvely promoted by
CTFC.

Contact: Antoni Trasobares, antoni.trasobares@exchange.ctc.es
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TERRESTRIAL CONDITION ASSESSMENT FOR NATIONAL FORESTS OF THE USDA FOREST SERVICE IN
THE CONTINENTAL US

Keith Reynolds?, Dave Cleland?, Robert Vaughan?, Barbara Schrader?
1 USDA Forest Service
2 RedCastle Resources Inc.

The Terrestrial Conditon Assessment (TCA) of the Natonal Forest System (NFS, USDA Forest Service) is using the Ecosystem
Management Decision Support (EMDS) system to assess efects of uncharacteristc stressors and disturbance agents, with an
emphasis on identfying restoraton opportunites at a natonal scale. The 10,000 landscape analysis units under assessment
within NFS lands are land-type associatons (LTAs), which were developed by NFS staf and by the agency’s Remote Sensing
Applicatons Center (RSAC) in areas lacking LTA maps.

EMDS is a spatal decision support system for landscape analysis and planning. In its analysis phase, EMDS uses logic models
to interpret data, synthesize informaton over successive layers of logic topics, and draw inferences about the strength of
evidence for suitable terrestrial conditon in LTAs as an inital step to identfying high priority LTAs for landscape restoraton on
NFS lands.

A team of senior agency scientsts and managers, representng a broad array of natural resource disciplines, was assembled
in 2012 to develop a logic structure for the EMDS TCA model and to identfy appropriate data sources to support analyses.
Primary natonal data sources, remotely sensed or modeled, used in the TCA model currently include observed insect- and
pathogen-induced mortality, key critcal loads for soil and the atmosphere, long term seasonal departures in temperature
and precipitaton, road densites, uncharacteristc wildfres, historical fre regime departure, wildfre potental, insect and
pathogen risk, and vegetaton departure from natural range of variability. The TCA logic also accounts for efects 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 uncharacteristc disturbance, natonal analyses only consider uncharacteristc wildfre. However,
applicatons of the model at smaller spatal extents such as Regions and Forests have the opton to consider additonal
impacts, such as landslides, blowdown, and fooding, if quanttatve or qualitatve data are available to characterize these
impacts. Logic topics for these additonal impacts have been built into the natonal model, but the topics are ignored in the
natonal analysis (e.g., turned of).

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 evaluaton of 10 indicators of ecological integrity in the LTA units. We describe implementaton of the

EMDS applicaton for TCA as an integrated, hierarchical approach to forest landscape restoraton that supports bidirectonal,
coordinated strategic planning from natonal to Regional to Natonal Forest scales, including use of mult-criteria decision
analysis to prioritze LTAs for restoraton. The assessment stage described in this presentaton provides the ecological context
for the subsequent strategic planning step, in which the objectve is assist resource managers with identfying LTAs that should
be a high priority for landscape restoraton.

The presentaton includes detailed map results for terrestrial conditon in the contnental US, as well as demonstraton of
how intermediate logic products are progressively synthesized upward from data to the fnal overall assessment of terrestrial
conditon.

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. Ruiz!, Pablo Crespo-Peremarch?
! Universitat Politecnica de Valéncia

Full-waveform LiDAR provides more complete informaton than discrete LiDAR about vertcal structure of forest stands, but
processing techniques are not yet properly developed, dissuading foresters and practtoners from the use of this type of
data for the generaton of metrics to estmate fuel, inventory and structure related variables. The occasional commercial
processing tools do not cope with the problem of selecton of the adequate methodological parameters to improve the
performance of the derived metrics, key for the generaton of efFcient forest variable predicton models. One of the

most common procedures to simplify the original informaton contained in the raw LiDAR pulses or waves consists in the
voxelizaton of the three-dimensional space, convertng the inital distributon of wave values into discrete cells or voxels that
are easier to manage for further analysis and processing. The vertcal dimension of these voxels is directly derived from the
temporal sample spacing, a parameter of the system. However, the selecton of the appropriate minimum voxel size in X and
Y is more related to the density of the LiDAR data and the characteristcs of the forest stand. Changes in wave density due to
LIDAR acquisiton overlap or the voxel value assignaton criteria are other parameters that require consideraton. Previous
studies (Crespo-Peremarch et al., 2016; Ruiz et al., 2016) revealed the infuence of these operatonal parameters on the
efciency of predicton 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 indexaton from LAS 1.3 fles, data clipping, voxelizaton and creaton of
pseudo-vertcal waves (Hermosilla et al., 2014), and generaton of metrics. This tool allows the user for the selecton of a
representatve data subset of the area of study and performs the analysis of the main methodological parameters to be
considered before voxelizaton: the variaton of the number of values/voxel and empty voxels as (1) voxel size is modifed, and
(2) as pulse density varies. Based on this automated analysis of methodological factors partcularized on each study area, the
minimum voxel-size and assignaton method can be defned by the user, facilitatng the applicaton of these data for forest
inventories and studies related to stand structure characterizaton. We also present a complete analysis of these factors using
a dataset from the Panther Creek area, OR, suggestng some future improvements based on the results.

References

Crespo-Peremarch, P., Ruiz, L.A., Balaguer-Beser, A., Estornell, J., 2016. Analysis of the side-lap efect on full-waveform LiDAR
data acquisiton for the estmaton of forest structure variables. Int. Arch. Photogramm. Remote Sens. Spatal Inf. Sci. XLI-B8,
pp. 603-610.

Hermosilla, T., Coops, N.C., Ruiz, L.A., Moskal, L.M., 2014. Deriving pseudo-vertcal waveforms from small-footprint full-
waveform LiDAR data. Remote Sensing Leters, 5(4), pp. 332-341.

Ruiz, L.A., Crespo-Peremarch, P., Estornell, J., Balaguer-Beser, A., 2016. Analyzing some factors afectng the extracton of full-
waveform LiDAR metrics and their efect in forest structure variable estmates. ForestSat-2016, 15-17 Nov., Santago de Chile.

Contact: Luis A. Ruiz, laruiz@cgf.upv.es
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SPATIALLY EXPLICIT HABITAT STRUCTURAL ASSESSMENT MODEL USING GIS, LIDAR AND LOGISTIC
REGRESSION ANALYSIS

Midhun Mohant, Glenn cats?, Joseph Roise®, James McCarter*
! Research Assistant

2 Associate Professor (Retred), NCSU

% Professor of Forestry and Operatons Research, NCSU

4 Associate Professor of Forestry and GIS, NCSU

Despite the fact that Red-cockaded Woodpeckers (Picoides borealis) have a preference for old-growth longleaf pines with low
or sparse understory (traditonal), they also are known to exist in non-savannah like habitats having a wide range of biological
features. In this paper, we present an applicaton of GIS and Airborne Light Detecton and Ranging (LiDAR) data analysis to
identfy underlying forest atributes of the nestng sites that could provide an explanaton for this deviaton. Initally 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 existng actve clusters to create a spatally explicit habitat
suitability model. With experts’ opinions on our analysis results we detected certain unrepresented parameters contributng
towards the habitat suitability and performed logistc regression analysis to evaluate their contributon towards the predictve
model. As most of the current models are based on traditonal habitat characteristcs, these models are inefcient when
dealing with clusters existng in non-traditonal habitat areas such as pocosin gradient or pond-pine dominated stands. It is
expected that, by integratng new threshold limits of underlying habitat features obtained from our research, we can improve
the existng models’ habitat identfcaton capability and thereby boost the quality of RCW conservaton actvites.

Contact: Midhun Mohan, mmohan2@ncsu.edu
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SPATIOTEMPORAL ANALYSIS OF LANDSAT IMAGERY FOR ASSESSMENT OF DISTURBANCE TRACKING
IN COASTAL GEORGIA

Shingo Obata?, Chris Cieszewski', Roger Lowe!, Pete Bettnger?, Sergio Bernardes!
! University of Georgia

The purpose of this research was to advance our assessment of forest resources in coastal Georgia, United States, through
identfcaton of past disturbances and subsequent reconstructon of forest ages for private lands. For this purpose we set

out to conduct a spatotemporal analysis of Landsat historical imagery. Images were selected for every year representaton
with minimum cloud cover during the growing season. The frst step in the analysis was to verify that the publicly available
georeferenced Landsat imagery data product was suitable for spatotemporal analysis in terms of an adequate spatal
alignment of all corresponding pixels within the considered area, on all images taken at diferent dates. We used imagery from
Landsat 5 through Landsat 8. As the images had very close geospatal alignment and the errors in pixel alignment were less
than 1 m, we used the images without any additonal georeferencing. In further analysis we used all of the bands, while pixels
covered by clouds, if any, and water were masked. A supervised classifcaton of each Landsat image was performed using

50 training sites for selected land use classes. The resultng land allocatons were compared to values from adjacent years to
detect the change in vegetaton, and decision rules were employed to assign one of three states to each pixel (no change,
thinning, and clearcut). If clearcuts were identfed, tree ages were then assigned to pixels. Given the lengthy series of Landsat
imagery and given the common forest management practces of coastal Georgia, the process was designed to produce an
improved age class descripton of the considered area of privately owned land (7 countes).

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. Rodriguez, Tiago Conto?, Caio Hamamura?, Gustavo J. F. Almeida®
! University of Sao Paulo

The direct measurement of tree diameters and heights is at the heart of most forest inventory assessments. The conventonal
assessments of biomass growth, for instance, usually start with the locaton of sample plots in the feld 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 systematcally selected subsets of trees metculously measured provide perceptble quantfcatons of ground
truth. The measured ground truth though is, most of the tme, indirectly related to the forest populaton 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 statstcal regression models to estmate total biomass in a forest. An error induced at this stage
exists and varies depending on the correlaton between the parameter of real interest and the predictng variables. A second
error is introduced when a sample plot’s estmates are extrapolated to the whole area of the forest. Passive or actve remote
sensing, like satellite images and airborne laser scanning (ALS), have shown already, in many applicatons, the potental to
signifcantly reduce the later source of error. At the sample plot level, however, the use of terrestrial laser scanning (TLS)

stll faces some difFcultes in becoming as well disseminated as ALS. Besides the existence of more afordable TLS, there is
also the lack of efFcient and reliable unsupervised algorithms to segment the resultng point clouds separatng tree stems
and branches from the rest of the 3D environment. We report here the work done in Brazil to develop a computatonal 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 segmentaton process of the TLS cloud into two steps. Initally,

a computatonally efcient implementaton of the Hough Transformaton 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 benefts of turning TLS viable at the sample plot
level will be notable in Brazil as it will signifcantly 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 restoraton afer harvests in forest management
concessions in the Brazilian Amazon; (iii) the monitoring of the reforestaton promoted to restore degraded pastureland or
negatvely impacted areas; and (iv) the monitoring of areas impacted by wildfres that have also been at the center of the
atenton of many climate change researchers.

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

SSAFR 2017 | August 27-30, 2017 62



ABSTRACTS

14:20 Tuesday

Session 6A - Spatally-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 Breschant?, Sabrina Maurer?, Leo Bont?, Roberto Bolge®
LETH Zurich

2WSL Birmensdorf (CH)

% Federal OFce for the Environment (CH)

Cable-based technologies are crucial for the design of harvestng systems in steep terrain. The identfcaton of a cable road
layout for a management unit aims at concurrently minimizing harvestng costs and environmental impacts. Snow processes
are partcularly considered in an Alpine environment when minimizing for the cable roads running in the same directon as
the slope line. The problem of selectng the optmal cable road layout can be formulated and solved to optmality as a mult-
criteria set cover locaton problem as proposed by Bont (2012). The approach represents the forest subject to harvest as a
raster which must be entrely 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 implementaton, the long tme spent to
calculate cable road layout alternatves for various objectve weights hampers the practcal applicaton on a larger scale.
Here, we present an improved workfow for the approach which aims at reducing (1) the number of computed alternatves
to characterize a Pareto set and (2) computatonal tme via parallelizaton of the optmizaton task for sub-units consttutng
a large management unit. We have expanded the workfow with the non-inferior set estmaton method (NISE) to plausibly
reduce the number of alternatves required to create an approximate Pareto set. That workfow was then modifed to
parallelize the computaton of sub-units on a computng cluster. The resultng workfow was tested for a 300ha management
unit in a Subalpine forest located in Klosters (Switzerland). The management unit was parttoned into 5 sub-units and

the forest subject to harvest was represented as a 15x15m raster. This resulted into sub-units consistng of 1'515 to 3’066
forest parcels and 11'185 to 20’935 cable road alternatves. Four to fve alternatves were computed for each sub-unit to
approximate the Pareto sets. The computatonal tmes required to solve for the sub-units in parallel ranged from 10 to 230
minutes whereas the highest value sets threshold for the overall computatonal tme.

Literature: Bont, Leo. Spatally explicit optmizaton of forest harvest and transportaton system layout under steep slope
conditons. ETH Zurich (2012). htp://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

Satar Ezzat?, Ljusk Ola Eriksson?
1SLU, Sweden

We presented a tactcal planning problem for uneven-aged management stands, which appears in the selecton of harvestng
stand and logistc planning over a horizon of several years (i.e., sixty 5-year planning period). The logistc part considers
spato-temporal decisions on the road building and maintenance requirements, while the transportaton part deals with

the decisions on fow scheduling for the harvest sites, intermediate landings and roadside terminals. The overall problem

is formulated into one optmizaton model to maximize the net present value of forest management actvites, but such a
model is difcult to solve in a reasonable tme for large, practcal problems. We thus developed a decompositon algorithm
to increase solvability and obtain the good soluton quickly. The road network subproblem is solved using a path generaton
technique through connectng intermediate landings locaton (e.g., as positve access points), so that scheduled stands are
accessible. Aferwards, the column generaton (CGe) algorithm is developed in which the generaton phase represents to
Tnd optmal new forest management alternatves for each stand. To demonstrate the model’s functonality, we apply it to a
mountainous, forested case study in the north region of Iran. Two scenarios with diferent interest rates (i.e., ranges from 2%
to 5%) were designed in which planner has limitaton on harvest per area and year, and the other without limitaton. Inital
experiments confrm that the model converges very fast, even for the hardest problem (i.e., limitaton in harvest with interest
rate 2%) rather than original MIP model (i.e., 10 tmes 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. Additonally, the model could guarantee a fairly
good balance between harvests volume and length of road through each planning period. Keywords: Forestry; harvestng;
scheduling; landing, road planning; discreet optmizaton

Contact: Satar Ezzat, s_zt@yahoo.com
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THE ANALYSE OF CLEAR-CUT SIZE AS ASUPPORT FOR STRATEGIC DECISIONS ON THE NATIONAL
FOREST POLICY LEVEL

Rébert Marusak?, Jan KaSpar?, Adelaide Cerveira?
! Faculty of Forestry and Wood Sciences CULS Prague
2 University of Tras-os-Montes e Alto-Douro

There are three main management systems in forestry over the world: selecton, shelterwood and clear-cut silvicultural
system. The selecton and shelterwood management systems are more close to nature, while the clear-cut management has
many practcal advantages, mainly the harvest concentratng and lower transportaton costs. The clear-cut management stll
plays very important role in many countries of the Central Europe, however there are many limitatons to protect the forest
environment against negatve efect of clear-cut. The maximal size of clear-cut is one of them. Series of studies analysed the
efect of clear-cut size on biodiversity, ecological and environmental aspects, natural disaster risk or aesthetc problems. On
the other side, there are only a few papers about economic efects of clear-cut management system. The exact study about
economic efect of limitaton of maximal size of clear-cut is stll missing, especially in the countries of the Central Europe. This
contributon analyses the efect of clear-cut size on economic proft and long-term harvest fow by using the area restricton
model. Partal model does not take into account aspects such as biodiversity or soil protecton. However, the results of the
study, could be used to fnd the compromise soluton between diferent aspects of clear-cut size limitaton. Such solutons can
play important role for strategic decision on the natonal forest policy level to fnd relevant limit for clear-cut size.

Contact: Rébert Marusak, marusak@fd.czu.cz

15:20 Tuesday

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

STRATEGIES FOR AN OPTIMAL MANAGEMENT OF ROCKFALL PROTECTION FORESTS

Sabrina Maurer?, Jochen Breschan?, Hans Rudolf Heinimann?
LETH Zurich

A forest on the hillslope can stop a remarkable share of falling rocks and thus protect lives and human assets from damage.
Optmal forest states can be specifed based on the knowledge about forest-rockfall interactons. Those states change with
rock size, e.g., a high stem number of relatvely small trees (like a thicket) is preferred for small rocks whereas trees in the
tmber 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 tme, a sustainable management scheme must

be identfed which provides a contnuously high protecton efect against rockfall. We discuss the impact of management
strategies varying by interventon interval and -intensity on forest dynamic based on an idealized forest structure. Those
management optons are evaluated using a spatally-explicit harvest scheduling model. This mixed-integer linear programming
(MILP) model maximizes the contnuous protecton efect in a rockfall corridor subject to the sustainable renewal of the
forest. The corridor is discretzed 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

Ana Barros?, Alan Ager?, Michelle Day?, Rachel Houtman?, John Abatzoglou®

! Department of Forest Engineering, Resources & Management, College of Forestry, Oregon State University

2 Missoula Fire Sciences Laboratory, Rocky Mountain Research Staton, Forest Service, United States Department of Agriculture
% Department of Forest Ecosystems & Society, College of Forestry, Oregon State University

4 Department of Geography, University of I[daho

The expected impacts of climate change in the Pacifc Northwest include an increase in area burned and wildfre severity.
However, less is known about how this change in fre regime will be afected by current forest and fuel management
practces. In this work we used the high-resoluton, agent-based landscape model Envision to assess the efect of current
forest management on burned area and fre severity in an 1.2 million ha landscape in central Oregon, under alternatve
climate change scenarios. We modeled forest succession using a state-and-transiton model and modeled current forest
management practces on the Deschutes Natonal Forest and lands managed privately by the forest industry and the tribal
council of Warm Springs. Forest and fuel management included mechanical thinning, fuel mastcaton and prescribed fre.
Wildfre was modeled using the minimum travel tme algorithm in Flammap and under weather conditons derived from

four downscaled global circulaton models of the CMIP5 collecton between 2012 and 2057 and assuming representatve
concentraton pathway 4.5. These runs were then evaluated against a baseline for the same tme period where weather data
were detrended to remove future climate change efects. We modeled 50 years into the future and generated a transient
tme 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 reducton of 16% in burned area over the 46-year period,
while HadleyGEM2 and MIROCS projected an average increase of 17%. The MIROC5 model estmated, for instance, a 45%
increase in stand-replacing fre, while CSIRO predicted a 20% reducton in the same severity class. Diferences among model
estmates can be explained by their relatve diferences in terms of projected mean temperature and precipitaton. The
general model tendency suggested that, compared to current conditons and assuming current forest management level and
strategy, by mid-century area burned as high-severity fre will either show litle reducton or increase by half. Further work will
determine the strength of the link between weather and high-severity area burned and explore the efect of alternatve fuel
and forest management practces.

Contact: Ana Barros, ana.barros@oregonstate.edu
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NETWORK ANALYSIS OF WILDFIRE TRANSMISSION AND IMPLICATIONS FOR RISK GOVERNANCE

Alan Ager?, Cody Evers?, Palaiologou Palaiologos?, Michelle Day?, Ana Barros®
1 USDA Forest Service

2 Portland State University

% Oregon State University

We characterized wildfre transmission and exposure within a matrix of large land tenures (federal, state, and private)
surrounding 56 communites within a 3.3 million ha fre prone region of central Oregon US. Wildfre simulaton and network
analysis was used to quantfy the exchange of fre among land tenures and communites and analyze the relatve contributons
of human versus natural ignitons to wildfre exposure. Among the land tenures examined, the area burned by incoming

fres averaged 57% of the total burned area. Community exposure from incoming fres from surrounding land tenures
accounted for 67% of the total area burned . The number of land tenures contributng wildfre to individual communites and
surrounding WUI varied from 3 to 20. Community fresheds, i.e. the area where ignitons can spawn fres that can burn into
the WUI covered 40% of the landscape, and were 5.5 tmes 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 fre was relatvely constant, with some
exceptons. The results provide a frst mult-scale characterizaton of wildfre networks within a large, mixed tenure and fre
prone landscape, and illustrate the unique risk governance problem facing diferent communites and the public agencies that
manage the surrounding wildlands. We use the results to frame a discussion of social and ecological conficts in US federal
wildland fre policy to create fre-adapted communites within fre resilient landscapes as part of ongoing forest restoraton
and fuel management programs. We trace these conficts to scale mismatches in local wildfre risk policy and governance that
result from disconnected planning systems and disparate fre management objectves among the large landowners (federal,
state, private) and local communites. Local and regional risk planning processes can adopt our concepts and methods to
beter defne and map the scale of wildfre risk from large fre events and incorporate wildfre network and connectvity
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

Ana Barros!, Alan Ager?, Michelle Day?®

! Department of Forest Engineering, Resources & Management, College of Forestry, Oregon State University

2 Missoula Fire Sciences Laboratory, Rocky Mountain Research Staton, Forest Service, United States Department of Agriculture
% Department of Forest Ecosystems & Society, College of Forestry, Oregon State University

Risk and exposure analyses ofen rely on probabilistc assessments of fre occurrence, conditonal fame length or expected
area burned. In traditonal risk assessments, exposure to wildfre is oFen coupled with estmates of values at risk and fre
efects to support decisions regarding the spatal prioritzaton of fuel and forest management treatments intended to
minimize fre spread and impacts. Exposure maps are usually developed using dynamic variables, e.g. vegetaton and fuel
data, that can be outdated by the tme the actual management interventon takes place. Thus, under certain conditons, it

is possible that risk maps change faster than the tme required for managers to execute fuel management projects, thereby
negatng the value of risk assessments in the frst place. Furthermore, wildfres are highly stochastc and while probabilistc
risk assessments can provide a fair indicaton of conditonal burn probability, empirical data show that only a small proporton
of treatments will be intersected by wildfre in any given year. We hypothesized that the potental success of fuel management
depends on prioritzing actons occurring in locatons that maximize encounters between wildfre and areas treated, which can
be quantfed a priori based on local paterns of fre igniton, fuels and topography. In this work we examined the reliability

of diferent fre exposure metrics ofen used in wildfre exposure assessment prioritzaton- conditonal burn probability,

high fame length conditonal burn probability, mean fre size and conditonal fame length — for 21 planning areas on the
Deschutes Natonal Forest in central Oregon. We identfed 3 out of 21 planning areas that scored as highest priorites for
treatment for each scenario based on current vegetaton conditons. We then used Envision, a landscape agent-based model,
to simulate 30 replicate wildfre seasons of 50 years each where wildfre and vegetaton succession operate on an annual tme
step, to calculate area burned in each planning area in a 5-year moving window. For each prioritzaton 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%. Additonally, we compared the odds

of success of each prioritzaton scenario to the odds under a null model of random allocaton and quantfed how success
changed through tme. All prioritzaton metrics performed signifcantly beter than random allocaton, with the excepton of
burn probability in high fame lengths. Scenarios based on burn probability and mean fre size had the highest success rates.
However, performance was largely dependent on the burned area threshold that defned 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 prioritze treatments in planning areas that will, on average, experience only 20% of the area burned. Our results
guantfy the expected outcomes of diferent prioritzaton scenarios and their relatve performance through tme, thus helping
to frame forest management decisions and public expectatons 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 AFORESTED
LANDSCAPE: TRADE-OFFS AMONG OPPORTUNITY COSTS, TREATMENT INTENSITY, EFFECTIVENESS
AND LONGEVITY

Jeremy Fried?, Theresa Jain?, Robert Keefe®, Conor Bell, Sara Loreno®
1 USFS PNW Research Staton

2 USFS RMRS Research Staton

% University of Idaho

4 Bell Environmental Consultng

% Ecotrust

We evaluated mult-decadal fre resistance and net implementaton costs of 9 silvicultural prescriptons applied to single-
and mult-storied stands in terms of four calculated stand metrics that relate to diferent aspects of a stand’s resistance to
wildfre. We applied the BioSum 5 modeling framework to FIA data collected from a systematc 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 tme to existng wood processing and bioenergy
facilites. Four wildfre resistance metrics — predominance of fre 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
thereafer (to 30 years) via FVS simulaton with modeled regeneraton. These metrics were designed not to rely on Fire and
Fuels Extension-FVS produced surface fuel models, as these are notoriously difcult to predict with suFcient precision to
instll confdence, yet, along with weather, are the driving determinant of fre behavior predictons. Contrastng metrics for
the nine managed forest scenarios, over tme, with a grow-only trajectory, we found that, on average, efectveness relates
strongly to predominance of resilient tree species. We address cost-efectveness 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 tradeofs in efectveness and net cost, or revenue, among prescriptons. We use the harvest system optmizaton
feature of the OpCost harvest operatons model to compare the cost-efectveness of the lowest cost harvest system for
each stand with the harvest system typically used and assumed for such stands, accountng for net costs/revenues, products
produced, and C emissions, in additon to efectveness, when expressing the tradeoTs. Finally, we assess the relatonship
between treatment intensity and efectveness 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 restoraton in these western forests.

Contact: Jeremy Fried, jsfried@fs.fed.us
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PLANNING SYSTEMS FOR SOIL DAMAGE AVOIDANCE

Mikael Rénnqvist?, Patrik Flisberg?, Gert Andersson?®
! Université Laval

2 Forestry Research Insttute of Sweden

% Research Insttute of Sweden

Avoiding soil damage afer harvest and forwarding operatons is becoming increasingly important in many countries. There
are ofen contractual agreements to avoid damage and in the case it happens, there are ofen diferent forms of extra

costs and penaltes. In order to make a qualitatve planning, there is a need of detailed informaton. The basic informaton

is ofen provided by airborne laser scanning. This provides detail informaton 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. Informaton on the road system, locaton
of round-wood piles, historical sites and areas selected for preservaton is also necessary. With the informaton 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. Ofen it turns out that some informaton 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 informaton and to make re-optmizaton fast. In this presentaton, we
describe such a system developed for use in Sweden. Diferent 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 soluton methods to ensure fast soluton tmes.

Contact: Mikael Ronngvist, mikael.ronnqvist@gmec.ulaval.ca

14:40 Tuesday

Session 6C - Forest Decision Support Systems Il - Whale Room
Session Chair: Luiz Carlos Estraviz Rodriguez

GIS AND DSS FOR THE AREA OF THE SUDETES AND THE WEST BESKIDS

Radomir Balazy*, Mariusz Ciesielski!, Tomasz Hycza?, Michal Zasada?, Jarolaw Socha®, Patryk Waraksa*
! Forest Research Insttute

2 Warsaw University of Life Sciences

% 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 implementaton program, dedicated to mountain areas. The main objectve of the project is a beter
recogniton of large-area deforestaton processes, afectng mainly spruce stands. Due to twice obtained LiDAR data, aerial
imaging, and satellite imaging repeated several tmes during the year, as well as data obtained from over 600 feld plots, it
was possible to build an advanced system for decision support, which was distnguished with ESRI award in 2014 for partcular
achievements in the area of GIS. The developed solutons are currently used by GIS servers, as well as by mobile applicatons,
which may not be rejected in the modern forestry. Using the stand growth models, detailed terrain models, and informaton
gathered by foresters, a state-of-the-art decision support system was built in the scope of forest protecton, wood harvestng,
and day-to-day management actvity. The system has been implemented gradually in the State Forests’ structures since 2015.
The purpose of the presentaton will be not only showing the operaton of the system itself, but also to communicate the
research results obtained based on multsource data, which will acquaint with mountain stands’ dieback processes in Central
Europe. Many of the performed research actons, such as e.g. the analysis of single trees’ growth within a period of fve years
based on LiDAR data, consttute an entrely new perspectve 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 PARICA AND EUCALYPTUS CASES

Silvana Ribeiro Nobre?, Luis Diaz-Balteiro?, Luiz Carlos Estraviz Rodriguez?, Matheus Felipe Zonete®
! Universidad Politécnica de Madrid

2 Universidade de S&o Paulo

3 Amata S.A.

Previously published experiences and a survey among managers of industrial forest plantatons 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 optmizaton
modeling system (Pyomo), the development focused on adding model generaton functons to the conventonal matrix
generaton process. This system supports the analysis of diferent scenarios and a comprehensive set of evaluatons regarding
environmental and economic objectves. Specifcally, the model focuses on the analysis of diferent management regimes and
producton cycles. It also explores whether managers should change species, mix them, or alter tree density or silviculture
actvites. It goes on to provide intervals for fnancial parameters that guarantee expected investment returns for investors.
Two sample cases are presented: a four-thousand-hectare plantaton of parica trees, a fast-growing Amazonian natve species
(Schizolobium amazonicum) in the northern region of Brazil, and a thirteen-thousand-hectare eucalyptus plantaton in the
southwestern region of Brazil. Local yield curves, costs, market prices, and environmental goals are used to illustrate the
cases. The frst case is an example of an economically viable restoraton 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 benefts expected from the conversion of a degraded pastureland into a densely
forested area, the veneer logs harvested by the end of the parica producton cycle generated enough revenue to produce a
proft for investors. The second case considers diferent prescriptons and silvicultural actvites to deal with the multple uses
of eucalyptus plantatons and the challenges companies face in solid wood markets, where customers expect the producton
of logs with diferent dimensions and propertes.

Contact: Silvana Nobre, silvana.rnobre@gmail.com
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OPTIMAL SAMPLING DESIGN IN FOREST RESOURCE SURVEY

Celine Pastore?!, Sandor T6th!, Hans-Erik Andersen?
! University of Washington, Natural Resource Informatcs Optmizaton Lab
2 USDA Forest Service Pacifc Northwest Research Staton

Scientsts who use survey design are faced with confict and trade-ofs between producing the best possible unbiased
representatve samples, and very real logistcal constraints. For example, when conductng studies within a partcular spatal
region, scientsts must account for transportaton, personnel hours, and survey locaton accessibility when selectng which
plots to visit and what data to collect. Budget is almost always a limitng 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 systematc sampling scheme
such as classic two-stage or stratfed sampling design. However, these statstcal schemes make poor use of limited resources
because they fail to take into account cost of visitng individual plots, and therefore are not optmally designed. Optmizaton
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 potental bias and/or spatal autocorrelaton due to lack of true randomness in plot
choice. We unify these disparate statstcal and optmizaton approaches to survey design by building an optmizaton model
that includes bias and autocorrelaton constraints. Then we compare results from traditonal statstcal sampling methods to
this new optmal survey design and asses cost and bias under both models. Our goal is to optmally design a sampling strategy
so that sites chosen are an unbiased representaton obtained within a feasible budget and with minimum autocorrelaton
between samples.

Our case study is sampling survey design for Forest Inventory Analysis carbon surveys conducted in the Tanana Valley of
Interior Alaska. In additon to logistcal restraints such as cost and distance, our model also includes limits on heterogeneity
of selected plots, and positon within aerial and ground survey paths. We inject randomness though using a constraint
satsfacton, as opposed to true optmizaton, framework; a plan is randomly selected from among many feasible solutons.
We simulate and analyze this optmally designed sampling strategy and compare it to statstcal systematc sampling schemes
in order to detect possible bias or spatal autocorrelaton, to quantfy potental for tme and cost savings, and to measure the
cost of bias and autocorrelaton 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 Babcock?, Andrew Finley?, Hans-Erik Andersen?®, Bruce Cook*, Douglas Morton*
! University of Washington

2 Michigan State University

% United States Forest Service

4 Natonal Aeronautcs and Space Administraton

Lidar data provide spatally explicit forest structure informaton which is potentally useful for regional forest inventory

and mapping; especially in remote landscapes where feld plots can be expensive to establish and measure. Mapped

forest atribute products leveraging lidar informaton can be an invaluable tool for forest managers and decision makers
working in remote forest regions, e.g., boreal systems. However, collectng wall-to-wall airborne laser altmetry data at
regional scales is cost prohibitve. As a result, studies employing lidar data for large area estmaton 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 geostatstcal coregionalizaton modeling approach for combining feld 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 predictons across the entre spatal domain. Additonally, the coregionalizaton framework allows for statstcally
sound estmaton of total AGB for arbitrary areal units within the study area, a key advance to support diverse management
objectves in interior Alaska. This research focuses on appropriate characterizaton of predicton uncertainty in the form of
posterior predictve coverage intervals and standard deviatons. Using the framework detailed here, it is possible to quantfy
estmaton uncertainty for any spatal extent desired, ranging from pixel-level predictons of AGB density to estmates of AGB
stocks for the full domain. The lidar-informed coregionalizaton models consistently outperformed their counterpart lidar-free
models in terms of point-level predictve performance and total AGB precision. Additonally, the inclusion of Landsat-derived
forest cover as a model covariate further improved estmaton precision in regions with lower lidar sampling intensity. Our
fndings also demonstrate that model-based approaches that do not explicitly account for residual spatal dependence can
grossly underestmate uncertainty, resultng in falsely precise estmates of AGB. On the other hand, in a geostatstcal settng,
residual spatal structure can be appropriately modeled within a Bayesian hierarchical framework to obtain statstcally
defensible measurements of uncertainty for AGB estmates.

Contact: Chad Babcock, babcoc76@uw.edu
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SPATIAL SAMPLING OPTIMIZATION TO MONITOR FOREST CARBON IN INTERIOR ALASKA, UNITED
STATES

Kornel Czimber!
! 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 predictons. Many
successful machine learning applicaton can be reported from the feld of bioinformatcs, computer vision, speech recogniton,
optmizaton, marketng, economics and ecology.

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

In this presentaton various machine learning applicatons from the feld of Forestry will be demonstrated from close range,
and aerial photogrammetry to assess tmber volume of forest stands and wood piles, tree crowns extracton from airborne
laser scanning data, tree species distributon mapping, climate change impact modeling and data-driven decision making.

Contact: Kornel Czimber, czimber.kornel@emk.nyme.hu
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CLIMATIC MODELLING OF TREE SPECIES DISTRIBUTIONS IN PACIFIC COAST STATES, USA

Bianca N.I. Eskelson?, Tara M. Barret?
! University of Britsh Columbia, Forest Resources Management
2 USDA Forest Service, Pacifc Northwest Research Staton

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 diferent tree species has most frequently used
species distributon models. Species distributon models identfy important climatc predictors that infuence the present
distributon of tree species, and then use those climatc predictors to project future tree species distributons under varying
climate change scenarios. The selecton of predictor variables and the chosen modelling techniques have been reported to
afect the performance of and predicton from species distributon models. In this project, we used natonal inventory data
from the United States to model the species distributons of 26 of the most abundant tree species in the Pacifc coast states
(Washington, Oregon, and California). Three modelling techniques and two sets of climatc predictor variables were applied
to each of the 26 species, resultng in 156 models. The three modelling techniques were: generalized linear models (GLM),
generalized additve models (GAM), and Random Forests (RF). The two sets of climatc predictor variables were derived from
48 monthly variables, growing season, growing degree days (GDD), and climate moisture index (CMIGS). For the frst set (Mr),
the variables were chosen through correlaton analysis aFer only keeping variables from the middle month of the season.
The second set (PC) consisted of the frst 6 principal components from a Principal Components Analysis. Model performance
was assessed using the True Skill Statstc (TSS) on 25% of the available data that had been withheld from the model building
process. Linear mixed efects models were ft using TSS as response variable, modelling technique and set of climatc
predictors as fxed efects, and species as random efects. There was conclusive evidence that modelling technique afected
predictve 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 afected model performance (p = 0.0091) but mean TSS values were similar; 0.67 and 0.66 for
predictor variable sets Mr and PC, respectvely. No interacton between modelling technique and predictor variable sets was
detected. This work confrms other research fndings that species distributon models are sensitve to modelling techniques,
and the uncertainty caused by this should be accounted for when the models are used with climate change projectons to
predict future habitat uncertainty for diferent tree species.

Contact: Bianca Eskelson, bianca.eskelson@ubc.ca
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A DYNAMIC PROGRAMMING HEURISTIC TO CONSIDER SPATIALAND TEMPORAL DETAIL IN FOREST
PLANNING

Eric Henderson?, Howard Hoganson?
1 USDA Forest Servicde
2 University of Minnesota

Dynamic Programming has been demonstrated as an approach to solving forest management problems with spatal
constraints. One limitaton of the approach is that problem formulatons can readily become complex, and they must be
simplifed to solve in a feasible and tmely manner. To date, simplifcatons have included breaking the forest into overlapping
strips of stands, or “moving windows”, and solving the windows sequentally to derive an overall forest-wide soluton.
Previous studies have shown that varying window widths, orientatons, and overlap parameters produce trade-ofs between
soluton tme and objectve functon value. In this study, a heuristc is presented which searches through solutons of diferent
moving window widths and orientatons, looks for commonality in stand-level solutons, and iteratvely converges on a global
forest-wide soluton. Areas of the problem with consistent stand-level solutons regardless of the window orientaton are
accepted in the early stages of the search. This enables a more thorough exploraton of the most difcult portons of the
problem that show disagreement in stand-level solutons from diferent window orientatons. The heuristc is demonstrated
on a moderately sized landscape with spatal 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 fexibility in designing patches
that change shape through tme. Results show objectve functon value improvement and tme savings over previous studies.
Implicatons of using this heuristc include enabling the soluton of larger dynamic programming problems in shorter tme with
more accuracy than has previously been demonstrated.

Contact: Eric Henderson, ehenderson@fs.fed.us

SSAFR 2017 | August 27-30, 2017 76



ABSTRACTS

9:00 Wednesday

Session 7B - Spatal Harvest Scheduling, Reserve Selecton & Invasive Species Control - Deer B Room
Session Chair: Peter Betnger

EXPLORATIONS AND ADVANCES IN THE USE OF HEURISTICS FOR SPATIAL HARVEST SCHEDULING

Pete Bettnger!
! University of Georgia

Spatally explicit harvest scheduling can be accomplished using a number of diferent mathematcal processes, such as
traditonal exact methods (linear and mixed integer programming), simulaton models, and heuristcs. While they are

unable to guarantee the locaton of a global optma, heuristc processes are useful when the functonal relatonships

between decision variables (potental actvites) and forest plan outcomes (economic, environmental, social goals) are
complex and difcult to formulate in a straightorward manner. In this regard, heuristcs can employ logic and rules within

a computer coding environment to assess the relatonships between decision variables and outcomes. This knowledge can

be used to inform the assessment of an objectve functon or to constrain a planning problem. However, as problem sizes

(a combinaton of forest stands, management regimes, and tme periods) increase, mathematcal processes (heuristcs and
others) may succumb to computatonal pressure. The objectve of this presentaton will be to describe recent experiences and
advancements that might be value to those employing heuristcs for the development of forest plans. Recently completed
research on the performance of tabu search and threshold acceptng heuristcs will be described in the presentaton, where
diferent parameter sets are employed and where diferent processing enhancements are enabled. Outcomes are subjected to
validaton tests consistent with recent literature, and diferences in outcomes are assessed using statstcal tests appropriate
for the type of data generated.

Contact: Pete Bettnger, pbettnger@warnell.uga.edu

SSAFR 2017 | August 27-30, 2017 77



ABSTRACTS

9:20 Wednesday

Session 7B - Spatal Harvest Scheduling, Reserve Selecton & Invasive Species Control - Deer B Room
Session Chair: Peter Bettnger

DESIGNING ZONE-DIVERSE RESERVES VIA MIXED INTEGER PROGRAMMING

Eduardo Alvarez-Mirandat, Virgilio Hermoso?, Jordi Garcia-Gonzalo?, Andres Weintraub?, José Salgado*
! Universidad de Talca

2 Centre Tecnologic Forestal de Catalunya

% Universidad de Chile

Demographic expansion, natural resource exploitaton, and the consequences of climate change, are among the processes
that had resulted in a dramatc loss of biodiversity in the last decades. In July 2012, at Rio+20 Earth Summit, the Internatonal
Union for Conservaton of Nature revealed that about 20,000 species are threatened with extncton. Among them, 4,000 are
described as critcally 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 preservaton is decisive for ensuring a
minimum level of life quality for the future generatons. As a mater of fact, immense eforts have been devoted in the last
decades by internatonal organizatons, governments, and foundatons, 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 mathematcal models. The purpose of

such models is in providing optmally 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 realistc design setngs require decision-aid tools performing diverse land-use zoning
optons, 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, catle raising, urban areas, and so on.

In this work we propose, for the frst tme, a modeling and (exact) algorithmic framework based on Mixed Integer
Programming for conservaton planning considering several land-use zoning optons. The functonal and ecological suitability
of the proposed model, along with the efectveness of the corresponding algorithm, is shown by computng diferent mult-
zone reserves using real data.

Contact: Eduardo Alvarez-Miranda, ealvarez@utalca.cl
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APARETO FRONTIER DECOMPOSITION APPROACH TO ADDRESS MULTIPLE CRITERIAFOREST
ECOSYSTEM MANAGEMENT

Susete Marques?, Vladimir Bushenkov?, Alexander Lotov®, Marco Marto?, José Borges!

! Forest Research Centre, School of Agriculture, University of Lisbon, Tapada da Ajuda, 1349- 017 Lisboa, Portugal
2 University of Evora, Centro de Investgagio em Matematca e Aplicacdes, Largo dos Colegiais, Evora, Portugal

% Dorodnicyn Computng Center, Russian Academy of Sciences, ul. Vavilova 40, Moscow, 119333 Russia

The Interactve Decision Maps (IDM) technique that has successfully been used during several decades is extended to
mult-objectve problems with a large number of decision variables. The IDM technique applies interactve visualizaton and
animaton of the Pareto fronter in the form of decision maps, i.e. collectons of the objectve tradeoT curves. By studying
the decision maps the decision makers learn the feasible combinatons of the objectve values and objectve tradeofs. To
implement the IDM technique, the Edgeworth-Pareto hull (EPH), that is, the largest set that has the same Pareto fronter
as the mult-objectve problem under consideraton is approximated in advance. In the case of a large number of decision
variables, the decompositon methods for EPH approximaton are proposed. The general scheme of decompositon
methods is based on splitng the system under study into subsystems, approximatng the EPH for subsystems and using
the approximatons for constructng the EPH for the whole system. We describe an applicaton to one forested landscape
fragmented into a large number of ownerships in Portugal, ZIF Vale do Sousa, that was splited in countes, generatng 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 Ager?, Kevin Vogler?, Michelle Day?
1 USDA Forest Service
2 Oregon State University

Restoraton 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 restoraton programs initated on
western US natonal forests under the Healthy Forest Restoraton Act to improve the health and resiliency of the dry forest
ecosystem. Fire resiliency objectves are achieved through fuel management projects that use forest thinning, prescribed fre,
and a range of other technigues aimed at returning fre frequent forests to pre-setlement conditons. Key outputs from the
restoraton program include commercial wood supply to private enttes to ofset restoraton treatment costs and increased
employment in rural economies. An important component of forest restoraton planning is the prioritzaton of projects
under fnite budgets and a large backlog of areas that need treatments. Current prioritzaton consists of ad hoc analysis

of spatal data from regional and local assessments coupled with feld observatons to determine site specifc projects and
planning areas. Analyses are not conducted to evaluate tradeofs among diferent priorites to generate economic services
versus address ecosystem stressors that potentally impact forest heath and productvity. Ignoring tradeofs may lead to
implementaton plans that are unobtainable or non-optmal due to scale efects on producton functons or scale mismatches
between assessments and project implementaton. In this study we analyzed economic and ecological tradeofs within a fre
prone ecoregion that includes four US natonal forests designated as natonal priorites for restoraton.. We modeled four
restoraton objectves: 1) forest departure from historical conditons, 2) insect and disease risk, 3) wildfre hazard, 4) wildfre
exposure to the urban interface from natonal forest ignited fres, and 5) fhancial valuaton of restoraton treatments. The
analysis revealed sharp tradeofs among diferent restoraton objectves, and substantal spatal variaton in producton
possibility fronters among and within natonal forests. We found that optmizing revenue to help fhance restoraton projects
led to a sharp reducton in the atainment of other socioecological objectves, especially reducing ecological departure from
historical conditons. However, producton possibility fronters were highly variable among planning areas and natonal
forests, and point to specifc spatal priorites and opportunites to achieve restoraton goals within the study area. The
restoraton tradeofs stem from the diversity of forest conditons that evolved from past management, biophysical setng, and
disturbances such as wildfre. This work facilitates implementaton of restoraton policies on US public lands and achieving
long-term social and ecological goals for US natonal forest restoraton 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 Kullman*, Sandor Téth*
! University of Washington

The potental impact of climate change on the producton of forest ecosystem services is well-documented. Much less
understood is how the trade-ofs among these services would change. Would more conficts arise between ecosystem
services? How would one measure such confict in the frst place?

We present a process to measure confict among objectve functons in mult-objectve optmizaton systems. To do so, we
introduce a new metric to quantfy confict between pairs of objectves which combines distance to the ideal soluton and
correlaton between the objectves. We also demonstrate a new applicaton for an existng measure, wherein we quantfy
confict as the rato between the volume of the n-dimensional objectve space under the producton possibilites fronter of a
set of competng ecosystem services vs. the space defned by the ideal soluton.

We illustrate the confict quantfcaton process using a real example of competng ecosystem services from the Deschutes
Natonal Forest.

Contact: Nicholas Kullman, nkullman@uw.edu

8:40 Wednesday

Session 7D - Uneven Aged Forest Management / Remote Sensing VI - Salmon Room
Session Chair: Jean Martn Lussier

OPTIMAL CARBON STORAGE IN UNEVEN-AGED MIXED SPECIES FORESTS

Aino Assmuth?, Janne Rama?, Olli Tahvonent
! University of Helsinki

This study analyses economically optmal carbon storage in boreal uneven-aged mixed species forests. Our subject is
motvated by recent ecological research that underlines the importance of heterogeneous size and species structure for
maintaining forest resilience under climate change. We optmize the co-producton of tmber and carbon storage services in
size-structured stands using empirically estmated harvestng cost functons. In additon to carbon storage in the stand, we
consider carbon in sawlog and pulpwood products. The ecological model applied in the study is a transiton matrix model
with empirically estmated Scandinavian growth functons for Norway spruce (Picea abies (L.) Karst.), birch (Betula pendula
Roth and B. pubescens Ehrh.), and other broadleaves. The optmizaton problem is solved in its general dynamic form using
gradient-based interior point methods. We frst present results for a stand consistng of Norway spruce and birch. Assuming

3 % interest rate and no social value for carbon storage, the optmal 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 relatve to birch. Additonally, we present results for a stand consistng of Norway spruce and birch,
and other broadleaves that have no commercial value. Given 3 % interest rate and no carbon pricing, the optmal 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 benefts may motvate forest management that maintains more species diversity.

Contact: Aino Assmuth, aino.assmuth@helsinki.f
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QUALI - QUANTITATIVE ANALYSIS OF SAR DATA OVER PLANTED FOREST IN MESOPOTAMIA
ARGENTINA.

Miriam Presutt!
! Facultad de Ciencias Agrarias y Forestales. Universidad Nacional de La Plata

Optcal and radar satellite images have proved their usefulness in forest applicatons. Cloud cover afects the acquisiton of
optcal data, but not afects the radar. An actve radar sensor emits pulses from an antenna. When the energy reaches the
target, some of the energy is refected back toward the sensor. This backscatered microwave radiaton is detected, measured,
and tmed. Nowadays, several spaceborne instruments operate in the microwave porton of the electromagnetc spectrum,
with diferent frequencies (Bands: X, C and L) and polarizatons (horizontal/vertcal; single, dual and quad). Polarimetric SAR
is sensitve to the orientaton of targets and polarimetry could yield several new descriptve radar target detecton. Target
decompositon theory has been used for informaton extracton in SAR data. The goal of these techniques is to separate a
complex target into simpler scatering mechanism. The objectve of this contributon is to exhibit the results of diferent
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 informaton extracton in planted forest of Pinus taeda L. and
Eucalyptus grandis (W. Hill ex Maiden) in the northeast porton of Argentna (Mesopotamia). Qualitatve and quanttatve
techniques were applied to informaton extracton on scatering mechanisms and quantfy structural variaton at canopy level.
i) Two Radarsat-2 images, SQ13y SQ7 (Standard Quad Polarizaton, incidence angles 27° y 33°) SLC (Single-Look Complex)
format were analyzed with Polarimetric Workstaton Sofware (PWS) developed by Canadian Centre for Remote Sensing
(CCRS). The parameters Entropy (H) and angle a were extracted from the images where plots of eucalyptus plantatons with
diferent ages were located. Combining H and o a bidimensional plane is generated, then any point in this plane can be
assigned to a specifc scatering mechanism. Younger plantatons, under two years, show the lower values in Entropy, where
the dominant scatering mechanism is due to the soil surface. On the other hand, in older plantatons, the main mechanism
is volume scatering, due to the canopy. The beter result was obtained using the image acquired with steep angle (SQ7) ii)
To get a 3D graphic the parameter A is included in a third axis. All these parameters were extracted applying an unsupervised
classifcaton H/a/A using the free sofware PolSARPro, developed by ESA, and a fully polarimetric ALOS-PALSAR image. The
result was a map with 27 classes, each one representng a scatering mechanism: surface backscater in the sites where the
clear cut occurred, double bounces due to the line of trunks in plantatons clearly distnguishing from the natve forest. iii)
The relatonship between the backscater of CSK and ALOS-PALSAR data and structural variables of the forest were analyzed.
Multple regression models were applied using structural data as dependent variables and radar image bands and derived
indices as predictors. Basal area exhibited the best ft for models (r2=0,82) followed by quadratc 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 quadratc diameter (r2=0,79).

Contact: Miriam Presut, miriampresut@gmail.com
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USING A GENERIC MARKOV MODEL TO MODEL CLIMATE CHANGE IMPACTS ON FOREST CARBON
DYNAMICS

Tuula Packalen?, Jari Vauhkonent
! Natural Resources Insttute Finland

Forests and forestry are expected to play an important role in the mitgaton 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 diferent carbon stocks and fows than the use of forest for conservaton. In
recent years, carbon balance has been studied intensively from the climate change mitgaton point of view. However, the
impacts of climate change on forest carbon dynamics when diferent management strategies are applied are less studied. This
paper presents a generic, open source Markov model that can be used to investgate the impacts of climate change and forest
management on forest-related carbon sinks and stocks.

Our natonal forest inventory (NFI) applicaton of the Markov model includes 1) classifcatons of the state space (e.g. age and
volume or number of stems and volume) and factor combinatons (cf. “forest types) for which to track transitons; 2) forest
inital saate matrices by factor combinatons derived from the NFI data; 3) basic (“no management”) transiton probabilites
in current and in changed climate, 4) transiton probabilites for the actvites (e.g. thinning or fnal felling) to be modelled; 5)
actvity probabilites based on the NFI data or natonal statstcs and 6) output requests.

The forest inital state matrices for diferent factor combinatons can be derived through a simple classifcaton and
aggregaton routne from the NFI plot data. For the estmaton of basic (“no management”) transiton probabilites matrix,
pairwise observatons from NFI (current climate) or growth simulators (changed climate) can be used. In an ideal situaton,
sufFcient plot data is available in order to estmate the transiton probabilites based on the proporton of tmes a transiton
occurs out of the total number of tmes it is tried and observed. In the absence of suFcient plot data, a recursive Bayesian
estmaton can be applied. Actvity probabilites can difer between factor combinatons (“forest type”). The transiton
probabilites are combined from conditonal probabilites, conditoned on actvites. Consequently, there is a transiton matrix
per factor combinaton and per actvity.

Contact: Tuula Packalen, tuula.packalen@Iluke.f
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ANALYZING FOREST SECTORS TOTAL CARBON BALANCE UNDER DIFFERENT MANAGEMENT AND
CLIMATE SCENARIOS IN SWEDISH CONDITION

Bishnu Chandra Poudel*, Johan Berght
! Linnaeus University, Department of Forestry and Wood Technology, Vaxjo, Sweden

Forestry as a system basically includes forests, human society, industries, and earth system where many trade-ofs exists.
However, forestry plays a major role in increasing carbon store in the forests and forest products outside the forests while at
the same tme reduces carbon emissions by substtutng carbon intensive products. This has led to an argument that forestry
is one of the alternatves to the mitgaton of climate change. Since forestry includes diferent sub-systems in the process, it
is not possible to understand forestry’s role in climate change mitgaton without it is discussed it in a system perspectve.
Forest sequestrate carbon into biomass through physiological processes and carbon transfers into above and below ground
biomass while at the same tme nutrient cycling process helps literfall turn into organic mater that later goes through
natural decompositon process. On the other hand, industrially managed productve forests deliver forest products to the
industries. The products taken out from the forests would follow the processing systems such as pulp and paper producton,
power generaton and wood products preparaton. Various forms of energy can substtute marginal energy supply while
wood products can substtute carbon intensive materials that are conventonally used in constructon 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 estmate 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 producton in landscape level, and with diferent country based scenarios for whole Sweden and estmated total carbon
balance of the whole system. Although all the stages in the system are equally important, our results show that what could

be efectve parameters that may trigger to a larger amount of climate beneft from forestry system. In this presentaton, we
will highlight why system approach is needed to explain climate benefts from forestry. We will present results from stand to
country level to show the diferences and confusions involve during analysis. We will present what total carbon balance meant
in diferent steps of system analysis.

Contact: Bishnu Chandra Poudel, bishnu.poudel@Inu.se
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OPTIMAL AVERAGE CARBON SEQUESTRATION IN THE BRAZILIAN SAVANNA

Henrique Scolforo?, Joseph Roise?, Jose Scolforo?, Carlos Mello?
! North Carolina State University
2 Federal University of Lavras

This study describes a methodology regarding tropical forests to identfy suitable species for restoraton programs over

the next 10 years. Brazil has many tree species with sustainable management potental distributed in the Savanna biome.
However, there is litle to no knowledge of their dynamics and growth. The lack of such informaton has resulted in failure
of species reestablishment in degraded areas for restoraton 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. Equatons for carbon estmates (above + below-ground)
were also developed, which means that projectng dbh in the future, we can convert these estmates for carbon allocaton.
The developed dbh model allowed the defniton of the most suitable species under each region of the Savanna. Since the
developed model is a functon 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 diferent scenarios we can defne the potental
carbon allocaton in this biome, which represents a critcal informaton element regarding new policies against climate
change. We use this informaton to optmize carbon sequestraton 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 Pokharel*, Greg lata?, Sara Ohrel?
1 College of Natural Resoruces, University of [daho
2 US EPA OfFce of Atmospheric Programs

Throughout history, wildfre has been an integral element in naturally regulatng forest ecosystem processes. However,
drought and increased fuel loading due to fre suppression in western U.S. have made this area prone to more frequent and
high-intensity fres. Increased occurrence of catastrophic wildfres can negatvely afect ecosystem services such as water,
habitat, rural economics, and carbon sequestraton. For the U.S to craF efectve policy to meet its ambitous greenhouse gas
reducton goals, a beter understanding of the confuence of forest resources, forest products markets, and wildfre is needed.
This study frst seeks to beter understand how carbon loss due to fre relates to land use and forest resource conditons,
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 fre related to alternatve
macroeconomic outlooks. To accomplish this, we utlize remeasurements of the Forest Inventory and Analysis (FIA) inventory
as the basis for a two-tered approach to project future fre regimes. First, we use climatc parameters to determine the
likelihood that a fre will occur, then we use fuel loading estmates to determine intensity. We integrate this fre model into a
spatally explicit economic model of U.S. forest product markets to capture market demand, potental policy outcomes, and
wildfre risk. We generate results for the 2015-2035 tme period for an array of scenarios varying macroeconomic outlook,
public forest harvest levels, and future climate. For each scenario, fgures showing historic and scenario-specifc forest
products producton are generated. Maps of the spatal allocaton of forest harvestng, fre occurrence, and carbon fuxes are
presented at the Natonal level and specifc detail is given for the western U.S. Results enable us to quantfy the carbon loss
due to fre over tme and estmate their impacts in future carbon sequestraton. We aim to provide policy and decision-making
support on fre-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 Tehrani', Fatemeh Azhdarit, Ehsan Abdi?, Baris Majnounian®
1 M.Sc., Graduate, Department of Forestry, University of Tehran, Iran

2 Associate Prof. Department of Forestry, University of Tehran, Iran

% Prof. Department of Forestry, University of Tehran, Iran

Forest roads are the most crucial infrastructures in forestry and forest management, which facilitate forest utlizaton,
ecotourism actvites and forest protecton. But as an imposed element on natural forest ecosystem, they have their own
negatve environmental impacts. Moreover, forest roads are known as the main source of erosion, sediment producton

and water polluton. Road maintenance can be introduced as a dual- purpose soluton. In the other words, by regular road
maintenance, which implies identfying road problems and their correcton, we can keep forest roads in a suitable and safe
situaton in order to facilitate trafc, preserve proper functon of their drainage system and reduce their environmental
efects. As road constructon and maintenance are considered as one of the costliest actvites in forestry and due to diferent
kinds of road problems, recognizing the priority of the efectve factors in road maintenance operatons and disbursing wisely
according to fund limitaton can be a great deal of help. In order to prioritze the maintenance needs, diferent methods

such as mult-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 prioritze maintenance operatons. First, the efectve criteria for maintenance
prioritzing 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 relatve 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 diferent
segments based on the locaton of culverts, and the characteristcs of criteria were recorded in each segment. The data were
standardized and imported in ArcGIS, and then by using Weighted Linear Combinaton method (WLC), the fnal suitability map
was achieved by combining layers of criteria and their corresponding weights. The fnal 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 prioritze the maintenance needs in forest
road maintenance.

Key words: road maintenance, prioritzing, Delphi method, AHP, Weighted Linear Combinaton method

Contact: Fatemeh Berenji Tehrani, F.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 Shel, Hee Han?, Woodam Chung?®
! Oregon State University

In the northern Colorado Rocky Mountains, harvestng beetle infested forest stands provides an opportunity to utlize
resources that are otherwise wasted. While sound wood from beetle-killed stands can be stll used for traditonal tmber
products, degraded wood and logging residues can provide a feedstock for bioenergy. However, management of tmber
producton and use of bioenergy feedstock are commonly done separately and linkage between them is seldom considered.
Currently, due to the relatvely low value of beetle killed forest stands, only ground-based clearcut salvage harvestng is
economically feasible to implement and there are two optons of the harvestng system, lop-and-scater (LS) and whole-tree
harvestng (WT). Between them, only the WT method prepares logging residues in piles that is available for further use and
sometmes this generates extra costs compared to LS. Although utlizing wood waste for energy producton has a potental
for reducing greenhouse gas (GHG) emissions, high costs of harvestng and transportaton have been an obstacle to wide
utlizaton of beetle-killed wood for bioenergy. In this study, we develop and apply a mult-objectve optmizaton approach
to integrate the economic and environmental objectves into forest supply chain management for both tmber and bioenergy
producton. The economic objectve is measured by the total net revenues and the environmental objectve is measured by
the savings in GHG emissions through the use of bioproducts. Upstream forest harvestng decisions are considered as decision
variables in the supply chain optmizaton. The problem is solved using the weighted sum scalarizaton approach where the
sum of the two confictng objectves have to be maximized. The resultng Pareto optmal curves show the potental trade-
ofs and compromises between objectves. As the management goal of supply chain changes from fully economic-driven to
fully environment-driven, the WT method is selected for more harvestng units to produce logging residues as a by-product,
resultng in an increasing amount of bioenergy products. In additon, the economic objectve decreases from $4.42 million to
$3.19 million, while the environmental objectve 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 ASTRATEGIC FOREST PLANNING USING A GOAL
PROGRAMMING MODEL

Marta Ezquerro?, Luis Diaz-Balteiro?, Marta Pardos?
! Technical University of Madrid (UPM)
2 INIA-CIFOR

For the last decades, the integraton of biodiversity conservaton into forest management has consttuted a challenge, since
models have to make compatble conservaton with producton. According to the silviculture employed, diverse aspects
related to the typology of the cuttngs (fnal or intermediate ones), the use of systems like Green Tree Retenton (GTR). One of
the strategies developed in many forests is to defne at the stand level, the areas where the schedule of fnal cuts (retenton
areas) has been forbidden. These areas, which were found dispersed or aggregated through the forest, helped to maintain a
percentage of mature forest that fulflled the conservaton 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 characteristc of all forestry producton systems. A case study is
used to defne a goal programming model, where criteria linked to the forest retenton areas (dispersed and aggregated) are
considered over the planning horizon. Our results show how to coordinate conservaton and producton in a forest strategic
planning and how to quantfy trade-ofs 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 QUEBEC

Tasseda Boukherroub?, Sophie D’Amours?, Mikael Ronnqvist?
1 Ecole 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 tme consuming. Ofen conficts arise among the stakeholders, leading to
situatons where it is impossible to fnd 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 conficts and promote social acceptance of forest
management plans, the Canadian government has implemented diferent partcipatory 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 partcipatory 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 implementng these Panels only had a limited success. Lack of informaton at the
right tme, lack of impact analyses, long planning process, incapacity to fnd compromises, and lack of transparency are among
the major issues. Currently, MFFP and the regional authorites are seeking to improve this situaton.

Traditonal decision support tools such as simulaton and optmizaton models are not sufcient for dealing alone with
aforementoned issues. The stakeholders may expect to be ofered the possibility to evaluate alternatve optons from the
perspectve of their interests, knowledge, and value-driven criteria, and may wish to contribute to problem defniton,
problem analysis, and soluton generaton. Stakeholders that have difFculty in understanding maps and scientfc informaton
may also need a detailed view of alternatve solutons, background informaton, and customized visualizatons. Therefore,
there is a need for new approaches enabling the combinaton of visualizaton and decision modeling capabilites together
with human capacity of insight and interacton. Decision Theaters (DTs) are one of these approaches. DTs can be viewed as
meetng rooms characterized by specifc input/display technologies and seatng arrangement that allow a group of people
to interact with each other and with the data in order to contextualize a decision-making situaton, evaluate the impact of
decisions on stakeholders and decision makers’ outcomes, and fnd a common soluton. Current research does not provide
clear guidelines or a systematc approach for implementng a DT-based approach for decision-making support. We propose
a generic framework for the design of DTs encompassing fve components: decision enttes, decision support component,
organizatonal 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 visualizaton module, which are encapsulated in
graphical user interfaces aimed at supportng the needs of planners, analysts, and stakeholders. The benefts and challenges
of implementng a DT and FC-DSS will be discussed.

Contact: Tasseda Boukherroub, Tasseda.Boukherroub@etsmtl.ca
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ABSTRACTS

10:50 Wednesday

Session 8D - Data Driven Decision Making - Salmon Room
Session Chair: M. Ronngvist

AN INVESTIGATION OF TIME SERIES CLUSTERING FOR BIG DATA FORESTRY PROBLEMS.

Weikko Jaross?, Kevin Ceder?, Kai Ross?, Sandor Toth?2
! Cramer Fish Sciences
2 University of Washington

With modern computng resources we see emerging examples of Big Data due to large combinatorial problems in forest
inventory projectons and harvest scheduling. When data gets big, errors, omissions, and paterns are difcult to isolate and
correct using conventonal analytcs. Generally speaking, analysts avoid Big Data using supervised pre-classifcatons of forest
inventory following common biotc and abiotc factors. As an alternatve, we explore tme series clustering that identfes
similar and dissimilar paterns in forest inventory projectons with and without forest management interventons. Using a real
world forest example, we achieve a considerable reducton in informaton redundancy with minimal impact on tmber supply.
We report on the robustness of our methods using synthetc forest datasets.

Contact: Weikko Jaross, weikko.jaross@fshsciences.net

11:10 Wednesday

Session 8D - Data Driven Decision Making - Salmon Room
Session Chair: M. Ronngvist

DEVELOPING A SPATIAL DISTRIBUTION MAP OF MAXIMUM SOIL EXPECTED VALUE OF SUGI
(CRYPTOMERIAJAPONICA) PLANTED FOREST IN KYUSHU ISLAND, JAPAN

Yasushi Mitsuda?
! University of Miyazaki

This study aimed to develop a spatal distributon map showing proftability for managing sugi (Cryptomeria japonica) planted
forest in Kyushu Island, south-west part of Japan. Decisions on replantng afer harvestng 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
informaton to policy makers dealing natonal forest resource plan and natonal tmber producton plan. The basis of the map
was a 50-m resoluton 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 estmated considering with efects of climate, topography, stand density,
competton among trees on tree growth. Using these models, dynamic programing approach was applied to maximize soil
expected value and to optmize 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 spatal distributon map of maximum soil expected value developed in this study.

Contact: Yasushi Mitsuda, mitsuda@cc.miyazaki-u.ac.jp
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ABSTRACTS

11:30 Wednesday

Session 8D - Data Driven Decision Making - Salmon Room
Session Chair: M. Rénnqvist

MODELING NATURAL REGENERATION IN PENNSYLVANIA FORESTS

Manuela Oliveirat, Marc MacDill?, Kyle Kovach?

1 University of Evora. Research Centre for Mathematcs and Applicatons. Mathematcs Department. Evora. 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 critcal challenge for foresters who seek a balance between producton and biodiversity conservaton is how to promote
natural forest regeneraton. Pennsylvania’s forests provide a host of ecological, social, and economic values and in most cases,
natural regeneraton is relied on to restock forests afer harvests. An approach to modeling the presence/absence, quantty
and species compositon of natural regeneraton based on Tobit regression is presented and discussed.

Contact: Manuela Oliveira, mmo@uevora.pt
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